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Plant growth and development affected by variations in light and dark periods generally
have been studied under periodic alternation of light and dark periods (P). In other words, few
studies have been conducted under non-periodic alternation of light and dark periods (N). We
classified N into six types according to characteristics of light and dark periods. In the present
study, NA (one of six types) was used as the experimental condition. The growth and
development of tomato seedlings under two NA treatments (NA-1 and NA-2) were compared
with those under a P treatment (light/dark periods: 12 h/12 h). Under NA treatments, one of
28 integers randomly generated in the range of 2 to 22 was allotted to each of light and dark
periods, being resulting in each of integrated light and dark periods approximately 168 h. The
results showed that fresh mass and leaf area were on the order of NA-2>P>NA-1 ; dry mass
was on the order of P>NA-1=NA-2; and stem length was on the order of NA-2>NA-]>P.
While, the number of differentiated leaves before the differentiation of the first flower truss was
not significantly different for all treatments. In short, the growth of tomato seedlings under the
non-periodic alternation of light and dark periods was different from that under the periodic
alternation of light and dark periods, while their development was similar to each other.
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HEYIIZ, BERROBEEERG L TEBHRL S
HE (FEREFEHM) 5% (Thomas and Vince-Prue,
1997) L33, %< OWETIE, 24 BHOHEBOR
HEBPEMOET 2 b - L bEET 2 LRRIAT
w3 (2 E, Ketellapper, 1965), @z 1%, b=+
(Lycopersicon esculentum Mill.) OBEZ¥IE I, 12 B X
T A8 BRI & D & 24 PRI OBARE AR (BERSHALL 1: 1)

TIHBWTKERS (Highkin and Hanson, 1954),
Fie, 18~36 BFREDEICHB VT2 H LR3I,
Wb D D7 IARE A (IREHALL 1:1) TiX, 24 REREEE
BEAHTTO I PDEEN b b kERS
(Went, 1962), &SN T3, b= bULOHEY
IEBWTH, #7747V LA (Cassia nomame) (Satoh
etal.,, 1997), = ¥ (Pisum sativum L.), E—F v
Y (Arachis hypogaea L.) B & %' 4 X (Glycine max
(L.) Merr.) (Tukey and Ketellapper 1963) TREEEDIR
EB v T3,

Corresponding author: Hiromi Toida, fax: +81-47-308-8841, e-mail : m02u8308 @ green.h.chiba-u.ac.jp

Vol. 41, No. 2 (2003)

(69)141



FRo kS nBEESEOALEBE LT, ERICE
Yemggtic X b EMbAMEE S 1L B4 (Photophile phase)
sl E RS £ 3 {EE S Ll (Scotophile
phase) 7257 2 24 BREOWEY XAWBFET 51
BEMEASREE X M TV 2 (Biinning, 1973), Z Oz b,
54 9—3% 7N (The external coincidence model)
AE—22E 7 (The internal coincidence model) 7
CHRERIES LTV 5 (Pittendrigh, 1960; Pittendrigh
and Minis, 1972), RO Z D X 5 BHHFEDOE <,
BRI OA BT RIZTHECERL TW 3,

S, BAHA, BB L USCREEERCERIED
I EME e AR T COEYERE BT 5H5RD
HEMNLENTVLS, ATNKEEHG AR OHEE
HoESIc kD, S (Goto and Takakura, 1985)
BX U VHEAr (Hashimoto et al., 1987) 7 ¥ DHEA
1 L UREAEE T 2R AN TS TEY 2 4
BRI BTz, FOHE, AIHE
PRATBIERE ST, INETOL D LAY
PFTEL, BRARTREEL ZRVHROES), oL
ZIFEERE & X BT v Y AE LT SRR, 84
B RIZTEELFL LU L T L L,
IhETE, Z0X52HAROIERANALEFIEDOL
BrRZITEECEE LIRERRDZ 520,

EWETR, 27, BEORAMS L CEREER %
EHE LU, Ric, HBOHERER = ZORBEICLD
6DDF A FEHBE LI, KEBTIE, TOEEB LU
SEb EO%, BREPEFELHSIILEHTTO
EHOEFTCHETIMRER L 2ANLLT, B
H, WEHA, BEESHE® &k URSAHASMEROME, »D, W
B B 2 AERELEFR (LT, PPF)o—ED
FEHTHTICB T3 b M EEOEE 2HKO R
FETOZN LB L 7.

