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uhusmiAde “nsfnwauganisueunazi ieldiludeyadninasueunniuduaziowes
waUSudresauenam: seeedl 37 Higuszasdiflensininaunanisuanidsuansueulnoenles
FENINAIULNNITMATUTTEINARILINALA Eddy Covariance $11AUNSANYIBIAUTENOUVDY
AsuBuTINNSANTTILasMaiuAe Welfiduteyadmiiafusunnuiud uasnimmsainausa
miLLaﬂLU§awfﬁvmwmumwmwLLa‘"‘Uiimmﬂ dielfiduteyalunisdnvieme fnususives
4318191151 Tudi1uves green vvateruaﬂmﬂu fellTngusey aamwaﬂﬂmamwa%aﬁma
anmindeudeaunansuauiariivesszuuinaemis naduiuauited Anwluiiuiivgn
8191151 2 whananeegiueen waznanzusenideanile touA (1) audideenmsdans Jwin
azldane fufivszana 50 13 Wuersergunn WanTenudauinnd 10 3 uay (2) wlasnwnsns
Fa¥adeniw fufiuszana 100 15 Huensongiion uazdslilnnia fufidnwiis 2 wisgnenamis
WugAeiu Ao Wug RRIM600

[

msfinaugan1suau weldiludeyadninasusunnusuduasaiuensnis

Y

8195554 TIR Aa green rubber (psandusImIzaTiasueulasenlydidnuliludy
LarsIn waztiinarfueuazanluAuainn1sisvesly As fu wa LaznsaaIevedsIN Tavauan
msveuluenmia MdufwiFeunszaniiddy uiluiagiudslifidoyaitodasinuidaauluseiy
ana detu InidedadingUsrasafias@neifeunueiveuiiauensnandild wagensuoudi
gaydaluannmsiunnssy

nsAnwaunanfuauluNuiugne1anI

nsfnwiaunanifveuluiuiiugnenanis Wunisinaunanifueudieimaiia Eddy
Covariance fayaaunanisuaulull 2556-2557 tu wandliiuin szuvlnasismnadanusdy
Carbon sink %130 wnasinifiuaifueu 1lesnindugransidugafigaisveulnoanled las
nszUIUMsE RS IEiELE wasiUAsuienfusulaeenled fuiunaazauaglussuuunaeis
yn51uLee

AsupunnUTudvesiiufiugnenamsitu agfiarsanlu 2 Snvae Ao a1suounnyIusso
i LLazm%uauwm%wiamawémmawwsw 1 Alansu m%uauwm%wiaﬁuﬁ vosfiufidnyvi 2
Sites Hu Wy Hufiugnens Site 7 1 Fadusrsongunuannniauda 1l 2556 wag 2557 fen
AFUBUIAUILAIYINT -4,485.16 uay -6,496.24 kg CO, rai! AUy vauEiAATUDUIlAUIUAT
Aranmsiannssy o 01 aaedild wasvondedamindu 28.5 kg CO, rai! dol dwmsuiuiidnu
Site 71 2 %ﬂLﬁuﬂwaaﬂqﬁaa wazdaliiUania ﬁﬁ’]ﬂﬁuauﬂmﬂ%’uﬁﬁ’ﬁu -1,842.39 Wag -4,078.09 kg
CO, rai’t mudIU vaedianensusunUsuRT AR INMswAnTIN U8 81 asedild uazveadedian
WU 198.5 kg CO, rait wad

A1svauNnUIUvesmdndmeiing1san 1 Alansu Tudiuvesiuniugngransy Auaule
WNIENUAnYT Site 1 1 1llpsanlvinandawas Felud 2556 waz 2557 1y denArusunnusun
WinAU -23.31 ey -21.46 kg CO; . kg Handn muaIRU vaeA1AsUBUNnUSUAIAAIINNWA



] v ¥
a a = A A

n33u Jo 81 a19ediinly wazveadeiinduvesiunugnensnist dawviafu 0.30 kg CO, . kg™
NANER

AsuaulpUILFvRsuTiugnens lihasdudiafusunUsudsoiuiiugnens uieasveu
wnUIuidenandasitiiens fanduau () uansin feaiueulasenledgnifuiigszuuine
1991571 VuzfidAuourpUIuATiAnaInnTuansIy U 81 a1siedilld wasveadesianiuuan
(+) FauansirfinsUdosfigarsvoulnsenleigusssinia uivsinaiignudesesnuniutesniy
Usinafneaniuveulasenladiigngandulneszuuunasisnsnnnnifositdmivensengann
wanslsiiudn mnanunsathAiavourlnUiudludivesdiusananlunssuinnisanaisueu
wpUusvedenannst asdunnfiunnuanasolumsutdiuresessumitaduinsiedundeon
waginzauiunsaiugsfefiionin “Greening Economy” vie “gaiAswgiadifen” dudunis
suilugsiaidesldlofmansenufudanndense

ANSUBUNAUTUYINIUANTTUVBINUNUGNE 19NN TusBndnile

miﬁﬂmms‘uauwm%wﬁmﬂmivummiumeﬂssu {Jo &1 ansiadily wazveudeiiniuan
fufiugnendlufiuiiugnens 2 Smin Ae Tavindan i uazgassnd MendnnisUsaduindng®in
(Life Cycle Assessment: LCA) Inefiinguseasdifiofinuiladefidsmasemansueunauiudainnis
WANTSY BT VWIAYBIEILENINNT Snalrnsaenseiiny uardnvarmedn Wudy sl Tu
nsewas LCA 4 delalldihuSmamsuouiianunafiulfinudundousedidls

1%
% 3

1nnNsUssLiiuAsUaUNAUSWIve A saesan 1 Alansu Tuiuiaiug1anismsaiu
YUIALEN AIVUIANAN WaZEIUVLIAIMEY Vesun@ny) wud1 Usnanistdlasamiaeduane
nanfidmansgnude1niuounaUTuY Insruavesaueemn s idlddmasaiasueunnuiui

YDIAIUY NN ADE1IL

M131991 1 @sUdeyaaunansusunnUIuAresiuIvgne1anIs

Site 71 1

2556 2557 2556 2557
19 20 ‘ 5
448516  -649624  -1,842.69  -6,078.09
Carbon sink  Carbon sink Carbon sink  Carbon sink
nandauneesiol (ke.rai) 192.40 302.70 - -
448516  -649624  -1,842.69  -6,078.09
28.50 2850 19849 19849
andusunaUSuiRenBadneiingns 1 kg
2351 2146 : -
030 0.6

1/

AsUBuRUTUAINNsuanTIL Yo 81 asiedifild uasveadeiiiniu dndunisfinulul 2555
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7 fiufivgnens Site 71 2 1Hugvergesnidvliilania vilildanunsadineasueunausuisondndueitiens



Sntladenilefidamarionifuounnuiug Ao USnamandnthesmnandels mninuaans
ansnsaifiumandldinnty Tnefdlideluuimnaminby wiolianawuddnmananazansoan
AasuounaUsudld esanludagiunuesnsdulnglitemnnifuausuluwasannniuium
smeIsTfivdessmLdeuurihvesaatuiTens

msfneaugaun weldidudeyadavinamesvinusudvasaiuerania

TewpsinUiuduesaueann Sannniaaidenisuifisusuiinasugiadus varevia
Tnefianunnnimasugiasdndug 2-100 wh udinsussiiuamemeswnyiuduosenmnei
Ugnluuszimalnevsiidfesiigalulaniniy uazdatfosnindn Global average FafiA1Lvindy
12,964 m>.ton™ (Mekonnen and Hoekstra, 2010) ofausiinlusuiseves UNESCO-IHE (2010) Lo
‘1.]53Lﬁ‘U’JE‘lLG\@%‘V}!G]Uéluﬁ%@\‘lEl’NWﬁ’ﬂ‘V]EJﬁQSWEJﬁSLatlﬂLLEJﬂLﬂuiWEJiJWGM’?@ﬂﬂﬂﬂ’J"] 70 FandnnaIu
nsUsediumantudslaifl validation deidedialdlfameludadiouisudoyaromosnusug
maasmwwmﬁﬂqﬂiuﬁuﬁ@hm sywidsene vialadioudlousuiniun lurarilvsemdlng &
laifidnasysal (absolute value) vanawmasnnUsudvasenms uazddlifidoyaainnisnsiaingds
dnsuldluns validate uuusiaes dnideTuauslvinsatmemesndiudlnensanndamnisneg
STMEUBII AL NINIGUITIINIATinTaaTalneasedaeimaiia Eddy covariance madaedoya
nanAniils anuASnnsiistearlaeg Bhardwaj et al. (2010)

= v H &
A3 2 djUTeyRdNnaIveINUNUgneI I

Site i 1
) 2556 2557 2556 2557
aeduee (@) 19 20 a 5
ETR (Evapotranspiration, mm) 932.83 1,059.80 653.46 848.22
ETo (Reference crop evapotranspiration, mm 2,220.93 2,335.96 2,189.11 2,381.11
CWU (Crop water use, m>.rai’t) 1,492.53 1,695.68 1,045.53 1,357.16
E (Transpiration, mm) 570.61 781.38 250.20 316.18
WUE (Water use efficiency, kg C.m>H,0) 0.82 1.04 0.48 0.82
nandntinensial (ke. 192.40 302.70 : -
NawmeiWaUsuivasiuivanenawsn (m’. ke

776 560 : :
0 0

0 0

223 217

v

#unuanens Site 7 2 Wusnenglesndsldlania ilildaunsamuinmnsveurnusuisendnsiuiingns

1/

7 awesusunaUiuiannswnnssy Jo o1 aseiiild wasveandeiiintu Jwinilumsnelud 2555

N3ANE1BLMDINAUTUVRIE UL Ineysfny1nuaaenIsldivessuuiinmgani g
deldidudeyauszneulunisiuianewmesiauuivesiiuiiugneanis d1uves Green water
Tayaaunaul duldun An1sAtesemeun (ETR) wagn1sldunvesenanisn (CwU) dadalalagly



walla Eddy Covariance Tul 2556-2557 vilinsiui mimaﬁsmaﬁw@qﬁuﬁﬂqﬂsmwwswﬁ’imiﬁ
iy fiedesninSunansidivesfivd1ede (ETo) Seusziiiunnaifues Penman-Monteith A
wansnaRInaInnnIdosa 50 Snieen Ke Avalatudadiamninan ke Aldlunsiuanisng
983 FAO (Allen et al., 2006) @331 Kc Tutas Initial Mid season wag End season 11U 0.95 1
waz 1 auddu lmsuianudesnislithuesenansitielgasaiu deonianugenisldii
weUsziliuseuuuinane CrapWat 1Huegieunn Tneernsldivesenansildlunsiunmen
eweinUIuivesiuivgnens Tl 2556 way 2557 wut fufidnw Site 9 1 fdmewmesnnyTud
(Green water) WU 7.76 wag 5.60 m? H,0 kg Handm nuadu aiiusngiu ferdesniai
578914lae Mekonnen uag Hoekstra (2011) sUsfiualnglduuusians CROPWAT 8.0 fisneeu
nsUssifiuAmemesiaUIL (Green water) WU 12,964 m’.ton™ %30 12.96 m® kg Handn d w3y
Site 7 2 dudusenytosfigilidanin Fssliannsamumanemosrauiudld uldd e
Uizamﬁmwmﬂ%ﬁfwaﬂﬁuﬁﬂqﬂ&m (Water use efficiency #38 WUE, kg C.m™ H,0) iiie
Wisuifisusswinsaesiiuiifinw wudh fuflugnensmna Site 9 1 fa1uszansamnisléiige
Site 71 2 ehuﬂ"naLm@%%ql@ﬂ'%yuﬁﬁLﬁmmﬂmmmﬂsiu {Jo 81 aseIflY uazvoude dmSuitudl Sites
71 uay 2 1 Usnguaniy Gray water FeflAnwviniu 2.23 wag 2.17 m? H,0.kg NaKA® a1
FermawmenUiuddanarlumiiussiuieiims LCA

a

NFNAVIIFNINUINADUADHNAAAITUDULALUN

AVENAVIANWINRBUFDEUABAITUDY

m'ﬁmiwﬁamé’mﬁuéwmwé’mﬂmiLLaﬂLU?{EJumifuaquw% (Net Ecosystem Exchange,
NEE) fiugagiianniavesssuuiiinme1anist sulaun Usuaussdans (Net radiation, R,) USunused
729819108 (Global solar radiation, Ro) AULUNLEAY (Photosynthetically Active Radiation, PAR)
gaunene (Air temperature, Tay) ARG (Humidity, RH) wazuUSunalethiionnasu
Wistlé (Vapor pressure deficit, VPD) nnsnsnzsianduiusuiadu 2 daw dwd 1 @unmshnsei
andaiuslaglitoyasaluseu 1 U uavdnil 2 wadu ¢ nguauszeznsasyAulave gy
s0u 1 3 1dun sveedt 1 Ll sveedt 2 uanlulml sveedt 3 lusaduladiuf warsvesdl 4 ndnlu

Site 7 1 guidosrsaziuna 9. azdans1 mdnseilaglddeyasiulusoud uavans
ATIZALYNAUTZIZNITL3YLAUTATDIAULN TABAINTIULAT WU A1 NEE Jauduiusiunis
WU (Negative correlation) ffuen PAR uag RH Taefiaudusiuslumanniduiudl PAR 1ndiae
wazdlaudunusluluiianiaien (Positive correlation) AUAT Ry, Ry, Tair kag VPD A1 NEE i
auduiuslulufienafeafufuen VPD inniign

Site 71 2 wlawNuAINT 9. T9N1W nsinseilaglddeyasiiluseul uaznisiiasiesiuen
AINTTEZNILDIYAUTATOIAUEN ddulng) wudn A1 NEE Sanudunusluniawniuiual PAR as
RH Tnedimuduniusluniawnedunua RH mnﬁq@ uazdlauduiuslulufianiaufeaiuan Ry, R,
Tair wag VPD #i1 NEE finrudsiuslulufiamadeaiuduen vPD inniign



AVENAUDIAMNUINNOUH DALAALN

MRTEtEnduTIS s winen1sAesTiMevetn (Evapotranspiration, ETR) nsldinuesit
(Crop Water Use, CWU) Lavduuseansnslativesiiy (Crop Coefficient, Kc) iugagniiennieves
53UUdAY1IWNST fanand1eiu MsieszRanduiusuiadu 2 du WuReadunisiiesigi
andutusvesaugansuou dwit 1 1unsiinseienduiuslaglidoyasialusoud uazdui 2
WUl 4 nguauszeznssyiulavesiuesluseud

Site 7 1 guéidoosaniduna 9. azdans1 myvneilaglddoyasinlusevd uagns
AATITAUINANTTIZNSISYAUTRURIAUENT daulug) Wud1 A1 ETR tag CWU anuduiusiunig
wniuAUAY VPD wag T, Ineflanudusiusluniawndudual VPD ndign uaziiaauduiusiuly
AF9ReauaT Ry, R, k8 PAR @1 ETR wag CWU Sanuduiusluluiiemafeaduiua PAR uin
fign wagAn ETR uar CWU lausngavdiiusiue RH uanainidanuitlussesiduedaiiluty
avduiussening e ETR way Ke raudnaunndnsluannszeznisiasaiivlndus dauen Ke the wun
Tanuduiustuniansuiual VPD wag Ty, Wwedanuduiuslunisnguiuei VPD mmﬁqm wavd
anuduiusiulufianiafeaduan PAR waz RH A1 Ke Sanudniusiuluiirmaisnduiuan RH u1n
o

Site 1 2 wlaanuAsNs 2. Tenms MFATeilaelideyasiulusevd uaznsisgvinen
AU ETNITYAUIAYOIAUL TABNINTINLAT WUIT A1 ETR dannuduiusluniswnduduan RH
gniy syerfauldiily wazsresfidusnsadreluing wazinuduiuslulufianiaieatuai R, Re,
uag VPD a1 ETR Sanudusiudlulufieniafeafuiuen Rn annflan sniiussesilugnainisene
AN uazat ETR liusinganduiusiuen T, daudn CwU Sanuduiuslunissnduiuel
VPD wag Ty Inefinrmidistuslunsanduiiuan T,, inilan wazdanuduiuslulufianmafedue
Rs Re, PAR a® RH A1 CWU anudinius uazdinsuen Ke thy wudh Sansdusiuslumsnduiu
A1 Rn, Re, PAR, Ty W% VPD IﬂEJmmé’mﬂ’uéﬁﬂiwﬂgﬁuuwﬂ—ﬁawmﬁuiﬂmmwﬂumm%zgLaiﬂm
Yossue A1 Ke dauduiusluluiianiafeaduan RH a1 Ke danuduiusluluiianiafeaduiu
f1 RH 11n7iga

¥ v ¢ v
dawuauug nsldussleviandeya
1. ansusurnUIug:

T9a91NN13AN¥1IAUTENBUVBIAITUBY 2INNITLUANTIURATNITAUAET 810150
WlUlgrunalseiiuasusunausug sumann1susslivinins®in (Life Cycle Assessment: LCA)

I

vl msTenuiinndoyaaunansusuiingIninfemaila Eddy Covariance 91
Tasensil Fauansdasinanivevlneanlefsuiunn e ssssumAnsInUssBINALaEAU
15 9sUe¥¥nin erewrs1555u91@ 1u Green rubber Faavahefulsduiivseimdlneannsald du
Jolamussulunmsuustunuensdansizila



2. 1wesHAUIUA:
Joyasinnisfnyiesdusznourei 91nnswanIsukazn1siuies awisanluld

AnuUszlinawesnUIud WUy Grey water footprint 161

Tuvaugh Joyaaunaurinsiaiasiemaila Eddy Covariance 910lA59N15H @315
Ul uAUseidiu Green water footprint 161

3. msldiludeyaiiugias wle Calibration uaz Validation:

foyariag 91nlasinisi 1wy Aauysaivesasvaulaoanled auduluenie uas
aunanusuLarih finsratadiewada Eddy Covariance a1nlasensdl iludeyatiugiuiildain
n1sas1a3aase (lafldann Simulation model) #ianunsaléifudogyariionisifioy Calibration waz
Validation dwsun1s@inun3dedu 9 Wi :1umedu Remote sensing



UNANED

ununuitensAnwaunaaivoukani ielfidudeyadarhasueunauiuduasowmes
WaSuivosauens: sexdl 3 § Ifngusrasdilensiinaunamiuouuasindaemaiia Eddy
Covariance LW@T%Lﬂuﬁuamwumiﬂ,uﬂﬁmu’ammsuauwmsum LLawaaLmaswmiumaqakuL’m
gINIIT UaY Lwaﬂﬂmmnﬁwamaq{]ﬁmaamwLL’J@aamaammaﬂ”mJauLLauuwaqswwuL’mmawwm
ns¥adunamivouLarihuesssuUdnAsaty dudunsinuluiufivgnenans 2 i ldud
(1) gueidoensanBanst Sminazdans fufivszana 50 13 fusnaflong 20 U (1wl 2557) way
Wandenuda 11 T uay (2) wasnumsns Saniadeniu fufivszann 100 13 Fuensiiony 5 9 (1l
2557) upzdslahlnnin Huiidnuiis 2 uwislgnenswsiudifieatu fo siug RRIMG0

Tasanisit 1 unsiniansusuimusuduesituiiugnens neutsooniu 2 dau e (1)
nsAneaunanIfuauvesiiufiugnensnis feimada Eddy Covariance Lialdidudoyalunis
faviasuoumUuveIEILeIIT wae (2) madnwiiladeiifinansmusionsusurayIusan
nsmnssL #2838 LCA vosiiudiugnenawisiluniang fusenideamiie Ssdndunsifutoyaly
fufifnindaniu uargassni uenannisiaaunaaisueuids luufidnudedinisiadnsnnig
melavesiu wardoyaUsznoudu Iiud usevadlauuens uasiaunavosnamiifveaugiy
yaauvasenama ieiduteyausznevlunsnwauganifveuluszuuiinagimns deyaauna
aruaulul 2556-2557 Hu wandliiiudn szuvinasresfianusfuundsinifiuafvou
A§usuAUIUvRiuiugnensms1 Auaneenuilu 2 Snvuy Ao ensusuwnUTuddeiiuil was
ASuBURUTUAHANEAEINIT AinSuaunUTuddeiufivesitufiugnendlul 2556 way 2557 du
Nuidnw Site 71 1 flauvinfu -4,485.16 1Lag -6,496.24 kg CO, rai’! auaInu YauzifuAiAn Site
fi 2 fewvinfu -1,842.39 way -4,078.09 kg CO, rai* mudsu é’m%’um%vauvﬂmﬂ%uﬁﬁLﬁﬁmﬂm'ﬁ
wanssu 1o 91 a1sedilld uavveadevosiiufidnulull 2556 wag 2557 duildviifu Aedin
WNAU 28.5 Wag 198.5 kg CO, rai dniu Site 1 1 war 2 AuaRuU dwm%uauwmguﬁm
WARSuIINEN 1 kg Hu Tudiuvasituivgnerens dunldiameiuiidne Site 7 1 1fesain
gramsludiudl Site 7 2 §alalnnda Tul 2556 uay 2557 AfusurnUTusvesituiugnenadien
WINAU -23.31 lay -21.46 kg CO, . kg'! wandn muaIfu mmzﬁmm%wmﬂmﬂ%uﬁﬁLﬁmmﬂmmm
n3su Jo 81 a5ty LLawaaL?{&Jﬁ"Lﬁmﬁumaqﬁuﬁﬂqﬂmw*m fAIAU 0.30 kg CO, . kg’
wandn msfnwiladeiidvinudensueunnusudfiAnannaunnssy o o1 arnediild wavves
Aevesiiufiauesmnsiluiuiiniane fusenideanile wuin Uiinanslidedemioe Wuammmdn
fidsuansznusteraveuraUiu Jadusesn Wi Vinamandnhensmnsansels

Tassnsfl 2 Mmsfnwaunainvesaiuetsng weldiludoyausznevlumsduaneines
WU%uﬁmaaﬁuﬁﬂqmmawwq ludauwes Green water 9MNAINAADS WU N13AIBIENLLITES
fufivgnensmaiiialddu fendesniianzmumsldihoesiagete (ETo) Faussfiunuitues
Penman-Monteith auuanasFanaduinnni1 50% niteen Ke inladudfiidwiniae ke 7
Tlumsumeiiinisees FAO shlsmsuinanudesnmsldthuesenamsitinldaseduy desndy

AnuApINIsiTUszfiuseuuuTiaes Cropwat Wusgrun AnewmesiaUsuivesiuiivgne



(Green water) Tull 2556 uay 2557 fiufidnw Site 7 1 AUGITBE1RLTUNT 2. zTans) den
WU 7.76 uay 5.60 m? H,0 kg Hawdn d1nsu Site 7 2 tudusnsengiiosidlidnnin Fedsld
ansafmanemesiaUIuAld wildduinriussansamnislddesiufiugnens (WUE, ke
C.m? H,0) ielsuIiEusEninaaeafuifnw wui ﬁuﬁﬂgﬂmwww Site 71 1 fiA1UszANSAM
nslihaesiufivgnensgein Site 7l 2 dauAnaweilnUTudfAnTNMswAnssL Jo 81 araedd
14 uarvondededwiuiiud Sites 71 1 uag Su Unngiawiz Gray water Saflevinfu 2.23 wae

2.17 m® H,0.kg Nandn a1uaIsu

N13ANYIBNENATDIANIMKINABUADALAAAISUBY InETLATIEMANENRUSIENINENTINTS
uaniUdgueasusuas (NEE) fugagienniavesszuuiinaenanis suldun Usinuddans (Rn)
USInaussdneefing (R,) ANULTULES (PAR) gaunniene (Tay) AATUEsIS (RH) wazusinalle
thilenmasudiuld (vPD) nan1siasigvivasis 2 Site wui a1 NEE Slenudiniuslumssndufusn
PAR waz RH Tnefanudusiuslumannduiiun PAR snnfian wazfinvwduiuslulufisnafedv
A1 Ry, Ry, Tair Waw VPD A NEE finnaidusiuslulufismadieatuiuan VPD mniian

msAnwBvEnavesan mLIndeuteaunan i IneTiessivnandiuiusseminanisaessive
voet (ETR) msldimasiia (QWU) wagdudseannisliivesiia (ko) Augagionnimvesssuy
fnAg1anns fanandneiu nan1siaszsives Site A 1 Wudn A1 ETR way CWU flaanudusiug
Tumannsfufuen VPD wag Ty, Tnefianuduiuslumsundufiua VPD snnfign wagiiaudusiusly
Tuiien1afeaiuaAl Ry, Ry, k8% PAR A1 ETR wag CWU danuduiusiuluiianiafeaduiuen PAR
snftan waze ETR way CWU lausngavduiusaue RH dauen Ke du wut Saudiusiuslumns
wniufuAl VPD way T, Inefinnuduiuslunannduiuan VvPD inndign wazfinnuduiusiuly
fiennaifieriuen PAR uaz RH A1 Ke fmnudsiuslulufirmaiiendudu RH unnflan nsiinsies
anduius vositudl Site 7 2 wudn an ETR Sannuduiuslumanndufuan RH enifu svezddulad
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Abstract

Research program, study on carbon and water balance to estimate carbon footprint
and water footprint of rubber plantation: 3" period, was propose 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 rubber ecosystem. In addition, these basic
data were used to study effect of environmental factors on carbon and water balance of
rubber ecosystem.

Carbon and water balance of rubber ecosystem (RRIM 600) were investigated at 2 rub-
ber plantation sites. (1) Chachoengsao Rubber Research Center, Chachoengsao province. The
plantation area was about 50 rais. The rubber trees were 20 years-old (in 2014) and had been
tapped over 10 years. (2) Rubber plantation in Bueng Kan province. The plantation area was
about 100 rais. Rubber trees were 5 years-old (in 2014) and never been tapped. Both obser-
vation sites were a monoclonal stand of rubber trees clone RRIM 600.

The 1°" project, study on carbon balance to estimate carbon footprint of rubber plan-
tation, was separated into 2 parts. (1) carbon balance measurement of rubber plantation by
using Eddy Covariance technique and (2) carbon footprint from cultural practice and addition
by using LCA method in north-east part of Thailand, Bueng Kan and Udon Thani province.
Furthermore, soil respiration and other data e.g. girth and above ground biomass were ob-
served and these dates were used to provide information of carbon balance in rubber eco-
system. Carbon balance of in 2013-2014 shown that rubber ecosystem was a carbon sink.
Carbon footprint was estimated into 2 type, carbon footprint per area and carbon footprint
per yield. Carbon footprint per area in 2013 and 2014, carbon footprint of Site 1 was -4,485.16
and -6,496.24 kg CO, rai’l, respectively. While carbon footprint of Site 2 was -1,842.39 and -
4,078.09 kg CO, rai’, respectively. For carbon footprint from cultural practice and addition in
2013-2014, in site 1 was 28.5 and site 2 was 198.5 kg CO, rai’l. Carbon footprint per yield,
only site 1 that was calculated due to young rubber plantation (site 2) has never been tapped.
Carbon footprint of rubber plantation in 2013-2014 was -23.31 and -21.46 kg CO,. Kg''yield,
respectively. The carbon footprint caused by a cultural practice and addition was 0.30 kg CO,
Kg! yield. Limiting factors on carbon footprint from practice and addition in north-east area
of Thailand. The result shown that the consumption of fertilizers per unit was main causes
that affect the carbon footprint. the secondary factor was the yield per area.

The 2™ project, study on water balance to estimate water footprint of rubber planta-
tion (green water). The result shown that the evapotranspiration (ETR) was lower than refer-
ence evapotranspiration rate (ETo) which was estimated by using Penman-Monteith method.
The different between 2 values was greater than 50%. In addition, Kc was lower than the Kc
of rubber tree that has been reported by FAO. That mean actually water consumption of
rubber plantation was clearly lower than the calculated value by CropWat model. Water



footprint of a rubber plantation (Green water) in 2013 and 2014, only site 1 that was calcu-
lated. Water footprint was 7.76 and 5.60 m? H,O kg yield, respectively.

The carbon footprint caused by a cultural practice and addition was 0.30 kg CO, .Kg™
yield. Limiting factors on carbon footprint from practice and addition in north-east area of
Thailand. The result shown that the consumption of fertilizers per unit was main causes that
affect the carbon footprint. the secondary factor was the yield per area. Water used efficiency
(WUE) of both rubber plantation was used to compare the two areas. The result showed that
WUE of Site 1 was greater than Site 2. Water footprint caused by a cultural practice and
addition appeared only gray water, it was 2.23 and 2.17 m; H20.kg" yield for site 1 and 2,

respectively.

Effect of environmental factors, net radiation (R,), Global solar radiation (R,), Photosyn-
thetically active radiation (PAR), Air temperature (T,,), Humidity (RH) and Vapor pressure deficit
(VPD), on Net ecosystem exchange (NEE) was determined by using correlation analysis. NEE
was negative correlated with PAR and RH and positive correlated with Ry, Re, Tair and VPD. NEE
was strongest correlated with VPD.

Effect of environmental factors on parameter from water flux study, evapotranspira-
tion (ETR), crop water use (CWU) and crop coefficient (Kc), was determined by using correlation
analysis. NEE was significantly negative correlated with PAR and RH and positive correlated
with Ry, Rq, Tar and VPD. The result between 2 sites was lightly different. In site 1, ETR and
CWU was negative correlated with VPD and T, and positive correlated with R, R; and PAR.
The both parameter were strongest correlated with VPD for negative correlation and PAR for
positive correlation. The correlation between 2 parameters and RH did not appear. Kc was
negative correlated with VPD and T, and positive correlated with PAR and RH. This parameter
was strongest correlated with VPD for negative correlation and RH for positive correlation. The
correlation between 2 parameters and R, and R, did not appear. In site 2, ETR was negative
correlated with RH (except no leaf and refoliation stage) and positive correlated with R, Rq
and VPD. This parameter was strongest correlated with VPD for positive correlation. The
correlation between ETR and Ty did not appear. CWU was negative correlated with VPD and
Tair and positive correlated with R, R, PAR and RH. This parameter was strongest correlated
with Ty for negaitive correlation. For Kc, the result shown that Kc was negative correlated
with Ry, R, PAR, Ty and VPD and positive correlated with RH.

Keywords: Rubber, Eddy covariance technique, Carbon balance, Water balance,
Carbon footprint and Water footprint
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Fetrwanasueulnoonledluemasuidufedeunszaniidrdny udlutequdsliideya
Weddmaunaziniedeldlusziuaina 1re1esssuritisannisuaulaeanledluainie
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Sud) Inglussdusznoull UnIdeasfnwsieisnmsussidiuaindeyananan

Wn3duiauawaila Eddy Covariance #lumailaiinsiatanisuaniudounia
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Eddy covariance
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anduesiiuiireutnui fanuamhianevesFeusonsnanns (Uil 2-2)




M31991 2-1  AnedeguaudinanienmkarauautAniuaivesiuluiiungnens i audidy
YIRLLTUNTT INTARLLTINTT BazhUatN¥ATNS J9RIATINIW (S1UIUT1=6, *
L@A9AN standard deviation)

fus AINLENAINEFY (cm) AUEITeesasidans wlasnuwnsns Sindenw
pH 0-10 578 + 0.53% 590 + 059
10-20 600 + 059 547 + 033
Organic carbon (%) 0-10 129 + 015 026 + 113
10-20 .07 + 027 026 + 094
Organic matter (%) 0-10 225 + 026 113+ 044
10-20 186 + 047 094 + 028
Porosity (Sovag) 0-10 3200 + 8 41.00 + 10
10-20 33.00 + 1 38.00 + 16
Bulk density (g cm™) 0-10 162 + 016 141 + 007
10-20 1.66 + 0.09 141 + 0.05

2.2.1 FaULINLALATIAFRUNITINIUVBIYAgUNTAl Eddy Covariance %ngunIningiain
angiionnia uazyngunsaidug ldlunisinudeyaide

ATIUN139539a0UN15YN9UTeeYAaUNsal Eddy Covariance kavyngunsaingiain
anmglenna uazdeuLileusn (Calibrate) Hu Ynaunsalinermansfildlunisiiudeyaidevesiium
ANWING 2 site

2.2.2 mInsdauaziuiindeyayanionnaAvasnuiiugnens

9 v

YngUNIAINTINTRANNOTINAGNARAITISEAUAINGS 25 Uar 15 WA UL tower ¥BY
il

WuUnAnw Site 71 1 wag 2 (UM 2-3) audeiu lngusznaume
- anuSuazfiansauwmilenuiivgnens lneldiaesinnnuinasfienisay wuu 2

4% 31 03002 USHN RM Young, USA

- TaguugiionniAuarAuIuduing direinsesingamginazadududusing
(Temperature and Relative Humidity Probe) q'u HMP45C 2839U3%% Vaisala Inc.,
USA.

- YausinanidusieTuluituiugnenswnis Metedesiauiinaniinu Rain Gauges Ju
TE525 TIPPING BUCKET Rain Gage ¥94U5%% Campbell Scientific, U.S.A.

- Taanuduuasazaudeiuluiiunlgneranis laeldinsesinnnuduiaseniing
(Quantum sensor) §u LI-190SA ¥@sU3®¥W Licor, Inc., U.S.A

- InUSunaadniteiing (Global solar radiation, Rg) fiwlasugnanamisnlasu fae
1A50397n59dn9019198 (Solar radiation sensor) Ju LPO2 v94uU3¥N Hukseflux,
US.A.




v

- InUSunausadgus (Net radiation, Rn) AkUasugnensnsnlasu mewnsesinusunu
$edn90Mindans Ju NR-Lite U93U3E Kipp & Zonen Inc., Netherlands

Aaudlunisindiwaznistuiind1ninlavesyngunsaingiainaningioniaay
aufiunismuAdeninidelusunsulunIesnivauiasduiindeyawuudalud® su CR1000 A ag
o e v P P = & 1 a a0 oA & o a o !
Juiindayameaud 20 Hz 38 20 Asewiadundl Aeilloswasn 24 Filus wagdn1sAnmIssuuNITas
Joyarunedyaalnsdnn dmsunsiaasunmsinnuvesyngunsal uazldlusunsy LoggerNet Tu
mameleudeya Teyanldasgninuliluguves ASCI file

=

U 2-3  nsinsagagunIaingIaTnanmgiennie s Wunidnw Site 91 2 @Ug 1IN0
NwRINs dunadinatn Jmindaniu

2.23 msasdauasiuiinaunanisuau (Carbon flux) vasiuiugnens

nsinaugansuey (Carbon fllux) tuldinaiiafisendt “Eddy Covariance” &y
#ielwisn15in Flux vasfinguaznT19innun1sunsvasfinganiundnwndanuwliuguinian
unsinedinulaense wagldivegrsunsmanelulagiu

wiAllA Eddy Covariance (Goulden et al., 1996) Wuwafialunmsasiainsuesiely
zAUAgien A (Micro-climate) Wlonsaatamnuudsusiuves Flux luwundmestuussennie Tag
Somuulsusiusauseineududuvedefiaule Wy feadveulneenles lovh waziiny (Ju
#u uavanusivesanlunudanelussuuiiane lunisnsaindedldindesiiofitasonsiaiale
0819590157 faruladenisiudsuntasvesdsiidnu (Sensitive) finugnaesuarwiugias
(Accurate uay Precise) wazyuyusanuLUsUsiuuasanInmnden oswindanuuususiuun
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1%
v v Y [

YaafinwfAnwluszuy waznswasunlasmunngiuinlulsuantesuin 8nsdswan1snsied
A10813s DL INABALIAN
yngunsal Eddy Covariance Usgnausig

= [ 13 a aa 3 a
- LATDNINAIULIILATNIANINAN LUU 3 U (ﬂ’J'laJLi’JaiﬂuVlﬂWN X, Y, z) (Three
dimensional sonic anemometer) 3u CSAT3 U83U3¥N Campbell Scientific

v

- ipsevinaudNturessigasusulaeanlenlazin ssuulla (Open path infrared
gas analyzer) 3u LI-7500 ¥84U3¥% Li-COR Inc.

(b) wWFarinAUS kAT TiFvIsaY
WUy 3 T

(0) W3RITRANUTNIUVBILAE
asvaulneanturuwazlaiiluainia

v
o

(a) ynaunsal Eddy covariance R tower

(d) i3enmuANLayTuiindoya
wuugalua

sU#l 2-4  yagUnsaldmsunisinaunanisvou (Carbon flux) vesiuiivanessiematia Eddy
U 9 9 9 Y

Covariance

11



lunsfiny134 gegunsal Eddy Covariance ¢ ggnindalifinangs 27 uay 12 wns
U tower wasiiuiAnw Site 7 1 (Faniraznduns) uay 2 Fwiadanm mudiy mauammlm
MniaTesilonrgniufinaduniintuiindeyauuinanug 2 GB (Compact flash) Fagnindaelu
\n3eauiindeyauuudnluil@ (Data logger) thidsazivdsuniatufindoyaaninieatuiindeya
wuusalusiAivng 2 dUni mstuiindeyaveaniestuiindeyauvusmlusiRasdidunisnudidsd
tn3delusunsuly fio axduiindeyadeninud 20 Hz wi3e 20 ASwieRund maon 24 Fala

A15AUAAT NEE (Net ecosystem exchange %38 Fco,) Aeinaila Eddy Covariance
(Goulden et al., 1996) 1un15A1uI4aN Covariance S¥1i1aAULUsUTINAUS 1AL uLUIRS
(W) wazanutuduresingasuaulaeenlen (CO2]) Asaun1sh (1)

NEE = Fco, = pw'[CO, ' (1)

Taedl 0 lakn MNUNUIKILYE90INTAREY (mean air density)

JundUNITAUIN NEE 9ganiun1sniuisuinsgiuves EUROFLUX (Aubinet et al.,
2000) Fadeyanuduiuresingasuaulaoenleduazauiiauluiuifiiazgniiuidiuinme
1Usunsu EdiRe Fafugenuwisnifarursaninluanlafiann http://www.geos.ed.

ac.uk/abs/research/micromet/EdiRe/ 338 LAl ulUsUNTUAILINAINTTUINTTIUATUABUNNT
ATINANTIEaEIBYAYRY JUN 2-7 A1 NEE tadeyng 30 u1¥ aggniiunAuiumendus deld

1AuA NEP (Net ecosystem production) NPP (Net primary production) GPP (Gross primary
production) kag Reco (Ecological respiration) luaiausaly

nsfnwaunarfusuluszuuing Wuns@nvinamuisuaiiveulaeiFuain
arsvaulnoenlsflutuussemegnittgady Wethluldduameilusiananady Taenssuauns
dupszvimeuas a1sdunidvasasuenazgndsiuludd@milaenisiu msdes wazthluldlugy
#199 TufigaiisisuardniagAuariuaugusssinalasnismela uazursdruvosaniveudissng
Usenouiuilodevesfivuardniasinsmyudsundugussonalmindnfivuardning waed
n1sdosanIeindy ﬁaﬁ?um%wau%mguﬁEJuaeﬂuiswﬁLmasJNama dmamsuaniudounia
ansuaulneanludsenieduussenmaarszuuiinm Fagnaratauasussifiuduen NEE vo Net
ecosystem exchange wasdnanmlunisgaduineaiiveulaeanlenvesszuuazgnuseiliunienn
NEP %3 Net Ecosystem Production Saiflun1sussiiussuuiivnatiug nisgaduvievanydes
asuau Tapszuuinefisinisgaduaisusuninitmisuanddes da3udu Carbon sinks (NEP>0)
Tumanduriu fszuuinefifinggaduafuoutiosnitnsuasiaos azgnininiu Carbon source

[
v a

(NEP<0) @sanunsauszdiulsmuaunises Luyssaert et al. (2009) a9u

NEP = NEEq,, ®)

12



NEP winfurasiuvedA NEE Turisnatstu Inean NEE Tutianansananaziianduay
(-) Bauanadn Tnnsadeun Flux 189A15usuaInUsseInIadigsyuuiianenans viedntentnfe
sugamsgaduaiveudnluldlunsduasgiieuasiues

Reco = NEEnight (3)
Reco WINTUNATINYDIA NEE Tutnenarsdu Inean NEE Tuaianaisananiaziiandy

UIN (+) Bauanedt dnMsadeuil Flux Y89r15usuaInsyuuilnAeansugusseinia viednty
wilsfife fusramslanuasensuaugussennalaenssuiunsmelaveddiueaines

GPP = NEP + Reco (@)
do NEP = wawAnA1UsuaMSuedszuU (Net Ecosystem Production )
NEE = #&nsinisuaniUdsunisuaugnd (Net ecosystem exchange) @a1dumfiinlaann

38n19919 Eddy Covariance method

GPP = #m31n1sHARUguATsIN (Gross Primary Production) 3atdud1uansdnsinig
Fuas1zidisnastanuavesiy niedoniniu “Snsinisdunsisiiionas
Hamn” (total photosynthesis %38 total assimilation)

Reco = Ansvelanavanvesszuuiiag (Ecological respiration, Reco) lg@m50A U0ULA

W a s a Aa X | &
fmﬂmamﬂﬂﬁuaﬂLUﬁEJ‘um’i'U@quV]G (+NEE) V]Lﬂ@sUuslusU']\iL’Ja']ﬂaq\iﬂu

NBP (Net biome production) fie USinaumsusuazauiiasegluseuuiiion o ¥aesses
wamnil nasninausinansueuigydsluainssuuiivg lnenismelaianuevesssuu uas
a ] ! o < o & v
Aanssumg o Wiy nMswnlvgd wagnsinuies Wudu (Kutscha et al., 2010)

NBP = NEP-D (5)

deo D = Uswweisueudigaydeluifiesainnisiwaludl (carbon lost by fires) wag n1siiu
\Ae (carbon removed by harvest)

Felumsfnwmeassnsed ladnideyaiiesszesiandu BnviadissezianAnwidalyl

ATEUARNNISLASIYRULATas 1IN T lusaul Fadilianunsaruiuen Net biome production (NBP)

I
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“Carbon footprint”

CCIz sources

Ecosystem respiration, R

t Leaf and stem <

€O, sinks

]

GPP [photosynthesis)

Ahove-ground
humass

.""" W

respiration

Soil respiration, R,

x\r\JEP
JTree growth)

l(Heternotrm.\l-wic
Respiration, Ry,

—1l

Roof
Fespirati

Sail organic carbon
500 I

5U#i 2-5 System boundary v84lA5aN15 “MsAnwaunanisueu ieldidudeyadnyinasuey
U o 9 Y
WUIuATeE U9

NEE = -NEP

]
=

U 2-6  uanvaunaveInsuau (Carbon flus) Tuszuuiiimeamia
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-,[ Raw data (10 Hz) J
-
=

1. Spike detection

Post processing

2. Planar fit method
3. Linear detrend

)

4, WPL correction

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

y

| 30 minute FCO, I

v

1. Quality analysis, QA
2. Quality check, QC
3. Gap-filling method

1. Gross primary production, GRP
2. Net primary production, NPP
3. Respiratio of ecosytemn, Re

W

Carbon footprint

SUN 2-7  TumaunIsmunaensINswanildsunsuaulaeanlanuway
wazAASUBUNAUTUALAZ YIRS HAUTUA

Fe NEE
Yield

| 30 minute FH,O I

1. Quality analysis, QA
2. Quality check, QC
3. Gap-filling method

r use, CWU ]

[

11 (flux of CO, wag H,O )

| Crop wate

Fssumaniueunnuiud esnmssumnsueuauiudlutagtuty Silad
nsmiudoyanisuaniudsuuimafiean fusulaeenledmdefiufiugnenanlslunisduin duy
tnidedadunmasuaunnuiu TnedsdeiBn1smnan minsgiieianfusunUTuddaeds LCA
Ao azdruimUinufisariuoulasenlediignudessenuiainiuiiugneislugdues
msusulneanlediieuin Tneniiedneds (Reference Unit) fis ensriou 1 Alansy
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Toefl  CF = Carbon footprint (kg CO, Equivalent)
NEE = Net ecosystem exchange (kg CO, rai'year?)
Yield = wawasdugnatuiie (ke raityear?)

2.2.4 N15ASIIBATUUTININBNTIN1SUanUaRsRwAsuaulnaanlufmiiaiiafuy (Soil

respiration)

fwafueulaeenledfignuanudeseenunaniaduiuiedeifinnudfydeiging
Arsusuvadlan (Global carbon cycle) wlpsnnduiasveuludndiuiivinnirluussenialan
wonani sas1nsmelavesiu (Soil respiration, Rs) éTqLﬁuaqﬁﬂizﬂauﬁﬁwé’waauﬂmmm%uau
Tuszuufing snsnismelavesiu Useneudae Autotrophic respiration (R.) #ainainnismela
¥9951nUazAUNIINduoguIIaasINdly (Mycorrhizae wag Rhizosphere bacteria) uaz
Heterotrophic respiration (Ri) (Jassal and Black, 2006) FauAnannsgesaaerueniivuazdnss
fnglasqdunigvsuuiunarlifu R, farsdafuiiusznause Root carbohydrate wag Root
exudates @sldnaneglufuliuiu Tuvuedl Rh Uszneuseansussnouasvouiasanogluiuiy
natunu saudszesfudouauied dudiavenfivanaunaredudunistaglufiu ssduszney
Hmume9ldsURanTENUNAN NI IAdBNLAE SN BB SUTIT uANs Ty warSslinsneuauesio
nsiutureiansueulneanlefluussernie wazgumgilandiseiy FodumsUssdudndau
vo109AUsENoUM g1 TuAuTudmiunsinsikarn1sdnaesdnsinismelavesiu uas
ﬂwﬁm-nmsmauauaw'e)aé’mwmi‘maiﬂﬁiaaﬂwwgﬁ'eJWﬂﬂﬂLLaswaﬂizm%uﬂ PINANINLINA D
ieTlaeyiininsueulussuuinaenamnsuagn1snIafiana Carbon sequestration Tufu enns
Useillu Carbon sequestration Tusguuiinad fAe Net ecosystem production (NEP) Faaunsn
Uszidiuldnnauuandnsseninssilasuudasuesdamaaiisuag Rh

(1) msivuauitunsiudeya

AMNUANUNENNSTUINOR5INI58T9009RAY TUNUNAN®ING 2 hiAa wAAENUT
wuadu 3 Plots 1@uA Plot A, B wag C usiag Plot Usenausie 2 Sub-plot lawA Control (Tndnsn
A5elaveIRy, Ry kay Trench (98n51n159elavediu F9inaInn1seagaaeLdwanig wagdn

a

o W a ¢ o a va & Addyve o a o 1 &
So3ng Inegdunidvisuuiukagldnu, Ry funildindnsinismelavesduivuianiiadu 1 1u 4

=

YeIuNARgUNgNeNAI88191151 4 siu Collar Favinnvie PVC Jvuaidurtugudnans 20 cm

Y
v
a %

g9 11 cm ggnAnasluiunaingandiuiu 8 Collar (nszaneviiud) luusag Sub-plot wenanil
Sub-plot 7du Control uaz Trench asfnsegluudnalndifesiu (Uil 2-8 uaz 2-9)

(2) A9 Trench plot
Trenching technique 1Uunilslu root exclusion method FaduiBunsgiuunaz
Idegnsunsvanglutagiudwmiunisuen R, wag R, 115¥1 Trench plot Usenaumedunau ¢l

- msivuaiiuilunisyefuseu Collar i 8 §u AIWEN 90 - 100 LGuRAS
N3 50 WuRues (U7 2-10)
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2-8

- WeynAuseu Trench plot taSaiseuiesuds finds sensor Tnanmgiauuas
Ysunauludu wazynisginsinlu plot Weisslisinaielu Trench plot ane
59U (JUT 2-11 waw 2-12)

- dwana@Aniuseu Trench plot tetlesiuldlusnasgvladilunglu plot
wasihAuldaslUluvguiivalifudady (GUA 2-13 uag 2-14)

- ¥3350URUN Trench plot uaginasynaunIaiduiintoyagaumgiaunay
USunanhlufiuwuudnlud® (5 2-15)

Plot Alddmiuindnsmmelavesudasiinu a guiidvensasdans damin
Azl (FUuw) wazudaununsns damdndenw (Uaw)

17



Control plot . .

