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Abstract

The purpose of this study is to investigate the growing of a
local strain-Black leaf, a variety of green onion called Shy-Zih,
They were planted in the growth chambers for fogoponic and
hydroponic culture systems. Three kinds of light qualities are used
as artificial light source. Additionally, the solid-phase
microextraction (SPME) and gas chromatography - mass
spectrometry (GC-MS) were used to analyze the volatile
components from the leaves and roots.

First is to establish the proper light intensity, the measured
light saturation point of the “Black leaf” is 382.15 + 27.8umol - m™* -
s' (equivalent to 24,993.46 + 1,818 lux) if the initial concentration
of carbon dioxide was at 1,500+43 ppm; when the initial
concentration of carbon dioxide increased at 3,000+£71pp, the light
saturation point is greater than 711pmol - m™? - s™'.

No significant difference in the green-leaf growth rate
(green-leaf surface area) by fogoponic and hydroponic culture
systems. But the average of rooting number and growth rate with
fogoponic cultivation is better.

Under the white, red and blue light, the average growth number
of leaf and surface area of “Black leaf” it makes significant
difference among them and it grows best under the white light. The
analyzing condition of the volatile components of fresh leaves is to

heat temperature up to 75 ‘C and SPME heating adsorption for 7



minutes.

The Dipropyl disulfide ~ 1,2-Dithiolane and Dipropyl trisulfide
of green-leaf of 'Black Leaf” contents is higher than it grown under
red and blue light. The 3,5-Diethyl-1,2,4-trithiolane contents is
higher than it grown under other two kinds light and the volatile
compounds are the lowest among all.

The roots of the “Black-leaf” content more volatile
compounds than the green-leaf. If the roots are grown under the
blue light, the 5 kinds of volatile compounds(Methyl 2-propenyl
disulfide -~ Dimethyl trisulfide,(Z)-1-(methylthio)-1-propene -
(E)-1-(methylthio)-1-propene ~ 3-Isopropyl-4-methyl-dec-1-en-4-o0l)
content are higher than it grown under red and blue light and the
difference is very significant. Besides, compare with the roots
grown in greenhouse, the 3 kinds of volatile compounds are higher
than it was grown under the natural light. The 5 kinds of volatile
compounds of roots, Methyl propyl disulfide ~ Dipropyl disulfide -
3,3-Dimethyl-piperidine -~ 2-[(methylthio)ethynyl]-thiophene and
3,5-Diethyl-1,2,4-trithiolane, are higher than the green-leaf but the

1,2-Dithiolane is opposite.

Key words: indoor cultivation, fogoponic, light quality, light

intensity, SPME, GC-MS
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LLE A EBE S BHaoaethé e d o WA LR 4L LY iwmit ik
ERAAESMHERA # ML F A EIHey4 K- Hamaoto % (2008)

(R

58 > £8 A& X 0 4 A UV-visible ray translation film(UV
FH E 20% > PAR & % 80% ° 48 60% & % —>90%4 )2l & &
oo TR E B A K b4 A new UV-cut film(UV % & %
10% > PAR # i# % 90%)& UV-cut film(UV % i £ 20% > PAR
FE R B0%) BRI MRA BRAMREE -

Levine % (2005)#1 A 7 R %/ & o9 4 G B & &£ & % (cool
white fluorescent lamp ; CWF) & & 3% & & & & & & & (high
pressure sodium lamps; HPS)> ;L & E % AL A 300 £ mol -
m?os! O HEABFALE ABLAMBLSE BN FEA
SRR B amIitE Y SEILE AT RS A R — 18 E ey 2 aie
Yo AL eE R R E B AEK > W AEK SN E SR
XA BABEBRLELBAG T EARAREARSG L KSRME
AT oemibehn e E > URREFREM  2009)HKBmE R
#d > A CWF #2 HPS i g% » I N NBEFEL R FRAE R
e £

Mo EREMAGFANLERM -

2. A®E

XSGR ABE AR LK KEE 400~700 nm 2 K > &
4% A & F i@ & (Photosynthetic Photon Flux, PPF) & # % » £
S HE BRI NERENE R LSRR AR RS R T B
— B ¥ P LEFREMRAB EMHE L E (Daily Light Integral,

DLI) Bfx % pmol- m™> - d' (£ > 2010: # > 2011) -
9



Samuoliené¢ % (2009) % #&x d a7 = X 0 500 PPF == 4 %
LED(638 nm)B H# B E - BB MAFE > wHRBEE & XA
TRHASGERORABEKZIAHBRDBRLRELR > £ XK IK
RERB2>E R Kb et 5 E -

Levine¥ (2005)#1 A 2@ M &E LB A LR > £LEE A 8.6
17.3 % 25.9umol - m? - d' » CO2& & %400~ 1200 % 4000umol -
mol 'HwF HE - L RET HEBHE T M ZE LK LKMo
{fe M F %% B TF > COE B #1200 umol - mol™' 8% » & E B R &
¥Wwo mMABRENBLEEBEANFHRE M- - FH 4 0 HCO,
B E %400 umol - mol™! B EF MMM AL ECHMARENR D

-

3. ki
EE RN ABIRICHE20CH B BATC R BE > 48 8E

BB HRELFFE > BREBREANYED B S S RE

MAKBERERBKRLIEDE - ARLFALHEER > B B & ik
it & 1 & (Yamasaki ef al., 2000) - Yamasaki% (2000)45 & & 8 %

I“E>

EERAEARMRER CLEEEKSENNW EZHEH LN
W oo F B EN23C 0 115 W mPk AR E LB S

i“\*@

(576/pmol - m 2 - s')F > 24/ 6509 B BAE L 12/ 5 ey A B R
o4 H A & E(RGR)F 3 3 mwd0%:> % B /& & (NAR)# 4v 108% >
# £] 45 % (leaf initiation rate)3? s 17% » % @ #& tb (LAR)R] T %

32% (Brewster, 1990) -

10



B2 R AABHERANRKRL  AERBER > WAEARSAH
EERLERE RABFESIHARASLIRLE S BB EER
DR RN ZEER >R - EF B R ZE K AL B M B KL
BRI FREGRKRIGEHM(EF 4 > 2008) -

(w) £3%

tHaAt M LEpHEANST~TAGLBE N Y@ T > B4

=]

EHEARE HBRELLE UTAHAAHREXIHEELRE T -
PRARNDBEBERRY  LBEREHX /ML - EHRBLEALEZNFE
BarR i EmEin S ER Mmoot #Ltmts 2 FE
MERmMBLE S - A4 BEBRALEREN LN AERE > M

RKEFRRELEATRAEM © 1994 &Fdg > 2008) -

FRTAIRE

FRAROFRFRIRKRRA EE 7&K HFE(Leek yellow dwarf

%]

virus,0YDV) ~ & ® & B & & # (Shallot yellow stripe
virus,SYSV) ~ 5 B %% 5% % (Shallot latent virus,SLV) » X & &) 4
AT & - RFOYDVE A edRASKMENER - ERiLE
i - BFARRESYSVE R RALM T B MR SE SLV
A & 87 28 5% #L (Brewster, 2008) -

Altemaria porri 3| # 8 " % 38 5% |~ Puccinia 3| #& & " 8% % |~
R Ciboriniaallii3l 2 eh" IR BB KB 8 E FTAHEBRRZE -
BHER LATMBZEZHN B ELE - BLEF ALK REH
BEFERBEBWNE » & BB b Phytophthora parasitica 3] #£ &)

"FERR CHERFEARBAATC O RXREBMABEENRRE  BRE
11



RREB LA CHAARVEFEEAEFERZRET X — (5 % 2008) -
B NI A & Stemphylium botryosum Wallr. 3] &2 &9 " Z B m | (B Ho
% » 1997) » & Cladosporium allii-cepae 3| #& & " ¥ 3 5% | ~
Peronospora destructor 3| # &9 " Z B &% - @& Urocystis cepulae

