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Studies on the Control and Physiology of Bulb Formation and
Dormancy of Allium X wakegt Araki

Hiroko YAMAZAKI

Synopsis

Bulb formation and dormancy of Allium X wakegi Araki are major factors which disrupt its year-round
production. The present study has developed a new technique for preventing bulb formation on the basis of
bulbing response to red/far-red light ratio. Covering with far-red-intercepting film clearly inhibited bulb
formation of the plants grown in summer. But, the effect of far-red interception was less pronounced in
spring than in summer, which was due to the exposure to low temperature during winter. Low temperature
enhanced the sensitivity of the plants to long days, a bulb-inducible stimulus. Physiological mechanisms of
the action of abscisic acid (ABA) in bulb dormancy were investigated. A close positive correlation was found
between the depth of dormancy and the ABA concentration in bulbs. Application of ABA to bulbs delayed
sprouting. The plants treated with fluridone, an ABA-biosynthesis inhibitor, failed to develop bulb
dormancy. These results suggest that ABA plays an important role in bulb dormancy of A. X wakegi. No
antagonistic effect of gibberelling against ABA in bulb dormancy was found.

Key Words: abscisic acid, Allium X wakegi, bulb formation, bulb dormancy, far-red light.
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7 ¥ (Allium X wakegi Araki) 13, W7 V78X
UHRET VTHETH S P oSN TERBEXTH D,
HARTIE R FLRABICEEEL LTRSS, lHARZH
DIZEFEhTws, ZOoRERKS ML, Filfsas
HHEO/RDAZRKFOI ENS, BEERMAZ (W) ok
HBHOFHERE L TBEIATHS, 775 FEARTH
D, DAZRIZX > TEHT 5. FITEBSM4 TS
BIN50AXIKIREEGL, 0AFERERIER O
RELEZHAT 2 TICE—EOMMZLE & 5.
D AZEZRIA ORI B T 2 kA ST 5720
HEBBRTH L, —HT, FEREL TORRIMIEE
ETsE2BR T H B, —fiRIZ, HRIZEOLWTU X F
BEWAE Y AZORETHI L, BZlizEL, BFck
F U EESOERFERITH 72 0 AR EBKT 5 &0
SHEERMART. 9 AP aI» S 4 H LA % TOAR,
SRR D A KD Z AT IR O 35 I NS B B B A A
WA DRI & » THIKIEZIITA 205, BRS
PRZB VT AXNEIR S N B K, S B 54
PEL, FER & 75 2 UL & 720 0 A EDMRIRIRRBIZ &
5 EBIUOEREHRETOR O o ELIZ0 A
HEEIEZ 20 EOMEMSREETHSE. ZDXHIT,
T FREFCBWT, 0 AXEKE X ORI A
DEFLT>TE, 2095, KIROMEILH A
O FE TR AVER 2 I HE WK LB T & 2 ARIRF TR R ol A3 B o &
NrcZ &tk (EANS, 1981, 1991, & 2 FREM
wrEh, PIE»SEINTAEET 28 LOERIARRE S
T3 (hax - BRI, 1983). LhL, b AXEKD
FIEIZ DWW TR, K« JEEFEHIC K » THEFIREZK D,
DAEMIER SN BRNCINEST 2 2 LTI hzNE LT
W OBBURT, AR T 2 E SIS hTL
AN