Trench plot

25 m.

U7 2-9 AREEITR Collariuﬁuﬁmm Control (Collar no. 1-8) waz Trench plot (Collar no.

(@ = Fugnanis)

JUN 2-10 nsivuaiuilunsyafuiesi Trench plot wazliuMmeees1n wazAu

18
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SUN 2-12 M15ARRY sensor TnaanniaukazUsunatnluAy (nngne) kag N1sIgneinsIniey
=== 3 U Y
nelu Trench plot (nww11)

19



sU# 2-13 MsUWANERNHUTOUNURIAILU9909 Trench plot Watesiuldlwsiniasginunlu
3un 2-13 Y
Trench plot

sU# 2-14 msihsaduseu Wedesiulilidnsiduduludiuees Trench plot
JU# 2-14

20



sUf 2-15 Trench plOt VdLﬁ%"\]L%‘EJU%QEJLLéj’J vﬁauﬁ’wmaﬂmzu‘ﬁu%amw ARulazUsunanlunu
o LR Bl Y
WUUSRLULRA

(3) M5INERTINTSUNETAVBIRU

fndnsnsmelavesiu udaandiians collar uda 1 &Unnsi Tuitudl Plot A, B
waz C (Control way Trench plot) fewp3esindasnismelavesiu (Soil CO, Flux Syster) U LI-
8100® (LI-COR, Inc, Ltd., U.S.A) (3Uil 2-16) Tne¥amuglufugumad (°C) wazuFunailufu
(Soil water content, %) #iszfua1udn 5 cm. ndAuseLA3asIngavgil (T handle
thermocouple) Faannsaidensaiuiaiesindnmsmelavesiuld (3Ul 2-17) uag Soil moisture
sensor U EC-5 (Decagon Devices, Inc.m U.S.A.) Feguaitialdlagld ProCheck (Decagon
Devices, Inc.m U.S.A) (Ul 2-18) fadnsnismelavesiulufiufiugnensms yn 2 &nnv

gnsnsmelavesiuiiala (Soil CO, efflux) inureidu pmol CO, m?s™ axgn
Wasmdu ¢ C m?d? Tnepasing 1.0368 ntuheiialdumuwindnsnismelavesivayanly
soU 1 ¥

soil CO, efflux X 1.0368 = Soil C efflux (7)
(umol CO, m?s™) (g Cm?d?h

21



sUT 2-16  AesTadnsnsmelavesiu (Soil CO, Flux System) U 11-8100% (LI-COR, Inc,,
Ltd., U.S.A)

sU#l 2-17  eunsalingaumngiiau (T handle thermocouple) Fsanunsalfousoniuiniosinensinig
o 3 3 U
melavosaule

22



D6 CAGON

B

).

sUfl 2-18 Q‘Uﬂiaﬁlmﬁm’lmﬁﬂuau (Soil moisture sensor) sq'u EC-5 (Decagon Devices, Inc.m
U.S.A) Fsanuaiinlalnely ProCheck (Decagon Devices, Inc. US.A)

A1 R, (Heterotrophic respiration) ke R, (Autotrophic respiration) @11150

Annaliandeya sanuldiliesaindnsmnelaaieavaulu Control (Ryp) kaw Trench (Ry) plot
afl

€

ho)

Rep = R + Ri ®)
Rtp =R + Rd (9)

Tndi Ry 1A Decomposing root-derived CO;, efflux ﬁ?iﬁéfaﬂ%’%’aa@%ﬁma&iaaamwaaimEm
(Epron et al., 1999 uag Ngao et al., 2007)
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(4) NISNLATDIINDNTINITVY LAVBIAULUUDN LU

Site 11 1 FUITUERLTUNTY FININRLTUNT

ie Tiduedesindnsnismelavesiunuudaluffuun 2 chamber fiann
$aufu National Institute for Environmental Studies anfinssmagaumsvhaniluaninuyasedslu
Uszieilny a Site 71 1 qudidosnsazidans fminasidans Imaam&y’qmﬂug’fﬂaqﬁuﬂﬁiumu
ndrinieluutas uarindstuasmuelug)fielfaunsainuldeies gidelddimedosinanu
SnlusfAlasifudeyaaduiusening 2 chamber yn 3 wnit Tnsdufudeyadoudfuiitud 30
WownIAL 2558 nmn1sinsaedosindnanismelavesiuuuusalud® wandusuil 2-18

Site 1 2 wUaIlgneneueunEAsng P9I TININ

va v

1338 lnassyngunsalindnsinismelaveshunuudnluifvuin 8 chamber
Waulaeliesorinsnsin1smelavesduwuudnlugi@uuin 2 chamber Wusuwuy wslddnsuds
gnsn1smelavesiu s wlasUgnensvedinunsns Jamindeniu uazdl Time scale Weaiutoyaay

AaATUBUYRIUNUgNY1 (FUN 2-19)

SUN 2-19 NSARRIATBIINENIIN1SINElaVBIANLUUDR LLARYUNA 2 chamber ANRIUNTINAY
National Institute for Environmental Studies Tuaninulasassludsemealneg a Site
1 1 Audifeesasdans) fminaigans
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JUN 2-20  sruumIUANMSALoINIALSE Sruuian1smeglavesiu Niessaslunaesiunseunn ves
YngUnsalingnsnNsmelavesiuwuudnluianiaunIu dvsuinas o Site 91 2
wlaslgnenawesnensns Jamindaniu

22,5 Hayausznaudu
(1) mswasunlaadusauaslauduens (Girth)

Anyn1siAsuulasuunaves Girth Tasnsda Girth fiaaugs 1.5 wns 9niiudu
(fimsfo uazame, 2550) Ty Site 7 1 guiifossandans fminandans fadussorguindu
fudunsifiudeyann 6 Wou vaudl Site 7 2 wasugnensvesnumsns Smindsniw Fadueseny
WeragAnfunsiiutoyayn 3 eu

(2) msuszliudviinuluvasnunugnenanst (Stand leaf area index) 31N
U23a%23178999819NINTImEUgNU (Litter trap) Y2IUUAHINIT

AUty vi3e Leaf area index (LAI \Wunildlutladeiddgmisaulassasieiie
(Plant canopy structure) tilasanddvsnansUsunussdniterindinelasu waznisianiudvunia

Asuaulaeanlad 1a1 WasNAIIUTENINAUNTWALUTTEINIA AatuAsTNuNluI W usFwls
daglukuudnassniinswenlesseniniivias laduaniniinaou

nsUssiliudvilnualulaglddeya Litter trap WWuisnsindviinualulagnss
(Direct method) ilsvinateaug1awis1 (Non-destructive method) #9Usenausig 2 Junou Ao
nsiiumegsluiinnasunly Litter trap Ainafensld waznisiaiuilu Inefuddetaiuilunieds

25



Gravimetric method #e.uisn1sfiendemnuduiussyninaiminuisweslu wagen Specific leaf
area (SLA)

maiudeyatunavessamnsisimaugiuseisnisldmanedn (Litter trap) Tu
50UU 1nen15AnAY Litter trap @9¥1199n9719789U1009 1 m. 817 1 m. 8n 50 cm. Anaduilanunu
1 m. o iunuer1ee Tundas (Eriksson et al. 2005)

Wununududuesnnisimeauady Litter trap nn 2-4 Upi deiilosnasn
a9ma sausdusamsiinsuanlul sunsedlusiaunun Juduvesersnsiiuain Litter
trap szgnisneuuislugeuauau (Hot air oven) figaumgdl 70 asrwaidoa 1unan 48 lus
uérBniuueneonfuiudndszavine (Law et al 2001) dwiinuisesituifluluseu 1 Yavgn
thandamadiiiuifluresiuiiugnersnsiuniigaveauasgnensiiiivoya Litter trap
11 drunnuilsunuvesieiiiuiiluluseudidnudu sxgndnadeundudediuilugaand
frundld uazinnuisesitegdlusemniituiinl fuuiazeds

n15AN Specific Leaf Area (SLA, dndunasituiilusioduiinlu) Tnenisduiuly
fasgavlafndiugr S1uru 10 Tuansumesineg Tudeunenamns uazduiivinogiaand
genns1lusimianingg dulundasugn 91uau 20 fumds ihhegrdlutamnunaiuiflulaensld
wadansawnudeaunuues uazfmamiuilulasdusnufineavedlulunmuazilgaiy
Sasrduvesnuiafinisaderuinads anduiailulusuuis lugevaudou figauad 70 asen

a ] ) o w | A P o ¥ ] H o % a
waea 1unan 24 99109 waziseg1slunkiunsauwar butaninly vdnwiis) kaguiann
TaluAuins SLA a1naunns (Eriksson et al. 2005)

A.
SLA = 24 (10)
X Wi
Ing  SLA = Specific Leaf Area
A = WURUYRILUTN i
W = URinwiAeeebud i

nsAnurdsdnunluvedwdaslan Iagldimtnuiwedlusiunst alaan Litter
trap WnAUIMIAIRYINUTIUINANEURUSAU SLA (Eriksson et al. 2005 way Law et al. 2001)
Alsanaunisi 10

Site 71 1 @uéﬁ%’ammz@amm JININRLLTWNT

HAuRARanNIedn Litter trap USInMA199 fuluwdameaes 31u9u 20 duvs Tagdl
AunUsARAAILUUA19e Toun Anfeszninenulunel Andaseninewnl Tukuifu Lasfinfesziauan-
FENIEU NMNNSARRsAYIERngIniY uansly UN 2-18

N1511A1 SLA U89819M151WUG RRIM 600 t4 4Uaannaeeans1gudidosns
20 0N31 WU Wiethrinludinuinu Aunlufiiuduniy wazanunsaldinminuialsediufiunly
o9 naunsy 11 Wnedmtnwsisaunsabsuseliufiunlulananudiosy 68%
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A; =99.901W; + 7.2309 (11)

Punluvodlu? |

ATNLIAIVDILUN |

g A
W

Site 11 2 wawgneuadnEnIng JaiIatanu

AId8duAnns Litter trap U199 MilunUamaaesgosns 3 ulas 91U 9
AUNUSAOULUAIMAaDIERE FININNA 27 AUl Tl unlnfnaanuunige Lo fansszning
Auluund AnAsTEndnannd Tulwwim waginfaseIaun-seningdu (JUi 2-19)

N15911A7 SLA 4838719m1319%ug RRIM 600 a4 ulasugnensmsdanindaniw wudi e
Prndnluiiuunn®u funlufiuduniy wazaursalsiudnuralseiiuiiuinlulaainaunisy 12
Tagintnkisaninsabuseiiununlulananuesiu 98%

A; = 137.66W; + 0.6632 (12)
g A = duiluvedlud i
W = ninwiAseshud i

sU# 2-21  n15AAAY Litter trap TunUamnaoigansaugI98819a8189m s
A | Y
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sUN 2-22  unuiikans L siduRngs Litter trap TunUasweassgos TuwdasUanensnisdesnindenin
= <= 4 o Y
(@ giugnanisn, M Litter trap) wazn1muansn1sanss Litter trap lunUasveassgos Tuldas
gnensmsdmindenw

(3) NIFINDATINFTAWATIZYRALLEILAZDNTINTTH8 TaVaIYNY TUEIUEIINIS

N151n8nI1N1sdNATIERRIELaENSUs ouN TNy Adiunisluaiug1anis
Site 1 2 wasnumsns sunetnAIa Tanindn esnduldasseieties Feuruensdilsl
yuify vliivivanansawiydulald gagunsaitasnsnsdansiseuasesdouriuuivild
Huszuuda msdudiunimeass Buannisidennguvesiviiviidusunuvesiufivdulvgly
wlasugnens Tne@nds Chamber alu 3 fuft Taud plot A, B, C fudlag 3 Chambers Sa8ns1ANS
Fuasgvisneuadlutianan 00.00 - 24.00 u. naen 24 Halus MviefATidulasewes Chamber wag
4519 Chamber Mmurunatafin PE AR 1 §adwuns w11 50 x 50 x 50 gnuiAfiduiiuns
asouiuiiviidosnsindnsinisdaasizidiouas (nnd 2-23) gAoIn1A9IN Buffer YU 1.5
gnurAiiuns 1mnlu Chamber tieanmnuduniuyesariveulasenledlueinianouiding
Chamber Jagns1nisinaveseiniadi Chamber lneldin3osinainudaan (air velocity
transducer) §u 8455-03 (TSI Inc, U.S.A) lsuiivioarniait Tngls sensor Snannusransiuld
meduanid USuanudaauld Chamber faneaums gasiegeiniadiuazoanain Chamber
duedesindnsnsuaniuasufnsaniusulaeenles (CO./H,0 Analysis) Ju LI-840 9n 10 3undi
Fouaddagliiaiauas fu Li-189 (light quantum sensor ) Sanundunaduseuiuiiviinisvaass 3
anuituuasiliainnsiatuasioglussduifetunsaiy Wuanuduuadlugasedu 400 - 700
uluiuns Miadosingumgiuazarudiuduing (Humidity and temperature probe) §u Humitter
50 Y (Vaisala, Inc., U.SA) Yngamniiuazanuiuduiniusioiniaonnain Chamber Tagans
Lﬂ%adffﬂqmﬁgﬁLL@%ﬂ’J’m%uﬁiJﬁ%ﬂ’?U%L’JmU’]ﬂViE)E]’]ﬂ’]ﬂ@E]ﬂ’wﬂﬂ Chamber thdfayaiiléainnisin
Homeludnaumsannmsduanesiseuameniounu v

MsMuINERTINSiraraseInd (Ue, pmol s7) muaunis (Raymond, 2002)
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22
Vx7xr2><10g

U, = (13)

22.4

oy V Ao anutsraunisluvieneiniadn Chamber (m s) wag r Ao SAdvasviayia1niedn
Chamber (m)

AmsnsINsgaduLianisusulaeanlanans (A) (umol m? s™) #3edns
N13FUATIENAIUEIANTUBNTOUNL (Peanopy) MAOA 24 FILUT 9N 10 I uaun1s (weuam,
2546)

_ UeX(Ce—Cp)

Pcanopy = 100S (14)
108 Peanopy  AB 8RTINTAUATIENAILUAIVBATOUNY (LMol CO, m? s™)
A o A = PN IV
Ue AB mwmimaauwmmmﬂw”lmamnq chamber (umol s-1)
Ce fn Usunauingasueulaeeanleaitlualdn Chamber (umol CO, per mole air)
Ce fin Usunaigasueulaeanlenitluasen Chamber (umol CO, per mole air)
S fin Wuitly (m?)

SUN 2-23  N15IAOMIINITHUATIEIALELAIYDNS aUNUYe IRl uaIue19anIs
o ]

(4) WANANYIINIST

wUaaugnenans Site 7 1 gudideeandanst Jwmdnezidans Wuwdasens
~ o a v a df v CPC S AR YY) =
a1guniiansabinandnuiensld ssuunsanldilussuunianssadiuiuiuiu (1/2 s d/2) nediseu
ANIALTUATAFIEN NeuAY wazdugaludouNnsial Yeend uazaevinduludiadounun1ius-
Wowwweu nandaiildlunsiunesveunausuity iWunandnensioudiouis minfiwans
Duwandnilansusielsied wazumineadeutuldinanuduanuminile 15% ud)

29



2.3 wamsﬁn‘lenauqam%uaummmumawqﬁ

2.3.1 YAUUINUALATIETBUNNIVINNUYRIYAgUNTAl Eddy Covariance %ngunIningIain
dannafiennd uazyagunsaldus Aldlunsiiudayaide

ALIUNIIATIADUNITNUVRIYARUNTEl Eddy Covariance wazyngunsalnsiain
anmafioina wavdeuifisusn (Calibrate) W gagunsalineneansaldlunisifiudoyaidevesiiug
AnwIng 2 site TUua 2 AssluseuUnisnaaeafiniuin

a

2.3.2 YeyagagiioniAvasiuiiignen

18

fouaqaglienniaingg ldun mnuduuasazaudetu gumafionnia anududuing
Uiy Y3ina¥sdnisending (Global solar radiation; Re) uazU3inassdans (Net radiation,
Rn) wasiiuiidn 2 Site 1 Site 71 1 AudITeeRBunT Suneauudelun Yminavidan
Hutoyadaus Juil 1 fqueu 2555 fetuil 30 Austou 2558 wag Site 71 2 uwlaununang s1ne
Unaa Smdadsn dutoyadausuil 18 ganau 2555 Sefufl 30 fusneu 2558

(1) aNUduwEE Y

arudunasazandefuluiuiiugnenans wui Site 7 1 quiidoensazndans
Fedufindoyadaud Yufi 1 Squieu 2555 Setuil 30 Aueeu 2558 Sauduuasavauoglutig 2.67
~ 25.05 mol m? day™ anuduuasazausaiulul 2556 way 2557 fdanuidunatasanegluyi
2.67 — 24.32 uay 6.67-25.05 mol m? day @ua1avu Laglnnuulasdzauintu 5,418 wag
5,725 mol m?year auddu Tl 2556 Aanudiuasazausefuflidgauasgegausngluiud
28 Un31AY 2556 WaY 8 WewA1AY 2556 waylul 2557 ArduLiLaas awia’;’uﬁv-ﬁw?waml,l,ay
geanusngluiuil 28 nangIey 2557 uaz 11 e 2557 dwmiulud 2558 ffu aansndudin
Foyarnundunasazan faudfuil 1 unsiAN - 30 Fugnou 2558 inﬂgmmLmuLLaqavauaaiuﬁm
4.77 - 23.65 mol m? day* uagdlAmnuiduLasazauiniu 4,324 mol m?year (gﬂ‘w 2-24)

Site 1 2 wasunwasns Sanindeniu Faufindoyadaud Juil 18 nanau 2555 fs
Fuil 30 Auenoy 2558 fanudunasazaueglugig 2.28 - 24.21 mol m? day ! Auiduuasaza
soTulul 2556 way 2557 HAnatuuasazanegluyie 2.28 - 24.21 uag 3.20-23.60 mol m? day
AINAIAU AAULUNLEIELEULINAU 5,625 Wag 5,656 mol m? year! mua1au Tul 2556 A1aa
L%:uLLmavamﬁmﬁwamLLavaaa@UiWﬂgiu'?uﬁ 3 flwAy 2556 wag 12 @nau 2556 waglul 2557
Armuuasazauiidmgauas gegnusngluiudl 19 NInNQIAY 2557 uay 1 fquisu 2557
dusulud 2558 du amnsatufindoyamuduuasaran foudduil 1 unsen - 30 fusneu 2558
Usngaaduuasazaneglugig 3.00 - 23.40 mol m? day” wagilanudunasazauiniu 4,141
mol m“?year’ (’gﬂﬁ 2-24)

(2) guugiianmd

fa o

oumpiidnsiety Mnn3fAnwINY I Site 7l 1 qudifosnsaziBans Fsduiin
foyadaus Yuil 1 fiquasy 2555 fe¥udl 30 fugrou 2558 umqmmummmLaawmuagiumq
19.87 - 31.30 °C uazdmiut 2556 waz 2557 Usingegumgiionniaadesieuselutis 19.87 -
31.14 uag 19.87-30.37 °C auddiu wazdidgamnfionniaadesetivindy 27.18 way 27.29°C
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audiu Tul 2556 quugiiadesofumgauazgegausingluiudl 18 Sunau 2556 uay 15
wuAAL 2556 muadu uazlul 2557 guvnfiedssde fumaauazgeaausngluiud 23 unsam
2557 uay 21 wowniau 2557 audrdu dmfulud 2558 du awnsatuiindoyagumgiionna
FausTuil 1 uns1as - 30 fueneu 2558 Usingagamniiennimadsdeueglutag 22.1 - 31.3°C
wazilgamgiienmeadninfu 27.86°C (U7l 2-24)

Site 71 2 uasnumsng Fanindeniw Fedufinfoyadaud Juil 18 nanau 2555 fs
Fuiil 30 fueneu 2558 fegumgiieniandesioTuselutig 9.84 — 33.51°C uazdmiul 2556 uaz
2557 UsngagamaionnmadssoTusglutig 15.62 - 30.59 wag 11.84 - 30.78°C mud1dy uaz
fidngamaiienniadesoliviiiy 25.48 wag 25.54°C sy Tud 2556 wuin gaumgiiiedesioty
fgauazgsgausingluiudl 21 Sunnau 2556 wag 3 w1y 2556 mudiy wazlud 2557 wui
snmpiilndsseiuigauargeanusingluiudl 30 naneu 2557 wag 23 wawnAN 2557 AMEIRY

a
o

dmdulul 2558 Wu aunsaduiinteyaaumaionnie Asuaiui 1 unsiau - 30 Auelgy 2558
Usngareumgionandeseiuagluyie 9.84 - 33.51°C uazilgaumgioniaadewiniu 26.17°C
(5U# 2-24)

(3) ANMUIUFUNNS

fa o

mmwmmauwmmaaammu MNIANY I Site 71 1 quiidoensazidanm 3
Suiinfoyadoust Yudl 1 fquieu 2555 Getuil 30 fusneu 2558 fearududuimsiadsrotueg
Tumag 24.1 - 99.8% uazd iUl 2556 uay 2557 UrngAnnutudimdiadede Tusgluzas 50.2
- 98.7 uar 49.4 - 96.6% ANAINU uazdArAuTuFuinsiadereTivinfu 81.7 uar 81.5%
addu Tud 2556 arwiuduimsdeTushanusnglutuil 18 unsau 2556 vusdiauudining
ﬁiai’umamﬂiwﬂgh’zfuﬁ 20 fuBeu 2556 waw 16 AaAy 2556 uaglud 2557 Aududuivdse Ty
aanusngluiud 25 NN31A 2557 summmmwauwmﬁmmuaaamﬂﬂﬂgﬂ,muw 19 nsngIAY
2557 dwisulull 2558 thu aunsndufindoyaanududuing fudiud 1 N31A - 30 Aueou
2558 Uﬁﬂgmmwmuauwmmaammuagiuﬁm 24.1 - 99.8% uardiAAuTuduimsidewinty

78.5% (Ul 2-25)

Site 1 2 uUaanunIng daniadeniu %aﬁuﬁﬂﬁﬁaga&gﬂu@i Fuil 18 manAu 2555 fia
fufl 30 fueou 2558 fAeutuduimsiaderotusglurag 17.6 - 98.40 % wagdmiul 2556
wag 2557 UiﬂﬂgmmmmuauwmaLaaammuaﬂuma 27.4 - 98.4 uaw 30.2 - 96.3% MUAWU uae
AwFuduimsiaderetiidinty 69.2 way 74.0% amddu Tud 2556 arwdudurimsietu
mamﬂsmgslmuw 19 Wqwn1AL 2556 vauzfienutuduimse fugegnunngluiud 26 fquieuy
2556 vaugdt Tl 2557 Arwduduimdsousigausnglutud 30 AR 2557 U mmmﬁnu
Simssotugeanusngluudl 12 nangiau 2557 dmsulul 2558 du aunsatufindoyanuty
&g faustSudl 1 unsiAu - 30 fugeu 2558 UnngAmnududindiadedeTusglugi 175 -
96.0% wariAnAutudinivsiadeniiiy 66.2% (Uil 2-25)
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Cumulative photosynthetically active radiation (PAR, mol m=2day!)

20 A

- 30
15 4 F 25

- 20
10 4

F 15

F 10
5

F 3

Jare13 4 — — — — = — =
lareld - == - - -

P A I
PAR — Tl

%’a;&a Site 2555 2556 2557 2558
PAR 1 2,488 5,418 5,725 4,324
2 1,175 5,625 5,656 4,141
Tair 1 26.70 27.18 271.29 27.86
2 25.42 25.48 2554 26.17
vunewn  Judeyammuduuasazausiod (PAR, mol m? year?) uazgamgfiadesiod (Tair, °C)

Ul 2-24  audunasazan (Cumulative photosynthetically active radiation, PAR, mol m™
day™) LLazqmwQﬁmmma?{a (Tair, °C) vesuUaUgne1awisn Site 1 AugIToE
8l Bamsn 9. azdans (1 fquieu 2555 - 30 fugneu 2558) uag Site 7 2 ulas
NwRINg 1. Tanw (18 ganaw 2555 — 30 fugngu 2558)
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100 - - 300
90
" L 250
o L 200
60
50 L 150
40
%‘-3\ % L 100
T
3 20 % 2
.‘? 10 :
'-E 100 - L g0 2
£ 90
2 250 3,
2 g0
&
= M1 200
60 -
50 - 150
40
% | 100
20 - s
10 4
0 - L o
= L, A L TR O (L SR S - i <. S R . . I TR SR (e TR
" -t " ; L i - " ; L i 1 Ll _~|‘ L} L i 13 L J‘ i
FA8558 5823358083 38885858383
RH B Rainfall
”aaga Site 2555 2556 2557 2558
RH 1 81.7 81.7 81.5 78.5
2 70.1 69.2 74.0 66.2
Rain 1 1,250 1,215 1,282 585
2 72 1,441 1,545 1,481

wnewn  Wudeyaruiuduivsiadesel (RH, %) uaz Usuasuazausied (Rain, mm)

Ul 2-25  Anududuiingiaas (Relative humidity 58 RH, %) LasUSiNa SIS (Rain-
fall 38 Rain, mm) YoUUaIUgNeanIs Site 71 1 AUEITEE1RUTUNT 2.
azgams (1 fgueu 2555 - 30 Auegu 2558) wag Site 7i 2 wlawnumsns a. 09
M% (18 manAs 2555 — 30 ugngu 2558)
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(@) Vsnautdy
1NNSANINUT Site 71 1 AuSIToesanduns Fedufindeyadoud Jufl 1
fiuien 2555 Sefufl 30 fusnou 2558 uardmsul 2556 way 2557 ailfeyansuitaliu Usngd
fUsIa Az AN 1,316 way 1,282 mm @5lud 2556 wu ﬁU%mmNuazauﬁwthLaau
LAz N AINNeY vauziifiiazangsgalufoutusiou uaglud 2557 wuin fusiaruazay
darluieunnay wargeasluioutusiou dwulul 2558 du annsatuiindeyauiinasy
fausifudl 1 uns1As - 30 Auge 2558 UTIngUIINARUAAL 585 mm (U7 2-25)

Site 1 2 uasnumsng Saiadeniw Fedufinfoyadaud Juil 18 nanaw 2555 fs
fufl 30 Ausneu 2558 wazd WUl 2556 uaz 2557 eiifoyansuiiediy Usinginduiuaniey
azauyindu 1,441 uag 1,568 mm aslud 2556 wuin ﬁﬂ%mw\luazauﬁwqﬂﬁlmaauwm%mau
vaugiitiaavangeaaluiounsngiay waglud 2557 wud SUaruazausigalufeunuaiug
wargaanludeunsnginu dmsulud 2558 du aunsatiufindeyauiuudulu dudfudl 1 unsau
- 30 fugneu 2558 Unngusunaslugzay 1,481 mm (gﬂﬁ 2-25)

(5) Usunussdnaseiing (Rg)

fa o

Usinaudsdmseniingrauseu annnafinwimuh Site 7l 1 quiifoencaziBans
Fesufindoyadaud Yuil 1 fquieu 2555 fetuil 30 fugeu 2558 faUSinasdnsefindavauor
Tuta 1.36 - 13.40 MW.m? day USinnudsdmseniindazansiotulul 2556 uag 2557 eiiteya
AsuTTTiy SUsinsdnisefindavauseTuoglurag 1.36 - 13.29 uaz 3.72 - 13.40 MW.m2 day’”
ANUAIFU haslAUSUIUSIEAI9 I RndazaunaUsvinny 3,169 wag 3,314 MW.m? auaau
uonnianu Wl 2556 Hu Vinusidaeiindavaniadnanuargaauanglufousnsia
uazwauAIAL AETU YUl 2557 Uhinusidnseniindavaniiinigauazgeanungludiou
nIngAY wazdenman audidy dnsulud 2558 du aunsatuiindeyauiuuidniseniings
Faustiuil 1 uns1au - 30 fugieu 2558 UsingAUSuusadmenfindazaude Tuoglurag 2.65 -
13.18 MW m? day ! uawilUSinassdmsenfindazaulutianan 9 Weu witdu 2,477 MW.m? (U
2-26)

Site 7 2 wasnnuasns Sanindeniw Fedufinfoyadaud Judl 18 narau 2555 fs
Fufl 30 fuengu 2558 TANUTuusdnefindazauesoTuglutag 1.01 - 13.40 MW.m?2day
Uinusednsorfindavausofulul 2556 uay 2557 Falifeyansuieliu fusinasidasending
avausioTueglurig 1.01 - 12.49 uar 1.70 - 12.60 MW.m” day anudnau uagileuSuiusadnis
o1findavausoBiviniy 3,026 way 3,142 MW.m? nudidu uenainidanudn Tull 2556 Usunsed
mamﬁmzﬁavamﬁﬁﬁmmLLavaaamﬂsmgimﬁaumamu wazdiquioy audiu vglul 2557
Usinuiednseniindas ﬁullﬂW@Wﬁﬂﬂiﬁﬂgiuma‘lmiﬂ{]ﬁﬂuLLa naAy drudsunuidnicending
GE auaaamuu Usingluseuiiquieu dwsulud 2558 Uu awnsaduiindeyalunnssdaiseniing
s RaustSudl 1 unse - 30 fugneu 2558 UsingAnUiinasadnsefindarause Tusglutag 1.70
- 13.40 MW m? day ! uaziiUSunusidnieriindaradluiianian 9 weu wiiu 2,472 MW.m? (5U
i 2-26)
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Cumulative global radiation (Rg, MW m-2day!)

12 4 F 12
’ l 1 | : |‘. |
8 | I |ﬂ‘ | | .M‘ | L8
4 i i -4
I ] I
I ] 1
I ] I
0 — 0
S L L B T B
523588523582 555348885334
Rg RN
sﬁaqga Site 2555 2556 2557 2558
Re 1 1,392 3,169 3,314 2,477
2 603 3,026 3,142 2,472
Rn 1 981 2,163 2,209 1,479
2 380 1,978 2,117 1,675

wnewn  Wudeyauiinasvdasenfindavausiel (Global solar radiation %38 Rg, MW m?year”) uagu3unnssd
qw%asamiaﬂ (Net radiation %38 Rn, MW m?year™)

sU# 2-26  UTuauFedn9919nd (Global solar radiation %38 Rg, MW m?day™) wazUTuneadsed
Vs (Net radiation %138 Rn, MW m“day ') avausiaiuresulasugneanis Site 1 1
ALEIRBLNRTANTT 2. axiBens1 (1 dquiew 2555 - 30 fugngu 2558) uag Site 7

2 wlaanuwnsng 2. Tan1w (18 ganaw 2555 - 30 fugngu 2558)

35



v o a

(5) Usuausedans (Rn)

9

Usinausedgvidazay ann1sfnuinudi Site 7 1 quifoensazians Jsdudin
Foyasioust Tuf 1 Squien 2555 Aefudl 30 Augneu 2558 feUTunssdansavausotusglurag
0.50 - 9.47 MW.m2 day USsnnussdamsazanlul 2556 way 2557 Felifouansuviediu fuTun
Fedgniavaudeiuegluyie 0.54 - 9.47 uay 1.93 - 9.46 MW.m?day” audndu wazlugig
swovan 1 U fiUSusadandavauiniu 2,163 uay 2,208 MW.m?2 sudidu uenainidmudi
¥ 2556 Usunaissdmsenfindazauiisanuargsgausngluiiouiiuney wazdenay auadu
yauzitlud 2557 Uhinafidasenfindazauiiadgausingluliieunsngiay duuiinaiedang
o1findazangegatiu Unngludeudiquisu dwiulud 2558 tu awnsatufindoyauiinasdans
fauddudl 1 unsnew - 30 fusneu 2558 Usngasinasdandavaude Tuoglutng 0.78 - 8.48
MW m? day™ uazliUsunasadgnsasaulugasan 9 weu wiriu 1,479 MW.m™? (gﬂﬁ 2-26)

Site 71 2 utasnumsng favindeniw Fedufindoyadaud Juil 18 nanau 2555 ds
Juil 30 Ausnou 2558 TUunasedavdazauseuagluzig 0.03 - 9.90 MW.m?2day” USinased
avislud 2556 waw 2557 Geiideyansuiiediu fUsinassdarsasaudeTuaglutae 0.03 - 9.51 was
0.40 - 9.40 MW.m” day " mudau waglutiesseziian 1 U denUsunusadansasauiniu 1,978
way 2,117 MW.m2 anuddu uenanidamuin Tull 2556 Usnasdavdavaudiavinanuazasan
Usingluifieusiunay uazdaman awdifu @l 2557 Uhinasidgsazandaiagauazgean
Usingludiounsngien wasfiquisu sudidy dnsulud 2558 du anunsatufinteyauTunsed
aid RausTudl 1 unseu - 30 Augneu 2558 Usngardsunusedansazausieiusglugig 0.50 -
9.90 MW m?day wasiiusinassdavdavanlutaanan 9 Heu wiidu 1,675 MW.m? (Ul 2-26)

2.3.3 Yoyasunaniuau (Carbon flux) Yasinuiugnens

(1) NEE (Net Ecosystem Exchange)

NEE 1Judildannnisinaaeas Eddy Covariance (Goulden et al., 1996) 31n
n1sAnwInudn Site 7 1 Audidessasdane Satuiindeyadaus Jufl 1 fquisu 2555 4 30
fiugey 2558 1A1 NEE avausiodu agluyae -9.47 §1 7.85 ¢ C m?day™ Tul 2556 uag 2557 wuin
fiAn NEE awausiou oe/luyae -9.15 s 7.85 wag -7.05 14 7.05 ¢ C m?day’ m1uaau wazdlan NEE
avaulusou 1 U Wiy -1,224 way -1,773 kg C rai? mugnsfu dmsulud 2558 du anunsaduiin
foua NEE daus¥uil 1 uns1em - 30 fugneu 2558 Usingan NEE azauseTuaglurag -8.54 fiq
5.83 ¢ C m2day wazdiUsunel NEE azaulugieian 9 1heu windu 1,353 kg C rai? (gﬂﬁ 2-27)

Site 1 2 utasnumsng Saindeniw Fedufinfoyadaud Jufl 18 nanaw 2555 ds
Fufl 30 Auwngu 2558 fiA1 NEE avausioiu oglutig -5.62 §3 2.76 ¢ C mday’ 1ud 2556 waz
2557 wu31 $1A1 NEE azausioiu aglutag -5.01 s 5.15 uay -5.62 14 2.76 g C m day™ anad sy
waziiAn NEE azanlusou 1 U Wiy -504 way -1,110 kg C rai? mudnsu dudulul 2558 tu
anunsndufindoya NEE daustuil 1 unsiau - 30 fugneu 2558 Usnge NEE avausieuogluzis
-6.41 §19 6.64 ¢ C m™day ! wazdiUSuna NEE axaulugi9nan 9 heu windu 980 kg C rai? (gﬂﬁ 2
27)
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NEE (g Cm—2day!)

R B R R N T TR T T T T T I T R R g

;‘ B i ; i ' ;‘ iE ' ; 3 i ;‘ " ] 3 " ' ) ] & '

FRES 22535 h2F553588283383
%aaga Site 2555 2556 2557 2558
NEE 1 -1,201 -1,223 -1,772 -1,353
2 -156 -503 -1,112 -980

WU Lﬁu%’aga NEE @vausod (Net ecosystem exchange, g C rai’ year™)

SUN 2-27 A1 NEE (Net ecosystem exchange, g C m?day™) avaunaiu wazavaunay (Lanslu
919 dvdaewdu g C rai®year?) vosudasuanenenisn a Site 71 1 Audidoens
2N 2. AxBanT (1 Tguigu 2555 - 30 fugngu 2558) uag Site 71 2 ulas
\nRIng 2. §an1u (18 AanAs 2555 — 30 fugngu 2558)
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1
1
1
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I

Usunauasuou (g C m2day!)

lan-13 — = = — — — —a

.1D -
T B M omom oMM + = T T o+ T 0 W 0 1w
— — — — — — — — — — — - — — — — — — — — —
= S o = L = S5 o = - T - T S . S
T 3 @ B T T 2 o o 5§ 5 38 2@ 353538 %
b nw Z P n Z 2z & = 0w = = [a]
20 1

uﬂaom:&mn'{l 3. flonl
1

15

Usunauasuau (g C m=2day?!)

Jan-13 = = = = — — — {33
lan-14 = = = = = = =4

Y ldsannonoazsssnssaunaye
GFP —— REC0O . [ EP
%aga Site 2555 2556 2557 2558
GPP 1 2,963 3,979 2,771 2,015
2 229 1,307 2,053 1,425
Reco 1 1,763 2,755 999 662
2 73 804 941 446
NEP 1 1,201 1,223 1,772 1,353
2 156 503 1,112 980

wnewn  udeya GPP azaused (g C rai’ year?) Reco dxausiol (g C rai’ year”) uaz NEP avausial (g C rai’ year)

'5‘1]‘17; 2-28 @1 GPP (Gross primary production, g C m’zday’1) Reco (Ecosystem respiration, g C
m=day ™) wag NEP (Net Ecosystem Production, ¢ C m*day) azaunaiuvaiulad
Ugnenamsn a Site 7 1 Audidoensaziians 9. auiBans1 (1 fquieu 2555 - 30
fugneu 2558) way Site 71 2 wannwnang 2. Jan1w (18 manaw 2555 — 30 fugnoy
2558)
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(2) GPP, Reco 81 NEP

nsAnEaNnanFUsUYRITEUUENAENINT Site 71 1 gudiToonsazifans 91
msanduauide Jufl 1 dquieu 2555 9 30 Ausioy 2558 wui1 Yeya GPP (Gross Primary
Production), Reco (Ecological Respiration) wag NEP (Net Ecosystem Production) Feusufiulaann
foya NEE Hu fienavaudeuoglutag -0.79 f9 17.24, 0.14 §3 12.63 uay -7.85 § 9.47 ¢ C m2
day ' auaeiu dwsuteyaaunanisueulul 2556 1A GPP, R, war NEP azaudeTuagluyia
Faust -1.23 f9 13.99, 0.14 89 11.12 uay -7.85 #9 9.19 g C m”? day™ mud19U AN GPP, Ree, WA
NEP avauluseou 1 U fiAvndu 3,979.0 2,755.4 uay 1,223.6 kg Crait auanau dmsud 2557
WU A1 GPP, Reco uaiz NEP azausiouaglutashous -4.79 §9 8.60, 0.34 3 4.55 uay -7.05 fia
7.05 ¢ C m? day! @1ua1eu A1 GPP, Reco oz NEP agauluseou 1 U fauvniu 2,778.6 1,006.8
way 1,771.8 kg Crai’ prudrdu 1ul 2558 du fdeyaauqgansvauld daudiuil 1 unsiau - 30
ffueneu 2558 1ABA1 GPP, Re, Waw NEP avausefuaglutisnaus -2.88 4 10.45, 0.24 f9 4.18
Wag -5.83 §19 8.54 ¢ C m™? day ™ MMUEIAU A1 GPP, Reco 8% NEP @zanluseou 9 thou dAvindu
2,028.7 675.9 uay 1,352.8 kg C.rai’ muddu (JUA 2-28 uazansteil 2-3)

Site 71 2 ulannumsns Saiadeniw Fedufinfoyadaud Juil 18 nanaw 2555 fs
Fuil 30 Aug1eu 2558 WU Feya GPP, Reco uaz NEP Srazausefusglurag -2.71 fla 7.66, 0.01
919 5.95 uay -6.64 04 6.41 g C m? day ' auandu dwsudeyaaunansuaulul 2556 a1 GPP,
Reco Waz NEP asamﬁai’uag”luﬁaaé’au&i -2.71 84 7.34, 0.03 9 3.91 wag -5.15 84 5.01 ¢C m? day™
AINAIRU A1 GPP, Reco Az NEP azaslusou 1 U dAnnndu 1,306.8 804.3 way 502.5 kg C.rai’
gy dw3uT 2557 WU A1 GPP, R, Uaw NEP avausioTuaglutnsiaud -0.88 §1 7.66, 0.08
0193.48 way -2.76 64 5.62 ¢ C m? day™ @ua16u A1 GPP, Ree, thay NEP azauluseu 1 U dan
WinAu 2,053.5 941.4 uay 1,112.1 kg Crai’t enwanau Tud 2558 Ty fifeyaaunanisuauld s
fufl 1 uns1an - 30 fusou 2558 TaAn GPP, Re., way NEP azausiotuaglugaadaus -1.33
7.44,0.01 §9 5.95 uag -6.64 §4 6.41 ¢ C m? day @ua19Uu A1 GPP, Reco Waz NEP azaslusou 9
oy UAWINAY 1,425.5 445.6 way 979.9 kg Crai’ aua1nu (gﬂﬁ 2-28 uazANsNT 2-3)

A1319%1 2-2  wansAnAzANYed GPP (Gross primary production) Rec, (Ecosystem respiration)
waz NEP (Net Ecosystem Production) vesiiuiidinu Site 11 1 gugideens
2PN 2. 2LBUNIT (1 dquiey 2555 - 30 Augey 2558)

R LU GPP (kg C.rai™) Re (kg C.rai™) NEP (kg C.rai")
2555 | dquigu 417.2 242.7 174.5
ﬂiﬂg’]ﬂll 460.9 253.4 207.5
Fannau 431.5 281.4 150.1
g 344.2 217.2 127.0
AAAL 611.7 300.4 311.4
WEAINIUU 398.7 246.7 152.0
ATRRTCHY 298.9 220.4 78.5
93 2,963.1 1,762.2 1,201.0
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U Lhou GPP (kg C.rai™) Re (kg C.rai™) NEP (kg C.rai™)
2556 | 1nT7AL 142.5 171.6 -29.1
NUAMUS 154.3 372.7 -218.4
funau 457.8 272.5 185.3
e 413.2 201.3 211.9
NQUAIAY 440.0 219.9 220.1
Tquigu 482.6 263.0 219.6
nINgIAL 453.2 239.4 213.8
Fannau 4773 209.9 267.4
g 244.3 91.0 153.3
naAL 301.5 297.6 3.9
W AINILU 225.4 224.4 1.0
ATRRTCHY 186.9 192.1 5.2
37U 3,979.0 2,755.4 1,223.6
2557 | unsnan”’ -29.1 129.8 -158.9
NUAMUS 19.0 102.7 -83.7
funau 285.9 74.0 2119
e 296.5 85.0 211.5
NQUAIAY 312.1 81.4 230.7
lquigu 307.0 714 235.6
nINgIAL 305.9 77.5 228.4
Fannau 320.4 84.1 236.3
g 291.1 103.0 188.1
R 266.1 82.7 183.4
WEAINYU 217.8 63.7 154.1
SATRRTCHY 185.9 51.5 134.4
FToY 2,778.6 1,006.8 1,771.8
2558 | unTIAu 67.4 56.8 10.6
NUAMUS 19.0 102.5 -83.5
funau 290.2 78.9 2113
e 230.4 56.5 173.9
NOWAIAY 215.7 62.3 153.4
lquigu 280.9 71.9 209.0
nINgIAL 320.1 82.4 237.7
RN 328.1 86.0 242.1
g 276.9 78.6 198.3
FToY 2,028.7 675.9 1,352.8
STy 11,749.4 6,200.3 5,549.2

1/

Weuunyan 2557 ldanunsadufiunisiiudeyald iesnnaiesinusunaleduazuiansveulasenlesly
anAdeMeResdaNkazUSuWBuATA o USEW Licor Co. Ltd., USA Jayaluiftenilinainisnisuseidiu
Inganduanuduiusivanmiindey
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A1519fl 2-3  LARIANET ALY GPP (Gross primary production) Reco (ECosystem respiration)
uaz NEP (Net Ecosystem Production) vedituiifine Site 91 2 ulaanuning 2. U3
N¥ (18 manAs 2555 — 30 Augngu 2558)

R LU GPP (kg C.rai™) Re (kg C.rai™) NEP (kg C.rai")
2555 | panpn” 54.6 18.4 36.2
WEAINIUU 96.7 31.6 65.1
ATeRTGHY 775 23.2 54.3
571 228.8 73.2 155.6
2556 | unTIAL 35.7 25.9 9.8
NUAMUS 56.3 30.5 2538
fuan 14338 22.9 120.9
WU 101.3 43.1 58.2
ngwnAN” 152.4 88.7 63.7
lquigu 1213 99.5 21.8
nINgIAL 90.7 106.0 -15.3
A9ml 105.7 104.5 1.2
fugneu 69.3 91.8 -22.5
naA 157.5 116.4 41.1
N AINYY 159.3 50.9 108.4
ATRRTGHY 113.5 24.1 89.4
37U 1,306.8 804.3 502.5
2557 | unsiAu 7.8 18.6 -10.8
NuAS 50.2 303 19.9
Junau 221.2 58.2 163.0
w8 202.7 109.1 93.6
NOWAIAY 253.1 78.2 174.9
lgueu 162.0 115.1 46.9
nINgIAL 170.4 94.8 75.6
RN 207.4 124.6 82.8
fugneu 142.6 1155 27.1
naA 2283 87.5 140.8
N AINYY 2112 59.9 151.3
SAVeRTaH 196.6 49.6 147.0
37U 2,053.5 941.4 1,112.1
2558 | unsnan® 4.9 25.2 -30.1
NUAMUS 15.6 39.1 -23.5
Junau 242.4 48.6 193.8
SR 190.7 44.8 145.9
NOWAIAY 204.4 58.3 146.1
lgueu 183.0 38.8 144.2
nsNgIAY 139.5 75.8 63.7
Auau 238.1 61.8 176.3
g 216.7 53.2 163.5