(or U. colchici)gl & wy " 2% % 4, B AT &k & & # % 3 (Brewster,

2008 ; MM R K IE A 0 2010) o

&

mERERBRELE "THRBER o ARENRFSEREHELE B
Erwinia chrysanthemi 5| # > RS PN # & B A T E 2R &R FE > 4%

oM E S > AFRE A B ZE MR B (Brewster, 2008) o

B FEEFRAKRSTRR

EMRERZFARDLEERRANEAR T R EXEHNEH R
B 4 F W #E 4 B 4ib 4 4 S-alk(en)yl-L-cysteine sulfoxides & 7
-glutamyl peptides™T R A L X Z Fk Al B> & B # 44 & o fo L R
B} > & b B % (Alliinase)# S-alk(en)yl-L-cysteine sulfoxidest A &

A F A e T cysteine( & Bk & ) & methionine & B 47 & 4 9 > sb & #

X

eHiteREMAED T EETERAAYTREZIY H (F
1993 ; Block, 1992;%] % > 2005) -

2] % (2008) > W SPME-GC/MS¥ R & H» ¥ m 4 A B /£ 4 (318 A

&
2

BERMERIpESRE) SEXHELEERERA BrwHEABEH N

|

Z
At £ £ 03,4-— % K o9 (3,4-dimethyl thiophene)? £ » &
S e 8 A 15.16% 0 — st £ R L= &/ K = H & (dipropyl
disulfide) & ¥ # & ¥ — #i & (methyl propyl disulfide) & £ » & & 4
% B 1535% % B 19.05% > =14 £ B 0 = & & = & & (dipropyl

trisulfide) s £ » & & 4 2 A 13.55% - wHE E B EY > AT & L d AR
12



e ER - ARBANE BEREANEZR>LFRAE -

- BRBRVEHEBEAERKASZIANA

B

FEAEZT A FC SRAE FABES BEAAMADERR
Bl BBkl ABREE ChEdrRB - HFX - BK-
B H R tm B RS by & %k (Lazié et al.,, 1997 ; Teyssier and Siess,
2000) - TEE R W E RIS EFE RS H ALY 0 KA & diallyl
disulfide (DADS) & H 4 & & 1§ 4 W &) dipropyl disulfide (DPDS) >
L AEEFEREZ RS TR B AL S AT 58 4 (Lancaster and Boland, 1990;
Teyssier and Siess, 2000) - Hori (2007) X SPME & GC-MS 4 #7 4.
fistulosum L. » 3 38 3 M . » £ & & dipropyl disulfide ~ 1-propenyl
propyl disulfide #= dipropyl trisulfide o Dipropyl disulfide =] By ik
benzopyrene (BP):# /N A B E N HE A F > LTI HRERF FRE
(Srivastava et al., 1997 ; Shin et al.,2002) > M ;& & 0.01%#&) dipropyl
trisulfide # # # ¥f & (Neotoxoptera formosan) B # ¥ % % 3| /1 >
dipropyl disulfide B8] & (Hori, 2007) = % %+ » & #F % 4 35 & dipropyl
disulfide AR WA ERA BN BAICoTHHOERAREA
WIRBREA > HEERAER CHRTE R > RBRERA > RR >
BER - LK B BRRARAMEREF  BERItHER
G A H £/ A (Auger et al.,2004) -

AN ELE FERITEFEHRERS FTHNANRRERERD

N+

AL &

=)

R B A S #(FIF s R &L -

ot
o
e

N CLTHLELERBRARAEHRBENE

AP BT L2 FALEEAALARAGSE B EASMFRHE DAL
13



A ERABPM AN TR — c IBAAKRBENF SR EE N F B R
BT BB REBHE L RN wEHOEEE  ABHNRR
FEBEARER(HE2010)c HARKRRATH > HdmH R LN
EREEE R LBEBEKX A EREZ —(F % > 2009;
Despommier and Ellingsen, 2008) - s B bk 2oy A » N2 EH B
KM EERBALKLEANRLHERBE XL ETNEEFT & AT
M 49 /& % 4% 3% (Linardaki and Manios, 1989 ; £ » 2010) > X % 4o
Despommier(1999)fi R 9 T A R S a9 M & » ¥ B X - L MiL &
HE%HE > 20014 5 37 42 4 (Despommier and Ellingsen,
2009) c I A L BEAER B ERAI LR ERRAZ AL BT 0 2
TRBEZHE AN ANAEETAN ERLAEASMNERAMNK
FHABRTET(F »2001)-

B ¥ B L AL K% 0 @ W L A& L 4R 3 (soilless culture) B K
B X MAR LIE(R > 19955 3 > 1986) AR EZ A RA L3 > M
UMy # s Rk ~BA S Fa EREEFEREEEDERARERE
RBEBELHMALEAFTHNERR  BHEREFTAEARAEFT & —
AR RBAED Y Tk X B A & &R B (Nutriculture)( 7k
1998) «

£ X H B o B A b oM %k B 3 A M %k X 2
(Ikeda,1985;Takemoto,1990;0lympios,1999) - M % # (aeroponic
culture) B A" AR BB —H TUKREKXHLAALITRBALEZAE
FRFEA EYWRAEZBHAATTHE S LN ARBECSE
1997 ; Christie and Nichols, 2004) - & 1942 % > Cater & & #% A
HAEE o BN HREEMER O RWER AR LT A (Carter,

1942 ; Hayden et al., 2004)° 4o £ 1973-1974 #5 li] Cabot Foundation
14



EERZE AN RS TR IBE(Zobel et al.,1976) - m # 1970 %] 1980

n

SEHEAR 0 ¥ 2 R AL B % 4F 49 (Hayden et al., 2004) - £ B 32 % 4%
MY RFENEFEAEZHM - AASGLEETLE A ARYEF
W EARAEFERZEAMRNE M 5 R & kAR (Pagliarulo and Hayden,
2002) -

HEHETROFRLEER®ME 1.5 R Y B &L YEE A
(high-pressure pump and spray nozzle) Z 2. # & % & 1t %
(ultrasonic atomizer)e F #H A X T 5 B K FH AR A F # h#& >
KEMRIE - IRZENERRY  HBZENFLORERRER
PIORAEHAZHEIR AT RZREN FIbey) H &R BB P - Pagliarulo
#o Hayden(2002)4% & 7 % #t &9 N R & 2
LN B T20NMA -2 R RTAH - 3.5 FEEME -4 TERE
WIS HELEFRRK - OIREREEZNHILET  EHFMRRFE
THR A ROERENR DL -8B S FAEHHRT £
BB

RERE FHTZAEMNRKER &8 BE £ R

pH~ B E - BHHE X2 RFHFH LR A AHE F (Pagliarulo and

Hayden, 2002) -

t - BEHEBHEDLERZIVE

HHREHNLEEHDPAN B E - FEH - FFREHEI)
# B A B 48 A K % 3 (Pagliarulo and Hayden, 2002; £ % >2009 ;
% % » 2006 ; Christie and Nichols, 2004 ; Ritter ef al., 2001) - »
BHRBHMN 2R % > ARG o LR REE B NY KB

REH17.8%F64.1% ;5 & J 4 5 & 523.7%H#30.2% ; ¥ @& » 3 &
15



5 25%F36.6% ; AR A B > AR 524.53%F043.40% - e F 549
AECEHKBBREBNTEREIRS T4 2% mE A BB HF £ X
Pagliarulofs Hayden(2002)#& 45 X 4 1€ B 4 % - 4 3 b @ B &K 3% >
MABAE WRIELEREEBILEM S HEHEE A HFEHRBTHA
ML BHRREEZEZHTON MEKRE S B2 > 2R E
F Al & P 33% -