HHRIZZ < oo EFRERICHHB L TEd o 58
LTHO, KIRSHITIET, MADOF, REEMNTE
mEMH B, HYORIRBVEOWE I L - THIFIS
T3 EWH B ZHE 1950 FERITIRFNCIRBEh T
K (HEMBERG, 1961), IRIRDAEFIEEREIC DWW CTOFEE
BEZIERD, ZORHEMRIET 272DICHZ S D
Bairbh T, PIOERTEE, FI, AR
£ U EORIIZB S % LHEE S 2 P8 O MLEL iR
RIC IZ TP S h 5 OB O WA L AL EARIRIRGE
DORFEMRAET 2 EITRESH, ThoDERD»SF
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TEDYVE MR ZHIE LT 5 & & R4 HRER 78 FEL
BRohih-7k, Lnl, T0%, lRILVEYOE
B P F P FEIRE AR 2 R ] U 7o FEe T b, BUE
FTiz, YA X+ X+ (Arabidopsis thaliana L.)
P t< 7Y (Helianthus annuusL.) 75 & O KKK
ORERIRICIZAIRILVE L DV EDTHBET TV
BN E B E AR LTOBE I EBPASMNITE > T
% (KARSSEN * LACKA, 1986 ; LE PAGE-DEGIVRY &,
1990). —J7, REBEMLAE OKIRAEIIZE S 2 HF5E D
EHE, EARROMEERICH~xTYEL, DAY
R 72 EDRIRAFFEDWHEIC K » THIISh T3 Z
EEMHIBIRTIHLZIZEA B o TORL, I7F
DY AR 2 EBBIIIER CNE TR EA LR
<, &2, DAXEROABEEHRIIONTE, FwxF
(Allium cepaL.) TOAXZEROFGEWHEB LS %7
NI DAAES 5 et TR ST 548 (HEATH
« HOLDSWORTH, 1948; MITA * SHIBAOKA, 1984b), %
DOFRIEI S MITE > THIEW,
RHFRITBNT, FEHERT 7 FO D AZERO HIEE
MBS LT 0 ARIE « IRIRO A FLEEHE O iR % H
WELT, UTOFERET-7. 1 TR, FEROZFTIC
AARIE, O ARDIERFEE SRIRIREZ TS 5 720
OIEEEEDT.. 1T, HE, WiEOEERES XS
WP AEEBICRIT T HEERG L, ZOMREDS
LT, MIZBNT, MEREEMATO D AL I
HEZDWTHRE Lz, VTR, 77 FOEEZIKRNK
43 Th B IEREE RO 0 AZKIERK « KIRIZE 1T 5
TEIZOWTHRE L. VT, 0 AEEK - (RIRDH]
kI 2H AL E OB EIZONT, EiT, TTY
P JOX ke NN ) O

7 FIIhE L, IREL U IR V0 B2 T E AR
PEL-TED, TOF¥HELTHATIE, Allium
fistlosum L. var. caespitosum Makino, A. ascalonicum
L., A. X proliferum (Moench) Schrad. ¥ & ¢
A. wakegi Araki WS &z, Lal, LHEOWTE
ZBWT, 77 FiExF (A fistulosum L.) ZREEIC,
vvuav b (A cepaL. Aggregatum group) #AEKH
RO IR CTH 5 2 & S e (%, 1984
TASHIRO &, 1995). 747 FORJEAZH S hic U 1R
(1984) &, 77 Fo¥BLLTRIGKHWOhTE L
FHDOPTIRA, wakegi Araki b Z U TH B &1
RLTWE, KX T, HROFREEHEL, HHET
HhBHEEYWPHEIZLT, V5 FOEHLELT
A. Xwakegi Araki Z{EH T 52 L& L7,

KX EEDEEDBITHID, KIHEBRYE g
KB &, - 7o R PR EBE R A e R IR R
ML L D ELS B L BT, i, RBPFEIC
WO Mt 2 52 TO iR Wl « 2R B
GEARMIEEERE M EBHEL, PHRoFThS LD F
EHILEL T TRIGT RS L JE 21 - fotRR=
E RSB (BUAEEWIRRD, JolF A Ve
AHEEREER AT L BURREERT)
DEDELS B LU RT3, ZliATEIcd Ry T
WK OB £ U, HORSHRLES

IS5, WHEOZEITICH, BHERIZIHEEE -7
TEBHUR e+~ & — % RmpsEmt, 1k

BRI EER AR L, R RS
Y& — ERNEBEL, SR nTRYIE IR

BLHW TS EW - ISR A R
WA E—IK, ESPHTE UL, ezt
L& D JELS BALHF LU R E9. BEAINEBE I3 R
BMEID D AZDATIT S Tt &% Uik,
MIEDFTITHI D, HeORE LEIHhENKEN
TCHPRARERET Y EIK, HIEOFR, RAR
R, SRR MR v ¥ — KRB —Mic b
FOESBHLHL RFEF. FHC, B> RICIESE
BROBITICARRIBEZRE SN AN ES% L, &
e, T 7YY VERES R ER B L BB E M %
znZEhPREL TR T Ly e 50O
Akl X =Ltk St E C sl L R
7.