41




U Lhou GPP (kg C.rai™) Re (kg C.rai™) NEP (kg C.rai™)
59 14255 445.6 979.9
SIUNIAY 5,014.5 2,264.5 2,750.1

divfeyaldasuiiiow (18-31 ganay 2555)

Frufioungunny 2556 - Aatau 2556 iamnsadudunsiivdeyald esniesesiavsunaleduazuia
asueulpeenlydluenimdsynedesdudenuazUsuiisuaiing deyaludouiiunainisnisusyiulneeide
ANuduRUSi VAN WwInG oY

| A o ¢ I o a 2 v v A A o <
FrfeuunTIAN 2558 - nuALS 2558 llansadndunmaiudeyald Wesmniasesinanusiauuuuany
TRdemesevdsgankazUuTieuAlul o USEN Campbell Scientific Co. Ltd., USA dayaluibiauilunain
Tnsuszdiulagarfuanuduiusivaninuwindey

2/

3/

2.3.4 dayadnsmsuandaesiingaisuaulasanlemiiananu (Soil respiration)

(1) m3indnsnisnielavasfudieiaiasynaunsalindnsinisuiglavashunuy

Soil survey

gns1N1sUanUasgvasngasuaulneanlanainiany

snsnsUanUassvasingaiiusulaoanlenainiafu wie onsinisuiglaveshiu
(Soil respiration, Rs) Tt Site 71 1 qué’i%’amnam?ﬂumﬂ Faud Judl 3 Suanaw 2555 84
Fuil 7 ganeaw 2558 Anadudnsinismelavesiiu 91n Control way Trench plot fiAndaus 0.21 -
7.00 4@z 0.19 - 6.95 prol CO, m?s ™ muddu Anadednsnsmelavesiu wWisuifisusening
fufifiidu Control uag Trench plot Tugrsguuiiduansesfuegradaay TnoAadednsinis
8138 eiuaIn Control plot 4A184n31 Trench plot ag1aiifudAyn1eaiia (P<0.05) YUzl
Tutsgquds Anedssniinsmelaresiugin Control wag Trench plot felaiuansinafiu (Ul 2-
29) dunsAsuutadusoud wut Sammamelavesiudagsiulutniggau wasddanadlugs
fALEY anaidsundasiinanaenadesiunndsusanmesiinaniluiy snsnismelaves
Auavausel Fauseidudeiinisuszanaalutiadadu (Linear interporation) wuinlud 2556
wag 2557 darensinsmelavesiuagaudat) (Control plot) WAy 9,917.8 waz 10,045.2 kg CO,

rai'lyear”

Fasnismelavesiuluiiufidnu Site 7 2 & wlaanuasns Samiadantm
Fuflunismend Tuil 23 Sunau 2555 Gefudl 15 woedneu 2558 Anadsdnsinismelavesiu an
Control kag Trench plot fiANdaud 0.47 - 6.97 uaz 0.28 - 691 pumol CO,; m2s™t piuanau
Anadednsinsmelavesiu Wisuifsussrineitudiidu Control way Trench plot nuin Anade
§m31n15m18lavesAuain Control plot flA1Aoud 1983091 Trench plot (3U#l 2-29) dauns
Wasuudaslusoud wud Sammamelaveshulidngatuluinsggru uaziranadlutagguds g
nsasuslasiinandenadesiunisilasuwlamesSinaniluiu Sasnsmelaveshuaause
U (Control plot) Tul 2556 wag 2557 dAinfivu 5,125.7 uag 7,840.8 kg CO, rai'year™
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8M351N115UanUaneU89A1SUBUANNRIAU

SnamsuanUapsueanIsuauaNAIRY (Soil carbon efflux) uituidnw Site 7
1 o AudITog19Rs3uns Fawst Jul 3 fuanau 2555 Fefuil 7 ganau 2558 ALadesngInTg
UanUaoeuein1suauaIniafu a1n Control way Trench plot flendaus 0.21 - 7.25 way 0.20 -
7.20 ¢ C m?day’ Mgy Anadesnsinisuanldesvesmsuauaininfu WasuileusEinaiui
fifu Control way Trench plot lutsggufiduanssfustsdnau Tnerndesnsnsanydes
Y84A15UBUANAIAUIIN Control plot HA1gan31 Trench plot agreiidedAyn1sadia (P<0.05)
vauzil luaagguis AldednnisUanddesvesasusuainiaiuain Control wag Trench plot i
Alsiumnsinefiu (UAl 2-30) dhunsidsunladuseud wuin Sasmsuasdesveansueuainin
Auflengetuludiagguu wazdidianatlugaenguis ansidsuutasfandnaenndosiunis
WasuulawesUSinashluiu Snsnisuantdesvesansueuaniafuazaused wuitlud 2556
wag 2557 dAsnsinisuanlassrssasusuanidinuazausiel (Control plot) WAy 2,704.1 lag
2,739.6 kg C rai'year™

Fnsmslanddesaeansusuaniaauluifufidne site 7 2 a wlannumsns
Ftadanin suidunisiaus Sufl 23 Suneau 2555 Getudl 15 woAAney 2558 AadusnIInIg
UanUayuein1suauaIniaiu 91n Control wag Trench plot fiAndaust 0.49 - 7.23 uaz 0.29 -
7.16 g C m2day! sudnsiu anedesnsnisuanldesvesmsuauaninfiu Wasuleusemnaitug
iy Control way Trench plot wu31 ARAEdRIINISUanUasEvBIATSUBNANRAIALIIN Control
plot fiA1Apud1aganin Trench plot (3U#1 2-30) drunisiudsunvaslusevd wuin ns1nns
Janudesvasnivonaniafiu fangsduluiisggau uasdidanadluriagquds Ssnswdsuulas
Fnamaenadesiunsiasunlasestsinaniluiu sasnmslanUdesveinisususniniuazay
ol (Control plot) Tul 2556 wag 2557 dAwniu 1,397.9 wag 2,138.4 kg C raiyear
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DUNNNAU
-5 9

ee )

ungifiu N5eAuANEn 5 cm 9RAU Tuiun@ne Site 11 1 o Audideens

2z Yuiindaus Tuil 3 Suneu 2555 DeTuil 7 ganau 2558 Alladgaumngilau 310 Control

v
@ '

wag Trench plot fiAfaus 20.8 - 30.5 wag 16.7 - 32.95°C mud1fv Aadsguugifu
Wisuleusewinafiuiiindu Control war Trench plot lalunnsnaiy (gﬂ‘ﬁ 2-31) drunisilasu
wasluseu® wut gumndfuiidasiudndeslurisggdu uasdidanadluragauds gunginu
\de (Control plot) Tud 2556 waz 2557 AU 26.78 uaz 25.89°C muasu

qmmﬁﬁﬂuﬁuﬁﬁﬂm Site 71 2 ulannunans Saviadanis Sufindous Tud
23 Surew 2555 feTuil 15 ngAdinney 2558 AaAuguMAliAuaIn Control uag Trench plot fiAn
faust 13.7 - 35.55 uaw 14.80 — 45.5°C pud1fy AadEgnTiAY Wisuiussmrisiiuiifidy
Control wag Trench plot wuin Aedsgumgiiaulsiunnsaiu (U7l 2-31) drunisidsuutasly
50Ul wui gaumgiinu fangedulutiengru uardidanadlutisgguds gumndfuaie (Control
plot) 1wl 2556 way 2557 fAinAU 27.68 wag 26.63°C ANaRU

U3anautilufy

USunaniluiu fsgduaudn 5 cm anfafu luilufifnw Site 9 1 o gudide
p19azidans) Tufindaud Judl 3 Suanew 2555 Fetuil 7 nanAL 2558 AiadsUsinaniluiu an
Control kag Trench plot fiAaus 0.45 - 60.05 uay 1.15 - 73.80% AUy AadeUSunain
Tufu Wisuifleuseninefiudiiidu Control wag Trench plot daulngjnudn Control plot fien
1191 Trench plot (P<0.05) (3Ufl 2-32) dhumsiFsundaslusevd wudt Usanalufudian
avtudntiosluraageu wasfirnanadlutisnguds Usuaniilufu (Control plot) lui 2556 was
2557 flendiaust 1.72 - 40.75 waz 0.5 - 60.05% MAIRY

Usnanhluiuluiiuiidne Site 7 2 a wasnuasns Swtadiniw Tuiindeus
Fuil 23 $unew 2555 feTuil 15 weednieu 2558 Anadeusinanitlufu 91 Control waz Trench
olot fiFdaus 0.10 - 35.40 way 0.25 — 44.95% auddu AnedsUsuiailuiy Wisuiiey
sewhaiuiifidu Control uag Trench plot wui fenlaiuandneiu (U 2-32) druniavdsundas
Tuseu® nud Usnahlufuiirgaiudndeslutineuu wardianadlurenguds Usinasiilufu
(Control plot) 1l 2556 waz 2557 dedaus 0.10 - 35.40 uay 0.30 — 33.80% AUAU
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:U'l 4 Peanepy = 0.390 umol m s-day* ‘3‘" 4 Peagy = 0,477 pmol m s 'day* ;‘-” 4 Poanapy = 0.722 umol r[ﬂs Tday!
£ Eoveed = 2.13 mmol m# s day* E Epeed = 2.61 mmol m? s'day E Eppees = 3.28 mmol m2 5 day?
3 Ry = 0296 umol m? 5 day’ = Ry = 0481 pmol m? s day’ = Ry = 0.470pmol m? s day’
E 24 E 24 E 24
il o ki) o o k) o B ©
§ 0 Q«J-OCUDQD OQ—CD e, E 0 [+2'8 gb oocp °o g ﬁ 0 rpcp & o a
£ e ? . - ! = — e SOy T | £ oo o oo T 5= |
£ erodp ™ g g2 1p OTa B4 < g g 12 tegio, 20 | E oeFo 3 12 16 of@e g4
£ ] £ fo
2 2] 2 2 £ 2
o Time (hour) o Time (hour) a Time (hour)
4 -4 | 4
£ -5 - |
61 Plot C Chamber 1 61 Plot C Chamber 2 61 Plot C Chamber 3
— - - 25 day? =
;Ll“ 4 Peancgy = 0.04 umol m? s 'day ;‘ﬂ 4 :“"’"’;E;—;;ruggﬂ:gs?d::f c;” 4 Peanagy = 0.090 umol m? 5 day*
E Epees = 1.59 mmol m2s'day? E R.,m* 0 2'2 umol m2 s day’ E Euees = 0.70 mmol m2 s 'day*
= Ry = 0.40 umol m?s'day* = - v 3 Ry = 0.151 umol m?2s'day?
E 2 E 2 E 2
2 = =
0 T T T g 0 Qo oy, o,
OO 4] = T T d = 04
= »odo o =] B} TE g A T e £ & 5 5
c 4 o ST tygadadio 24 g 280 %% C12 %6 20 ©24 E 1T 8 12 1690%F "
o o =) [e]
5 2 T 2 T 5]
= = =4
o Time (hour) o Time (hour) o Time (hour})
4 4 ]
% 54 ]
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61 Plot A Chamber 1 61 Plot A Chamber 2 61 Plot A Chamber 3
— Py = 1.869 umol m? s *day* = Praepy = 1.277 pmol m2s 'day* =
by Epecs=,3 0T mmol m'is‘_"uay: &g £ = 7.18 mmol m? s day o a4 Peaveg; = 0.965 umol m? s gay*
£ Ry = .92%umol mes day £ . = 0.516 umol m? s 'day* £ Euees = 2.50 mimol m® 5'dlay*
= @ ] s Ry = 0.465 umol m? 5'day*
£ o @
E 2 o © 3 2 o 21 b,
E o fo o F Yo ) F o, O
7 g © & o 2 o g @ 2 < om oa,
0 ] o
£ 0 o ° g 0L oan ° g 0 ol do° i
= . % . : , , = T . . . — = o . . T .
E, Pooh ©8 12 16 o, 24 | 7 4o P 8 12 158°%%0.024 | 2 PP 8 12 16 80 24
3 o o % ©Tod%p 2 °" 5 o k=
S 5 o © 2 2 2] °
= . o . o Y
o Time (hour) Time (hour) Time (hour)
(=]
4 4 4
54 5 A 5 -
617 Plot B Chamber 1 61 Plot B Chamber 2 6 1 Plot B Chamber 3
= Pranapy = 1.236 umol m2s! gay? = =
o 4 4 Em:“: 1.36 mmol m s"day? ,;" 4 4 Poanagy = 1.536 umol n:r2 5 day? o g Peancey = 1.246 pmol r‘;\'2 sday !
£ Ry = 0.357 pmol m* s 'day* E weed 5 1.82 Mol m® 57 day ! 5 Epvens = 2.47 mmol m2 s gay
= o = Rs = 0.553 mmol m*sday: = Ry = 0.700 umol m?s"day*
o £
g 2 | o oo 2 21 & X0 g 2 oo oo
@ @ o R o @ 7] 08 © G4y
3 o «Po o © % 2 o % 3 0,°
£ 0 gormm— — ‘ | 2 0 e — ‘ £ o . . —= —s—
3 L4 8 12 18 PP 5 W WeeTs 12 s S B4 < (o 040w 8 12 16 O %o 524
=] ° i=} o o p=] @ ©
g 24 2 21 S 2
o Time (hour) o Time (hour) & Time (hour)
4 | -4 4 4
5 J -6 - 5 4
61 Plot C Chamber 1 61 Plot C Chamber 2 61 Plot C Chamber 3
,\:‘f’ 4 :‘“’“f 107597 umol mi s:“dav'; (\L‘ﬂ 4 Eulw’:=108482r7n#|rglorlnr2-;s‘;:a‘r] ‘:n 4] p:n"“i:‘los_;tZ? urnlol T.ideE‘]{I
£ weed = 1.79 mmol mr 5 'day E weaz = - m v £ Epeed= mmol m? s day
= R, = 0.70 umol m?s day" = R: = 0.89 umol m? s 'day* = R, = 0.887 umol m? s 'day’
7] w 7]
‘0 o0 P o Fo 0690 ° o L FH oo o
£, S T O I O N b S B s Y. S
£ — : : S5 REE 0 € ofo 8 12 16 2 4
7 e ws® 8 12 g o%&bo ez F (ot oOePoo & 12 16 @ S % e ¢ j 528 2
5 5] T 21 ° 5 2 °
- o - -
o Time (hour) o Time (hour) o Time {hour)
4 4 4
5 6 - 5
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6 7 Plot A Chamber 1 8 4 Plot A Chamber 2 6 Plot A Chamber 3
in Prscpy = 1.155 pmol m? s 'day* - =
w44 E,::: 232 mmol m? s day ! AL I Peanop= 0.739 umol m? s 'y &g Poanopy = 0.587 pmol m? g 'day*
E Ry = 0.499 pmol m? s day ! E Epees = 2.02 mimol m s-day* E Epeea = 1.90 mmol mr? s day *
CE> ) = R, = 0.785 umol m? 5 'day* 3 R, = 0517 umol m? s day*
2 29 o ° ® ° E 2/ o o E 24
s [+3] — = o [s]
o o o ] o & @ )
£ w00 o 4 W8 oS, 3 ‘o o o
E I~ . %cgcﬂb £ 0 - ; . .Oo% , £ Ofp o : s . ,
Z w8 12 180G @24 | = don 8 12 16 o3 w2 | S & P g 12 e 20 o4
=] =} d:%p e o o ° =} T
T 21 S 24 o e 24
Time (hour) o Time (hour) o Time (hour)
-4 A 4 4
% - 5 6 -
. 6 5 .
6 Plot B Chamber 1 Plot B Chamber 2 6 Plot B Chamber 3
by Pneey = 0.881 umol m?s day* b4 = 0.452 umol m2sday g Pranepy = 0.811 umol m2 s gay*
E Epee = 2.07 mmaol m? 5 day E E,eec = 2 68 mmol m? 5 'day ! E Epees= 2.12 mmal mr? 57 day
= R, = 0.762 umol m? s day = R, = 0539 pmol m? 5 'day* = Ry = 0510 umal m? s 'day*
.g—, 21 © o S‘; %] 5 1 %
R4 O of Q \u Q o y) o Folgle o) rs)
2 . 00 09 Bp 2 . O%odpqmqp%% g , iy o
= — o T T T 1 = Ganag T T T 5T \ £ T T T & cfp ]
= o o 1= Q =
5 P oo 8 12 167 30004 5 P oo 8 12 16 Q;goon% = oo g 12 16 afad” 24
e 2 e 21 g 24
F= = =
a Time (hour) a Time (hour) o Time (hour)
-4 4 44 -4
- 5 4 £ -
6 Plot C Chamber 1 69 Plot C Chamber 2 6 Plot C Chamber 3
LI Prsnapy = 0.23 pmol m? s 'day ! by Prepy = 0.588 umol m? s day* by Provey = 0.823 umol mr? s day *
£ Epeed = 234 mmol m? s day ! E Epced = 279 mmol m= s day* E Eoeee = 2.50 mmal m? 5 day
E Ry = 057 pmol msday! = Ry = 053 umol mZ s lday! = oo R, = 0538 pmol m? 5 'day*
£ e E 2 . g 2] o
i ° % % o g cPono '% Cbo%oomo
= 0, oo fos] DOy
S0 e oohardea0 0 £ Ogog e T 5 Sar o5 £ 0 e . y o
8 P £w%s 12 1B Ao | S I, S @ 8§ 12 16 °gf "24 | £ P o4 8 12 16 2P
§ % g oo 8 o ° 2 e
s 2 B -2 o
-2 = =
Time (hour) o Time (hour) o Time (hour)
4 -4 A 44
5 5 6 -
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6 4 Plot A Chamber 1 59 Plot A Chamber 2 59 Plot A Chamber 3
:U’ 4 4 Prancgy = 0.591 pmol m? s7'day* ;U’ 4 Progy = 0.539 umol m® 5 day* .f." 4 Pranagy = 0458 umol m s-day?*
E Eveed= 1.75 mmol m? 5 'day* £ Eyees = 7-81 mmol m2 57t day E Eppeed = -0.40 mmol m25" day*
= R, = 0.283 pmol m2sday? = Ry = 0.500 umol m? s gay? > Ry = 0.397 umol m2sday!
IS E o E 5|
= A £
= o 2 £
& m&)o% 2 Ers PPoo b °5af
L o Soo ©co L 0 Qo e o u 0 oo oy
£ ST T S £ £ T ~ y | s e T T gy |
S T aT s 12 6mTu |5 g ?ooo 8 12 106%™ | & ¢°F4 8 12 Hgo o0 Sag
o o 9 (=]
5 5 2 2 -2
o Time (hour) o Time (hour) o Time (hour)

4 -4 -4

% 4 £ - £ -

; L -

6 Plot B Chamber 1 Plot B Chamber 2 6 Plot B Chamber 3
:"1 4 4 Pocgy = 0612 umol m? 57 day ! :"1 4 4 Prancpy = 0.524 pmol n'_r? ='day! Zﬂ 4 Prancey = 0.524 umol m? 57 day?
E Euece = 1.74 mmol m? s gay E Epoet = 2.12 mmol m#s 'day? E Euece = 1.35 mmeol m? s 'day®
= Ry = 0.485 umol m2s'day? = R, = 0.478 pmol m2s'day* = Ry = 0.476 umol m? 5 day?
E 2 E 2 E 2
3 3 3
@ Cop L & &
@ P @ 0 0o W ]
g , . Fopo o © - 2, £ S g, &kbqﬁoqxtbooomooo
= Ty T T 5 , = T T . ! £ S T . v
E o ood® 8 12 180 gowo24 | S poo o&boood% 12 169 935 094 s 10 8 12 16° PP
o o =]
5 24 3 2 5 2
o Time (hour) o Time (hour) o Time (hour)

4 4 4 -4

£ - 5 5

69 Plot C Chamber 1 51 Plot C Chamber 2 51 Plot C Chamber 3
;"1 4 Peanapy= 0.55 pmol m? 57" day * Z‘ﬂ 4 4 Prarag= 0.307 pmol m? 5 day :aﬂ 4 Pancy= 0.307 pmol mr? s day *
E Ejees = 5.73 mmol mr? s gay ! £ : E Euces = 0.96 mmol m 57day
™ R, = 0.36 pmol m? s 'day? 5 Eyees = 0.85 mmol m 5 day = Re = 0.414 pmol m? s 'day*
E 2 E 2 Ry = 0.41 umol m? s 'day* E ol
E E 3
3 o 2 3
@ 0 o o ° @
W ac 0 Q W o
i 0 S o o OCpcboaoooo Fo % @ o od;boomoooocpo &
= o T T T o 1 =] o T T T T ! =] T T T T T d
% (o w8 12 % O%ﬁ:o o‘?d % [Focf OWPO 8 12 16 Od;g oﬂ“ % o oy 8 12 16 @0 24
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B 2 2 2 ° 5 2 © °
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Lﬁauﬁtﬁuﬁay’a AWNUTIRNE Panopy Eneed Ry

nuATS 2557 0.29 1.03 0.29
wHwNAU 2557 1.62 277 0.59
Aueney 2557 0.30 1.95 0.34

JUN 2-43  LAMIBRIINITEAATIZANIELEAL (Peanopy, UMl m?day™) 8951115181 (Epeed, Mmol
m?day™) wagdns1n15mela Ry, mol m?day’) veaseunuisivnasaiulnniglsd
\3RUNNINST & Site 1 2 uUaanunasng 8. Unaia 3. Jennu el 2557
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Lﬁauﬁtﬁuﬂay’a AWRURRNN Panopy Eneed Ry
flunmy 2558 1.06 2.67 0.67
ﬁqmau 2558 0.70 2.31 0.49
Aa1AN 2558 0.49 2.20 0.42

JUN 2-44  UAAIBHIINITEAATIZAAIBLEL (Peanopy, UMl M?day™) 80159115184 (Eyeed, MmOl
m?day™) wagdn31n15mela Ry, mol m?day’) veaseunuisivnasaiulnniglsd
\SOUNNYNNIT 2 Site 91 2 WUanNERAINT 0. Y1nA1m 9. Jsnw et 2558
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(4) NaWanY19NIST

KaRANE1INITEY anansauiulflansfinlasignensnne Site 7 1qudideens
azidansn 2. andann Tneflsoungnindudusiieu nqunia wavdugalufeunnsiay vowmnd
wazazindulutiafeununiius-feuawiou dividnuandnild Wuhuinvesersfoudiaouis
iludaimin wazdnauiuaindindndils 15% Sdlddmtnnanan dniseidu ke rail nandn
avaulul 2555 - 2558 fdUsunauviniu 155.7 (Falaiasud) 192.4 302.7 way 157.0 (Seluiasud) ke
ralyear! dnfunananensmnsilull 2556 uay 2557 daiimaifudeyansu 19 wut Tull 2556 Hu
fuanang1amwning 2557 Wueghann awgiivilivandnesmnssniidueadionnanlud
2556 fufiugnensiien NEP (Net Ecosytem Production) azawsnlud 2557 uagnaunn Taglud
2556 wag 2557 dA1 NEP @zau windu 4,485.15 uag 6,496.25 kg CO, rai lyear? suasiu (An51971
2-10 uag 2-11)

[
o

M13097 2-4  wandneenne (kg rai) Gausd 2555 - 2558

hou |

2555 2556 2557 2558
UNIIAY - 23.9 433 68.0
NUANUS - - - -
fuAu - - - -
YU - - - -
W ¥N1AY 16.8 21.5 10.8 215
quieu 12.2 12.7 17.8 15.4
N3NgIAY 17.1 17.3 36.7 20.0
dannay 18.5 21.2 26.8 23.0
fugneu 16.9 10.8 21.4 9.1
AaAL 185 22.1 45.6
W AINYY 15.8 21.8 40.9
SITRRICHY 16.1 411 59.5
NANAAIIU 155.7 192.4 302.7 157.0

MNENE  NaRARE19NS Y 2555 way 2558 Wudeuandaliasu 1 Y
T U

2.3.6 Wansznuvedyaniiandnan NEE (Net Ecosystem Exchange)

At Tuvesaunaasveulufiuiiugnensmasduiunaduionnnainnsg
WaBLUUAI8dUEN N1 wazanmgandennia annsiszdanduiusseninedn NEE (Net
Ecosystem Exchange) fugagiienniavedssuuidiaenanist duldun ysuusedans (Net
radiation, Rn) USunau33dn29919198 (Global solar radiation, Ry) A1l ULKAS (Photosynthetically
Active Radiation, PAR) Qm%@jﬁmmﬂ (Air temperature, Ta) mm%ué’uﬁwé (Humidity, RH) wag
Usinalleditennasundials (Vapor pressure deficit, VPD) nsiinsnzsdanduiusudadu 2 da
gl 1 1dumsnseianduiuslnglddoyasailuseu 1 9 uavdwd 2 wwadu 4 ngumuszezas
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Wwigivlnvesausnsluseu 1 U laun syug 1 No leaf s88g 2 Refoliation Sz8g?l 3 Fully
expanded leaf wazszezil 4 Defoliation

Site 11 1 FUITHEN@LTINTY 9. BUTUNT

nsnsevanduiusingldveyasiuluseu 1 U wudn A1 NEE dadnuduiuslunig
WNEL (Negative correlation) AU PAR wazilpnuduwuslulufirmiaden (Positive correlation)
flUA1 Ry, R, Tar, RH 18 VPD A1 NEE Sianudniusiual VPD maﬁqm TnefieduUssavsandusiug
(1) Wi 0.36 (3797 2-5)

nsnetanduiuslaowindu 4 nquanuszeznisasyivlavesiugnsluseu 1 U
wuin Tuusazsrezvesninasguiule a1 NEE fanuduiusiuganiennavesiiufivgnensy
Snunizfindnadu e A1 NEE Sauduiuslumsundu (Negative correlation) fUA PAR wag RH
yuridauduiuslulufieniaden (Positive correlation) fUAN Ry, Ry, Ty Waie VPD usiluszesi 3
(Fully expanded leaf) wui1 NEE daauduiusluniafen (Positive correlation) fumAn RH wazlal
Us1nnAnuduiusFudl R, A NEE Saanudususiuen vPD undian lutieuynszozuesnis
WiaAule Tnelussesd 2 - 4 Serduuseansanduius () Wiadu 0.17, 0.43 wag 0.29 AUAIFY
ddluszozdl 1 wuin A NEE Sianuduiudiuan R, snniiga Tnesirnduyssavdanduiug () wiriy
0.52 (374 2-5)

Site 9 2 wUadnumsng 9. YIN1W

n1siaseianduiuslinelddoyasiulusey 1 U wud A1 NEE Zaduduiuslunig
unA1 (Negative correlation) AUAT Ry, PAR, Ty kag RH wazdanudunusluluiianisios (Positive
correlation) ffusn R, uag VPD A1 NEE fimnuduiusiudn RH inniian TnediedudseavSanduiug
(1) Wiy 0.39 (51971 2-5)

nsnszanduiuslaoudadu 4 nquanuszeznisasyivlavesdusisluseu 1 U
WU lulsiagsz8zv03n15:03LAule A1 NEE ﬁmmﬁmﬁuéﬁugaqﬁmmﬂsuaqﬁ”uﬁﬂqﬂmﬂu
dnuwaizfindnadu e A1 NEE Sauduiuslumsundu (Negative correlation) fUA PAR wae RH
ﬁm%umqagﬁmmﬂﬁuq fanudunusiuan NEE upnarsiulululsazssuzvoinisiasyivle lng
Tuszazdi 1 (No leaf) A1 NEE fimanuduiuslunianniy (Negative correlation) fuan VPD waxil
pnduiusiuluiavnafies (Positive correlation) AUAN Ry, Ry 4y Ty A1 NEE mnudunusiuen
T undign TnsdArduuszandanduius () wiadu 0.28 luszeedl 2 (Refoliation) A1 NEE
AMUELNUSTUNIIMNAY (Negative correlation) luAT R, waz R, kazdanuduiusiuludianiaien
(Positive correlation) fUR1 Ty, A1 NEE faudusiusiudn T, uiniign lnedaduusedns
andusius () windu 0.52 luszesdi 3 (Fully expanded leaf) A NEE Sanuduiusluniuniiy
(Negative correlation) fUm1 R, R, Waz T, wazdiauduiusluluiianiaufe) (Positive correlation)
A" VPD A1 NEE fianuduiudiuan RH anndign Tnsdandudseavsanduius () wihiu 0.52 uae
Tuszesdi a (Defoliation) A1 NEE Simnuduiusiuluiirmiaiien (Positive correlation) fuen Re, Tair
uaz VPD A1 NEE Sanudusiusiuan RH wndian lnefidduussansanduius () v 0.48
(57971 2-5)
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o a I3 o w & ' ' Y] o ' .
A9 2-5 LANINITUATIENANRIUNUTTENINNAT NEE LLagﬁQQ&Wﬂ\‘]aﬂfngLL'J@@@MW'NS] 2 Site
71 1 AuiTeeaeldansn 2.a839m57 wag Site 71 2 wlasenunuasns 1 Janw

P81 9 Tuseud NEE Rn R, | PAR | Tu | RH | v

Site 11 1 AUITHELTANT 9. BLFUNT

FIUNNYIIAT r 0.05 0.11 -0.24 0.27 0.05 0.36
svaedl 1 No leaf r 0.46 0.52 -0.32 0.11 -0.12 0.46
sv8edl 2 Refoliation r 0.08 0.11 -0.10 0.04 -0.06 0.17
5¥8%9 3 Fully expanded leaf r -0.02 0.05 -0.30 0.35 0.11 0.43

ns *¥* *% *% *% *%*
33827 4 Defoliation r 0.04 0.09 -0.18 0.22 -0.08 0.29

Site 1 2 wlaunwnsns 2. G401wW

i’]lJV!ﬂ‘UI’NL’JaW r -0.03 0.03 -0.28 -0.03 -0.39 0.29
*¥ *% *¥% *% *% *¥
i%EJS‘ﬁI 1 No leaf r 0.14 0.21 -0.22 0.28 -0.23 -0.09
*¥% *% *¥ *% *¥ *
i%EJS‘ﬁI 2 Refoliation r -0.20 -0.22 -0.39 0.52 -0.48 -0.03
seeeil 3 Fully expanded leaf r -0.16 -0.13 -0.30 -0.06 -0.52 0.28
*¥% *% *¥% *% *% *¥%
i%EJS‘ﬁI 4 Defoliation r -0.03 0.10 -0.37 0.39 -0.48 0.46
ns *¥ *% *¥% *% *¥
wewn  Age NEE wuefle Net Ecosystem Exchange (umol CO, m™s™)

R, agde  Net radiation (W m?)

R, #unefs  Global solar radiation (W m?)

PAR #1884 Photosynthetically active radiation (umol m™s™)
T wlnede  Air temperature (°C)

RH w188 Humidity (%)

VPD @l Vapor pressure deficit

r el duussAvsanduiug

gy P<0.01

* ey P<0.05

ns  vianens  lalflenuduiusmsaiia
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A1579% 2-6  LAAINITILAT ISR ANAUNUSTEWIN9ARTIN191819989AU (Rs, pmol CO, m%s™)
waztademsannizuindey o Site 1 1 AUEIdUe19RLTUNTT 2284151 Uag Site
7 2 uwlageanenIng 9 Uanu

4291987919 9 Tusaud Rs | Tsoit ‘ swc

Site 91 1 Auduen30Buns) 9. agfung

UoyATINNINUA r 0.31 0.37
Joyatl 2555 r 0.04 0.12

ns ns
Joyal 2556 r -0.32 0.37

*% *%
Joyal 2557 r 0.63 0.49
Joyal 2558 r 0.42 0.72

Site 91 2 wUasnumsnsg 9. T9n1u

UoyaTINVIINUA r 0.25 0.22
*% *%
Joyatl 2555 r 0.36 0.26
ns ns
Joyall 2556 r 0.08 0.11
ns ns
Joyall 2557 r 0.36 0.26
*% *%
Joyatl 2558 r 0.38 0.21
*% *%

WNBR AU Re  WuEde  Soil respiration (umol CO, m?s™)
- 9
= aa o) a o = a a

T vangie  gaumgiau (°0) MseAuaudn 5 cm 9NRIAY
SWC vnens  Usunauunludu (%) Aseauaanudn 5 cn 99nRIAU
r ynede  duuseavSandunus
o ynghie P<0.01
* BN P<0.05
ns  uuneds  lifenuduiusynneads

2.3.7 wWansznuvatauuiinunasUIutauir lufuder1dnsnisuanUdasiing
asuaulneanlenmiloiianu

ANUKUTUTINTRRT N sUanUdeeigasusulneenlediniledifiu w3e8nsInIs
wglavesiu Tuiiuivgnermisdudunaduiownnannisiliounuaswadiuenms) uavanin
3a9i01N1A MNNTIATIEREVdLTUSTENINA1 8nT1n1smelavesdiu (R) AU gaumaliiu (T wae
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USunastlumu (SWO) nsiwsietanduiusuiadu 2 dw dwi 1 WJunsiessrandunusiaegly
Joyasanyiaviun uwasdiui 2 wusdeszilusel

Site 11 1 AUITHEN@LTINTY 9. BUTUNT

nsmeanduiusingldtoyasiuviaan wuil A1 R, danuduiusiuluiianiusen
(Positive correlation) flufin Tey ey SWC lnedianuduiusiual SWC uniign wasliAnduussdns
andunus () windu 0.37 (M15197 2-5)

nMsiiasganduiuslaonvadulfivuiindeya wuin Tul 2555 Linvanduius
FEUINAT R, AUAT Too Ay SWC Tul 2556 wuin R daududiuslun1anniu (Negative
correlation) fiupn Te Vnugifinnuduiusiulufiamaiien (Positive correlation) ffuan SWC e
AuduRusiuAT SWC anndign uasiirnduussAvSanduius () winfu 0.37 dwdulud 2557 way
2558 W31 A1 R, danuduiusiuluiianiaudien (Positive correlation) fudn Ty kag SWC laglud
2557 U @1 R, fAnuduiusiue T wnfian wasdiduussavsanduius () wiiu 0.63 uaglu
U 2558 wu 1 R, fanuduiudiuan SWC unniign wagileduussansanduiug () wirdu 0.72
(AN91971 2-5)

Site 91 2 wWUaLNYAINS 3. VINT1W

nsmeanduiusingldtoyasiuviaan wuil A1 R, danuduiusiuluiianiusen
(Positive correlation) fluAn Teo ez SWC InefiAuduiusiual T 11n9ign wazliaduuszdns
andunus () windu 0.25 (M15197 2-5)

mfjmswﬁawé’uﬁuﬁmLLﬂqLﬂuﬂﬁﬁuﬁﬂsﬁazﬂa wu31 Tl 2555 way 2556 linu
ANFURUSIEIINAT Re AUAT T WAz SWC dusulud 2557 wag 2558 wuin A1 R, danudunusly
luiirin1aden (Positive correlation) AUAT Te W8E SWC 1A A1 R, HAMUFURUSAUAT Tei 110
flan uasdicndulseavSanduiug () Wiy 0.36 way 0.38 MRy (1597 2-5)

2.3.8 arsuaunnUIudvasunUgnens

foyanisUanUdesinensuaulasenledmiefiuiiugnensiifaldaisemaia Eddy
Covariance \HunildlutayanisudesimIounszantasdunin (Upstream emissions) dadflaifing
ihdogadandnullunismuimnfveunausuivesnanioe iosanlifdoyafioamoiiay
annsathuduals uilutagiudimsianveanaluladuazimadasiag iliannsansiain
Jmnanisandesinsansueulaeenleduesiiuiiugniinld fduiiuitedsdnunisuanddes
Uhinufansueulnoenledvasiiuiivgnensiendn iteldidudiunilwesteyalunisdiuanm
ASuauNAUIUR D IHANEN T

nsfmamaueunaUuRlutlagtuty felsifinsrudeyanisuaniasulinaineg
asuaulaoenledmiiofiuivgnenandlunsdunm fufu dnidelsiunumaiveunyiu oy
$r9BeBmIInIINMTleTsiA e SUauAUIURRETE LCA Ao adunniiinafienisuals -
vonladiignudesoonunainiluiiugnenslusuresnisueulaoonles (NEE w3a Net ecosystem
exchange, kg CO; railyear?) 17igutn1 1nenia891983 (Reference Unit) Av 81900U Yamtin 1
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Alan$u anmsvaaesmui AefusuraUiuridelivesiiufiugnensnisiug RRIM 600 Site 7 1
ALEITEERETUNTT 2. ABLTUNT Viaﬂq 19 uay 20 U dawviniu -4,485.2 way -6,496.2 kg CO,
rai! year! mugdu vnzfidesveunaUuATAnInmsuanTIy o 81 uaranaiild uazves
LﬁaﬁLﬁmﬁﬁumaqﬁuﬁUaﬂmwmﬂ 1Ay 28.5 kg Co; rai’t year! ﬁu’qaaqma (M54 2-7) dmu
Site 7 2 WUAILNNITIVBAUNYATNT 2. 22BN 7107y 4 way 5 T ummiuauwmiummdwm

dd

WUNUaneanwI91 WU -1,842.7 wag -4,078.1 kg CO, rai’ year AIUAIAU mmmmmsuauwm

Y
Kdn

SUATILANYINATLURNTTU UEJ g1 wazansuATiALe LLaJUENLasmLﬂmumaawumqﬂmawwsw HGRENBN
198.5 kg CO, rai* year™ maaqmq (M15199 2-8)

IN

dnsudaiusunnUIuviderdnfueiinens (nauke) 1 Alandy vesituiiugnenans,
ﬁaﬂq 19 waz 20 U fAnvifu -23.31 waz -21.46 kg CO, . kg yield year' muddiu vazdian
ﬂﬁuauvxmu‘%”uﬁﬁLﬁmmﬂmsmmﬂﬁm {Jo 81 wavasLafialy LLasmaaLﬁaﬁLﬁmﬁ'ﬁuﬁuaqﬁuﬁﬂqﬂ
19N SlAAU 0.30 ke COLke™ vield year? (157471 2-9)

M50 2.7 AAnsusuaUTudselsvesituilgne1anis uagAsusuNln USUATAAIINNISIN

s

n3su Jg 1 ansiadinld wavveudeiintuvesiiunugnensnisiug RRIM 600 Site
1 1 AuITeeensidansi 9. asduns

AsuBnUTUA 918814 (U)

(kg COy rai! year™) 19 20
Aufiugnenan” -4,485.2 -6,496.2
mMsmnssa U o1 wagansiadiild 28.5 28.5
wazvadeiiintu?

Vo iensusurnUsudiiiduau vanefis nseandufineansveulasenlasainusseimedngssuuding

o g

AmsueunaUsudnduuin wuneds Insuaesfiwansueulaeenledeandusseiniea
2/

Foyanmsidelull 2555 GaléABsu LCA

M1319%1 2-8  AIANSUBUNRUIUARelTURIUTIUgNEINITT karATSUBUNAUTUATLANINNNTSIUR
sy Jo 91 wazansiadnld uwavveudeliinvuvesiunugne1enisiiug RRIM 600
Site 91 2 uUaununsng 1. Janu

ASUBUNUTLS 919819 (V)

(kg CO; rai™* year™?) 4 5
‘ﬁuﬁﬂgﬂmqwm“ -1,842.7 -4,078.1
mMswanssy o 01 wazansindiild 198.5 198.5
wazvaadeiiAntu?

Y AensveudaUsuaniluau vanefia finsgandufingensueulaeenlesanusseiniadigssuuifing

AensusurnUsusfiduuin wnedls Inmsusesivaisveulasenlasesngdussenie
2/

vao

Foyannnsidelud 2555 FléABeu LCA
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= ' s 2 e a o &0 1 A ) & A
M131991 2-9  AAnsusunUIudAdenanduguIen (819u) 1 AlanTuveaiunugnenanis uay
AsueunUIuAIinaINMsuAnssy Jo o1 Lavansallily uazveudeiiinduves
HuNUgnenansImiug RRIM 600 Site 71 1 AugIToenaziBuns 2. asldans

AsuBRUTUA 918814 (U)

(kg CO, . kg yield year™) 19 20
ufiugnenan” -23.31 -21.46
mMsumnssu U o1 uazansiadiily 0.30”
wazvondefiiniu?