BETX FEHRBABERIEADAERY > B LR AR
FEEZ HATRERL»EAETHEKRZN A RS ZRMBEGHS
(% % > 2006; £ % >2009; Ritter et al., 2001; Pagliarulo and Hayden,

2002 ; Christie and Nichols, 2004) -

N-BRAZIERRNGE EBZIAE
1. AT RARERN
MARES REE A 2R B ESE  HHFEAANALKRRRR

("

REIEHEARAB AW AR CARZREFHFTE - AT ERRFTC
RAUHEFAREATRAEET HHUWEERBFAILIRE  UAERX
K P (Ffubsr > 2004 ; 5% > 2004) o
ALAREBESLEABFTETAMES - — KA RBRER
BT AZEE BEARERRBASGFAAAETZISZIALAE LR A
EREFEAELET - FRAOZEMNE - 2R AAR - 2B 858
£ RABRERAESH  BAFAE - AERXRKZAA (B E > 2004) -

1“*

G

HFRBEHHREZERNORLG 3
Diode, LED ) X 2 R AR A B S AT HE LB EF ~ & & 2 & —

BBk — A& 8% ( Light-Emitting

mEABEEMRALE RS EEHE (R 2005 Hemming, 2009;Schmid

and Dring,1993;Folta et al., 2005) » Ar LA % JE A ® 3 B Fv £ 3 B &
16



gu)

AR AR THEDEE  Hlho mEX A M I B (Yanagietal.,
1996) -

EE LR BAEDFTRAOATRR > TH ha > aBBER
(Incandescent) — & M 45 % X (Incandescent Lamp) ;5 & X% B R
(Fluorescent)— % & & (Tubular Fluorescent Lamp, TFL) ; & & & &

(Discharge)— & & %3 % (High Pressure Sodium Lamp, HPS) » B B

M

G

% & (Metal Halide Lamp, MHL) 5 A R A SF R B R O S 2 E 5 &
— #& 8¢ ( Light-Emitting Diode, LED ) > 48 ¥ W LED & A ¥ A7 = %8 #%
B g BE E LR (F Fod 0 2004 5 Argus Control Systems Ltd,
2010) - 4R # Caglayanfo Ertekin(2010) & & E M e A& 0 T @ & K&
B A E ERA - BEKE H20Im/W- {2 A & 4 53000 hours »
BB TAEHNAITRA HMHBEHERM>I508H - Fe ks o TFL
X RBEKTERBYE -~ AR ASOIM/W- &8 &4 A10000 hours ~
BB ERAEmMAERL BRHLEHIFH >80 ~ BEMKEF £
HPSZ R B M & B ¥ % L £ 5100 1m/W- 4 A % 4 %8000 hours -
BB EREmBRITR  KREHEHGH>1454 - EE&MIK  LED
L E R - B E A8 Im/W & A &4 >50000 hours ~ L %

ERA EF B A

&

M- A EFRBREEHEITR - FEMSZ -

2. RAHRER AR
XRTEANBTAEAAZIAIARAGEBSGE  ARENE
BBy b kS o B4F RFR ILAY N HH&RAE R
XAFTAEZEABZH(EA%2008) - At AT KB RFRILMEAE KA
REERAAE > 1999) - B RMHER S 7~ B - 8% > (2

) BB RIAK R/FRILEB S > 3 B N 48
17



AU AR LBRAOBBLEBHFRI4AZE 2B AT RBESR
B KL KM B Eitss FE RFR LMY 1.2~3.5> BANE L
HARE -BEMBLARSMEBE LR D M E %L RFRI
B 3.6~4.4> EZRAMASHEAM LT E > 2008) « 4 & — 45 428 -
Al 7T THAZERB A R/FRIS L EABRSH LT R E L F
B ERRERAPED I BRAOLEE - BARABAATLARERYE
et bR AGERBRIEEZIR S B4 BB L=
mASS AT AREKBEBERS > LR KR -
ERATIRRNTELE  ATHEAEF K
1. Z#%BH: AEZNEEAL  RE2BRAKKAGE4H -
2. AR ABREN O RARLS  HAAGLAXRAELY >
WEH e o

\

3. R BB REXFEED LB RE > Bl ¢ LR H K2
BAEK -

(Argus Control Systems Ltd, 2010; Weir, 1975)

EBENETRNHRBUALILRRAKAE ABD B 5 3 X XNH#EE
B R - R FF(HLEg/#HE)=100%) % BEERELLEDSH
BF 0 & B 0g E ¥ A (Shimizu et al., 2011) - % X & H B E 3
H o HEERHEBEANRARZIARFIRL AUATRLRHMH LB B
AR o Hu% (2007) Bl Esmim FHaEf B - BEELEHE L=
B BEARHEAR BAIAEABRETHFLESERR R
BAHEMAERLRTONER BABRERE  EHFLEFERARFL
MH o B FARNHEM SARAEAFREZFEZER > WA ABRAL

AR - RBoak_—BlElaxtEkax £ -
18



LA RIEE > BEH A2 B BR2INEHEANRHE NG
BATH L AT AR LR ABRZIEE > AT Wb k&
FERKX BTHREEZaR KA ER > HNENFB K
H2ZHRAERDEH > TUATEHERBRKE - & NHE AR
RETEEEXHEBLTRABE »2011) - FRAAEHAH A EZS H
ARV EBRELAAEZR ARAAEEBRCEHAERER — -
WO 6:00~8:00& 16:00~18:0044 7L 4 & R 4 B & T4 & 7 AN ~ B
WA E RGN ERRTEREESLSE  AFANBFTEDS AR A &

"H(E % > 2009) -

19



S~ MM REFE

— BB H
AT E S RZH B B E B Allium fistulosum L.) » w %

% 2

®

LEZRLL2IHERTHR X

A

Pt
By

4

R

I
i
]

' CEE A

B
2

FamtE(R) " E#®EO(H 1. W
ERAIM BEANEERS
S EEE > B IS ARUEEAE L0002 N BITE B KR 0

HBEBEERIA KA MA2010F 12 A4 2 2011 & 12 A # -

— ARk BREHEHNAKEL
AABRENEAR B ABELREN E XML A R KT M KE
BREIEFTEANMAR S RAKAZHAAHS R TR F AR
Mz 2R - ALEBEBAFEZE AEFaM B8 BREAR
HEHhA ok A raHLrRBEABREHMA -
HBETAMRZEERR  BREFAHKR S > 7 AHPE R
A RAE(E 2)AFAERZET A KRBEIRZELT P UAmaEN
(180 A x45 XAy x210 2 ) F %> & L E MR 60
2o ERAE BUASASETREREARBARAMFEZA
R ERENEY  BAEHEM EH & BRH
M EENREEABRKREZE(E 3) £AANBRBKRZHA -
SR EARBREFIR NEWHAE - BEEKA— R PCVERAER
RRAUABBURRE A RBRIPEANZERER®E ZE > R
BB RN BE Y E
HEBMAERENT R EAZERABBRE —SA R MAERXA-
HBUEFAEAERSENZXTZIBE PRBREEMARNEZBEHRLLRA

20



>¥

BOR - B mETREEHNBREE  UREKXIARETBE AR
AARREZMAZIEE NABERBRZHIAREMARLEY » &
BEE—REBIOV 12 A x12 A ) M AERERYOADT > 2
FAHRXBREBMANZBEE - P ERHEAYTH > EHX—M8 58
BALM AR ERPFAASZXIL—MBLEFERE > ZRHANRE
BEHE MHEADZIRBITARLZR S §FE A &HMMAIERMN
Pl ZRAMEE - R AFRE 4K2E 5)-

