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ABSTRACT

Gloxinia (Sinningia speciosa) is a flowering plant with a beautiful flower.
Gloxinia seeds are in high demand throughout the year. Using an environment-
optimized plant factory system, Gloxinia seeds can be produced in any season and in
large quantities. Gloxinia seed is expensive, therefore its production in the plant
factory is reasonable. The aim of this research is to study the influences of artificial
lishting, fertilizer solution concentration, and elevated carbon dioxide on growth and
seed production of Gloxinia plants. Based on the results of a study comparing the
growth and production of Gloxinia seeds under a greenhouse system and in a closed
system with two levels of carbon dioxide are 400 ppm and 1,000 ppm, tested in 3
cultivars of Gloxinia, namely, 1. Avanti mix 2. Double brocade blue and 3. Double
brocade mix, It was found that all 3 cultivars showed higher growth when grown
under CO, 1,000 ppm. For the numbers of seeds per plant, it was found that all 3
cultivars grown in greenhouse had the lowest seeds number compared to those
grown in both closed systems. In the second experiment, the influences of artificial
lishting on growth and seed production were studied. It was found that growth of
gloxinia plants were not difference among different light quality. However, plants
growing under Red: Blue (2: 1) light at 150 pmol/m?/s had significantly higher seeds
set and seeds number per plant than other treatments. Finally, in the third
experiment, the influence of fertilizer concentration and elevated carbon dioxide on
growth and production of gloxinia seeds were studied. In the elevated carbon
dioxide (1,000 ppm) conditions, the plants had better growth than those grown

under ambient carbon dioxide conditions (400 ppm) in all treatments. However,



plants that received fertilizer at EC=4 mS/cm under ambient conditions experienced
withered and died before other treatments. Moreover, the elevated carbon dioxide
conditions positively affect the production of seeds, especially the plant that
received the fertilizer intensity at EC=2 mS/cm, the number of seeds was higher than

the other treatments and also had the highest seed vigor.

Keywords :  Gloxinia, Seed, Plant factory, Artificial light, Carbon dioxide, Fertilizer

concentration
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(Kozai et al., 2016)
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bAIFUIEY 490 UNTULWAS TNa99u 240 k) Tuaae? Inneu 1 luaveskasdwnd 700

Pluuns s 170 kJ (Buchanan et al,, 2015)
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il e Y
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€——— PAR: 400 to 700 nm ——>

] a i = = <@ 14
AT 4 LERISIUaLLDUATIIAIINEIAAULEINANA NN TaNRTULA

i - Kozai, et al,, 2016
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luigaaisdleinduasigivaclaazusenovluaiesiaingdinan aaelsilas

[

(chlorophyl) it fid Ay lunisgandunasiaznseiuuiisewadunssuiunsdunsiey

o

a8 a A

was paslsadiduseatnpdedinuuinlufiswazivatevsis lown Aaslsilad o wazd Wu

q

Au AaslsiladusiazyinasiilaseasruasauaudRnuandeiy vinlianuaunsalunis

U ¥

AANAULAIINAT AN YRIARBlIHadudazylauand1eiuig Tuivnuiinaslsiladie

'
= =

gAnduLAsitIanNNEIAAY 680 Uaz 760 Wilufiweslddfian lnsidusduszneuvedlysiu
L%a%au@uéﬂmwﬁﬁ%mﬁSam’w Peso %% Prgo M1UATU dusumaslsiladdanunsaganiiu
wasldilumarsmusndu Téun 480 640 waw 650 uluans lufivtugeasnunaelsiladio
uazd 1n dulufiedusaenuasolsiiadeindug uazseaing 1 ualsfiuess (carotenoid)
Tlalweniiu (phycocyanin) waz lWlABINIU (phycoerythrin) BEN %qami’mqmmﬁmmsa
ganduuaLaziundsuatlufinaslsiladio vilrinaslsnaraiuiisndsnunasds
paelsfiadioliannsngandulild feilidesanaaolsiiadioliannsngandundsauuasld
0g19f1UszAMBAMYNT9AAY (Mohr, H, and Schopfer, P. 1995).

anmuas (Aaunwias, anituuas, wagdrauas) iuniduiudsmeduindeni
ddniigalunsmuaumaaiyduln mewaun wagmsazauasngnuall Inglanizoesds
dwduiiwiinasluanmuindenfiinisaiuau mswamuelulaglaloniUdeuas (LED) vinls
N13AUANANINKIAADULASIUITINURAANY LU AUAINUET AITLTULAT WAzYIILAY 3]

UsgANSAINUINTY (Bian et al,, 2016)

ARINNLLES

e, \wnafiTulLas (photoreceptors) Y9INBLYU phytochromes (red and far-red),
cryptochromes (blue and ultraviolet-A), phototropins (blue and ultraviolet-A) and
UVRS (ultraviolet-B) lunumdrdaylunisnevausveaadivseuadutianiusiig ns
nseduluianadisuuanvardvinliinnisdsdy grasudunisiivainratedilugnig
LU?%EJULLUﬁQﬁﬂwszINﬁmgﬁu%wm (photomorphogenesis) (Carvalho et al., 2011)
Tneiluuduasdinng (Red) (600-700 wiluwins) wazdiinidu (Blue) (400-500 wiluims) s
gnaaduldednefivszdnsnminenaslsilad wasfoduunamasunand niunisdunsie
LA (Son et al, 2016 ; McCree, 1972) uasdunansydululalasy (UsAuifinisiasullag
sUe logeaguuuu Ao P, %agm%’mm%um WAy Peg %aam%’wmﬁumlﬂa) ﬁmﬁﬂﬁmuam
nszUINN1sANegluTiY 1Y N15venvenNdn N1sRaNa warn1sHAILIYEINIReN LaddTnds

Suslnedasuwas cryptochromes wag phototropins ddiudiglunssuiunsimuidnuae



N9EdUgIUINYT (morphogenesis) N15iAARIABN (flower bud formation) NFLUUATUKES
(phototropism), n1stAaauiivesaaslsnalas (chloroplast movement) wagn1silauinlu

(Son et al, 2012)

AMULTULES

o

Anudunandudadenidendrfydmsunisesyivlavesiia Hefiwsayiulnlu

IS v

anmegndanudukasdosinlidenisgndudinisduasieiaiguas (photoinhibition)

A a a

mmdwﬂwLamgmuimiuamwﬁﬁmmLﬁﬁmLmqa (Fan et al,, 2013 ; Long et al., 1994)
TngUnAndrn1sfiuturesnsIn1s§uAs1REI8Las (Net Photosynthesis 3o P,)
fianuduiusiunsiiuturesmudies a&mliﬁmum'mn,%’uLLmﬁquﬁuiﬂﬁawdwﬂﬁ
Wwaaivdeve Larlonsinisdansizvikasanasbamunu (Fan et al,, 2013 ; Bowes et al,,

1971 ; Khatib and Paulsen, 1989) Wafln1sWaluInalnInuIuLIN TIN5 URe UL URIN

o

AUs1UINYALAITINGIUTLAUVBIIU WeUSUaN 1NVl UTMINAUENINLINA DUUD LA

9

annviane (Zhang et al., 2003) s¥auANuduLawe1atilgnsiiaduresdnsdiuves

D.

[ '

Wunluseniigimiinveslu (specific leaf area, SLA) kazANgIvesiiy n1susudivaiil
YAULAUAINUAINITOLUNITSUNFITULEILANDABAIUADINITVDINTLUIUNITALATIEI
meuasluity (Steinger et al., 2003) sgAuUANITNKAIAIEANUFURUS A UAN YUz VR IdUgIU
a a o g 1 [ 1 dy d‘ !
wara35IMen (morpho-physiological) #a18Usen1s WU NTANAIYOITNTIEIUTBINUTILUAD
i minveslu (specific leaf area, SLA) iivaundasivainnislasuaiiuiduwasas
WinANrUIlUAINUTUIUTeITURIE NSRS yLAulnveLlatBoundien (palisade tissue)
IAUNISWAILILTIEANUITU spongy Fenalnamaiidesiuniaussmaudenigiiinain
PAIUBAILINAULY AU FU AL ALETUNTELATIEANIULALASIALNNS
) % ~ A A Py a a o v a
dzauvainguIaasievesiy lusnsidlislasuusunauannfuliazyilmanainy
L@UVN8FDTEUUBAINABIYINY (PSI) vinlriAua u1salun1saAsIEiLaIanad (N15gues
NSAASIERLEY) Fedanansenuaefivegradiuladaludiunisiasyiulawagnisimun

(Fan et al., 2013)

STUULELTBY
Tuefnnaearigesisawudlasuainuiionegrsunlunisldiduuraaiilauaniey
watlagUumaen LED (light-emitting diode) {Wuiflenuazinisialulssauuiniu Wesain

B!
LEDs f90ana18usenis wu anuazaintunisusuildsusssusenavanasunaslmiy
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TUnuigfldfesmsviensinuemudeanisvesiis Ussavsnmlunisudnuasgannusvdos
amnufeussnitiosiilefinsszuienudoussnanzay wazilengnisldaudiuiu LEDs &
fitefnivaenlnilagiunsedilifiesduse neuvesansusen Tutranansd a.a. 1980 3uiinis
1% LEDs Wuundsiniauasuaziannszuuiadsiileldlussuudgnitviooniuuandmsu
TalunsideuunsraneeinIFkasan1iaInid (Morrow, 2008)

Hafvronaniieuiifnatonisdnareifouauazmaiulavosiivisd

1) AEUNNLAS ADTeANLIARUYBILATLATY

2) AULTNLAILAENATINVD LAY (light integral) (PPF @z @i, photosynthetic

photon flux) lWSBUWiBUUAINABINTSYRs YA TN UsEasAlunITUaN

= 1

3) segelIaINIskao Ty (19uas) SruEnaNIT kA NYElnananseUIun1g
photomorphogenesis LU N1590NADN

4) HEN19v0uas N5 wnrdkaslidnaziuu neluvensiursensaes
Auns nsuFuiianuaslvinszaegnluivedramuzaunludlsiiuyseansainnig
o ¢ = a A ] - .
AUATIZVLAIVDINYLALAANITADUAUDINITNANLAYIIULINIVDINY (shade-avoidance)

(Dorais, 2003 ; Moe, 1997)

a a

LEDs Hunumdraglunislviuasadnawfivaiu s7udan1s3deniinnsaiuny
anmuwInaey 1w N5l LEDs Tunishiuasdmsunisinnzideaiiowde wazuadasudmiy
l5950u LED dmfunmisimizdgnitvdrulvgludagduusenasumielnunsuazduditu

o

= o =1 & oA ) ¢ Yy 1 oa a a
Lu@ﬁﬁnﬂﬁLUﬂmiNL‘Via']ugﬂﬂ@“ﬁ‘UIﬂEJELUWGULWQIﬁUﬂ']iﬁQLﬂSWSVILLaQVL@@EJ']\T@JTJizaVlﬁﬂ']WlI']ﬂ

Y

fan egnlsfnunisuauasdideeadunaidedenisudniiy Tuduveamsmuuazsualy
desnnuasdiBeramnsndeaneqiiunsainvesislddduuazidululfiamnsaia
nsiyiiulnvesittlaenisdauanzinasifinainlufiegsuaisvemsaiy (Kang et al,
2016) 48NN Son et al, (2016) nd1211 waslugI9AILLIIAAUTIAUAS F11TY
wardidervemaen LED Wutledefiddudmsunisasydulavesfivuaznisdunsieians
pengrsvedinwludnniaven lal LED dSudun erammnedwiuduundsiiinuands
widlwdunnndilil LED #fea 91nnnsAnw1ues Han et al, (2017) iRgadudvnavesnmnm
uaa LED 7 f¥udsusznoudne Luasdinibu (SB) 2uasduasne+dinidu (BRB) 3uasdunet
Andos+Ainity (RYB) duasdv1aning (BW) Suasiuns (SR) 6uasiuns+aindu (SRB) uay
7uasdrmuau (NW) demsiasaiviavesinnaven nuit staulufidasnsdiintudns
Uninelduas RYB waziuiiluveneilaidtunelduas RYB was SR uavuas BRB ey

AuuaslumIsudue wasdnnsnalilinn158asaue9 hypocotyl Laznisveneailuluides
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Y Y ! o3 a v O Y & A Y v
AUNAT LLALLFIAUINUITHUEINITUARNIVD hypOCOtyL WUWIUGU@\TNﬂﬂ'W@IW@Nﬂ']EJIWLLEN RYB

=

fouradudu 2.4 vihwesdufiegnielduas sre Fadululuwunldudetusudmdnan
dmdnuis uazdnsnisdansizsiuas us Lin et al, (2013) lévihnisAnyinudt nisugn
fnnavenluszuulelasindndnieliuas RBW (Red+Blue+white) ¥281fiuqnAINIg
Tnwns AefiinamesudsfiaranstunnuazUiinalunsmin lursefufduaiums
windulalufidlihimidnanuinnidulgnanelduas RB 11831um84 Goins et al. (1997)
Ip@Anwdnvardugiu nsduasziwawaznandnudnvossudnadnielisziulnnounes
wasEiFuiiuand1eiuil PPF asil (350 pmol/m?/s) sihnsiFeuliisunasanges sateus
Daylight LED dunaiiigsegnaiies LED Aund + 810U 1% wavLED Aund + Audu 10%
wudnnelli LED Aunaiiiesatnufedfivazuannetasasuazinandnvesuaniuganad
Funauardannsduaneiuasgriifinduidouinauasdinfugdu dnadiugnaield
LED Aums + ANy 10% f31maauaznandnudaiovsifufunasavgoaisaiwud
Daylight lnwagudandaunsondnwannials LED Auauiissoenafieald uinfoaniswes

AURWESH (30 pmol/m%/s) Lilen1suanaaiugegnsiiaann (Goto. 2003)

dnswavasasuaulaanlydransasgiulnvaney

asusulapanlas (CO,) Wulngavlunszuiunisdanszikasuasidvswasgiwwin
sennsiasgAvlauagnsiauvesita Tunisass Co, egluguvesmilulainsndaiis
annsnthllduselendlétu o, Tuanmesiaunssuginly (stomatal pores) wagsu
199791992 19199a4 (intercellular airspaces) LU1glwanuazaaslsnaad (chloroplast)
Tuﬁmﬁq@ Lé’uwwﬂ'mﬁ?iauﬁsuaﬂmaqa CO, WuRau1aINNIshasEduAuTUTY
(concentration gradient) Unnlugnaeuseusieigannu (guard cells) 2 wwad waziwanay
wardatunsaasuulasalnues (turgor) navauenadniifieqld n1snsa
anfuanlneenludiielddunszraslulawnsn intulasieulesl RuBIsCO (Ribulose 1,5-
bisphosphate carboxylase / oxygenase) Tualansun (stroma) vasaaslsnaiad CO, YN
lUldlunsdunmeinsiulawmsauasglasauas/viauds ( (Kozai et al, 2016)

aUnAwdluusserniall CO, agusyanal 0.03-0.04 Wesidusiuasiuualiuia
mn%m‘%"aaqmmﬁﬁmismaawws‘i (Oguchi et al., 2016) Tudagduiin1sAnwiiuetie
uwsvaneifeafudninavesnisiiinuiuiuanududures co, Tuusseniadenis

a a o =~ A A a P v v s X Y]
Lﬂﬁ@L@UIWLLa%WWUW%@@W% LONUTUULLEILNEIND AULVNYUUB CO, qu@silu‘ﬂgﬁUUaHu
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Snrnisduaneiuaddigedu Tumemssfudaumneududures Co, i fagyiilidng
msdaaszsinaslufiasaséae (Taiz and Zeiger, 2010)