Vo iensusurnUsudiiiduau vanefis nseandufineansveulasenlasainusseimedngssuuding

AansueunUudnduun et Inmsudesfingrsueulasanlysaendussenie

7 Jayaainmsdelud 2555 Fala3gan LCA

¥ dayaannsidelud 2555 Famuiunaendiiengrenisugn

2.4 @3UNANISANEIANAAAISUBUYBIAIUENNIT

N13ANYIANAAAITUDUVDIAIUIINITT LasysfinwdnsinisuaesyuSuna CO, angves
S2UUINAINNIT Lﬁ@iﬁﬁﬂwﬁagaﬂszﬂauiuﬂﬂsﬁnmmﬂﬁuaumjmé’uﬁmaqﬁuﬁﬂgﬂsm‘vmw WAy
m%uauwm'%ywﬁmﬂmsmmm {Jo 91 uavansLafinly LLazﬁuaaL"E‘#&JﬁLﬁmﬁumaqﬁuﬁﬂqﬂmqusw
uonanil esiUsznaudug ARnesuRuiudainldnsauia Carbon sequestration w33y UUTian
19131 TneUszifiueonyiluySinaansveuiiazasludiuseg vesszuuinaenamns

o

dmIumaITelula 3 4 annsansiafenusardufindeyaaunaniiueukazyaniennia
YoINUNANY Site N1 1 AUITopRBTUNT 2. asluns iasu 2 U wazituiidnw Site 71 2 wiaq
NwAsNT 2. TN aasu 1 U uddmSuiuindnw Site 71 2 Uu dnidelausziiudeyadiuinvin

el ngerdemnuduiusivdeayanisnsyivlaresrugaastoyagagienniavinliideyaauna
AsuBuATU 2 U Aediuandlunisned 2-10 uay 2-11

foyanionelull 2556-2557 tu wuih armduuasarausiod Uhinasidnsenfindazay
sal LLaz‘u%mmsaﬁamﬁavamﬁa%mﬁuﬁﬁﬁﬂﬂé’lﬁmf"fu duAaisvosgumgionauara Ny
Fuinsiu ﬁu“ﬁﬂm Site 71 1 ﬁmﬁauﬁwqaﬂdwﬁuﬁﬁﬂm Site 71 2 vueAivSINUNuAzausaTa
Nuiidnw Site 71 1 fledeuireosninfiufidnm Site 7 2

Tayaaunansueulul 2556-2557 thy wud1 USunanisazaureduosAn NEE, GPP, R
w8z NEP vosituiidnu Site 71 1 ﬁmqmjwﬁuﬁﬁﬂm Site 1 2 wardnsnsmelavesfuazausied
WU Nuiidne Site 71 1 ﬁmqm’jwﬁuﬁﬁﬂm Site 71 2 (AN97197 2-10 wae 2-11) A1 NEE 7iTnlély
fufinuisaesuisdialndiAeiud1 NEE vasiiuiiugnensms 01y 4-5 U Tuussimeduide daiien
NEE winfiu -33.5 kg CO, hayear? %39 -5,360 kg CO, rai'year” (Annamalainathan et al., 2011)
uazifleUFounisuiuliBusudug wu Uilflunsou Feflen NEE ogluts -94 fs-500 g Cm? year
%30 -551 819 -1,1531 kg CO, rai 'year™ (Yan et al., 2013; Loescher et al. 2003; Bonal et al, 2008;
Carswell et al., 2002; Malhi et al., 1999; Fan et al., 1990 lLay Saleska et al., 2003) %Mausﬁw
11 (Rufifinnsganduuiunaienislnoanlesdienndn) Mufiugnensiifinueg anuuansisd
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\ARTUi wazn159 NEE el 2557 fegendnUaus 1ndy 13188919 nan mlIndouvaaiui
Ugniuuaneneiu ongiivUgn wavanuvuikiuvesivUgnlunsasuianfing

Snsrnsmelavesiuarau lud 2556-2557 nud fufidne Site 7 1 fAngandnfiud
fnw Site 71 2 wagdnsnismelavesiudanuduiusiulufianafies (Positive correlation) fudn
gumpifuuaruBinahluiu fo mafisduvesgumgifunasUinaniludulidvdnarlisnsns
melavesiufindy Fundoutuiuidedug (Bowden et al., 1998 way Zak et al., 1999) wié
WU §91991133809a0U 9189171 snsnsmelavesiudauduiusiuluiianisndu (Negative
correlation) fuu3mailuiu fie mavivtuvesUSnaniluiuiisnswarilisnsnismelavesiu
anas (Wood et al. 2013) daduwea Rs sio Re U1 Foyalud 2556 Site 71 1 wUasgnensegunn
u Fannazidauns flen Rs Anidu 98.16% ves Re Fedoutrsganindfiaeinisssauld fe dan
9g5emine 30-80% (Davidson et al., 2006) vauzfinuindoya Site 1 2 uasgnenserglios
Jandadeniw 1wl 2556 wazdeyalul 2556 uay 2557 wuin A1 Rs fiA1gendn Re Funeiisngannld
(Zanotelli et a( 2013) Imwmmmmmﬂmim Rs uu I%LmaamamwmimahLL‘U‘U SO|L survey
muszeznafifinue wasiiildudunsaes interpolate 1 Rs avausiod vasiien Re th
\Junsiarasanasn 24 4l

AsUBUlAUIURTRsE1INI T Anwlu 2 dau lduA a1fusurmUsuvivesiuTiugnensnns,
wazanuaunUIuATIAnIINASAnsIL Jo 81 waganaadiild uazvoadediintuvesiuiiugn
g9 NMIAnwIAURUlRUIURvRuTUgnenWLS RRIM 600 Anwiluitufl 2 Sites 1#ur Site 7
1 gudideensandans 4. andans uae Site 7 2 wannwsns 2. Jan wud Auidnw Site 7
1 guiidvensandanm 1. asdans) 8193107y 19 way 20 T fdasuourmuiusdeliuiy -
4,485.2 U@y -6,496.2 kg CO, rai’* year'l%mzﬁﬁ’]ﬂﬁU@NVﬂmU%uﬁﬁlLﬁ@f\]’mﬂﬁL‘UG}ﬂiim Uy 81
asniifld wazvendeianyindu 285 kg CO; rai! year™ ﬁzqaaqmq AmsuiuiAnw Site 71 2 ulag
NEATNT 2. TNV 819W19107g 4 uae 5 T SenaueunnUIusdelsvintu -1,842.7 wag -4,078.1
kg CO, rai’ year! suzfimnansuounnUsudfiAnnnmsiuanssy do o1 aseifld uasvoadedin
WU 198.5 kg CO, rai'! year! faansony AranuaunnUsuddels wioUiinuaiveula eenledi
QmJa'aamﬂﬁyuﬁﬂgﬂma@:mimmm‘ludawaaﬁumqumﬁmLffJua‘U (-) wanadn ANg
ansuaulneenluignganduiingssuuinasmn uarluiludl site 7 1 Seenaflengunnniniiy fnns
aandufianiveulasenledluUFinaiinnnieengtesluiiud site 1 2 Snfisdiuansiiludivgn
gremsrfidantilunsanUiinaaiveulneenledluusseinia ufiaasueurauudiiinen
nsiwanssy Jo o1 arsiafiild wagvendedaduuan (+) Fauanaindnisudesfineg
asusulasonludgussenia wivuafignudeseenudutiosniuuuiwansueulneenlysd
gngandulasszuuuaAetansmInnitfesiidmiuensenguin daudiarsveusnuIuvide
WARSUTNE1 (879uT) 1 kg vasufivgnensmsn duwalldiameiuiifinu Site 7 1 1fosanens
Uandauda nedieny 19 way 20 T AensuounaUsuvidendnsfueiinens (@1euke) 1 kg dawiy -
23.31 way -21.46 kg CO, . kg yield year! nnudsu mmzﬁ&hm%vauwm%uﬁﬁLﬁmmﬂmimm
nssu Uy 01 ansiadild LLazsuaqL?ﬁaﬁtﬁﬂﬁwaqﬁuﬁﬂqﬂmqwqiw HAUVNAU 0.30 kg CO,.kgyield
year! Sauansinluniswaninens 1 kg tu duvesiugeEnnsaganaufitgasueulneanlediidi
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daruuilneeamsunge 23.31 wag 21.46 kg vausiiinnsuaesfitvanveulneanlangusseinie
lngmsiuanssy Y 81 a1sediild wazvedy Wiea 0.30 kg

nsfnuiladeiifidvinuserasueuauiusiiAnannisiuanssy o o1 asediild uae
voudresiuiiaruenmisluiiuiinianefuoenidsanie tneAnuludmiateniv uazgasond
ot Yinunsliedembeduaveviniidmansenudeaasveunauiusi Sniladenils léud
Uinmusandmenamnsandels

a '3

A13197 2-10  @5UTBYaYanieINIA aunaveIAITUBY uarAISUBUNRUSUALLY 2556 vasunUgn

Y
'3

g19M131% S RRIM 600 Site 71 1 Audidoenasidansi 2. axidans1 uag Site 71 2
wlasnunsng 2. Janw

%’aa&a‘ﬁﬁnm Site 71 1 Site 7 2

AMtauaazaNsial (mol m? day™) 5,418.46 5,625.49
guvnioniaads (°0) 21.18 25.48
mnsTuduindiaas (%) 81.73 69.17
Jsurauuazad (mm) 1,215.00 1,441.00
USunusidneindazaunol (R, MW m2year?) 3,169.22 3,026.16
YSunuadgrsazausioU (R, MW m?year’) 2,163.06 1,978.16
NEE azausiol (Net ecosystem exchange)

ke C rai'year? -1,223.23 -502.55

kg CO, raityear! -4,485.16 -1,842.69
GPP azaumad (Gross primary production)

kg C rai''year 3,978.71 1,306.78

kg CO, rai'year’ 14,588.59 4,791.53
Reco az@ufnl (Ecosystem respiration)

kg C rai'year! 2,755.48 804.23

kg CO; rai'year” 10,103.43 2,948.84
NEP azausol (Net Ecosystem Production)

ke C rai'year? 1,223.23 502.55

kg CO, raityear! 4,485.16 1,848.00
dasmamelavesiuazaunal

kg C rai'year! 2,704.10 1,397.90

kg CO, raiyear! 9,917.80 5,125.70
KanantE et (kg rai'year™) 192.4 -
m%‘uau‘vjmﬂéuﬁsialﬁ'ﬁumﬁyuﬁﬂqﬂ&m‘mﬁ (kg COzrai'year?)

fluiignens -4,485.16 -1,842.69

nsinnss o 1 waraseddld uasvesdeiintuY 28.50 198.49
AsuauiaUIuYiRerAnfsiinens (e7aurke) 1 Alandu

flufiugnens (kg COLY” -23.31 -

nsumnssy o 01 wazanaaiiild uazveadeiiintu 0.30 0.46

V' geyaanmsideludl 2555 Fanunasnyite1gueinisugn

7 fuiivgnen Site 7 2 JussengdesdigiliUnnia vibiliansaduinmnsveunnusuvidendnsusiinens
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a I3

M1319%1 2-11  a@gUdeyagagienia aunavesmIsuesuy uazAsusuaUTuUAluY 2557 vasunugn

U
'3

g19M131% S RRIM 600 Site 71 1 Audidoenasidanst 2. aziduns) uag Site 71 2
wlaununsns 9. Tannu

Hoyaiidnw Site # 1 Site 7 2

Anuduasazauneat (mol m? day™) 5,725.01 5,656.13
smniiennmade (°0) 27.29 25.54
muTudiimsiads (%) 81.50 73.97
Ysuaumuazay (mm) 1,282.00 1,545.00
USnuSidnsodindazausned (R, MW m?year’) 3,313.93 3,142.01
YSunaussdanzazausiel (R, MW m?year”) 2,208.50 2,117.03
NEE azausol (Net ecosystem exchange)

kg C rai’lyear'1 -1,771.70 -1,112.21

kg CO; rai'year™ -6,496.24 -4,078.09
GPP azausiol (Gross primary production)

kg C rai"year” 2,771.05 2,053.44

kg CO; rai'year™ 10,160.53 7,529.29
Reco Az@Umal (Ecosystem respiration)

kg C rai'year” 999.35 941.24

kg CO; rai'year" 3,660.29 3,451.20
NEP gzaumat) (Net Ecosystem Production)

kg C rai"year” 1,771.70 1,112.21

kg CO; rai'year " 6,496.24 4,071.47
gnsnamelavesiuasaunat

kg C rai"year” 2,739.60 2,138.40

ke CO, rai'lyear'1 10,045.20 7,840.80
msuaunaUIuTiRelTesiuTiugnensmnT (kg CO, rai' year?)

fluitugnens 6,496.24 -4,078.09

namnssu o 71 uazansiadiild ussvoudeiiatu’ 28.50 198.49

AsusuaUIuIsienandueiens (819 1 Alandy

>
A A

Nuitgnena (kg COp” -21.46 -

nsanssy Yo 81 wazansalifily wazvedediiatu"’ 0.30 0.46

Y dayaninmsidelud 2555 Feruiunasntatengresnisign

P

Y
7 fiufivgnens Site 7 2 Wuesenatieeiidslddania vlildannsadnuminisveunsuvidendadagiiiens
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] 4
a A

g v a &
d15.8N 1Y wazvaudeNnad

3.1 uni

o w o

3.11 ﬂ’)’]&lﬂ’]ﬂiULLaSVINT‘UEN{]in]

v

¥ ' g
Y

Tagtuihenemdnunlgnnilanisluuvasiuiafuluyssmausda uazusniuy

=

Alle Tudsena latde W3ty dudy Ju waglue@engTuseniedls Ysemadulaiidy uuady
wazlne Fsuszmaiinanonamssnndududy 1 fo Ussmealne dunandnsuAnduosas 30.2 veq
nanAnENaNIITelan sesaanfeusemmdulniify uazdudy 3 fio Ussmaunaldes Tunanan
gana 3 Uszine Anudosay 65.9 vasuandnersmnsvlan srmsldgnindulussne
Inglud) w.m 2443 uazdguaiimaduaialiugnlud wa. 2503 aundsiatulsemelnedfuivgn
819m131 18.76 a1uls lnswvaduniawmile nnanziusenideanile nanasuasaziuesn uaz
nelel Sewaz 4.7, 18.84, 11.97 uaz 64.50 Aud1au deen 2.95 druiu Tul 2554 Ussinelne 1lu
Aldenadudu 5 vadlan meUunn 486,745 fu viledesay 13.6 vesUsuunisnang1slulseina
nydseaneNsTIHYIRTating deeentuzuresingiu nandueiens lenmnsuussuasnansdmld
yhselaliunuszine Anduyar 678,942 duum nandmade 276 Alanuselided azuiuliin
amumnneliiAnyarinisdeenguazidaenoiegisdeiies Ussneudulsemalnesinam
Ineuludesingiuannnitussmaguas ilesaniiingiuifissmedmiuldnmelulseima agnalsh
a1y pulaluSeudieg Adnazgninduniesnisiainussmagindlaedisiensmisvesuszime
Inedswaidededunndonuariivaendodeduilon Snitasamalnedsldamuniusesisarnieln
$lod n.a. 2542 FarfmuslinnanAdansuineusuiunssunsdsuuasanwgliennianade
AwEINIaLATaN U TalvesazsTImAf e uaasle wagilavsiinsalasenisaunalnnsg
fimunitazon Turaeiusnsdlusn w.e. 2551-2555

v '
a U U A

Mgl nMsuTudaiielignainnssuensisvesUseinadinsdneninnisudadule

q
6 ¥

msfnwuarilesesigiudeyaiwindounasaiginsdiniadunalniiddyedrviaiietaelunis
UsuU3snseuIumsHan saamsussifiunansgnumeiudsnnden dadunsaansainanszny
Aawndomtnananuagysay Wedvunuasnstiosunasudlonansenuiaunndeuuar1dlunis
Usgnaumsdndulaiangaamnssy Tumu@nuiiaiuunfnuesmsusediuigingdin vie LCA
(Life Cycle Assessment: LCA) suitfuflagiiuniurudeyauaziiasgiteyanisliningns fngiv
araadl saensundanuiilivesauesnsluiuiiniang fusenideanievossamalne 2 Fanda
Ioun damdatenu uazdmingassndl itelfilugudeyauasianndesenluggudoyavesussina
Snvananisinudadigliannsadedulaifeatunisuanssuuagnisianisnisudnliodned

UsgaAnSnndundadu Wudselowinslusesunuensnswazsesuulounsvasusene
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3.1.2 Inquszeed

3.1.2.1 wefnwArarsueunnusudainnisiwanssuluiiuinians tusenideanile
593 2 Fanda loun Jamdndaniu wazdamdngassill arendnnisusediuingdns®in (Life Cycle
Assessment: LCA)

3.1.2.2 wefnuladeidwmasiafinmivounnusudannsunnssy o9y vu1nves
@ueeNnT Anvaznsiensesiifu wasdnvasvnsdeen WWudu luiiufinnansJusenideunile sau
2 3adn loun ardndanu wazdaningassndl

3.1.3 92ULIANISALUU

3131 Anwideyadosiuresmusismsluasiufisoindn wardmiagassnd
dedndeniiufiluninfvieyanisunnssy neiiuteganisnnssuluiiufiaiueimns dadufes
a¥ 30 vasiiufinisugnenamlufmindug Tenseunquaruruindn auILIANGIN LATAILTLIN
Tng) ofwamensuowausuduasRinsaniladeiidemariameniuouausudausnans o1fity
YUPYBIEAILEIMNT1 EnwaznsHonsesiiau wardnvazynadan 1udy

3.1.3.2 eankuuasuny wazfnneiduidivesuazyiaiugansituiuiiiiewdn
@579 Unanu

o v IS

3.1.3.3 daviidgdsienisduandey iedudeyalunisuszdiudimsveunnuiud

o

[V Y] a

mneTnde Usunanisldninennssssuvifuasr ingiu ndsnunavansisaydlan wazUunauaans
N98INA
3.1.34 Ussifiuransusupusudanmsiuanssy
3135 agusnenusadugrsnaoslasins
3.1.4 UNUUVRILlATING

A13297 3-1 WNUITUTBALATINITAIUYDINITANYIBIAUTENBUYBIATUBUNAUSUATIANIINNTLYN
33y Yo 81 wazansiedinld wazvendeiiintu

flanssuy go’ § E '% '32 5| R
1. msfndeyaifesiuresausansluniuiifominds X | X
nuadmingnson uasdadoniuiiluniafiudeyaninun
N33y
2. ponuuvABUI wazdd ey X | X | X
3. fudunsiirdnauesivieyaiifeatos iledavininyd X | X | X
snsAawInden (LC)
4. US%LﬁUﬁWﬂW%UBUVﬂG]U%HﬁmﬂmiL‘Uﬁ]ﬂﬁﬂJ Uo 81 wazansiadl X X
4 uazveadeiiintu
5. davhaguenunadugrinaealasinis X | X
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3.1.5 #atanad s
3.1.5.1 ﬂ'mﬁuauv\qlmﬁuuﬁmaﬂmusmwm Jandntanu
3152 apfusunUsuivesmuenan Smingasend
3.1.53 ﬂﬂ%’aﬁdawam'af-hm%wauvﬂmﬂ%ﬁmmmuaN‘vmw Tuniiuiinieg fuoenides
witle

3.2 msAnutayaiUasiu

3.2.1 AWHIAVINIA

ANYENNYIAEnS: YUIALAENAT
JanTadan1uiindsegnisiiangiusenidounioveslssinalneg 0g11991n
ﬁ o

¥
(9 (v

NTUNNUMIUAT 751 Alawns TNuNTINNedmin 4,305.746 aseilawuns wse 2,690,625 15 &

[ YY) 1Y

aafadaiuluan1sUnATaIiuTImintInAusazas1snsTUss vt UlneUsssnvuans dall

v
1

iemile Ansiaiu wyatuedly assusgussrisulaeyssrivuan Tnell wai
Toadudununsuuny

Pels ARy B1LNBAIAINAT BNBUIUNIT LATBILNBDINIFABIUIEY FIUTA
aANaUAS

PAnzTuean  AAFRDNU 9LNBUIULNG FIMIAUATINUL

Aanziunn  Aasaiu 8 Lnasaunl wazenaiiils aninuuessane

a

AnwausnUUITLINA

kY

a

dnuwazgiuszmavasdwmindini nevaluduiisuas wenldidu 3 Ul fe

)

(1) fuiiueduseuain nszawegnndunadundeny Faduiiufivinundulvgua
Ugn ls Avanu wazd1s3suyd

@ fuidunduaeutunanduendutisssued wu Tl wyanssa wulu
wagne  Jan1u 1wn1 Talvanad A3dla Yandn uasnsiasey

(3 anwiuiiduguifinnugedu 9nnsgduimeziadausd 200 was Wuuiiom
ieniweinee) lulweguneiilesdniw Yt wwn uazdalvamas

(% a

ANVUSHUDINA

fidnwauzeniadasgludnindunaueunazuiuds Sunau - unsiaw) luggusau
nzfusanidounie gamgiorSuanlufeungaineunazianlutiafoufuneuiafeuunsam
Tudhadouiivaniufeunguaneuiugguasunsaunie sumgirgeiuesenaiiluion
furnuuazFeudnluieuswisu Tuggusguans fusnideds @quieu - nsngrem) gamailaealy
szamadluifeunaauidugguasunsals guvnleziGuanasaueinmauniu
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ANNLATHFNALALEIAY

Uszrnsuazardw: 2anintan1wiluszuinssnuiu 411,798 au wuaduviadiuiu
207,523 au Wumndgsdiuau 204,266 Au

iAswghe:  TeyanAniarinandmiadinmdililditoneenandmianuesany 3
Fiaruesmeifuilviavan 17 §1ine Useansiaay 974,795 AU TuAnNMIINIATINTNIA Windu
42,888 &uum f1elalaasdeiiusnnswiiu 43,997 umdeaused (Wusugud 5 NN
19 faalunangusenidemile anvnisudnfiddaliun avinunsnssy ddsduan nsfinw
LAYENYIAEVINTTH MAATU Audunuasiidey loun s1ams wazdn

dinauedsdamiadinuladarinussunanisudadunuiasudmindaniwaindeya
NAnAALIaTINTIIAnUeIA1y U w.a. 2553 lagldn1simsizvimdndiuaindiuiudssensnui
dlouvsdmTnesnuniuimindeniu Smiadeniuazivseanswindu 403,542 au wiednduses
aY 41.39 Y29RIWIANUDIANELAY mﬂauuagmﬁwudﬂ naaAuNIaINTmIadeniwiivssunu
17,751.34 v Hususiuit 18 anntimun 20 susulunanySusenidoamile!

n15UnAses: Ywiadeniuuusnisunasetesndu 8 6une 43 diua 615 wtu 17
WAUIARIUA 42 §9ANISUSINSAIUAIUE WAL 1 99ANISUSUNSAILAINIA

dsuammananvesderiadinwiuliunndisaindariavussats Tasanuunuasnss
Juanunisudniidfey fdndiudosas 27.49 vosnAnSuaasI T Taanund w.e. 2555
Fdevimiifiensiauivosdaniadinig Ae “AudnatienanisvesnIadaiu azmiunisfi ng
viouflen Uruflesiiey guszmanendeu” nandasinddnenmvosimia laun 1 Tng
%’w’imﬁqmwﬁﬁuﬁﬂqﬂmawwsmmLﬂué’uéﬁ’uﬁ 9 yosUszine uazanndududuil 1 veanin
ngJusenideanie’ fufiugnerswisn Timeugn 2556-2557 wanadan1adl 3-2 uazanunsauys

[ '
A

Wu%ﬂ’]iﬂ@ﬂi"lﬂ’eﬁ’]m@ FIMI519N 3-3

3199 3-2 Huiiugnenamsn Yimnzugn 2554-2557

Ywnzugn \ilofiBudy \ilofin3ald HANAATIY NaHARLRAY
) () (s1u) (nn./1)
2554 626,829 299,570 75,791 253
2555 725,717 411,778 93,885 228
2556 733,136 499,400 107,870 216
2557 - 499,400 112,365 225

37: d1inauATegnan1sinens (10 @Ay 2557)

1

2

ussewagudmindeniy, ngunudeyaasaumnauaznisdoas ddnnudmindanu
MeAnEaaunsainsdavideyadiaiun Ymiatanm (2556), drinnuaifdmiadanm
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3.2.2 Yaningassnil

A
(g

ANYENNNIAERT: YUIALTIAT

Janingasandl Aegniany TusenideanilovesUsemalng USnuduiai 17 ssrinile

¥

LAULI99 103 BeAnziueen agu1aInnIunNIMIuATUTENIM 564 Alaluns dNunUsyunn

v

11,730.302 ans19itawuns WseUsyuna 7,331,438.75 15 Andudesay 2.29 vesiuiivisusena u
Jwrdanfinuiundudusiu 4 Tuneesusenideanie Toawefededuimialndides dsll (5U
7l 31)

Peile ARRDAU JIUIANUDIAY

(% [ [ s

fela AR FINIAVIULNU LATTINIANINEUS

]

a a ! Y o Y o Y a s

NARNZIUDDN  FAFDNU UINANAUAT LAZIINIANTWAUS

]

Wemgdunn  Aefeiu Jeninnuesngng) wavdaminiag

% nmim iz
ahidnd masliynd sbed
In&dﬂl&umtmmhﬂu
o —

i =

-

ey e—

il i —
wrawisire s —
i

nusanen bin fa

saayeire falnddia

wanatd

[l []ee

s i VTS TR D e

Sewrn rwns e i o avam o A v

SUN 3-1  WHUNNRUSEWALATIANISUNATDY 391Inanss L
T : U 3
P31 : NSUNSWNTFSEY, (2552)

AnwULHNUTNA

anvaznliusznavedaningassinaluusenauimeg igs N51aqu uwagiiuign
mauaauiy wiseentilu 2 Ui fie
(1) U3nnsitgemsiieng Sumnuas field amwmﬂsymmaﬂwwLﬂuwumm TG

Lﬂuwuwaﬂﬂauaaumumaaauaﬂ Mﬂ'J’IiJaQ‘i]'lﬂ‘i‘“@U‘Lﬂ‘V] UsTUId 200 LUAS mamauwuﬂu
GWLQQ‘HWIﬁM nuesTwe luuaren ﬁiﬁ?ﬁ] EANNRUD LLaumummumﬁuaﬂmLﬂaqm‘u wagUnuie i
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donungeaduiiiudle visduduiiuigneduasuiiuaduiuiiun fsudueguiinnFuuiih wu &
dlus dn Hudu

(2) U%Lumﬁuﬁaﬂﬂ?{umﬂm Tuoonduunile uazfirngiusen amwnﬁﬂswmﬂdaﬂwmﬂu
wuwaﬂﬂauaaumu ifineuaduiiu mammﬂmuummm ummaammvmm‘w wuunans waeie
n31 200 LUAS amwmﬂsvmmmamauwwmmamaq Unuile nuaT nuasuas Liley vmsJu asﬂmau
U wswauLﬂumnmlmiwummmamama gdnNaNuNINY Fadudusuingnim wymaﬂﬂau

mﬂmnuuwqua Faduthanufumaiiang iusenidsaniensnnetiugg uanmnué’f&uwuﬁiwqu
UShauldenge 1wy Wethae evats sy melwaulug tavuaihasns

anwaizgileine

Jantngassrdudasendu 3 g9 loun gedou ganu wazgauun emaseusudilugg
You uaznuniduinnluggvun weudilorniafeusudiunniign fie eulwwiou uazvunu
fanluiouunsen guugiivhansed 9.8 ssmuuaidea gugnsed 42.5 ssriwaiioa UTinusy
Wl 11,423.1 fedumseel mnududinivsiade 70%°

ANNLATEFNINALHIAY

Usgwinsuagzern: Janingassiisiuiudsseinsvisdu 1,557,298 au 1luvie
777,179 A we 780,119 Au Ussrnsaulugusznauendnineasnssy laun 91und dudends
dnlnm 08 wavenanis Wudu

YgNe: WanduenaTndmin s 1aUsEInT vesdaningasonil U 2555 Hyadn
114,504 a1uum Usenaume aanuasiya 18,961 a1uuv wazuanaanuasilyasn 95,543
auumn’

n75UnATEY: N13dlasn1sunATasUeantdy 20 8Lno 156 fua 1,880 nyjUnu (um
WAUNALATUBNLUALNAUIA) NNSUNATDIAIUYBINUY UTENaUme 1 89ANISUSTNTEILIINIA WAL
UAT 1 W NAUIELIBY 3 WIS LNAUIASIUA 49 WIAY WAYBIANTITUSINTAIUAIUA 127 Wine

Y
[ =

Javingasonil ffufinunsnssy 4,598,142 15 anfiudiviadontn 7,155,680 15 &
A ALNYAT $1UIU 225,229 AFadou dwFuensng Wulinasusivvestvingasei deiui
msﬂqﬂﬂizmaé’aagﬁgﬂu 20 §1ne neduneiiinsgnersnswnndign fe sneugs Anduies
Ay 23.67 mmﬁuﬁﬂgﬂmammﬁmm voadanin so9a0n Ao Sunotilan uazsnnotiune An
Judeway 17.95 uazll.61 auaau ena‘wwi']suaﬁw%fmqmmﬁﬁmamamﬁwﬁmﬁaqmﬂﬁuﬁﬂ%w
filandalmaifutunn Yssneufuaninennmdes e SuTuaduluiinemung vilvduesdiy
Tngiusinmsandafinty aunsolimiesdduniu Tnedeyanuiivgnensmns Simgdgn 2537-

2557 WAAIRIANTNT 3-3 LazdalanmunIsinynIvesdanin Landrnanisen 3-4

3 suninensssdl, (2552). nstuunwaiienisdansiussaiineuagnineinsosdl Smingassil. nszmmiminensessunAuasdainden.
4 dnineuasughianisinuesion 3 (2556), ATisATgnanIsnuas 12556 wagunlind 2557 fmingasonil

5 dninnuadadmingnssil (11 quanius 2554)
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M329% 3-3 fiuitlgnenams Uimngugn 2537-2557 veadaningassiil

Ywnzdan lofibudu (15) | lefinga (19) | wandesou (Gu) | wewdaiade (n.0./15)
2537 26,140 1,550 147 95
2538 28,770 1,653 269 163
2539 29,320 9,080 1,571 173
2540 33,977 15,188 2,749 181
2541 35,844 18,713 3,350 179
2542 36,709 26,140 5,071 194
2543 37,424 28,770 6,473 225
2544 47,935 29,320 6,861 234
2545 50,987 33,977 8,222 242
2546 53,034 35,844 10,216 285
2547 60,879 36,709 10,903 297
2548 79,884 37,424 10,329 276
2549 101,986 47,935 13,470 281
2550 219,270 50,942 14,468 284
2551 295,000 52,000 14,880 286
2552 315,049 53,781 17,156 319
2553 325,866 71,613 19,871 277
2554 332,383 93,097 24,671 265
2555 311,240 209,785 38,181 182
2556 329,590 286,368 48,109 168
2557 - 307,684 52,614 171

: dinauesygianisinues, 2557
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P3N 3-4 Teyamunsinuasvesdmningassiil U 2555

Al 91100 Wi Huideasawihnisineas (13( F1UUASATIU(RIIIZDU)
wavan fiun ils ina | idudu | dwudn | UWieen/ | e1ewisn | vrdun | wnnuens. 59U Wavian LNYATNS
(ls( lsiUszau Ystu Suq

1 Wieg 735,490 302,964 61,610 4,057 16,647 4,546 418 5,395 149 60,467 456,253 127,925 28,042
2 ﬁwmﬂ 577,355 330,730 33,823 4,175 18,221 1,912 92 34,993 1,528 30,215 455,689 35,042 23,111
3 Uil 619,510 213,287 127,502 17,788 10,385 1,067 35 43,254 2,957 30,869 447,144 24,219 18,293
q ﬂqﬂJﬂ'Jﬁ‘J 452,208 158,019 109,873 2,110 6,174 578 10 5,712 97 54,530 337,103 28,863 17,394
5 | wuewu 442,574 204,553 24,705 1,644 6,654 377 22 4,031 641 17,109 259,736 27,918 14,877
6 | uigy 563,421 313,463 12,500 | 2,128 7,042 925 a6 10,635 289 9,191 356,219 26,048 19,844
7 ﬂ%‘ﬁ’](i] 305,005 73,093 77,051 2,798 1,786 1,090 3,884 1,070 5,010 165,785 10,781 9,504
8 | thlaw 464,447 71,238 144314 | 5,798 3,823 771 68,400 509 8,893 303,751 16,447 10,455
9 YUBDITIED 437977 74,260 50,572 6,387 1,859 1,156 a4 18,398 336 14,135 167,147 12,775 7,880
10 | nedu 445,077 106,420 39,568 1,323 10,794 560 16 20,297 514 25,136 204,628 14,340 10,904
11 Tuugzan 273,565 56,907 99,491 593 3,614 726 26 5,753 279 4,526 171,915 12,089 9,274
12 | @51amey 147,704 104,823 1,198 | 2,120 3,724 867 10 2,656 a7 12,884 128,329 7,622 5,066
13 TEuvNe 462,945 72,975 150,510 1,103 6,309 434 2 44,229 473 6,722 283,257 14,213 11,198
14 iju 148,669 95,510 4,956 219 6,536 765 1,929 18,899 128,814 8,242 6,001
15 lyeu 203,847 76,279 81,723 1,265 1,374 223 2 3,677 107 30,053 194,703 8,898 7,142
16 NUDILLAY 227,383 28,742 112,330 1,995 14,555 534 20 10,183 60 1,184 169,603 6,835 6,180
17 WIEN 327,595 17,794 52,082 2,419 2,483 242 5 90,190 170 3,583 168,968 8,441 7,737
18 ﬁgaé%’n‘é 116,484 53,968 3,136 438 4,186 51 10 950 120 6,259 69,118 6,910 3,875
19 ijLﬁ”J 113,256 42,422 17,627 1,034 6,149 55 5,459 44 1,887 74,677 5,731 4,503
20 Usednyg = 91,168 49,399 2,069 357 672 127 2 1,014 5 1,658 55,303 5,899 3,949
379U 7,155,680 2,446,846 1,206,640 59,751 133,487 17,006 768 381,039 9,395 343,210 4,598,142 409,238 225,229

n: drdnanununsdwingassill, 2555
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3.3 n1sadulasenis
3.3.1 NISAAUAUIMNIELAZVDULYIA
Wnang

Lﬁaiﬁlé’sﬁa;ﬂamaﬁm%aLumé'amaaﬂizmumsmﬂﬁm%aﬁwmﬁwwmamﬁaimwﬁm
m%uauvglmﬂéjuﬁ Fazdeadnitydsensawndouvesaisvidi (nput) wazansunesn (Output)
Tngtadouenuraznssuaun19nan (Inventory Data by Process) 189n35UIUAITATbENNT 17
YNITIER

YDULYA
- YBULANISANY

lassmsilafiidmunsiienazgAuinusuufiivseunszaniivdegeeanu1ain
N3EUIUNITNITIAENTE19MTan TneAaeenuitusvesaisusulaeenlediisusi wasfinw
UadedamasiaAinsvaunnusudainnisiunnssy

ToyavsuIunsloninenssssurIfuay oAy

NinINIeTINYALAE TNQAUNLY vaneds ninensuasIngAuNIunTidesn1sdmTy
wiaznszUIuNsgeeegluveulnfinensing FaUSunavemineinsuagingauildasseylugy
Yo ntinseIeNanfsnla

Toyavsunainslinasuuazarsisaulng

Foyandruuararsrsyulaailflunszuiunisnisldindadienamnsaavaeds
winunazassyUlnafideansdmiuusaznszuiunsgosiiegluveunuesszuuiidnudena
oeflugtvadlulih loth uasviaidemndwine SsuTuumdinuarssnulusUresna Flandu vio
#u) w3oUuns (Bns w3o gnunadiums) suvdavesiinmdsnuseniiondnsausiild nsdl
Fudusesiinmadsumhennmendsnudumbemnavieuiinnstsindudeddmamiuiou az
Tranudoudsidanamanuiourontomasdernuelonsumdsumauuuazeysnsndany
NILNTHNAINUY

1oy/aUTIUATITINOINIA

foyauiumamaaisnsormaiiinannsruiunanisldndaiermisman saas
N399I AR INSEUVATUAL LAY 19U SEUUHAANEIIL LATLAA1TN198INATLAATAN
nszvaumstdaveads (i TnewniwesivhmsAnnliduluaaismuslussna dofivun
wmsgIuLAEngMNeduY MAdes Faimuslngmsnuiiiinihiigua JsUiuamaasynaeiniead
UanUdoseangusseimaaysryluguresiniindentnenin Sl
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TeyaUsuIuATI59 1)

foyauTinnuaasmaifiiaainnszuiunsnisldunfaiensmnsan léun BoD,
COD, Total P, Total N uag SS wagUiinamaasmainfifinannnszuaunistidaveads (63 lne
wisimesivimsAnunlndulupuidimualulsenia dofvununsgiuuazngvuiedug i
eados Gatmuslnemionuiiinihiflunisiifugua Ssuhinamaasmaifiszuisesnainszuumsnan
awszylugUvesthmiindeninesdn Susiils

- WIIY91994 (Reference Unit)

'
v a

' Y a . 2 a o v o ° 1 a
MiI89198¢ (Reference Unit) 1udsdAgynaziasvinnsinuadulunng nsuseiiiy

(7

v @ Na P ¥ ¥

058 Weldduiugrudmsuimuanisiavseiudoyaresansvidiuazansvioananssuud

[ =2

Mn1sfinw sauvislldiudrfglunsdinfosnisiuTeuiisussninanandunaed1msuniaeen9da
(Reference Unit) ¥89n52UUN15NNSWUNTUNE190151@9 dMSUNISANYIT AI9uanydIgn15ane)

v
=) o

Aa WrgewIsian 1 nlansy

NSANUATUIAYBINGUAIDE

1%

Tuns@neil lawvsngunisdinelussaziuiieonidu 3 vuia sudew w.s.u.nowu
auATIEinIsiaIuens w.A.2503° loun

Nuisaws 250 15 Fuld

- auvwalug (L) @ue e
- AUTUIANaNe (M) @89S IATNuRage 50 15 Jul wetesnin 250 15
ATl

v

S AuuIaAn (S)  augamsTinuTesnii 50 19

Tneinualdusarfufiisnsdiusuinaiuersnis wisesnduaiuersvuindn
93.01%vesiufidugnsiovun Tnefvunvesaiueraade 13 13 @amevuianans 6.71 %vesitui
auenanavan Tneflvwielagads 60 15 wazauensvualng 0.28 % vesiiufisiuensiomn Tned
YuRAEYesEIu 395 19 (@a1uideens, 2540)

¥ '
= =

el Tuusiaiunasiudeyaniswanssuluiuiiaiuetans Andudesay 30 veaiiud

o

n13Ugne1ann s tudaininiug F9A50UARUATUIUIALEN @IUTUIANAT wazaIuvwInng Laeld
FNSAIUUATUINA8E19UB NS BNuLUE” FIRPUALASEAUAMILTBULYINAU 90% FaaNNISHaT

N
n=——-s
1+ Ne?
We n = WIAYBINFUMIBLNN (NGUNYAINTHIDELNN : AL)
N = unvesszyns @iunuasnsluiiuiiudazsun: au)
e = ANuARIAPREDUTDINTTdURREEaNsula

¢ wszTydylAneauanATIEininaIue, 2503,

" Taro Yamane . Statistics : An Introductory Analysis. 1970 : 886.
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duumadoniiuil Tunmsinuasidendudiohs 2-3 fufiluusiasdmda Asuniiud
fifinsvgnenansnunn warisegluiuilndifesiu Tasfufifmindanwiiduiudodne Toun
sunewios wagsuneuinata faguil 3-2 Aufideningassd 1dun sunoungs sunevinlan uas
sunothufie figuil 33 Fedayaiiuiinisugnensmisludmiadenin wasdningassiil Tay
dinamunvasdanindaniw uazdmingnssnll uanafins1eil 3-5 uaza1199 3-6 AmERU uay
Srununguitegdlunsasiui wanafemnsadl 3-7

SUM 3-2  wHufkansfiuinsaldnwinisuanenamisiludanindanw
ki . Y
PN : http://www.vcharkarn.com, 2558

s L LECT - - —_—— b ——
II ) addind radliyad sl
i
"
T ——]
& drmrsdadune
- el vl
— RS B B
—_— sl
H 1 = snssshe ikl
— '
[ ——

SUN 3-3  wHULEAIiunnsalAneIn1sUane e tudaninanssii
U , Y 9

= U =

I NTUNSNYINTTI, 2552
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P3N 3-5 WuN15UgNenesnns uensiegne Jamdataniu

. . ﬁuﬁﬂgn (19)

o e 218 U 6-1 918 VAulv 6 39U Souay
1 Wos 61,447 94,145 155,592 32.69
2 19" 35,944 51,410 87,354 18.36
3 Tadey 35,554 23,151 58,705 12.34
4 Telvavas 9,567 12,231 21,798 4.58
5 Uad 5,716 7,393 13,109 2.75
6 Unan 8,100 18,886 26,986 5.67
7 NILATEY 34,724 15,679 50,403 10.59
8 FIdka 20,956 41,019 61,957 13.02

594 475,904 100.00

M lassnsdaviigrudeyadisiufivessmisit 2550 laenisdsiateyasseglnauasinalulaggiiansaume

(2553), NIENTILNEATLATEUNTAL

lﬂl lﬂgl dl o o o =
139N 3-6 ‘W‘LW]ﬂTiUQﬂEJ’]\‘i‘W’]i’] LLENINYBILND WHINYATTTU

Rl 8no ﬁuﬁﬂqn (19) fovaz
1 Jwes 90,190 23.67
2 |ile 68,400 17.95
3 eNGRIGAR) 44,229 11.61
4 [huie 43,254 11.35
5 [ 34,993 9.18
6 [nedu 20,297 5.33
7 puesiiwe 18,398 4.83
8 |iey 10,635 2.79
9 VUDILLE 10,183 2.67
10 [luuazein 5,753 151
11 Jpuand 5,712 1.50
12 Jqud 5,459 1.43
13 |[ifles 5,395 1.42
14 [Mussmu 4,031 1.06
15 |ri350 3,884 1.02
16 [lwenu 3,677 0.96
17 [@5eou 2,656 0.70
18 [viselu 1,929 0.51
19 Uszdne 1,014 0.27
20 fuadsne 950 0.25

5 381,039 100.00

W AUneuAsYgRanIsinens, 2557
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¥

M3 3-7 wunguimegrsnunsnsluldaziiui vedmindinuuardwmingassiil

YUAHIUY ‘ YUALEN YUIANAY ‘ YU lngy ‘ 52U

Jardndenw

ﬁyuﬁ (19 132,791.49 9,579.95 399.76 142,771.20
FIULNATNT (AU) 2,656 64 2 2,722
FIUIUNUATNTADE19 (AL) 96 39 2 137
Jmingn s

ﬁuﬁ (19 106,321.31 7,670.32 320.07 114,311.70
FUUNBATNT (AL) 2,126 51 1 2,178
FIUIUNUATNTADE19 (AL) 96 34 1 131

U |

3.3.2 MSIATIZH YIYNIT

= A ¥ £y

Ty@518n15 Ao Yoyaltny¥518n13 (Inventory data) MkansdiesuIuaasvdd (Input)
W NSNens wawu as1sallnm wazasueen (Output) Lsuu AR mammmiwuawwwm
UAiUN1901M1A NMNTELEE TINTITIBNITRIUEINING DU IMUAVBINTLUIUNTHARHER a7

INISANY

MIlasetadsenisiuduanden (Life Cycle Inventory: LCI) iun1sifiusiusa
wazduadoyailliainnszuiunissineg pufitmualilufuneunissmundnowasveuin
NMSANET SINTINTAS1IRIVDITEUUNARAUI (Product System) NNSAIUIMIIUSHIUVDIENTUINDN
LAranTUIBENIINTEULHARTWT Inefiansanimineinsuagndsnuitld viennsudesveaduoeng
01n#l 11 waghu Fefoyamaiarldlunismuanssnusodanndounaentninsiinuansastoly

et dseniseradesing luuluuiemss Wesanenadinisiiudeyaiiiu i
msdasunlariBiiudeya viemaiuuseiulgmiielaensdasiuidmnevesnis@nunlanald

'uamnﬂﬁm‘aLﬁuﬁamasluunﬁm&Jmiﬁu%éfaqﬁﬂﬁé’uﬁuéﬁunﬂﬂizmuﬂﬁsiasﬁaaﬂuwuu GAR

v

/st 9ya uAnANAUTUAULTIMINY

nsgvIuNIviesruLiRedes egndlsinu masusudeyatusintagyiiliasudiu
anysaloun Wesnndedldnauazsuszanann mslieneityTaensiuiuedoutuans
sxfisanlulsziiune liun msiusiunudeya nsduwia anugnsissesoyanuduius
senindeyaiussuudey nsimunveuLtmesszuUlmngautu (Refining system boundaries)
wazn1studiu (Allocation)

v

TuRBUNTIATIRTTeNsaenaly wandagui 3-4
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msiwsaEusLRzIa U

'

LATHUMFLALTY usITays

_.m'xiﬁuLLr‘im_luﬂwﬁnmﬂﬁmmmwﬂ'aHa * LLm_lﬁuﬁnn"rs;ﬁuﬂmmﬁ'aga

ﬂ?‘ﬁLﬁU‘ﬂU?]N'ﬁaﬂﬂ

* TR P LH

#7IIHOUAIINGN ﬁawada‘j’agm

* Jayaiinndas v
R 9y

AMusNNRTYasTayaiy nsUud MR
nTEUIUMTHoY nsudslaln

A - & ' n
* Taian aﬂmaﬂmm REMITLIUNITLOL

o
2

aMusINusvasTayany

WBMTHII%

y Toyniigndasluudacmirunio

nsunuayadmuiu

mafindudayavie * nsswIndEsens
-

NIzUIUMTLaY

msdfuuivountosszuulng

a o o = 3
+ UYTTUNITNLRTIRAUL T

¢ o

UM 3-4  Fuseulpeyalivesnsianeitadsenis

T

fogen1sdnyinUeaisnensdawinden (Life cycle Inventory) Ua3aniusilag Lanssa

m1519% 3-8 wazsredaniaivdeyaiiedninadsienisduindenluguveinssuiunisnan
AR WARRagUN 3-5

maiunuTIndeya

fay¥sensawndendszneumeteyauimnanisldingivazwdsny saufnns
Uanudosnnueade 1amnaena uaana G?i\‘is[,uiﬂiﬂﬂ’l’iﬁlﬁ]zﬁ’lﬂﬂ’iLﬁU‘fJ’@ﬁ;jamﬂﬂﬁNaﬂﬁl’%ﬂ
Taglduuuseuamduvan Fslunsdiiliamnsalidoyanuuuuasunuld angsiauenayiinisas
mpauaiiod1sadeyavsel fdeyannienansenedasineg

msfunundeyaBuiuainmsdateyaluuvadoyadisdenineg efnwisenis
Tagaviilduaznszurunislunisudandnfoei wazaraunudenszuiunndatuantduaing
wuugeUMMAzd ULl US AUy huuvasununduLfiolinsginrunsuiou
auysal Andedlrideyadnaduiieudlodoyasien Iawysel aovamdsnsthdavends aufgu
saq iilelilddeyafianysal welddoyavesnszuiunsdossineg Aezthunsuduteyayaifie 3s
Fnsmuasuanisiuiuiuaruasdeavesteyaiiiteyafinumatiudrgnadluliiudvestoya
diensaaaueaugniesdnads Ssaruendelunmaiunuradeyamariaziuegiuingusvasdlu
nsAnEY warmsnandsan1stiugh (Double Counting) sausaiiiensyuaunisteeiiansyddld
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o
[

paevde Wy dnadndmanendllulssindngn) useansvieenvanyviln azfselivunaunistiuy
@71 (Allocation) L LAEIVBS

[

A Y] ' Y] o a % . a o
M1319% 3-8 fegansdnvhddsenisdannaeu (Life cycle Inventory) a0ananiueilag

d13vdn ‘ %y #15v1080 | 'zl
199#U (Raw Material Resources) nan9
= Tagiy fiu/A " pEnsdueindn #/U
" sl A
N5NeINT5553978 (Natural Resources) nanSusis/mdniusinassls
" Aesssuand MUBTUA | ®  pdndusisi/mansiusinassls f/A
" dudiuy Sl
gy dns/A
LY au../A
mskindsaulaiih (Energy Use) NMsUARENAANINI8INA (Air Emissions)
= i ildlunszuaunisude kwh/A " §asinsluwavesennia au.a/Aal
" 3a@1IN981AE WU CO,, CHg, HFC, ppm
NOx, SOx waz#lu (Dust)
izuuaﬁuauuﬁuﬂ msUdatuaasmati (Water Emissions)
" SpUUHARTUTIAINLTSTR aun/ | " SmmmsUdesinde v/l
u ﬁwumamlaﬁw %'J’ﬂm L mamimq‘fﬁ Wi BOD, COD, Total P, me/L
Fu/dalug Total N uag Suspended Solids (SS)
A3UaDARINI9AY (Solid Emissions)
" gaadefiurendannssuauns fuA
Wan
" pnegneutitnide fu/A

i : oynsuAmIEIU 1SO 14041 1998 §13lu anniudaandeslne. 2547, Alensdmihnsusniivipgins@inves
nandoel. neldlasins “nisdavigudeyanisussliuigdnstinvesnsndayuduuduasminndniien1sdnnis
FInapN”

ogalsfinny enafideyausdmiliaunsodumlslaenss auzvirnuagldundstoya

314‘] 91ILYU Sﬁ'agammﬂﬂdﬂuaLﬂiﬂxﬁmaﬂﬁzwuéﬂLLaﬂﬁau (Environmental Impact Assessment

Report; EIA Report) 183/a31nlenassneuni1sive unaaieinis Ineriinus wasdeyadedean

ANIUTENA NITAIUIUNIIAINTTY %ﬂﬁuagﬁuLwﬂiuiaﬁLLazaqﬁUszﬂaumqmﬁmaaﬂszmumﬁ

mmﬁmLﬁmaa;EL%mmqﬂumzmumiﬁu D

86



Jandu (Raw Materials) HiaA M (Products)

TAnAL A xxx Alaniy | N M| WRarTe 16u
andiu B o filandu v ”| By-products/Co-products
iandu C xxx filaniu WEAN W23 (Co-products) XXX 9%

wRnmaiwann e (By-products) XXX At

a3iail (Chemicals)

i D xxx Alaniu |

aaal E xxx filanu
[ NITUIUNIINES

winn1 Resources) 284139974 4

J—— ssocalar sl N wanfFofuiluwauis (Solid Waste)

BA 3o B4, . PanFuniiuauds XXX AU
L ] HAAINNI9IMA (Air Emissions)

YRFIINAIMNA (LW CO,, CH,, HFC, PFC,

w34 (Eneray) N;O, SFg, NO,, SO, uazilu)  xxx filansu
Wi wox Aladad-talus _ h| 48FTIMIW (Water pollution)

L%ULHE 3 (Fuel) | o 1 a1 (1w BOD, COD, Total P, Total
iy e T ' N waz Suspended Solid) xxx 3.N.GAT
- inau XXX RAT

' '
o ! v A a

UM 3-5 dedunsiivfeyaiiednritny@nensdwindenluguvensyuiuniswdnndnsdios

o

N139333d0ulaya

Waladayannuuuaaunny AneNUAEYNIsATIRaeudeya lneiisen1singiaasy
Usznausig

ATIFTOUAIINATUNINYDITBYA

InglUTeuiieuiutayannunad1edeiingg e

- J8YaaNTIeNURATIEINANTENUAWUINGEY (Environmental Impact Assessment
Report; EIA Report)

- J9yANIBNANTINBNUNNTIIY UNANWIVINT UagIneniinus
- doyadnadsainadszime Dusiu
N15959990UAIUYNHBIYETRYA

NsRTRADUANNYNARIURITBYavL TN IRALIAANT LasiisulAgIdayaTiin1THEs
HARSugUsTINAEIRY Inelndninaeifenauiaalsvidiwarasuieenineianuianainluiu
Seway 10 veaUTaingAuianue

n1studiukarNISAIUIMNMIALRASYRIUSINUANSV I LAZET5U88N (Inventory) 518
NANS MILENLAALNTLUIUNISHAR

v a

NIAVIUYTTIENITENRA 0N T9UTENoUMeUTTI8N1TaIVIT LA Uy TI18nN1TaT

<

o

[ |

Yeondmiuusazndniue ssuansandudeyaromiendniaueidsldaannis Judiu Fanisludu

[ 1

anunsavilavatedsateiu wu Judiulasdintdn JudiulasUSuiamdsanuy Judiulasyad
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nanAnea Tulasenisiazvinnisdudrulaetinin Fadunisidiivinvesan saeidunanlunis
AU

Tunisdaviidsenisduindoudviunisiuanssuaiuensmnniiiddeyanisudn
wanfausielnfeatunnaneiuiitdnssuiunsiindiondstu masundiadevosdeyaiielil
foyaflannsaidusunmesniswdnihesnmanazisdiadsnndeyaasviduazansneeniuy
wwueu SudunsAndiaismunszuiunisnangosvesusiasiud LaRIRagUT 3-6

|

3.3.3 WUUdUNTaNAUNYII8NS

yaugy

wuuapunudeyatiydsemsvasnsinunil Ussnoudedoya 6 dau uansfannenuan
finnsannseuaguieyaialy asudunsunisugnensmist namngnd1enenis nsA3ennas
waUQﬂLLazmsﬁuﬁuﬁ nsUgnuaznstngeinwineuningne (Reudanin) wagnsungeinwivny
n3nesauvmatens (idadange)