B & irH R BRI E A& % 4 Campbell Scientific, Inc A7 ¥ &
z measurement & control CR1000 datalogger B4 # R % » 2 £ £
RHEM TREREMNEREAMA ARG BE - AL 25 M
& print port-output F (B 6)> $#H AT M AL LA LR E 4K &H
oo EHER BN RAHAREZEMANZIBE > BEMEAEHIEHA

TRk E 4 % A KX & Campbell Scientific, Inc A7 42 it 2 -

= FHAKHRS
HHREAL(E 7T ARE )RR ERAEONE 48 » o xdl

2

N
>

SX26 N0 AR D435 A x36 Ay x23 A ) AR B
EFRAHEFEFTH20EB AR 4 N5 2FLRAFHHE 1 FLiE KB 3
RO UA S ERXEREELIBAKRA 2R REH 1 RARESEFZERE

0 EBREBELFLEAZED c HFAHE B PCV . R
N

34 N x24 N x16.5 5o AR 315 a5 x21.5 N x16 g
EFTRBEM2 2@ EREI NS  BEXARRENL &
mEARBEIL  BARERBEREHEER - BN KE2HBERBE K

HHE R R E/AE A 20mm 1.7MHz> E & & DC24-28V>500-600mA >

AEREZRFBRARE ®eaX‘FLEEFLHAXILA - AFEZZ DC
21



12V 42 x4 AHnx28 20 RE  BeBEENEREAREER
BN BRBEEAEDRIEZ KR B FETERE -

KA G EFEHLLERL  BEARBERALAEARBER AR
BENRBEEEN ARET A EHFELXHRAERE Y (M X

3) o

W kAR RENH
FEERI T oA LI T ZHERT > AT FHGY T Z

I

BEKRIE» BRAERAIAASERRERSENRTFEZ T8>
HBITREZTAEERTERN RNEFEABALRBRTFEMFHAE
EBE P AR = AL & (umol - m - s 2 ey b B fued

MAEREBMEDBEEL &/ ey)E(umol - m?-s')o

N

ERE BB 9 A=y - % —F»d YIHDER
5] 4 ey BL-TIOD R B ERAKKM - R ABFZEH N T B
LPAA BT R TASBEEN  HKKREE - MHA=M@ILAC 2
B 3B 9)ZHEIBEREAAILRZITFZA A BMESR
MR E My A 1,000ml o F AR (R AR)ENTAEEZM =@R( -
2R 3)NE 9) F=Faos—AfbmiAR - EEAREMK - = A1

£
B %~ RA A K otto sa-8000 W A E HaE KR o = &4t H

~
<m

HEBRARZATAKENRAEGENRAELH 3@ RAA" - 3"

B A BEE—MEILAQ): BN ELTH A

BBRALILRA 2" BN = AfLw

W% B AR MAEET R R

TR AR AR E AR AT RAENEATEA®
H

%
RS BRAESAILAE 1"A 3" B FEE K — (5@ :BTEIE

22



ZHAR3I  BIKBeET BAaBITANEREBPIPEELEHERI
AL TAIFRBEBILAE 2 28 % 3 1,000ml & F A 0 P& F AR

N 3L % E Lutron GCH-2018 #5 CO; Meter » Bl & — B oo

Pl

o
B 7

-}ﬂjk

hFRBHZERERAEGEN R EBLZA2AAZHNEZMABLART
R ETRE BRSO KR - B4 K E LI-1000 Datalogger
(Li-Cor, Inc) R B W8 E KB FZ2EHN > AR T REBEE R
A

HFAFE RBERENABIEETREN > ZEHANBERIL = A
b5 K K & 1,500+43ppm & 3,000+71ppm> i £& T & 4 45 10 & 4% >

SH A O0~24-6-~8~10R 12 BBYERE > BN R INEBERNE L

SERAE - RNEBALY AL EE > EHEB TR &K
FEHRFEAEE NRAAE AR EETZI AT A= &1L

18 B -

2~ BRBREZAEHS

WA EMN > U4 T5%% Top®light T5 Plant red
aquarium lamp, 24W/7500K - Marine blue aquarium lamp,
24W/25000K A& Sun white aquarium lamp, 24W/7500K) » 4% & & 32
Rk ZHEARZABRE > AEAARZIAAE  AESHLT
#% LI-1000 Datalogger B 34 ¥ > A LR T BB > £ = &
RZABE A - 5 BEEFEARERER  BETAE

EEANRBREZHFTFHOBREEXRE(E 5)-

23



N A RRRAFE

*
R

s
ok

RAL -
THEFF»ARABEBRRABER a5 (B 10);

P
(8

F & @
HAABR LM OHE N EASEBRBHNIE @RI -

S G
(BFANREABxTrxAEEE )T (A AR FExTxBA BT R
)

AR IR
LDEBERBHFERAGFARTI B AR OHR > LB THR
JPEGH E# LI F L oA EAFAHERITEaHaRINER
(bl R AB Mg tkiash BERAERIMZIMBEZE  BHREEHA
THMAHRTERZ =B SR AZIRYHE B AT M RME= Tk C
UDPIAEm#-FELORIBEBDEREGE(TERLSR

BRI/ G TR RBBRIFTHF T ERIB@HE 1) -

t RS R AW Tk
1. B 48 #% % B ( solid-phase microextraction, SPME ) % & & &

AR B

FEAR > REBREREERSHZIAREELA AR
SUPELCO » 3 4 # %z 50/30 um DVB/caboxne ' M/PDMS
stableFlex'MSPME # % it 47 3% B > & 24 Hewlett Packard 5890 #
8 J& # 4% (gaschromatograph, GC) 4 # - 4 # % 4 &4 DB-5MS %
%t B A (30m x 0.25 mm x 0.25 um film) - H B A8 5 2 A (&
B 99.999% ) A& A 0.818 mL/min H# 5 &AM X T T ik

v B E A 250C >  MS #% FREE & 280C -
24



GRABEARARFAFBGHARXALLATIRBLEBE A
A0CH#F 204 KA BUFE 24 8CHZE 120CH 445 5
m4 0 F BRI RBRE S I0CHZE 2200 44 5 s - &
R B g 3l Wiley275 & NISTO5 ( Nation Institute of Standards

and Technology) % & # B # /T b ¥ o # -

2. IR ESHZREA
AREHRERARHENEEDLERKR S B & n-hexanecane (99.19% )
( Sigma-Aldrich, Inc.) & n-tridecane (99.5% ) ( Chem Service,21

Inc.) -

3. m AT ARRAR
AE A A TR E B A8 M %E BR%E (headspace solid-phase
microextraction , HS-SPME ) - #] A SPME 4% 4 & it H 18 & & #
MER  EABBAEANATZEHRGEADMHFET AR T L EH K
BRAARS  BEABEERIKAZRAABENSRR FT# -
TRZARMRE T
I. B4 LHRRBRE REFEAE IOcm> £ E 1.5cmx 8K &
BAEMMRO05cm= 20/ & A H&F 8
ZTREMN G ARERIMEMAR L - L&A
(Teflon) Bk FRAA > BZMPRALBERTRRZZL > L&
NP AR E G -
II. B 4% 78 = # & 7 32 2 % ( Dry bath Incubator, Violet BioSciences,
Inc.) U E A BRM 4% SPME 4 5 AR PTELMBEER L

LTS5 Che# RER 7 24 BHERMBEEZZIHELEREE R -
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I11. 4% SPME 4t % it A GC-MS E 4 °0 > 30 4 M % & 47 &
# o SPME 4t 5 R @ B # GC-MS L4 0N 10 24 & MK

M4 E2 %G muay o

4. SPME # %4 % M 1% 14 2 #& 3L
FEHESHBREA > BB ERSB S55C ~65C ~75C A
SPME 4 4 % M 85 M) & 357 o4 (F & /v # 85 B ) > i 47 & 1 1L

