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Ao

A4 A 28 (life support system)< A7|7el| AA Felli] dF-5 Y3k
A7 A S A hEr] A7 AxdezA, 5 i tEe] 29]€ Agelct

ola-2 19985 eAlokE vl ER #9145, sfvel, Bapd, AR 53
FE5er FALFYAA(International Space Station, ISS)e] AHL g
2o =3 Z2AEZ £t ot ISSe 5 S A& AXNARA
5 e wEx 2 A AAR e S /e TR 9
ole} 75 Aoy ARE EAI £x7F 2 odFEe M, wHEAL] A3,
A 59 Az BA, $FA AL AFE o QA we ¥ T ok
ARE e 5 dFAEMY 7158 Zert =3 A3 == $FAlA A
et gdste] vl AFH (microgravity) 3tellA B A2 Hbg- SA6l AgE A3o]
olFolx 3 glen, S|P A7t FEEE R 2l
A Rolol] gt A7 2 Aol AAF: glck. AYIL B $FeA T2
Fdste A7k AHEE AdaEd ST AE A, B F]e Az 2
AR, H7E Ml So] rhedt AMA|AAEe] AptE oo} gt $F7)A ol A
AR AR FRA0E AFe] AF¥nt ohlEl R|AES S T8
Abae] Tl st

AR A DA 2 F e 2] 25 ik vls 33955 (National Aeronautics and
Space Agency, NASA)3 3= (European Space Agency, ESA)e] 34S
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71€0)a Sle AT FHAY shdolct. AR AA LRl AEE AAbslr] Hg FA)
Ae RS A% AR AF, $FE Wl AL AR R o4 &
Oz CO2-H20 & EAS ¢do] &332 o]RoAxE3}r] 918 Al B9 o4
Ak A g T 43 AlelA A A9 So] xPE
olAIZAA] A DAL elA] v E o] 4, Bl W AEHI B

A QA2 oA AR vl 2drtae] B AA, A Aol4 2 o729
A7, Pla T e AlMe] AE A 2 AF AbE, A FAbIA AR 2E
T 7led] S8 ¥F A7t 7 el Feslm LR FAew ks
o] FAA L glout, FelAe AEALA2EL] Aol HIZ Y Axolr}
(7, 2005). &3] 242 WA LA2H] A B A7 Fe vy $F
odlxel 22 A FEE ¥ FIH HAAE A | gl

q, A

1. MER|S AJART} S AL

ISSE wI%se] Yol $5711% AAsH(Sirko et al., 1994), 344 Ak}
o] $Fo| A7 AFHRA YR 9T o $FulAelA 4F, T 2 T
5 A9 4Ao] g 24%e] Weskt a%id olely 4TS TRty ATF
Rorl A7 ARE SRsEE BE ofeigel wEL $FHMA} A7
MEYA 97E Sadeke o Wod AEL U olgstd Lusielw e
FAZE Z7kste] $FA0] MY o) 1% Be AErl 2udd gRe] ST
e A Aste] ST A AEE AT T xHo] Amsz gleh

7t T YERAH HHEX|A AlAH

A WA AHA] DA 28 (Closed ecological life support system I
controlled ecological life support system, CELSS)2 ISS, 34 =+ 94
g9 95 71Ael AATLE F5T F ATERE AFE w8 duze] ATF go)
a3ol|A IZke] o] fAIE =R 7o) Aoj=l aHE-e] WAL EF Fr)e] A 9
A, 7122 M) Fol 7Fse AeAE grch(A, 2005). $FHALRRE vlER
CELSSel| #3% d7<= M 95712 A4 Ags} oj8o] A= gich NASAS)
ESA¢lM+= CELSS /el 71&ste] &4 A= 94 2= (Bioregenerative
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life support system, BLSS) ®& 33 AU ~"(Advanced life support
system, ALSS)& 7W#3ls Qo). o]} 72 BLSS =+ ALSSE 1SS, 99 =
el JFE plshs A7k WS A YUshr] Y3 Ay Aoz AlxE
A4 28H FEE 2Astaxt Al2g dlelx 25 E] Ajulrl o] Rz
olzlgh AlEL AHAIY AxweA DAY H7] 52 JBLHEA AUxLS 93
A9 95E AMBIAY 0,5 353 HBugbee and Salisbury, 1986; Wheeler
and Tibbitts, 1986: Tibbitts and Wheeler, 1987; McKay et al., 1991:
MacElroy et al., 1992: Kiota et al., 1995).

