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Fig. 4.1.1. Different development stages of spinach flower bud.
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Fig. 4.1.2 Effects of supplemental lighting during mid-night to morning on the top fresh
weight and flower stalk length of spinach grown by NFT after 32 days from planting.

(Exp. 1)”

z : MH, HPS mean supplemental lighting by metal halide Jamp and high pressure sodium lamp, respectively.

y : Stanndart error ; n=8
x : Om, lm and 2m show the horizontal distance from light source and C means control

w : Exp. 1 ; November to December
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Table 4.1.1. Effects of supplemental lighting during mid-night to morning on the top fresh weight, flower stalk length,
number of leaves, maximum leaf petiol and leaf blade length and leaf width of spinach grown by NFT.

Top f.w. Flower stalk L  No. of leaves Petiole length Leaf blade length Leaf width
(g) (cm) (cm) (cm) {cm)
Cultivar (A)
‘Orai’ 42.8 d° 23.2 ¢ 35.4 ¢ 17.5 d 11.3 cd 7.5 ¢
‘Try’ 26.7 ¢ 17.7 ¢ 30.8 b 15.2 be 10.6 bc 6.4 ab
‘Active’ 18.3 ab 7.4 p 23.3 a 14.5 b 10.4 b 7.0 bc
‘Summer rider’ 16.4 a 2.4 4 24.0 3 10.2 a 9.1 a 6.3 a
Lamp (B)
MHY 26.1 14.5 28.7 14.3 10.1 6.6
HPS 26.1 10.7 28.9 14.3 10.6 7.1
Distance (C)
Om* 48.6 d 15.0 p 355 ¢ 18.5 d 12.8 ¢ 8.6 ¢
im 26.2 ¢ 19.2 ¢ 314 b 154 ¢ 10.6 b 6.8 b
2m 21.2 b 16.7 p 304 b 13.6 b 9.9 b 6.5 b
Cont. 9.7a 0.5 3 16.2 3 9.9 4 8.2 a 5.4 a

A * % &W * % % * % % * %% % * ok

B NS it NS NS NS *

C * & & * ¥k & * % ¥ *x % * % ¥ & % %k
AXB NS i NS NS NS NS
AX C ¥ % ¥ & k% * ¥k ¥ * NS *
BxC NS b NS NS NS *

AXBXxXC NS NS * o NS NS
z : Values followed by the same letter within each column are not significantly different at 5% level, according to Fisher's test.
y : See Fig. 4.1.2
x ' See Fig. 4.1.2
W

:NS and *, **, *** show nonsignificant and significant differences at P=0.05, 0.01 and 0.001, respectively.
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Fig. 4.1.3. Effects of supplemental lighting during mid-nihgt to morning on the
number of days to bolting from planting of spinach grown by NFT. (Exp. 2)Y

< £ X W N

: See Fig. 4.1.2
: See Fig. 4.1.2
: See Fig. 4.1.2

: Plants under the control did not show bolting.
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: Exp. 2 ; February to March, The experiment was carried on during 32 days after planting.



Fig. 4.1.4. Effects of supplemental lighting during mid-night to morning on the plant

ys after treatment. (Exp. 2)

rai under MH and HPS lamp, respectively
Summer rider under MH and MH lamp, respectively

Active under MH and HPS lamp, respectively
2

Try under MH and HPS lamp, respectively

ch at 32th da

0

a . . °

a
. CVY

form of spin
Aand B :cv
Cand D : cv
E and F
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Z : See Fig. 4.1
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Fig. 4.1.5. Effects of supplemental lighting with low light intensity on the relative
elongation rate of petiole, leaf blade and leaf width of spinach grown by NFT.
(Exp.2)*

z : Sup. ; supplemental lighting, Cont. ; control.

y : See Fig. 4.1.2

x : See Fig. 4.1.3
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Fig. 4.1.6. Effects of supplemental lighting on the
development and flower stalk length of spinach

: Exp. 3; June to July, Cultivar ; ‘Summer rider’