MafiuUs CO, Tudumaiafildfusgrsunsnanelunsitvaiy wayluszuy
Tsa91uity Kimball (1986) $189uNansznuvesn1siinysunn o, ludaunszan Tnenuin
firlusvagnisadydulamedidunarly (vegetative stage) Insnavausssensifinusunm
€O, Wu MafinduveataTinin fisudaunnitlussernmsduiusosits (reproductive
stage) 9MNT1841UYBY Sreeharsha et al, (2015) FavhnsAnudnuazduguineuagnis
Wiaiulsludauzuay (Pisoen pea) inneldinisuiin CO, fissiupmnuaududu 550 ppm
L‘U%smLﬁwﬁ’uamwé’uﬁﬂqﬂmaiﬁ CO, s¥fuUnAfiaadudy 395 ppm nuddudiy
fénvaziunnstuegraiiulada Taefiwfiugnaneldnisifia o, Aszdummaridudu

550 ppm AYUIAFIRU IUINTIN VUIAUAeT uruldeIuarduIuiln UnndraunUgn

o
a a U !

aela CO, seauuni anadanudtansemns wu uwls luduianaieldnisiiiy CO, Wy

Y

ﬁﬂ%mmﬁgmdmuwﬂaﬂﬁluszé’u CO, UnA 1WuULR8IAUAY Zhang et al,, (2012)

Y

A o

Fivianrsinenly fudieudafdnuiinisiiuuiuia Co, finnudutu 760 ppm ilins
Wsdulaneduadu s1uanlyu wasituilluiudu wazdwhofiusnsnisdunsziuas,
Usunaihanauazuddsiiavareinld lunsAneinisiinusuna o, lunonndeldvuay-
uaUda Wug Fuller’s Pink Swallow filauidudiuges CO, 4489 1600 - 2400 ppm WU
Alvnsiesayiulavesiuiinty uwimnlésu co, finnundudugdlussoznanuazdang
Fusanisiaminen lnaifinnisuisvesminendseiaiisidesiunswasuulaminuaunge
YosduiisueTIauaray (sink strength) #3® carbon limitation sgnislutazaInen
Tneialudnenimassiivlunisnevaussresssu CO, ﬁLﬁuﬁuﬁ?wﬁanﬁ’ué’wmzm
#3538 Wy Uszansanlunisidlulasiaunaziin uazannuaunsalunisdansieiua
Usunaw CO, ﬁmezauém%’UﬂﬁLﬁ@L@U‘Imﬁumﬂﬁq‘ﬁuagﬁ’wﬁmaqﬁﬂj waiinasli co, 7
AN tuInniulufonsdmadenonisiasuyfivlawarnisassnannavesiale (Kim et
al., 2017)

dle Co, qﬁuwamammmiﬁuﬁuﬁ: WU $1uaunen, Ha, wasdnfialneriluay
Lﬁ'msﬁmﬁaamnmmLﬁ’fluﬂiz‘[wﬂéuaw%’wmﬂiﬁgjﬂéﬁu (Ward and Strain, 1999) Garbutt Lay

[ s

Bazzaz (1984) Anw1US¥@NTAMNNISAUNUTVDS Phlox drummondii way Abutilon

9

o w

theophrasti wazdanaiunsiiudusgnfideddgludnandiunisduiiug dufeduiunen

udnlasieuminuisgavingvesitvniasseliansedu CO, a1 mMaiindusgiidedfyves

1%
o Y

nanazivdnuandenulaly Datura stramonium wag A. theophrasti Mdulanneld CO,
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% [

geauanu ulTgaunaaefuiferfunandnvesn1sauiugiiiiuduiis sannisiiy

q

]
=

UTuna CO, Iy Curtis et al (1994). Anwilu Raphanus raphanistrum Lﬁaﬂgﬂmzﬁu Co,
g1 lu Open Top Chamber (OTC) wuIlR AR inTuYessuIuRen 22% wazsuau
w&n 13% Jablonski et al. (2002) 578911318 1UIUADN Ha wavaratmnuAazwEndl
SMURLTUTY (+ 4%) uirdduvesiulasiauluwds (seed nitrogen concentration)
fiusinaiisninludis 79 wiaildnaaeulunsifinusuna o, luvusaieatu Zhang et
al. (2012) é’uﬂmﬁuﬁi’maumaﬂﬁLﬁmqaﬁﬁwiaﬁulu Impatiens sp. Andu 72.18% wuiilu
Triticum aestivum fiugnlu FACE (free air CO, enrichment) finsifistuvetimiiniuda
wazldurNUAUINAIURANEATTY 8% Way 5% MINE1AU (Fernando et al., 2012) Vanaja et
al. (2010) swmumilﬂuﬁuaEmﬁﬂsﬁ']ﬁ'zgsuamamamu%m (grain yield) 371u2uHA 314U
win uaztmiinmdnves Canjanus cajan ougnluanmiid o, Wudu 700 ppm lu
OTC (Vanaja et al., 2010) Chakraborty and Uprety (2012) sreuinvesdafiiiuty
T Brassica juncea #ren1siNUTI CO, Tu OTC Tuvueufieaiu Uprety et al, (2009)

1A a & a < =] e o
WUIHNISI MUY R sRanaaaniyly Triticum monococcum, Triticum durum, bag

Triticum aestivum i CO, g4 (Sharma et al.,2014)

AMAduTUYa9s eI THENTSIR T RULA YR SN Y
m3dan1ssinemsluszninnisugniivluladedrdgiidivuanmninuazuiunn
a - Ya A A t% - Y
wardn nsugniiglussuulifudedunummenitigliaunsaatuausinemisialaedis
wiug (Fallovo et al., 2009) n1si1nruna1n15ElNA1 (Electrical conductivity, EC) uo9
ansavaesmemsiieylussaunmuzandmsuiivudazainiludsnilulunisliunds
a A a 1 ¥V = ¥ ¥ 5
nandnfivlulIuinuwaznunIngsgn A1 EC agvipuianiuuduvedlosauninualy
A19A¥AN95199IMNT karilNadaN1TAATNYEISINEIMIT NMSIITYRULAVEINTY HaKER uaz
AMNINUBINY (Chang et al., 2011) ArdLTUYeIENTazA185 WM kUz g nLana Ty
A1 (EC, mS/cm) lnsanizeagradalunisudndniuusenunalviiiganings wu
uzllamaA (Schwarz et al, 2002) ssuunisugnitalidunndndnludinldanududuves
41382a1957981M159 EC AGusl 1.5 §9 2.5 mS/cm A1 EC Nagufuluenadudanisgady
A1597%13 V0UE? EC A19danaldesan1siaslAulaLagNananvaIney N159nn15uee EC 7
< d‘ A aAa a a ! a
wazanluaisazatgsmemisarunsaiduiaIeslieniiuss@nsamlunisduaiunas
WiulauazUTuUTIAMAMNISINEUgN Seau EC Sallnanasaufuas AN nueaiy gy

AMNMAIBUBN (KanFAkazANNKILLTE) Aun naeTy (veudauaznsafiavanslagaus
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vanfiesay1f) AuAmnlavuINTs AnuaNisalunsAueyyadasy uaznaureusEive
(Austin et al., 2016) lun1sUgniilagldansazaesinemis aArudvesnsidasUTuu
Y9IANTArAYT NI TNMINEaNiuivuliauwanaiulumunuaudinanennes

[

anUan N13vEdNdiuvedaITaraIesIfnemMTinaseseay EC Tuusiiisan (root zone)

9 Y
[ '

AeuNIRTIRER UM SATANEE IR M SRANd Ay e aanniedesiun s uTuveIAy
< a = . = 1 14 dy Y @ 1 & o 1 =
WAluuTINTaUIINIY (thizosphere) Ns@nwineunthiluanslyiiiuinauauigdanady
AoUsEaANENINNITMIEYaN WWewwa1nNIsanatves water availability (WluAunegluszdiu
Ao €A = 3 = a ad a 2 &
nilusglevisiaiy) uay water uptake (MIRATNUIYBINY) ANURAUNAMIARINAIMLANIY
duiusiunislasulosauu Na® CU TudSuaminifuly wiemnuliaunaveaiseinis
N3¥¥aan13RATa (competitive uptake) N15UUAETS MSoN1sRUsdRAIUNAI UM TUNY
(Eltez et al., 2000)
HANTENUVBLNABADNULANIINNNTYINNUTIWAUNFUTDUTENT1INTEUIUNITN
duguinen a3saneuazdnal wildunisnovauswsnvasfigsonruAufosnsinis
a a 1 [ [ a - = o !
Wigiulavadluanas daulvgilunauiainussiuesalufinveanioseu 4 s1ngeinlug
n1sanasveIn1saedudieddludugadly anududuve wndeluuinasiniigaiuise

[
LYY

FUgINITRsLAULNY0931n anUTEaNEAINAITYINIUYEITINTUNTZUIUNITAINE 19U N158A
Nuu (anchorange) hay ﬂ’li@ﬂﬁ’] wazlndouws (abrorption) (Munns & Tester, 2008 ;
Alarcon et al., 1993 ; Matsuda & Riazi, 1981) miamawaaﬁjuﬁﬁluawLﬁmmﬂmiamamq
mmwiﬂu%%qLﬂuwammﬂmiLﬂﬁauLLan@mauﬂamaqmﬁqmaéw%mmwawaqé’mwmi
fuAT12YiLET INKANTSNAABIBY Cassaniti et al., (2009) wanslmiuindnsnavesainy
Fuvilimdnuiidudusartuiluanasednsdaou falufivfiseulmuaznunusening
WYl WU Cotoneaster lacteus way Eugenia myrtifolia mud iy nsnevaussiiludnegng
ﬁiaszéﬁ’ummLﬁuﬁqaﬁamil,ﬁu%wuaqmwwuﬂu AAINAITANAIYBINITEAVLILVDULAR
waznisuvsialuluvinldvuinluanasdsnaliiuiluanas wuluily Coleus blumei uaz

Salvia splendens (Cassaniti et al., 2012).



uni 3

gunsaluazIsNITIdY

NSLATEUNYNARDY

mzwdandondilioainuiev exwita Suwesiuduuuadiie Samindeddu
Uszwnelne lundesiififinuea (Klasmann-Deilmann GmbH. Germany) Wudagunie
Huszezinan 10 Sy ndudedundndendifisasoianqunigndlutaguanis
Usenoudieyuzninazden ve uas finuea Tudnsndiu 3:1:1 nduiiragsiovunly
nanfulaeldinde il seninenaunuanstestuidalsafin A3aun (Propamocarb
72%) (US¥n 1o @ A dan1 311A, Usendlng) mnuudy 2 1adanssaans wag bneu
(PHYSAN 20) (Maril Products, Inc. United States) a31idudu 3 fiaddnsdedng lngwy
msavanedinanasuuiagugnluvaziddmanogluaiosdaludnsdmasazans 1 ans
seUTInasianUan 10 dns dundindendillvazgnugnluiesaiuaueamniiil 25°C aeld

=

LaafisuaInvasnLeaduuy T8 Adslul 18 W Aiflgamaid 6500K uaz 3000K (§nsndru
1:1) Aaduias 150 umol/m?/s taglvias 16 $aluasiofu waglviansazaneis Modified
Hoasgland (Epstein and Bloom., 2005) (151971 1) a21ududy 0.5 Wi 1fuan 30 Ju
nEsnIzwEn Ansuinedundaslunseansuin 3 47 uazidsuanududues
asazganeteoidu 1 v Wunan 20 Ju Wedundrieny 60 Jundsarnimizmdaviiniséne

sunaadlunszansuug 6 daneuszdreitivananglianmnmmeaesissialuil
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M13197 1 d@ulsenauradsIneImMisiuasazatede Modified Hoagland

51RRINS g/l

d15aza18 A (100X)
KNO; (Yara Krista-K, Yara Company Ltd; Haifa, Haifa chemicals Ltd.) 61.8
Fe EDTA (Librel-Fe-Lo, Wesco Chemicals Thailand Co.) 2.9
CaNOs (Yara Liva Calcium Nitrate, Yara Co. Ltd. Thailand.) 86.5
d15azane B (100X)

NH4H,PO, (Smart-MAP, Y.V.P Fertilizer Ltd.) 23.

MgSO, (@m@uldl Y.V.P Fertilizer Ltd.) 24.4
H4BO5 (Rci Labscan, Rci Labscan Ltd.) 1.53
MnCL, (Univar, Ajax Finechem Pty Ltd.) 0.4

ZnSO, (Rci Labscan, Rci Labscan Ltd.) 0.57
CuSQ, (Merck, Genius science co. Ltd.) 0.12
NaMoQ;q (Carlo Erba reagent, Farmitalia Carlo Erba.) 0.12
KCl (Univar, Ajax Finechem Pty Ltd.) 0.86

fian ; Epstein and Bloom, 2005

A5N15NNAD9
a ~ a a & o ¢ & a o Y, a
N1INAAdIN 1 ﬂ'ﬁﬁﬂ‘l“ﬂLﬂ'ﬁfJ‘UWIEJ‘Uﬂ']'iN'sWILﬂaﬂwuﬁqﬂaaﬂ‘UL‘L!EJﬂ'lfJblﬂiz‘U‘U‘UﬂLL's’I$

Tussuulsasau

o = = = a a a < v o & a a v A
Vl’]ﬂ’ﬁ?imf}’]LUiEJULVIEJUﬂ'ﬁL"ﬁQJ}LG]UIG]LLﬁSﬂ’]iNﬁ(ﬂLN@@W‘LAS@@@WUL‘UU 3 ﬂ']‘EJW‘L!ﬁﬁEJ
1. Double brocade blue 2. Double brocade mix kag 3. Avanti mix AuUndaniilesianua

gnugnuaziasgivlaniglaviesniuaugumgil 25+2 samigai@auiu 60 Ju Rndulua

U <

Y aa

Fundnifunalndifestusonduamudi Tasdwivildegnlulsadou duilaeseUgn
Tuesiifiuunamnsveulneenlediisefuussennieund (Ussanas 400 ppm) wardndumils
871aﬂgﬂluﬁaﬂﬁ'ﬁmiLﬁw%mmm%maulmaaﬂlmﬁluizoﬁ"u 1,000 ppm Tutia1 05.00 -12.00
wlnersaesanivasluszuulngliuaniisndvnannasaueadi (Wwuu T8 Sadslu
18 W) Ailgaumaiid 6500K (cool white) uag 3200K (warm white) $as1dau 1:1 fiaady

Wae 150 pmol/m¥s wu 16/8 4l (nanadu/nansi)
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vhnstudindeyaluiieud 3 ndsnmnziwdalaun 1. awgevesdu 2. munia
N3y 3. dwaumen 4. Sufiaenuiu 5. Srwuiln/iu 6. Usuueaslsilad 7. Uiuna
Malondialdehyde (MDA) Tulu 8. Usunathduimaluly (Relative Water Content %38
RWC) 9. N15¥191U083N52UIUN15EBATIZRRAILazRanUAEuAY (net photosynthetic
rate ; A, Stomata conductance ; g, , transpiration rate ; E) 10. ﬁﬂﬁﬁﬁﬁﬁﬁm%’aﬂﬁumi
Bosuawosnaslsiladliun Auszansammsvianugsgavesszuunaiians (F,/Fy) uag i
Uszansnmmnsiauressruuadidesuaninzivas (Pey) anduiviwdnndondiiely
usazinfufiflongndamauinas 30-35 Ju dautwidnanuaziminuiivesiuasyiinistudin

Toyahufiouil 5 naINMILIIEn
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N135NAA9N 2 MIANYIBNTNAVDIENTNALTENADNITIIYLAULN LAaTNITNEN

< 14 < a o
LUANUBINUNADNYLUY

wisNsunaInaendiilaiiug Double brocade blue lnsdundendiiugnuanuay
wayAulnaneliviosmuaugumgll 25+2 ssrwalduauny MuTinunfueulaeenledi
STAUUTIEINIAUNR (Uszanad 400 ppm) Tilaaifignuduniainaontoada (Wuu T8 aadlu
18 W) fiflgaumaiid 6500K (cool white) way 3200K (warm white) §n51@au 1:1 iAdaida
WA3 150 pmol/m?%/s uu 16/8 dalas (naneiu/nansiin) anduidunédndondifoeng
1 Foufeugnaeldnuainuasiuanaaiy ¢ wuu (5197 2) Aeudunasensiy 2
LAV AB 150 wag 200 umol/m?%/s sauniu 8 f1%u dsuar 6 91 (n5zan9) Tneliiuas
16 ey uazlansazanets Modified Hoagland Aawidiudu 0.5 win iuna 30 $u
waegeUan

naINaudieny 2 eunddiedgn vinnstuiindeyalaun 1. A11NaI096Y 2.
AMUNININTINY 3. USunauaaalsilad 4. USuia MDA 5. U3uias RWC 6. 113911914909