Aol FaflA AgAId, YAl Haide HLAE o] Az AA2H
229 CELSSE A3& Aitshes A4 =g, A7l S8eo] Azl A
2wz FA"HFig. 1. 2HEAu ZEdA A1E9] 394 8o Qs COx=
ARES Ot A% B O AFEE 71ASNe S50 PAIEY] 35
AR w3 AR SR A DR COxe AFES B
230k g AE9 A4(edible) e AE dgz Agsed, uwAe
(nonedible) ##l= JA71E2 Ae|do). 78L& A2 FAL AX L5 A
3 Jokto® vt olylell $FulsalEo] A3 B wi $Fulsale] wu)
2Hx oA AHsle &4 5 ot
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Fig. 1. Concept of controlled ecological life support system(CELSS).



L, S| AHENA| MAHEXRAA|A-ES] 7Het A8 © Bios-32} Biosphere 2

HAPNAE 7] 4T Hzxe A=+ Clair Folsomedl 984 o]Fixi}
(Folsome and Hanson, 1986). 1= ej¥<Fe] & shlolA] dekgt £572 =A
22 g F Zekazd Yol W 439 HHAS wEgt). vy 713l o]
A= i el sl dAAAR Frhta o), Eekaa vie B PAEES
AN, AR, AEE HEEsPEA AEsTE A1 Ade z2kge] shssiiA AT
o e F2o #H4 AHAE dTALR TE F dsE A3 AeE Yty gl

19894 2 Alo}¢] KranoyarskAlel $4xgF AHEE2]3 74 (the Institute of
Biophysics)ollA] |d7 2] Ao 35 A|22 A workshopdl H71F A=)
5& 549 $4¢ Moz BLSSY AR A4 mk AAAdAY B
sEo g AEWEZ S (biospherics)S FA% ZYFS E3A17 vl gl o] 4
gielle A7 A 23 247 AW Aolshs A izt old, 5l
AZEe] A&A QD Ao Al AHEAYE AT AEHY 24, FAY - A
Aol - A9} e Sl A AEAAA 4] AL A § e AHALA~
o] 24, =A A6l g3l #Ale S8 S AT A7 ASs
719 N So] @A ok (Nelson et al., 1993: Allen and Nelson, 1999).

olA|l7HA] QZ+E EJFI CELSS #a Adozx] 2Alole Bios-39 wl=9
Biosphere 27} St} oAb dA 71745t Azbe] Al el AFdHA A EE
At (FALe] A FEE ARSES) ARAEL] AEgS Axseitke Al
FA, SEHLE AvE Aol E AL U

Bios-3& 743 A 913 BLSS9| 7S 5202 1965417 19680 A€
Bios-13} Bios-2¢ll o]eiA] 1972Wdel Alwl2jole] Zepiwok2 2~ = (Krasnoyarsk)
Aol AAHAT. 14x9x2.5me A7 24 A3l 24" Bios-3v 4708 F7e=
TE#%ch FJEEE(phytotron) o2 AR-E 3708 FtlA= AlFe] U5 FHuH}
371 AL FAHoR W, A2AE Fol AuEAZ, A Y Fted= 399
>Fde] AF3tdct Bios-39] WF 4HE d71gt o2 fA=HAE, AAE
& 3719 HF 72 AHE 1ES= 0.020~0.026%2 YERgTh $FY9
A 7 FAEEE Alo]lg 33l I FAEEER U9 A Ed s EF
A3 F 600-650CE 7= wA HAskA Ao SRl F4 Fgom
Zich, o] W AEel oA FAHE EE $EF AZE S AX oz
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AMSET 9 FFoA HeF EL o] 2wt Helo oA A= 1972~
197319 AL ZAA 614 FF A A HA AFPoM 3909 $F<o)
Bios-3 Well AFshs 71t 2709 JEEEL At 7oA Pt gofae
°F 1/56€ F=stict. 67049 A AR 717 Fb F71eh Eol AFR AdeolA
STdol 27FE RIS B oet HEEEA AulE i) A
veblich(Salisbury et al., 1997). 4719 AdA A%, 1545 4 {2
7" AAANA 95%9 & Y 5 . BHE, YA o
26%, 14%. 2.3% 2 F73 AEE 40~45% AE AP & F 9de Aoz
UehgtH(Gitelson et al., 1976).

Biosphere 2& 19914 ®3 ole]zuFo] @y A dgdog Ad=
g2 AAS 9rid 180,000 m’e] Az 1.27 hael WAl sk
Biosphere 2+ A&7Fsdt Al2wS Algstazl A7 AuAe} FAR 374
Z710] Akoldt (A, dllzd, dF, A, AMY, s Y, AASF
A Q)9 A 2ol 2= A7 BEd(Biosphere 1)9] AehA W3} 3ol
A% 23L& WE3R Biosphere 29 W 7122 35~110°F(1.7~43.3Cl
)2 A= Dempster, 1989: Nelson et al., 1993).