BRREDEN S L UEAMEHOER L t DS

BARE, BAHA, REHA, BRI Y OERE I L o
CH®7 % (Garner and Allard, 1920 ; Hillman, 1976 7%
L), #2T, XWX TRE, ThoEUTH~E LI
WEET 5.

¥ F35 300~800 nm D LB E RIS DN B FH
BOymolm2st FDREVEZIRHEE XV, ZOH
FHRI A X, — 7, BEFHES0 gmol m™? 57!
DLEEEE LV, TOREHMERETNL L& BN
LIk S OB L X0, {5, BEHL
FhucE  BHEOM A & X5, Bls L O
BERT 2HERRPFOLEB L LU, HE» OFHES
NEEE LR SRR SN LB D S,

BHA & URSHEARE R T AR TICE T, H5H
RT3 T OB ¢ o3 3 EEBERRE O
EFHS(D0EEFOROL S cFSh, THID
DEDEHTH2HE, T 2HBEFHRL LT, BEEH»
FEHAZSEh (Periodic alternation of light and dark
periods) LT3 &5 5, fliih, EBIFERHE DX
BFHEOELHN () RO XS EERShRWH LS RIE
DEHK T HEE L2 0EE, PR FEREZE (Non-
periodic alternation of light and dark periods) L T\»
5LED.

f=r+T1) (1)

HHRE O EEAZEI T Cl, BHEA, TEHL BB LU
R E I —EOE E % 5. i, HEEOHKEHZE
BTTIR, o035, | DB ES—E TRV, —F
T WEOFTNL, HFLAHFICHETE S, B
B EBHETRNONETE R —ED & &, B,
FEHH, HARSHERS X OREEBEHICEEBOER ThThEZ
3Ty, HEOFAPEEHON Y - BUTO

Table 1 Six types of non-periodic alternation classified according to constant/non-constant

value of light, dark, light-dark and dark-light periods.

Light, dark, light-dark and

dark-light periods were defined as the factor of alternation of light and dark periods.
For schematic presentation of six types, see Fig. 1.

Type Light period Dark period Light-dark period Dark-light period
A Non-constant Non-constant Non-constant Non-constant
B Constant Non-constant Non-constant Non-constant
C Non-constant Constant Non-constant Non-constant
D Non-constant Non-constant Constant Non-constant
E Non-constant Non-constant Non-constant Constant
F Non-constant Non-constant Constant Constant
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Fig. 1 Schematic presentation of six types of non-
periodic alternation of light and dark periods. #:
time, «<—— : constant factor of the non-periodic
alternation. For the factors (constant/non-
constant value) of light and dark periods, see
Table 1.

6 DDF A FIHETE % (Table 1), BAREOIEFEAZE
B0y 47 A, REH, BAREHEAYS X UNREEAHARS,

Fhrh—ETkw(Figl), B~ERZho6D5H0
1 DB —E TR, BOII—EDMEE L, F 120#s
SUBHBZENETh—EOETH D, HEHS L U8
BN T —E TR, &8, A~E OIEFAIEH
REFICFECEBTHVELR, FOFRIZEROE
BThD, 2L, HEOFFHEHOEEICB VT,
FE$T M 2EBECRETELZ 20, HLHM
ik 5 FIRARBOERABEEE TH2 L LTHKS.
B8, FWXOLD T, FREEHOS 4 7% 6 DI
SEU-AR A, BERRECET 2R IR
Tz 5,
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HHE L UFHE

1. #REMHRE LU OFTREE

{EEAFETE, b=+ (Lycopersicon esculentum Mill.,
CRRE BRKRER) L7z, 128D MLV B 2X2 N
WYY i, BE (FFFELS (B Y4, v
v —EHEER)) ZFTEL 0B IEBEL, [E25CH
X UHERHEE 80% D&M T T 6 HEBH L TFENE
BIL7: b~ MNEEREYMEE U, BE»5 3 HE
TIEGREHA, ft < 3 B % PPF 150 gmol m2s™! (OE
B Y UZel 6P, BEER B BT
(FHF32EX-W, fATEREE (tR) AV,