I YAZDOHEE LFEMRIBE

I -1 cREAMEITH 277 F 0 AZOHES kI
ST, I -2TEVAXEIEKLIT r FOJERERE
BLIDAXDOEREE A FE T 5 72D DRI DN T
Bl R

1T MEELEBZYAZDERAE

AWIETIR Y 7 F REMRA 157, REFERA, “HE
B BXO T F AR L. Th S o RO R
ARI-1VIDRT., RUrF 379 e BEH» SEA
L7 A%, ZhUS ORI D0 TR LIRS
Bifit v & = ofRtlb 220, B « ARERERY O M)
THOE L 72 AR,

D ACEDBEGH « I IZAEARMIC LI T o Fikic#E Ui,
OHHFENZEMNMELTN, PO, KOZZNh T ay
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720 1.5~3 kg i fH L7z [z, b A %% 20~30
PRIE 20~35cm @ 2 A THAZ A, BHEET
Wi U, VAR S, M EEAEIRT 25 H E
HANCHRENR D B, &I 2T/, ¥ 2
W, Wi JOEEH REREL, WVAXETIZATy
7B OMEIIANT, EFHLEON 5B WEEL DR
FRgpCFRk U7c, S0 o DIEEEBETY, KL
720 ASEEMBRICHE L 72,

cm,

2 YAZOBEBSLUYAZEEK - KERDIEEZ

DAZEKETEIR UTe 7 r FOTERBYEIEZ ] ST 570,
D AZEDTEILHTE X VTERED 7 7 FOTEREA A LTz,
i, KL THH L0 ARICBET A HGES LD AX
DI RFLE % % 720 DRIz DT B,

a MESLUHE

I — 1R UZHET, 1999 489 H 30 H 2 & B3 -
RERBBHNOBBITEB LTy ¥ KEKE 1S %
el U7z, 0 AZEIERR O 2000 4E 5 H 11 HIC 6 #kE £
U, BN o >HE#HA L. 7, RItL
Bk ST D WM E1IRICRAZ Y 2a— ) 1A%
B, 64T T, ERRHSORKEL LUK
INGE, BERIETROAAE (CERIO TS 5emE TO
o) BXUOBF OO FHEFE L. HiF>%
RS 2 BEEICONT, EHEB JUEHRENE LK.
RO T S 2em DML O E S £ K EEITD & 4 M

WEL, £ FHEEEROES & LTk,

I —1ITRUZHEET, 2000 4E 9 H 21 HA o B -
FEABRBANOBBIICE LTIy ¥ KEKEL S %
B U7, D AZERKETO 2001 4E 3 H 16 HI< 6 #rE$R
WU, kid&RkoHRAAET -7,

b HESIUEBE

1) EGBYAEREBRICETZ 77 FDORERE
ORI A T 72 1D b AZKIE, BAEITIE 25
AU LD T Mo ARICER L (F1-2, K1-
D. Al E1IARICRZ 200 >Th, S >HEICIERS
SITHEFDELEMNA SN, FFIZ, D AXEREZD T D
WIZRBEZHOMEENFEAE LT (K1-2). ZhoDiFE
i, U FBEOGFOEATAIEER LTS,
53D OIER B D p KBS % i/ MR CTHEI - 7o fiid, 3 H
I6HXD5H1I HOAKREL, 5 H 11 H OSERIELS
ARTEIX 3 H 16 HITHANTRAGE,L -7z (£1-2).
D AEDEKFTH DT DB K OMF D AR T 51~
DEDILEAK 1-3, K 1—41T5R9. D AZEKITO
HETR, ERICHD2EHMEDOEGIITNTL%UT
Thy, EHIDOEZGOTNEN -7 (K1-5). F
7o, HEROESIEAETH BH 1 ETPORMMD - 728,
AT X BHEFERENEAONBE L7 (K1-6). &
M LT, DAZEIERGOE TIN5 LR, HEREMN
AT L, ERICHED 2EHEORIG I3 1~4 4
(EBAHE) TR 40% Wi TH - 7chs, 8 5~T7H CRE

Table 1-1. Comparison of morphological and ecological characteristics among four
cultivars of A. Xwakegi used in this study.

Characteristic

Difference among cultvars

No. of tillers
Leaf thickness
Bulb size
Color of

inner scales

Bulb dormancy

Kiharawase > Ginoza > Kiharabansei No.1=Murasaki wakegi
Kiharabansei No.1=Murasaki wakegi= Ginoza > Kiharawase
Kiharabansei No.1=Murasaki wakegi> Ginoza > Kiharawase
Purple: Kiharabansei No.1, Murasaki wakegi

Pale yellow: Ginoza, Kiharawase

Dormant:Kiharabansei No.1, Murasaki wakegi, Kiharawase
Nondormant: Ginoza

Table 1-2. Growth of A. Xwakegi plants at different stages of bulb development.