Biosphere 2 W<l 3,800 12 A& vigo] 892 17ke] 19914 94
26458 237 A HolA AFsiEAM AeiA L wHste] #3F oofst AP
FHe SRS Y 717 5 899 Aol Bad ZE AFL FFenA
AAE Biosphere 2914 AUl 43 & A7} FEY AV ES vlEsl £
T717F SA A Ag-g-= ok (Silverstone and Nelson, 1996). 53] 3719 A%
FEE HA3Ehe JFd g3 FEES Y 10% olstR A-X1=E % Dempster,
1993, 1994). &4 o] 7]7}el 712 %A Op w= A& A} vyt
Z710l 21%°ll 012" Op FE¥ 4 F 167098 14% 2 FHAadigic}t. dubdos
Oz 3F A =v 7159 ¥ FANM L2dc}t. 1349 Biosphere 214
Oz 5% Z}av}t 38 7108 Aelele A28 =717 44 4}, gvksid 2F
%27} Z718PA COx7t S71stedof 3ht, AAlZ COp 5+ aA F718kA] 24k
£3]8] Biosphere 2 W F7] AZ& F1EHDempster, 1999). °]zigh
A= A A e b BYHE 9EiA AT AlEe] vkzAl Bad Aol
ohd-& 3158k Zoltl. oldtel Biosphere 2 W& Areldt 37 =Z<A CO9
+3%H(Rosenthal et al., 1999: Sweeney, 1999), %2 3 (Tubiello et al.,
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1999), o3 #& Hye A EHlA 23 (Nebot et al., 1999) ol &3 A=}
AAE ul gl

Bios-3¢} Biosphere 2904 $3i€ A3 Axl= Auig 27 AulAe] Hslo] ojgt
AR Ql old|e} tjEo] 37 Wisle] dSe 4% Aol =3 HMHeA AT
AQA =R Y 7leE SR ofRt AT Abe, SA Ev s e} 22

A3t B 2AAME AR ALE 7HsA & Aol

CELSSeldE 2719 29 A3s Aoz 2§F =& 15AES o|gar)
25 Ayl elA Alfge] & AWe Adxn Q. 97 2z
(Chlorella)¥ oluliat, AW, B4 wlghal S5 o] Azl Bag AF

AEE AV gl ¥ 2R BestEd RSk A 2B QRtA 7Y

ol

AT 5 Y Y2 12EL A gk B259) AR e 2EARe B
zHgol] M COpE AEsAA 0% Wil =3 wSAETL 24 zgon
FES wEsE d), WEd 2 $3ue] AsHch 2Fe) de] aSAEY YA
AEL AE9] 7B st w3 2SARL WA 2 A W A7 mE
AT a1 HAR A 2 Aol 09 BAL AAY 5 glok s YeA
A TEAEE AT we] EAE £2F7} e ABo] AR o2 34 24, &
712 27qehe Aotk WY vla FHsA B3 Frg TFrsl 4%
¥k (Salisbury et al., 1997). o|A7FA] $FA A1E& Aulsl7] Y3+ =7}
AEL ATA Zalgdont vk 9 ol9je) 3 AEdAg R Az
AR 2HE A7l 7P Aol

CELSSelA Ausls AEe 953089 A7 4AstdA 9% F718 3o
T 4 UER JoFetd mx Aledon wEygudt AES ATP 4 glejo )
olgdl AlEL Atz EZF FaA <Azte] A 2TEE FEsjolo} e}
3ol Al FPsE 2B AW s|FoR e AN, AleA, 234, 24,
253 7V, #E E), 22 F445% $o| odtH(Tibbitts and Bula, 1988).
CELSSelA $Fulsiale] Auslol Ageh aAHgaq o, W, 7=}, 27w}, g,

o, ARE, A Evie @2 ok, 2r], Adee, g 23 F AEHA,



3dF 59 AEo] AA=Hx AAtHHoff et al., 1982: Tibbitts and Alford,
1982: Drysdale and Hanford, 1999: Hunter, 1999). A A w}o] 2wl ol
g AE 7 vlolvl2d] wlEEA AHYH= A4 (harvest index)E
FET FANA 3, AAI ZAFE A T e, dejs AEe &
&g Zech

Olson et al.(1988)2 CELSSelA =&4 S HE Sy 4 Qe
AL A%, 483 798 8 5 ole AdAE HESI NASAY
Kennedy Space Centerell Ax]€ nlo]lev]x A4 A (Biomass production
chamber, BPC)7} CELSSell A-43l7] 913t 2H-gAhi Agel AH=Idc}. 20 m’e]
AuiAgst 113 m®e AL e BPCOA 55379 2, 355 UF, 5579
A 84559 RS A AR AESS 7]E2E A wlojevlx 481 kg,
A4 wlo]2ufA 196 kg, Ak 540 kg, S5 & 94,700 kgd AASIH L o)At
A 739 ked AT} wle|erjaE AAbE AL F41H FEE 3 o
AA wlo]levjie 7l Al 2AsI o, A4 vlo]rjie} FHA|PE S|
u]x)A] %38l tH(Wheeler et al., 1996).