NI¥UIUNISHUATITRLAILazLanUAsUng 7. USEENTAINN157191U409n58UIUNNS

funsieiuas wazlledunfondieisueannenazinisiudoyaiiadiy 1. $uiunen 2,

'
=

Tuieenuiu 3. M3TTINT0avessl Wagyin1snauaendnuduiinteyainuiuiln/su

WAEIIUIULLAAR DAY

M990 2 LAAILHUNITNAABINITAN BN NaTRIaN LA ABUADN IS L AULe WAz NS

NAMLLAAYBIAUNEDNTLTLE

f15u siauasln AMULULEs (umol/m?/s)

1 6500K : 3200K (1:1)
Red : Blue (2:1)

150
6500K (Day light)

3200K (Warm white)

6500K : 3200K (1:1)

Red : Blue (2:1)
200
6500K (Day light)

0o N O »u P~ OvLN

3200K (Warm white)
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N1MABB9N 3 N5ANYIBNINavaIANUduTuvasaTasatedauasnIsINIUTINM

1 ] a a a < v < a o
ﬂ']'i'U@u1ﬂ@aﬂll‘Uﬂ‘iUUiiﬂ'lﬂ']ﬂﬁlaﬂ']iLQiQJUWIUIGILLa&’ﬂ']'iNﬁG\LﬁJﬁﬂ‘UE]\WIUﬂa'eJﬂ‘ULuFJ

AundinfendiileWug Double brocade blue lnssiundondilugnugnuas
Wsyiulnaneléeseunuenmall 25:2 ssrwalduauiy Ausunumsveulaeenledi
SEAUUTIEINIAUNG (Uszanad 400 ppm) Tlasifigudunianaontoada (Luu T8 nadlu
18 W) fiflgaunnfid 6500K (cool white) LAy 3200K (warm white) $n51@au 1:1 Aindnad
uaa 150 umol/m?/s unu 16/8 #alas (nansiu/nanadiu) 1iledleny 2 ieundaainimiziudn
%Qﬂﬁwﬂqﬂﬂwﬁléfamwﬁﬁﬁmm CO, Tunnenafiy 2 sefufe 400 ppm uag 1,000 ppm
uazAudfuYesansazateils Modified Hoagland fuandnefu 3 seéiu @e 1, 2, uay 4
mS/cm 52U 6 f3u isuas 5 91 (n3p019) (319l 3) Tasagtuiindeyariondny

nssyiulakaznIsRAnaATLE WwReiunImeaei 2

A9 3 LAAILHUNITNARBINISANYIBNENAVRIAUNTUY B Tar e Jeuazn1TLiy

USinuasveulaeenlanluusseiniarenisiasqivlauagnsanudnvesiundendiile

ANUUTUYDS Y . .
g : : anudutuvasarsazatady
AU arsvaulaaanlan
(mS/cm)
Tuussena
1 1

400 ppm

AN

1,000 ppm 2
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nsiaUsuuaaslsias

Wnsindsununaslsiladldisniu Loranger and Shipley (2010) lnwdinsiatly
Wdvuraminfudeimdnludszuna 40 me anndutnlduasnufiudaiiin Dimethyl
Sulfoxide (DMSO) 1 ml ud2irluvulugrsiraiuauguungd 70 eseneaifoa Wuian
30 U9l mﬂﬁ?uﬁwmsazmalﬂi’mﬂ'wmifﬂmﬂﬁuLLmImIsﬁm%a spectrophotometer i
ATUBTIAAY 645 LAy 663 nm USinuaselsladazgneuinleeldansddl

Chlorophyll a (g/1) = {(0.0127) x (Ags3)} — {(0.00269) x (Agqs)}

Chlorophyll b (g/0) = {(0.0229) (Asas)} — {(0.00468) x (Ass3)}

Total Chlorophylls = {(0.0202) (Agss)} + {(0.00802) x (Agg3)}

msinszauanaaulauaanlanlulu (Malondialdehyde content; MDA)

n153nUSu8d Malondialdehyde (MDA) AnuiUasu131n35u99 Velikova & Loreto
(2005) Imaﬁmluéauﬁqmﬁmétﬁuﬁ (youngest fully expend leaves) TthimdnUszuna 50
me 9nduthluluuafu Trichloroacetic acid (TCA) 0.1% lunaenlulasfiag auin 1 ml
wdrtiludumdes 20 wififiaauiga 1200 seu/unit antugaansazaneild 550 . 1dlu
aoalynaudfin Thiobarbituric acid (TBA) 0.5% uag TCA 20% wéntluuuiignsniugy
gaunndl 90°C 30 writ anduiludumdssiianunga 5000 seu/und wrn 10 wad 1
miazmalﬂifmﬁhmi@lmﬂﬁuLLaﬂmaﬁﬁ’fm%a spectrophotometer iA111819AAY 440 532
uaz 600 nm AU MDA Tagldgnsdiuanal

MDA (umol/g FW) = {(As30-Asoo) - [(Agao-Asa0) X (8.4/147)]} / 157000 x 10°

msiamsaiififiendesiunisuaniuieufing

MATINA19RIINITAIUATIZINES (net photosynthetic rate ; A) 9nsIn15UIlaves
Unlu (Stomata conductance ; gs) 5@51?113?1183&%8‘116&‘137 (transpiration rate ; E) 1ny
Fadlugoud 6L2 Fuduiui (youngest fully expended leaves) 1a gl9iados LG-SD
(BioScientific Ltd. Hertfordshire, U.K) ¥inn150udin 2 97394381 A 439491 07.00 — 11.00 U.

WALYIUNE 13.00 — 15.00 U. I8 IARINENINLINABUNNIAUANNNITNAADI MULARLANTU
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mMs3aUsinaninduimslulu (Relative water content ; RWC)
FauUasu1a1n3sn15ves Karlidag et al. (2011) Tneldlusdaufindufiudl daluds
dwinan (FW) ndurilundiifigumniivesuiu 16 Faluaudhundsdmidnigs (Turgid
weight; TW) tnluiilaluauukaudriandaimiynuia (OW) Aulausuiainduimsly
dowdelunugns
RWC% = [(FW-DW) / (TW-DW)] x 100

msiamsuiififisadesiunseuasasnaslsias

SalaeldiA3oe Fluorescence Monitoring System (FMS-1) (Hansatech Instruments
Ltd., Norfolk, U.K) ¥nA1Usz@nsn1mn13v191uaes Photosystem Il (s, #50 phi PSII) Lag
N15¥nAUTEANSNINNI5N9UGIgAYes Photosystem Il (F/Fy, 58 maximum efficiency
of PSIl Photochemistry) lngnaun15inen F/Fagliaiudausenne 30 uninuisnisves

Willits and Peet (2001) Tneiniilugeuiigniin@iium

o/ s e & aaa
N3IAaSIAUAANIEN UazANNNTINVDILTEY
nsinlesidudainusenveusyresndondievinlaetnsgaininasdigiuaneen
ANNUIMAFOUAIINIBNAI87T Hanging Drop laeldarsazatadanansaingnsves

Brewbaker and Kwack (1963) %&ﬁﬁ?uﬂizﬂauﬁﬂﬁ

Sucrose 10 %

H3BO3 100 ppm
Ca(NO3),. 4H,0 300 ppm
MgSQ,. 7H,O 200 ppm
KNO3 100 ppm

i3BaANsAYas Sucrose 10 % Loneeny1aNasaY q dwimdowseuliluvie
Aoty mntuisynszasasuudlad wdvhmavenansazats Sucrose uazanIaYa1Es1Y
919113 9819a 20 Ll asuusny wiwhnsmauliditu mnduaialadiielfiAavenuaan
vosarsaraneiifisy dluslunuuiifinssaugudeiiitednuaudu saisl i
a1 30 Wi wdthnasvauasenansldndesganssaiiinindsuens 40 i Suau
4 90 Toetfuisyiifinnuenvesiesyunnindusiigudnatsvonsy wiihludmumm

Wesiwudanuiidinvadsey (Kapyla, 1991)
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n1siaesiudnuidinvensy Mnlaewmssusyasuudalanudiriinisven
ansara1uaunIveIerglaiufinduty 1 % UTina 40 pl asuusey wadlmdiiu fsia

a

Klavaenlnueadnfioamnild 6500K (cool white) wag 3200K (warm white) §ns1du 1:1

9 Y

AAULULET 150 umol/m?%/s wagnelanuiiaduiian 1 dalus Tuauuiininsyane

N309gUMEURNBINHIANUTY kAINUNTIREBUAINIENNEANABIgaNnTsAI NG Ivene
! [J o v Ao 1a & a o 1 [ v

40 w1 Wuduiu 4 90 Wneduisyiniidnwuznay lidaden wazhindunsogneadaau wad

Wlurwumesidudaiusenteusy (Calic et al, 2013)

nsinasidudainusenvadiudn (Seed germination) wazAnafesuIuTuildly
N1598n (Mean germination time ; MGT)

wisudandendile 200 wia Aiunsiiuinwlilugumgll 5-10 eswaldys
HuaUszana 1 ieu lnswlwwendu 4 91 9 av 50 win n1snszanewEnauy
uunszmwzsdeituludmedlumaniiida wdnilundivaealiueadifigom

[

i

6500K waz 3200K (1:1) finudunas 150 umol/m?/s inisasaatunisiiinduvesudni
finnugsnUszana 2 mm atu wnsedieasu 14 u imsmnatumdaien uas
ﬂ’wmv‘ﬂuimgaﬂﬁawmﬁ wazAuIUesiiuAnINNeen (McDonald and Kwong, 2005)

way AnadedwIniunldlunisien (Demir et al,, 2008) fAgnsraluil
<

WesituanIugan = FUWIUAATNIEA X 100
FUIULAAVINLUA
MGT = S(nT)
on

n = PIUAUNAUNANIDN U TUARSIINY

T = 81gTuinatiy

SN = PMUILAUNAIUNHNIBNININUA
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M15IAAMNLTTIVOUNAR (Accelerated Aging Test, AA)

wisuwaanaendide 400 wan wisesnidu 2 90 9 az 200 Wan LAazyAYiINIg
wseanifu 4 41 9 az 50 win dudaudaggarodisineniune udniluulundes
wananldin i nad igumgl 40+2 esawaidoa WHunan 48 dalus wdsanduih
wiaed 1 1nsrarswdnasuuuiunszamngdaiigulugetilumaniiiida (Rodo
et al, 2003) udirlundldnaenlnueadafigumnfid 6500K uaz 3200K (1:1) ity
uas 150 pmol/m?/s vhmsnsaatumaiisturesudafidauennuszana 2 mm T
unseilaasy 14 Yu nsanaduiwdaiiven uaswaunduluesfiauysal uazduin

Wosigusamnueen wag MGT

NSAATIANANITNAADINISEDRA

ATILRAULUTUTIULUUEDINIS (Two-Way Analysis of Variance, ANOVA) 984
W deesilaainnsineg Wisuifieuanade waynsiadeuaINEAnNIvelALadelng3s
Tukey’s Honesty Significant Difference (HSD) ﬁizﬁuﬁ'aﬁ’]ﬁiy 0.05 A28lUsunsy SPSS

NBSTU 22 NARLALUSEN SPSS Inc.

A0UNNINISIVY

AUNYNN MENGATNVEIU AMEHAANTTUMINEAT UnTInedewdly Weslnl

o

S8 LTINS

o
o YY)

ISUINNTITLALALIDU WOBAIAN W.A. 2560

(%
a

AUAANITIILLFIBU NINYHIAN W.A. 2562

9



uni 4

NANISIBLAZIT

=] = = a < v 4 & a a 14 ay
NaN1INAaDIN 1 ﬂﬂiﬂﬂ‘i&}’]tﬂ%ﬂﬂLﬂﬂUﬂﬂiNﬁﬁLﬁJﬁﬂWUﬁqﬂﬁaﬂ%Luﬂﬂﬂﬂiﬁlﬁ%‘U‘U‘UﬂLLaxﬂlu

seuulsasau

n1sdnwlieuiisunisasaiiulavesndendide 3 ydaiug laun Avanti mix,
Double brocade blue, wag Double brocade mix T4 3 @ Ao 1. @nzUnd (CO, 400
ppm) 2. @n1igwiinuTuam CO, (CO, 1000 ppm) wae 3. aelulsuounaiadin
(Greenhouse) Wutian 150 Sundamizidn wuiluduvesunativinan uaztimnuis

Auug Double brocade mix MasayiaulanglaantigiiuyTuin CO, Huminauiiaandn

o w

TuanzduedrelidedAyneada wazasiiuladmniugiasydulnaiglulsasaunaiadin

o

'
o w A v

zdNaUIMUNNUBNIHITUDUY (NN 6a,b) TudiuvssnlIauIntATINAANUIN WU

i) EN

Double brocade mix Masgyiulanelaannegiiuysuiu CO, dA1gendn sunaayiuln

o w a

luanngunivaznnelulsasaunanadined1aiitdedfynieada wwderiuiuluiug Double
brocade blue AuiasyiRulaluaniiziinysuin CO, dutauminsnaindtudliinig

LANFANAUNNEATA (N MT 60) dIutiadningINuanydl 119a18Wug Double brocade

% =

blue Uag Double brocade mix Masgyiivlnnglaanidziiuysua CO, ddrgandnfud

Ugnluannizdugedeiifddymsadin (nwdl 6d) dawiug Avanti mix funathminanuay

wivdudululsadeuszsuulaca 2 annzganitlulsaseunarain wilinuuwuilduaiiy

LANFNYENAT TN ARLazLT e TIdRaUsE s uwS duTalu 3 anny
1NNITAATIERANULUTUTIURUUT I UNEDIN 9 TENINENMNSIs gLivleiuane

Wug nudnanmnsiasyivleduduiusivatenug Inednsnaresaninnisiasgyiule 9

[V ]
o =€ I

AaHasa U IINTINWAY, kagAUNTISINURuagiuaeiug (13199 4)
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Avanti mix

Double brocade blue

.

Double brocade mix

Coz 400 ppm Coz 1000 ppm Green house

ANA 5 WARISNBUSVDIRUNADNTLRYNG 3 WUS A Avanti mix, Double brocade blue

]

waz Double brocade mix Mta3guivlaluanzAuana1eiu Ae @n1zdnd (CO, 400 ppm)

anmziinuuna CO, (CO, 1,000 ppm) wazneglulsaSaunanadin (Greenhouse) uan
120 Tundawigiuan
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400 - 20 -

A
a A (b
AB ( ),\ AB ( )
300 AR . 215 B
+—
£ AB 5 ABC ABC
T B T BCD BCD
2200 A BC BC 210 D
c >
g 5 D
= C =
= 100 A 9 5 -
o &
&
O T T 1 O T T 1
avanti mix ~ double brocade double brocade avanti mix double brocade double brocade
blue mix blue mix
30 A a _ d
C (d)
A8 (c)
25 A A
2 R
%,, 1 BC 5
= on
g 15 - BC g 2 4 B
B
7 104 € ‘ 5 B 2z B 3 B
E ’_X_ii—‘ B ’_X—'i‘ B
- o
o 5 A e}
o) o
o
0 T T 1 0 T T 1
avanti mix  double brocade double brocade avanti mix double brocade double brocade
blue mix blue mix

0CO, 400 ppm ECO, 1000 ppm EGreenhouse

AWl 6 uanstviinandiusen (a) Yininandiusin (b) taminuisdaueen (o) waztiwiin
WiidIuTIn (d) vesdundendidueny 90 Tundumzwdn udazylausiaigavlalu
an1zUnd (CO, 400 ppm) @n1zifinuiunas CO, (CO, 1,000 ppm) waznelulsuiou
waladn (Greenhouse) LmeamLﬂﬁauLLamqﬁWﬂawuﬂawmLﬂ?{aummgm SE (n=6)
Wisuifleuannuuansnavesradedieds Tukey’s Honesty Significant Difference (HSD) P

< 0.05

1NN1IANYIAMUGIUATANUATNNTING (2T 5) wudrigiaTaiulnnigly

T593auszULTUANY 2 @NNe AANUAITBIRULINAINYLAS L AUIAN8TULSIHSDUNAERN
Y <

o w s

ag19lided1Ayn19adia oniuiug Avanti mix ludiuvesnrunitmsandianizluius

Avanti mix a1uni19vemsauanatedeliteddglonsyiulaluan ey

CO, waznmelulsasounaadin druluiugauqlainumnuwnnsne (i 7a,b) (115199 4)
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BC
10 4

Plant height (cm)

0 .