. Stage of Mas. diameter Min. neck . FW of No.
Sampling No. of of basal . Bullbing  basal leaf .
bulb . diameter . buds in
date tillers leaf sheath ratio” sheath .
development (em) a tiller
(cm) )
March 16  Before formation 31.5 14 1.3 1.15 4.9
May 11 After formation 25.8 3.5 1.3 2.83 19.5

“Bulbing ratio represents the ratio of the maximum diameter of the basal leaf sheath to the minimum neck diameter.
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Fig. 1-1 A. Xwakegi plants grown in the field
in April. The bulbs were planted in
last September.

(A)
@@ulgloo
3 4 5

1 2 3 4 5 6 7 8 9
L.eaf position (from outer to inner)

Fig.1-2 Leaf composition of an A. X wakegi tiller
before bulb formation (A) and after bulb
formation (B). Symbols of © represent
expanded leaves, and those of € represent
unexpanded leaves. Leaves with an asterisk
are bulb scales and those without an asterisk
are foliage leaves.

Fig. 1-3 Tillers and separate leaves of an A. X wakegt
tiller before bulb formation (March 16,
2001).

Fig. 1-4 Tillers and separate leaves of an A. Xwakegi
tiller after bulb formation (May 11, 2000).

BEE) T T7T~91%icHm L7 (K 1-5). FEHOJES
ENEBOIEIZ EJEL, HAEOE ST AZEREIN I
NTC2REULEEN - 72 (K 1-6).

7 F¥ OO AKEERICRIN 2B & LT, SR
HWOMAS L UERHMBIELEGNFI LA LHMELEL
HRLBEREEZ b OHEOMENED SN, ¥ XxF TR
DX BIEEARTER, M (FE 1964),
“EETET Ok, 1964a), “HEEE” (NPE, 1985) Lo
ZPRTHEEN, 2 ORISR THR—shTE 567,
EHRBWMIDITRIT > T3, £z, BSOS HREE,
DAZERKL TV EZREOEINTERI LGOS
% (GF4r, 1965b). g (1973a) (&, HEHE HEHE
1L T OEAHELERLTE Y, KRSCTEIMNE
DIFFRIZHEL, FEMNIEG XD b EL, o, EHEMN
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kgl TO¥EAE “D AZE” (bulb scale, 1—7A), %
BERH LD S EOVEES lEE” (foliage leaf, B 1—
TB) &S A, HIEE (1964) 1, EHE EHEL
W1 EO#ED S B, WHOREEEICTA SN 5 HER]
FBAEIE LT s “E@sE”, b AR
B ON B ERMLMAIE U iEs REZE, hAE
D NN oML T B854 “BiEFEE” & LTXEIL T 594,
AR TR INSOXFNEET, T “FWE &9
5. Fio, EOBRBIZBFREL D AXEMET 2~ D
EARTHAICE “DAR S0 HEEEML 5.

2) YAEERDIEE

RHFFETH Ui 0 AZKERDOIRERIC >0 TR 5.

ERESERE

D AKDFE « RFGZITBFRE L, DARICRET S
W43 % FERIEER (basal leaf sheath) &ME3s. HEHILER
DHREIZ D AKDREITHE - THIINT 278, Fhsm:
DU EOFBARL T B2, D AEXORERE
CVNCR CH O DRAG 1 LR S AR AN

N

BRI O AR A ERIEROR/ME (= EH%) T

60

A

40 |

20

Leaf length (cm)

100
80

Leaf sheath ratio (%)

0 L 1 i 1 1 | L
1 2 3 4 5 6 7

Leaf position (from outer to inner)

Fig. 1-5 Total leaf length (A) and leaf sheath ratio
(B) of leaves of an A. X wakegi tiller before
bulb formation (@) and after bulb formation
(O). Leaf sheath ratio is the ratio of leaf
sheath length to total leaf length. Vertical
bars represent SE (n=6).