Al E2 FRAH 3F &5 71&3e] CELSS W9 7k Hyo vix= 37
Aol A7E HE=HAGH Wheeler et al., 1993; Wheeler, 1996). CELSS9|A]
FEE A 37 WA= FoE vyt A& 71238 CELSS W9 7k
H32 feiA Ax=e sz} 7122 £ Aelrt ze ool gt

2. 2F0IMY MY XY 2T

A APE $5olA) $Fnahale] Aol wA] HHE o eyl oy Hae
A 1S ovigich, SFulaAle g YEas g Aame] Bag ziel
gzt ABAYL o] THFIE Fy), 2B whAle B3 A sokshe
SA1& AlFsoF gt} (Table 1). Table 1] AAE x5+ 19 1809 136.7 W
P Azl 0.879) FAGol 7123 goldh. 3FAFE AHH SAlo] EFd)
gl xeHE 7hed AnlEl Aol sl AME ol4kEEkae] 2w (molar
ratio) 24 A} ol 2e AWAYN AR [SSeA AMElw 7129 Aot}
[SSE 9% AHAYALANL Ags} Ad 27%e HArssls AT 822K,
mla%Y 246 daja A ok Fh(Reiber, 1988).
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Table 1. Daily human metabolism per capita (NASA, 1996).

Needs (kg-d™) Effluents (kg-d™)

Oxygen 0.84 | Carbon dioxide 1.00
Food solids 0.62 | Respiration & perspiration water 2.28
Water in food 1.15 | Food preparation, latent water 0.036
Food preparation water 0.76 | Urine 1.50
Drink 1.62 | Urine flush water 0.50
Metabolized water 0.35 | Faces water 0.091
Hand/face wash water 4.09 | Sweat solids 0.018
Shower water 2.73 | Urine solids 0.059
Urinal flush » 0.49 | Faces solids 0.032
Clothes wash water 12.50 | Hygiene water 12.58
Dish wash water 5.45 | Clothes wash water

Liquid 11.90

Latent _ 0.60
Total 30.60 | Total 30.60

2. SN0 HE TISEt ASMAL A|AH|

M A9} rhVIA R A )6l di7)9] HErt £aL, 3129 AbHeA] Eol
EAEE e Hrigich S Bl A Fxiel i’k s A3 7] Fel COt
wol ZEe] glovt, di71gkE A Fel nlEiA wl$ B AoR deA ot A
EHY 722 52 Ao vl A debdod, i3} 7)1 Lo] IA A=
2704 B2 YA A2 EAFE = dot

g9 A7) 270] Wskskes o], A9 AR HolAM B EAl %, A
A AL AE s Toll g A=l 71| AFe] AZiE e 7Hedl NASAS)
ESAE FAo2 Ao Q7 &l dinigt 344 s 73tz 34 $iE
A =3k3 JeH(NASA, 1996, 2004: ESA, 2005). 53] vl5-2 3Aldx] A7zt
AFsh7] A% FE71A 9 2AS AlFsPAA 19964 F223le (Pathfinder) 2=
AL S o] 8sle] AW HALE Al=dk A3 v]E AL ofolx gk WS A|UAF 4

v BE 84 E0] Al AT Al oF 51 349 dirldle CO,
571 2 AL0L 23k}, olgt rtaE2 Y-S AU (Clark, 1979: Meyer,
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1981: Meyer and McKay, 1989)3tAv} 249 d8 & A4lbske ¢ A8
(Ash et al., 1978: Clark, 1979). A7 A+ F7} 299 o3} 219
g 3T o AR AESe] A= . F APArT A F e 349
L A7Ye] AFE| /et EE v 4 sler)? vt BdEh EAe] ofA] gk
AelA (biosphere)E o1& 4 & AN = Aol

7t stde| B4

4 Zwe) 232 3.69 mes 2 A7 oF 40% FFolcH(Table 2). 342
EE 0.020 kg'm™® ©)sk2A A7) 1.217 kg'mo vlalA #1$- 2tc}, 344
X H 7] 0.61 kPa, Viking 139 A5XHA EA4HE kL 0.69~
0.9 kPaZ Jehgr}. o]2igh oL AF ti71ghY] 1% o= X vl Aol
Aol 1d &= ¥sle ARt & Zleg d8A ok A x9e H+
7128 -63Te]9. Viking 159 FEA|Ho4 24" 7] 2& 2o -89~-31T,
Agele -123T(CO29 ZA¥A N ) E vepdet. 4719 47 7] 2elx &2
A A2 2 = Q). Sl A B2 F7F 7122 AlE

Table 2. Environment properties (NASA, 2004: Kaplan, 1988).