BC

(a)

avanti mix double brocade double brocade

blue

mix

40 4

20+

Canopy width (cm)

avanti mix

double brocade double brocade

blue mix

0CO, 400 ppm ECO, 1000 ppm EGreenhouse

27

a £ 1% 1 Ay [y [ =3 1
AN 7 LERIAINENTDIAU (a) LAZAIINNIINTING (D) 1AUDTY 90 TUNAUNITLUAALARY

yilaugiasaiulaluaniazuni (CO,400 ppm) aamiiia3anm CO, (CO, 1,000 ppm)

waznglulsssaunanain (Greenhouse) LOUARIALATDUKAAIAIAIINAIALATOULINTFIY

SE (n=6) W3 uilauminuuans1983A1@aef1833 Tukey’s Honesty Significant
Difference (HSD) P < 0.05

A15199 4 N153LATIERAMULUTUTIULUUTUUNNLALED LAY EDINIIVBIANINATT

wigAule (A) waganeiug (B) Ninaseuiaumingn wiauntdnuisdiuaduLagsin

ANGIRY UAEAINNINNTINY

Independent variables

Dependent
Conditions Cultivars
variables AxB
(A) (B)
Shoot FW <0.01%** <0.01** NS
Shoot DW <0.01%** <0.02* NS
Root FW <0.01** <0.01** NS
Root DW <0.01** <0.01** <0.031*
Plant height (cm) <0.01** NS NS
Canopy width (cm) <0.01** <0.01** <0.01**

NUILUR

(NS) TaiTlANULANFANIEDR

(*) DANUBANANAUNIEDRD

1 N v o

g198ved AN P < 0.05

CY

(**) TANUBANANNUNIEDRDE1LNYF1ANEIN P < 0.01

o
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D

nn1siAsenUsuaeaslsiladsiululumes wudnluwWug Avanti mix 9

a

Wigulaluaneiindsuia Co, IUsuaunaslsilaasiululugeininsunugnluanisuns

o w

wazlulsaSeunanainegafifudAynieada wiludn 2 uglddauunnaiesiunieaia

o
1%

(n 1 8a) ludruaesusunahdusimslulu nuindundendidenasydulnluaniigiiu
USunau CO, Hvsunaniduimslulunganduiignludifudug udlifianuuandaiums

08 (NN 8b) @2UN153AT1ENUSUI MDA WU LT AULANANNAUNIEDF b UNT 3

s

Anzway 3 WU

]

2000 - (@ 100 | (b)
S B
= AB
< 1500 4 g 80 1 B "8 B ’
§ 5
> S 60 |
= 1000 - L
5 5 40 A
£ 500 =
S 5 20 1
0 80 . . .
avanti mixed double brocade double brocade avanti mixed double brocade double brocade
blue mixed blue mixed
10 4
A (0)
S o
on
>
E 6 A
>
o]
€ 4 | AB B
E [J co, 400 ppm
S 2 [l co, 1000 ppm
= [ Greenhouse
0 ]

avanti mix double brocade double brocade

blue mix

A 8 Usunamaelsiladsanluluiien (a) Usunaniduimsluly (b) Usunas MDA (0) ves
fundendiiuey 90 Junduwiziwdn uiazviaiuiiaiaAulsluaniizund (CO, 400
ppm) @nngiiny3uia CO, (CO, 1,000 ppm) waraielulsudounatadn (Greenhouse)
LOUAAIALATBULARIAIAINLAIIALAADULIATEIU SE (n=6) WTsuilsuauLanmIes

Anadedieis Tukey’s Honesty Significant Difference (HSD) P < 0.05
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n1sAnwuseaniaimnisiduasasgaves PSI(F/F,) neglaanitznisasyiiule

o)o‘d‘l [y 1 v a1

wazytaugnAaiy wudn ynesullan F/F, aglutig 0.81-0.83 lngusazdnsulidianiy

WANFIAUNGEDR (AT 9a) druAruseanSainnisiauasvesszuu PSI Tuan waing
(Pes) Wifianuunnniuneadfseninssundendidenugnluanniziuandaiu (nmd
9b)

(@) (b)
0.8 4 0.8 4
= 0.6 - 0.6 -

N -

w04 | _e?; 04 -
0.2 4 0.2 4

0 T T 1 0 T T 1

avanti mix  double brocade double brocade avanti mix  double brocade double brocade

blue mix blue mix

0CO, 400 ppm ECO, 1000 ppm EGreenhouse

MW 9 uanae F/F, (a) wazal Opg (b) vasfundandiiieeny 90 Junauniziuan usaz
YN ugARIeyAule luaniizuni (CO, 400 ppm) @anigtiiudTuas CO, (CO, 1,000
ppm) waznrelulsaiounatadn (Greenhouse) LAUAAIALARDULAAIAIAINAAIALARDY

119597 SE (n=6) W3 ULgUANLANANYD9ALRREMETT Tukey’s Honesty Significant

o

Difference (HSD) P < 0.05 Aadeibilassumednuslidanuwansisagsidedidgnig

anm

=2 I o ada a ¥ [y a (2% 1Y @ a a v ea
ANNNTANYIANAYUNLNEAVDINUNTHANUAYUNDY NUIMRUNABDNTLUY VNI NUN

]

1w [ 6

wigulaluanziiudsuim Co, dardnsinisdunsizvinas (A) luluingigandndud

'
o w a

WwigLiulalusisuausgltudfyneads (nud 10a) druarsnsinisunlvavesiinly

(g9 wudiwnaseyulaluaniigiiiuusuna CO, Tuwildugandtdmsuduudlddaig
LANANAUNADR (NINT 10b) kAaZANTNIINISANBTEMBVBIUINNRIIU (E) wuaniglu

Wug Avanti mix MSyulaluaniiziiy CO, fArganitsudusagreideddnynicada

(mwﬁ 10¢)
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A1579% 5 N153LAT181 AN LUSUSIURUUTILUNN A EILALEDINE UBIANINANT
WIgAUle (A) uagangiug (B) NinasaUsunnaalsilansiu, %RWC, MDA, Ussansan

nslduasasanves PSIL wazAMIIIEmesie 9 vesrdsliiingIdesiunswanideuing

Independent variables

Dependent variables Conditions Cultivars
AxB
(A) (B)

Total CHL (ug/cm?) <0.01%* <0.01%* <0.01%*
RWC (%) <0.01%** NS NS
MDA (mmol/mU/gFW) NS NS <0.031*
Fo/Fu NS NS NS
o <0.01%* NS <0.047*
A (umol/m?/s) <0.01** NS NS

gs (umol/m?/s) <0.01** <0.01** NS

E (umol/m%/5s) <0.01** <0.01** <0.01**

FGQHINT (NS) luifiauunnsineneaiia

1 N o

(*) danuusnsiunNanneg1siltudAgn P < 0.05

L%

(**) deuupnsniunNatfeglitedAg e P < 0.01

NNITAATIENANURUTUTIVUUUTILUNEBIMNTENI WA NSRS ulaiuany
Wug nuIanmnsasauleiufduiusivaneiug lnednsnavesanimnisasaivle 7
dwanaUsununaolsiaasiululuifes Usuna MDA A1 ey LazAIBRTINITANETEINEUDS

- a S o X Y Y a
u’]‘iﬂﬂm'ﬂUuu&lﬂ'ﬂqmLL@ﬂ@qﬂﬂumuagﬂUﬁqSWUﬁq (13199 5)
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8 - 0.04 -

(a) A (b)
A A A
o 6 A 3 003 4 AB
o~ y BC
= E BC BC C
3 418 BC c 002 1 C c
£ BC £ C
=1 =
= 2 BCD D £ 0.01
< 7 CD oA’ U E
0 T T 1 0 T T 1
avanti mix  double brocade double brocade avanti mix  double brocade double brocade
blue mix blue mix

(@)

A

08 4 o

0.6 ) BC

07 CD

D CD CD 5
0.4 - [] €O, 400 ppm
0.2 4 [ co, 1000 ppm
|:| Greenhouse
O T T 1

avanti mix  double brocadedouble brocade

E (umol/m? /s)

blue mix

AT 10 wARSRIINTENATIZILAS (3) Smsinsiiivavesuinlu (b) uagdmsinisseine
yosthanfialu (© vesdundendiieny 90 Jundamsdn uiazslafusiaigiulsly
an112Unf (CO,400 ppm) @nazifinu3uia CO, (CO, 1,000 ppm) waznielulsudau
walasn (Greenhouse) Lmem@m?iaumemmwmmﬂmﬁlaummgwu SE (n=6)
WisuLileupnuunnasesaadesieds Tukey’s Honesty Sienificant Difference (HSD)

P <0.05

v = o g ' ¥ I [y 1 v ¢
INNITUUNNIIUIUAIADNNIRUARDAULUUTZYLLIAT 150 IUNUIN WUG Double

brocade mix MasgtAvlaluaniiziinuiunu CO, HTuumneniininnitagnnzdusyel

Wedfyvneadd (0wl 11a) dawdesidudnishindnuasdnuilinaedunuin luiug Avanti

o

'
o o A

mix Auasaivlnnislulsaseuiivesidudinisinilnuazdruiuinresutdesnitfsudus
agafiedAny dwludn 2 Wudnvgnlulsaseuliivesidudnisielinuazduuiindesdulioy

AU WA bTAULANANNAUNI9EDR (9 11b,c,)
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100 -~ 100 -~
A (a) 3 (b)
B 80 { AB AB £ 80 J
a BC —g_ A
T 60 A BC BC T 60 4
g C ¢ g AB ABC
¢ Y
< 90 - C 040~ 5 ABCD  ABCD
N & BCD
9] ©
O 20 A € 20 4
€ g CD b
= 9]
0 T T 1 o O T T 1
avanti mix  double brocade double brocade avanti mix  double brocade double brocade
blue mix blue mix
20 -+
4% A (C)
° 15
< AB
o)
8 10 ABC
. ABC BC ABC
g [] co, 400 ppm
Q 7 C
€ M co, 1000 ppm
= C
< 0 : S [ Greenhouse

avanti mix  double brocade double brocade

blue mix

a o & ! £ §f < (3 a J £ o '
Awil 11 uansdnuiumeeniaunseny (a) Wesigudnisininnanu (b) uasiuiulinee
4 4 [ a LY v [ ' a v sa a a a
fu (o) vasdundendiileany 150 Jundunisiudn usazyanuinasgyivlaluan1isun
(CO, 400 ppm) @ntaztiinUIuIa CO, (CO, 1,000 ppm) wazntelulsuisunanadn
(Greenhouse) KOUAAIALATDUKANIAIAIILAIALAFDUNINTFIY SE (N=6) LUTeULTIBUAIY

wnsseIRRaesie3s Tukey’s Honesty Significant Difference (HSD) P < 0.05

31nn1sAnwIimlnudauazsuaumdadedu wudn Tuwug Avanti mix 7
a a a a a o 0 < I3 < "y o w A !
WigAulaluanmgiinyIinu Co, fuminudauazdnuiuuaadenuganitdiudu diu
A4 A a a = a 2 = @ a ad = ' %
fyaseaulaniglulsaSeunatadin waadnswauraunivauadsliauisaduiinteya

Pndndakasinuiudasesuls (\nwi 12a,b)



33

C) (@) 40000 - A (b)
et A =
= 5
c 6 A )
3 2 30000 4
> o
S o]
b q o B
b 1 B 2 20000
4= o)
o BC
+ BC BC g] gc BC
& 2 B £ 10000 -
- L s A :
C C C
0 C T C T c \ 0 T T 1
avanti mix  double brocade double brocade avanti mix  double brocade double brocade
blue mix blue mix

0CO, 400 ppm ECO, 1000 ppm EGreenhouse

amd 12 uansimndededu (2) uarsiuuiwdasosu (b) vesfundendifoeny 150 u
vdumnziudn udazslaiuiieiyAulaluaniizund (CO, 400 ppm) anmgifiuuTum
CO, (CO, 1000 ppm) wazaelulsudounaladin (Greenhouse) LAUAAIAATEULEAIAT
ANAAIALAABUNINTEIU SE (n=6) WIsUITlBuAILLANA1IYRIALRAEfiIe3T Tukey's

Honesty Significant Difference (HSD) P < 0.05

o a (4 (3 I~ a2 a
A151991 6 N15IATITNANUUUTUTIURUUIMUNTILALIVBIANINNTRTLAULR (A) uae
anefug (B) WaznN153ATIYANNKUSUTIUMUUTIMUNADINIIUDIU AU LS e NI 9anmNIS

WigAuliuaneiiug (A x B) Aurmsfiwesinettosiunandnudn

Independent variables

Dependent variables Condition Cultivars
AxB
(A) (B)
Flower bud (numb) >0.01%* >0.01** >0.01**
Pod/plant (%) >0.01** >0.01%* NS
Pod/plant (numb) >0.01** NS NS
Weight of seed (g.) >0.01%* >0.01%* >0.01%*
Numb of seed >0.01%* >0.01%* >0.01%*
NN (NS) luifianuunnsinan et

I N v o

(*) AAnuuansiunsadfsgsiitsdfgi P < 0.05

a v

(**) TANUBANANAUNED R T8F1AUEIN P < 0.01

o
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HAN1MAABSN 2 N1sANBIANSWaTaEMNLaLTiBuAaNIsIasYRuTAkazNISHANLAN

Ypefundandiiley

naveaesivhnmsAnvinmaaigiulawakdnuiaiusuosndendifoneliann
waguNraanwaass (LEDs) 4 wlia bawn 6500K : 3200K (1:1), Red : Blue (2:1), 6500K
(Day light), waz 3200K (Warm white) findnsiduuas 2 sedufe 150 wag 200 pmol/m%/s
Ingldndondideiug Double brocade blue lunsnaaeInuIAmAINLEILAZALLTULES
ldenasiomnuganazanunmsanaegeiityd Ay nieain (AT 133, b) dauveIsIuIu
Tunuiitsiasyiulaldmnuduuas 150 umol/m?s Tunneiauasdidnulumnnitedns
Hdgdrdymeata ludwanunislulifianuuandeiunsadifngldaunmuawagainy

LIULESTIAN9NAY (AINA 13 hazd)

. [ 150 pmol/m ’/s M 200 pmol/mz/s

(n
(=)

(a) | (b)
= 40
= £
E 10 =
4_, < 30 4
o ©
[d]
< i 20
2 5 a
s 2
o < 10 -
W)
O T T T O
6500:3200K (1:1) R:B 6500K 3200K 6500:3200K (1: 1) 6500K 3200K
© (d)
0 5 A
A A AB = AB AB AB
o E5s ] 8B B AB
(>‘j 30 4 E
k] BC C >
5 < g
© 20 A < 10 4
8 @]
= £
g 10 ; 5 4
O T T T O
6500K:3200K  RB 6500K 3200K 6500K:3200K RSB 6500K 3200K