: See Fig.4.1.2

: Standard error ; n=4

: Flower bud developments were classified to 8 levels.
Flower bud initiation - 1 or 2 ; Flower truss initiation - Jor 4
Flower truss formation - 5 or 6 ; Bolting - Bor?9
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Fig. 4.1.7. Effects of supplemental lightin
‘Summer rider’

sodium lamp on the auxin concentration of spinach
grown by NFT. (Exp. 3)%

z : See Fig.4.1.6

y : See Fig.4.1.6

x : Standard error ; n=4
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OHNAMH, HPS, LPSIZ& - TIFby, HEH OMURES AL & FERICMEO J5 3 A% Sl

DX L LTS, Lve, SR2ZOMBOBLEDIC L A ADGEROR RN &, R
L2 B ORIZIVIE, TSRO B UL Lo &0 BTN &
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ERAAEE E T SO ) TRIRADRO B, AROGTH BB I f
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WA WO kS TR VDS X N A 2 BRI L TR YD, @l (1993) i, R
L 2 SO OETR Xt & Ule, ARBRICEWT, HPSO AAMEL )
BIOGEAT B 2SR LR LA S - 2R & LT, RLEDN, Wtk
A ATE ST, JORNEEITERFILIEEA KT L 2 DI
L7sino 7o i, HPSH B WEMHDWENONE S, & 5 BIEOHtpIEOZE
4T, COBARFIEDE A EE AL, 5 E U THPSD Sy T o3 il
X7 AR NG, HPSII O N T A LIAPPFP3XREIETH b, MHO1/3:
T H 5o COREOHFIIETHBH, EOMIZNTHT HHREAE N HD LN
b,

A L) T OIS T B AR A LD O HIT T L - TR D, A
B A —F 4 hFA THHPSEMHDOZEN K E C, HPSD A7
Xnte -, MHTE, BETTOIMEODETH -7 JOI LIZD0TE, il
St k5 1IZMHOD B ERIREHPS L0 B, HOERMETH » THARMISHZ N
AR LT UE - el EMEA SRS, UL, iR - 1] (1993) 2MEIT 549
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AU ISR UL O NI ORR E, AT ORI R TOBWERADETH 503,
B AT - 7o I8~ 2005 & 45 0, W Sic sk Ly o OBR A 12
Bl R TWhA, 2O RIFE0OpMEdE X P9 O BRBES T, MHTHIDGIC
AR TS AT b B B 4, HMEETHD TIrTra T
CHSUNC Y= T A 7= THMH, HPSOULFHONE & &G & - Tz,
A RN F OIS DRRTIE, AT A 1IZBWT, WS
DHPSIC L4 HEAHDE T OIS E THEOMHOY S EBRIEICE - 70 oo
PRSI PR SRR D0, MEIZ L D BEHEAHIDET b, 70 T HEDOEMIET
TEAL U 0D D& &, TR FASI2I58) & B2 A & LS @l & W) Jl7Zn L
TR~ HOZMTIE, SYERFIOYEHPSIC L B AL T OO E THHEOILR
JEL BN 5 7o E S 2008 MHE, WO D FUR H R & OBREESA:
IR DO DT U0 d XA, R L2 RIS A B ED GO VE O §E
WA AT LTINS D &R BB LTS,

Wi DAL Ik LA —F 2 v E OB AT b (Gasperetal, 1985) . Zh
Ik &, RORMOMIS DHEFTS B, NAA —F 2 B LT L7,
AL AMEDHEIT Uy 7SS D AEZE DM & & B ICA —F 2 VIR AT 5 & &
T A . AGRBROE S, A —F 2 LiBIE, HPS « 0GR K 5 BRI G
B, AFFENC AL, SHE T4 HOBR X 0 bEEMETF Lt O DX K D b
P AN SN - 72, Morre et al. (1998) #PBeltamine etal. (1993) if, WAA —4 2 ik
JEASEN HE AT O LMD D & Ui Fh, &N (1996) i, Ao
VI VLA T A& O R L ORI OII E S O AR
U, AES MO LBl U oA — F 2 B MU DO THLERMIAE 95 b DT
HDE#Z . KRBT, WG & BHPSEERADE TR M Im X L O HHH &
N0l HPLIAHBOA —F 2 VI LRI XD O TH S Lt Eh. &
7o AmX &K T A — F o VI 5 1S, A —F Y v, AEEMEI
¢ ETHIAMIIEN U £ A, ImKTHSMEE S N e A —F 2 v & F
FoAlDWIRTH B LN,

L EOARBROSERAEE LD D &, LUFO L) BRI o7
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Table 4.1.2 Total day length during experiment.