2. WMIBRMGE LUHE

RO EHEEHX (PKX) &, 2 >0HREOIEFEE
B (NA-1 B X UNA2RK) o5\ T, MERER%
OHB: LT 4 HEME LUz (Fig.2), 22T, h
5 DOIEFMPEENI Y 4 7 A WThHiz B,

PXTix, 12FFMOHEB LU 126 ORBHENZ
L, HERRS X UEERIZThZh 168 B &
L7:. NA-1 8 LU NA2 XTI, BB X UBBH» S
YFLAZERL, NEHRMGPOREEL X OHER
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Fig. 2 Patterns of alternation of light and dark periods
during 14 days of experiment in a) P, b) NA-1
and ¢) NA-2. The numbers above the square
wave express each light period. The numbers
below the square wave express each dark period.
Light-dark cycling period of each treatment was
repeated 14 times. Photosynthetic photon flux
is abbreviated to PPF.
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HBPROZNRS LIZIFHELL, »D, HROZRARE
BHELLEZ LS L, 20Ok, BHEAGHE
(Lehmer, 1951; (2) ) ZAWTNA-1 8L U NA-2
KOS L CRBIAEZRELZ. 22T, ) Rpo
F¥aB XU mix, Lewisetal (1969) DIREIC LD,
ZHFR 16807 B X 152147483647 & L7z, Q)RFD
¥ E Z, % NA-1 X }X 1000000310, NA-2 K i&
1000000732 & L7z, (2)R» 5RDILEHTD 11 Hp
538EE (3) RRALT, BEHOER 225220
BRI I ETNER L. 22T, pBE g 2 FNT
N2BLT2 L BonEFHRS L UEHEOE
e, ThENEEE LU E D BT,

Zpn=a+Z, mod m (n ZIEDEH) (2)

z,
Ly =(g—p) ~2254 P (3)

WIEHARS R DB D PPF, SUES X UHEHEE %,
ZR7ZH 300 gmolm=2s7), 24°C BL U T5% L Lic?
O—AF ¥ N (34 b boy 3HN-MLA #, kT
%= (BR)) NTh MEEZ2BRLE. HELLTAA
AT (FHF16EX-W, MTEREE (Bk) =
Auwi, REOSIBIUHEHIRSIAT—AAvTF
(H5S-A BEX U H2F-D, FAuy (B) 2HWT{T-
72. 0, 6 BLU 11 HECHEENL ALYy b, ER
@R, N, 120mgL-!;P, 30mgL~*;K, 160 mg
L) %, 3, 98X U 13 HBEIAKE, ZRLEFLERED
5527,

3. AEBLUETE

4ikE, EMEBIUVUERR, ZhPh 185014
HEZHEL., EEHES L UEREREZ, Theth 14
HEIZEZEL]:, 0~6 B LU T~14 HEOMC BT 3

EWMES—ADOHMERE (LT, RGR) &, (4) &
IDEELE, 22T, (HRPO W, B&U WL,
WBXULBECBYSEYE (mg) L7 F11E
BOMuBlic b LA (UT, B1EEOEE
2O i3, MEEETERy MCBHEL N M EER
T T 30~40 BRI (20004 11 H 28 H~12 § 28
H, 2000 ££ 12 H 13 H~2001 4 1 B 17 H, 2000 4 12
A28 3~2001 £ 1 H 30 B) Bk L7, HIEL .
ZIT, RERCBT LY IV, MERI L
1207,
_ In(Wy)—In(W))
L—t

PPF i3, ¥%&F &> ¥ (LI-190SB, LI-COR,Inc.)
BLIUFYINwFA—F (TR6846, (BF) 7 F/¥
YFAM) BBWT, 0, TEIU 4B RAZEL .
KRB & OB R, ¥ — 5 25 BLUBESSF
RIBEE £ 4 (RSH-1010, ¥/354 T ARy 7 () &
FvT, AIEEHRT, EEHEMCEEL, v a—5 (RS-
1, ¥4 ZARy 7 (#R) ZAVCERELE,