1:1 1:1

Al 13 waneNgad @ rundimsaiu (o) 3ol © wazanunilu (d) vessunden

a [ [ [ n:l' 1% 1 A J A
TLUGDEY 90 JUNRAINIZRIAA VlUQﬂﬂ’WEJIG] LLﬂQEULLU‘UG]’N‘] LOUARINLAA DULLEAIAIANNADINLAR DU

2

1M 514 SE (n=0) WI s UM guAULANA1989A 1AM 1875 Tukey’s Honesty Significant

°o v aQaa

Difference (HSD) P < 0.05 Awadeililassumednuwsldiirnuuanssed 1eitduddaneaiia
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150 pmol/m?/s 200 pmol/m?/s

WA 14 uansdneazvesiundendide neldanmuaaiivnanviaenuweass (LEDs) 4 ¥ila
1un 6500K : 3200K (1:1), Red : Blue (2:1), 6500K (Day light), wag 3200K (Warm white)

Naadull 2 sgAuAe 150 wag 200 pmol/m%/s Wunan 120 Junasmiziuén

TudIuv89UAUINUNFALALUINUNBAIFIULBA WU NINEASULASTTN 3200K 9
AULTULES 200 umol/m?/s HurauniinangindanlasuamduLasil 150 pmol/m?/s
(A9 15a,c) WanNAINUUILAIUVDINIAUIMINAALAZUILAIEINSIN MUTAULANANaT YN

adluynefu (nmd 15b,d)
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O 150 pmol/mz/s & 200 pmoL/mz/s

400 - 60 - (b)
C) = 20 1
= 300 - <
5 5 0 1
k= =
s 200 4 2 30
= =
g £ 2 |
5 100 - =
3 3 10
< o
w

0 0

6500K:3200K R:B 6500K 3200K 6500K:3200K R:B 6500K 3200K
1:1 1:1

30 4 12 o

25 10 4
) —
= 20 -
< +—
= c
g 15 % 6 -
> =
< 10 > 4
B 2
S 5 4 S 2
w o

0 0

6500K:3200K  R:B 6500K 3200K 6500K:3200K  RB 6500K 3200K

1:1 1:1

AA 15 uananatmiinandiusen (a) tratvdnandiusin (b) tratvdnusiiEiugen
(o) waganatwiinuisdansn (d) veadunfendidseny 150 Fundumiziudn fugnaield
waagULUUAIe LOUARTALATBLLARIAIAILATIALARDULIATEIU SE (n=0) Wisuifiy
ALLANAI9TOIANRAERI83S Tukey’s Honesty Sienificant Difference (HSD) P < 0.05

o o aa

! a o v v b £ ra I 1 a v
f"’]’]LﬁaEJVIINIG]?SHWJEJ@?WH?IQJ@JWN&JLLG]ﬂG]'N@‘EJ’NiJUEJﬁ']ﬂQJ)Vl'NﬁQG]

dlovnisTannuenvessinuazawiaialdtu (nndt 17) wudn feiilasunaio
Red : Blue (2:1) fiauidianas 150 urnol/m?s fldnmnuanasinsiniisuduwslyfinay
WANA1IRUNIER R (e 16a) Tudruvesvurnaldnu wuln dudildsunassin 6500K :
3200K (1:1) Aadiunas 150 pmol/m¥s Sluunsmnnninduiilssusassiadeatufian
L3 200 pmol/m?/s aEiﬂqz‘jﬁsﬁﬁﬁ’zgmaaaaLﬁ@lé’%’ummLGEJ’:JLLmﬁqa?ﬁyu m3udulinuaiy

LANFNYDIVUIATARUTENINANULIULEINANAY (NN 16b)
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150 umol/mz/s [ 200 pmot/mz/s

20 - 8 _
(@ £ A (b)
AB = A AB
7 15 4 AB A B 26 A
g B g AB AB AB
'EAIO- 84_
Q£ [}
B 5
o} =1
Oc:) 5 4 5 2
]
N
0 T T T w0 T T

T
6500K:3200K R:B 6500K 3200K 6500K:3200K R:B 6500K 3200K
1:1 1:1

P CY Ya % < a A [ (%
AN 16 LAAIAIINEITIN (a) kazTUIATIbARAY (b) vasaunfandilluany 90 Tunduniy
@ 4 1 al 1 al
wannUgnAelALaITULUUANY LAUARIALATOURARIAIAIINARIALATOUNINTFIY SE (n=4)
WIHULBUAULANAI9Y89ALRREA287D Tukey’s Honesty Significant Difference (HSD)
P <0.05

150 pmol/m?/s

i

[t

6500K:3200K Red:Blue 3200K

200 pmol/mifs

=] Iy} % I aa A a a % v ‘:4'
ATNN 17 LEAIANWUEUDITINAUNADNYLUY WLQ?@JLWUI@I@ﬂmﬂ’]WLLaQLLagﬂjqﬂJLsUllLLaQV]

f1aiu WWuan 150 SUnaunizilde
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INNITIATIEVAILUUTUTIURUUTIMUNEDINNTENINANTURA T UAATNILAS

' 1
a1 1 o

wueNULLaiiUfduRusiuamnmuas Ingdnsnaresanudunas Ndsaseumdnan

q

(% (% [
v A 1 3 1

ai'sué’fu, AINUYTITN, LarrUIAYD I AN UAUT UL AIULANANAUTUDE AUAUATNLET

Y 9

(mi'mﬁ 7)

A15199 7 N15ATIERANULUSUTIUMUUTILUATIULAET LATEDINIIVBIAIIULTULES (A)

LazAMNINLEY (B) Miikadar s 1iwesiiAgITesiunsiasyLaule

Independent variables

Dependent variables Light intensity Light quality
AxB
(A) (B)
Shoot FW NS NS >0.04*
Shoot DW NS NS NS
Root FW NS NS NS
Root DW NS NS NS
Plant height (cm.) NS NS NS
Canopy width (cm.) NS NS NS
Numb of leaves >0.01%* NS NS
Width of leave NS >0.015% NS
Root length (cm.) NS NS >0.019%
Size of tuberous roots (cm.) NS NS >0.011*%
NUEN9) (NS) Ldfienuuansinemeadia

1 o

(*) fpuuensienunsatfegelitsdfi P < 0.05

(**) diAuLANANAUNIaNRpElidedAyBIn P < 0.01
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A o U 1 v aa A o ) A & ¢ | A
WevhnsinArdsdnineitesiuniswanUasuing lnefnw) 2 93907y fio 90 uay
120 Sundamnzias taslurie 120 Juidugeiidsiwuivesnantaziuds wuinianlasy

[

uaswin Red : Blue (2:1) fimnanduuas 200 umol/m?/s fardmsnisdaasesinaslulug
mfwﬁ%’uﬁuadﬂﬂﬁﬁfﬂﬁﬂﬁﬁgmaaﬁaﬁgﬂ 2 943997 (N7 18a, b) duA1ensIn1sUlnaves
Unlulusia 2 F908linumuuanAsed it dAgynieaia ("7 18, d) daupdas
mimasymamawwmnmiﬂwmma 90 uaz 120 Jundumsdnnuin fefilesunaein
Red : Blue (2:1) fimnandunas 200 pmol/m%s S findusdnsilduds neadfdioldsu
mmmmquﬁu (A 18e, f)
91NNITIATIZIAIURUTUTIULUUTHUNADINIVBIUJEURUS I UTNAMULTUES
fugaAmMuAs NuTmNLtLasseudsHaRe AR THIAT LA (A) LAESnTINNS

ilvavesuntu (g) 191y 90 Juwmilouiuluynanninuas (1157199 8)

A15199 8 N1TALATIENAMULUTUTIUUUUTWUNNINALT LaZEADININUDIAIULTULET (A)

wazAMNMLEY (B) NilkaderdvdiifgitaaiunisianiUfeuinems 2 491

Independent variables

Dependent variables Light intensity Light quality

AxB
(A) (B)
A (umol/m?/s) 90D <00 L% <0.01** NS
gs (umol/m?/s) 90D NS NS NS
E (umol/m?/s) 90D <0.014* <0.025% <0.010%
A (umol/m?/s) 120D NS <0.01** <0.01**
gs (umol/m?/s) 120D NS <0.043* <0.01**
E (umol/m?/s) 120D NS <0.045* <0.01**
UG (NS) Ldfienuuansinameadia

| Y]

(*) Sanauandnafunsadfesnsdiodfai P < 0.05

o Q

(**) ANULANANAUNSEDRog e AN P < 0.01
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90 days after seeding 120 days after seeding (b)
8 1 A @ s -
—_ A
% ° S6 -
BC B 3
3 4 qc €4 - B
£ =
3
= <
< 2 A 2 BC
O T T T O T
6500K:3200K  RB 6500K 3200K 6500K:3200K  RB 6500K 3200K
1:1 1:1
0.04 - 0.04 -
(0 (d)
= 0.03 - __ 003 A
& N
£ £
3 0.02 - > 002
c [e)
g IS
- S
of 0.01 4 = 001
on
0 0
6500K:3200K  RB 6500K 3200K 6500K:3200K  RB 6500K 3200K
1:1 1:1
12 - 12 -
(e) ()
1 1
Los - S 08 -
S =
3 06 A 3 0.6
£ E
3 =
10.4- = 04 - BCBC
02 02
0 0
6500K:3200K  RB 6500K 3200K 6500K:3200K  RB 6500K 3200K
1:1 1:1

150 pmol/mz/s & 200 pmol/mz/s

AN 18 UARISHIINITHILATIZRLES (3,0) Sns1nstilnavesiinlu (c,d) uazshsinisane
sumevesiluly (e vosiundendiflveny 90 uas 120 Yunduwizidaiiugnaieliuas
sURUUAI99) LOUAIALAADULARIAIAINAAIALARDUNATT I SE (n=6) lWTsuLfisuadny
WANANIUBIALRAEAIE3S Tukey’s Honesty Significant Difference (HSD) P < 0.05 Avadedi

o w aa

Lildszumednusliinnuunndntegaivuddgnieaia
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PnNsAnwIUsEAnSmnsiduasasanves PSIl(F/F,) aeldnunmuasiayaiy
Wunasiupnsnafulagfinw 2 919918/e 90 uay 120 Suvdamziudn nuiiyasisuiian
Fo/Frm 0811939 0.80-0.84 wazAUszansamnislduasvasszuu PSI Tuaninaing (Peg)
Tnauparansuluianuuananeiunied@da (And 19a,b) TTuulduAULANA1N19ED A

1 v A v N ! (% =
i%ﬂ'ﬂ\‘l@]ﬂﬂﬂ@ﬂiﬂ@ﬂﬂﬁwLLa%ﬂ'J']ﬂJL‘U@JLLﬁ\WILLG]ﬂG]'Nﬂ‘L! ("N 19¢,d)

90 days after seeding (a) 120 days after seeding (b)
1 1 -
08 08
s 06 - 506 -
< S
w04 o4
02 - 02
O T T T O T T T
6500K:3200K  RB 6500K 3200K 6500K:3200K RSB 6500K 3200K
1:1 1:1
1 4 () 1 4 (d)
08 - 08
06 06 -
204 - 2 04
< ©
02 02 -
O T T T 0 T T T
6500K:3200K  R:B 6500K 3200K 6500K:3200K  R:B 6500K 3200K

1:1 1:1

O 150 pmol/mz/s & 200 pmol/mz/s

AR 19 uansen F/F, (a,b) waza1 Opg (c,d) vesdundendifleeiy 90 waz 120 Jumes
uzEafiuan e liuaIsURUUAIY LOUARIALARDURARIAIAILARIALAZOULIATEIY SE
(n=6) WIBULBUAMULANA1IYDIANRREAT83T Tukey’s Honesty Significant Difference

o w a

(HSD) P < 0.05 AnadenliliszymednyslufinnuuansvegsiidedAynieada
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PNNITIATIERUSInuaaelsilaanululunedluiia 2 Yrsegnuinluiseny 90 Tu

mdanziuAndulFFuLas 6500K : 3200K (1:1) iaundunas 200 umol/m?/s Jfnganin

AunlasuLEs 150 pmol/m?/s agneditly

o

[

dAgy

(09 20a, 715797 9) waitudaseny 120 Tu

v [ 1 J [ aa N 1 a ¢ 1a -
‘Via\‘lL‘W’wLllaﬂ‘lllllﬂ’l’}ﬂLLG]ﬂG]’Nﬂu‘VI’]\‘iﬁﬂG] (A9 20b) Tudrunanisitasiziusuiuun

dum WﬂUIUWUUWWﬂﬁﬂiUIMNﬂ?WNLLWﬂG]’NﬂTW]’NﬁﬂGWN 2 ‘U’N@WFJ (ﬂ']‘W‘V] 20c, d)

90 days after seeding
1200 -

900 A

600 A

Total Chl (ug/cm?)

300 A

6500K:3200K
1:1

R:B 6500K

100~

80 4

60 -

40 A

20 4

3200K

Leaf rerative water content (%)

6500K:3200K
1:1

R:B 6500K

3200K

(a)

(0)

Leaf rerative water content (%)

150 pmot/mz/s

120 days after seeding
1200 - (b)
E
S 900
o
=
£ 600 -
(V]
g 300
5 i
0
6500K:3200K  RB 6500K 3200K
1:1
100 -

(d)

80 -

60

40 A

20 A
0

6500K:3200K R:B
1:1

6500K 3200K

= 200 pmol/mz/s

AN 20 wansuUsunaraslsiladsululuien (a,b) Usunauidusimslulu (c,d) vesdundan

N ) o 2 a v ! S !
"ULUU@’]Q 90 way 120 quiafll,‘wwLuamﬂﬂgﬂﬂ’lﬂimmﬂ’gﬂLL‘U‘UG]N‘] LOUAAIALAADULLARNIAN

.:4' = = ] i a Y aa y
AITUARIANLARDUNINTITU SE (n=6) LUIHUNYUAINUULANANIIUDIANRAEAIIT Tukey S

Honesty Significant Difference (HSD) P <

o w

ag1altedAYNIIana

0.05 Anadeililaseysednysliinnnuwnneig
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nMTiATIEiUTIn MDA Tuidladelunuimnisulifinnuuandistunieada
Tudhuvesiesazvesnisilvavedlessu lutiseny 90 fundamizwdn wuisuiilduuas
6500K : 3200K (1:1) fiUSanadeazvainissalnavedlessuiinduetefitoddymeana
delgsuauduuasiininiu ludaseny 120 Funudn feiléfuuas Red : Blue (2:1)
way 6500K fiauiduuas 200 pmol/m?/s fan¥esazveinissilnaveslossutiosningui

Ugnluanmaudy 150 pmol/m?/s egilduddgvneada (1wt 21c,d)

o

120 days after seeding
6 _ 90 days after seeding (a) 6 - (b)
z z
2 Sh
€ 4 4 % q
3 >
£ £
S € 2 |
< <
=) o
= =
0 0
6500K:3200K  RB 6500K 3200K 6500K:3200K  RB 6500K 3200K
1:1 1:1
100 - 100 -
(@ (d)
& g0 | v 80
X [}
@ i
9 60 - g 60
2 A A
3 40 A ABC ABC % 40 A
0 E
o [NN]
=0 8 0
6500K:3200K 6500K 3200K 6500K:3200K  RB 6500K 3200K

1:1 141
O 150 pmol/mz/s & 200 pmol/mz/s

Al 21 wansUSunas MDA (a,b) wazdosazvaanmssilnavaslesay (c,d) vesdundendide
918 90 (a, ©) tag 120 (b, d) i’wé’uwwzL@JﬁﬂﬁﬂgﬂﬂﬂﬂiﬁLLaqgﬂLLuuGmq LaUARIALAAD Y
LERIAIADINARAIALAREUNINSEIU SE (n=6) WBuLfisuAMLANAIY IR LadBA 1873
Tukey’s Honesty Significant Difference (HSD) P < 0.05 ﬁi’lLaﬁlﬂma\iiﬁizqﬁ’mﬁﬂwﬂﬁﬁ
AMULANANDENTITEAAY AT A