B e

CBY

SPME 4 4 & M 85 & 3-5-7 54 B E F Kk 10cm> & 1.5cm
Z—®% BHEVAROScmZ 20 BTN BRTZTEFIIERE
AN200mL 2 TBEZHRFENANBFTES » EFLWACEB AR
(Teflon) 2% 41 > BHFBEEMRMENLHASZ L 55C ~ 65C ~ 75
Ch# @ ERZELEHEEFAEY > B/ SPME & % E ANTR £
NBkMIEREMEE R K%L HBHESPMES £ 4 £ GC-MS 4T 5 #f °
SR ERZIEBETRENE  ®REME>B KRTEETERILLA

T b & o

AN~ H OB SRS
F M 5 47 2k 2 A ChemStation (G1701DA, Version D. 00.00.38,
Agilent Technologies) » & s 7 X 48 8 + & # B A Wiley275 &

NISTOS5 (Nation Institute of Standards and Technology) % & # &

By

BATLH M- FE "ZE BEEMHFAETZARSTETLE-
EHRGANMARNBEELURERARREATHER» S EXRIME -
FEETFRABXEBER XM S @M (Area of Target

Compound, Atc) M A W 42 & & #% 4 @ # (Area of Internal Standard,
26



Ais)iF 3 R » 4 & @ # 35 8 ( Target Compound Area Index, Ay) >

fhesERLzLH - EoaXN L4 B (2008)% F ¢

Area of Target Compound (A )
Area of Internal Standard (A g )

Target Compound Area Index (Ay)=

Al BERED T RS S B R
Arc: 2B BT R 2B 8T H%E KB 2 k6 8%

Aist SRS T AR S Z KRS EHK
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l. mEZ@E L 28’

Fig. 1. Green onion (A/lium fistulosum L.) Black Leaf
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2.8 %A KM 3DFEHE

Fig. 2. 3D-diagram of self-assembly growth chamber
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4aRAERBNIFHE()

Fig. 4. Interior structure of self-assembly growth chamber(1)
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5. BRARBEANIFHEE(D)

Fig. 5. Interior structure of self-assembly growth chamber(2)
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2.measurement & control datalogger
3. power

6. BHEHREHRKE 2 &

Fig. 6. Automatic control and data collection system
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7. HHEBEALTEER(—)

Fig. 7. Diagram of fogoponic system(1)

1. ZLSE 2.8k 3. &

8. ZHMEBLAHKL TER(Z)
Fig. 8. Diagram of fogoponic system(2)
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MEA RS E AR NS 0 I @A I 2 WA R 6 S SR Y Mo o
B 10. EF @Mt A F KX

Fig. 10. Calculate method of Green-leaf area
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1. R¥LBoHFEARZE
Fig. 11. Flowchart of calculate of image cross-sectional area
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B~ BERAH

-~ FR OEE ATARAXBEGHZHER

AU BALESFRAREFZARLE AN ZHAERAE
EAEHE "RE OHN_Am A EE 1,500£43ppm K
3,000+71ppm BF > X O(BP 8¢ #)~2-4~6~8-~10 & 12 £ LED
A E o BPRBRAES 0 6,848+59 ~ 14,580+117 ~ 23,300£176 -
28,460+192 ~ 35,850+206 & 46,500+228 lux 85 &9 — A b3 % 1t 2
(B 12 2B 13)-

mE I12AB 13+ bGTUREHEFTY —_ALREERK
EZWHMEpmER LA LB FE BE OFREAAAE LN =
fILHEILE  EARF LR E T - AL £ 653w T Bk
WAEARE > =R Ium AL RE 1,500£43 ppm > 6 X LED & #
(23,300+£176 lux)sA £ 8F » — A bsm FTHR R RO E — 2 » =41t
oA 45 R E 3,000+71ppm B b & o gk 0 /24 12 % LED B %

(46,500+£228 lux)#F » Al TR EHMH w > WAHFE "BE %

%]

SR MAEAM AR GILE -

AR THEREFLNBR DAL EARERBAREATH
NFAAERREF(E 14 kTR > FE "ZE H-AIL®
A 4R E 1,500+43 ppm F o FAA MR RFE FHE > K@i
% 382.15+27.8umol - m™? - s7'(48 & # 24993.46+1,818 lux): =
At B ALY R L A 3,000:71ppm BF - F A S AF A R R LR E
¥ Mmoo kA A Tllpmol - m? - 57! e

% 4k # B Levine and Pare’(2009)34 = # CO, & & (400~ 1,200
A 4,000mol mol ' )& = 4 % % & (150~300 & 450pmol- m™>-s™")
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$HEHA MR CO,EEXTF » £% Ed 150pumol - m? - s' 2
% % 300umol-m2 s A BRI —42> k3% EH 300umol- m?

s'TRBE 450pmol - m - s A M ERS 03B T A RS

By

K E HEMN 300 F 450pumol - m - s 2 Mo LB HMARE R

B RT » ki B A 25000 lux -

> EMEAHH L EZI LR
ARBRPMSE 4728 RBE2TFTAKEBES #%(LED 8 &

I

EE > BRHAER T RME)RERAE LKA EN 25,215+1,818
lux 8 BN > A BEHFEEBERARRY > BEHRAAHE KX KB
ZH+ER#B BREISEA M EZwEanse ZE BEFaMH -
HERBABRIPBGHR E@H -

FA RE AEHEAAHBRBTEHREF T ROaMHLEEK
REwE ISAE l6Fr- mmAEZEFFHEABHLE 17
ProR P AE>0.05 2 R E £ B 2 KM AR A EE F 100ecm?/
B E o F AR R

*
A

P
2

TEET OEREWBE I8 AT HA#MEREOH TFHEK
GRS RBAAFHRET  FPHERREFABESI N KM - M
B OIOBETEHBES T RAROBETHBREHK AL 21.27cm”
K H B Feya &£ 9.87 cm? > X SAS 9.1 (Statistical Analysis
System) 4% 4 # o # ( analysis of variance, ANOVA ) it 47 & /s #
* £ B 5 # (Least significant difference, LSD) - &£ LSD=1.4821 >
P &<0.001 248 % £ & -

B 20 &A@ 21 5FHRKHEILI0ORGFE 2E @R

FBHLRE  THRAESZHR BT TIREZ S DA -
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¢}

HBAAAR(DFH » 2008)F H FERAEE LS LH R
BHZRE  HAEBEER  UREEBHZEER>RK > AW
AN #F % (Pagliarulo and Hayden, 2002 ; £ % > 2009 ; % % > 2006 ;
Christie and Nichols, 2004 ; Ritter et al., 2001)45 & > A % # & =
TURESLHEVOREZRBAPAET ARE R RMEEKMH
UEEDCHA R FRGBDKRIESN - M ARXR T XFH
400ml/hr 9 & F B3t 5 > & F R 2T & L% 43.5x36x18(» 4 ) 8 &
AR o KB Y 10 58 0 £HKE S 66.6ml> UK HF LA E
28188ml -

BARKRBEX PR LIEFALEAREZ BBEFELZE 2
BT HRALEDE ARFHRBETRAS > AAALEHZ R
UEH R AL - B PR FTRNRBE > XA RBEH A
TS HE W THAEEZ  ERAFZSARAINDAEARD KERZH