Cas Cas Cas o
W 1 W 2 W 3 fuain
¥ ¥ ¥ l
. - " - " - " )
nIzUIMn o 1 MTELUITYIE BT 1 NIEUTUNTTH BT 1 | nIsLumIEBON 1
h J Y ¥
. o " . " - " o
nizumMnIgon 2 MIELIHITIL BT 2 NIEUIUNIHaLT 2 p  nIELAMOIHBON 2
¥ ¥ ¥ ¥
" - i a ¥ - ¥ al
nizuaMnIdon 3 nrsUALAIH e 3 nEsUIwnTIand 3 nEELINAIHeLT 3
L J ¥ ¥ ¥
" - i -l i ") § -
nIzwIMnIgam 4 MIELUMYIE BT 4 NIEUTUNIH BT 4 | nIEUIMITHRET 4
L L ] v l

| >

SUM 3-6  WHUATNLEATIENISANALRASLUULLILDU
JUN 56

3.3.4 msUszliunansmuiawindaudiunnielaniou wisaisuaunaUsud

nsUssifiunansgnudandon WudupouiifidmnedieUssiiussdunansenuse
danndendisinrwddnlussuunandusiifiansan Tnaidunsudsdeyata@sensnslimineins
warn1sUanUdessnaas (AUSmamesingiuuasndsnuilinaonauveadefiintuianun) o
TuguveamanszyusiedswIndon MsUszifiunansenudsuindoudiunizlaniou vie msuoumay
Fuddeudnns LCA lunsnwil szuanswalumizsansdradeiiugiu Ao Aenisveulasenles
Feuwilumhenlansa (ke CO, equivalent) Fsiansenidiuns sail
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£

(1) YeyauguniiuaztoyanisnignuiadvieglusuvesUsunanisudesingisounsyan

(2) wlaseUunuiimseunseantvedlusuiteaisvaulaeenleiisuinseniae

[y 1w

AR Ineilupaiuardudsednsnisudesfineiseunssan (Emission factor)

YDINTLIDUNTLINLHALIUA

v

3.3.5 LLU‘Uﬂa‘lJmm’J'agauzuﬂi'mms
(A1ANUIN A)

3.4  WanISAEUIUY

3.4.1 STsensiawndan (Life Cycle Inventory)
f\]’]ﬂﬂ’]iLﬁU%}E]JJUaijiyJ%’i’lSﬂﬂiéﬂLL?ﬂéjEmsUENaQUEJNW’]’i’H]’]ﬂﬂﬁwﬁlﬂiiu Fagadansld
{Jo o1 uaransiadl uazvendefiAniu luiuiidmiadeniw uardmingassndl aseunquituiiaiy
YUIALEN FULLINNANS LavaILTALE Fad

o muvuadn  Jwdadanm  nquiledns 96 wuudeunw
o muvwanae Jwmdaldenw  ngudiege 39 wuvdeuad
o auvualng  Jmindinm  ngudleg 2 wuuEsuay
o muvndn  Jwingassll nquiledns 96 wuudeunw
® auvWIANaN Jmingasenll ngudleges 34 wuuaeuad
o auvualvgy  Jmingnssndl ngudleg 1 uuuseuny

ail YoyalnyTsenisauindenvasaiuliazruInluuiar A InLansfn1sen 3-9 s
3-14 uagen Emission Factor llunsussiiiu wanafanisei 3-7
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v

131971 3-9  Feyatnydsnenisdaandounisugnensmnist 1 15 arwawindn Jwiadanimg

<

dsudn | U | WiE #13v199n | Usua | 9E
s Feun 3wz UgnuaynsUSUAT AR
Uiiufia 2.4115 Alanfu thewan Whwdnuky) | 5689.10 | Alansu
Wshuades 0.0652 Alansu
Uold 69212 | Alanu
Joman 0.5415 Alan3y
o 15-15-15 0.0903 Alanfu
e 0-3-0 17.2469 Alansy
Glyphosate 0.0508 Alansu
713UgNuazIasNYINaUN19NTAENY
AU 74 ]
ogi5e 02924 | Alansu
Joaon 206627 | Alansu
o 16-16-8 34064 | Alandu
o 15-15-15 2967899 |  Alan3u
o 16-16-16 8.0409 | AlanSu
o 20-8-20 30.7505 | Alandu
o 16-9-16 00682 | Alansu
o 20-10-12 64.6199 | Alandu
o 18-4-5 13.5965 Alansu
Glyphosate 9.9065 Alansu
n7ﬂ/@nuazmgﬁnwwmsn?ﬂmwunimffdwmawma
Joman 183.6593 Alan3y
Jondndinm 310.4101 Alanfu
Jogse 182.9653 Alanfu
o 4-4-4 283912 | Alansy
Uy 15-15-15 117.8233 Alan3y
{Jg 20-10-12 98.1073 Alansu
Jo 16-16-16 26.8139 Alan3u
{8 18-20-18 188.8013 Alanu
o 20-8-20 159.3060 Alan3y
{Jo 18-4-5 79.4953 Alan3y
o 21-4-21 829.6519 Alanfu
e 21-0-0 59.9354 Alanfu
o 15-20-20 18.7711 Alan3y
o 16-20-0 45.4259 Alan3y
Glyphosate 0.2016 Alansy
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#15199 3-10 Yeyavasnenisauinaeunisugnenemna 1 15 awvnanans Jamdndaniw

Y

A7135047 | Usud | VARG #1391980 | Usua | LRE]
158385z UanUazNISUSURWT wén i
niiufia 3.7440 |  Alan3u thesan uuut) | 605871 | Alandu
Unsuedos 0.0706 |  Alan3u
Glyphosate 0.0507 Alansy
Joman 7.3736 | Alansu
{Je 0-3-0 109116 | Alansu
N13Ugnuaz s INeUNI1IN3Ae N
fuBg 71 iy
Joman 130.1105 |  Alansu
Uy 15-15-15 488.2490 Alan3u
o 20-10-12 38.4615 |  Alansu
Glyphosate 7.9397 Alansy
msUgnuaz 39w ITalzn Sae N se iR 18e79
Joman 583.4257 |  Alandu
Jogse 34.9224 | Alansu
{Jo 15-15-15 4356984 | Alan3u
e 20-8-20 83.9886 | dlansu
Uy 21-4-21 1,241.1585 Alan3u
Jo 21-0-0 37.6940 | Alan3u
e 46-0-0 179.6009 |  Alan3u
o 15-5-25 50.8869 | flan3u
Glyphosate 12752 | Alandu

137991 3-11 Feyada@sensduinaeunisugnenanist 1 1S avuelng damindanim

Y

a3vdn | U | g #13v1990 | U | niag
NI5ATEMTNIZaNUaE NI TUSURT ARSI
niiufia 5.0440 Alansu e uuuiy) | 777600 | Alandu
Psueios 0.1060 Alansu
Joman 15.7143 Alan3u
N715Ugnuaz s INewnI1IN3Ae 1N
HUBIINIT 70 iy
Joman 1,428.5714 Alansu
e 46-0-0 200.0000 Alansu
o 18-46-0 185.7143 Alansu
e 0-0-60 285.7143 Alansy
Glyphosate 25.1218 Alansu
nsUgnua 93w ITalzn SR TN TERIMLR 18879
Joman 4,500.0000 Alansu
o 46-0-0 900.0000 Alansu
o 18-46-0 450.0000 Alansu
e 0-0-60 900.0000 Alansu
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191971 3-12 Feyatydsiensdwindeunisuanenanis 1 13 auvuieidn fmingasent

Y

A15987 | U3ua | g #139198n | Usua | wiae
15385z UanUazNSUSURLT wén i
niiufia 3.7440 Alansu thensan (wuut) | 516873 | Alandu
Unsuedos 0.0706 Alan3u
e 0-3-0 9.2815 Alansy
713Ugnuaz Iy InauN 19N TAEY
FUYWNIT 72 §iu
Jeiln 16.3628 Alansy
Jondindinm 3.9610 Alan3u
Y3y 10.6099 Alansu
Joman 119.3964 Alansu
{Jo 18-8-8 12.7633 Alansu
o 16-16-8 11.9459 Alan3u
e 16-8-8 5.8881 Alansu
Uy 15-15-15 316.7557 Alansu
o 20-10-12 91.9665 Alansu
{J8 20-8-20 41.7667 Alansu
Glyphosate 11.6284 Alansu
NsUgNUar TSN IYRIzN SR TN TERIMLR 18879
Jola 50.7291 Alan3u
Joman 241.8506 Alansu
JuBun3d 85.1709 Alan3u
Youmindanw 32,1271 Alansy
Uy 15-15-15 834.6642 Alansu
Jy 27-12-6 30.4367 Alansy
o 16-16-16 24.5184 Alansy
o 20-8-20 131.9868 Alansu
Jo 21-7-14 6.7637 Alansu
o 21-4-21 752.3242 Alansy
e 19-9-19 49.0374 Alansu
o 30-5-18 134.3354 Alansy
o 46-0-0 109.9108 Alansu
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9115199 3-13 Jeyatndsnen1sduindeun1sugnenanisi 1 15 auwinnan Jamingassnd

Y

A15987 | U3ua | g #139198n | Usua | wiae
15385z UanUazNSUSURLT wén i
niiufia 3.7440 Alansu thensan (uuut) | 621509 | Alany
Unsuedos 0.0706 Alan3u
Joman 3.0409 Alan3u
o 0-3-0 10.2193 Alansu
713UgNUaz 9N YINBUNI1TNTAEI
FUINNIT 70 §i
Joman 113.5597 Alan3u
o 15-15-15 558.2286 Alansu
o 20-10-12 14.3505 Alansu
Jo 16-16-16 0.6326 Alansu
Glyphosate 13.6785 Alansy
nsUgnuaz 39w ITalzn Sae N se iR 18e79
Joman 143.3905 Alansu
Jo 15-15-15 393.64 Alansu
{J8 20-8-20 2081 Alansu
o 21-4-21 2,503.82 Alansu
o 6-3-5 58.38 Alansu
o 25-7-7 56.18 Alansu
e 46-0-0 90.88 Alansu

137991 3-14 Yeyatay¥sensdundounisgnenanist 1 1S aauvuielng dmingassiil

A15987 | U3aa | niag #1391980 | Usua | VEE]
N5 TINIZaNUaEnITUS U NASU
niiufia 5.0440 Alansu thensan (uuut) | 624375 | Alandu
Yifuedes 0.1060 Alansy
e 0-3-0 17.5000 Alan3u
713Ugnuaz 139Ny INauN 19N TAEY
FUIINIT 76 iy
{J8 20-10-12 575.0000 Alansu
Glyphosate 25.5600 Alansu
nsUgnuaz 39w IvalznSae N se iR 18e79
{Js 30-5-18 | 2,706.0000 |  Alansu
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13299 3-15 Emission Factor l4lun15Ussiiun1suaunmusuAueaIugans

Emission Factor

318113 WIAR9D1989
(kgCOe./kg)

ﬂ'&ﬂiﬂmimu 2.7896 SimaPro 7.3.2: Ammonium sulphate, as N, at regional
storehouse/RER U, Econvent 2.2

Jevloaneda 1.6117 SimaPro 7.3.2: Diammonium phosphate, as P205 at re-
gional storehouse/RER U, Econvent 2.2

Jelnunagey 3.3780 SimaPro 7.3.2: Potassium chloride, as K20, at regional
storehouse/RER U, Econvent 2.2

wuulAlgu 5.2669 SimaPro 7.3.2: Mancozeb, at regional storage/ RER U,
Econvent 2.2

Tnalviim 16.0000 TGO Guidebook (1.8. 57): Glyphosate, Econvent 2.2

WITIAIDA 3.2300 TGO Guidebook (1.8. 57): Paraquat, Econvent 2.2

Yhfuadas 0.8319 TGO Guidebook (k1.8. 57): Lubricating oil, at
plant,Ecoinvent 2.2, IPCC 2007 GWP 100a

Yhifudiea (MslEun) 0.3282 TGO Guidebook (131.8. 57): tsuiiwa, Thai national
database

dhifufioa (nswnlngd) 2.7446 TGO Guidebook (131.8. 57): fiea (fifin1swadeud), IPCC

3.4.2 wamsussiiumsusurnUIudvasEIueINIs

nan1sAnyIANAIfUBurUTUvesaus s Tlulnituifm ndanuuas
favrtagasonil Tuiitasiiiaue 2 Uuuy 1éun AansusurnUsudvesausanTraontd
pgfueeiols wagAAsueuaUI e AR SuTisevtevil (Functional unit) wieen
An$uaunUSURvRIARFusihensan 1 Alansu TnenanisAnuannsnaguldsd

ANSUBUIAUIUYvRIAIUENIINTIAREAT N g uEIREls auTuIaiEn aau
yuIAnans wazarurialug vesdmindannuarimingnssd uanaisnsned 3-16 uas
5Ufl 3-7 (AAsueuRUSuATIN NN IBIM s Ugniatosinn Weiisutunisugn
wazthgeshwinewdanin wasnisUgnuasinigednwvazninauvuneny Jaibiliviunsim
Tudimvainsnieunisinizugn)

AsUDuNRUTUvR AN SusiReMaming (Functional unit) n3erA15uon
wUSusivesHAnSusithensan 1 Alandu vesdmiadinuuazfmingnoid uansfamansd
3-17 uarguil 3-8 (ArArsuounaUsuATiININN RN TNz UgnTiadesun Weley
fumsvgnuazinzesnwinewdania wagn1sugnuasingesinevaninaununeiy 39l
Liviunsludiuvesniswseunsmzdgn)
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191971 3-16 AIANSUBUINUSUYIVOIEINENNITINaenY e eRue19sals aruvuaan @
YUIANAN Uagatuuua g vesdanindaniuiasdawingnssiil

T o ,
NUAFIUBIINIT kgCOze/13
FULNINNTVEIAEN (uAtesnin 50 19) SauinTeniw 4,729.76
ANUYIINTIVUIANENE (WUANINNI 50 15 wetieendn 250 15) Sanindansu 6,119.07
AuULINITvUIR e (fufuinnan 250 19) dwmindeniu 8,968.05
ANLRRY #2UB1aN15T JaIadenw 6,473.54
AUINITILIAEN (Nuidesndt 50 13) Smingassiil 5,996.41
AUENINTIVNIANG. (WuATINd 50 15 waitesndn 250 15) Ywmingassiil 9,058.70
augnenunalng (Wununnd 250 15) Swmingasentl 9,584.29
ANRAY AIUYINITT WNINANT5NE 8,166.03
12,000.00
10,000.00 —
8,000.00 L
a
o AR
8 6,000.00 B — - N ﬂ“TUQHL;azLT“i‘ﬁrnzrmmznci'mu
4 wuADgY
4,000.00 - T P P P P B Oasdanuasthysineinounie
2O o [ B OB OB ™M B wowedsumanzign
o T T T T T T T 1
* &, & &*
&+ 5{{{&‘ & 5{\&? & ‘:5\'{? & si{ié "ﬁ;{:& ":"‘{:} %"I“r.{:h @r::h
(] = N % & q & N
G 2@ 2@ ag” B0 g LB a0
. g e = ;&Tb o;i_fﬁ‘q ar;_t:i\ »;}s_tp o’éi‘q
Et I gy
£ NS ) o \“‘;\ gﬂo’\ Ay
t\'{\ rb.-\'\@ o Q\f@' Q& "r.DDQ‘

JUTL37  AesuaulnUsuAveEIuENNIINADATINe R usIwals @auTUIAEn dau
YUIANAN wazauralvg vesdamindinminazimingnssnil
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v

139 3-17 AansusulnUTudveswaniuiuiean 1 Alansu verwmindinmuazdmin

=
9n5514l
I 7
NUNFIUYIINIT gCOe/kg UEN9EA
gD (Fulidesnin 50 19) Jawindanu 251
AUHNNITIVUINNEN (Wudiunndl 50 13 ustiesndn 250 19) dawindenn 303
aueITvualng (Wufunnnan 250 19) Jmindanw 346
ANRAY #9UB19N131 F9Indennu 302
AUINITILIAEN (Nuidesndt 50 13) Smingassiil 348
AUENINTIVNIANG. (WuATINd 50 15 waitesndn 250 15) Ywmingassiil 437
augnenunalng (Wununnd 250 15) Swmingasentl 461
ANRAY AIUBINITT TNINaNT51E 413
500.00
235
450.00 —
ﬂ]
400.00 — T
350.00 108 321 I .
231 215
. 300.00 1t 1101
q{“ 226
8 250.00 1t Emsvgnuasdigsineumeninog
= 2000 4 H—HFHHH+H—HH HHH HH - YLD TY
15000 4 — — - 1 | I |- Omsugauasdigesnnneunie
10000 — Lt 1t 11
|| S I e R ) I I B W nswseunsmnzUan
50.00 — T F b
- T T T T T T T 1
& o & & 2 D 2 2
(ib'ii\r\ ,g.bé\\ ,ﬁ@r\ {b@r\ @‘é\ @\‘f‘;\ @\"'@(\ @455\
M RO Y CARY T CO
T T R T S S S
R - 2,0 - 3
& (S &4{& & é@(\ ST
ap & ,\)‘:\ @ o & & o
oS &> o N & ) @
@f“;‘) o e &S oS
é} [ a Qgh 4{3

U 38 AmsueunnUsuAveInandnI g san 1 Alansu @auvuadn auawinnas
wazauwunlng vesdaindaniuiasdingnssil

2n3UT 3-8 uhAAusuRUIURTE AR SeiNean 1 Alandy Tudwda
Janm aauersnswunlng fawiniign sosasfionn @Ius1IMITIVUIANGIS WaTAIY
grammeunin ausiy fadululumaietuiemsveulaUsuivoman it e
1 Alanfu lufwiagassndl Feausranmawalgidesveuauiudiniian aude
FIUNNITIVUIANG N UAZAIUNNITIVUIAEN AUEIRY

winfiansandawansenundnuesnisiuanssy tnednanndunauainnsldde
ulnsiau Jerloavieda uaslelnunaifoy Famuhuiifdnsldlounasiidaivounn-
Uudlulununliuiigaduieaty el dnedenisldgelulasiau Yevleanada wasis

96



TnunaiBesmasusiaziiuil wansdenead 3-18 uonani mslddevennumsnsdandns e
sufsnslideiiiequainwiduiamnsneulanin uazvdndania agidnnnnituium
51N duveanisugnduenamng dmiumansiusenidsamie auduuziives
antuiduens® Bnsne uansdsgui 3-9 wag 3-10

13299 3-18 ANslddevesaugamsudasiuiiuisuiisuiuaasusunnUsuivesusias
wun Jwmrindanuiazdmingnsenil

Jy Jy Jy
Hufteugnana lulasiou | wosweds | Twumalon | s | érwiu | endueuaduil | v
Alan3w/Alandu thensan) ¢CO2e/kg Hensan

aueenTwadn (ludidesnds 50 15) 0.0211 0.0113 0.0188 0.0512 6 251 6
Jaindann

augnamnsewelng) (Wuiiinnndi 50 15) 0.0271 0.0106 0.0218 0.0595 5 303 5
Fandindenw

augnamnsewelvg) (Wuiiinnnda 250 13) 0.0270 0.0151 0.0298 0.0718 3 346 4
Jaindann

aueenTwadn (ludidesnd 50 15) 0.0303 0.0150 0.0248 0.0701 4 348 3
Jwmingassnd

AU NNITIVUIA G (Wufnnnd 50 19) 0.0354 0.0325 0.0327 0.1006 1 437 2
Jwmingassni

augnamnseweivg) (Wuiiinnndi 250 13) 0.0445 0.0093 0.0267 0.0805 2 461 1
Jwmingassni

Osdwnw @ dery BLdinm Bsgasend

'
=

+ 4444

B gassd

S

B grssdl W dwund anduidoen

K20

JUN 39 YSunasgewnsanmisladevesaugnansdueigieudania fmindiniw
waranss1ll wWisuisuiunsladenuiwuziivesantuideens

¥

® yyunsn AaEnIs (2556). mMnawnalulagnisdnnssneImsivy dmsugnamnsnaniziui.
AT NTHIVINSNYAT
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Os Syt WM Sy WL Tanw

U 3-10

BS gasad

Bt gassil

i

BL grseril @ Awuzh

Antiuides

USunasnemnsanmislddevesaiugnansidisengraatania Jandnteniw

= = = U 1+ o o U a v
LECRNITIU L'lJ'iEJ‘UL‘VIEJ‘UﬂUﬂ’]ﬂauEJ(?]’]JJF]’]LLUSU’W@Q&@’]UH?R]EJEJ’N

n1sUszliuAsuaunnUTuivaliensan Wisuieuiuauidedug n1sdnwm
ArAsusunUIuivesndnsuviainaiuersnislulagiu dndszifiuneiiensan dadu

1 s

a v L3

HAnduIanveIN1sUgnemnT uenmileluanwindaeinaseld wu L uaztn
17 Dudiu fsiiu lunsfinenfasdSeudisuivnuidenlafinsdssuasveunnusurives

a o

NARAUINUIYN9ERN AUUANUIENUNT (MagUseiiu) 1 Alansy LanInami$199 3-19

13249 3-19 ASUDUNAUTUNVDINERST

PN 9@AUS U UAUNUITED U

unasdoya g COseq./Alansy Yrenean
gudeyasieUseing | Ecoinvent 2.2, - 9854W33 SimaPro Version 7.3.2 0.00
g’lu“ﬁ@uﬂﬁﬂi%mﬁimﬂ Thai national database, TGO (2557) 38.10
nuAdeluszine Jawjit. et al. (2010) 203.00
Anads Smindum3 | meldewids 9 2556 200.00
Aade Soinsvees | meldnuide U 2556 221.00
Anade Ywtadenm | aneldauide 9 2557 302.00
fade Jmingassdl | meldnudde U 2557 413.00

£ =

INA1TNN 3-19 ziulainAedsvestingandaindniu wasdminanssiil

9

aelan1s@nwil fiAngendtAtadeveniigvandininszees uazdanindunys aeld

3
[ (%

iAfel 2556 asnUimunsliverenheviiivesiensandmindenis uas o
gasniifiAngand JailaasusunUsuigemnaludae Auadsvesisanimiadunys
wagdaninszeos neldnnsnwi é’aﬁmmLmﬂ@hﬂﬁnﬂgmﬁﬁagaﬁgﬂﬁuawismﬂlmu,az
AUszima Geeradunaunainnisimunveuin 38nstudin uaganisudesfinmiiou
nszanvestyTsensindouiiuaneafiu
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3.4.3 agUnanisaiiueu

nnavszdiuaniveunauiuivesnandasitiesan 1 Alandu luufia
E1MTIIFIUVLIEN FIUVLINNA wazaIuTuInlg v9999rindenaw wazdnin
903517 WUI @usenTUalug dewnndige sesasienn @IULNITIVLIANANT Az
augnamaadn ausdu Sadullumadieatui 2 Smi Tngnuiusunaunslady
Gia‘mu'wLﬂ’jummwé’ﬂﬁﬁaNaﬂswwiamﬂﬁuauwm%luﬁ dntladenilafidamaronifuon
wUsus fio Usinamandntiensnanandels mnnensnsansodiusendsldinntu lasd
geldteluTmaniniy vielidanawusfinmananazannsnanaiansuaunnuIudls
\leannlutiagduinuasnsdrulnglddomnniiunnudniy ngsinemsiifvdeanisny
Touuinvesantuiduens dwsunmsdgnenamsnianziueenideanie uenanasidu
nMsanNansENUAINdoNLd Saeiiunandnadeliinngs fevay 26.01 vosnandnieu
nsuUsulgs Anduduiildifutuanuanan 6,835 vin/ls/Ad Ewassldansaenmns
70 uwseilansu wazAwINAUEINTIAYETIETNIn WhBudmIAN W.A.2554 Toyaan
nsunsinely) wazduduandununisudndneie
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unil 4
o 3 A quve v o o ¢ X ¢
miﬂﬂ‘le}’lﬁuqau’lLwaol?itﬂu?lagaﬁm%ﬂaLﬁlaiﬂﬁﬂiu&lﬂlma’mmﬁwﬁ’l

=1

4.1  anudAyuaznuIvesdem

TutaamaeBiiinuun fanudesnsldormsiistuinnlulan Seilfinsesiiuiiugn
dusnntuluvansyseina Tnglanizegnada Ju an fuwen w1 Benuia uazduiie it
Hurednagfinmsianet dethiufiuugnensnsuasasiinansznudepdnsiluginie Tned
iniselussiuurivnguianudaiiuiiesnsnduiiviléiunn waenswdsuwiasnsly
i Lﬁasumaﬁuﬁﬂaﬂmawwﬁﬁuawﬁmaﬂsmwiaifﬁﬁaﬁuua iRy desmansenuaiisnnny
Fovmeseanmwindould fafu ilevanissmanssnuseustimalnsaindeyanisinyiiewmesnn
Usudlnefau mummwﬂuamammﬁwLmlmLaqmaamammamasﬂmﬂsummmammsqmﬂwuw
UQﬂaausJWQWWiWﬂﬁaluUsymelmEJ LwaﬁmﬂmagawugmwmLUuamammmimmaukﬂuimu

Ylgule

uenNll MIRnwIALAATITBsEIUENINIT1 Azl TUUBnunslddivesauenam uax
ysunanszvvrestafeanimuandeudenisliihuesnams SﬁagaﬁugmﬁﬁﬁﬂLid;luasméwiami
Jsziiunansgnuresaniglandoudenislihvnserans wagdaddysenisinaulanisli
yaUszvu uwarnsdanisiluauenanmegnaiiussAvaam ansaiunanAnuarUssavsnmnis
HANYDI1INITLA '?J'm?]gqE‘J'QL‘TJu%'ayjaﬁﬁagL%auiama Tnoamzegadaleuiedenivadsenuls
augeIFasiinaneuununIauigann feludumstuuasdan

4.2 N1SAIUIIUIY

NSANYIAUARATISUBUTBIEIUE NS IALEUNTIY 2 Al Laun

fa o

Site VI 1 ﬂ'LJEJ’J%EJEﬂ\‘lQUL‘lNWI‘J'I DIUNDAUNNTULUA IIRINRLLTUNT

WUaee190M81n B AUEITBesaBans (azhign 13°34'21.97" "N aesfign 101°28" 5.53"E
mmqqmﬂssﬁuﬁlﬂmma 69 1un3) é'?aag:ﬁé’%maum%’am JMINRLLTUNT LLanmmaaa&uﬁasﬂJﬂmq
ﬂué%%’a fiilofiuszanm 50 13 Lﬁuﬁuﬁﬂaﬂmﬂﬁmﬁaﬁmu Uaneamns1fiug RRIM 600 a188uens

0U @ e 2557) 383 Uaﬂ 2.5 x 7 1103 hay LUmﬂimmu,m 111 mu’tuwuwﬂaﬂmammﬁmu

s

nuUNsYS mmmmmmwumaumﬂm llﬂ’)"lllﬂu’]LﬁﬂJE]?JENLi’e]UfJ@WEJ’NWWﬁW (TLJ‘V] 2-1)

9

Site 71 2 Nufigaus19VEUNEAINS BNBUNAIN TanTaTaniu

AUEITIIONAYATNT SaagTisuaeUnan Saminteni (azfign 18°13'22.77"N avsfig
103°18'59.46""E AugeaInszduLimea 200 was) Midlefivszann 100 15 Wuiuiiugnensiae
oy Ugnenan g RRIM 600 o1gfuens 5 T (U .. 2557) sveign 3 x 7 lng wawiu
Fugnadidsliilanie auiuﬁuﬁﬂqﬂsmﬁ]uﬁqmauiwuﬁé’a mumqwwsﬁﬁlﬂumumawwmﬂgﬂim o4
Tuwaiiuinisugnatugnemsn seexd 3 wanauls uasdeilesanszesd 2 uilsdils Auidao
anduresiiuiroudiuh fanuasiiauevesdousensnans (Uil 2-2)
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4.2.1 FIULINUAZATIAFRUNTTINIUVBIYAgUNTAl Eddy Covariance %ngunIningiain
angiionnia uazyngunsaidug ldlunisinudeyaide

AuNIINTIREeUN1TINUYeIYAgUnsal Eddy Covariance WazyngUnIaingain
anmaifionia waraeuifisus (Calibrate) Wy gagunsalinenemansaildlunisiivteyaifevesiiug
Anwvia 2 site

4.2.2 nmInsdauaziuiindeyayanionnAvasnuiiugnens

9 v

YngUNIAlNTINTRANNOTINAGNARAITISEAUAINGS 25 UaE 15 WAT UL tower ¥BY

9
I 1 uay 2 (U 2-3) muandu lagusenausig

NUNFAN®W Site

- anuSuazfiansanmilenuiivgnens lneldiaesinnnuiuasiienisay wuu 2
4% 31 03002 USHM RM Young, USA

- TaguungiionniAnarAuIuduing dreinIesingamginaradududusing
(Temperature and Relative Humidity Probe) q'u HMP45C 2839U3%% Vaisala Inc.,
USA.

- Yausinanidusiefuluituiugnensns Metedesiauiinaniinu Rain Gauges Ju
TE525 TIPPING BUCKET Rain Gage ¥94U3%% Campbell Scientific, U.S.A.

- Taanuduuasazaudeiuluiiunlgneranis laeldinsesinnnuduiaseniing
(Quantum sensor) 3u LI-190SA ¥89U3¥% Licor, Inc., U.S.A

- JaUsunsdnseiing (Global solar radiation, Rg) fiwlasugnensnisilasu fme
1A50397n59dn19919198 (Solar radiation sensor) Ju LPO2 v84uU3¥N Hukseflux,
U.S.A.

v

- IaUSuSedem
Fedaseniindan

b

(Net radiation, Rn) fiuvasugnensnsilésu setadesinyium
sq'u NR-Lite ¥99U3EM Kipp & Zonen Inc., Netherlands

[&)))

anudlunisiadaznistuiindifnldvesyagunssinsraiaaningiionnieaz
fuiumsmumdsiiiniselusunsulueiosmunuuartiuiindeyauuusalusi@ fu CR1000 Ao 4z
Suiindeyadaanud 20 Hz ve 20 aswieunit deiflasnann 24 Falus wasdinmsRadeszuunsds
Joyarunedyaalnsdnn dmsunsieasumsinnuvesyngunsal uazldlusunsy LoggerNet Tu
nsanelouteya feyailldazgaiiulilusuves AsCll file

4.2.3 nsnsaviauaztuiinaugaun (Water flux) vaswunugnens

nsfnwaugatviesmnsuandsuletlussduuasulngllignimuniulag
thimafiemsinugagiionnia Fsendoanuduriussevinemnuiay wazUinaeudutuvedlot
Wedseiiudnsnisuanidsuledidefiuiinazina Tutlagtuanuiamilunsiauiiedeaile
Inermansvilitninemaniinaiansgagfienmanlivsududannisuanivasulothasng
3199779 Tnstawzegnaddlunsinuuszansamnslidinefialussuuiinasee lan
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wallA Eddy Covariance (Goulden et al., 1996) Wuwafialunsasiatasuesiely
sgfugagienia (Micro-climate) Aafgaludaguildlunisinnisuanivdsunesfiineg
asvoulaeeniys lovh uazndsmilaenss Susiaruaiesinamududuvesinsaiveulaeenles
wazU3analedh szuudn (Open path infrared gas analyzer) U LI-7500 ¥84U3%% Li-COR Inc.
uazia3osinAaTwarimnisan wuu 3 17 (amsiaslufianis x, y, 2) (Three dimensional
sonic anemometer) U CSAT3 U89UTEN Campbell Scientific Ul tower ﬁﬁmmq&mﬁamwjuﬁ%
fifnw wagihlfnisiadasnsuanivdsuresinaaisueulasenled wagledrty asounquitud
yualng mslfiadesilonfannsansainliedsnnia fanulhrenisasuulasuesdsiidnm
(Sensitive) fAuNABIUAZLIUENEY (Accurate Uag Precise) WagNUNIUABAIINLUTUTIUYDY
anmuanden Liesanilinruudsunuannvesieidnuluszuy LLazmiLﬂﬁauLLUaaﬁﬂiwﬂgﬁuLﬁﬂ
TutSinaiidossnn Snitsdosnismmaineedisaiiomaanian vilfanunsonsaaianisae
LLazmimaizmsﬁuaaﬁwaqszwﬁmeq‘wwwmmimﬁié’a&mﬁﬂizamﬁmw uazdavinlinsiuis
anuseulmusszuvinag N setlidsanmndentaznsiasunlasuesanmgiennieals
sy uazannsnihdeyaildluinnevimeanuduiusiutiadosuun 16

Tunn3finun3ds gngunsal Eddy Covariance aggnindalifinaugs 27 uag 12 wins
Uu tower vasiuiAnw Site 7 1 (Fairaznduns) uay 2 Fwiadanm) musiiy Toyadiiald
Mniadesiioazgnifufinadunifatiufintoyarunaaug 2 GB (Compact flash) dsgninssagiu
\n3eadufindeyauuusnluil@ (Data logger) tnidazivdsuniatufintoyaaninieatuiindeya
wuusalusiaivng 2 dUnni mstuiindeyaveaniestuiindeyauuusmlusifasdidunisnudidsd
in3delusunsuly fio axduiindeyadenud 20 Hz wi3e 20 ASwieRund maon 24 Fala

. % X 4 v ,
N15AUIUNITAETEINEUNYRINUNUgne1an 51 tagldinatlla Eddy Covariance
ANU1TOANUIUNIYAEUNTT Aal)

_ 86,400LE

LT) (1)

L(T)=[2501-2.37T ]x103 )
Togdl ET = evapotranspiration (mm day™)

LE = the latent heat flux (W m™)
L(T)=the latent heat of vaporization as a function of temperature

QawnasaUTud

JawmasHAUTUS (Water footprint) {un3ostinuSunanhfildly (viesiudauiunanh
Uangaanu1a1nszuunsHanieg) AuinanUsunannnigld (m?® ha') de Usunaunandnvesitviu
(ton ha') Haa1W3Feves Bhardwaj et al. NRANHLWY A.A. 2010 lamwinawesiaUsudAMmENanIs
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A5797USUN5EUIA1838 Eddy Covariance 21n9ns1d@iusenIneUsuaudfld Tunuie m?
year! faUsunawanan Tumiie ton year!

. cwu
F(Yield )= —; (3)
( ) Yield
"3
W
WF (ANPP) = WU (@)
ANPP
Tefi WF = water footprint
CWU = crop water use %39 Usinaunisidunvesiie dsusziiulaaina ET lnamada
Eddy Covariance (W m?)
Yield = wananuaIngnAne
ANPP = U33naufinanaianunvoan
'{} — »n
Water footprint
_—
Rk
T 3
N o
Evapotranspiration, ETR | & \ Precipitation
A C
Transpiration
Elli]-l-—r ‘~
)
Evaporation Sap flow ‘ (i )
I s , profile Sk
B S S5 SSRGS ey
I ~

"
LA O

Soil water content {|

5U#i 4-1 System boundary v84lA5an15 “MsAnwaunain ieldidudeyadnrinnemesunusus
U 9 Y 9
VYDEIUY NN
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-,[ Raw data (10 Hz) J
-
-

[ Post processing ]

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

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

y

| 30 minute FCO, I

v

1. Quality analysis, QA
2. Quality check, QC
3. Gap-filling method

1. Gross primary production,

GPP

2. Net primary production, NPP

3. Respiratio of ecosytemn, Re

W

Carbon footprint

4-2  FumBUNISAMUIAERIINSwandsuAsuaulaoanlanwazii (flux of CO, wag H,0 )
wazAASUBUNAUTUALAZ YIRS HAUTUA

[

sUn
Ui 4-2

| 30 minute FH,O I

1. Quality analysis, QA
2. Quality check, QC
3. Gap-filling method

| Crop water use, CWU]

[

4.2.4 nswmasuvaslnluafu (Sap flow) wazn1sAEUIYEIAUENS (Transpiration)

1%
= o

mimsnfwaaﬁsuLﬁuﬂszmumiquLaaum'mluéfuﬁ*umuwmﬂ'miu (Taiz and Zeiger,
2006) MsAnwINsAETYesiarhlénaneds Wy nsinan stomatal conductance (Motzer et al.,
2005) N5UsEINANMTIA sap flow (Hatton et al., 1995; Granier et al., 1987) w3aldi5nsauna
¥ Tumsianisszmetn (ETo) wazesAusynausus 1y Soil water budget, Sap flow, Eddy

Covariance Way Catchment water balance (Wilson et al., 2001).

BN9UsEIIUNIIAIBEIAINAITIANITAAD UYL IUAIAUL WS Sap flow Fsaunsain
f875n13 Heat dissipation method @AnLUasaInisn1sues Granier (1985, 1987) AieilATe4in
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Snmsluavesitludéiu Ju SF32 Sap flow sensor 1esUFEN UP lun1sduinsnginisivanes
i ey mm wanideumbeduanismetheesiis Smbedu mm.day ! fuisnsiiae
ansaldfnmnmsasundawesSinahluduiliotesiunisnasy warussansamansldiilu
1ZEudulaR (Smith and Allen 1996) wenanil Seanansalddssifiunmsameilusyiuudasldsnae
(Ford et al., 2014)

N5 Sap flow density i1lalagdsn1snszateauiou (Heat dissipation method)
FefnulasunaInIsnisves Granier (1987) nsinisnszatsaufeurinldlanisiinge Thermo-
couple probe ﬁﬁﬂmé’ﬂwmvmﬁauﬁuﬁwmu 2 probe L%ﬂﬂ"lul,ﬁalﬁa sapwood 1ne probe Hagos
9w aﬂmmwauﬂﬂuummmaﬂuﬂiumm 10 cm probe flogsiuans delsifiarnvianuiouarin
gaungiivesiilaimilurned probe flogiuuuiu fimanyihanuieutsddesauieusoninuay
mqmmmiﬂlumwmmﬂu AATIUANANIYBgMMATaINIta 2 probe Tusgifuauiianislnaves
i1l sapwood Tngusnalutnanansiu Fsdinislvaveninunn Aesuandagamniannita 2 probe
e udlugananansiu feinslvaveshiiosunn Aanuusnitsesgamgiiasgdldds 10 -

' =2

13°C mnuwanansvagangiidanandgnléidudeyadmiunisanudnsnisivavenintudisiu
W% (Granier, 1985)

Sap flow density (Js) fiheilu liters.dm?h fusalldanaunsd 5
Js =312 X 10761231 (5

wag Sap flow index (K) AwInaINgumiifiuaneeiuves Probe yisaeansaun1sin 6

ATo—AT;
K=—"—! (6)
AT;
Tng AT, = daily maximum temperature difference
AT, = current temperature difference 53319 probe 714 2 %4 2 Andluieidusad

ALt d

dlethdn Sap flow density Tuusiazranaunuszdiu f1 Sap flow density Tuseuu
Fadvihewdu ke m? day! avanunsathunewandu Tree transpiration (ET) ¢ usliilosan probe
Aldiuldaunsatanisinavesinluieddesldvainunaindosiinvesnnuens probe Na-
Ayutthaya et al. (2010) 3dlgFnwuaziaueiznisuiluanueanedonlunisiuanisivaveiin

sennavieddgasnuuanuwazaululifsaunisn 7

0.874x10~2xJsxsapwood area
Er = 3 (7)

tree space area
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nsnTIaTarnIsAetiveity (Transpiration) %adﬁuﬁﬂqﬂmqﬂy’a 2 Site Huazinde
33115 Heat dissipation method #98AuUasaINIF15989 Granier (1985, 1987) feLA3eaindns
nslvaveniluddu U SF32 Sap flow sensor ¥8aU3¥M UP Hunsdnnasasnisinavesi i
wie¥ady mm wazdsuniodudinisaetivesity fnaedu mm.day’ Nudidnwudas
Sites azuUdu 3 plot Ingluusas plot azdaduniaslovuduens $1uau 3 du svuuiildouds

& S 2 v Y wa | v = v Y a =~ o =
nantiduszuuiinudeyadnludd TngldiaTestuiindeyawuudnluf (Data loggen) Ineiin1sUuiin
Jayaldeyn 10 wiiideilesiu dnIduaxideyasindninAnamaAnaienn 30 Wi Bateyayn
Tnzgnifidudoyausznevlunsfnumsléivesiuivgnensmnsludiusely (5UN 4-3 uaz 4-)

4.2.5 Yayausznaudu 9

[

(1) eduuse

ANduUSY

v ¥

v

Ansnsidun (Ke)

a

ansn1sliin (Ko) vesenamsiengsineg asnsadiwiaddainnisiuim

NsUSIaNslduIvesiiug198emegns FAO Penman-Monteith (Allen et al., 1998) uagAnI1saAny
szmeviteAIN1sidunnulate s FeuSununisltinvesiiugaBiaunsamuinlaeignsdall

Lﬁaé’mﬂwhm Ao ET,
Rn
G
T
Uz
e
e
[SER(SFY

A
Y

Waduusenee A ET.
ET,

Q4O8A(Rn—G)+y(Tigg3)uz@s—ea)

A+y(1+0.34u, )

ETo =

reference evapotranspiration (mm day™)

net radiation at the crop surface (MJ m?day™)
soil hear flux density (MJ m?day™)

mean daily air temperature at 2 m height (°C)
wind speed at 2 m height (m s

saturation vapor pressure (kPa)

actual vapor pressure (kPa)

saturation vapor pressure deficit (kPa)

slope vapor pressure curve (kPa °C?)

psychrometric constant (kPa °C™)

Kc = E
ETo
crop evapotranspiration (mm day )

reference evapotranspiration (mm day)
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(2 Ysanahlufunazaumgiivasiu

Andsgnaunsaliausunanitlufu su CS616 9nUsEN Campbell Scientific Fa.9u

szuuiivdeyadnludf tneldiasesduiindoya (Data logger) Ju CR10 91nU3EM Campbell

Scientific fndadt 5 sEAUAILEN Ae 10, 30, 50, 70, way 90 WATINAAVTAY LazAndaASesTn
qmm:ﬁﬁuéﬁa Thermo-couples type T 7 sesfupnudn Ao 2,4, 6,16, 32, 64, 100 LUATINNKA
iy eesindsdsiina1ninazgnidendetuiniestiufindeya wagyhnmsduiindeyaiiulivg 30
Uit aaon 24 Falus (3U7 4-5)

a

sU# 4-3 mshnasyngUunsal Sap flow UUAUEINNIT
e EREE]

4— Power sup'pLy

sUN 4-4  93AUsznaUvDIngUNTal Sap flow NIRARAY a1 WuNAnw
I A
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[
g a a o

U 4-5 nsinfagngunIalinANuT LA VT vRRUNSERUAINENN9 2INERAY

U

4.3 wamsﬁnmauqaﬁwmmumemsﬁ

4.3.1 FONLTULAATIAEIUNTINIUYRIYAUNTal Eddy Covariance ¥agunsalngiadn
anngifionnea wazyagunsaldug Mdlunmsiiudeyaide

AdunsnsIaaeuNIsTinuvesngUnsal Eddy Covariance waryngUnsalnsiain
anmafioina wardeuifisunn (Calibrate) Hu gagunsalineneansaldlunisifiudoyaidevesiiug
Anwma 2 site luw 2 Assluseulnisnaaesiisiiun

4.3.2 dayagagianAvasinunugnens

q U

wandludayagagiloniavesiiuniugnens uni 2 i 30
4.3.3 doyasunaul (Water flux) vasiuiiugnena

(1) nsAIETELReVaeUn (Evapotranspiration, ETR)

AN13AE TN (ETR) %aqﬁ”uﬁﬂgﬂmawwm Fansraadiemaia Eddy
Covariance aMnAsANYINUTN Site 71 1 guéitoenazians %aﬁuﬁﬂﬁa;ﬂaéiguwi Fuit 1 fqueu
2555 19 30 fiugngu 2558 A1 ERT agluyae 0.20 - 6.70 mm.day ™ Tul 2556 uay 2557 wuin i
A1 ERT aglutng 0.20 - 5.72 uag 0.39 - 6.29 mm.day” audwiu uagildn ETR avauluseu 1 Y
WU 932.89 uay 1,059.80 mm suady dwidulul 2558 tu anunsndufindeyadausui 1
unIIAY - 30 gy 2558 Usngan ETR agluyae 0.25 - 6.70 mm.day uazdluTunn ETR aza
Tusaanan 9 ey Wiy 1,35794.14 mm (5U7 4-6)

Site 71 2 ulannumsng fanindeniw Fedufindoyadaud Juil 18 nanau 2555 fs
Sufi 30 fugneu 2558 fA1 ERT 9¢lu¥39 0.20 - 6.14 mm.day " Tud 2556 uaz 2557 wuin e
ERT aglut3 0.20 - 3.11 uag 0.26 - 6.14 mm.day ' a1ua1au uazdlen ETR azaslusou 1 U winiu
653.06 o 848.22 mm ARy dnfulul 2558 du ansndufindeyareudtuil 1 unae -
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30 fiugngu 2558 UsIngen ETR aglugae 0.31 - 5.80 mm.day” uazdiusuna ETR azaulutiaa
9 Wau Wiy 738.54 mm (JUT 4-6)

(2) Y3uunsigunvasineya19de (Reference crop evapotranspiration, ETo)

USnansldinvesiivd1eds (ETo) vasiiufiugnenamia Sunainnisdiuam
U3mnanisldihuesiiug1sdeiaegns FAO Penman-Monteith (Allen et al., 1998) 91nn15Anw
wu Site 71 1 quditossandan Felufindeyadoun uil 1 Squneu 2555 fa 30 fugeu 2558
1A ERo agflutae 0.53 - 10.43 mm.day ' 1wl 2556 uag 2557 wui i1 ERo agluzie 0.53 -
10.43 way 1.81 — 10.19 mm.day! augd1au wagdian ETo azauluseu 1 U iy 2,220.93 uag
2,335.96 mm suansu ansulul 2558 vy amwaaﬂ'uﬁﬂ%’agaéy’uwii'uﬁ 1 4nSIAY — 30 AUEIYUY
2558 U31ngA1 ETo aglutae 1.17 - 9.85 mm.day ™ wagilusua ETo azauludianian 9 thsu
Winfu 1,749.98 mm (3U71 4-6)