H - 7o iz R FEE (bulbing ratio) &EFESs (M 1-8).
D AEDRERE AT 5k & — KR T S 12 i8IET
HY, BEOWIEENZDfEEERM LT3 (CLARK *
HEATH, 1962; BREWSTER, 1994). #<3xFLEDD A
RIEBICBE T 2B oM ETIE, BRIEE 2.0 LI Lo
BREOAZEKE LTS (FE 1970, <54, 1965a).

Y AEDTERK

DAL U750 S8 A U7 i ># X
100 2 D AR E LT, 0 AZEDTEBIRD A G5
5. 1 RDGFDICBT 2 W0 LOFEHMOIELHIED
HREL, BT ONOFFRHESR SN 5. F
NIz, HESGREEHREMITEFELL, DAELTEED
PREINSIEEEZRTEDOMENA SN B M, TDOHEIC
D ABEERTBIK LT 280.5 K& LT HABERKSE
ZHEIMT 5.

YAEERKE

0 ATEHEKRER D AZEONIIZHL LT N TOEEE
BWIHEKRELT S, Fib L7 0 AL EEEED T
BB AERT ERE AR SR T 5.

2.5
B Before bulb formation

2 |—
f4 Atter bulb formation
1.5 |-
'l —
0 NE
1 2 3 4 5

Leaf position (from outer to inner)

Thickness of
basal leaf sheath (mm)

Fig. 1-6 Leaf sheath thickness of an A. X wakegi tiller
before and after bulb formation. NE means
not examined. Vertical bars represent SE

(n=6).

Fig.1-7 Two types of young unexpanded leaves of
A. X wakegi plants, a bulb scale (A) and a
foliage leaf (B).
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‘(/,,Neck

Basal leaf sheath

—Bulb scale

Bulbing ratio=a/b

Fig. 1-8 Sketch of a developing A. X wakegi bulb
illustrating the basal leaf sheath, bulb scale
and bulbing ratio.

3) {RERDIEE

WRIR D FREE (3 SER AT DA AT p SHHZFE TOHEL
ICRDFHGT 5. HRd & OIER LA DI U 7o S8 A
EN—IF 254 bEANKEHM Ny MHZ, #E
Fy FThURIVRE LI 5 ZEZNOX > F RigiEL .
AT, EWHOYIRES O OWENHF T 2F T
O EABAEHFHBET 5.

0 YVAEERKICEIZIEE - BE X

BORE

T FEOAENEK SN, BERAETSANE KT B &G
EAME T3 272, LEEHEDTDITIT D AZTEBZEH
g 2EMiAKD SN TS, FIEE M Z T 570
3, &9, VAZRKOERZW] ST B I EMLET
b5, DAZERKT 2R FEMMTH 27 <R FITONT
FIhFTE L OWENTON, Hi, BE, s, b
B, hEOKSG, FEICSM, WAL R KOEERS END
AETERITEET 5 2 EBfIon TS (S84r, 1965a,
1971b ; Mg, 1973b ; Mira - 1984a;
LERCARI * DEITZER, 1987; BREWSTER, 1994). 7/ F
22T, HE, E UHBICLBEKGENDA
HIITES 5 2 EMlE SN T B0 (G745, 19785
ER/NIS, 1979 ; RARS, 1981), FMI7Z#EHIEEA
EfrbhTniz, ZoTid, HE, WiEoEEREL X
WLEMNT r FD ) ARG RIE T HEERR T 5.

SHIBAOKA ,

1 BREIVITEOEERENYAZERRICKIT T
£

=

TrEDOY AXE 6~T BITHAZNM T 5 &, WA

BRI DHTHZDAENBR SN S0, 8 A FAL
BEIHEZ AT 723580203, #ifcis b AKRERE TEK
INRBL, ThSOBRIE, 775 FOYAEEKICZHE
DEETHEERELTEY, ERNIS (1979 13,
T EDYAENEAMBIZ X - TERESN S 2 & %23
HLTWE., =v =7 (Allium sativumL.) ® Y AXE
EREEORETHES N SN, TouREicEsEdTh
i, DAXERIEHOE&tETHLFHEIN S G5 - @
197D). 77 FIIHO0TIE, HIEOKREEN D AXE
RO EHERMICHBET 2 2 E 2R T 28I H B0
NI« BB, 1980 ; 543, 1987), (RIG&M N E H &M
ERBIIRBTEX30D, HHVEEOMNREHETS
DABONRY SN TR, F, IhETOWET
& UM« A8, 1980 5 <F43, 1987), (RARALERIZA ]
DHARERICEESEZ HIETITONTEY, DAXEE
AT B REES SEH S TSR TLE D,