# o

> ARAAEHNFAR ZE L2 R2XIBE
ARXBPMEB 4 ~2TBREBETRARAB=ZERE LY (M

n

&% SIS AT KRR - REE BORIE BEGRE OL R E BN

25,215€1,818 lux 6 A N » U S S EE B ARR Y » REH B

o

AR Bwt+ XL BRESEHAH M EwETELE ‘2 E’
H # AR
+E EE N2 E L EARTEABBETEHKTHY

R
B

F @M e

EFHARAEH,RTFHEFaRLEREZHAEAE 22-B 23 A B
#h i R2 S 3 & 0.8645-0.6714 & 0.8547 o
224

Z
25T FE CRE ONZHAERLAIOXRKZ O FHEAR
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Bzt B ahARTFHEBEL A KE AL 03676 B /day
4k B e A 0.0734 K /day> B k& A 0.0313 B /day> 4 SAS 9.1
BATERANBEEZRE 5 H > H LSD=0.2197 > P {£<0.001 > Z 4& 88 %
£ R o

B 26 arFE 2¥E NZHAETHLAOXRHB FHEF
FEOBZILEE - B ahABRETHEBRABRAE ST A 6.403
cm?/day 4 6 & 32 % 2.739 cm?/day > ¥ k&2 A 2.387 cm?/day
SAS 9.1 #iTHR /N % £ B »# > £ LSD=2.4433 > P {£<0.001 >
ZHmBEER -

¥ B Aar A #F % (Hidaka e a/.2008 > Hamaoto et a/.2008)45 &
AR ERADAETRRIEARA KR RIS AKK) * F &
WENHEEMLEIBEFIRABRIEAA KR RBELAKR BE)

B

T oREFEERHEK RALRALAY wmREER LESKF
AmEsE a4t RILE - % 4 > Hamaoto F A (2008) &)
KRBT ELAEKRRE  FREL  KRAEB LR FHRAEARE
A EARBRAAEAR L AR B TERAILAREZRABHAERE
BEREERE HBHATRERABAAMEAMOMAILREZESLE L > @™
FBAAEHB MR T ALTBEALEN L2 AE BEZXT
AR LU ABAERTALRE AN FE "ZE w4t kX%
FBRABE AFTHL2aL L ERRDELLESBEZZ B

I SPME & # & Mt #& 1 2 #& 3
AL RELREEFEIOcm T lecm B & R 0.5cm= 20

N R e BB B A S55C ~65C ~75C A SPMES 4 & M 85 Fa A 3 ~
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STy (R Am#ei) BEAR > T HETFTEBORRLEIRS®
M (A) TR Eo 4 L% o XSASIOTA » | 5 83 » #f &
g % »# B ARIERE #E £ %3t (randomized block design )~ # 3t
ZHEEZERBERIVBEE 2R ESK B EAE (P=0.05)-

27 RBT L 55C ~65C AR 75C w2l B 2 F /m #h & M
3,48 0 NAEIEH MRS 2,4-Dimethyl thiophene ~ Dipropyl
disulfide ~ 1,2-Dithiolane ~ 5-Methyl-3H-1,2-dithiole-3-thione -~
3,3-Dimethyl-piperidine ~ Dipropyl trisulfide ~
3,5-Diethyl-1,2,4-trithiolane ~ 4-Methyl-2(3H)-thiazolone = A {&
kb # > R # 3| Dipropyl disulfide ~ 1,2-Dithiolane »
5-Methyl-3H-1,2-dithiole-3-thione ~ 3,3-Dimethyl-piperidine > #
WA R R S

B 278 TFs B BRMEyEEH N =EEE T B LML wE s
# % 7 Dipropyl trisulfide » # 65C & 75C T X % 7
4-Methyl-2(3H)-thiazolone > » 75C F X % T
3,5-Diethyl-1,2,4-trithiolane °

B 278 T hmBBRM Ly EH N ERET KR LEEnMEIN
X % 7 2,4-Dimethyl thiophene > @ # 55C F » &w 4 8 T
4-Methyl-2(3H)-thiazolone °

Fif LA > W& 27 T 4% Jo o B BF R AR R 0 A MR 2 R A A
2 mMEFRISCTHRAFELEER > K S -

MAEEEER Y EHNRE R MR R BB ET R
fE & 4 4w &k 2 B 0 2,4-Dimethyl thiophene 2 7 fu # % K 85 R 7
48 F 4B 3 Dipropyl disulfide W Aw 22 R Mt 85 M) 5 0 42 88 % £ & >

m BB R B8 % > 1,2-Dithiolane W™ | & F 4 & #8 % >
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5-Methyl-3H-1,2-dithiole-3-thione B] & Ao #k % [ 85 ] 7 4 42 v 65
CHH % £ £ >3,3-Dimethyl-piperidine # v # B W 05 3 5 4 &
BA% 2 R > H B E R R B % 0 Dipropyl trisulfide # & & # F #F
K 88 % > 3,5-Diethyl-1,2 4-trithiolane » fu 2 R Kt 65 B 7 » 4& fo 75
CTFTAHBE LR > 4-Methyl-2(3H)-thiazolone # Av 2k & M 85 B 7

méEf ISCTHBEE2E -

!

B A A SPME ® 4 B4 GC-MS o # F AR > K % &%
£ 55°C ~ 65C

EBRREATHN - ERBARBRYE R HHEE
B ISCh#BRERESMBMBRNM 35K T 54 0 v R RH
W B RGEERER LR S M XX T5C w2 B EAMFT
ERABEERE BN FAEEMAR»RR REGAK LR

B BhBEREAMENER E AW 0 @ ARKRKA 0%
BRI BMGEF B WHA AR RGO DB HEE > AR
AL ERMETRRK S ARTHLREE -SRI ZEF

MARERRLEE T RER AR E EME @by -

s ARAEHRNFRE BRE BEHEHAI>ZIVE
ARBUAZHALEMABRBARZIRE  KREHBEKAZ s F

B OZE OAORB - BMARESLREFE 10cmy B4 lem o

HFHE WA 0.5cm = 20 /£ > 24 HS-SPME # B » GC-MS & # ; 5

ST HERITI AT S E(RLLBENAEARNEETPRZ) -

%]

A 3B ITHEFEARFSIELE R > ZIFEHME > X

1y
B

FEeA 19 LEY > mARIPASF 28HLEH  RIBT A

B
T

P % A # 3-(Methylthio)propanoic acid ethyl ester 72 & 4 > &

AN
|

9 LA o R H B EF A S » % & Dimethyl tetrasulfide -
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2-amino-5-methyl-thiazole~ Ethanethioamide-~ Tetrahydro-thiazole ~
Dodecamethyl-pentasiloxane ~ m-Aminophenylacetylene -
3-Isopropyl-4-methyl-dec-1-en-4-0l ~
5-Ethyl-2,2-dimethyl-1,3-dioxane ~
N-Methoxy-N-methylamonodifluorophosphine » & 2F &9 #& % M & &
FREFE -

28 FE CRE ONZHAATT EFAMAX 194
BEHEMER>ZT AJfE Mk 43RA 19 BRBEHE MRS E N =
HXE T2 £ KM Methyl 2-propenyl disulfide &
3,5-Dinitro-benzoic acid » & R K L 05 A 88 % £ & > Dipropyl
disulfide~ 1,2-Dithiolane~ 2-Vinyl-1,3-dithiane~ Dipropyl trisulfide
% 3,5-Diethyl-1,2,4-trithiolane » & k% e 5 4 8 % £ &

2,4-Dimethylthiophene ~ 3,3-Dimethyl-piperidine ~ Dimethyl
ester 2-propenyl-propanedioic acid & 4-Methyl-2(3H)-thiazolone
RAIA=HMAEE T &8% £ E > Dimethyl trisulfide »
5-Methyl-3H-1,2-dithiole-3-thione &
Ethenyldimethoxymethyl-silane R » G 6 & 2 F & # >
3-(Methylthio)propanoic acid ethyl ester # 4 & & ¥ & H 32 F & & -
(Z)-1-(methylthio)-1-propene R » & X &K F & &1 -
(E)-1-(methylthio)-1-propene » & ;t R & K #H 2 T & & -