91NN1TAATIZNAIUWUTUTIURUUTHUNADINIVBIU JAURUSTENINAMUTUUES

AUAMAINIE WUIAMLTULES NdaRasaUSINuAaelsadsIN, uazA1SoeazuaIn15lva

vadlogautuinnuuanAniulueg fuaunnILaTang 90 Tu (IN5199 9)
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M13199 9 NTIATILVIANUWUTUTIURUUTMUNVINAABIVDIATILLTUUAD (A) WAZAMATNLAS
(B) wazN153LAT1EMANULUTUTIUMUUTILUNADINNVDIUH FUNUTTENINANUTU LAY
AMAINLEL (A x B) NilkasioUsedniainnislduasgeanves PSI, USuumaslsiladsiy,

RWC, MDA, wag EL W 2 139818

Independent variables

Dependent variables Light intensity Light quality
AxB
(A) (B)
Fv/F 90D NS <0.01%** NS
®rs 90D <0.017* NS NS
Total CHL (ug/cm? 90D NS <0.010* <0.01**
RWC (%) 90D NS NS NS
MDA (mmol/mUl/gFW) 90D NS NS NS
% Electrolyte leackage 90D <0.013* <0.01** <0.01**
Fv/Fu 120D <0.01%** NS NS
s 120D NS NS NS
Total CHL (ug/cm?) 120D NS NS NS
RWC (%) 120D <0.01%** <0.030* NS
MDA (mmol/ml/gFW) 120D NS NS NS
% Electrolyte leackage 120D <0.01** <0.01** <0.01**
NUNGLUR) (NS) Ldfimnuuansinamsadia

'
Y]

(*) fpulanaeiunsanfeg9ldedfgn P < 0.05

CY

(**) TANUwANAAUNIEDReg9TuE1AEIN P < 0.01

>
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1:1 1:1

150 pmot/mz/s & 200 pmol/mz/s

AW 23 wanaruialdusugudnanivednen (a) wazvuaduRIUAUENa1aesEn (b) ves
sundendidenuanneliuassunuuniigg wauAIALAGEULARIAIAIILARIAARBUNIATFIY
SE (n=6) tUSHULNBUAIIULANGI9UDIAILRAEAI87T Tukey’s Honesty Significant

Difference (HSD) P < 0.05 Anadeilildssymednushifiniuwansisegnesfideddgymnig

anm
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LANENITBIALRAERIE3S Tukey’s Honesty Significant Difference (HSD) P < 0.05 Awadeil
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15 - N (@ 50000 - (b)
o = A
- & 40000 -
E [oR
5 1 3 30000
g_ AB § 4 AB AB
9] Y
2 s B S 20000 - B
s ] ]HE B B - ° B B .
< £ 10000
o 2
()]
; 0 T T T 0 T T T
6500K:3200K  R:B 6500K 3200K 6500K:3200K  RB 6500K 3200K

1:1 1:1

O 150 pmot/mz/s & 200 pmol/mz/s

o - Y] & 1w ° & 1w v I a a A
AT 25 wansauninwansenu (a) kagdruiuaasieduy (b) 3naundendiilenugn
A18lALassURUUAINY LaUARIALARBULAAIAIAIIUARIALAABUNIATIIU SE (n=4)
W3 ULBUAULANAI9YBIALRAEAI875 Tukey’s Honesty Significant Difference (HSD)

P < 0.05
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NNNsANYIURSIdUAANTITInURIar BTN UTT avoausuasyRulnnels

Aaa A

ANLTNLEY 150 umol/m¥/s Tunnsd1suliesidudaduidinfigenitazeosyi

WwseyAulnneldlas 200 pmol/m?/s waliiAuLANANAUNISERR (AN 26)

vaa 1

wazillafinwilasiduianusenvasavesnsynelduasuaznglanianuin wui
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'
o w A

ABUTNAINIIRISUDUY WA LUTAINULANAITUNIERR (AINT 27) Han1sNaaULla5LTus
AINNENYBAINEATIALARAAGRINULUBS I UAAIINENUDIAT DB NNUTITETLASULAS
6500K : 3200K (1:1) 919 2 5£AUAUTULAT HwnldusInIensudu waldianulansaiu

neadd lnganigluudafiviinisissergagiiuifiesiiudanuienvedudniiaieg el

v o w

Weddny (A 28) annwaAtafeduiniuileluniseen nuindidweddnuiuiuedi 7.5-8.5

LR [ a @& 1 1 1 v aa a
auwﬂumaﬂﬂﬂmazmemumilﬁqmq ‘lilJiJﬂ’J’]ﬂJLLﬁﬂG]’]ﬂﬂuVﬂﬂﬁﬁﬁ (A1 29a,b)
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AT 26 LanauUasiguAn1sTInvesar oasAINAUNGanTleNUannelalassUkuY
AN LOUARIALARBULARIAIAIINARIALARBUNINTFIY SE (n=4) LUTeULEuAILLANAIY

Yo BRI Tukey’s Honesty Significant Difference (HSD) P < 0.05
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WU UANLANAINTOIALRABAI87D Tukey’s Honesty Significant Difference (HSD)

v o w

P < 0.05 Anadeililassusednuslifinnuusnaeegaiidud Ay nieada
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Normal Seed AA Seed

100 - 100 - (b)
. s
S 80 A Té 80 A A
st ke
QO 60 4 " 60 4 B AB AB
= £ BC
c I
‘€ 40 - 5 40 - D
= on D
an o
- 20 % 20 4
(0] )
(0]
(V2B 0

6500K:3200K  RB 6500K 3200K 6500K:3200K  RB 6500K 3200K

1:1 1:1
150 umoL/mz/s & 200 pmot/mz/s

Ml 28 uanalesidudnnusenvetuanund (Normal seed, a) wAZWAATINILNIIITIDNE
(AA seed, b) vassiundenBdeMmasaiiulnnlduaiguhuunieeg waunanAfauLandA
AUARIALARDUNINTTIU SE (n=4) LUTBUWIBUAINLANAIYBIALRREAI8TT Tukey’s

Honesty Significant Difference (HSD) P < 0.05 Anadsilildszysodnuslaifianuunnsiis

peslvd Ay Ena
Normal Seed AA Seed

10 - 10 -

g g
% g°]
=4 = 4 A
g S
= 2 2 4

0 0

6500K:3200K  RB 6500K 3200K 6500K:3200K  RB 6500K 3200K

1:1 1:1

150 pmol/mz/s & 200 pmol/mz/s

audi 29 wansredesunuiuiildlunisien (Mean germination time; MGT) vadwdaunf
(Normal seed, a) LagluAnTH1N"5L39818 (AA seed, b) vassundandidoasyiiule
elauaazuuuunigg LOUAAIALAROULARNIAIAINARIALAABULINTFIU SE (n=4)
Wisuifieunnuwansavesriadedieds Tukey’s Honesty Significant Difference (HSD) P

v o w

< 0.05 ﬂ']LQaEJV]I@JIGI?uUWJEJE]ﬂHﬂNSJﬂ’NNLLG]ﬂG]’]\‘iE]EJ']\‘i UYdaA ‘1/]’1\‘1?1‘a
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1NNTAATIENANURUTUTIURUUTHUNAD NNV AU US TENINAMUTLILES

Y] i v a

fuAA LA WuTImuduEas Ndswasauntnuinresu Suiuwdaseiu Wesidudnig

'
a0 1

senlumbnunfuaziuanfiniunsiseeny (M) duliaiuunnd1eiuduediuamuaInwas

(mi'mﬁ 10)

M15199 10 N1IATIENAILLUTUTILLUUTILUNNILALIVRIAULTULES (A) hagANAIN

e (B) Wazn193A9121A kU SUTIUMUUIMUNADINIUBI U AUT UG T IR 1UL T

[y

URATLE (A x B) PillAmsnilwesiiie et unandnudn waznun1wian

Independent variables

Dependent variables Light intensity Light quality
AxB
(A) (B)
Day to anthesis NS NS NS
Flower diameter (cm.) <0.01** NS NS
Pod diameter (cm.) NS NS NS
Numb of pod/plant NS NS NS
% pod/plant NS NS NS
Weight of seed (g.) <0.01** <0.042* <0.025*
Numb of seed <0.01** <0.042* <0.025*
Pollen viability (%) <0.01** <0.01** NS
Pollen germination (%) light NS NS NS
Pollen germination (%) dark NS NS NS
Seed germination (%) normal <0.01** <0.011* <0.046*
Seed germination (%) AA <0.01** <0.01** <0.01**
MGT (day) normal NS NS NS
MGT (day) AA NS NS NS
NN (NS) laiflAnuunnsnen1eaiia

N v o

(*) AAuLansiunaRnee1siided Ay P < 0.05

Y

pdPEan P < 0.01

o

(**) FPnuwanaenuNanfegady
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HNaN1INAaDIN 3 m‘sﬁnma%swa%aammwmumsazmaQsLLazﬂﬂstuﬂ?uﬂm

asuaulasanladluusseniadenisaiyiulawazniswanudnvssiunasndiile

00 CO, 400 ppm @ CO, 1000 ppm
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2 ko] A
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[ <
g 5
= £ 40 A
8 100 4 ko)
v g 20 - B
B
o T T 0 T T
EC=1 mS/cm EC=2 mS/cm  EC=4 mS/cm EC=1 mS/cm EC=2 mS/cm  EC=4 mS/cm
60 - A
10 (© A (d)
A 50 4
o 30 A AB o
4+ + 40 4
= ABC ABC 5 A AB
(7] ()
z 20 A 2 30 +
2 BC > AB
° C O 20 -
9 10 - 38
5 @ 10 A B
0 T T 0 T T
EC=1 mS/cm  EC=2mS/cm  EC=4 mS/cm EC=1 mS/cm EC=2 mS/cm EC=4 mS/cm

AWA 30 udnanatmtinandiusen (a) tnatvtinandausin (b) ratmnuiiEiugen
(0) wazanaumiinuisdiusn (d) vesfundendidiveny 150 Jumdamizidniugnluanin
O, wagarmduieunnaaiu LoupaIAIRAeULANIAIANLARALARDUINATEIU SE (N=5)
WisuifiaumuuanasvesAadesie3s Tukey’s Honesty Sienificant Difference (HSD)

P <0.05

Mfnwseiuautuduresansazatede 3 sz loun EC=1, 2, uag 4 mS/cm

I3

nelauSua CO, 2 sedu Av 400 way 1,000 ppm fAenistasgtAvlnvesndondifonug

9

'
P

Double brocade blue 91nn15nAa03 Wudi fivAlasuarandududeisedu 4 mS/cm

e

v '
= o o = o

neld CO,400 ppm meneunazdviutuiinuiauintngndu dullati vinansiniad
Wwigiulaneld CO, 1,000 ppm fuualduiiaindt CO, 400 ppm waildifiaduunneeniy
M9and e uAUTuEINYNIAEMENLAIALLAZ SN (AN 30) EIUAIINENITIANUIN

fnugnananudauiiedanutududaniudy wilddanuuwanisiunieda wae
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all

Ynmlaau wud1 Wenlesuaudutudenseau 4 ms/cm agld CO, 400 ppm Hau1A

WlsRundnfignegliteddey (n il 31,32)

o

25 - 10 - A
(a) e (b)
20 A A AB & s A
= B B 3 A A A
E 15 AB 6
+— B 2}
£ g
E 10 g 4
3 2
o 5 = 2 B
o o
[}
N
0 20
EC=1 mS/cm EC=2 mS/cm  EC=4 mS/cm EC=1 mS/cm  EC=2mS/cm  EC=4 mS/cm

00 Co, 400 ppm @ CO, 1000 ppm

ATl 31 WEAIATIIEVDITIN () wazvuIRveialdAY (b) vessundendidueny 150 fu
ndannzwdaivgnluaniw CO, wazmnuduofiunndisiu uauasAARoULARIAIAIL
AMALARBULNTIU SE (n=5) Wisuifisuanuuans1svesLadeses Tukey’s Honesty
Significant Difference (HSD) P < 0.05 anadeflaildszysosnuslifinuunnsaogied

Y [y

HydIAUNINEDR
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e:.a"* Sl %) Co,
1000 ppm

A9 32 wansdnwazvessInndendillenasyiivlnnieldanisiinySunn CO, 2 s¥u fe
400 waz 1,000 ppm kagszAuALNTUYBIaIsazatele 3 seaulawn EC=1, 2, uas
4 mS/cm

a a

Nuiasaaulnaneld O, 400 ppm AlFFuomnandutu 1 mS/cm HERRFERRTEN
Fusnnaiiieiaieyiulanigld Co, 1,000 ppm (MWl 33a) dauAun ensaunyIn
angiviaiydulanield CO, 400 ppm MlFFuANudueRseiu 2 mS/cm Tauniag
mwﬂumm’j'}ﬁuﬁﬂgﬂiu CO, 1,000 ppm ‘1’7im’mLﬂmﬂmﬁmﬁuasiwﬁﬁ’ﬁﬁﬁﬁgmaaﬁa (A
#133b) nenanisawuin Ui CO, fuffuiusiunnuduturesarsarasis lnedvswa
vo3Tun CO, idswarionugsuesdy, uazanunimsajuiudanuuansatulueg
mnudiuvesansazaede (Mg 35, 1137991 11) nnnstuiindwanlutazanunaly
wut fvfaSadulnneld Co, 400 ppm ﬁLLmIﬁmma@mmmmmLsﬁmﬂsﬁﬂwﬁu we laidl

ANUBANANAUNWATALUYNFITU (N9l 34)
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A15199 11 A15ATILHAULUTUSIULUUTILUANIGREIVeIUSU8 CO, (A) hazAlNy

Wnduvedansazatede (B) Wazn15iAs1esimusUsusiukuukunassnisvesu duius

seninedIuna CO, Auauintuvasasazatede (A x B) dsmasarmniiiwesningites

AUNITLRSYLAULA

Independent variables

Dependent variables CO2 concentration EC levels
AxB

(A) (B)
Shoot FW >0.049* >0.01** NS
Shoot DW >0.018* >0.01%** NS
Root FW >0.01%** >0.01%** NS
Root DW >0.012* >0.01** NS
Root length (cm.) NS >0.01%* NS
Size of tuberous roots (cm.)  >0.01** >0.01%* NS
Plant height (cm.) >0.01%** >0.022% >0.01**
Canopy width (cm.) >0.01** NS >0.017*
Numb of leaves NS NS NS
Width of leave >0.045*% NS NS
FGHINT (NS) laifianuunnsinaneaiia

(*) inuuansiunNadfeg1siiled Ay P < 0.05

Y

(**) TAULANANNUN AN ALY

o

addded P < 0.01
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Significant Difference (HSD) P < 0.05
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Al 34 uansdnaulu @) wazeunalu (b) vessundendiileety 90 Tunduniziudaiiugn
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SE (n=5) tUSuULNBUAIIULANGI9UDIAILRAEAI8AT Tukey’s Honesty Significant

Difference (HSD) P < 0.05
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90 days after seeding 120 days after seeding
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semeveninnnialy (e f) vesfundendifiveny 90 uaz 120 Yundaumiziwdaiivgnluann
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Wiuiiaumuuanasvesradedieds Tukey’s Honesty Sienificant Difference (HSD)

P <0.05
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A15199 12 N153LAF19ANULUSUTIUBUUTILUNNILAEIVRIUSU CO, (A) hazAINy
Wuduvasansazanele (B) wanI153ATIEnAukUTUTIURUUIMUNARINIIUBIU Fuius
seninalIunn CO, Aumnuintuvesasazatgle (A x B) Nllnased1dydnieitesiunis