I ¥FOERHETH S /<2 FTE, EAFKMAICBT
ZMBEIIDAZERAEBIES 20 (INEE, 1964;
STEER, 1980), D AXIERHTIOKEEEIZZ 0%
H&MZB8 5 0 AXEREEET 5 (BREWSTER, 19
9). TOXHIT, LAEKBRITKT RO ZE NN
HBEOIC X D B2 5 2 &3, REND AXEROFEL L
HEFITH L TENENRBIREERIZTIEERLT
W3, I—1—aTR77 ¥ AXEIERDFEITKIZ
FTIKIROHEEANONIT LI EAANELT, VAX
TERL D BAIG LRI M8 2 IS 0 A RTERIC RIZ T3
B L.

a EKBEBICLZYAEERDIRENR

1) MEEBLUHE

(D D AZERD & H R RIE 3R EE D %

G D

1999 4 10 H 7 HIZ “KEBA: 145 0 b A AR ZEH
Bt [ UnEERSL 75T — YAV N—-140=1:
1 (v/v)] ZEEDIER 10. 5emD 75 AF v 7Ky MT 1
R OMA AT, RIKKER I5CU LOAKAEDON S 2
HTHTR. 12 H 2 Hh ook % 5°C, 10 Kl H
E& (Betadtotsr, PPFD# 20zmol m 2 s™Y) i
35 HIWiE & (KR, R0 O3tk L TH o A=
TH T GHEIX). 2000 4F 1 H 6 HIZHiLEE X i)
£10 Ry F&20°C—%E, 11, 12, 136 X 14 KA
5 (00 11 MER + el 0~3 ME) o A TR
BB L7z, ERHHONREE, AT KT T
(B> > 7 D400, HEZS5415 v 7, PPFD# 185
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gmolm* s 1), HYXIHONHEIZEBYT (PPFD # 8
umolm *s ') &L,

HEAEBLS 46 HZIR v b247ch 13 D&Y,
RUERX M 72 ) 10 50T D2 > WO TIERIRHUE & OV T
ERAEAEAMA Lic, 1, Ky b4 245D %E R
U, MBEIX Y720 20 53 FDIE DT Y AEDTEEIRI
A L.

(2) MAMTHED O AZEIIC BT T Ry RIS D %8

A% 2)

2000 4 5 A P ANCILEE - SRR, 25°C, WE4tETHY
i U7c REBE 15 o AZEAMR Lz, 7TH 1T dp
SO AXkEY v R—IFHIZAN, 1, 5, 10, 15, 20 BLT
25°COTEIREIT 50 H I Ui, s T#i, 4%
X 10 Bk b AZEARER 1 ERBRICR Yy MTHEZ, 20°C—
E, 13 HEOARNBMATRLKETE L. HE
DL — 7 OB & ABEKTRIDGIC K D, IR 11 K
il (6 :30~17 : 30) BXUHIEI 2 Kef (17 30~19 :
30, PPFD#38umol *m *+s ") iZHlfliLic. AilBro
HEZHR 1 ofERIcESE, D AZERITH LT
PR BB BN B S A 3E L e,

A AT 56 HiZIZ, Ry MY 15522,
EEX Y720 10 M DI DO TRIESZE, T2, Ky
FY72 D 3O &Y, WEIX Y72 30 43 DICD
WTHAEDEHRIAFAE LIz, D AENER S
BT, DAZERKREENEL 2.

(3) MAAT T BED O AZETE I KA 3 (KR E [

i GUR3)
2000 4F 5 H s AN INEE « FA%%, 25°C, Wi&PETliy

1

U7 KEBE 15 00 AEEAMAK LA, 6120 H
Mo AEEY UR—IVFEIZAN, HKR5COHEEEIZ
WAL, SCHENMA 0, 14, 21, 42, 63 XU 84 H
METEXREF T, SCTHHKOET HIBRUEX TH
—H (20004E9 H 12 H) & L7, IR TH, %X 10
RO AZEERBR 1 EEBICAE Y Michiz, B2 &fH
PR « HEZMEO BRI A TARERTEH T,
FiZ AT 56 H 212 0 A KO TE BRI % 38R 2 & BRI
AL 7,