Q9B TRIFN=ZHEAETRN BT BARAARE T 28 FHE
BHARTZ A/ R 1LLAEATFTHAL 2 EMH - 30 - 31 & H
32BTER - AREBABBTEAARISAFELEER S A
1 2 b #& o

B3R AR FARBELEME RS TFH LT ZILE TEHEH R
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A NO. 2561011 & 18 2R M % £ £ (a=0.05) NRH
PO RBEERERSNO. 251011 R I8)GEFANEF ¥4

T B EYPYERAEARSNO.6 5 FARBIE > MRS NO.1T~3-4-

)

781213~ 14~17~24~25R 26 2R A% £ 1 -
FRAAERET HEFEARFELELERITABE > E I
BRIRER - ZEHHEFEAE-—HEREMER> S EIRI L
BRaMesging > AATEMERFAIARLE I E: 8k
BlZHE AP BRBEZRNABARAEATREORIFLET » =R E

MEREERSARZANEBENBALTHREN > EHTELZFEH

2%%

%
BN EHEEALESA ERARBARAE A bR T X R Bk —
-1

HEF o BT R o

Pt
B

‘EE ORIBRTHEEMARASZIHEBL

g

LF S AL ENSNEFT > ZUEHRERARITEE > AT H

mE A AR MK -
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20, # EEONEHRBETRIPAL
Fig. 20. Root image of green onion variety " Black Leaf” by

fogoponic

2. 7R "EE ONAMEBTRIZHK

Fig. 21. Root image of green onion variety " Black Leaf” by

hydroponic
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=&—Grand average of surface area of green onion by red light treatment

=~ Green-leaf average number
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£ 15 //7 1 &
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o/ 0
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2.5
= y=0.0026x%- 0.051x + 1.3926 &
< 2 T=08654 o2
=
S 1.5 %>
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2T ee >0
=]
= 1
E
0.5
z
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Surface area of green-leaf

B

22, FE "EE A2 ABBLAORPFHERHRPFHEF X

¢

& A% % 48 Bt (n=8)
Fig. 22. The relation of between average leaf number and green-leaf
average surface area of green onion variety" Black Leaf” by red light

treatments during 40 days(n=8)
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=&—Grand average of surface area of green onion by blue light treatment

=~ Green-leaf average number
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Fig. 23. The relation of between average leaf number and green-leaf
average surface area of green onion variety " Black Leaf” by blue

light treatments during 40 days(n=8)
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=&—(Grand average of surface area of green onion by white light treatment

=~ Green-leaf average number
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Fig. 24. The relation of between average leaf number and green-leaf
average surface area of green onion variety " Black Leaf” by white

light treatments during 40 days(n=8)
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Grand average of green-leaf number

=&—Blue light treatment  ={FWhite light treatment =~ =s=Red light treatment
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Fig. 25. Average leaf number of green onion variety " Black Leaf”

by three light treatments during 40 days(n=8)
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Fig. 27. The index of Aj of each constituents of SPME absorbed3, 5

and 7 minutes in three temperature regimes
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Fig. 28. A; value of 19 volatile components of green onion variety

“Black Leaf” green-leaf under three light qualities treatments
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Fig. 29. A value of 28 volatile components of green onion variety

“Black Leaf” root under three light qualities treatments and

sun-light culture(not include No. 9)
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Fig. 30. Difference of volatile components of green onion variety

“Black Leaf” green-leaf and root under blue light treatment
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Fig. 31. Difference of volatile components of green onion variety

“Black Leaf” green-leaf and root under red light treatment
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Fig. 32. Difference of volatile components of green onion variety

“Black Leaf” green-leaf and root under white light treatment
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Fig. 33. Difference of average content of volatile components of

green onion variety " Black Leaf” green-leaf and root
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2 I AR#HEHLEDRBREXLABREBH A ALETFARAEER)
Table 1. The light intensity(lux and pmol - m™? - s7') of different

number of Light-Emitting Diode lamps

Number of lamp Lux pmol + m™? - s
1 301976 46.16+0.9
2 6848+59 104.70+1.1
3 9838198 150.4240. 7
4 14580+117 222.9240.6
5 193204148 295.40+0. 4
6 23300£176 356.2540. 4
7 25460%120 389.28+0.5
8 28460192 435.1540. 3
9 32900175 503.0410.4
10 35850+206 548.14+0. 3
11 401004183 613.12+0.4
12 465004228 710.98+0. 3
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Table 2. The eight volatile components, respectively under the best

conditions for the different heating adsorption times and heating

temperatures

2.4-Dimethyl-thiophene

3min Smin Tmin ave.
55C - - - - 1509 -
65C - - - - 2208 -
75°C - - - - 2887 -
avg.

Dipropyl disulfide

3min Smin 7min ave.
55C 2727 B 107707 A 8578 AB  7.337 ns
65C 2002 B 18979 A 5463 AB 8815 ns
75°C 1.125 B 7465 A 8578 AB  5.722 ns
ave. 1.951 B 12383 A 7.540 AB LSD=6.77

1,2-Dithiolane

3min Smin 7min ave.
55C 44864 ns 42684 ns 48.034 ns = 45.194 ns
65C 52,622 ns 50.012 ns 41695 ns  48.110 ns
75°C 34311 ns 42468 ns 46813 ns  41.197 ns
ave. 43932 ns 45.055 ns 45.514 ns LSD=9.0832

5-Methyl-3H-1,2-dithiole-3-thione

3min Smin 7min ave.
55C 2383 Bb 2753 Bb 3445 Ab 2.860 b
65C 3444  Ba 2677 Ba 3.694 Aa 3.272 a
75°C - - - - - - - -
ave. 2913 B 2715 B 3569 A 1SD=0.4049

3,3-Dimethyl-piperidine

3min Smin Tmin avg.
55C 10642 A 5910 B 10513 B 9.022 ns
65C 13152 A 8004 B 6.094 B 9.083 ns
75°C 9864 A 5854 B 6279 B 7.332 ns
avg. 11219 A 658 B  7.629 B LSD=1.9076
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Dipropyl trisulfide

3min Smin 7min
55C - - 739 ns 4421 ns 5.908 ns
65C - - 8593 ns 3925 ns 6.259 ns
75°C - - 6887 ns 9372 ns 8.130 ns
avg. 7.625 ns  5.906 ns LSD=1.8823
3,5-Diethyl-1,2,4-trithiolane
3min Smin 7min ave.
55C - - - - - - - -
65C - - 0862 Bb 1.529 Ab 1.196 b
75°C - - 4115 Ba 7299 Aa 5.707 a
ave. - - 2488 B 4414 A LSD=0.2923
4-Methyl-2(3H)-thiazolone
3min Smin 7min avg.
55°C - - 1.177 Bc 1177 Ac 1.177 c
65C - - 2083 Bb 4.004 Ab 3.043 b
75°C - - 6438 Ba 11.796 Aa 9.117 a
avg. - - 3233 B 5659 A LSD=0.1942
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BEFARITFERELE R ZFHF

9 & M

Table 3. Average retention time(A.R.T.) of all volatile components

of green-leaf and root

Peak no. Composition Green leaf of A.R.T. Root of A.R.T.
1 2,4-Dimethylthiophene 7.90 7.98
2 Methyl propyl disulfide 8.36 8.35
3 Methyl 2-propenyl disulfide 8.54 8.54
4 Dimethyl trisulfide 9.30 9.33
5 Dipropyl disulfide 12.61 12.58
6 1,2-Dithiolane 12.75 12.76
7 5-Methyl-3H-1,2-dithiole-3-thione 12.84 12.87
8 2-Vinyl-1,3-dithiane 13.00 13.00
9 3-(Methylthio)propanoic acid ethyl ester 13.06 -
10 3,3-Dimethyl-piperidine 13.24 13.24
11 2-[(methylthio)ethynyl]-thiophene 13.71 13.72
12 (Z)-1-(methylthio)-1-propene 14.01 13.99
13 (E)-1-(methylthio)-1-propene 14.12 14.12
14 Dimethyl ester 2-propenyl-propanedioic acid 14.56 14.57
15 Dimethyl tetrasulfide - 15.81
16 Acetate 3,7-dimethyl-2,6-Octadien-1-ol - 17.80
17 Dipropyl trisulfide 19.55 19.56
18 3,5-Diethyl-1,2,4-trithiolane 19.90 19.92
19 2-Amino-5-methyl-thiazole - 20.16