Natural day length Total day length
under supplemental lighting

Exp.1

Oct 12hr 23min 20hr 23min

Nov 11hr 28min 19hr 28min

De¢ 10hr 59min 18hr 59min

Exp.2

Feb 12hr 00min 20hr 00min

Mar 12hr 59min 20hr 02min

Apr 14hr 07min 20hr 07min

Exp.3

May 15hr 19min 20hr 19min |

Jun 15hr 48min 20hr 48min

z : Supplemental lighting was irradiated for 8 hours from
23:00 to 7:00.
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EANIAEE S LD AR & DA L 75 - T,
3y R L O, BUETLORFUL &R RIROF MO DY, R Ly
O OPICEE A IRGE T AR L - TR D, FRCH G T ARUVIEHETH,
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Sk AR Ly O O M A RN S R E LT, KB OFRD S
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CWATE RO TS T T 4 77 OL ) RN RO BRI S
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F20emiZ 78 5 F TV - 20080058 4 . BEEAIDLARET IS DT BRI, iY
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Amﬁ@%%,H%Ki%ﬁ&m%%yﬁ<&%wumeﬂ-ﬂaLwﬁmﬁf
W52 &ickh, 16~20 [ HERE IR U OERESISI /202 il T 52 &
AUR XN, GERTERLI6~201 & WIS, BRI X SRR A FE A D &
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BORL D EERIRTIENTEIL

-114-



4-2 WERHENARI VYO OEPHMBAA VRBECRITTER

S L AR LYY EOWERS Y S ENOMER G FN TS,
NOHUEE & 6 UTNOSE &8y, SIS B AT VW TH 5 =
ROy T R UREIRT A EDH B EXNTUA (Craddock, 1983) . ZO7eedA 7 »
T B ONOME I AV E O AN 45 - T Y (Gaudreau ct al., 1995 ;

Van, 1986) , L ¥ Z TG 10D 7260 I NOH IR IE OARU SRR s T h TN S

(Reinink and Eenink, 1988) .

T, WG R, BEE i A Eh A EH O T v e T BEH (NHe-
N) OEGERDTS Sk, EEHOPNOMIE LT 385 2 LTS
Zo(H - oA, 1983) 0 LaL, R L oS, NOGAREENIZURING S

(Ikeda and Osawa, 1981) T &, ERIOTECETRT ONOKGRIE % )b S
BOUEEE U, ), BERl PO R EHUK 2L LS A KOS, IRETE R O LR
BRI L AR D ONOS S AT X, HERY D 5 TN ORI L2 A b S 5 ik
bz ohns, UL, THislBesi - o &2 A, NOUWK AR 5 720IEH
DRI D, MO B S NS H T LAV L. UL, Siai
I ONOY I ZAK T X WA BINT, HNOMIER LT SRS EvTah
PR X DA OB N W EEL oD,

NOs (AR IN TNO Z #88 TNHa A~ &iﬁjcéﬂ%fﬁ, Zh o DEGEREFRIOGTIH AL
ENLI ENASTTIS (Lillo, 1994) . F45 oid, RO T KH ONOJSGRLLE
LT 24 10 & U Fo Bl PINOS B A0 & RIS, PR s TR Ve b S 7owil
ACCHIT & 5 B DI A AT 0, BN B INOSRIR IR KT S8 5 Z L 2B A
Fo A S THRBRTIE, EHEERTH ONOTR B O R L v 7 OFPNOSTRICRT &