Site 1 2 uUaununIng daniadteniu %aﬁuﬁﬂﬁﬁaga&gﬂu@i Fuil 18 manAu 2555 fia
Fufl 30 fugneu 2558 A1 ERo aglutae 0.04 - 13.28 mm.day ™ Tudl 2556 uaz 2557 wuin fien
ERo agluta9 0.04 - 11.34 wag 0.46 - 13.28 mm.day™ m1ud1du wagila1 ETo azauluseu 1 U
WU 2,189.11 kag 2,381.49 mm anuaisu dwmsulul 2558 T mmmﬂ’uﬁﬂsﬁ’agaéﬂqm%ﬁ 1
UN3IAY - 30 Augngu 2558 UsngA1 ETo aglugae 0.28 - 10.37 mm.day wawdiuSuna ETo avay
Tughanan 9 Fou Wiy 1,732.51 mm (U7 4-6)

(3) mslu1va9819WI51 (Crop Water Use, CWU)

nslftweasnamns (Crop Water Use, CWU) wositufiinun Site 71 1 quéideens
aviians1 Fethufindoyadaus Juil 1 fiqueu 2555 89 30 fugeu 2558 fA1 CWU aglutag 0.31
- 10.42 m”. rai'day™ Tt 2556 way 2557 wud diA1 CWU agluyas 0.32 - 9.15 uag 0.63 - 10.06
m’. rai''day mudnau waziian CWU azauluseu 1 U indvu 1,492.53 way 1,695.68 m>. rait
pagsy dnsulud 2558 du mmmﬁuﬁﬂ%’aga@%wﬁ’uﬁ 1 4ns1AY - 30 Auengu 2558 Us1ngan
CWU agluga9 0.41 - 10.72 m’. rai'day” wazdu3uia CWU azaulugiian 9 wheu windu
1,270.62 mm (Ul 4-7)

Site 71 2 ulannumsng faindeniw Fedufindoyadaud Juil 18 nanau 2555 fs
Fuil 30 Augneu 2558 fiA1 CWU aglutiag 032 - 9.83 m’. rai'day ™ Tull 2556 uay 2557 wui &
A1 CWU ogluae 0.32 - 4.98 wag 0.42 - 9.83 m’. rai ‘day " audndu uagilan CWU azaluseu
1 U windu 1,045.53 way 1,357.16 m>. rai* suaau dwmsulul 2558 Ty mmmﬂ’uﬁﬂ%gaé'?uwi
$udl 1 unsAm - 30 Augneu 2558 UsngAn CWU agflutag 0.50 - 9.28 m’. rai'day* wagiitiana
CWU araulutiaan 9 ey winiu 1,181.67 mm (g‘dﬁ a-7)
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',. i
[0 i I
v i
E 5 '
£ LAt
c
2 | |
T — —_— : —
g | i 1
5 o, I I
7] wilaainasng 1. ad 1 1
5 | | |
5 12 ~ [ [ [
Q I I I
I I I
3 I I i
w9 | | I
I I I
I I I
I I I
6 - 1 1
il w
S
[
N 1
U T T T .l T T T T T .l T T T T T |. T T T T T T
~ [} il il m m ] [ k] ] 42 - - = =+ =+ - - L L ry] Iyl L L
A B B B R -0 R - TR B B A
FRAEgs 5528388553388 325783
ETo ETR
= == == = ETp filled == == == == ETR_filled
Sﬁaga Site 2555 2556 2557 2558
ETo 1 661.88 2,220.93 2,335.96 1,749.98
2 46491 2,189.11 2,381.49 1,732.51
ETR 1 556.40 932.83 1,059.80 798.14
2 121.11 653.46 848.22 738.54
wnewn  WWudeyanismeszmevenil (ETR, mm) warUiinanisléiivesfivdnsds (ETR, mm) avausiedl

sUN 4-6  N1SANETEABYBIUN (Evapotranspiration, ETR) kagUSunainsldunvesiiveneds
(Reference crop evapotranspiration, ETo) agausie TuvauUaiuane1emnisi ad Site 7
1 AUGIRBNAUTANT 2. a8iBan1 (1 dquieu 2555 - 30 fugneu 2558) wae Site
# 2 wasnunsng 2. 0301w (18 manaw 2555 - 30 fiugneu 2558)
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10 4
3_
L) 6-
&
©
5 4=
Iy
} .
m
£ 2 i
~ 1 1
% 1 [
[ [
L » T T —
% : : wilaginwasds a. fonvl
10 - 1 1
o} [ 1
§ [ 1
[ 1
a 1 1 1
o 1 1
] 1 1
6 - 1 1
[ [
[ 1
1 1
4 - 1 1
[
[
2 4
% 1
R EEEEEEEEEEEEEE R
' L 1 ;‘ ] 1 1 oy 1 ; [ ] 1 1 1 & ] 1 ] [ L) & ]
§2A 3358552 §355255F88385833F¢838
%aaga Site 2555 2556 2557 2558
Ccwu 1 890.24 1,492.53 1,695.68 1,270.62
2 193.78 1,045.53 1,357.16 1,181.67

v

e WWudeyausinanisléiivesiiv (Crop Water Use, m’rai’) azausiol

JUN 4-7  YSunaunisldurvesivg (Crop Water Use) vedwUasugnensnnsiazausioiuvasula
Ugnenanst a Site 1 1 Audiduenasldansi 3. asiBuns (1 Jguigu 2555 - 30
fugngu 2558) way Site 71 2 LUaNNYATNT 3. TIN1W (18 fanAu 2555 - 30 fueneuy
2558)
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—_ AufIdnas TN 1 1
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w61 1 1 1
c I I I
:g | | |
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.g 4 4 1 1 1
I I I
E | | 1
E 1 1 1
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n
s \
= I
- I I
E‘ 10 T T T i i | T T
o o, I I
£ wilasinwasng 2. Semd " "
I I I
E 84 I I I
—_ [ [ [
o I I I
= I I I
w g | | |
C | | 1
o | I I
o I I I
E 4 1 1 1
o [ [ [
2 I I I
G I I I
5 2 : ' :
o
] I
-
1]
U T T T T T T T T T T T T T T T T T T T T T T
e i i
E ETR
”a;ga Site 2555 2556 2557 2558
ETR 1 556.40 932.83 1,059.80 798.14
2 121.11 653.46 848.22 738.54
E 1 - 570.61 781.18 279.54
2 - 250.20 316.18 180.50

P
v °

winewn Judeyanisaeszimevenit (ETR, mm) way n1saieu1vesity (E, mm) avaused

SUN 4-8  N15AYSELEVe9Un (Evapotranspiration, ETR) Wag N15AN8UU8sNY (Transpiration,
E) veauwlasugnensnnsn avauseiuveduUaiuagnenamisn s Site 1 1 Audideend
2PUNTT 3. ABanT1 (1 Tguigu 2555 - 30 Augngu 2558) uag Site 71 2 ulas
nwRInT 1. G40 (18 ganAw 2555 — 30 fugey 2558)
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1 1
1 1 e 1 -
1 1 AUAIABATIRTLTLINGT
1 1
1.60 - : :
1 1
: 1 1
»
120§ ! !
. 1 1
| |
0.80 ; |
B0 7§ Sele d 1
L P I I
[ 1 1
S ‘:} |
h¥ i (]
X 040 -
e
5 4
o
£ noo .
(]
o]
Q
S
O 1.60 1
Q
1.20 4
0.80 4
0.40 4
U-UU r . r r+r —+r —+r *r 1+ * ®7* ™+ '+ *'1+T/— 1+ "1 1T 71T 71T _—7'1 7
duddeongogny sy ay gy gy
= 5 o = C L = 5 0O = LC & = C D 5 o O = C o +H O
FR§ESEEFRFIEF I 222284

JUN4-9  Adudseansnisldurvesivy (Crop Coefficient; Ko) vauUaiugnenamisn o Site 91 1
AUEITEE19RBUNTT 2. 28TANT (1 dqueu 2555 - 30 fugeu 2558) wag Site
2 uUaanunsng 2. §anu (18 Aamsl 2555 — 30 fugngu 2558)

4.3.4 nswdsuvasunluafu (Sap flow) KAZN1IANEUIVBIRUENN (Transpiration)

msmammmmumqwqm (Transpiration, £) mmmmmﬂamwmﬁmaawmuﬂummu
dufu Site 7 1 quéifosnandans Fedufintoyadoud Yuil 1 Squisu 2555 fa 30 Augrou
2558 31An E aq’l,uszm 0.19 - 4.90 mm.day™ Tl 2556 uag 2557 wui dif E eglurae 0.35 - 3.72
way 0.19 - 4.90 mm.day™ aua1nu wazilan E avauluseu 1 ¥ iy 570.61 wag 781.37 mm
sty dnsulud 2558 du aunsatufindeyaroustiud 1 unsau - 30 Augteu 2558 Usingen
E ogfluts 0.27 - 2.36 mm.day uaziiU3ann E azanlurianan 9 ey winfu 279.54 mm (3U7
4-8)
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Site 71 2 uWannunIng Smindeniw Fatdufindouadoud Juil 18 gatau 2555 Aetui
30 fiugneu 2558 A1 E agluyae 0.08 - 1.66 mm.day " 1wl 2556 wag 2557 wuin da1 E aglurag
0.08 - 1.51 uay 0.18 — 1.66 mm.day ' @uansu wagilai E avauluseu 1 U windu 250.20 wag
316.18 mm auddy duiulud 2558 du annsoduiindoyadaudiudl 1 unsa - 30 fueeu
2558 U1n9A1 E aglutig 0.18 - 1.26 mm.day uagilusunns ETo avanluraaian 9 whsw windu
180.50 mm (5Ui 4-8)

=

4.3.5 Yoyaussnaudu ¢

s 4

(1) Fuuszansnislgunvese1swisi (Crop Coefficient, Kc)

€

Fuuszansnisldiveseanswns (Crop Coefficient, Ko) 91nnnsvaaas wuin Site
7l 1 quiitossasndans Gadufintoyadoue Yuil 1 Squisu 2555 89 30 fugieu 2558 fie Ke
agluta9 0.05 - 1.40 Tud 2556 uay 2557 wuii A1 Ke aglugas 0.06 - 1.19 way 0.08 - 1.26
dnfulul 2558 du aunsndufindeyareustuil 1 unsen - 30 Ausiou 2558 Usinge Ke o)

Tutis 0.05 - 0.97 (3Ui 4-9)

ArduUsEansnasldinueasnsnsn (Ko) vessnswisinaongquan w Site 7 1
Auiitesnsasdans 1. asdans dadusrsergunnidaniaud Fauiudl 31 uns1au 2556 - 30
fugneu 2558 dsiuanslugudl 4-10 wagasnsil 4-1 wud wldunisiwasundase ke luusdas
Faantiu mawvsnsasyiulalussazaag 2eldud sresiiguesliiflu (No leaf %i3e Initial stage)
sveiifuenaunnlulminasfinisieiayiulnvedlu (Refoliation 3o Development stage) seaeiily
‘1'71|Lﬁﬂiﬂﬁﬁw"%w)auimﬁuﬁué’? (Fully expansion %38 Mid-season stage) uag szevdidialy
(Defoliation 38 Late season stage) T¢&¥ initial stage %39 szwﬁéfumﬂaiﬁluﬁ?u Ui?ﬂgs[,u‘thﬂ
auds uazdutnmiiduiigeduiuseunsaiagdlnvesiusns nmaadetoyaris 3 U szes
initial stage vesfusndldinauszana 15 Yu (Rouunsia) wasidan Ko tadewinfu 0.16 svey
Development stage dafiutnsfisnsmsBuunnlunazissaivinauvenssuniuiu 1nan 36
Su (Feuunsau 8 funaw) wasden Ke waswiiu 0.32 szee Mid-season stage wio svawitluves
susnaasyiulaiuiliug a1 160 Yu (euiiuiey fs danan) Fudtranaiisnuiuign
wardlen Ke waswiniu 0.55 dmsuszey Late-season stage suldun szozdiluansSusisausiavun
sasuiiy ndeyainde 2 U esnlud 2558 Sufvtoyaliasy nud ssesnsaiadvladenan
T4iaan 150 Fu (Foudwnau S unsiam) uagilen Ke wdswiiu 0.44

Site 1 2 uUaanunIng daniadeniu %ﬂﬁuﬁﬂﬁﬁaga&gﬂm Fuil 18 manAu 2555 fia
Fuil 30 Aueneu 2558 fld1 Ke oeflutiag 0.050 - 5.91 2556 uaz 2557 U Je1 Ke oglutas 0.05
- 3.99 waw 0.05 - 2.50 dwisulud 2558 thu ansnsatufindoyadaudTudl 1 unsAu - 30 Ausiou
2558 U51n9)en Ke aglutag 0.06 - 5.91 (3U7 4-9)

AndudseAnsnisliimasensmns (Ko VB WNITINADAEAUYN Al Site fl 2 uas
wnumsng 4. Jen1w Sadussengios uardslidanin deudufl 31 unsiau 2556 - 30 Fugneu
2558 fafuanslugufl 4-11 uagas1el 4-1 9rnn1sededeyaiia 3 U wud svey initial stage o4
Fupnsiiusnglufusnsenganniy lamulunsorgdos iesanludismaudsiu Fuenedslaiiinngdis
lu duszes Development stage FadutisfisrsnsFuunnluaziasyidvlnauvensrundiud
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0.0

- 9T-uer
- §7-28Q
- ST-AON
- &T-120
- 5T-deg
- GT-Bry
- STANC

- §T-Lng
- GT-ABl
- GT-ddy
- GT-dely
- GT-del
- ST-uer
- pT-28Q
- $T-28Q
- BT-AON
- FT-120
- pT-des
L pT-Bry
- T-NC

- pT-uNC
L pT-ABL
- pT=ddy
- pT-del
- pT-ged
- pT-uer
- £1-28Q
- ET=A0M]
- £7-120
- g£1-dag
- £1-Bny
- ET-NC

- ET-uNg
- ET-ABN
- ET-ddy
- ET-dely
- £T-024

ET-uel

—Defoliation

——Fully expansion

——Refolication

—No leaf

Kc

1 uns1AU 2556 -

o A

[
g

AULIVHHNALLITINTT 2. ALLTVUNTT AIATUN

a

fa o

1‘U

7

Alan w Site

Y

(Ko) 999819M15198809)

v

FU1VDIY9NITT

ansnnsl

Use

ANEY

sUfi 4-10

30 Au8IYY 2558
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- ar-uer
- 5T-280
- ST=AON
- ST-100
- 5T-des
- 5T-Bry
- ST-NC

- §T-ung
- ST-Agln
L gT-Jdy
- GT-1Bl
- GT=lEln
- ST-uer
- #T-080
- #T-280
- #T-AON
- PT-120
- pT-des
- #T-Bry
- #T=N0

- #T-unt
- FT-ABl
- pT=ddy
S =P
- pT-ged
- $T-uer
- £T-080
- ET=A0M]
- ET-100
- ET-dBs
- £T-Briy
- £T-NC

- ET-ung
L ET=ABW
- ET-ddy
- ET-1BlN
- £T-0P4

- ET-UeL

0.0

——Defoliation

—Fully expansion

- Refolication

—Np leaf

Kc

(%

muﬁ 1 ung1Au 2556 - 30 nueeu

TINW AILAT

7 2 wUasnunsns 2. U

Auan w Site

Y

(Ko) 999819M15198809)

v

FU1YDIYI9NITT

1

avsns

AduUse
2558

sUf 4-11
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M13199 4-1  wanINTiATIsvianduiussendnedn NEE uarladenisaniizwindousier i Site 91 1 Audifeensasidanst 2.0834n51 wag Site 71 2
LUAIENNBATNT @ TINW

5283U09 Site 7 1 Site #i 2
n1sseysAule 4917981 ‘ seEzIan () ‘ Kc 1afe 9429181 ‘ seEzIan () Kc 1afe

U 2556

No leaf 16 31.A. 2556 — 29 11.A. 2556 15 0.23 Livsingdrsnailsifly - -

Refoliation 30 1.A. 2556 — 9 3.A. 2556 39 0.34 29 11.A. 2556 — 19 il.A. 2556 50 0.24

Fully expanded | 10 §i.a. 2556 — 30 @.A. 2556 174 0.54 19 4.A. 2556 — 25 5.A. 2556 281 0.41

Defoliation 30 @.A. 2556 — 15 3.7, 2557 148 0.45 26 5.0, 2556 - 25 31.A. 2557 31 0.22
U 2557

No leaf 16 31.A. 2557 - 29 1.0, 2557 15 0.13 livsingeasnanilaidly - -

Refoliation 30 4., 2557 - 10 il.A. 2557 39 0.27 26 1.A. 2557 — 25 il.A. 2557 59 0.23

Fully expanded | 11 {l.A. 2557 - 30 @.A. 2557 174 0.57 26 §l.A. 2557 - 25 5.A. 2557 275 0.46

Defoliation 31 @.;A. 2557 - 28 1.A. 2558 151 0.42 26 5.A. 2557 — 21 41.A. 2558 27 0.59
U 2558

No leaf 29 11.n. 2558 — 11 n.W. 2558 14 0.11 liusingeasnarilaidly - -

Refoliation 12 AW, 2558 - 12 dl.A. 2558 30 0.36 22 11.A. 2558 — 1 3.A. 2558 40 0.21

Fully expanded | 13 f.a. 2558 - 20 n.A. 2558 130 0.53 2 §i.p. 2558 - (Vayadalinsu)

Defoliation 21 n.p. 2558 - (Feyadilinsu) (Foyadilsingu)
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tfu 1417a1 50 Fu (Feuunsiau §a Surew) uardid Ke alBwiify 0.23 szoe
Mid-season stage %130 svoriluvesiusnaaiyiuladuiliug andoyaeds 2 U 1desarnlud
2558 gafudayaliinsy wudt ssegnissqivladsnanldiaan 275 Ju (Reuduiay fv Suraw)
Fadhananfisnuiuign wazdidl Ko ladowitfu 0.44 dw¥ussey Late-season stage Suldun
syorilugnaduiiausimmnieiutiy 199a1 29 Yu (Fousurau G unsiau) uasiid Ke wade
wihiu 0.41

(2) Ysuahlufuuazaungiivasau
USinanlufu

Site 7 1 guiitosanduns Sminagdan Mnnshnruaiesiiedmiua
Y3mnaniilufu 5 sedu Téun Aszduainudin 10 30 50 70 uar 100 cm gniufindewdiudl 7
nuAWUS 2556 auieTuil 30 fuseu 2559 wudt UsinaluAuiidudinldfimun vesusazsedy
AUENIINAIAY HAeglurag 0.127 - 0.289, 0.117 - 0.292, 0.106 - 0.252, 0.123 - 0.240 Uay
0.134 - 0.317 m’>.m” a9y

Unaluduluudagszdunudnidigelu ludanfeutueiey fa fudiou
ngdnieu Vinashluduluusiasseduenudndatanas ludiafoungainieu uasdiasanluris
Fousunex f funan mawdsuwdasuTinahlufu lnennsuudrouiisaenadesiu Ui
Ay wennddaut Tudsnaniiviinaniludugedanlusevt Gunadhlufufissduaudn
100 cm nfaAuiiAgeian WeRiansunluusazszfuanudnnuit Aisefuanudn 10 30 wag 100
cm U'%mmﬁlﬂuauﬁmmLLU'ﬁUsauqaLLaxLLmﬂm'Nﬁ]ﬂﬂﬂ%mmﬁﬂuﬁuﬁisé’uﬁﬂaﬂﬂ fisgdunmdn
50 uag 70 cm fdnsiwdsuulaswesTinailudulugiuuulndiAes WefinnsanyTunaniludy
Tuthaieununius 2557 Wisuisuiuiisnandentulull 2558 wuilud 2557 fuGuanilufu
fisystusingg Indidssufulud 2558 (§UT 4-12)

Site 71 2 wannuasns Swfadenii PnmsindaedosdodmiuTaumaily
fiu 6 seay Tdun fisgduaudn 10 30 50 70 100 way 150 cm gnifufindeud¥udl 19 nuaius
2556 quiieTudl 30 fugeu 2559 nud Vinudiluduiiduiinldioun vesusasseduaudnain
Fafu finegluyae 0.073 - 0.367, 0.094 - 0.321, 0.088 - 0.391, 0.079 - 0.393, 0.115 - 0.353 Uay
0.201 - 0.416 m’.m” AWEWY

Umnanhlufuluuiagseduanudniangeiu luthafeunsngian 8 fusioy
Unandlufuluusazseduanudniidianas wasiidmaaludiaiouunseg 8¢ fguiey nns
WasuuUasSinaniluiu Tnsnmsuwdideudisaenndesiuusinusduiildsu venanigmud
Tutananfiviinudlufugeiigaluseud Viinashlufufissduanudn 150 cm 91nfafuiiags
fannaeanat Tusasiivinanhgsgalusoud wud Winahlufufissduaudn 10 -10 cm dana
uaneefulalanniu sneiludisnafiviinadilufuiaaluseudfunudt Viinanlufudisesu
ATAN 100 way 10 cm SUinanilufugsiiaauassiian audidu (amd 4-13)
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L bT-Bry

L pT-ung

- bT-AEN

I ET=dEl

——16am

r PT-Uel

= = =50 cm
Rain

F ET=ADN

| e1-des

- - =6cm

L eT+ne

- ET-Agln
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v
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v
o

FUUUN

a
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§I9881922LTUNTT 2. BLTUNT

Y

Yo

wlasuanenansnlasu ol Site 91 1 ey

sUT 4-12  USnaniludiu (Soil Water Content, m®.m™) PR (Soil temperature, °0) wazl
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Site 91 1 AUIToeNRLITUNT TminaFans Mnnsiakaeiesilodmiua
ungiinu 6 3¢y 1¥ud fiseduaudn 24 6 16 32 64 waw 100 cm griuTindaustuil 7 nuaus
2556 quietuil 30 Augreu 2559 i guugiAuituiinléimun vesusazssdumuEnaniafu
flA1agluyae 18.88 — 28.37, 19.76 — 28.38, 20.08 — 28.06, 20.98 - 27.73, 21.33 - 27.47 uag
22.43 - 27.41 °C pwawiu gaumgiinuluudazseduanudniidwandsiutos Tutindousuau
wuin gamgiiuluusazszdunnudniidianas uazddvanluriafeu unsiau ANULUTUIIYDS
snmgiauluusazsfuanudnainfafiu wui gamadfufissfuanudn 2 cm fanaudsusiusnn
fign 50909 oA gaumgiifufisziuaudn 4 6 16 32 64 wag 100 cm AWAY (FUT 4-12)

Site 71 2 wUasinwasng Tanindanis mmmaﬁm@?@Lﬂ%lmﬁaﬁm%’ﬁ@qamgﬁau 6
seifu 1Hud fsedumnudn 2 4 6 16 32 64 uag 100 cm gnoufindaustuil 7 nuaus 2556 ui
ufl 30 fupneu 2559 wui1 gauginuiitufinldimun veudazsrduaudnainiafu fdeg
Tuta9 15.77 - 30.51, 15.86 — 30.41, 16.07 — 30.34, 17.01 — 29.93, 19.94 — 28.66 Waz 21.63 —
28.05 °C snudwiu aaumglinuluwsazszauaudndauandeiutos Tuginseungainiew wui
onmgiimluusazsefuamaniirnanas uazdmmaelutaafiousunay AnuuusUsIuvesgamgl
Auluudazsiuanudnaniafu wui gumgliiuisefuaudn 2 om fnnuuususiuuindian
sesaan IiuA guvpliduiisziunudn 4 6 16 32 64 waz 100 cm AwARY udenfuiiuiifne

Site #1 1 (3Uf 4-13)
(3) WANANYIINIST

NANARENINNS I annsafuldlameiuuagnenamnis Site 7 1gudidoen
2BLTUNTT 2. TUNT Immauqmﬂimimmmmau N N1AY LLauauamsLumaumsmu Yoany
wazazinaulugIshauNuAITUS oL BY dvtinnandaild Wudminvesensfeudeus
iludaimin wazdnauduaindiudndils 15% Salddmtnnanan dniedu ke rail nandn
azanlul 2555 — 2558 fUsunauindu 155.7 (Feliasud) 192.4 302.7 waz 157.0 (Jiluasud) kg
rai’! (157391 2-4)

dmiunanangnannsilul 2556 way 2557 Jefinsiivdouansu 1T wudt Tud
2556 Huilwananereswisdinind 2557 iuedasn mm&;ﬁv‘fﬂﬁmamﬁmmqumﬁmdﬂﬂy’uaw
osnannlul 2556 Aufiugnensiian NEP (Net Ecosystem Production) agassnitlu®l 2557 u
o819 laglud 2556 wag 2557 A1 NEP @gau iU 4,485.15 uay 6,496.25 kg CO, raityear
AUATU (AN51971 2-10 wag 2-11)

4.3.6 Uszansamnisldun uaziawmasinuudvasiunugnens

UizﬁwﬁmwmﬂﬁﬁwmﬁuﬁﬂQnﬂ'm (Water use efficiency %39 WUE, kg C . m~
H0) %qﬂisLﬁumﬂﬂ‘%mmm%uauqm%ﬁgﬂ@@ﬂﬁuﬁnﬂmimmﬂimaﬁuﬁﬂqﬂma (Net Ecosystem
Production 38 NEP) sion1sliiinvesnanis (Crop Water Use w30 CWU) 1 m? wui #iuiiugn
g199137 Site 71 1 Fafuenso1gun wardaniaudafidssansnmmislithuesiiuiiugnetsgend
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Site 1 2 F19ug19engtion uavélsiiUnnin Inglul 2555-2558 Aufiugnensnsn Site 7 1 A
UsgAns st windu 1.35, 0.82, 1.04 wag 1.06 kg C.m™ H,0 a1ua1du vaded Site 7 2 fl@n
Useandnimnslain windu 0.81, 0.48, 0.82 kag 0.83 kg C.m™ H,0 Muaau (113197 4-2)

a

M9 4-2  UseaAnSarmnisldunvesiuiugnens (Water use efficiency %358 WUE, kg C. m”
H.0) Wiguiiguseninaiuiugne1aniswug RRIM 600 Site 1 1 Audifosns
AULTANTT 2. ABLTUNTT U Site 71 2 WlawnunIng 3. Tanw

¥ Site 7 1 Site 1 2
218due1 (@U) WUE 218U (@) WUE
2555" 18 1.35 3 0.81
2556 19 0.82 4 0.48
2557 20 1.04 5 0.82
2558" 21 1.06 6 0.83
Y Jayalinsul

M1319%1 4-3  ANBMETNAUTUAYRINUTIUGNEIINIST (green water) kavA1IBMBSHAUTUATIAR
1NMsUanssu Jo 81 a1sainld wavveddeManduvesiunugnenanisinug
RRIM 600 Site 71 1 AUEIABLRLTUNTT 3. ALTUNT

Qom0 sHlUIu flufiugnenseng naLanssy’’
(m® H,0. kg yield year™) 199 200 (na0n1Ee1)
Green water 7.76 5.60 0
Blue water 0 0 0
Gray water 0 0 2.23

Y dayaninnsidelud 2555 galdunandsinu LCA

P1319% 4-4  ANBMBTNAUTUAYRINUTIUGNEI1INI3T (green water) kagA1IaLMBSHAUTUATILAR
1NMsUanssy Jo 81 a1siaiinld wavvesdeiinduvesiunugnenanisinug
RRIM 600 Site 71 2 uUadnunIng 3. Tanw

TanpsUILe fuignenseny naLanssu’
(m® H,0. kg™ yield year?) 4% 5% (naanage)
Green water falyifinand falyifinande 0
Blue water 0 0 0
Gray water 0 0 2.17

Y doyannnsidelul 2555 alduna1nisau LCA

aawmeiaviudvasiuiignens Yssiiunndnisléimesenamns (Crop Water Use
Wam CWU, m? H,0. rai) senisléundawandniinens 1 ke. ﬁuﬁﬂqﬂmqusw Site 1 AugITea
ALTUNTT WU 81987y 19 Uag 20 U iaama%ﬂmﬂ%ﬁ d7UVD9 green water WINAU 7.76 ag 5.60
m’ H20. kg™ yield ‘umv‘mmaaLmaiwmiuwmmmﬂmmmmm Jo 1 waransadifily wavveuds
mmmsuusuaqwumaﬂsmwm UiﬂﬂgLQWﬂ”ﬁju%@ﬂ Gray water Fadewindu 2.23 m® H,0. kg™ yield
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(AN51971 4-3) &3 Site 7 2 uUasENIINTIVBUABATNT 9. aviFans1 91y 4 way 5 U lalanunsn
FruaAemosrUIuRvesiiuiiugnensld esnndusnadslilanin vuziiememe snUsudi
Anannisiunnssd Jo o1 waranadiild uasvesdefifnturesiuiiugnensmns Usnganizau
483 Gray water afidiviniu 2.17 m? H,0. ke yield (115137 4-4)

4.3.7 HANTENUVDIYaNNBINARDAT Kc, ETR uag CWU

PnnsieTsdanduiussewiemdulseananisldihvesity (Crop Coefficient, Ko)
n1sAEsTIMETeIt (Evapotranspiration, ETR) uay Usinaimsldiiesiia (Crop Water Use, CWU)
fugagiienniAvessruuivaae1anis dulaun Usuiusedans (Net radiation, Rn) Usunausednas
917 nd (Global solar radiation, Ry) M213LU L&Y (Photosynthetically Active Radiation, PAR)
9unYio1NA (Air temperature, Ta) ANUTUF NG (Humidity, RH) wazUSunalethiionnadu
\iallg (Vapor pressure deficit, VPD) msnsnzvanduiusuiadu 2 dw dwil 1 @unshnsed
avduituslaglitoyasaluseu 1 U uazdnil 2 wadu ¢ nguauszeznsasyulave sy
50U 1 U 1w szeefl 1 No leaf sveedl 2 Refoliation svedi 3 Fully expanded leaf uazszesdl 4
Defoliation

Site 11 1 AUITHEN@LTINTY 3. BUTUNT

nyiesgvanduiusiagliteyainluseu 1 U wudi A1 Ke Tanuduiuslunimndu
(Negative correlation) fuan Tair way VPD finnudunuslulufidniasen (Positive correlation) fiu
A1 R, Ry, PAR, WA RH A1 Kc finnuduiusiuan PAR mnﬁfjﬂ TnefiAduuseansanduius o)
WU 0.15 (9115199 4-5) dauen ETR Sanudusiuslumannduiuan T,, wae VPD waziinnudunus
TUTuRmafeaiuan R, R, waz PAR wazlufiniuduiusiuen RH A1 ETR danuduiusiuan R,
wnnitan TnefiaduUssanSanduiug () wdu 0.64 (13197 4-6) wager CWU fiaudaiusluma
HARUAUAT T waz VPD waziimnuduiuslulufiemiafieaiuan R, R, kaz PAR wazlifinuduius
fudn RH @1 CWU fauduiiusiuan R, uiniige Tnefaduussdnsanduiug () wirfu 0.07
(AN51971 4-7)

nansgianduiusliaewdadu 4 nquanuszeznisasyivlavesdugisluseu 1 U
WU A Ke diofinnsansyezdi 1 (No leaf) nut a1 Ke Srnsduiuslumeunduiue R, R, PAR,
Tair uaz VPD auel dmnudsituslulufiamadoafiudn RH A Ke innuduiudiuan VPD anndign
TnefiArduyseandanduius () windu -0.38 dmduszezil 2 (Refloliation) wudn A1 Ke il
AnuduRuslunIswaRuAua R, R, Tair waz VPD Yz danuduiusivlufianiaieaiuan RH
uoilaifinuduiudtuen PAR A1 Ke Sanuduiusiue VPD inndige TnsfirnduussavSanduius
() WU -0.46 duszezii 3 wudn a1 Ke Sanuduiusluneswnguiuen T., wag VPD v i
anuduiusluluiianiafeatuan Ry, R, PAR wag RH 1 Ke finnmduiusiuen Ty, 1nitga Tned
AdudsyanSanduius () Wiy -0.70 uay seeedl 4 (Defolication) Wuin Ke Sanuduiuslung
NNEUTUAY Ry, Ry, Tair way VPD aauedl fiannuduiuslulufiamafeaiudn PAR wag RH A1 Ke &
A wdUSAUAN T, waw VPD 1niign Tnedfiandudssansanduius () iy -0.56 (15797l 4-5
9 4-7)
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A1 ETR Wlefiansanszesdl 1 wud1 e ETR daonuduiuslumasnduiuan VPD vei
fanuduiusluludieniafeaduan R, R, kaz PAR walidianuduiusiuan T,, wag RH A1 ETR &
AduUSUAY PAR 11niian Tnefadulszansavduius () Wiy 0.40 dnsuszeril 2 wui
A1 ETR Sanuduiuslumannduiuan T,, uaz VPD vaiedl danuduiuslulufiamadonduan R,
R, wax PAR uslsifinudutusiuen RH A1 ETR Sanuduiusiuen R, uinfian Ineddudsyans
AvduTuS () WA 0.61 dauszesdt 3 wudn A1 ETR Sanudusiuslumennduduen T,, RH uag
VPD vaugdt Spuduiuslulufieniaiieatuen R, Ry uaz PAR A1 ETR Saudusiusiuan R, w10
fian InefduUszansanduius () winfu 0.73 wag szaeil 4 nud ETR fanudusiuslumiawndy
e Ta wae VPD vauedl ianuduiuslulufiemadentua Ry, R, oz PAR wilsifimuduiusiu
A1 RH A1 ETR finrudiiusiuen PAR wnilan Tnefienduussavsanduiug () wihiu 0.69 (M3
fl 4-5 fig 4-7)

A CWU iflofinnsanszesdl 1 wuth A cwu fianuduiuslulufienmadentua R, ud
Liflanudusifusiuan R, PAR, T., RH wag VPD A1 CWU flanuduusiuan R, 11niign Tnedlan
FudszAnanduius () wirtu 0.23 dmsuszesii 2 nud e WU Sanuduiusluniamnduiuen
T oz VPD vauedl fnnudusiusluluiiamadenduen Ry, R uae PAR usiliifiannuduiudiue RH
fi1 CWU flaudufusiuen Ry, R uaz PAR unfiga Tnofiandudssansandusius () winfu 0.52
dusEesdt 3 nuin A1 CWU Sannudusiusluniswndufuan T.,, RH wae VPD vzt danuduwus
TUluiamafieaduen R, R, waz PAR A1 CWU dauduiusiuai PAR mmﬁqﬂ TnefiAndusyans
avduus () WAy 0.78 uar szeedl 4 wuin WU Sanuduiuslumsndududn Tair uag VPD
youedl Srnuduiuslulufianiafetuin Ry, R, PAR wag RH A1 CWU Sianudaiusiuan PAR 110
fign neflendudsyavdanduiug () Wi 0.72 (1997l 4-5 uag 4-7)

Site 71 2 wUa%A¥AIAT 2. TINIKW

nyinsganduiusiagliteyainluseu 1 U wudi A1 Ke danuduiuslunimndu
(Negative correlation) fUAT Ry, R, PAR, Ty taz VPD uazdauduiusluluiieniafe (Positive
correlation) ffu1 RH 1 Ke fiaudaniudiiuen RH unitan Tnedidduussandanduius () wihiy
0.43 (57971 4-5) druan ETR fanuduiuslunanndusuan RH wazdanuduiusluluiiamadien
flUA1 R, Ry, PAR, T Wz VPD A1 ETR Hauduiusiuean R, mmﬁfjm TnefieduUssavsandusiug
(r) Winffu 0.69 (115197 4-6) wazA CWU fiauduiuslumsanduiuan VPD warflanuduiusiy
TufENI0RABITUAT Ry, Ry, PAR, Tar 482 RH A1 CWU HA11uduiusiual PAR mnﬁqm Tnedan
FulszAvisanduiug (0 wiiu 0.72 (5197t 4-7)

nsnsztanduiuslaoudadu 4 nquanuszeznisasyiulavesdusisluseu 1 U
wud Tuudazszerveansasayiule A Ke ﬁmmé’mﬁuéﬁ’uqaqﬁmmmaaﬁuﬁﬂqﬂmﬂué’ﬂwm
Andrefududnlng e A1 Ke fnnuduiusTuneunduiua Ry, Ry PAR, Ta, uag VPD usily
svaedt 4 u Sanuduiuslumannduiuen Ry, Ry Ta waz VPD windy 1 Ke fianuduiusiuly
famadeatuan RH usilussesdl 4 wut ke Sanudatusluniadentue PAR Wiutusnde sves
nssauAuladl 1 uag 2 Gu wud A Ke fianuduitusiuan R, winfign lae Sandudseans
avdusiug () Wiy -0.61 uag -0.50 AudIRy dauszezdl 3 wudn 1 Ke Sanudutusiuan RH
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WnAige TngdlAduuszantanduius (N wiriu 0.49 uazszeed 4 U wudi A1 Ke danuduiusiu

A1 T WNTER Inedlenduyseansanduiug (N Wiy -0.51 (AN51991 4-5 §i1 4-7)

A151991 4-5  LAAINITIATIEREANAURUSIZIIN9AT Ke wazladanisanizuindeum1ee o Site 9
1 AudITeeasdans 2.a834n51 Wag Site 71 2 Wlasenanunsns @ Janw

423381619 9 Tuseul Kc Rn Re ‘ PAR ‘ Tair ‘ RH | VPD

Site 91 1 AUSITBE1RLTEINTT 3. ATUNT

FIUNNYINIAT r 0.02 0.03 0.15 -0.55 0.07 -0.56

*% *% *% *% *% *%
svaedi 1 No leaf r -0.34 -0.32 -0.11 -0.33 0.14 -0.38
svaeil 2 Refoliation r -0.14 -0.09 -0.04 -0.45 0.2 -0.46
s¥89 3 Fully expanded leaf r 0.10 0.11 0.23 -0.70 0.03 -0.67
53837 4 Defoliation r -0.08 -0.07 0.05 -0.56 0.15 -0.56

Site 1 2 wlaunwnsns 2. G40KW

imnﬂ"ﬁwnm r -0.19 -0.23 -0.12 -0.15 0.43 -0.32
5wl 1 No leaf r 061 -0.61 053 -0.23 0.32 -0.20
iwz'ﬁl 2 Refoliation r -0.50 -0.47 -0.37 -0.33 0.38 -0.21
sveeil 3 Fully expanded leaf r -0.27 -0.27 -0.19 -0.22 0.49 -0.36
202l 4 Defoliation r -0.07 -0.06 0.12 -0.51 0.40 -0.39

wnewmeg  fge Ko wueds  Crop Coefficient
R, wuefie  Net radiation (W m™?)
R, wwnefis  Global solar radiation (W m?)
PAR #1804 Photosynthetically active radiation (umol m?s™)
T, wnede  Air temperature (°C)
RH ww1ede  Humidity (%)
VPD #3188l Vapor pressure deficit
roownel duuseAvsanduus
*yaeiy P<0.01
* ey P<0.05
ns  wueds  Biflenuduiusvneada

125




M15199 4-6

UAAINITILATIERANFURUSTENI9AT ETR wazdadenisan1ziindensss al Site
1 1 AudiIBe19niTans) 2.a:84051 uag Site 11 2 Wuasenanunsng 3 Jinw

F291281619 9 luseud ETR Rn Re PAR | T. | RH | wveD
Site 1 1 quiidpensapBuns 1. apduns

iumthmm r 0.64 0.63 0.59 -0.17 0.00 -0.23
sw8edl 1 No leaf r 0.19 0.12 0.40 -0.07 0.02 -0.29
s8edl 2 Refoliation r 0.60 0.61 0.60 -0.20 0.03 -0.27
sveeil 3 Fully expanded leaf r 0.72 0.73 0.61 -0.27 -0.03 -0.26

ns *% *% *% *% *%
sv8edl 4 Defoliation r 0.69 0.65 0.69 -0.25 0.02 -0.33

Site 11 2_ulaunwasng 9. 49011

iumthmm r 0.69 0.64 0.56 0.18 -0.10 0.24
svaedl 1 No leaf r 0.14 0.04 0.12 -0.02 0.18 -0.11
sv8edl 2 Refoliation r 0.50 0.50 0.47 -0.01 -0.04 0.08
s¥89 3 Fully expanded leaf r 0.82 0.81 0.79 0.31 -0.16 0.29
svaedl 4 Defoliation r 0.76 0.80 0.58 0.01 -0.26 0.35

Do
[
®©

NUYLIAG) 1
——

ETR
Rn

PAR
Tair

RH
VPD

*%

ns

7 YalanN
NUNYE
7 YalanN
NUNYE
7 YalanN
NUNYE
7 YalanN,
NUNYE
NUNYE
L YalanN
NUNYE

Evapotranspiration (mm)
Net radiation (W m?)

Global solar radiation (W m™)

Photosynthetically active radiation (umol m?s™)

Air temperature (°C)

Humidity (%)

Vapor pressure deficit

#uUsyavsanduius

P<0.01
P<0.05

Tiflenuduiusniaana
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15199 4-7

UAAINITIATIZRAUFURUS TR CWU uazladenisannizuindensige o Site
1 1 AudiIBe19niTans) 2.a:84051 uag Site 11 2 Wuasenanunsng 3 Jinw

F291281619 9 luseud CWU Rn Re PAR | T. | RH | wveD
Site 1 1 quiidpensapBuns 1. apduns

iumthmm r 0.05 0.07 0.10 0.05 0.00 -0.05
sv8edl 1 No leaf r 0.08 0.23 -0.07 -0.04 -0.02 -0.02

ns o ns ns ns ns
53857 2 Refoliation r 0.52 0.52 0.52 -0.13 0.01 -0.16
sveeil 3 Fully expanded leaf r 0.65 0.61 0.78 -0.63 -0.03 -0.67
sv8edl 4 Defoliation r 0.71 0.67 0.77 -0.44 0.08 -0.51

Site 1 2 uiaunwmsns 9. Jans

iumthmm r 0.68 0.60 0.72 0.18 0.22 -0.04
soedl 1 No leaf r 0.20 0.11 0.17 -0.13 0.23 -0.09

*% *% *% *% *% *
sweedl 2 Refoliation r 0.56 0.57 0.60 -0.22 0.16 0.09
sveeil 3 Fully expanded leaf r 0.79 0.77 0.83 0.31 0.10 0.13
s8dl 4 Defoliation r 0.69 0.63 0.87 -0.48 0.33 -0.25

**

*%

*%

*%

*%

*¥*

NG ANYD
- 9

CWU 184

R, w18
R, w18
PAR %18
Tar  WRUNYES
RH  wanei
VPD wungiid
o wNNeda
LR FIG RN
* nehe
ns  UNNBAd

Crop water use (m”. rai™)
Net radiation (W m?)