4 e & ' s a
AN URgUN 1LY 2 mqmqmsmﬁymdm

Independent variables

Dependent variables CO, concentration EC levels
AxB
(A) (B)
A (umol/m?/s) 90D <0.01** NS NS
gs (umol/m%/s) 90D NS <0.041* NS
E (umol/m?/s) 90D <0.01** <0.01** NS
A (umol/m?/s) 120D <0.01%** NS NS
gs (umol/m?/s) 120D <0.023* <0.01** NS
E (umol/m?/s) 120D <0.01** <0.01** NS
UG (NS) laifianuusnsinaniaana

1 a o

(*) Amuunnsnunsatfsgsiited A P < 0.05

CY

(**) TANUBANANNUNIEDRADE1LNYF1ANEIN P < 0.01

o
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Jofiwansnaiulaafine) 2 ¥a9e78fie 90 uaz 120 Junaumizman wuinluyieeny 90 Tu
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Y v o

neld CO, 400 ppm AldsuATNTUesEiU 4 mS/cm A1 Bpg, asndnsuiilgnanela

CO, 1,000 ppm Afrgenitedniledidgyn19aads (019 370) druluyieeny 120 Tunas

o

wzdanudn e F/F, oglugas 0.73-0.84 Tnewuinluanin CO, 400 ppm Fudilasu

{8 EC=4 mS/cm $i@1 F/F,, andnduilasuanuidududessdu 1 wag 2 mS/cm ag1adl

o w

WodAgyneada (0 37b) duan e nularalulufidniafeadude luaniw CO,
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v o w a
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90 days after seeding (a) 120 days after seeding
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0 T T 0 ; ;
EC=1 mS/cm  EC=2mS/cm  EC=4 mS/cm EC=1 mS/cm  EC=2mS/cm  EC=4 mS/cm

0 o, 400 ppm & CO, 1000 ppm

A#l 37 wanadn F/F, (a,b) uazan Qe (c,d) v0ssiuniondiieniy 90 uaz 120 Junds
wnzwdanugnluanin CO, wazaududeiunnd1aiu wauAaIAREBULAAIAIAIIY
AAIMLAFDUNINTTIU SE (N=6) LUSHUTIBUANULANFNTDIALRAEAIEIT Tukey’s Honesty

Significant Difference (HSD) P < 0.05

ynnsieszivsinanaslsiadsululuieslutiemeiy 90 Tundswizwdanuin

o

ynesuliiinnuuanssiuneadfinInd 38a) druvsunairduinsluluines nudifien
Wiulannele CO, 400 ppm lasuANUdLYeNTEAU 2 mS/cm HiANgenindsuduee
fided1Atyneadd (1@l 380) Turaseny 120 undumizwén wuinfiamasyiulanigla

CO, 1,000 ppm fuUsuumaslsiadsinluluimeinainitlasmeianlasuaududs

52U 1 mS/cm fAgandnegnildedrdgnieada (1 il 38b) drudsunaidunimsluly

+ [y

Weanud Auiasgiulanigld Co, 400 ppm Nlasuaudulefseiu 4 mS/cm dange

9

LY

nisuivgniu CO, 1,000 ppm AU iu ageildudAyneada (nwi 38d)
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90 days after seeding 120 days after seeding
1500 - (a) 1500 - (b)
— — A
e AB A < . A A
o AB (]
o 1000 AB o 1000 AB
2 B AB 2 B
< <
O (@)
£ 500 T 500
ks ke
0 i i 0 T T
EC=1 mS/cm EC=2 mS/cm EC=4 mS/cm EC=1 mS/cm EC=2 mS/cm  EC=4 mS/cm
~ 100 - —~
2 A As  AB AB o (€ g 100 - s A ()
g 80 A B 5 s | B
< c
S S
g 90 1 5 60 4
© ©
= 2
g 40 - g 40 A
k- B
v 2 g 20 4
g 5
-0 -0 . .
EC=1 mS/cm EC=2 mS/cm  EC=4 mS/cm EC=1 mS/cm EC=2 mS/cm EC=4 mS/cm

0O Co, 400 ppm @ CO, 1000 ppm

and 38 uansuSunaraslsiaasinluluden (a,b) wazUSuiaudusiusluluden (c,d) ves
sundendiliuens 90 uay 120 Jundumzwiniugnluanin CO, uazauduleiuansig
i LOUARIALATOUKAAIAIAINAIALATOUNINTEIY SE (N=6) LWIUWIBUAIULANGIIYDY

Aaduieis Tukey’s Honesty Significant Difference (HSD) P < 0.05

'
) =

ludiunanisiasrgiusuia MDA lugi981g 90 JunaanIziudanudn i

]
YV

Wwigulanneld CO,400 ppm fHUTunas MDA wusunRuiuaudule Tuvaenaud

D

Wigiulenield CO, 1000 ppm HUTu1aw MDA wusiumuadutude wanna1sulid

AMULANANAUNIIEDH (N7 39a) wazludiuvessavazuain1siilraveslossu wuind

+

Yunanfindunudrdudledmnududengaduluduniondidenugnluanin CO, 3 2 929

9 Y

anglasanizlugiseny 120 Jundunizwdadignlasuaaudude EC= 4mS/cm 9
wigAulanels CO, 400 ppm AANMULANANAUNINEDNR (NINA 390) EIUNANITIATITI
U3 MDA Tuteeny 120 Jundamnziudanuii femasedulanigls CO, 1,000 ppm

lasuarududensydu 1 mS/cm QUTua MDA gandniwiasyiavlnniela CO, 400

a v

ppm 881931 8dN

[

Qn19ana (el 39b) wazludiuvesiovazueinisitluaveslensu
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WU Wemasgiulaneld CO, 400 ppm flasumnuulenszdu 4 mS/cm firSosay

o w a

Y0in1557lravedlossuginivhiuduegnitudAyneada (nmi 39d)

8 - 90 days after seedin 8 1 120 days after seedin
y g (a) A Yy g (b)
- =
= 6 A &, 6 4 AB
[ >
on c AB A
>
£ 3 B B
> 4 4 8 4
]
£ £
£ <
[a) i
<Q( 2 = 2
=
0 T T O T T
EC=1 mS/cm EC=2 mS/cm EC=4 mS/cm EC=1 mS/cm EC=2 mS/cm EC=4 mS/cm
100 -~ 100 -
@ A (d)
QJ on
o 80 4 © 80 A
v [}
® 3
U 60 A — 60 4 B B
A g B
g AB S
= 40 AB § 40 4 D
g AB AB B D
] B v
N
X
0 T T 0 T T
EC=1 mS/cm EC=2 mS/cm EC=4 mS/cm EC=1 mS/cm EC=2 mS/cm  EC=4 mS/cm

0O Co, 400 ppm @ CO, 1000 ppm

A ¥l 39 wanaU3una MDA uazsesazuaanisiilvavedlossu vesuniandiieeny 90
(a,0) waw 120 (b,d) Yundaumizwdniivgnluanin CO, uazaududeiuananeiu uau
AAIALARBULARIAIAIUARIALATOUNINTFIU SE (n=6) WL UTIBUANLLANAIIYBIA LG

P1875 Tukey’s Honesty Significant Difference (HSD) P < 0.05

di o a 6 a o o 6 | a % k% 1% +
Weoin1siesenuduiusseninadsuin CO, Auanuiuduvetalsazatgde
WU Usua CO, dwmaliusunanaalsiiadasiuieny 90 Ju, uwasiauasveinissiinared

lovauiiony 120 Fu Tuudazmnududuresansaratededanuuanisiuegndiduddgms

487 (5197 13)
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A15199 13 N153LAT18RANULUTUSIULUUTILUNNGREIVRIUSU8 CO, (A) hagAlNy
WnTuvedansazatede (B) kavn13iAseiaukUsUTIRUUIRUNa snevasUsinu CO,
AuAuuduvesarsazatedy (A x B) NilnaseUszd@nsninnislduasgeanves P,

USunaumaslsiladsiy, RWC, MDA, uag EL ¥4 2 43991

Independent variables

Dependent variables CO, concentration EC levels
AxB
(A) (B)
Fv/Fn 90D <0.01%** NS NS
®rs 90D <0.01** NS NS
Total CHL (ug/cm?) 90D NS NS <0.011*
RWC (%) 90D <0.01** NS NS
MDA (mmol/mUl/gFW) 90D <0.026* NS NS
% Electrolyte leackage 90D NS <0.01** NS
Fv/Fy 120D NS <0.01* NS
®rs) 120D NS <0.01** NS
Total CHL (pg/cm?) 120D NS NS NS
RWC (%) 120D <0.01** <0.030* NS
MDA (mmol/ml/gFW) 120D NS NS NS
% Electrolyte leackage 120D <0.01** <0.01** <0.01**
NN (NS) laiflAnuunnsnen1eaiia

'
N o

(*) Hannuanannunsatfee1eiitsdAgn P < 0.05

Y

(**) dauusnaeiunsadfegeiidedAgssi P < 0.01
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Tunsfnwuuevesneniivindiunneliusunm CO, luussenawazAnuduled

= Y

A1afu (nd 41) wudn fediasadivlanield Co, 400 ppm ﬁlé’%’umqm%’uﬂw YHU
4 mS/cm ﬁLé*umuquéﬂmwamaﬂﬁaaﬂdwﬁ%ﬁ'Lﬁzgl,auimmaw CO, 1,000 ppm &8
Tudndnymneedd (1wl 40a) Wevmslesgiuduiussenina3uu o, fuanududy
Yosansararedesiaiduiugudna1avenen nuduTuu CO, dwalildusiugudnaives
maﬂﬁ?uﬁm’mLL@ﬂﬁﬂaﬁuﬁuagﬁ’ummL%’u%’usuaamiazmaﬂEJasiNﬁﬁfﬁ']ﬁfg (M57197 14) dau
vnaduihuudnasosiniiaiauiinuhfuutanaadloss fummudulofiadu fvi
WiguAulaneld o, 1,000 ppm waglddumrmiduleisziu 1 ms/cm fiduruaugna
yosiinfladnininnninduiiugnlu CO,400 ppm ArmduleiFetusgrsiidoddgma

o

anm (it 40b)

10 1 A A @@ 15 - A (b)
A A AB

c AB —
Es - = BC c BC
— AR C
9]
w6 A o]
£ B T
.© IS
ko) ©
N 5
g _8 0.5 A
i) a
T 2 A

0 . . 0

EC=1 mS/cm EC=2 mS/cm EC=4 mS/cm EC=1 mS/cm EC=2 mS/cm EC=4 mS/cm

O co, 400 ppm E CO, 1000 ppm

AT 40 uARIALEURUAUINa1IYedneN (a) WazuiaduRuAudnasvesiin (b) ves
sundendillefiugnluanin CO, uazaududefiuans1aiy uauAAIALAFELLAAIAIATIY
ABIALARBUNINTIU SE (n=5) Wi UMBUANNLANAINTDIAREEMETS Tukey’s Honesty

Significant Difference (HSD) P < 0.05
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ECe2 ms/em ECa#l mS/em

a o = 2 a o b a a a a a 1Y a
ATNN 41 LEAAIANWULVDIADNNUIULAUN EU@QG]Uﬂa@ﬂ‘ULUEJVlLﬂiiyJLmUI@ﬂ']EJIWﬂ'ﬁLW@J
Usua CO, 2 5¥AU Am 400 wag 1,000 ppm WazIzAUAINTNTUTDIa1Tazatele

3 seaulann EC=1, 2, kag 4 mS/cm

(a) 100 - (b)
25 - =
=
+—
2 20 - Y 80 - A
2 3
(o3
> 15 1 A :'_ui 60 A AB
3 o] AB
a 0]
s 10 1 AB & 40 -
I3 AB AB g AB
£ 5 4 B- 5 20 -
> a
= B
0 . . 0
EC=1 mS/cm  EC=2 mS/cm  EC=4 mS/cm EC=1 mS/cm EC=2 mS/cm EC=4 mS/cm

O co, 400 ppm E CO, 1000 ppm

Al 42 uanssuuilnsedu (a) waziesiduinisanilnsedu (b) veadundendilleiugn
Tuanw CO, uazauduloiuanmaiy wauAAIRLARDULARSAIAINLARIALARDLLINSEIY
SE (n=5) W38 UMiaumITuuANA19909A1LRA8H 1873 Tukey’s Honesty Significant
Difference (HSD) P < 0.05
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b4 1 U

1NNITANYITIUILENFefY wazasiiuAniIsRnlnaadu wulndundandiden

wigaulaniela CO, 400 ppm amL"iuﬂ%ﬁlé’%’ummﬁuﬂaizﬁu 2 mS/cm fduulnge
#u uazosidudnisAniindodusnnninfiaiiugnlu CO, 1,000 ppm wlsifauunnsnafiu
ysadRlunnmsu (1wdl 42)

TunsAnwItmiTnuas S EAR o duNUIN ﬁﬁuﬁl,ﬁaunﬁuimmaslé? CO, 1,000
opm fluunltuveadasts 2 ﬁqaﬂ:h CO, 400 ppm waldfAruuanarafuniada lufied
Wiaiulanneld CO, 400 ppm Sluudliueii 2 ﬁamaqLﬁammLsﬁ’uﬂsLﬁuﬁuLMMﬁmm

LANFANAUNIGEDRA (NNA 43)

0.14 - 5000 (b)
2012 - A
1= S
2 01 A 2 000 4 AB
= 3
3008 | @ 3000 | AB
B 2 AB
f V-
5 0.06 - > AB
z 8 2000 A
g 0.04 - g B
=
002 1000
0 0
EC=1 mS/cm EC=2 mS/cm  EC=4 mS/cm EC=1 mS/cm EC=2mS/cm EC=4 mS/cm

0J Co, 400 ppm & CO, 1000 ppm

Al 43 uanat winmdadesiy () wagsuanmandedu (b) vesfundendideiugnly
anm CO, waganuitutofiunnsnsiu LauAMALARDLLANIANANLARIALARBULATEIU SE
(n=5) W3suisuauuLana1aesA@assieds Tukey’s Honesty Significant Difference
(HSD) P < 0.05
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100+
80

60 -
0O Co, 400 ppm

40 4
E CO, 1000 ppm

% Pollen viability

20 +

EC=1 mS/cm EC=2 mS/cm EC=4 mS/cm

awi 44 uanslesidudruiidinvesazesusaresiuniondilleniugnluanin CO, uaz
ANUNYENLANAIAY LAUABIALARDULAAIAIAIINARIAAGBUNINTEIY SE (N=5)
WU UAINLANANNTBIALRA8A875 Tukey’s Honesty Significant Difference (HSD)

P <0.05

Light @ Dark (b)
100 - 100 4
g A a0
C 80 =Y
0 kel
= =
Eeo | Eo0 4
£ E
& a0 0,40
C c
9 v 20
35 20 = 4
g &
0 0
EC=1 mS/cm  EC=2mS/cm  EC=4 mS/cm EC=1 mS/cm  EC=2 mS/cm  EC=4 mS/cm

A il 45 uanaesifudnisenvesazesasynelduas (a), uazanuiln (b) vesdunden
Hiflofivgnluanin CO, uazautudeNunninady LouAaIALARDULARIAIANY
ﬂmmﬂﬁ'aummgm SE (n=4) Wisuiflsuanuuanansvesaiadeseds Tukey’s Honesty
Significant Difference (HSD) P < 0.05

iipvnisfnwenuiidinvesaysausunuiivniasayiulanigla CO, 400 ppm i
Wesi@udnnuiidingeninfliedisuiuiiviasyiivianield aeld Co, 1,000 ppm usilyidl
AULANANAIUN AR (AT 44) druesifudnisienvesasosusaynuindiesidudnig

sannglanasnnniiniglaaiuiin (0 45a,b) neldwasnuinluiisnlasuaududey
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=

5¥AU 1 mS/cmuaziasgiiulnnngls CO, 1,000 ppm HALUasIFUANI3I@NATEN (AN
45a)