(X5 2 EA NI AL AT, A, HEOMHETNO LS & DI ERNE 7T

BT~ DB DT L7

4.2.1 MEBIUHRE
Tl b L OB g - EBIcE, B AT (P F AR PG L. RE
WT, BEHLE LTy 70— VRERE E #7200 7 5 77 b LA ICRERE L7 77
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W& U7, OGECERBOES 7 (D400, WEZ A7y 7, il KUM&PE =
MDY | @I R U™ AT w7 (NH360, [i], [RIESEHPSY | WES A7 v 7 i
HIDZ O 305 7 (ESBL) A Ui
KB NORELFERBHONENEE & HBEPNOREIIRIZTEE

19954110 5] 28 P 24 U Fobiikic >0, 1112000 S 113270 & T, NOsERk
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WA A KT Ut R I ORI TN, KA SEI T A IRAT SR 1 S
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A100mlz A R 7w 7 Ute. #O#%3000pm T4 OsM L, < O 1R S & KT
CABLAS pmD 3 ) RT T 4 N —TAHBMUA b OEMLIEE Ut Az T

X, NOGPEDM@EAAFA v InT b 7774 —IlE->TIT» 1.
#2E2 : NOYIRE & R B OXMBENH R TNOREICRITTRE
1996411 H 5 F VAl U 2o ik 1o >0 T, 2H28 0 62H6H % T oS H MINOy Rk %
F o7z, NOsERFEIA D &b, MHA G & LTPPFD TS0, 150, 250z mol » m* -« s70
IR AR & B U7 S AR & AR K B . A OLRRBEALELIX & H O
(06420 & U, AUEREALAHR2, 3, 48 FNC i HiA stk DR L, A
AT SR, B SRR IEY, ERROM R PNOTREE R L7
E4 KR NOa'ﬁﬁfc‘:b’E&?ﬁ%ﬂ\’ﬁ%#ﬂiﬁmiﬁiﬁﬁﬁﬁﬁ (NRA) iCRIZTRE
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e Ure F7z, I ONAEIEIZ 20T, B =0A pzs Bl i % i
(SPB-H4,  F5itfein ok oile L.

422 & B
STERT ;i NS IEE R SUNIERO WL D, NOSTREFKIZINO i 5 X 0 70~
GOWFHE H 78570, UL, NOSHEs, Bk &b, B2 C LMW o8N T
A st (54214) |

NOsBRE Ll koo THE IS o il 2 h 7e GE4.2.00) M R IE T,
NOs BRI 20 FI Tk, NOSOIEC £ BN b oD, 400 H L TIRAR 25203
K& LAY, TR TRENOS R BEEE TNOHE X DS5T% & 78 fo. E 1z, NOHE! S
BT I A= 1T - 7oy, NOSHiS - SEMEIK & bl U 1 U QB L7, -,
NOR IS I A HAOBI OB/ h XD - 7.

NOsER £, TR E - TIEOH M PNOS B IEIKTF U, & ORI EUY]
BT TN T A XD - 72 (54.2210) . ZEG OB, JEIRUIX T, JHEHTNOY
WAL 112 1712ppm, 4~T 11 H T E600ppmih &S F Uiz, — JiIRIIKER

T, 20 B O RNOy EIE A0S 1ppm 70D, JERMK & D bR F LA &
Fo, EROBE, WRYIK O THNOS IS H H T6114ppm, 411 HTHE
4504ppm, 7 [112133534ppm &AL F LAzt U, WIIK THGII & » TEV I
5 bHOOVET2H I TS100ppm, 40 FHTIE3932ppm &, 41 H F TRAHYIK LD
BALCHER L7o. ULy PFHETINOS i8IS 1259 B A0t o s DL T, oM
MlidA SN - 7.

FERD - WX TROTNONHRE THIREHCEE U, & uan % T IR &
MEWRI K &= DT EINE A FRD oh i - 7o (F— 7 REHD
FRENOY Y, G, R E D, NOBREERSGMIT L7y, %@%ﬁ%ﬁ[éi)t@

117-



811~

Table 4.2.1. Effects of NO3 removal and mid-night lighting on
the growth of spinach plants at 7th day after treatment.