Property "~ Value-Mars Value-Earth
Orbit period 687 days 365 days
Rotation period 24.62 hours 23.93 hours
Gravity 3.69 m's™ 9.78 m's”
Surface pressure ~0.61 kPa (variable) 101.4 kPa
0.69~0.9 kPa (Viking 1 Lander site)
Surface density ~0.020 kg'm™ 1.217 kg'm™
Average temperature -63C 15C
Diurnal temperature range -89C~-31TC(summer) 10~20TC
~-123C(winter)
Wind speeds 2~7 m's™ (summer) 0~100 m's™
5~10 m-s ' (fall)
17~30 m's (dust storm)
Solar irradiance 589 W-m™ 1368 W-m™
Drifting material
Size 0.1~10 pm
Cohesion 1.6x1.2 kPa
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Aol A3tsht, offtelle AR A X osly "ok A9} Ao 2
Al 2ol A9 Uiy} A FeE 98 AdeiA] Edldhe A Al Walo] mcke
Zolct. AN HoFgrbs 3 AR g el Wale, J3A4 Azt
R 589 W-m22A 2|79 <k 40% FFoltt. et FHolAe =kalale)
Atk Al, FIAREEAL] #3E Ag8o) AAEHA g gloh @9 diylg) 3ubsls)
ool A FHel =3l A4 BARs Aol vldlA = ApA B 2
COz0l 9al F=, 200nm °]3te] 2E A4 Eals di7]dl oM F4
Hc}(Kaplan, 1988).

32 di7] HErt 3] dEed F3Ee g Zleg AgdEck(Bucklin et al.,
2001). Aol Ak 422 (drifting material)®] E24 9J%= 0.1~10 pm
olt}. o]AEL dAPT Wi 23, HAHe] G ofFA EAS EAE 723 oo
Aol Aagle]l FAA LR WA= FFoz sl diy] Fo +Hd UA =
e} Al Ale] Fabol] Arlet d3e v|Hnh "R YA ejokRe] F37}
A=le] st A Pathfinderel #3% glokdx]o] oJsia] 2" o]
vjd 0.33%4 a3t (Muser and Alpert, 2000). 2228 Zdd] 33
AR AFHog AASAY, 24 Fdd WA} $AEHA GE 7S N
B& AY AN JF-F s b lelA "Fger AgEE Al Aldet
A 299 & ook =3 1A= ejkFY] 2 EY By Qg v 1A
ZE717 9t 34 ERAAY B BAEE 89 Wom 24 ATl 58 g
Ptz fAkslcH(Table 3).

¢

S

12

Table 3. Average solar intensity of Mars compared to Earth
(Clawson et al., 1999)

Location Total solar i_gltensity Relatiye solar
(W-m™) intensity (%)
Earth orbit 1368 100.0
Earth surface (Clear) 774 56.6
Earth surface (Cloudy) 78 5.7
Mars orbit 589 43.0
Mars surface (Clear) 301 22.0
Mars surface (Cloudy-Local storm) 178 13.0
Mars surface (Cloudy-Global storm) 89 6.5
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349 W] 242 COq, N2, Ar, Ot 27 95.5%, 2.7%, 1.6%, 0.15%2A]
A7) 243} Acisd 2po]z} Stk (Table 4).

Table 4. Composition of the Atmosphere of Mars
(NASA, 2004; Kaplan, 1988)

Gas Mole fraction
COq 0.955 £ 0.0065
N2 0.027 + 0.003 -
Ar 0.016 + 0.003
O2 0.0015 £ 0.005
CO 0.0007

H20 210 pmol-mol™
NO 100 pmol-mol™
Ne 2.5 umol-mol™
Kr 0.3 umol-mol™
Xe 0.08 pmol-mol™

L, WEA] stM 249 MA 7%

2010~2020\3 3o 2 <7t HYE Bujr] Y% 74]33,—"‘ Z+3 %)= NASA

e A7)|7 AA A Lo JdFE 2a Qe $FH| A A o3 Alekg
Ageta, 3% 3719 S HHo= ’51‘ Aol 7123 BLSSY /EE HE
8t glch. o] wAleA A FRiCA AES A ¢ gl AladlozA A
314324 (Inflatable Mars Greenhouse)e] A=},

A Al Tz ¥ . A, 29 ukd] vl A 2 =9 /gﬁ“
QA s Fgt(Hublitz et al., 2004). F3AA] F2EL & =3 +x
FA ] a2 717k sl iR AP, A2 Aqtell digt WA A, 2E %
4A A 5 e 7158 5 A AF 8FEE S50k g} (Sadeh and

Criswell, 1993). #A] 7+2EL AHE 2+ A7S g 7322 = 9lr}.
QA Atelol Sl Afdg 53t A 37 = 23 A8 A HAAEE 2

E& HHA] (air-inflated), A9 (air-supported). 7332 (rigidized)e 3EF=
T#E"cHKennedy, 2000). ] 728 oJ2] o2 3 Egbabo] Wi el sl