EEEEEE LT, Ju—2AF ¥ BLUKER
Fuw 7L 3xX3 57 v hHgEERAG: AEKD
TEROER, RINEEEEREBLTHRELL. K
w3 L L,

RGR (4)

b ES

TBEU 4 BEIcBWT, £EEIF NA-2, P, NA-
1 EDIEI /N 7257 (Table2), THHIZBWT, P
BIUNA2ROEHEIX, NA-1RDZh EHRT
Kekoi, HAHIZBWTIE, PROEZEYES,
NA-l BIUNA2RDFNEHNTRERSR,TH
T4 HEHIZBWT, ZEIZ NA-2, NA-1, PROJE

Table 2 Growth of tomato seedlings under periodic (P) and non-periodic (NA-1 and NA-2) alternation of
light and dark periods. For treatment codes, see Fig. 2. - Meansztstandard error of 3 replications

(n=12) are shown.

Days after

start of Treatment Fresh mass Dry mass Stem length Leaf area Number of
treatments code (mg) (cm) (cm?) true leaves
P 550+ 15b 44*1a 54+0.1c — —
7 NA-1 420+ 14¢ 29+1b 5.6+0.1b — —
NA-2 590+ 18a 44+2a 6.01+0.1a — —
P 2510+ 100b 230t 11a 9:2+0.1c 64.2+2.6a 43
14 NA-1 2090+ 46c 207x7b 9.6+0.1b 49.4+1.0c 4.2
NA-2 2790+ 72a 186+ 5b 12.24+0.1a 57.6+1.4b 4.4

Means in each column followed by the same letters are not significantly different at P<0.05 level by LSD test.
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Fig. 3 Tomato seedlings on day 7 (left) and 14 (right).

shown in the pictures.

Table 3 Relative growth rate on dry mass basis (RGR)
of tomato seedlings as affected by integrated
timeés of light and dark periods during days 0-
6 and days 7-14. For treatment codes, see

Fig. 2.

Days after Tisninent Integrated time (h) RGR
start of codes Light Dark dy

treatments period period
P 84 84 0.33
0-6 NA-1 73 95 0.32
NA-2 88 80 0.38
P 84 84 0.23
7-14 NA-1 92 76 0.28
NA-2 80 88 0.21

Wik o7 (Fig. 3). 14 HHZ 81 2RI, P,
NA-2, NA-1 ROIEI/N e 2572, 0~6 HEOMIHB
i} 3 RGR i%, NA-2, P, NA-1 RO/ & Hoiz
(Table 3), fiA, 7~14 HEOMIZ B 5 RGR i3,
NA-1, P, NA-2 KDHIZ/ & %o e,

FERE, LBERIZL 5 FIZBRCTHY, 4L
L7zo7z (Table2), % 1 [EEOEFELEENMIZ, P, NA-L,
NA2 ROJEIZ, #h 2 93401 (FigEtignes
#), 9.140.1, 95401 ¥ &Y, PR & NA RizEi3%
ot 127PL, NA-1 XOE | EEOE £EEMMIT,
NA2 RDZFREHNTAL BT, RBB L U
BEIZ, HEOEENCE b w Fig 4 Dk > CEEL
7z,
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For treatment codes, see Fig. 2. The seedlings were grown in
each cell (31 mm long X 31 mm wide X 44 mm high) of trays (4 cells in each tray).

Four seedlings per treatment are

& =

JE4E, Biinning (1973) 23R L=ALE Y X A DFEE
PHEFTE L5 RMEBVBINTWS, Hiz1E, Hen-
nessey and Field (1991) % 24 B 0BARSEH (BHRS
HALL 1:1) TTEFEEA v 5 v X 2EGLRS
TBLIEBETH, MXESHEESH R Lok
KE/BMEE LD TEEET S Lo b, BERITIE
#1245 RRIRERO B Y X AEET 5 L LTe,
WY B TN 24 BERAEOBHBRY X221l
THEBRIGOHE X, WILFHET (Hennessey et al,
1993), &% (Buchanan-Bollig, 1984), # A ZHamEF
(Rascher et al., 1998) oW TR ELEbH 25, KER
EBWT, 24 BHOREY XL E—HLTWEPET
&, FhE—F L% WwNARLHERT 14 HHOEY
EBLUVEEENRLE-7E, E5LBIENTE
5,