20 Ethanethioamide - 21.70
21 Tetrahydro-thiazole - 22.08
22 Dodecamethyl-Pentasiloxane - 22.63
23 m-Aminophenylacetylene - 24.66
24 Ethenyldimethoxymethyl-silane 24.77 24.78
25 4-Methyl-2(3H)-thiazolone 24.89 24.90
26 3,5-Dinitro-benzoic acid 25.23 25.24
27 3-Isopropyl-4-methyl-dec-1-en-4-ol - 25.37
28 5-Ethyl-2,2-dimethyl-1,3-dioxane - 27.74
29 N-Methoxy-N-methylamonodifluorophosphine - 28.05
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HOAIAREABESKMHFZIHAIT U0 FRFEREHE
Wh m A CZE OB AT KRB T 385.5+27.8umol - m?- s (48
g 25,215+1,818 lux) B K £ - RIFE F H B K H KB HE KX AT
o FH B BRABRETRARSTEE(LEDEEZ T AR )
BRIV HEARXE MEEAARE T FHERAREZAEFBHE K

T8 A o GC-MS S #H AT RIE > ‘2 HEEE > L TSC
BE O ERANBBRR T yEAE SHER EZE OHEFH=

=

R E F & EREHE o T4 3,5-Diethyl-1,2,4-trithiolane 4 &
¥ oo G Kk B> Dipropyl disulfide~ 1,2-Dithiolane & Dipropyl
trisulfide X 7 2 ZHH B S » £ AREH > EHEEERTEFR
o RFEEME R AL E F % > Methyl propyl disulfide »
Dipropyl disulfide ~ 3,3-Dimethyl-piperidine -~

2-[(methylthio)ethynyl]-thiophene & 3,5-Diethyl-1,2,4-trithiolane

%

BEERTLTE R RIFARNEF -

R % 1,2-Dithiolane 2 & > EF ANRIF - £ ELHRBT > R
¥ W Methyl 2-propenyl disulfide ~ Dimethyl trisulfide -
(Z)-1-(methylthio)-1-propene ~ (E)-1-(methylthio)-1-propene &
3-Isopropyl-4-methyl-dec-l-en-4-0l T Z R » 2 ER S ° 8 % &
3 F 2L Dipropyl disulfide #v Dipropyl trisulfide 4 € & & > » & &
RET RIZERRER>ETRE - A BEFTNAEARLEE
MARIFLBE T ZRREVEEER >R EZZHABARAARES -

FARE O UGEHEBFE ABMEZBUNEHARD X

bk MEHE KR ERSVRA2EEZ  BERIAEBAE > THEEFTHER
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M B 1. FERBR I £E 10048 A TR
(e BLAERIHATHES > 2011)

S04
Cysteine — = === - — = ——— - —— ——— in cytoplasm
Glutamic acid v-Glutamyl cysteine synthetase - —in chloroplast
v-Glutamyl cysteine - — — - — - —— — - — — - — in chloroplast
Glycine \L
Glutathione — - - - —-—-——-—-—-—-—----— in chloroplast —> in cytoplasm
J
yv-Glutamyl peptides - - - - ——-——- - - - - - —in cytoplasm
v-Glutamyl transpeptidase— - — -in cytoplasm
S-alk(en)yl-l-cysteine sulphoxides (flavour precursors) — — - — — in cytoplasm
Alliinase- - - - —-—-— - —— - in vacuole
|Flav0ur compmmdsl

Mk B 2. EMEDER TR AR LTI MAARGFAEAME
(52 B B > 1991)
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Meék % 1. RBE 93 FZ2 960 F R REARBRERETFAEL oM
fal sCEA93.7.1 o 94.6.12 M 94.7.18 I % 7 96. 10. 6
A 5] R (R hE | CFHE (XHE| CFHE | hHE | FHE LHhE
a1 20.7 173 59.8 199 L77.6 145 101.5 164
E | 27.8 193 Tl.2 150 137.7 131 103. 3 129
% 34% 12% 19%  -25% -22% -10% 2% -21%
% 02 A 39.0 231 104. 5 170 231.9 78 134.4 106
% 88% 34% To% -15% 31% -46% 32% -35%
% 3 @ 44.3] 232 108.2|  206| 183.1 14 g7.0 136
% 114% 34% 81% 4% 3% -21%  -14.3% -17.1%
% 4 @ 381 247 137.8] 161] 158.6 98 o1 153
9% 84%  43%  130%| -19%  -11%  -32%| -40.8% 6. T%
IR GBEREARHEAMBETHAFH IR AFERBELE
HEAGLAE 2284 HEa oA LR EBARRATE | BIES
(X > 2007)
Mk k2. 2XELRBI&K
SOLUTION CULTURE AGGREGATE SYSTEMS
(“TRUE HYDROPONICS”)
INORGANIC MEDIA ORGANIC
(“HYDROPONIC™) MEDIA
NATURAL MEDIA SYNTHETIC MEDIA
1. STATIC SOLUTIONS 1. SAND 1. FOAM MATS 1. SAWDUST
(PUR)
2. CIRCULATING 2. GRAVEL (POLYURETHANE) | 2. BARK
SOLUTIONS
(NFT) 3. ROCKWOOL 2. “OASIS” 3. WOOD
(PLASTIC FOAM) CHIPS
3. AEROPONICS 4. GLASSWOOL 3. HYDROGEL 4. PEAT
5. PERLITE 5. FLEECE
6. VERMICULITE 6. MARC
7. PUMICE 7. COCOSOIL
8. EXPANTED CLAY
9. ZEOLITE
10. VOLCANIC TUFF
11. SEPIOLITE

(Olympios, 1999)
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Mk & 3. HREERRBEF (A R/1000 »F) (% > 1986)

s E 3 HE i & o
Ry B 45 118 91 165 1, 180~1, 776
R 6% 49 606 484 848 606~909
W B — 4% 7 62 107 T7~116
5 BE 4 492 394 689 492~738
BB — 45 84 67 118 84~126
S48 20 20 20 20
oY B 1.2 1.2 1.2 1.2
f1béE 0.72 0.72 0.72 0.72
% BR £F 0.09 0.09 0.09 0.09
T B 47 0. 04 0.04 0. 04 0.04
48 B 4R 0.01 0.01 0.01 0.01
pH 6.0 6.0 6.0 6. 0
EC(mS/cm) 1.4 I.1 2.0 1.4-2.1

Mék £k 4. TS B R R &R E BB LK

Blue light Red light
cm lux umol/m” - s coefficient lux umol/m” - s coefficient
20 12943 27.04 0.0208916 1704 28.48 0.0167136
40 971.1 19.664 0.0202492 1147.2 16.808 0.0146513
60 626.3 16 0.0255469  806.7 14.064 0.017434
80 462 11.44 0.0247619 603 10.504 0.0174196
100 441 10.8 0.0244898  477.5 8.104 0.0169717
average of co. 0.0231879 average of co. 0.016638
white light
cm lux umol/m” - s coefficient
20 1737 29.58 0.0170294
40 1353.2 22.73 0.0167972
60 1068.7 19.41 0.0181623
80 779 13.76 0.0176637
100 623.4 11.53 0.0184953

average of co. 0.0176296
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