&
o
i)
fr
o2
o
i
rlo
£

5o o FHe] YHAR Qs Axd FRES UHE
Nerz AF wme Mg FA ol A F2ER Hrpty gl

Bucklin et al.(2004)-& 3tAollx] o4 7153t A 2419 m3s AA QxS
At sHAdelxe] BLSSE AAE wo] 2 il Ak A, Y, Ao
yAl 2 Aty QRS Fole Aolth. 538 gt A AAA] 240)
Asd o 24e AR FEA Aol 74a€ Ao)tH(Hublitz et al.,
2004). 3AellA AEAAE FHo2 3 248 AT v F2E9] A (AA4],
TEA) WA, B FEAA o ofE e (xR, AFF FFH) WA,
Aol AR e HiA o, AEAGAx"ES 84 Ao, A
(ionizing space radiation)®l i, w4, EAl, de{do]A Fo] HEF o o}
gri(Kennedy, 2000). $FAeiAld-E $-Fulsiale] obAel] xwAdql ZH7S
Z2WF & Sl vt olo dinjste] AAAl 2 o] HALA e A AR
5, & A B8] Ago] o8 (Wilson et al., 1997). =3+ 3140
AL 7 249 AAA edAdS vlashr] dsle] A A Axde Ay gt

AX, 7€ 7%, /M 44, 18 Fo] E4= oo} 3}

ot sldoll HEs17) e ASMM AAHSSl syt

Adelx e 2 gk S meste] Agtem fAEE AL A2EHS L)
AR o] A== 9lct. 5 kPa o]31e] O, #sfollx« #ald] o3t 3F0] o7
= Ae v A EAe 2g Op B4 IAE 5 kPa® AAstH(Siegel et al.,
1963: Musgrave et al., 1988: Corey et al., 2002). O, ¥3& 5 kPa ¢J3l2
A% u AA =59 slgke 21 kPadll #lg3ich(Schwartzkopf and Mancinelli,
1991: Lacey et al., 2000). o]ell 71&3}o] =gh2Ale] AA 9}#L 21 kPaz
A ¢ e 7k 24 Table 59 ZrH(Wheeler, 2000).

Aol COF F¥37] oo FHSES A8k o FF hriazA
COx7} AHE 4= sirth. z3dd] CO29 #4to] 0.5 kPa olae® ¥4 fA5+&
ZZA Al fFo} ZhRpe] FA T} 34 Z7)ee] o)l E AR SR QTR
=7 YEbdth(Wheeler, 2000). 21 kPadl4] Asi® A} £3 £a2 glr)gt
2730 vlafiA 4.3 F=A Jepdoh(Corey et al., 2000). s|a)A] Yo Zura
ol PIA= o Wslo] 4ok IS PEZ HA ¢tHo] JolA4E Zukir e
718tk (Rygalov et al., 2002). Fowler et al.(2000)& 20 kPa? 9=
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A AEA ] 7R 10 kPa] AstolA A2 @717 A& Fsin
10 kPa Ax=9] Astellx] Ago] Aujd A9 FA=Ee] FAT F712 st 27}
vehtar Axel Ak = gl aeeE AgeR fAEs AW AdesE
=7 T8 A3 @A 7go] spds]oiof gt

Table 5. Examples for composition of low pressure greenhouse atmospheres
(Wheeler, 2000).

Item Gas pressure Comment

Essential gas 5 kPa Oz

2 kPa H:O saturation pressure of HxO 2.3 kPa at 20T
Pressurizing < 1 kPa COq or 14 kPa CQs, if plant growth is feasible
gases 13 kPa Nz/Ar at high COz levels ’
Total pressure | 21 kPa ~0.2 atm

2 kPa AES] #57] 42 AEo] Al T2 AdFEs A9 5=
FrA A A8 FREAEH2E AAJH(Andre and Richaux, 1985). Ast
ZRNA AEY A A=A kg A&l digt o|dE vl o g A} 34
AAeke AEY RS X 4 ik (Ferl et al., 2002).

5 BAA AES AE 5 e WoE A 471l HEFT gl
F7ANA A EL F717) EHA R, At 2 SRS I esiEE wiekol
oA zA=bch. FAAME A vsiA A Fd-e EF P ol B
BFEE 53 oA ASE F ol S A3 9oy, E2 Oy o4 3lellA
ALE el o3 0 F47F s HHS AUz gl A4 $9L FAL
AASE FAste Aoz Belrl 2FE o amEE 0.9 EEE FAEP)
sl O Etell slodA & #olE 273]cH(Eckart, 1996: Lacey et al., 2000).