Global solar radiation (W m™)

Photosynthetically active radiation (umol m?s™)

Air temperature (°C)
Humidity (%)
Vapor pressure deficit

#uUsyavsanduius

P<0.01
P<0.05

Tiflenuduiusnieana
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A1 ETR lafiansanszesdi 1 wudn a1 ETR Sennuduiusluniswnduiuan VPD vauzil
mmmamwuﬁiﬂiummqmmﬂum Re Re PAR W RH walddiarnuduiusiuan Tair A1 ETR &
ANFURUSAUAT RH mm/lam Tnefirduussansanduius () Wity 0.18 dmsuszesii 2 wuin M
ETR fannuduiusluluiianiadenduen R, R, PAR way VPD usliifinuduiusiuan T,, waz RH
A1 ETR fiAnudusiusiuen R, uay R, mmﬁqﬂ TnefienduUssansandusiug () wihiu 0.50 duszey
i 3 WU A ETR Slanuduiudlumannduduan RH v Sanudusiuslulufiamadondua R,
Re, PAR, T Wiz VPD #1 ETR Sanudusiusiuen Rn innilan Tnedfiendudsyavsanduius () wity
0.82 uay szazd 4 wui ETR fanuduiuslumiawnduiuan RH aaed fanuduiuslulufionig
Feafud Ry, R, PAR Wag VPD wilifianuduiusiuen T, A1 ETR fieaidisiusiudn R, anndige
Tnedirdulszans

2 [}

Sanduwus (1) Wihiu 0.80 (#5199 4-5 89 4-7)

A1 CWU iflofinnsaunseesdt 1 wuth Ar WU Sanuduiuslunannduiuen T,, uay
VPD vauedt Sanudusiuslulufieniadieaduen Ry, R, PAR wag RH A1 CWU finanudusiusiuan R,
unilan Tnefladuussandanduiué () winfu 0.80 dm¥uszer?l 2 wuin A1 CWU Slemuduius
Tuynennduduan To, vasd dauduwuslulufiamaioatuan R, R., PAR, RH whag VPD A1 CWU
fanuduriugiua PAR wniian Inefiendudsyavisanduius () winfu 0.60 dawsesd 3 wudl
CWU Sieaduiuslulufiemiafieatiuan R, R, PAR, Tar, RH waz VPD A1 CWU fauduiusiuan
PAR 1niign Tneflenduusyansanduius () wiriu 0.83 uay szegil 4 wud1 CWU Sannuduiug
Tuynannduiuan T., way VPD vazdt danuduiwuslulufianiadeondua R, Re, PAR 1@z RH teilal
fauduiusiuan T,, A1 QWU Sinnuduiudaue PAR innitge Taefirndulseans

Sandunus ()
WinAU 0.87 (15799 4-5 99 4-7)

4.4  @UNAMSANYIENAAUIVBIEIUY NS

nsfnwaugatvesauetng Tnssidnwanudesnisliiivesssuuinasamin e
Tduteyadsznavlumsdunanameilnliudvesiiuiivgnensms ludues Green water uag
awmosiaUIusINnIsAnsIy o o1 waraaaiiild wasvesdefiinturesiiuiiugnensms uas
Anwdvnavesanmeanionianeridulssaninisldtivesiis (Crop Coefficient, Kc) n1sae
SUMETBIN (Evapotranspiration, ETR) wag UsnamsTdi (Crop Water Use, CWU) %a&ﬁuﬁﬂqn
gNNIT

dmsuns3deludl 3 § aunsonsafemuuartufindoyaaunatiuazgagionniaves
fufidnwn Site i 1 guiitosanBanst 2. andans WWasu 2 3 uasfiufidnw Site 7 2 wlas
nuasng 2. Ten1u WWasy 1 T uidmsuiiufidne Site 7 2 du dnifeldvssduteyaduiionn
mely lngenfuanuduiusivteyanisasaivlavesduensiastayagagiionmavinlviliveyaauns
AsuauAsU 2 U defluandlunsnadl 4-8 uaz 4-9

a

o1 elul 2556-2557 1u WU mwm%’mma“awiaﬂ ﬂ%mm?ﬁmamﬁméa“au
aaamavamaﬂmaqwummﬂﬂammﬂu mumLaamaqammummmm ALY
nw Site 71 1 mmﬂauﬁmmmwwumww Site 71 2 vusfiUSinuduavausedues

a

S A . =
NUNANWY Site N 1 NﬂqﬂaumqﬂuaﬂﬂrJ’]WUWﬂﬂﬂq Site V] 2

e Ne B

®

2
=~
)

See ee

2 =
=) an)
5 3 .2
.= g ¢
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foyaaugatlud 2556-2557 u nud1 Ansaessset (ETR) uwazAU3unansldl
vosfivug1984 (ETo) vasituiiugnenemsn Site 7 1 T ETR ua ETo gan Site i 2 snifud ETo
Ul 2557 danu Site 7 1 fd1 ETo dnth Site 7 2 idntios Fvorafiaumaunanen ETo Alddu
Usziiun33u8e Penman-Monteith (Allen et al., 1998) WumsUszanamainmsidsuudasos
anmanuBueinia Fsiuiidnuisaesiiniuunnsrmnadiugagionnialdinniin SnaUianm
thelufian o Site 71 1 Saroudnetionndt Site 7 2 Feoraduannarilien ETo figruman Site 7
1 fiftfesnin Site 71 2 uananidanuin A1 ETR Adadewmaiia Eddy Covariance fldndninen
ETo Amdudorazannndt 50% anuusnssiiintudanaindunauiain anssemeivosiiy
$redaiuduamssemetasisfildinannisdiuan neldmuusmisiugandeonie uazen
Fuuszansnisldtivesity (Crop coefficient, KJ) A1 K ildlun1siuinmuisnisves FAO
Penman-Monteith Lﬂummﬁmaamq@maLLazﬁmuﬂsﬁumﬂﬁuﬁSuﬁlﬂﬁﬂizwmi‘ma Faifurnnsnig
sumpihiidunnildannaunisdindn Freudiswandsluanainismessmetiiinldagduiiug
Ugn dnfuanisldirvaserannan (Crop Water Use, CWU) wun fiufiugnensnis Site 7 1 4
A1 CWU gan Site 71 2 sielul) 2556 uay 2557

mimauwamume (Transpiration, E) Wua1 Iu‘d 2556-2557 1t A1 E maawwﬂaﬂ
§199191 Site 7 1 g Site 7l 2 uaz aﬂmuﬁuaqmmimsuwamummamimaivmauwaqwum
Ugnens (E/ETR) wudn Mufidnwn Site 7 1 Sdndiudnisastivesiugnsdenisaisszimetives
fufivgnens Andufenas 61.17 waw 73.73 Tul) 2556 uay 2557 MRy vuefilufiAnw Site 4
2 fdadausmsmetesiusnaientsmessmeinvesiuiiugnens Andudesas 38.29 uay 34.54
U uandliiitudn luitufivgnensengunniu msliidnduginaneufesnisiwesiuen
angl luiufivgnensongliosdu armdeanisldtharulnglilfiAnandues uderainainnis
sumeithaniluiivgnensgussennia esandeunuvesiueisiy Suadydulalidiud uazdsll
ruiuiivgnisuieafuesnsengunn ildiuAulfieuiuensldsunansenuananmundonld
Tnemss uazenadwmalifinsasthaniufugenitlusasgnensengunn

duuszAnsnaslddtvadsnanasn (Crop Coefficient, Kc) nasnqguan a Site 7 1
Auiidoensasiianst 9. avdans wuih Aneds Ke luudazsasnsidapivln vesd 2556, 2557
wag 2558 Tuta initial stage fAegsening 0.11 - 0.23 @ development stage A1 Kc Lty
mumadyiulavesuauluveeiui JaluszosiifuEuunnlulm uazddegsewing 0.27 - 0.36
dm¥u mid-season stage fiANogsEning 0.53 - 0.57 Tugasszerilaniiulédn d1 ke fanuudsusu
Aputnags Lilesninsznineitlugausniinsieiydvlnduiug SalnsAnluyafiaedusisian
fananaae Faviilien Ke Sanfugeiuluftounsngiau & Asnau vemnd warluzas late-season
stage fiAnogjsening 0.42 - 0.5 Fuduteiilusisesiien Ke szfidranasuazandilndgud Jauans
11 Tudredtfiludaadu lafiudesnisnisTiidh (Allen et al., 1998) wiiiloiusuiitsuen
duuszAvinsliivasiis vide Ke Aldlun1sduanniaiBnisues FAO Penman-Monteith (Allen
et al, 1998) TneflAdsl Ao Turae initial stage Yo9819M151 TAN 0.95 939 mid-season stage wag
late-season stage flAwifiu fie 1.00 99nn1INRaes wandliiiuil A1 Ke Aldannisvaassdiam
nilunntasnisieaTyAuTaresdug1anig 1i8491nn15MAY Ko 7133815989 FAO Penman-
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Monteith azvmaindadauusuanisidihwesiis (crop evapotranspiration) furaniseuasune
nsldvhvesfiesnids (Reference Evapotranspiration) Tuanmudasiinfaiiesneiazvinlinis
sumeuazmsaetvesiiglildunansenuandvsnanisuen waziinssanisiheghafivanediu
AudeInIsTefiznasnian usnaniausunanslddvesitudneds Sanudundsiunuanin
plionAvesusazuisdnde Taewuindnoineaus m Ke Aldazgetu udluanmsssueidlaiia
anMewashuussenid weaztauinlu Lﬁaaﬂm'ﬁqul,ﬁﬂﬁﬂ (Bush et al., 2008; Isarangkool Na
Ayutthaya et al, 2011) fatunsldisnisussidiudn Ko ana3anisves FAO Penman-Monteith 54
Hvodnnin ﬁﬂﬁmmﬂ%ﬁwaamqumﬁﬂisLﬁuauﬁuﬂdwmwmﬂuaﬁa

iaLGlEJiWWﬂiUWUE]\‘iEI'NW’Ii’I Anwlu 2 dau laun ’;aLmaiﬂ/\lmﬂiumaqwuwaﬂmamﬁ
uazemesaUIuFTAnIINsRnTIL U8 81 wazannadly uas mauawmmummwumaﬂ
g1 NMIAnwIAURulRUIuRURILTUgnensLS RRIM 600 Anwiluitufl 2 Sites 1#un Site 7
1 gudidoesasdunsi 2. andans way Site 71 2 ulannuasns 1. Ssn1w nud Auidne Site 7
1 gusideensandans 2. andane w3101y 19 uag 20 O famewmeinUTusd (Green water)
WU 7.76 uag 5.60 m® H,0. kg nanan Adiusingiiu dertfesninfisiesulag Mekonnen wag
Hoekstra (2011) sUsziiuanlaglduuusians CROPWAT 8.0 fifiAn 12.96 m>.Kg nandn lagand
s1891uty Saunndnde 60% stedunaganainanimiandennasfudsildluuuusiaosd
Mekonnen and Hoekstra (2011) ldduiinuuansnsananinuandeuluanuduaidly Site fivi
nsmeaes dmsu Site 7 2 Suduensengiosfidiluifania Fedldansofuamaomesrauiug
1] Lwﬂé’ﬁﬁmam"nJ‘s::?m%mwms’li’fﬁwmﬁuﬁﬂgnma (Water use efficiency %50 WUE, kg C . m’
* 1,0) ilenSsuifleussninsaesiiufing nud Aufiugnensms ite 7 1 Sudusnsengunn way
Jandaudaiiedsyansnmnslidivesiiuiiugnensgen Site i 2 Faudusnengtios wasdilsida
n3n dauAmewesaUsuAfiAnannsanssl o o1 a1nafiild uasvoadedadmsuiiuivs 2
Sites 1u Usngiang Gray water S9EAWYINAY 2.23 Wag 2.17 m? Hy0. kg WakAR A1ua iy Gaen
oSl ina L umiiUsyfiufeiBnng LCA
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M31991 4-8  @sUdeyalagiienia aunavesl wazielnesiauTuAlul 2556 vesiunugn
g19M131% S RRIM 600 Site 71 1 Audidoenasidanst 2. aziduns) uag Site 71 2

LUaNEAINS 9. TIN1W

Foyaianun Site # 1 Site # 2
ANuULasEzaunead (mol m? day™) 5,418.46 5,625.49
gumpiionnaade (°C) 21.18 25.48
muTudiinsiade (9) 81.73 69.17
USunauslugzau (mm) 1,215.00 1,441.00
Usnussdnsodindazaunal (R, MW m2year’) 3,169.22 3,026.16
YSunassdansavauset (R, MW m?year’) 2,163.06 1978.16
mimaizmmaqﬁwazaumﬂ (ETR, mm. year) 932.83 653.46
Usinaunsldiwesiivdnsdavausiot (ETo, mm. year?) 2,220.93 2,189.11
inamsldiwesfivazausied (CWU, m3.rai year) 1,492.53 1,045.53
nseethuedueazaudal (E, mm. year’) 570.61 250.20
NaNARTNEN et (kg rai'year™) 192.40 -
UsyAninmnslihwesiiufiugnens (WUE, kg Cm™ Hy0) 0.82 0.48
JwesinUIuivesiuiivgnetsn (m’. kg?)
Green water 1.76 -
JaumosHaUIYivRINTURNTI (M® Ho0 . ke Kandn)
Green water 0 0
Blue water 0 0
Gray water 223 2.17

1/

JoyaannIdelul 2555 Beinnunaenlite1gueinisugn
7 fiuiivanes Site 7 2 Wussenatiesfidslddania vlildannsadnuainisveunsuvidendadnmitiens

131



M3 4-9  asudeyalagiiennia aunaul uazkazlamesnUIudlul 2557 vesiiunlgn
g19M131% S RRIM 600 Site 71 1 Audidoenasidanst 2. aziduns) uag Site 71 2

LUaNEAINS 9. TIN1W

Foyaiianun Site # 1 Site # 2
AndLLasazausat (mol m? day™) 5,725.01 5,656.13
gaumnionnaade (°C) 27.29 25.54
mnuTuduinsiads (9) 81.50 73.97
USunausluagay (mm) 1,282.00 1,545.00
Usnaussdnsodindazaunal (R, MW m2year’) 3,313.93 3,142.01
UsunauSsdqdavausiol (R, MW m?year”) 2,208.50 2,117.03
AsANSEEURRiNaraLRaU (ETR, mm. year’l) 1,059.80 848.22
USunaunsitinvesiivonsdsazaunat (ETo, mm. year ) 2,335.96 2,381.11
USunaunsitvesiivasaunet (CWU, m3.rai’ year”) 1,695.68 1,357.16
mMsmetvesiugsazaunal (E, mm. year’) 781.38 316.18
nananeneed (kg rai'year?) 302.70 -
Usgansnmnislduvesiiunuanens (WUE, kg Cm™ H0) 1.04 0.82
JawnesHaUsWIveIuTIvgne1enis (m’. kg
Green water 5.60 -
JeRsHAYIWITRINTUANTIH (M Ho0 . kg Hakdn)
Green water 0 0
Blue water 0 0
Gray water 2.23 2.17

1/

Joyaa NIl 2555 Jsdnniunaenyite1gueinisugn
2/ g A . a I v a o | A a ° ' ° | 5 < s a o ¢ o
Wunugnens Site N 2 \lugvergieendiliilania vilvldanunsadinaaifueunausuvisendnfaeiuiens
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unil 5
A3UNa uazdalauauu

5.1  Wuhdne

n1sefiunuddeludi 3 dwlngilunisesaindeyaaunanisveu wavin wazdoya
Usznaudus veituiiigne1anisn 2 Site sy 3w inaidansd (819918310 uaslUanIaung) wag
Tenut (evenetios wardelilonin) vaeddndunsiivteyauld 2 Y 9 e

maiudeyaiderssdradulumuununmsaniunuiidivualy uieafideyagaymeluing
Wesnanudemevesaunsaluazagiueifldlunisiivieyaniaauny

M13199 5-1  agudeyavesiunfng

_ aziueen nziueanieunile
_ 9. dufeiun 3. asldan a.U A 2.09n1%
i sl 1003
_ 13°34'21.97"N 18°13'22.77"N
_ 101°28'5.53"E 103°18'59.46"'E
g m)  eom 200 m.
i oviedu ondort
_ YAAUNTUNTYS YnAulnuEy
Wugews RRIM600 RRIM 600
N - 37 s
owhuhdssr 209 59
smami@nie® 109 dilaiariin
Ulladrveme/marmgs  2549/25m. 2555 /15 m.

52  msfnwaugamivey weldidudeyadaviasusunnusudvasaiugnsnis

n1sfnwrauganisueundseenilu 2 diu e (1) nsfinwaunaaisueuluiiuiugn
#1951 Wunsinaunamsususiemadia Eddy Covariance (2) mMisfinwnaunamsueuvenig
wanssAnssy Jo 81 asiediily uazvesdeiiinduainiuniugnenaiiedsau LCA

Yoyaaunanifueulud 2556-2557 u uansliifiudn szuvinasamnanianiusdy
Carbon sink %138 wvidsfuifiuariveu ilesandusransiugandufrenisueulaoonlss Tns
nsrUILNIAUATIERiIsUas uazddsufinwaniuoulasenlediiuTmaazauegluszuuy
AU

AISUBUNAUIUATBILIINISIHUS RRIM 600 TuiiuiAnwivs 2 Sites W wudn Asuaumn-
Uudranufiugnens Site 91 1 Felusnserguinuazilaniauds Tul 2556 waz 2557 A1

133



ASUBUII USRIV -4,085.16 uay -6,496.24 kg CO, rai! unedicnAsuaumnUTudfiAnan
mavangsy o 01 M9efAld warveadeTiawing 28.5 kg CO, rai! fieaesd dwmsuiiuiidnw
Site 1 2 Baudusserytios Filidanda fdausunaUTUAVNTY -1,842.39 uag -4,078.09 kg
CO, rai’! vugficmsvouaUIuiTiAnanNsennssy Jo 01 a1aedild warveadefiuwindy
198.5 kg CO; rai Hadod

drunfuounnUIuidenanduaitiens 1 kg vedludruvasiuiiugnersnis duald
awiziuiidne Site 7 1 Hoswnenalinnauda Tnewuin Tl 2556 way 2557 fidmsveuy
WAUSUTIYINAY -23.31 way -21.46 kg CO, . kg WanaR mudiu vnizfirnasueuauiusiian
nmsaansau o 1 mnadiild uazvesdefiAntuvesiiufiugnensmnsn Sty 0.30 ke
CO,. kg™ nan@n

AruausmUTudvosiiuiiugnens lidandudasuounausudsefiuiiugnens wie
susuaUITidenAnfusiiens Sanduau () uansit Aeaiveulaeenledgneanduiiig
szuulinAeans efitaivouausudfiAnnnsannssy o o1 asediild wasvouds
fauduuin (+) Fauansiiinisvdesfinvafueulnoenledgussennia wivsunudignides
pomntutesniiUimnuieaniveulneenlediigngandulaeszuuuaisnainnindosi
dmsugnsengann wandifiuin mnanunseiraaniueunnuiufluduresiusnannuanly
nsrUrUNITANATTUB UM UTURvRs1amnT1 antduniniinnuainsalunisursturesns
sssumAdaduiinsodauinden LLazmmzauﬁumﬁﬁwLﬁuqﬁﬁﬂﬁL§8ﬂﬁ1 “Greening Economy”
vio “gaiAsvgiadiTer” Jadunsdidugsiaiideddlaimansenuiudundouse

nsfinuiladedifidninusonivoulnuiudiAnannisiunnssy Jo o1 arsiadifly uas
vondsresiiufiausanluiuiinany fusenidsanile laefnwludmiadenm uazgnssil
wui Uinanislddedeing iuavendniidmansgnudeaiivounauiug dadusesan
1$un Vsanamandmirensmnansols

datauauuy N1stiusgleviandeyaaunavesitgaiivaulaeenlanvesiuiugnens:

ToyaINNNIANYI8IAUTENOUTBIANTUBY NNSANTIURAENNSAUAET @mnsarntuld
AnaUszliuasusunnUIud munann1sussluingdns®ie (Life Cycle Assessment: LCA) ol

il ArsTenuiAnteyaaunan1susuinsiaianlemaila Eddy Covariance 21N
1A59N158 FakanadauSunumsUaUlnoan R NUILLINTE1MNISIEISUYIRMSINNUTTINALAY
< o D Ao a & = | & 2 A
VUL 98U98TAI1 81901151555 91R WU Green rubber @9azgrevduUseiAunUsnalng
aunsalddudelmuseulunisuistuiuensdunsizile

134



1%

=
-
ol
]
<o
=D
o
N
o)}
ool
%
@E
[t
2
2N
pmd
o)
2}
o)
)
aflo,
c
©
=
=}
©
Zo
=D
=
=)
(ol
D)
)
o
2
Zo
=
)
an
)

2556 2557 2556 2557

19 20 il 5
-4,485.16 -6,496.24 -1,842.69 -4,078.09
14,588.59 10,160.53 4,791.53 7,529.29
10,103.43 3,664.29 2,948.84 3,451.20
9,917.80 10,045.20 5,125.70 7,840.80
4,485.16 6,496.24 1,848.00 4,071.47
Carbon sink Carbon sink Carbon sink  Carbon sink
192.40 - 302.70 -

-4,485.16 -6,496.24 -1,842.69 -4,078.09

28.50 28.50 198.49 198.49
-23.31 -21.46 = =
0.30 0.46

—

/

2/

A0TULVDISTUULLIAIGNNST Carbon source A8 SruuiinAgamswivtmduiwrasinifiuasuay (NEP < 0)
Carbon sink A8 seuuiinAgsnsvivthiduiawnasinifiuasuay (NEP > 0)

AsveunnUIudINMswansst Yo 81 a1sedild uavveadeiiatu Jedudunsdnuwilul 2555

X A . :4' I Y dAwvoia a ° ' ° i 3 2 e a o e0

Wungnens Site 7 2 Wugnsengieendilidania vilildanunsorwinasueunnusuvisondndaimingns

w

/

53  nsAnwaugaun weldiludayadavinamesnausuduasaiuganisn

nsenwannaiveEILe1INT Tngyidinwanudenisldinvesseuuidiang1am s e
THluteyausenavlunsdunaneweinausudvesiuiivgnensnis Tudiuves Green water
wazrawmeTrnUsudiINNsuanssy Jo o1 asaliild uasveudeniinturesiiunugnenanis

Toyaaunain suldun Ansaeszmenl (ETR) wagnislduivesensnnst (CWU) Fedald

1% [ '
a

lagldinaiia Eddy Covariance Tul 2556-2557 vilyins1udn nseseigiivesiiunugn
grensialadu SanfesnirArusuanisldinvesiivs1eds (ETo) Fadsuifiunuiues
Penman-Monteith Anidufesazannnin 50% snaen Ke Ainlaugafinine ke Aldlu
M IumNIsNsTes FAO vilimsuianudesnsidiveseramnsiiinlaasaiu dendi
anudeinsliihfiussfiugeunuustass Crapwat iWusgnsnn dmsurrmsldiwesersns
grldlunsdmumanemesrnuiudvosiiufiugnetsiug RRIM 600 Anwiluiiufl 2 Sites
wudn Tud 2556 uay 2557 Huiidnw Site 7 1 guiidveandann 1. andans fanowes
WAUTUR (Green water) Winfu 7.76 wae 5.60 m? H,0.kg awAn Afiusingiu fertosnii
s1891ln8 Mekonnen uag Hoekstra (2011) #auszidiumlnglduuusiaas CROPWAT 8.0 #iiien
12.96 m®Kg Hawdn 1nnidosay 60 1y Site 7 2 duliussorgtesdisslidania Sedslal
ansoswanAewesAUTUALY wildsuammussansammslithesituiiugnens (Water
use efficiency wie WUE, kg C.m H,0) tlelU3euiilsussuinsaesiiuiidny wuin ﬁuﬁﬂgﬂ

1

(SN
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819131 Site i1 ?z'fqrﬂumqmamn LLauLTJmﬂ%'mLLé"aﬁﬂ'wﬂiuﬁw%m‘wmﬂ%ﬁwmﬁuﬁﬂaﬂmm
7 Site 71 2 mLUusmmEJua‘a Ay ENVLEJL‘UﬂﬂSG] m‘um?aLm@inUium%Lﬂﬂﬁ]’]ﬂmiL‘Umﬂ’iiu U
g1 a5uasifld wazveadeiiddmsuiiug Sites 1 1 uay tu Uiﬂﬂgm‘wu Gray water Fadlein
Wiy 2.23 Uag 2.17 m’® Hy0.kg HAKER ALEAY mmaaLmai‘mjmﬂiummﬂmuﬂummﬂszL:uu
A8 LCA

mﬁmauwamumn (Transplratlon E) wuin Tud 2556 2557 1t A1 E Gum‘wumlaﬂ
£19W137 Site 71 1 gann Site 72 LLauﬁﬂﬁ’J‘w‘U@ﬂﬂ’]ﬂ’]iﬂ’]EJUWJENGIUEJ’NG]@ﬂ’ﬁﬂ’]EJiuL‘V1EJ‘L1’1°UE’J\‘1
wuwﬂqﬂmq (E/ETR) vesituiiine Site 71 1 fdndaumsaeivesiugisonsaessme
vasituiiugnenagent Site 7 2 uandliiitudn naifstureengduens wienafindnnavesiy
g19 enafiarsnavhlimmeivesiuenafintu

Jowguanuy N13liusglovinnteyaaunainvasiiunugnens:

foyavnnisfnyiadusznouredl 91nn1swAnssukaznIsiiuiies aunsadnluld
AwInUszliviamesiaUsus LUy Grey water footprint 1a

v

Tuvueh Teyaaunauinsivinaiomaiian Eddy Covariance 31nlAIN15H @11150
iUl duAUseiiu Green water footprint 1

a 1% H & A
13199 5-3 ﬂ?ﬂm@%aﬂﬂﬂauqﬂaﬂwuﬂﬂgﬂEJ'NW']‘J']

2556 2557 2556 2557
19 20 4 5
932.83 1,059.80 653.46 848.22

2,220.93 2,335.96 2,189.11 2,381.11
1,492.53 1,695.68 1,045.53 1,357.16

570.61 781.38 250.20 316.18
0.82 1.04 0.48 0.82
192.40 302.70 - =
7.76 5.60 = -
0 0
0 0
2.23 217

—-
~

e
D
D
a
€
D
€
D
D

unugnens Site 71 2 Jugorgtesfdslidania vilildanmnsadminmaniveunadsuvidenindueiuiens
AsuaunnUIudIINMsanssu o o1 arsedfild uavveadeiiiniu Feiuduns@nulud 2555

N

1

Sy
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54 3NZNAVEMNIINFONADENARAITUDULALUN

BNSNAYDIANINUINFDUGDENARAITUDY

mﬁmezﬁaﬁé’uﬁuﬁ‘izmwé’mﬂmmaﬂLﬂﬁaumﬁuauqm% (Net Ecosystem Exchange,
NEE) fugagiiomniavesszuuiiafe1anisn duldun Ysuausedans (Net radiation, Rn) U3ana
S9dn19971%9¢ (Global solar radiation, Ro) ANULTNLES (Photosynthetically Active Radiation,
PAR) gaunigilo1nne (Air temperature, Tai) ANLTU TS (Humidity, RH) wazuSunalethi
anasuLiallé (Vapor pressure deficit, VPD) nsiaszsianduiusuvadu 2 daw dwit 110
msheseandusiuslaglddeyasinluseu 1 U wazdiuil 2 wiadu 4 ngumuszeznig
Wiapiulnvesduesluseu 1 9 18ud szeedl 1 No leaf szl 2 Refoliation Sveedi 3 Fully
expanded leaf wavszeyil 4 Defoliation

Site 71 1 gudITvenaziBans a. azfans mimszilagliteyasnlusevd uas
ANTIATIZALYNAUTEEZNNTRSURULAUD AU TngAINTILLAY WUIT A1 NEE HAuduius
Tunswniy (Negative correlation) AuA1 PAR ay RH Ineiinnudunusluniswniduiuan PAR
wniian wazdauduiuslulufiamades (Positive correlation) AU R, Ry, Tair uag VPD 1
NEE fanudiuslulufiamafeduiug VPD snnfign

Site 1 2 wUaanwAsNT 9. Tanw Mstiziilaglidoyasalusevd uaznsins e
WINAUIZUENISRTLAUIATRIAUEIS daulng wud A1 NEE danuduiusluniswniuiual
PAR war RH Ineanudusiuslumsnnduiuan RH unfign wazdanudusiuslulufianig
{Fieafuen Ry, Ry, Tair way VPD A1 NEE Sawdusiuslulufirmaiieatufuan VPD anndiga

DNSNAVRIANINLINADUABANAAUN

MRS anduiussywinen1saesymeTesi (Evapotranspiration, ETR) n1sldihves
W (Crop Water Use, CWU) Larduuseandnsliivesie (Crop Coefficient, Kc) nugani-
91N1AYA9ITUUTAE1NITT Sulaun USuaussdans (R, Usunaussdaisending (R) Avandy
ueta (PAR) geunnione (T, ALBUEITNE (RH) uazUSinalletnitenniasuidiials (VPD) g
Anszsianduiusudadu 2 dow dwd 11 dunsiinseienduiuslaglidoyasiulusou 17
wazauil 2 uiadu 4 nguauszezmnaapivlavesiueidluseu 1 7 16U seeedl 1 No leaf
sveed 2 Refoliation zed 3 Fully expanded leaf wavszeyl 4 Defoliation

Site 1 1 gudidoensaziBans v, azans mezilasliteyasulusevd uas
N153LATIEAUENAINTEEL NS LA UTRURIAUYIY daulug wudl A1 ETR wag CWU
anuduiulumanndiuduen VPD wag T, Tnefiruduiuslumanndufudn VPD inniiga uag
fieuduiuslulufiemiafiedtuan R, R, az PAR @1 ETR waz CWU danuduiusluluiianig
Wenfufuen PAR snnfige uaze ETR uaz CWU lsiusinganduiusiiuen RH uenTINtgmu
Tuszeeiiduodliiludy anduiugsening a1 ETR uay Ke Aeudraunndrsluainssesnis
Lﬁ]'%f,yt,auim%'m d1uA1 Ke i wudn fauduiuslunitanndusuel VPD uag T, Wagd
auduiulumanndiuduen VPD wniian wardanuduiuslulufianafeaiud PAR uay RH
f Ke finnuduiusluluismadioatuiuan RH 1nilan
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Site 7 2 wlauneAsns 9. Ten1u nsiaselagldteyanuluseul uagnsiiasies
WIAAINTEEZNITLDSYLAULAUDIAUN TABAINTINLAD WU A1 ETR AAudunusiuniswniu
fuen RH sniu szeefiduluiilu wazszesiidusnadslulng wardnnuduiuslulufiang
LA UAT Ry, R, WAz VPD A1 ETR danuduiuslulufianiafeaduiuai Rn maﬁqm gAY
syevfilusneinisvegvuimiud wazel ETR Laiusinganduiusiuen Ty, daur1 CWU 3
ANMUAUNUSTUNSHARUAUAY VPD hae Tay Weianudunustunianntuiuan Ty, mmﬁqm LAy
fianuduiusluluiiemiafeaiue R, Ry, PAR way RH A1 CWU Simnudusius wazd1msuan Ke
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1. Eddy covariance system
CO;, concentration [CO] pmol mol™ 30 Wil
CO; flux Fc pumol m?s’! 30 Wil
Net ecosystem exchange NEE pmol m? s 30 Wl
H»O concentration [H20] m mol m?s* 30 wil
Water vapor flux E m mol m?s* 30 wil
Evapotranspiration ETR mm 30 wi
2. Weather station

Net radiation Rn wW.m? 30 wil
Global radiation Re W.m? 30 Wl
Photosynthetic active photon PPFD pmol m? s 30 Wil
flux density

Air temperature Ta °C 30 wi
Relative Humidity of the air Rh % 30 Wl
Precipitation PPT mm 30 W
Wind speed WS ms’ 30 wil
Wind direction WD Degree 30 W
Braometric pressure Pa kPa 30 wil
Vapor pressure deficit VPD kPa 30 wi
Vapor pressure VP kPa 30 wil
Evapotranspiration by FAO Pen- | ETP mm 30 wil

man-Monteith equation

3. Soil respiration system

Soil respiration Rs pmol m? s 2 da

Heterotrophic respiration Rh pmol m? s 2 da

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

Transpiration by plant T mm 30 wi
5. Yauausznaudu

Soil temperature Ts °C 30 wil

Soil water content SWC m’m” 30 wil

Leaf area index LAl m*m? 2 dUansi

Leaf litter trap Litter trap | gram 2 &ai

Diameter of plant Girth meter 6 Lhau
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1. Verification Sheet @7ug19UUIALEN J9InUIATININW

doviosh [RUCEHICRTRREEY T svaviasu

il aumawrmada {ﬂu\‘h{mm'ﬁ 50 13) FawdTadlanl

Hondadme WU IER

'ﬂnuiaﬂmq{'nn:w {Thal) dmawnan

'ﬂnuﬁnﬁmm’nn:lﬁ'u {(Eng) Frash Latex

aauinAnaInTsdssuiu 828
wuiaunisvireu (Thai) 1 Atansis

wiuanisvieu (Eng) 1 kg

nsuviusaaninlann GHG udazivin

nsuasaaiaannuouesdayaiudu
250.00

199,06
200.00 -

251 g CO2e.
* ‘a" 150.00
N

2 100.00 -
49.65
50.00
118 -

S ——
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Haviasu

W ew dunalinag Jawladonnd

Fa
wWun

Houdadon AanaER (uwis)

ian GHG sasnmlauwnesnild | pymldan GHG BaenmTaums
1] Tandu wilaau wesvinmns FRnfu W uasniNIng My {kgo02 eg. 14 /1)
(KGTD3 g /14111 (kgCO2 eq./1/il)

dreiginmidia dudm

mmlgauasnieimnnaunisniang 21.6391 0.6053 222943 o475
mmlgauasnieimnnaunisniang 930.2051 6,284 G936, 4900 18.580
Ny pal &l i 1y 3, /30,5642 20,4655 37710297 72.73
Q. 76 100.00
4,000.00 - 3,771.03
3,500,00
3,000,00
g 2,500,00
2 200000
1,500.00
£,000.00 936,49
500,00

2224

avrrlgrmand vy e T

armdgnmand vy sisun e

avilaay GHG 1 L Amla; .
ahaiginyiia szt ] awiwnns | faglu u uaznd ms (kg CO2 eq./FU) ddm
(knCO2 eq./FU!

NI AR

19.80
A7z
100.00

armlgnuasiedninansaianaunssiaeat

020

020 -

0.15

kg CO:e

0.10

0.05
0.05

0.00

vy vpedn

T el i e
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2. Verification Sheet #7U819UUIANANG AIWIATININ

doviasu [IUCETHCSEEE R R

a4 T . o x a
U AEWWINIIANAT (Auitinnis 50 19) Sawdaden ]

LEUEEE D MuRWTas

ﬂnuiaﬁmu{'nn:{n {Thail) dmavnan

Handnsion uazgu (Eng) Fresh Latex

souisananslsEuiv B2B
wuaunisvineu (Thal) 1 Alansu

wuunsyiieu (Eng) 1kg

nsrduvsuananisdaog GHG usrsvla

nsiARdIASDoMINUURTE BYRINAY
300.00

250.00 - 240.22

303 g CO2e. 200.00 -

g COe

150.00 -

\ 2
100,00 -
50.00 -
0-?9 -
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asdnsdsouinidounszar Ansini

daviatu

A dunathnaia dawdadana

dravmas (uuuva)

nrlaan GHG maan s

wiginyiia

v
ot

nnlaan GHG ¥aanrruds
fan@u wiaa1u nasvdnmng
(kgCOZ eq./FU)

HaTI(kgCO2 eq./FU)

A iginidia Ty miea i u Fandu wisam wasndnong Havu{kgro2 eq. dadn
(KGCO3 oo f (k€02 eq./13/11)
15,8856
nmlgr ol i 1,127.5268 3.9224 1,131.4992 18.49
AN IR RN EAEN TR NI MMAD I 4,971, 7375
6,000.00
4,971.74
5,000.00
o 4,000.00
2 300000
2,000.00
1,131.45
1,000,00
15.89
: nmalgrmaz w s s mdsn e gl v sl i wnfus i

n einu 0.0558 0.0002 18.49
n jodnu i oy 0.2450 00012 81.25
T 0.3016 0.0014 100.00
0.30 ]
0.25
g 0.20
I8
2
0.15
0.10
0.06
0.05

rrlgruacal ry s nnduse
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3. Verification Sheet g3ugnuuInlg J9nIndaniu

suavlasu

doviosu [EUCELICETEILCr

i il ATUHWITINUIANAT {\?fuﬂmnni'\ 50 1) Faudafianl

Hdandadmn LHRUSELRISET

ia uasue unzgu (Thal)

ﬁ'lm‘m aral:ll

Hdondaine uazgu (Eng)

Fresh Latex

zaunanaInisudssuiu

B2B

wuumsvieu (Thai)

winnsviee (Eng)

1 Alansi

1 kg

nsusaaadnaiuiunesdoyaniugy

300.00
250,00

346 g CO2e. 200.00

g CO:e

t 150.00
| 2
100.00

50.00
0.79

83.83

nsiuvsusaanmsilann GHG usa:ava

261.62
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LECT-CR e

nslgnuasigeinenaunisniagg

=

agun

ammawnm énnathnaa Sawdadand

tmawnan (uu.uva)

ran 1Tl

1)

uaznvilal
atu waswiwong

L2595

nrilang GHG aan 1 I
Fandu wlaa uasinmng
(kyCO2 eq./ /1)

i m(kgCO2 eg. 14010 dadm

A 5661

sl gnuast adnsfaunsniagg

kg CO:e

8,000.00

7,000.00
£,000.00
5,000.00
4,000.00
3,000.00
2,000.00

1,000.00

haiginaiin

20.57

mmlgnuanhdfandaunandeag

21571538 21729242
i L I 6,718 9883 &, 7745555 7554
100.00

6,774.56

2,172.92

mmlgnuanhasdfaniaunanian

amlaan G HAANTTHUES
Fanfu wise uasminmng
(kgCO2 eq./FU)

Wi mkgCO2 eq./FU) dndu

kg CO-2

0.25 -

0.20

0.15

0.10

0.05

0.00

avrdgnaasd e inen andeu s

mrmlgnuanlraiomsanandene
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4. Verification Sheet gaugnsvunain Jwwingassail

SIURsIEUATRIHARA T

Amgavnrmnaan (Fuiaondn 50 14) Samieaani

Hausasn dirawinan

énuﬁaﬁmﬂ"ua:fu {Thal) hmamnnan

Anulansne unzgu (Eng) Frash Latex

waulzazaemsdssuiu B2B
wiumswieu (Thai) 1 Alansi

wiuhanisviieau (Eng) 1 kg

nsvluvsudnenslaou GHG usazvld
300.00 277.42

nisudRAisonuuRsioyRuiua

250,00

348 g CO2e. § 200.00

=]
150.00

100.00 - 69.87

50,00 |
0.78

N
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1
agun

Amuawis dwnatnaie Jawiadanid

htawman (wu.uMa)

miiliay GHG vaanrmuda
ahaiginTiiia al X N | @y wiee uesndineins | weru(kgCo2 eq. 16T
(kgCO2 eq./14/1)

nralgnuasivisdnaiaunsndauig 1,195.9716
MTUGAUAEI TN M ER TR UATEROAIRD 4, 756. 7514 7970
100.00

6,000.00

5,000.00 - 4,779.17

4,000.00

kg CO:e

3,000.00 -

2,000.00 -
1,203.81
1,000.00 -

13.43

Amlgassnhyeinsdsuntiniane namlpnsantpeinuasnsninian

msildas GHE maemsidinuazmshf | aisldan GHEG waenismud
wiginedia szl ieady waenu uazudwmas FRAAL WAL UATNSWINAS masam(kgCO2 eq.IFU) dad
(kaCO; . JFL) {kgCO2 eq.IFU)
r 1§04 AEA g 4.0008 4.0000 0.0008 0.22
I 1503AMA; 3 0.0694 0.0005 0.0699 20.07
mslgauanhinnEnEAT RN IUATTIIHAR LI 0.2761 32.0013 79.70
s 0.3463 0.0018 100.00
1 0.30 -
1 0.25 -
I 0.20 -
Q
L
| o
=
E 0.15 -
1 0.10 -
b 0.07
1 0.05 -
1 0.00
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5. Verification Sheet #7ug19vuIANa1 J9ningassiil
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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 foolprints, we
analyzed seven large-scale siles (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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ecological (e.g. Chapin et al., 2000; Searchinger et al.,

Introduction 2008) as well as socioeconomic grounds (e.g. Pimentel &

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

208

Palzek, 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 ef 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 ef 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

181



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 margnality 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 Bivenergy, 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
etal., 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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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

(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-S1, AG-S2, AG-53) were in a corn-soybean rotation
for =10 years, while the other three (CRP-51, CRP-52,
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-S1, -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 Bivenergy, 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 4 574
6D Boyer loamy sand 12-18 0.17 9 Ve 4 574
6E Boyer loamy sand 18-40 0.17 9 Vlle 4 574
21 Houghton Muck Flat 14 Ve 3 217
228 Kalamazoo loam 6-12 0.32 10 e 4 9.0
22C Kalamazoo loam 12-18 0.32 10 e 4 9.0
22D Kalamazoo loam 18-40 0.32 10 Ve 4 9.0
31B Oshtemo sandy loam -6 0.24 9 II's 5 280
31C Oshtemo sandy loam 6-12 0.24 9 e 5 280
31D Oshtemo sandy loam 12-18 0.24 9 Ve 5 280
31E Oshtemo sandy loam 18-40 0.24 9 Vile 5 280

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 1) for effectiveness. Herbi-
cide was applied using a pull type sprayer (Demco
Dethmers MFG Company, Boyden, TA, 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-51, 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 HyO between the
vegetation canopy and atmosphere was measured

(@ 2010 Blackwell Publishing Ltd, GCB Bioenergy, 3, 208-222

using eddy-covariance flux methods (Lee et 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 150-200 m 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.html;
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 2 Daily evapotranspira-
tion (ET) in mm day ! 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 situ time domain reflectometry (TDR)
sensor close to the eddy covariance tower. The TDR
water sensor was installed vertically from the surface
and was 30 cm 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 0-0.25m 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; S5R)
was determined using the high energy moisture charac-
teristics (HEMC) method (CollisGeorge & Figueroa,
1984; Pierson & Mulla, 1989; Levy & Miller, 1997; Levy
& Mamedov, 2002). In the HEMC method, aggregates are
wetted either slowly (20mmh Y or rapidly (100 mm
h 1, 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™) ©),
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.ON neutral ammonium
acetate. P’ concentrations were determined by colorimetry
with a spectrophotometer (Olsen ef al., 1954), and K *
Ca®’* and Mg?* were determined by inductively
coupled plasma-atomic emission spectroscopy. Seil 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 f)
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 ef 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 SQI. 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 wvarables 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

(© 2010 Blackwell Publishing Ltd, GCB Bioenergy, 3, 208-222
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eigenvectors >1.0, provided the weighted factor for
variables chosen under a given PC. The SQI was deter-
mined as:

"

SQI= " (WixS)), (1)
=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:

LMI =

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 =} " (Kud), (6)
=1
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 i.
The soil tolerance factor (STF) for the sites was
calculated as:

STF =3 (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 i. The erosion tolerance factor Tis an estimate of the

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

(Profile conductivity factor) + (soil tolerance factor)

The land capability factor (LCF) was calculated as:
"
LCF = (GAy), 3)
i=1
where C is land capability class number for a soil map unit
i and A is the area of the site under the soil map unit i.
The site slope factor (SSF) for the sites was calculated
as:

n
SSF= 3 (54). )
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 .
The soil erodibility factor (SEF) for the sites was
calculated as:

n
SEF =Y (KiAy), (5)

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-

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

)

maximum average annual rate of soil erosion by wind
and/or water that can occur without affecting crop
productivity over a sustained period (Renard et 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 withina 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).

Cropwater use (m?)

Water footprint (grain) = W

(8)

. _ Crop water use (m”)
Water footprint (ANPP) = ANPP (M) ., (9

Water footprint (energy)
Crop water use (m?) (10)

~ Biodiesel energy produced (GJ) '

Water use efficiency (grain)
Grainyield (kg)

— 11
Crop wateruse (m?) 1)

Water useefficiency (net photosynthesis)
_ Gross primay productivity (kg)
- Crop wateruse (m?)

) (12)

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)
. Grain yield (kg)
E d = .
nergy productivity Totalenergy input (kW h)
(14)
Total i t (kW h
Specific energy = otal energy mput ( ) (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://bioenergy.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
800pmolesm 2s . 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 3 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 (NO5-N) contents were more than
double in the CRP compared with AG. On the other
hand, Ca’* and Magnesium 1\’[g2 * 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

(© 2010 Blackwell Publishing Ltd, GCB Bivenergy, 3, 208-222
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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  wmgt & N NH; -N NO;-N
AG-51 1557 054" 604 290° 72.7" 1.14* 1275° 14.20° 1.3 013" 007
AG-52 173 0.50¢ 6.14°= 3529 957" 122*  179.7° 13.70° 1.34% 011® 005
AG-S3 161" 053 580"  275° 71.9" 1.13*  190.1° 16.38™ 162 015" 0.05
CRP-51 141 0.83° 580°™  850°  1701* 04T g04° 30.94% 279 064* 0107
CRP-S2 1344 070%™ 628 565 923" 0.93*  57.8° 26.39° 227 058*  0.08
CRP-S3 142+ 72  572¢ 6345 110.1% 0.808 85.7¢ 23.75% 2025 050*  0.a0*
CRP-REF 141 065" 615 872" 181.7° 110" 894" 30.59° 269°" 050°  0.09
P<at <00001 00013 00020 <00001 <00001 00002 <00001 <0.0001 <00001 <00001 00012

*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-REF, reference site with continued CRP land use.
+For a soil property, treatments followed by same letters are not significantly different at P<0.01.

fa Level of significance of Kruskal-Wallis test

BD, bulk density (Mgm_ai; SSR, soil stability ratio; P, available phosphorus (kg ha™'); K ¥, exchangeable potassium (kg ha™"); Ca® ",
calcium (Mg ha '); Mgz'—, magnesium (kg ha "); C, soil carbon (g kg"); N, soil nitrogen (g kg"); NH; -N, ammonium nitrogen

(mg kg™"); NO3-N, nitrate nitrogen (mgkg ™).

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

Statistical parameter PC1 pPC2 PC3
Eigen value 5.80 1.546 1.14
% of variance 52.74 14.05 10.36
Cumulative percent 5274 66.79 77.16
Soil parameter*® Factor loading/Eigen
Vector
SSR 0663 —0.408 —0.048
pH —0.027 0.176 0.890F
BD —0.643 0.364 —0.108
C 0.869% -0.277 —0.032
N 0.897+F —0.201 —0.055
P 0776 —0.395 0.250
K™ 0866+ 0.230 —0.091
Ca -0.073 0.951% 0.156
Mg —0380 0.786 0.002
NH; -N 0733 —0.559 0.170
NO;-N 0235 =0.514 0.539

*SSR, soil stability ratio; BD, bulk density ('Mgm’a); C, soil
carbon (gkg™); N, soil nitrogen (gkg™"); B, available phos-
phorus (kgha™"); K', exchangeable potassium (kgha™');
Ca*", alcium (kghaf'); Mg2+, magnesium (kg ha '); 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

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

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-51 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-S1, AG-82, AG-53) and conservation
reserve (CRP-S1, CRP-52, CRP-S3, CRP-REF) sites in the
SEF, SSF, STF and LCF (Fig. 3). The SEF was higher in
AG compared with CRP, while SSF was higher in the
more topographically variable CRP landscapes. The
LCF was highest for AG-51 and lowest for CRP-REF
site. The LMI, which combines these factors, was higher
for AG (LMI=1.3-15) 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.

20

o - -
o s -

Soil quality index (SQI)

o
S

0.0

AG-51 AG-S2 AG-33 CRP-81 CRP-S2 CRP-S3 CRP-REF

Fig. 2 Soil quality index (SQD for the sites. Error bars indicate
+1 SD. AG-S1, 82, -53, conventional agriculture to no-till
soybean land use change; CRP-S1, -82, -S3, Conservation Reserve
Program (CRP) land to no-till soybean land use change; CRP-
REF, reference site with continued CRP land use.

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-52
and CRP-52, from first trifoliate (V1) to initial seedling
stage (V5). The peak ET ranged from 3 to 6 mmday '
for the soybean sites compared with CRP-REF where it
peaked at ~4 mm 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-52 and CRP-53)
maintained higher soil water content than AG sites
(AG-51, AG-52 and AG-53) 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-S1, 52, -53, 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.
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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, 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-v5

Cumulative ET (mm)

Day of year

Fig. 5 Changes in cumulative evapotranspiration (ET) of soy-
beans over the growing period on the sites. AG-S51, -S2, -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.

2010 Blackwell Publishing Ltd, GCB Bioenergy, 3, 208-222
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Fig. 6 Average daily soil water content for the sites based on
samples taken from 0 to 0.25m. AG-S, 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-S1, 52, -53, 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.

Yield and productivity

The soybean ANPP was closely related to the crop
water use (Fig. 7). Site AG-53 had the highest grain
vield followed by AG-51 and CRP-53. Site AG-52 had
the least grain yield as well as crop water use. Similar
trends were not evident in the stover yield. The CRP
sites (CRP-S1, -52, -53) had comparatively higher stover
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=
— Soybean grain
yield (Mg ha"7)

Fig. 8 Harvested soybean grain yield maps of the sites showing spatial variability of productivity. AG-51, -82, -S3, conventional agriculture
to no-till soybean land use change; CRP-S1, -82, -53, 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-S1 had higher LMI than AG-S2, but the productiv-
ity on AG-52 was very low compared with AG-51. The
AG-S2 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 SQL As LMI

Soil quality index (SQI)
x

08 08 10 14 12 1.3 14 15 14
Land marginality index (LMI)

Fig. 9 Contour map of the interactions between aboveground
net primary productivity (ANPP), soil quality index QD and
land marginality index (LMI). AG-S1, -82, -S3, 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-REE 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-

© 2010 Blackwell Publishing Ltd, GCB Bioenergy, 3, 208-222
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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-52 and lowest in AG-53.
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
(LMD on the studied sites. AG-51, -S2, -53, conventional agri-
culture to no-till soybean land use change; CRP-S1, -S52, -S3,
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-53 had the largest water footprint
per unit energy output (from biodiesel; 172.3 m“G] 1
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, S5R) 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) (kW h-out/ productivity  energy
Treatment*  (kgm™) (kgm™?) m*Mg™)  (m’Mg™h  (m’G])f  kWhin) (kgkWh™")  (kWhkg™"
AG-S1 244 1.03 (220) 974 454 148 0.61 (8.97) 033 (4.91) 299 (0.20)
AG-S2 255 1.40 (3.15) 715 317 108 049 (641) 027 (3.51) 3.74 (0.29)
AG-S3 223 0.88 (1.76) 1134 567 172 1.29 (12.76) 071 (6.98) 1.42 (0.14)
CRP-S1 246 1.11 (2.72) 902 368 137 051 (9.19) 028 (5.02) 3.58 (0.20)
CRP-S2 260 1.31 (337) 761 297 116 036 (7.63) 020 (4.17) 5.08 (0.24)
CRP-53 204 0.96 (244) 1037 452 158 0.57 (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, -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 CRF land use.

fEnergy from biodiesel yield from soybeans.