—%, THEO&KE, wWES L UER, 4HH
OEFESB L UZEENEREOERPEH TICB L TR
Lo ERIEOWTIE, EROEBENEY AAE
DOBfFRD 5 BHETE Vv, REBR TR OEFL
EHT BT 2EIOEBRICIEESL TR, Th
W2, ERTOITERFRISDAT, KERTE
ENHRELBET L L REHTH S, S8, #
FD RSO FHEE T CITbh T & 2 KT, 28
HAZHIRE L v TP OEBER G %, AEOIERE
HEB T B THHAEL, ZOHRICEITEE
BOERPEET 2LESD 5,
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Fig. 4 Time courses of air temperature and relative
humidity after start of the treatment in a) P, b)
NA-1 and ¢) NA-2. For treatment codes, see
Fig. 2. Air temperature and relative humidity
were set at 24°C and 75%. The effect of small
differences in temperature among the growth
chambers was statistically eliminated by using a
Latin square method. These values in this
figure were measured in the second replication.

0~6 HH £ THOEEEIIZ NA2 K>P K>NA-1
RKThb, ~I4HEETOZENIENAIRK>PR>
NA-2XT®H-7 (Table 3), ftbF, 0~6 BHETD
RGRIZNA2RE>PE>NA-1IRTHY, T~14HE
FTOZNE NA-IR>PR>NA2RTH -7z, 1
BEoBINEF, EELMEEREOE RIS 2
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YEZONLIEH S, BMEBHBEOKNE RGROKX
INS—BR LTz EE 2T,

b b IZEAE AR (Wittwer, 1963 ;. Hurd,
1973) TH YD, HHEKGE | CEOFELEMICHET S
TS, fiF, 14 HEOXRER, NERKE
L &F, eEkca¥Pl Lo/ (Table2), Hurd
and Cooper (1970) ¢ XhiE, b~ PEREZFEER
OFIECTEESEHBE E N, 3WEHDOEIED 1 cm L
Fick ol b &R T CRIEFMEDIEE 5, RER
BT, MEARFICIEF ORI Lisdh o fo b,
BEN IR ETH 722 s, TEFHMbIEFES
HTWhLFEsh s, E1TREOELEEMZ, R
DOEESE L UEREEH TSV TEC B>l L
5, BBOEHS & CIEETEE T BV THESFS
(LIRS s h iz LR LT, fiih, NA-1 Xic
B 3E 1 TTEOBEEMNIT, NA2ZRDZh &R
ThER o7, BITEEOEEREMNE, FERBER
DB & Vo L BEEROLEFHORZE LR T®
4> (Calvert, 1957 ; Calvert, 1959), NA-1 KiZ B
T, FEEMBERICHI 2 0~7 HE £ TOREEREHR
NA2KicB i3 #h EEERTEM» o7z (Table3) Z
&0, NA-IROE I TEEOBEEMP NA2RODZ
NEHRTNERSTZED—RATHDL LE2LT.

KEEIZH VT, [EB X UHHEE IXARE O ZE)
ZEdRBEFNFREEHL, Ths0RgINAECH
Wi S —RAF ¥ NT LR ol FRLOEH
kD, BB X UBHEoKESEEVESL, T
BRRFNZN08BLU0TKkPa izl 7z, HEY
FERELEH LI LB FHENS, L, £E
BTk, 7V ERERRALTIa—AF ¥ NOH
BEECERTIEEZEBBECLTHY, ThoD
FERPHR U, A, K, P, NA-1 B X T NA-2
RieBWnT, 0, 3, 6, 9, 11 3 X013 A E DAL
EHRIEEFLZhTo /. #0701, PRTOLESK
EOEREHETH 725, NAROFhIZFE[Y
HThoi- tFHRENS, Th 6 OIEFIEBHHEY
DEBFREELRIITIURELDL I b, 51,
RO ADOEEFEMOEBT I RITTHEL X D AR
BT A0, DA OBRBRERE—EICT
LLEBD 5,

] ]

AEERTIE, UIHI, B5HA, DAREHAS X URRRAHAMME
EOE, »o, BB PPF —EOIEFEALTH T (NA
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