3. MBXIZAAAHOA AS WA 9i3t ToHN HI

Foz APALALLL ABE AN PlFY mE AL Fe $F B
A% I AQY AW 429, £ S, B AL, AT A, 0
Fal7kss) A, 27, wekole] FF Fol B oA FE7} o] Telo} @t



A = 74 ek A717be] Z2A F5H0] ASEAY vlLFHe] Yehdr}
M2FHE £ mE $FEAAAA 10°~10°G (G FHEE) JE2 %
242 FHE ovigicl w3k 34 FHeA 9 §HE AT 7|t 1%9x PIx]A
Fohe AghE vehich a2 njaFy e A 240 FxAee A &
e FAAE AEAAA Aol A A= ojol gk AlEAAL AxRIWe 37 84E
AlES] 4 AR, AA AR 2 QA A F3S nlAg a8jeg A Ee
A, A2 2 JeA S Pl AT & 3 849 of3ko] ¢
sojof gt} 53] vlaFy mw Ajt 2AA Al sEsAde] & AEe] A5V
TEA, e 28 S2 FAESE Fo] HEFH el gh(Shen-Miller et al.,
1968; Suge and Turkan, 1991).

Py me AEtelA 2, 7dF, AdF A9 el AT A9 Fds
vebgtH(Merkeys et al., 1975 Saunders et al., 1971: Spanarkel and
Drew, 2002). &8 w53 o= 244 %2 9 =4S vy, 5% A+
AellAe] A Aol dalog Axig), AA Y AF, 549 G, diFe] Al
g d Exv 7k 23] A3 5o] AAssdH(Merkeys and Laurinavichius,
1990). CELSSoA 3% Z=v HFUS FE3AY, WolHo] e FA4E #rsleid
Pl2FY stellA 22 AR A o] FE oo} gt

3 EReA L & ke e A4S AL AT o 8 A Bl &3
et wkd 24 W9 she] Ade] a7l 75 ¥ S A 39S AR
g Akt sHH AT 8A4EERE A FREL old Ad F S UF 2RI AEE
Adol g}, ol FAlE 24 WY 4HE A FRAFeEH FEI Ut
B A R e 4HE F2EY AR rtxd FESEE 2Y 4
olof ulz} siAde] A Ao ALzl 2B AAbe) w|Ae #; Al gk
Aol AFHI o (Schwartzkopf and Mancinelli, 1991: Daunicht and
Brinkjans, 1992: Corey et al., 1997: Brown and Lacey, 2002: Ferl et al,
2002: Goto et al., 2002: Chamberlian et al., 2003).

FAb e AN AA"Ho 2 RE ] bl oA o] Uy] Fog whEE
o F71e]l F7Ket. AT A7l 2 e S AAldAlEE F71%k)
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Halel] mE EAZF 27 oy, A 276l e FAdAldAME 219k Wt
AA 4 A “""ﬂ% Pl aeeR A 22 fAMALRL R
3t TgtEe o S 2o1] A == s elof I} (Bucklin et al.,
2001). ¥ ZHM] 23 MEL T 4T e Qs faot vehd
T sle vk AEAA A2 dsES 4 AT 5 de 8744 7lee]
7Hs]ofo} et

CELSS+« A7, 55 4 AlEo] F&ste AHAZA A4 Oz CO2  H:O 59
o] ¢£3E), HAy FhA EA 3] H3 e E o] Fd E8lA, 3EhH
AEIA upiE A 233 AR Aaglo] FAE o gt & I1FAE,
F 2 A AlEe 2 3R AES AR, 3 2 AR 59 REEd AE
Atolel 7ha wge] o]F A AFHA AxfF - -HIAA Ai®E 2FHE
COz8t 028 s8o] 7V53l=2 AuiArt FAS ok dhe}, A ol AFshe
U7 7k Wl 3 oS AEENE FrstHW Ao AuidHe] Lo}

CELSS W9 712, & ¥ 3324 5 3 $Ad d3 A&7t 275 7R
QAN CO; =& Alolsluz} 543k upfo] H-&5¢vH(Wang and Bricker,
1979). AlE-S 0]£3 CO; F% A°J(Wright and Garcia, 1989), vlAZ=H{-2
0]-43F CO29t 029 F#(Suzuki et al., 1994)L 2 A A=A-& 2=}
AZkL 6.6 MPa®| 38}3lollx =717ke] =tglo] 713} (Bennet and McLeod,
1984), 0.1 MPa °]st9] stHdlA Op =71 21% ooz fA=wH A&
aAch(Nitta et al., 1988).