PNHANIINAFBUAINNINTasudnluludnunAnuIndiesiudniseeniiiutuiiie

Anunleinuauasulaeanyluisnniyiulanigls CO, 1,000 ppm lagangiiy

=

lasuanududefsedu EC=4 mS/cm Weoisuiuisnlasuanudulenseiu EC= 1

q

mMS.cm wAtLANTIRUNIS59878 (AA) wudnudailasuaududefisediu EC=2 mS/cm 7

Wigiulanels CO, 1,000 ppm TesidudnistengenitfmsuduedrelitedAyn1aada

(AT 46) wadtasninluanundunn uenandnwuinanadsdnuiuiunldlunisianlu

'
= [y

wan AA waailasuanudulenszau EC=2 mS/cm fuwildufigninsduduwslufiaiy
WHNANAUNINEDR (A1NN 47)
a '3 o a o Y I 1 a Y
N1TATIEVAMIULUTUTIULUUIMUNFDIN VDU AN US TEUI19UINU CO, N
AMULTLTUYRtasazatede wuIUSunu CO, JUjduiusiuanudutuvesansasatele
TnudnSnavesUsuna CO, Ndnanatuasifiuinisanvadudn AA HulANuLAnA19iY

é’ [ ¥ ¥ ¥ Ad‘
YUBYNUANULVUVBIANTRTA8UY (MN5199 14)

Y 9

100 -+ 100
Normal Seed (a) AA Seed (b)
8 80 A S 80 -
5 c
B 60 A S 60 A
£ A ©
£ 5
o 40 4 = 40 4
> a8 A8 %
o BC ©
R 20 4 C BC Q 20 A A
B
B B B B
o | =1l 0 = - [E
EC=1 mS/cm EC=2 mS/cm EC=4 mS/cm EC=1 mS/cm EC=2 mS/cm EC=4 mS/cm

=] s & & I3 a & a ]
AN 46 uannUasidudnissenvenudaun@ (Normal, a) wazudnfN1unI15L59018
(Accelerated aging, b) vassundendiianugnluanin CO, wazaudulenunnsiafiu

d' ! A a a |
LOUARIALATDULAAIAIAIIUAAIALARDULINTFIU SE (n=4) WIBUWIBUAIIUWANAINTB

Aadueis Tukey’s Honesty Significant Difference (HSD) P < 0.05
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Normal Seed AA Seed

5 (a) 15 - (b)

10 4

MGT (day)

EC=1 mS/cm EC=2 mS/cm EC=4 mS/cm EC=1 mS/cm EC=2 mS/cm EC=4 mS/cm

il 47 uansAadesuauiuildlunissen (Mean gsermination time; MGT) vosw&auns
(Normal, a) uagudni1un1313901g (Accelerated aging, b) vosfundendidefiugnlu
a0 CO, Wagauiulouana1aiy LaUARALARDULAAIANAINLAAIALARBULATEIU SE
(n=8) W3suisuauuana1aasaaiesieds Tukey’s Honesty Significant Difference
(HSD)P < 0.05
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A15199 14 1153ASILRANULYTUTIULUUILUNNILRIv89USU CO, (A) kagAly
Wuduvasasazanele (B) wan153ATIiAukUTUTIURUUIMUNARINIIUBIU  Fuius

senined3una CO, Auanuiduduvesansazaiede (A x B) Niinafunandnudn wagannIm

lwan MGT
Independent variables
Dependent variables CO, concentration EC levels
AxB
(A) (B)

Flower diameter (cm) NS <0.01** <0.01**
Pod diameter (cm) <0.01** <0.01** NS
Numb of pods/plant NS NS NS
% seed set NS NS NS
Weight of seed (g) <0.01** NS NS
Numb of seeds/plant <0.01** NS NS
Pollen viability (%) <0.01** NS NS
Pollen germination (%) light NS <0.036* NS
Pollen germination (%) dark NS NS NS
Seed germination (%) normal <0.01** <0.01** NS
Seed germination (%) AA <0.01** <0.01** <0.011*
MGT (day) normal NS NS NS
MGT (day) AA NS <0.017* NS
FGHINT (NS) laiflanuunnsnen1eaiin

(*) AAuLansiunaRnee1siided Ay P < 0.05

Y]

(**) TANUBANANAUNNEDRDE1LTBEAEIN P < 0.01

o
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AR50iNA

= = a < v & a o 14 a =
nsfnwTuisunsnaawaaiugnaandiluntgldssuulauazluszuulsaiou
PnNuaNITNAasUTaUBUan WAL RULase A uTEslulssSeuszsuula

waglsaSounanadnlunisnaae? 1 aziuldiienasyidvlnlulsaseunanafiniinig

'
v ada o CY =

Wigiulalunnsantdesninivnnsydulanislussvulalufeunnaviinviins Gui
saludslifinandnvoaudn oradumsizaninlulsaseunatafintusinlanyliaiuise
Fuaszinaslagnaiuseansnnwasaatiesln sizanuuwasi bainauslugieiu

AnuTauInuaseindduwiliaamgiuazauiuduinsatelulsusouiiauiuniuey

9 Y

aaen BalunintununmuatLariamuanliamnsaniuauls (Kozai et al, 2016) lunis

Ql' A yvo a | A A a a I~ a &
NAaoIn 1 ulm@mLUUﬂqilu%QQQQNUQ@Lm@u Nquqﬂu - d3nad I@EJ@JQEL!MQ@J AINUVU

'
v ¢ a al [y 1

U5 hasUSuinLaswaaRdssaTuad? 27.9 asrwaided 76 wWasidud waz 3.5 $aluq

Y

v '
U o = ¥

auadu ATt lusnslasunasne Judsleeniniaiasydulnluszuule Jelasunaady
szezial 16 Mluwefunariianuduiaiiadnawe Mneaudnwiannaueinisinudn
nonanaluaulaaesdv (Trifolium repens L. ) WUINNISHAIUITOIABN 3 S28% LALA

(a) szpgnoun1sUaus (b) svezuruvednen (anthesis) Nrludniswaunas uae () svee

' a

waan1suaus danudidysonisinuanluszauas Fannuduvesuasiinautalugs

o

naansujauseraviliiinnisunavesnenludadiunadluseia (ovule) Mlasun1sufaus
LAZAANANAINAILT KazINNITANYINITHAIUIGY embryo Lauansiitiuogedaaui
ANNANYINvRIRealANlIfeA LI TuTekEINN ArNuTikEIiNganaaeulndiugn

gagekasdImiun1sdunszinatejaausaluniuliiiourianun (Thomas. 1995)

o v A

USinawasdeonalunguaddgivillidundendidenasgydvlslulssdounananluiings
a @ v 6 a 1 al = [ P [ A a aa o a I 1
Antudnluynaneiiug gaumvgiiuiazdudnnilalade Wesnnndendilleiitudiniaeglull

MRy nskenLauAnnngusenitedlivesseinauI@a Jellgaumgiliade 18 8

]

walBud (Hasing et al,, 2019) aqtuluszuuUaniinisaiunugungilliegi 252 o1

Y

Wwaldea Fadlanimwindeulndifgsiuduniiaveindendifiouinninaninwinasululsasau

WANERIN
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svdwavasnsiNUIIuAsusulaeanleddonisioiyiulauaznsuanudaves
naendile

mMsisTina CO, amnsatiensedunsiaigidulavesiiy Tnofinavilimiaves
ﬁmﬁwﬁu (Prior et al., 2005 ; Drennan & Nobel., 2000) NNANITNAADIT 1 FINUI
#undendifluaneiug Double brocade mix Way Double brocade blue Ma3aqiulnneld
anmrnfinuSunes CO, fisgdu 1000 ppm Tuszuuln ﬁ%amaﬁfwwﬁfﬂamLLazLLﬁqqujwé’u
ﬁﬂgﬂiuamwﬂﬂaLLaxiuINL‘%auwmaaﬂimLawwﬂuﬁmﬁmqﬂLLﬁa (Nl 8) Tsaemndosiu
31U Seneweera. 2011 fimuAudLTuY0s CO, MfiuTuiliTunafiudulagnis
LANNBYaId wardrulnaiinennisiuturesuiasnie 160% Fan1sutansemis
(nutrient partitioning) S¥w3n9eYenraeqiinisasuntategaditeddylnenisuus N U
Filufinnsanaseeelifeddey Tuvaedinisuds N Wutuluniulusazsn widdldduiinsu
widainisnsedumseiyiiulavessniisedu Co, ﬁqqﬁ?mﬁmmﬂmiﬁimﬁmq QUEIIRIN
ansewnsluganunntuiilgnisianisiausin viedssudsiniduidilunisgadu
AsuauilsEiu CO, Tigatu

mmdudures CO, gsaunsansedunisdauanzinasuesiivlaonisiiiunisnis
A15UBY (carboxylation) kazandnIIN15LY08nTLau (oxygenation rate) ¥aa3Ualn
(Rubisco) Bslunintiusesu CO, Afiutuaztoiuuszansamnnslditunisdaunsyigae
wadlagmsannsmetiuazfiunsdaasiamesly (Chen et al., 1999) FHANITNARD
7 1 Tufiefwsaiulnaieldnisiinusuin CO, Asgdu 1000 ppm denalidnsinis

dueszinadlulupeivessunfondilelunnaneiugiiuiuegadvedfty (Nl 10a) way

feasnaliiuminudasesuigainindewieuiuluaniziu
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SnSnavasnunMkEILazANUdUREIENSIS AU TALaZN1SHANLAAYDS
naendiile

Aalduasduunasmasanulunszviunsdunsiginas nsasgivlnuaziauives
HlAsUBNBNAIINAMUTULE, AMAINLET LazYauad (Muneer et al., 2014) wawimeii
Jusdsdyraniuaunisiauiveaiy (Qian et al, 2016) 1w n138afwes hypocotyl,
nsveneituiivedly, warnswInaeruNM IR UALBINNSAEy I AES TINHANNINAABAT
2 Famatminuislundendifledilasunas 3200K waz 6500K : 3200K fimauidauas 200
umol/m?/s fuunlthiiigenindiudu dedpudstusannisuaniasufine laidneeidu s
nsdaAszieas, snsnsilnavestinly, wardnsnisaeszimevestia fifAngalunas
i RB finudunas 200 pmol/m%/s Samuoliene et al, 2010 N&1791N155 A UVDILES
Aunsuasdinduduundilauaiiiussansamdmsuiivnareein Wuiinsuiuiiua
Aunsdipudirtysonisinmassuen/ady, n1snevaussvadlnlalasy, waznsasuLag
NNIWINIAVDINY (Schuerger et al., 1997) Iumamaf“fusﬁmLmﬁﬁﬁﬁuﬁﬁmmﬁﬁ@lu
NTELATIZINNTINNYBIRaslsHad, n1sllauinly, nsduasizieules, n1ssaauls
YDIARDLINANER, UAEN1THUATIEVAILLES (Tibbitts et al,, 1983) Aaslsiladiiynasanlunis
annduuadluuiinalndifes 450 urluwas (U3nauasdinb) uay 660 uilumns (U
uasdun) luanasunisganduuas wasdihdadudaiveldldduniunsiesyiulnveadiv
Aildnuazmsdugiuineiauysal lumanduiuuasdunsd Adutielunisdansesiuamos
%y (Okamoto et al., 1996) éﬁ’ﬂﬁumsmni’@ﬁhéfﬁuﬁlummaﬂLﬂ?iauﬁwmaﬂuﬁagﬁmuaﬂ
YoanTIueLas RB Simuinfidhnnisduamzinas (A) inniiadninisdansiziiia
melduadusidudu q udluuas 3200 waz 6500K : 3200K Aitidiudsznouvewiuadiugag
AU TIAALLANETNRY wae waziden (Sakhonwasee et al, 2017) mMsiiuuasdidersauiu
LavEuAILas LA dueduaS LSy lavesiinfiiintwidosanuacdideaaunse

nalulunssuvesiivlafiniuasdunaniadundu (Smith, 1993 ; Klein, 1992) Tulunsg

9

1 o |

WuAuaIzansalduasd@ilenideihuinlunsduasziuacld (Kim et al., 2004) dawaly

W& 3200K Wag 6500K : 3200K d¥naumtnuieiganitsivau
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answavasnnududuvasarsazaredenaznmamudsuiuaisuaulaeanlyd
luussermadensiasgiivlawaznisnanuanvesdunaandiile
nsbideluszauanududugalusseznaiunu (150 Ju) diwansznuegrauinse

Frradmdnastazuininuisvessundsndiielagainnisnaassnuinluaning Aszau

1
+ o Y 1

CO, Undsuiibasude EC = 4 mS/cm witsmnenauazlavinnisiiudeyatiininandiusen

]

ee e

(0 35) Jedidien EC geonvvihliAnanudulutanUgniianunsadudinisgadusine1ms

9 Y 9

lngnisandrAndeaaluin (osmotic potential) Tuianuan lunenduiudediian EC Amse
fUsuusmemsegiesfenvdimadedanisasyivlnwaziandnvosiviguiieniy
\Hodaniivenalasusineimisluiieans (Austin et al, 2016) Grattan and Grieve (1994)
oA A a I a a A o & a A
s7891UINYNaaNNA U EEIa U USEANSAInYesnNvdnazandunNanan iy
a a = ~ Py a a A a &£
FaaNInsoRuAIMYBINY 013ldsunansenulunIauaINANURAUNENIR MITTIARYY
@ a @ I3 (Y] v a' v d' o w d' o w a
NANUAL ANUAsEAanANAludadaudsnaeundAgyNdfianisiaulanay
USunaumandsvesiglunuiuisdiasiawiuds ivaulnyldamnsoegsenlaluan1ieid
< P | Y 12 v a a a ~ ] v a
AULANgInT oA NTegTealauinlinandnanas nalnneassineinseaulviie
a I3 ¥ 1 ] [ goj a ° 1 a +
AMULASEAANENIZAULAY LA 1) Ardnduasdnlufuaininlusin 2) Awvee Na* way
CU wag 3) Aulalaunavedsine1msaINNIsanaslun1sATuwaL/ N3N 15VUEIS 1901113
ynaviinludadiusan (Colla et al,, 2006) In8a1NKNANISNAABIILIULAIIAINUENITINLAY
PUINVDITIAAUNLATU EC=4 mS/cm (a1 32) Tuilaasan1iznisiaseysiuladaniannii
o d' a I Y a ¥ o = I
mfudulagianzluannizund enalunaliiintedialunisgatiusinenns uiluan1iey
WnU3uIa CO, nansgnuanANuAnvesleliguuseiin FaUsuna CO, Nigeanuisaiiy
Uszansnimnislduivesivnieldaniizidiaiuey Fee1adudslawsoulunisiiuaiy
NUNUVBIHYRBAILLAYN (Zaghdoud et al., 2013) uananil CO, MiinTuvelitvaunge
AOATUAINULASEATDIUNTINNIINAN1ILUNAD LARTULAE N TEUATILALAI ALY (Pérez-
Lopez et al,, 2012) FreUsulgemuduiusvaunluiy (Zaghdoud et al,, 2016 ;Pérez-
Lopez et al., 2009, 2010) uazfaieanni1sazauvas Na* lufivwazananuduivvesloosu

(Zhu et al., 2016)
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ajuuazdaiauauuey
dyuna

nansnapsLansiuindungenddeiinsyivinaelfannelsadoussuudaidl
AsfinUSana CO2 fisesu 1,000 ppm fimsasyiivinilussaydundt wazsvezeannen
suilufafinisdniln Winandmudsannniduiivgnlulsadeuund

n15lfuasfin 3200K wag 6500:3200K (1:1) Aia1uida 200 pmol/m2/s vinl4
dundontillofifunadminfuasuazurisganiiiiudu egslsinuuasedn RB (2:1)
fnuid 200 pmol/m2/s dsnalwludundendidefinmsdaunsgiuadlduniian wiludu

v

a 2 o sa 1Y ] 1y a 2 s 1 v I A v
NSHANUAANUENAUTIYN 150 pmol/m2/s danalvinandniuaniugioruaininiaaudy
200 umol/m2/s

AMUNTuveaIsavatelefiszau EC=2 mS/cm dnalisundendiieinis

WiiulanRndvhiudunaennsnaekaziinandnwaaiuSIINTIgn
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