(© 2010 Blackwell Publishing Ltd, GCB Bioenergy, 3, 208-222
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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 Slates 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 CRT, 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-
agemenl 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 oxidalion 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 CRTP 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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Crop water parameters, including actual evapotranspiration, transpiration, soil evaporation,
crop coefficients, evaporative fractions, aerodynamic resistances, surface resistances and
percolation fluxes were estimated in a commercial mango orchard during two growing
seasons in Northeast Brazil The actual evapotranspiration (E.) was obtained by the eddy
covariance (EC) technique, while for the reference evapotranspiration (E,); the FAO Penman-
Monteith equation was applied. The energy balance closure showed a gap of 12%. For water
productivity analysis the E; was then computed with the Bowen ratio determined from the
eddy covaniance fluxes. The mean accumnulated E, for the two seasons was 1419 mm year ',
which corresponded to a daily average rate of 3.7 mm day~'. The mean values of the crop
coefficients based on evapotranspiration (K.) and based on transpiration (K,) were 0.91 and
0.73, respectively. The single layer K. was fitted with a degree days function. Twenty percent of
evapotranspiration originated from direct soil evaporation. The evaporative fraction was 0.83
on average. The average relative water supply was 1.1, revealing that, in general, irrigation
water supply was in good harmony with the crop water requirements. The resulting evapo-
transpiration deficit was 73-95 mm per season only. The mean aerodynamic resistance (r,)

was 37sm’

and the bulk surface resistance (r;) was 135 sm '. The mean unit yield was
45 tonne ha ' being equivalent to a crop water productivity of 3.2kg m * when based on E,
with an economic counterpart of US$3.27 m ™. The drawback of this highly productive use of
water resources is an unavoidable percolation flux of approximately 300mm per growing
season that is detrimental to the downstream environment and water users.

i 2008 Elsevier B.V. All nghts reserved.

1. Introduction

livelihoods of rural communities. Mango is important for
export markets. Its fruit has the advantage of being juicy and

Fruit crops in the semi-arid region of the 530 Francisco River relatively large in size, besides being a rich nutrient source.
basin in Brazil constitute an important activity for the The global large mango players are India (50%), China (9%),
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(M.G. Bos).
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Mexico (6%), Thailand (5%), Philippines (5%) and Pakistan (4%).
Brazilhas 2.5% of the world production, and after Mexico is the
second largest mange preducing country in the Americas.

Mango is a perennial crop with a high leaf area index and a
relative deep rooting depth from 100 to 150 cm. The trees
basically require a frost-free climate and grow most favour-
ably in warm climates (25-35 °C}, in almost any well-drained
soil whether sandy, loam or clay. Experienceindicates that the
water use of fruit crops varies considerably; it is unknown how
much variability exists from orchard to orchard. Differences in
cultivation practices or the method used in calculating
evapotranspiration are of fundamental importance for extra-
polation of research results to other regions (Williams and
Ayars, 2005).

The relationship between irrigation, evapotranspiration,
yield and percolation is essential for applying and maintain-
ing good water management practices. The agro-hydrological
processes in a mango orchard are only rarely described in the
international literature. Despite the economical and nutri-
tious importance of its fruits, little research has been
attributed to the crop water productivity (Cwe). The index
Cpw can have a variety of definitions. The most common are:
the fresh fruit productivity in terms of actual evapotranspira-
tion or actual transpiration and in terms of the volume of
applied irrigation water (Molden et al., 2003). It can also be
expressed in terms of monetary value per unit of water (Bos
et al., 2005).

E. measurements by energy balance techniques in tropical
fruits, vineyards and vegetables have been made in grapes
(Heilman et al, 1996), mango orchard (Azevedo et al., 2003),
garlic (Vilalolobos et al., 2004), grapes (Yunusa and Walker,
2004), pecans (Sammis et al., 2004), citrus (Rana et al., 2005),
peach (Paco et al., 2006}, olives (Testi et al., 2006) and grapes
(Teixeira et al., 2007).

Irrigation of mango orchards can be associated with
environmental problems. Molle et al. (1999) reported that
mango orchards in Thailand are receiving 20 pesticide
treatments and 5 fertilizer applications per season. Despite
growing attention in irrigated orchards to leaking root zones,
in general during the last decades, knowledge on evapotran-
spiration-percolation relationships is nevertheless limited.
Thus the environmental impact of non-consumed irrigation
water requires more attention. This paper addresses E,
measurements which, in conjunction with soil moisture
storage changes, and rainfall, allow the isolation of percola-
tion fluxes (instead of deriving E, from percolation estimates,
we assess percolation from E, estimates).

The general objective of this study was to find useful
recommendations for a rational and strategic water manage-
ment in irrigated mango orchards. The specific objectives of
this study are

e The evaluation of the performance of the eddy covariance
technique for measuring actual evapotranspiration for
tropical fruits.

» Assessment of daily and seasonal mango evapotranspira-
tion and related crop water parameters for two complete
growing seasons having different rainfall regimes.

e Determination of the field scale water balance for irrigation
performance and environmental analysis.

« Quantifying water productivity indicators at field scale that
can be used in subsequent up scaling studies.

2, Materials and methods
2.1, Measurement site

This study was carried out from 2003 to 2005, in a mango
orchard located in the semi-arid region of the Sao Francisco
River basin, Northeast Brazil This area in Pernambuco State
has a mean total annual precipitation of 570 mm and a
corresponding mean pan evaporation of 2700 mm at a mean
air temperature of 26.5 °C. The orchard is located in Fruitfort
farm, Petrolina, latitude 09°22'S, longitude 40°34'W, Pernam-
buco state, Brazil. The cv. is Tommy Atkins, 18 years old (in
2003), spaced in a regular square pattern at 10 m x 10 m, with
an average height of 5.5m, mean leaf area index (LAI) of 5.6
and daily micro-sprinkler irrigation of an area of 11.92 ha (see
Fig. 1 for a location view), with one in-line micro sprinkler
between two trees on the ground at a discharge rate of 4L h !
which wetted 70% of the soil surface. The irrigation require-
ments were calculated based on reference evapotranspiration
and crop coefficients adapted from published values for citrus,
according to different crop stages. The orchard is bordered on
all sides by other mango crops with similar height. The
sensors were installed at the centre of the plot. There is no
cover crop. The sandy soil is classified as Latosseil Red-Yellow
with low retention capacity. The groundwater depth is
approximately 25 m, and the farm is located 5.5km away
from the Sdo Francisco River.

A mango growth cycle extends from November to October.
The fruit trees undergo vegetative growth between November
and January, followed by branch development from January to
May. The mango trees in the region flower typically in May to
July, with fruitinitiation in June and July. Fruit growth occurs
in July and August. Fruit maturation typically occcurs during
August and September. The fruits are then picked during
September and October. Healthy trees require little pruning.
Besides irrigating the crop with a water depth of approxi-
mately 900 mm, farmers spray pesticides cn a weekly basis for
crop protection. Fertilizers are applied through the micro-
sprinkler irrigation system. Mango ftrees require regular
applications of nitrogen fertilizer to promote healthy growth
flushes and flower production, and the NPK application
depends on soil and leaf analysis. Heck et al. (2003) reported
a fertilizer application in the same region of Pernambuco of
2.5tonne ha™ of dolomite lime and 20L per tree of goat
manure.

The study comprised two growing seasons. The duration of
the first period was 390 days, from 01 October 2003 (Day 274) to
24 October 2004 (Day 298). The measurements continued into a
second period of 370 days, elapsing from 25 November 2004
(Day 299) to 29 November 2005 (Day 302).

2.2, Orchard energy balance

During the experiments, all components of the energy balance
were acquired by both, the Bowen ratio and eddy covariance
methods (Fig. 1), but only eddy covariance measurements
were used for the partition of the heat fluxes in this paper.
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Eddy correldfion

flux site in the Low-Middle Sdo Francisco river basin, Northeast Brazil.

The eddy covariance system determined the sensible (H)
and latent heat fluxes (AE) using a three-axis sonic anem-
ometer (Model CSAT3, Campbell Scientific, Logan, UT, USA)
and a laypton hygrometer (Model KH20, Campbell Scientific,

Logan, UT, USA), respectively, connected to a datalogger
(model CR10X, Campbell Scientific, Logan, UT, USA). The
sensors were installed at a heightof 8.5 m (thus 3 m above the
crown of the mango tree) with a horizontal separation of
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0.15 m and with a sampling frequency of 16 Hz. Corrections to
the AE due to sensible and latent flux (Webb et al.,, 1980),
oxygen absorption (Tanner et al., 1993) and frequency losses
(Moore, 1986) were applied using software developed by Van
Dijk et al. (2004). The fluxes were computed for 30 min periods
and later summed to give daily totals.

The net radiation (R,) was acquired with one net radio-
meter (model NR-Lite, Kipp & Zonnen, Delft, The Netherlands)
above a row of plants at a height of 7.5m. Previous
experiments with fruit crops have shown that no big
differences arise by using one sensor or two above and
between rows for determination of R, at this height (Teixeira
et al, 2007). The soil heat flux (G) was measured with two heat
flux plates (model HFT3-L, REBS, Radiation and Energy Balance
Systems, Seattle, WA, USA) at 2 cm soil depth and below the
projected tree crown at 100 cm from the trunk. Flux plates
wereburied one atthe westand the other at the east side arow
of trees. The values of G were obtained as the average of the
two measurements. R, and G were measured at each 5s
interval and 10min averages were stored on another
datalogger (the same model used for eddy covariance
measurements).

Missing data for AE from krypton hygrometer during the
rainy periods were estimated by the relationship
between (H+ iE) and the available energy (R,+G). After
gap filling, the complete energy and water balances for
entire growing seasons could be derived. The tower did not
have problems of fetch in any direction, as the plot of
11.92ha was inside a big farm with around 140ha of
mango orchards, southeast is the predominant wind
direction.

Because of the lack of energy closure, a hybrid combination
of radiation and flux measurements was deployed in this
study. This combination methed using eddy covariance
measurements and the Bowen ratio of the fluxes (8= H/AE),
the latent heat flux (:E) was derived using the following
equation:

R, -G

R &)

The actual evapotranspiration (E;) was calculated trans-
forming the iEinto millimetres of water. The calculation of E,
ata daily ime scale was obtained by summation of all 30 min
values for 24 h periods.

2.3.  Evapotranspiration and crop coefficients

The reference evapotranspiration (E;) was calculated from
Allen et al. (1998) using climatic data from an agro-meteor-
ological station in the vicinity of the orchard (500 m). Half
hourly measurements of average air temperature, relative
humidity, wind speed, net radiation over grass and soil heat
flux were used. The crop coefficient (K.) was expressed as E./
Es. The upper envelope of the K. values was used to derive
potential evapotranspiration (Ep). For the evaluation of actual
transpiration (T,) and scil evaporation (E.), K. was separated
into two components: K., (basal coefficient) and K. (soil
evaporation compeonent), respectively, using daily fluctua-
tions of K.. Minimum values of this last coefficient were used

to fit a curve for obtaining daily Ky values, while K, was
considered as the difference between K_ and K. Hence

Ta =KaEo ]

Es =K.Eo @

2.4 Additional measurements

The seil moisture was monitored weekly in the orchard with
tensiometers at depths of 20, 40, 60, 80, 100 and 120 cm. These
depths are considered to be inside the effective root zone for
mango trees under local conditions. Suctions were converted
into soilmoisture by using measured soil water retention curves.

Microclimatic data of air temperature and relative humid-
ity were used together with R, AE and G to estimate the bulk
surface resistance to water vapour transport (rs) applying the
Penman-Monteith equation:

A(Ra — Go) + papD/Ta

TP
& A+ p(1+TafTa)

()
where A (kPa “C™") is the slope of the saturated vapour pres-
sure curve, p. (kg m~) is the air density, ¢, (J kg~* K™} is the air
specific heat at constant pressure, D (kPa) is the vapour pres-
sure deficitand y (kPa “C~%)is the psychrometric constant. The
value of r, is obtained from model inversion of this equation
using 30 min data. The 30 min data values of r, were averaged.

The aerodynamic resistance r, (s m~*) was estimated using
flux profile relationships. In this method the atmospheric
surface layer similarity theory was used, applying the
universal functions suggested by Businger et al. (1971) and
the integrated stability functions of temperature (¥,) and
momentum (¥).

2.5. Soil water balance and storage change

The combined percolation and drainage term can be obtained
from the remaining scil water balance terms as the difference
between inputs (precipitation P, irrigation I and change in
moisture storage, AW) and outputs (E,). Since sub-surface
drainage systems were absent, and flow to surface drains is
negligible, the combined percolation/drainage flux can essen-
tially be considered to represent deep percolation Dg:

Dp=P+1—Es £ AW ()
The changes in soil water storage (AW) are positive when
water is added to the root zone, otherwise it is negative:

AW = W(t — 1) — W(t) ®)

The water storage W in the root zone is derived from the
layer-wise soil moisture values (#). At moment t, the storage
across the depth (5z)) of the six sensors (i=1, ..., 6) can be
computed as

W(t) = 32161 + 82282 + 82303 + 82464 + 82565 + 8Z¢he 7
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Fig. 2 - Daily values of weather variables during the study period from 2003 to 2005. (a and b) Mean air temperature (T) and
relative humidity (RH); (c and d) wind speed (WS) and water vapor pressure deficit (D); (e and f) solar radiation (Rg), reference

evapotranspiration (Eg) and precipitation (P).

2.6.  Irrigation performance and crop water productivity

Following Bastiaanssen et al. (2001) the irrigation performance
indicators applied in this study were the relative water supply
(Rws), crop water deficit (Cwp) and crop water productivity
(Cup) based on irrigation (I), actual evapotranspiration (E,),
actual transpiration (T,) and actual crop yield (Y,):

Vi+P
Rws = —— (8
EP
Gurn =Ep—Fa (9)
Ya
Cwep = 10;
We Ve ni (10)

where P is the precipitation; V; the water applied through
irrigation; Ve, and Vr, are water fluxes by actual evapotran-
spiration and actual transpiration, respectively; and Y, is the
actual yield of fruits.

Increases in economic water productivity may indicate a
shift towards higher valued crops, increase in yields or a
saving in water input (Bos et al., 2005). As economicindicators,
the indexes used were the standard gross value of production
(fruits) over the irrigation supply (CWP$;) and over actual
evapotranspiration or actual transpiration (CWP3g, 1, ).

3. Results
31 Weather conditions and soil moisture

Fig. 2 shows the daily averaged weather variables during the
two growing seasons studied. Air temperature (T) reached
the maximum value in November and December with
approximately 30 °C, while the minimum values occurred
during June (22 °C). The relative humidity (RH) presented the
inverse behaviour. The values for vapour pressure deficit (D),
calculated for each half hour and averaged for 24 h - which
expresses the inverse of RH - presented the same temporal
behaviour as air temperature through the growing seasons.
Wind speed (WS) at 3m above a standardized grass field
presented maximum values from July to November
(3.6 ms Y and the minimum values from January to April
(0.8 m s7Y). The wind speed over the rough mango trees were
around 12% greater than over grass due to the height of the
anemometer above the orchard. Values of global radiation
(Rz) were as expected in the southern hemisphere:
lower from April to July and higher from August to January,
when they started to decline again. Reference evapotran-
spiration (Eg) followed the oscillation of Re. Precipitation
was concentrated between January and April. The year 2004
was unusually wet. The accumulated rainfall for the first
growing season was 887 mm, for the second it was
only 384 mm, while the longer termm annual average is
570 mm.
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Fig. 3 - Soil water content (#;) at different depths (i =
first (a) and second (b) growing seasons of mango orchard.

20cm, i =40 cm, i= 60 cm, i =80 cm, i =100 cm, i= 120 cm) during the

The values of layer-wise soil water content {4) from 20 to
120cm depth are presented in Fig. 3. The near-surface
moisture content values were from 0.04 to 0.12 cm®em™
only, which creates a visually dry soil surface. Underneath the
dry surface layer, the soil was wet with measured ¢ values
peaking at 0.38 cm® em >, These levels can be interpreted as
representing the soil perosity when the volumetric soil water
content reaches its maximum in sandy seoil. The highest
moisture values occurred at the end of February in 2004 and
are related to the preceding storm events. After this period,
soil moisture was approximately constant throughout the
seasons. The values at 120 cm were most often lower than at
60 and 100 cm, which reveal typical downward percolation
conditions. The magnitude of the percolation needs to be
investigated from the soil water balance. As the effective root
zone of mango crop is 120 cm, it can be concluded from the ¢
values that the mango orchard was not stressed by water
shortage during most of the days.

3.2.  Energy balance closure

Despite eddy covariance being among the most advanced
“in situ” measurement technologies that directly provide AE,
it is widely known to have problems. The iE data quality
from this system has been verified by studying the energy
balance closure: fluxes (AE + H) and available energy (R, — G)
were compared for the whole period of measurements
(2003-2005) at a daily time scale (Fig. 4). Since the main
objective of the research is irrigation management and
water productivities, we are less interested in studying
hourly energy balance closures, daily total values are
sufficient. The energy balance ratio, i.e. the ratio of turbulent
energy fluxes to available energy was 88%. The RMSE for 24 h
values was 1.7 M m~ day ™", evidence of the good quality of
the dataset.

A closure error of 10-30% seems to occur frequently with
eddy covariance-based latent heat flux estimates. A summary
paper of 22 flux sites indicated a general lack of closure, witha
mean imbalance in the order of 20% (Wilson et al., 2002).
Available energy (R, — G) systematically exceeding measured
fluxes (LE + H) were also published by Twine et al. (2000), Pago
et al. (2006) and Testi et al. (2006).

The lack of energy balance closure can also be associated
with measurement errors in R, and G, but not completely
explained by this uncertainty, because eddy covariance
systems have their own sources of error (Twine et al.,, 2000).
Further to systematic biases in the instrumentation, the
general hypothesis is that lack of energy balance closure can
be explained by sampling errors related to different footprints,
neglected energy sinks, loss of low and/or high frequency
contributions to the turbulent heat flux and advection of
scalars (e.g. Paw et al., 2000).

To circumvent this common problem, several agro-
meteorological studies have found a practical solution to
force the closure of the surface energy balance. Simmons etal.
(2007) also used the residual method to obtain E; by measuring
Hwithasonic anemometer and the available energy in a flood-
irrigated pecan orchard, while Chehbouni et al. (2006) used
eddy covariance measurements and the ratio H/AE over
irrigated wheat in the Yaqui Valley in northwest Mexico. It
was decided to analyse the results combining the ratio H/AE
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Fig. 4 - Relationship between latent heat (LE) plus sensible
heat (H) fluxes and available energy (R, — G) for the eddy
covariance system.
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Fig. 5 - Diumal averages for energy balance components
during the growing seasons of 2003-2004 (a) and 2004~
2005 (b) for mange orchard: net radiation (Rp); latent heat
flux (AE); sensible heat flux (H) and soil heat flux (G).

with the measured available energy (e.g. Twine et al,, 2000).
Whilst the lack of energy balance closure underestimates AE,
forcing the closure by this combination method we assume
this underestimation to be corrected (e.g. Hoedjes et al., 2002).

The authors have a preference for the combination method
because:

it directly produces evaporative fraction, being a key
expression for energy partiioning;

it ensures a closed energy balance;

it mainly utilizes highly advanced eddy covariance systems;
it has a good consistency with the theoretically best AE
measurements.

All the energy balance and E, data discussed hereafter are
based on the combination methed with H/AE from eddy
covarlance measurements.

3.3.  Partition into sensible and latent heat fluxes

Fig. 5a and bshows the diurnal trend in the fluxes of individual
components of the energy balance for the mango crchard. The
latent heat flux (AE) was always in excess of the sensible heat
flux (H) during daylight hours. The H was - in turn - higher
than the scil heat flux (G). At night the results from eddy
covariance (EC) showed zero latent heat flux.

Daily averages of energy balances are given in Table 1.
Unstable atmospheric conditions predominated above the
orchard, with the sensible heat flux (H) accounting for 11% and
15% of R, during the first and second growing seasons,
respectively. The significant leaf area index of mango crop (LAI

~5 to 6) caused solar radiation to hardly penetrate through the
canopy. As a consequence, the soil heat flux (G) at daily scale
was small and negative with 24 h averaged values of 3% and
2% of R, in the first and second growing seasons, respectively.
Negative values for G could be the result of conditions with a
large LAI in conjunction with frequent micro sprinkler
irrigation that keeps the soil thermal conductivity high.

The largest part of R, was used as latent heat flux (AE). AE
represented on average 89% of R, during the first growing
season and B80% for the second one. The corresponding
evaporative fractions (Er=AE/R,-G) were 0.86 and 0.79.
During an earlier mango energy balance study during 1998,
the Ez was found tobe 0.73 in August, 0.86 in September, 0.78in
October and 0.80 during November (Lopes et al., 2001), similar
to our results.

The values of Er remained rather constant during the
growing seasons, which reflect a constant supply of irrigation
water. An average Er of 0.83 is according to Scott et al. (2003)
equivalent to a degree of soil moisture saturation in the root
zone of 67%, which at a maximum moisture value of
0.38 cm® cm—® suggests average soil moisture in the root zone
of 0.25 cm® em . The latter can be confirmed from the soil
moisture measurements (see Fig. 3). Testi et al. (2004) studied
the partition of energy balance in a young olive orchard, under
different soil water conditions. They also concluded that the
amount of R, used as AEand H depends on soil water content.
The rainy period elapsed from January to April and after that,
farmers refrain from irrigation, inducing a drop of evaporative
fraction te a value around 0.70 during the branch development
stages.

3.4.  Evapotranspiration

Despite the first growing season having an above average
rainfall; the difference in potential evapotranspiration (E;) is
mainly caused by cloud cover and solar radiation (Rg). Qutside
the short rainy season, Re can be abundant. The E; in the first
growing season was with 1565 mm, more than for the second
season (1441 mm). As a consequence of the higher potential
evapotranspiration, and the wetter soil due to rainfall (the 80-
120cm depth layers are systematically wetter in the first
growing season), actual ET in 2003-4 was 1492 mm and higher
than the 1346 mm measured in 2004-05. The average ET, over
the two seasons was 1419 mm with an average daily value rate
of 3.7 mm day .

Fig. 6 shows the seasonal trend of daily values of actual
evapotranspiration (Es) in mango orchard. The values followed
the atmospheric demand in both growing seasons, being
higher from October (2003) to March (2004), and from August to
November (2004) in the first seascn, while in the second
season, the peak values were from January to April and from
August to November, both in 2005. Maximum daily values of E,
for the first season were 6.3mm day . During the second
season the maximum values were 5.1 mm day . The mini-
mum values were around 0.6 mm day ™.

Azevedo et al. (2003) showed averaged daily values of
mango orchard E, of 44 mmday~! for the crop stages from
flowering to fruit maturation using both, Bowen ratio and soil
water balance methods. It should be noted that the study of
Azevedo reflects drip irrigation, while our study used micro
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Table 1 - Daily averages of the energy balance components for mango orchard during the growing seasons of 2003-2004
(GS1) and 2004-2005 (GS2): net radiation (Rn), scil heat flux (G), latent heat (AE), sensible heat flux (H), and evaporative

fraction (Eg)

DOY/year R, (MJm2 day~?) G (MJ m~* day~?) AE (MJ m~2 day™Y) H MJm~2 day™?) Ee (-)
G51
303/2003 9.66 -013 843 0.80 0.86
333/2003 10.84 -0.29 9.49 120 0.85
363/2003 10.64 -0.22 9.13 114 0.84
028/2004 973 ~0.60 830 191 0.80
058/2004 12.18 =141 10.28 293 0.76
088/2004 1169 -031 10.15 184 0.85
118/2004 1196 0.00 10.46 1325 0.87
148/2004 975 -0.20 8.45 129 0.85
178/2004 891 -037 B.09 074 0.87
208/2004 870 -033 8.01 0.76 0.89
238/2004 971 -028 8.49 104 0.85
268/2004 1151 -033 1119 =0.07 0.95
298/2004 1221 -038 11.65 —024 0.93
Mean 1058 -037 939 112 0.86
G52
326/2004 1247 -0.25 10.61 071
354/2004 12.17 -0.15 10.17 119
016/2005 11.67 ~-0.02 871 220
044/2005 1213 -030 9.37 257
072/2005 1187 -0.38 9.10 259
100/2005 1241 -044 9.43 290
128/2005 9.04 -029 811 119
156/2005 878 -0.07 7.85 0.83
184/2005 843 -0.07 7.67 0.66
212/2005 10.03 025 8.40 049
240/2005 1062 003 8.56 164
268/2005 12.04 -0.20 9.14 260
302/2005 1235 -0.38 B.62 213
Mean 11.08 —-0.18 8.90 167 0.79

DOY: day of the year. The values were taken at 30 and 28 days intervals for GS1 and GS2, respectively.

sprinklers. The mean crop heights are similar for both studies
(around 5 m) and the trees were spaced 8.0 m x 5.0m in the
previous study, while in the present field, trees stand in a
regular square patternat 10 m » 10 m. The mango orchard LAI
in the first study was approximately 12-15 while the larger
spacing in our study yields values of 5.2, 6.0 and 5.6, being
another reason for the lower E,. Lopes et al. (2001) evaluating
E, using the Bowen ratio method for 6-year-old, drip-irrigated

mango trees, found values in the range of 3.1-6.2 mm day * in
Petrolina, Brazil. Annual mangoe E, in South Africa was found
by Mostert and Wantenaar (1994) to be 1197 mm. The winter E,
was 2.2 mm clay‘1 on average, while the summer E, was with
4.4 mm day " exactly double. Molle et al. (1999) reported on an
annual mango plot water consumption of 1630 mm in a raised
bed system, including crop consumptive use and evaporation
from pounding water.

~
w

Actual evapotranspiration (mm d-1)
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Fig. 6 - Daily variation for actual evapotranspiration, during the growing seasons of 2003-2004 (a) and 2004-2005 (b) for
mango orchard, by the combination eddy covariance-Bowen ratio method.
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Fig. 7 - The seasonal variation of averaged daily crop
coefficients (mean KJ), as a function of degree days, Dp
(basal T = 10 “C), during the growing season of 2004-2005
of mango orchard, by the combination method of eddy
covariance measurements with Bowen ratio.

With regard to other orchards, the E, results for mango were
greater than for citrus (Pago et al,, 2006) and lower than for peach
(Rana et al, 2005). Rana et al. (2005) using eddy covariance
measurement systemsin a citrus orchard under Mediterranean
conditions (Southem Italy) found values ranging from 3.0 to
8.0 mm day ™. Paco et al. (2006) using the same method in a
peach orchard in Portugal found E, values ranging from 1.4 to
3.6 mm day~?in 1998 and from 2.1to 3.3 mm day ' in 1999 with
mean values of 2.5 and 2.6 mm day ™", respectively. The eddy
covariance system was also used by Sammis et al. (2004) to
study water consumption of flood-irngated pecansin USA; they
found an averaged total E, of 1420 mm for 2001 and 2002 that
was similar to the total E; of mango orchard in first growing
season in the present study.

3.5. Crop coefficients

The 20-day interval averaged K. data for the dry growing
season (2004-2005) were fitted with a polynomial function
expressed in degree days (basal T=10°C) rather than in
calendar days, for incorporation of temperature effects on the

Crop coefficients
o
g

0.40

Octiod Jan/04 Apifo4 Juliod

Cc/td Ocrod

growing stages of mango trees (Fig. 7). The period before the
pruning date was included because the farmers also applied
large amounts of water during post-harvest periods, which
must be included for the final water productivity analysis.

The values of E, largely fellowed the Ey During the rainy
periods at the start of the year, E, rates exceeded Eg, resulting
in daily K. values exceeding 1 (Fig. 8). Scil evaporation plays a
role in these high K. values, as can be seen by the high values
of the crop coefficient based on soil evaporation (K.). This
effect was more pronounced in 2004, when unusually strong
storms occurred. The highest daily values of K. were from the
end of January to end of March for both seasons reaching peak
K. values of 1.40. This time of both years (2004 and 2005) was
the rainy period when the crop was at the branch development
and flowering stages. The minimum values occurred when the
crop was in a transition stage from previous post-harvest to
vegetative growth, coinciding with periods without rain.

For both seasons, higher K. values were found than by
Azevedo et al. (2003) who reported K- values around 0.71 during
thecrop stages studied. They also fitted a polynomial curve, but
with K: values as a function of the days after flowering (DAF).
The higher K. values in our study have the same reasons as
mentioned for E;, but in addition it should be noticed that they
used a conventional agro-meteorological station in contrast
with our automatic weather station data to calculate E,.

The maximum K. values found for citrus by Rana et al
(2005) were around 1.20, a little lower than the results for
mango orchard during our study, while Sammis et al. (2004)
and Paco et al. (2006) found much lower values in the range of
0.20-1.10 for pecan and from 0.40 to 0.60 for peach orchards,
respectively. The minimum K. values for 20-day periods were
considered to represent the basal coefficients (K.;) and a curve
was fitted (Fig. 8). The maximum daily values of K., were 0.85
and0.75 for the first and second growing seasons, respectively.
The minimum values for initial stages were 0.46 during the
first season. During the second season, minimum inital K4
values were 0.41. The basal crop coefficients during the
harvest season were 0.67 and 0.36 for the first and second
years, respectively. This trend was also observed in the K.
analysis. With the difference between K. and K.y, the resulted
K. values showed that seil evaporation contributed about 20%
to the total mango orchard E,. With values of Ko, Keand Ep, the
actual transpiration (T.) and scil evaporation (E.) could be

Feb/os Jun/os Oct/08

Months and Year

Fig. 8 - Seasonal variation of daily crop coefficients in mango orchard for the first (a) and second (b) growing seasons: crop
coefficients based on evapotranspiration (KJ), transpiration (K.u) and soil evaporation (K.).
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Table 2 - Summary of water-use variables for mango orchard during the growing seasons of 2003-2004 (GS1) and 2004~
2005 (GS2): mean values of reference evapotranspiration (Eg), actual evapotranspiration (E,); actual transpiration (T and

soil evaporation (E,); crop factors based on evapotranspiration (K}, transpiration (Ks) and soil evaporation (K.);

aerodynamic (rs) and surface (r,) resistances

DOY/year Ey S = £y K. Ka K. Ta T
(mmday ) (mmday?) (mmday!) (mmday?) (smY (sm™Y

G51
303/2003 4.87 341 249 0.92 070 051 0.19 32 191
333/2003 4.70 387 2.0 0.97 082 0.62 0.21 34 160
363/2003 4.18 379 3.59 0.20 091 072 0.19 44 193
028/2004 3.67 340 2,99 0.41 093 0.82 0.10 38 116
058/2004 3.82 418 3.24 0.93 109 0.85 0.24 44 107
088/2004 3.78 4.08 321 0.86 1.08 0.85 0.23 35 112
118/2004 3.52 424 3.00 125 120 0.85 0.35 43 121
148/2004 3.34 343 2.84 0.59 103 0.85 0.18 41 119
178/2004 3.56 336 3.03 0.33 0.54 0.85 0.09 31 135
208/2004 3.41 329 2.0 0.39 0.96 0.85 011 30 121
238/2004 374 349 313 0.35 093 0.84 0.09 33 123
268/2004 4.27 457 332 1.25 107 078 0.29 34 122
298/2004 4.44 463 3.14 1.49 104 071 0.34 k! 145
Mean 3.95 383 3.06 0.75 097 078 0.19 36 136

G52
326/2004 4.66 433 215 2.18 093 0.46 0.47 36 152
354/2004 5.02 417 2.82 135 083 0.56 0.27 36 155
016/2005 4.87 374 319 0.55 077 0.66 011 39 180
044/2005 4.14 378 3.06 0.72 091 074 0.17 42 149
072/2005 3.92 365 2,54 0.71 093 075 0.18 46 120
100/2005 3.74 381 2.8 1.00 1.02 075 0.27 46 111
128/2005 3.06 321 2.30 0.91 105 075 0.30 39 113
156/2005 3.42 3.20 2.56 0.63 094 075 0.19 37 120
184/2005 3.36 313 2.52 0.61 093 075 0.18 34 116
212/2005 3.88 346 2.91 0.55 089 075 0.14 33 108
240/2005 4.59 355 3.32 0.23 077 073 0.04 31 124
268/2005 5.30 373 3.16 0.57 070 0.60 0.10 32 140
302/2005 5.58 354 2.47 1.08 064 0.44 0.20 32 163
Mean 4.27 364 2.79 0.85 085 0.67 0.18 39 135

*DOY: day of the year. The values were taken at 30 and 28 days intervals for GS1 and GS2, respectively.

determined (see Table 2). T, for both seasons followed the
fluctuations in E..

3.6. Single layer crop resistances

A more in-depth physical explanation of mango E, can be
obtained if the aerodynamic (r,) and bulk surface (r.)
resistances are derived. Fig. 9 shows the seasonal variation
in ry and r. for the growing seasons of 2003-2004 (a) and 2004~
2005 (b) calculated from AE measurements. The highest values
of r, coincided with the lowest values of r, and they occurred
during the rainy periods. The relatively low r, values of
approximately 35s m~" can be directly ascribed to the tall
trees with 5.5 m averaged height.

The seasonal behaviour of r. followed the dryness of the
lower part of the atmosphere with some peaks associated with
high values of vapour pressure deficit (D) in both seasons. The
value of r; were on average 135s m~*, which explains that the
mango E, is lower than for grass as the reference crop (for
which r, is assumed to be 70 sm™"). These relatively high r.
values can be ascribed to absence of a ground cover crop and
the relatively dry air. Yet r. can also vary with soil water
content and soil hydraulic conductivity close to the roots.

The increase of r, with high values of water vapour deficit
(D) has been reported by Testi et al. (2006) in olive orchard in
Spain. According to Rana et al. (2005), r; is not a constant, they
confirm that it varies depending on D, but also depends on the
available energy to the crop. Alves and Pereira (2000) used the
so-called climatic resistance that is directly proportional to D
for lettuce crop, to explain variations in iE. If there is sufficient
soil moisture to avoid water stress, conditions of high D
together with low values of aerodynamic resistances (ra)
promote high rates of E., which make the values of r. lower
and thisis the case of irrigated mango orchards growing in the
semi-arid conditions of S8o Francisco River basin. The main
reasons for differences in orchard water variables between our
study and some others cited above can be attributed to
different species, varieties, climate, soil type, irrigation
systems and frequency of irrigation, cultural management,
methods of determination of evapotranspiration and also the
plant density that affect the soil cover.

3.7. Seil water balance

Irrigated soils in the central Sao Francisco River basin have
experienced declines in productivity, which may be a
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Fig. 9 - Seasonal trends of surface (r;) and aerodynamic (r,) resistances for the first (a) and the second (b) growing seasons of

mango orchard.

reflection of changes in soil chemical properties due to
management (Heck et al, 2003). The water flow in the
unsaturated zone needs to be properly understood for
assessing sustainability. The monthly soil water balance for
the mango orchard is presented in Table 3, while the seasonal
variation 1s presented in Fig. 10.

The percolation flow can be as high as 50 mm per week {or
200 mm month™) following periods of rain storms. This flow

Table 3 - Monthly soil water balance of irrigated mango
trees during the first (from 060/2004 to 298/2004) and
second (from 298/2004 to 291/2005) growing seasons:

rainfall (P); actual evapotranspiration (E,), irrigation (I),
change in soil water content (AW) and deep percolation
(De) or capillary rise (CP)

DOY/year P Ea 1 AW Dpor
(mm) (mm) (mm) (mm) CP (mm)
G51
060/2004-091/2004 762 1281 00 193 R
092/2004-121/2004 208 1257 00 321 72.7
122/2004-152/2004 196 1071 294 -289 29.2
153/2004-182/2004 00 97.8 1044 ~2.5 -9.1
183/2004-213/2004 03 1022 1127 -02 -11.0
214/2004-244/2004 05 1147 1229 —17 -10.3

245/2004-274/2004 00 1414 1182 81 15.2

275/2004-298/2004 00 1089 1210 49 -17.0
Total 1174 9259 608.6 311 102.2
G52
299/2004-335/2004 221 157.3 1370 102 -12.0
336/2004-366/2004 0.0 1257 104.8 110 9.9
001/2005-031/2005 315 1162 1275 127 —55.5
032/2005-059/2005  153.7 103.2 1205 -248 -195.7
060/2005-090/2005 96.0 1152 718 15 -54.2
091/2005-120/2005 239 1107 0.0 97 77.0
121/2005-151/2005 249 929 0.0 07 67.2
152/2005-181/2005 152 94.8 805 46 5.6
182/2005-212/2005 30 105.8 1125 -283 -38.0
213/2005-243/2005 74 1105 1287 5.1 -30.6
244/2005-273/2005 00 1113 117.2 =7 5 -87
274/2005-291/2005 41 63.6 813 -35 -25.2
Total 3818 13072 10818 16 -271.4

can be regarded as happening at a depth of 140 cm below
natural ground surface. The largest fluctuations in percolation
are found during the rainy season (see Fig. 10b). The highly
permeable soils have a great drainage capacity that ensures
that soil moisture is not rising and that excessive moisture
percolates downwards. This is in agreement with the general
soil water requirements of mango orchard; hence it hasbeena
good choice to cultivate this fruit crop in the soils and climate
of Petrolina-PE. The latter is confirmed from the soil moisture
changes. Table 3 shows that the changes across a month are
30 mm at maximum.

The soil water balance as defined in Eq. (5) could be
computed only for the period in which soil moisture of the
layers and E, were measured. The percolation flows are rather
conserved during the irrigation season and outside the rainy
season. During dry periods, the measurements suggest that
capillary rise provided extra water to the root zone. This last
process can be established only if the 120 cm deep moisture
layer is wetter that the 100 cm layer. This indeed sometimes
occurred, especially after the end of the rainy period during
the first growing season, when the time without irrigation
during this period was longer than in the second season (see
Figs. 3 and 10).

Seasonal percolation could be computed as being around
300 mm, considering the rate of 0.8 mm day’ﬁ from the data
during the second growing season (Table 3), and a mean
duration for the two seasons of 380 days. This is a substantial
return flow of the irrigation system that to a large degree is
manageable. Irrigation conservation could reduce the perco-
lation. An example of stress induced scil water content is
described in Nadler et al. (2006). The limited distance of 5.5 km
from the river ensures that most return flow is drained to the
Sdo Francisco. The significant percolation flow transports the
solutes down to the groundwater. Both groundwater quality
and the soil health need to be controlled.

3.8.  Irrigation performance and crop water productivity
Knowledge of the water balance allows the evaluation of

irrigation performance and water productivity. Irrigation
performance has been introduced to describe the hydrological
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Fig. 10 - Soil water balance into the root zone for the first (a) and second (b) growing seasons in mango orchard: precipitation
{P); irrigation (I); deep percolation (Dy); capillary rise (CR) and actual evapotranspiration (E,).

behaviour of irrigation systems by means of simple under-
standable ratios, which involve agro-meteorological data,
water delivered and water consumed (Bos et al,, 2005).

The crop water productivity indicators are summarized in
Tables 4 and 5 according to the crop stages and growing
seasons. The water indicator Ry;s found for the mango orchard
showed the presence of a gap between crop water demands
and supply for some crop stages, which was more pronounced
during the first growing season. The main reason could be due
to irrigation management during the rainy period. The farmer
stopped the irrigation at crop stages between branch devel-
opment and flowering which coincided with the rainy period
for both seasons. The time without irrigation in the first
season was longer than during the second. For the first season
the values of Rys were in the range from 0.41 to 1.45 and for
second they were in the range from 0.86 to 1.21. The indicator
Cyp showed some deficit during branch development-flower-
ing stages, having totals of 73-95 mm for the first and second

growing seasons, respectively, evidence of a very low water
shortage, that agrees with the findingof a constant wetted root
zone.

The eddy covariance measurements yielded mean Rws of
1.13 and 1.05 for the first and second growing seasons. In
general Ry greater than one could be taken as an advantage
from the pointof view of securing the crop water requirements
as well as groundwater recharge. These numbers imply that
approximately 10% more irrigation water was supplied than
was necessary to meet the crop water requirements. This is
according to best practice as some of the irrigation water will
unaveidably leak away from the orchard. The optimum value
for relative water supply would be 0.80, because Cwes increases
with water stress. This case study showed that for the period
vegetative growth-branch development of mango growing
seasons, more water should be saved from reduced supplies,
while care should be taken after the rainy period where more
water should be given as the water quickly percolates away. A

Table 4 - Actual (E;) and potential (E;) evapotranspiration, crop water deficit (Cwno), rainfall (P), irrigation (I) and relative

water supply (Rws), during the phenological phases of the mango orchard

Phase Period E, (mm) E,(mm) Cwp(mm) P(mm) I(mm) Rus

GS1
Previous post-harvest 1-31 October 2003 106 111 5 0 99 0.89
Vegetative growth 01-30 November 2003 116 121 4 36 95 1.08
Branch development 01 December 2003 to 30 April 2004 597 623 26 831 74 145
Flowering 01-31 May 2004 107 113 6 20 2, 0.41
Fruit initiation 01-30 June 2004 98 109 11 0 104 0.96
Fruit growth 01-31 July 2004 102 110 8 0 113 1.02
Fruit maturation 01-31 August 2004 115 123 2 1 123 1.00
Harvest 01 September 2004 to 24 October 2004 250 254 4 0 239 0.94
Season 01 October 2003 to 24 October 2004 1492 1565 73 887 874 1.13

G52
Previous post-harvest 25 October 2004 to 31 December 2004 283 305 22 22 242 0.86
Vegetative growth 01-31 January 2005 116 136 20 32 127 117
Branch development 01 February 2005 to 31 May 2005 422 445 23 298 192 1.10
Flowering 01 June 2005 to 03 July 2005 104 110 6 15 50 0.96
Fruit initiation 04-24 July 2005 67 Tt 4 0 76 1.08
Fruit growth 25 July 2005 to 25 August 2005 118 125 7 ¥ 129. 1.09
Fruit maturation 26 August 2005 to 24 September 2005 112 118 7 0 116 0.98
Harvest 25 September 2005 to 29 October 2005 124 130 6 6 152 3290
Season 01 November 2004 to October 2005 1346 1441 a5 380 1126 1.05
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d (kilograms of fruits) and crop water productivity (Cws) based on cultivated land (L), irrigation (I}, actual

tion (E;) and actual transpiration (T.,) of mango orchard, together with economic values of these indices ($)

GS Yield Cwr, Cure, Cwrg, Cuwer, Cuwes, Cupg Cupsr, Curps, Cwesr,
(tonnes)  (kgha™) (Kgm™) (Kgm?) (Kgm ¥ (US$ha™) (US$m™?) (Us$m—) (Us$ m~?)

GS1 496 41,593 4.8 28 36 42,425 4.9 2.9 3.7

GS2 577 48,405 4.3 36 54 49,373 4.4 37 5.5

reduction of irrigation water in April to July will also reduce the
drainage effluents and prevent nutrients and chemical
leaching away from the root zone. Table 4 shows that the
second growing season had a very constant and ideal Rws
value around 1.0. The irrigation was less during the rainy
season and much higher during the dry season from July to
October. During the first growing season, irrigation manage-
ment could have been much better: there was over-irrigation
during branch development and under-irrigaton during
flowering. It is interesting to study the impact of water stress
during flowering on the final fruit yield.

Mango yields vary with the cultivar and the age of the tree.
Awell-managed orchard may yield 200-300 fruits per tree. Old
trees in Java are known to produce 1000-1500 fruits per tree. In
Puerto Rico, mango yield varies among 29-67 tonne ha™
(Morton, 1987). The average mango yield in Florida is
30 tonne ha~. The statistical average mango yield in Petrolina
during 1998 was 20.8 tonne ha™*. The mango yields in our
investigation (Cie, ) were 41.6 and 48.4 tonne ha ! for the first
and second growing season, respectively. This difference
between the two growing seasons can likely be ascribed to the
water stress during flowering in the first growing season.

Accordingto the growing seasons, the Cyp, values were4.76
and 4.30kg m~ and the Cwpe, s values were 2.79 and
3.60 kg m~”. When the crop water productivity was analyzed
based on actual transpiration only following plant physiolo-
gical mechanisms, Cwer, values were 3.57 and 5.38kg m™.
This type of bio-physical water productivities are generally
higher than for arable crops (essentially Cwp,, from 0.5 to
1.5 kgm~* forwheat and rice; see Zwart and Bastiaassen, 2004)
but comparable to grapes (Cwr,, s 3.8 kg m~¥ Teixeira et al,
2007) that both contain a high moisture content of the fresh
product (approximately 75-80%).

The monetary component of crop water productivity (Cues)
was also computed per unit irrigation (Cyes), actual evapo-
transpiration (Cyes, ) and actual transpiration (Cwes, ). The
Cuwps, Was 4.86 and 4.39 US$ m~? for the first and second
growing seasons, respectively. In relation to Cwes,, the values
were 2.85 and 3.68 US$m >, For transpiration, the Cwes;, Was
3.65 and 5.50 US$ m~? (see Table 5).

An economic water productivity of 3-4 US$ m ™~ per unit of
water depleted is almost a factor 20 more than for irrigated
staple crops. The agricultural water usage in the semi-arid
region of Sdo Francisco river basin is thus highly productive,
besides also providing jobs in the agri-business, which is a
stimulus for rural development of the region.

4, Conclusions

Because of the importance of the water management in fruit
crops, daily and seasonal water-use patterns of a large

commercial mango orchard were collected. The results
presented in this paper are important for irrigation manage-
ment, water allocation, water savings and environmental
sustainability of irrigated mango orchards.

Despite the aerodynamically rough surface with the
crowns of mango trees exceeding 5 m, the actual ET of the
mango orchard is less than for grass as a reference crop
(k.= 0.91). The underlyingreasonis the presence of a relatively
large bulk surface resistance (135 sm™") due to presence of
older leaves, shadow in the crown, distance between trees for
mechanical access and the absence of a ground cover crop.

In the commercial farm investigated, soil moisture,
evaporative fraction, crop water deficit and relative water
supply were kept at ideal levels, especially considering the
values for the entire growing seasons. The drawback of a wet
light textured seil is the capacity to percolate excessive water
resources. The annual percolation flow was 300 mm, and this
is a threat to groundwater contamination and seil salinity
build up, if drainage is not given proper attention.

The bio-physical and economical water productivities of
mango are very high. An economic water productivity of US$
2.90-3.70m~* is an order of magnitude better than for staple
crops. Hence from a scarce water resources point of view,
water allocation to irrigated mango orchards is desirable.
Although this water usage is highly productive, the environ-
mental consequences must be considered keeping irrigated
horticulture in pace with sustainability requirements. The
challenge is to find a balance between water productivity and
environmental pollution.
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