By

ch =2 Y

B $Fol4 AST Aol AFAeh. $7 ARAA Axwe] Do FAL
AF2RE Q] ATl Erbed ARelM £E, A AA Soll F83 o= 25
rshs Zlo] Fa3ith 9 A == AedS Hsld A 5 AAE A
3132} AAA SR 3t 7])%0] T)Jg«g]_r,}._ E9] AL B o utkute] 23}t o3}
F4, ol maol o7 o3}, ZHe) P oA mi Fehx yhye] o]4Hy
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lth(Janik et al.. 1987, 1989a, 1989b). A& At29] 332 &8 £& AA
3l &3 7)= vle]| LPE 249 J5E 2=

AlZo] RS AufEA Qo] edFRS =) HU] o-Zoll CELSSeA AjA=]+&
B oS 37 2| wet depiich AEY FAARE-S B AN sodoE #E
& 4 glt}d. AT wE T $-50] ZlsbAVHAS vt 2001), o] Jolxd
FAkeo] Foleie}. %?—E T CO2 w57t F7hsh $Ak2 ZHadict. o]yt
A EREAA FE AHHS FHasEy] HalA ckdAuieA v 35, <&
2 o] gl #F A7t FRsj

2f. H7|=2| X2

Aol AR A AEL Wiy, 27 e vAES 01%?‘& 3 52
44 A= 4 Qo #9522 IRE T == via sholl A A
A71E2 A=E Hlx 44 ZgAATE, dE3, #E}E“} Az 54
0“”01 A== gk, o] 7}—-41] FAMEH e 2YAAEMS CELSS W9 A7t

= 5 AEEYE EE f7|E0ES ASAA IER vre WS E S
223 9lth(Johnson and Wydeven, 1985: Takahashi, 1989: Oguchi et al.,
1991). &9 9AH(374.14C, 22.09 MPa) °|3}8] Hkg 2EelX FHuE A8l
o] FolA = FAAEI & A gsld wd - 18} shollA Akt 2 Bl fr1E ©ao)
COEA F7] T8 WEHE AL FEUotEA FEXch o|z3 Hbyd o3
A vEAESE AT AL, Fe] A Jle F54e £ F8e] 7 Aol

of. o|gk geztael HA

A A RAA2H Y] A Er)t 55 Az AEe 9six] o] 299 4 3o}
(Edeen and Hénninger, 1991 Kitaya et al., 1994). S|#A HolA A8-==
A 25E vlEke] fE7teo) HAste] 44" 4 9loh(Fyfield et al., 1984:
Hardwick et al., 1984; Edeen and Henninger, 1991). A& =+ 22|22 45¥
AR 7o) A Fx olitew ——7}3P“‘1 AlEe| A7 vebdeg 44
Hell =415 4% AlE v 2He 3 29S 1eist] Adgsieiol g}, HH
F - AERYE DA LA Jkee —1%-4 Azl #E 7]1XcHTibbitts and



Bula, 1988). AE€°] wiE& oz F79 hEde] dAHA ol AAHA AEo
qAE 71 5 Aok AFe U me FRAb vlEiA 10~1008] AHxe] ol
(ethylene)& A3 Dubay, 1988: He et al., 2004). ©|ZA A= odale
A1 E-9] x3}8 £33 (Tibbitts and Hertzberg, 1978). Z2l2g $FAd] A4
He ZE ARE s {3 7k A sl diE HEY o g 3 A
7t RS AAS] Q13 o3 A28 Ay desic 3] egde 34
FE, Aolg iy Hul-gr], wjekd e viAE 2L AE AR RE 299 = gl
weha wjekde] 2HE WA” o e oA AR Ade] g7}

HAA vAAES wgde] ALl oig A¥AA 8Lolch(Norton, 1987:
Stanghellini and Rasmussen, 1994). PIA%9] J&S 9}, i}, &% X9
7 24 w2t ®ge Ak AL PIAES] 7HE = (Schuerger, 1998).
ArgA|, A A, 93, 33 5o uPEE A8 ¢ glo A a9 S8
317] HsliA AT AES W =% r1ge] AdE ook gt

4 =E 4 FAAAY BpAbs AT 2 gell wlaid At dTug
5} Edol| ] F3AFE 8 Hphotosynthetic active radiation, PAR) Z=&
549 B3 AzIE A= AdA drh FAL A E] AR AP WSl
Akt S IR 7, 2003: A F 2001). AEAA Al2"ed Ayt =1

HAE AT Azde] AAHE A AdY BRE, B, FF7) 5 AARe)
F97 22¢ FHY T ALY B4 A%F AR} W}

Bahztel] o3 dEAE WAstAt AEAals A B o2 2dAt
AHE S ek o] A dkde] Ad whd FAR = FEE o]4sle] HsE
AR A2 Al 2kl AR & ole slwel AEEolok &t =¥ PAR °]9]9]
e e BFEAE e AR fdEe AS Ay A% AR
3l ISS7F Aslste AxddA Hrieh drle 47 6083 308 FUI=
vebdtt ol2idt #2 Bl A AAE A (Morrow et al.. 1987).
ArdellAe] FF71= 24424 7] 7l FUsA 14delt}. 1449 =74
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