Treatment Total Maximum leaf
- .z ~y _ number  Length Width
NO3 application (N)Lighting (C) of leaves (cm) (cm)
+ NL 15.9 (100) 25.5 (100) 8.4 (100)"
+ MH 18.5 (116) 25.9 (102) 8.0 ( 95)
- NL 13.0 ( 82) 20.3( 80) 6.7 ( 80)
- MH 15.0 ( 94) 19.2( 75) 6.1 ( 73)
- HPS 14.3 ( 90) 20.8 ( 82) 6.9 ( 82)
- BL 12.9( 81) 22.3( 87) 7.0( 83)
N effects =% *% xe X
C effects NS NS *
N x C NS * NS

z : + and - represent nutrient solution with or without NO3,

respectively.

y : NL means natural day length, and MH, HPS and BL mean

supplemental lighting by metal halide lamp, high pressure
sodium lamp and blue lamps,

respectively.

x : NS * ** show nonsignificant or significant differences

at P=0.05, or respectively.

w : Percentage of values under NO3 application + and lighting

NL.
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Days after treatment
Fig. 4.2.1. Top fresh weights of spinach plants after
NO3 removal and mid-night lighting starting.
Zz - Standard error ; n=6.
Yy . See table 4.2 1.
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Fig. 4.2.2. Sap NO3 concentrations in leaf blades and petioles of spinach plants after NO3 removal

and mid-night lighting

z : Standard error ; n=60.

Petioles

Days after treatment

starting.

y : Vertical bar and NS show LSD and non significant difference at 5% levels among

NO3 depletion treatments, according to Fisher's protected LSD.

X : See table 4.2.1.



1l B4 OGRS - TIE - 7o (4231 WHOBEA, TP NOTE,
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137NOs mol » gfw « WTdh »71-. £O%, 20010705 &, BYKTHE, 140NO:p
mol « gfow.’ - b &, NOyBRFEPIANF O BEFRIHVEE MRS L7 DI LT, eI X T
LBN&umﬂwhﬁ-WK%Tbt‘MM£,%@%%WKTB%FLK%@@,M

PIK & D EEvE A iR A i e s L.

NO:BR 7S & O AL, SRV PNOTIRIE A2 b/ (H4.2.404) . NOy 33t
ok, W, mww&&%,Nm@%wﬁ%ﬁTbtﬁ,mmvmmﬁ@%ﬁﬂ&&a
s - fo. L L, 10:000243, B O IEE i HNOs T SIE I ERA X D &
N & D BAL < A AN s L.

HEmibAsR 2L E10)fﬂ‘:&ilﬁ%flﬁ*@j’tﬁﬁ'fi%fféwﬂ()umol- s T8 o Fo (425
) . T, RO £ 5 T200 g mol « m® - s T S TEBRT WAL
72, '

423 # K

$vvyv7®¢ﬁuﬂﬁﬁmmm%£m;qfk§<WMéMhﬁ,Nm%%%Z
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%) . LAl T ORI, BN JAHET &5 EnTERE, Y 5 7o
I§ FEd NO::rr:f@ﬁLu\—rm///r?%fim’f% hEELOND.

Becker er al. (1992) #5 J U Bergareche et al. (1994) 1, NRADS, 74 b7 o—4LIC
b o THIENTULSS AWML L TS, ~H, 74 b7 VA =N N - AT E e
Dk Tl AR BT, AMRTHEROWE, PR IR O Ry L ) 7 DE
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Fig. 4.2.3. Sap NO3 concentrations in leaf blades and petioles of spinach plants after
NO3 removal and mid-night lighting starting by MH lamps.

z : Each value means the light intensity (PPF); g mol « mZ. 57!

y : See Fig 4.2.2,
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concentrations (bar) of leaf blade of spinach after NO3 depletion

and mid-night lighting start.
x:See Fig. 4.2.1.; n=6
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Fig. 4.2.5. The photosynthetic rate of spinach during
the lighting (02:00) by MH lamp at the 1st day after

NO?3 removal.
x:See Fig. 4.2.1. ; n=4
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