1) HRBLUEE

(D D AZERD E HZREC R 3K EE D g 2

Gl D

MERIEBERX B KOHBX E S HEAENZEKR
Ehote (F2-D. 12FHLFOHETRKREX &xt
X DR RIERICAEZEZ I, - b, 13 KLU Lo
HE TRKEX O ERIEHIE SR X I N TIHE IR &
Mot HERERTAKREIHAEX E b HESRENZE
BEEAISA SN, 13 K H ELS TRERX o J5 5
Hh-7e (FR2-1D. DA 11 R H & Tl
X&BBRSNED 720, 12HBHETRIKEXT
DAY ATE RN 25% L7150, 13 R H £ TR
XD 0 AERRR ISR TE UL @b o7 (F
2—1, ®2—-1). L»L, 4EMIETREEXE XUV
XX & SITIIETNTOHT DI AENEK S e,
NERIEHS 2.0 LI T, D ATERKFED 50% L Lo
BaxEOVAZEKRET S &, KIBX T 13 KELL,
X T 14 RO HE T AZNERS 0.

12 RRILLF 0 H ETRAKEE S IR < b AR

Table 2-1. Bulb development of A. Xwakegi plants grown under different photoperiods
for 46 days. Before the photoperiodic treatment, the plants were exposed to
5°C for 35 days (LT) , or grown above 15°C (Control).

Fresh weight of % of tillers

Photoperiod  Temperature Bulb.mg basal leaf sheath with
(hrs) treatment ratio®
(&) bulb scales

11 LT 1.27d 0.67c 0
Control 1.41d 1.06 ¢ 0

12 LT 1.75¢ 1.97b 25
Control 1.71c 2.59b 0

13 LT 2.69Db 3.66a 100
Control 1.96 ¢ 2.58Db 7.5

14 LT 3.16a 3.88a 100
Control 2.49Db 441 a 95

* The ratio of the maximum diameter of the basal leaf sheath to the minimum neck diameter.

Mean separation in a column by Tukey-Kramer test, P=0.05.
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R EINEh -7l EMS, T FDDAXEKDFEE
WWEEHEESANRTHDE EZZ6ND. FIXFP
V=7 DY AREKEFET 2RI HENRES
BHIFEME S EMRESNTHBEL (g, 1964,
T4 . gt 1971 ; STEER, 1980), AEBRTH O AXE
OEBEERIEIEMEIZEEL, 77 ¥0 ) AXEKIC
BOTHHEREOZEMBFLRIRE LTH &5
Zohb.,

T FCORIEBE 15 00 AZERIKER T IREAE
TEWp ooy, 13RI Lo H R TRAKRK DK
RHB LU0 AZEERCRITHIRIX X D @<, D AR
DOFFICLER HRBERESIC XD EfHIN, 0
L3 0 AR KO FELNC B T 2 KR H R
W 2T FORZEERD, TOBROENLZEICE T
50 AR ERETAHMENRSEZEERLTNS
RIS T r F DY AXERAIRET 5 2 L& RBT 28
RELTE, BERLOBEARICEVEVWHETOAX
Mk s 2 & NI« GFE 1980) & WickF 5
T TOFKENZ OHROEHERMITE T B IKIER O
mEfgtEd 2 2 & CRARS, 198D MBS hTn3
m, Th oot TiRAMO BARKIRICES S8 2 ik
TRBLEASTONTE D, 0 AXERERLET 2 RE
B ERMEosMzEnTHEL., oI 0L TIERER
2, 3ITHBNTHET 5.

KB B T IR I B 1 % Hl BB AE AR T R IX 0 44
%% T L, KEMHIC X 2 EFOEENS SN,
AR TR IR ALE L BER A 0 AR R I U TR BAE
AR A RS I o 7o (F2-1), Thidsstk
BT RIF 3 % 58T & 2 SER AR A (R i I (KR L B
X BAFEHOENES BN D EEZLON S,
COREFIE, KIRET O AT A REES 53— T,
FIRLERIZ & 2 A BT 0 AT AT 2 fE A
HBZEERLTWE, 22T, BR2BLT3TIRY
AZETE IR BT 3 IR D s B % IEREICREA S 5 7o, il
FEMIR DS RICRIZ TR E A MR T E 5 X 5 1Tyl
oD AT U TIRELEE AT 2 & & L.

(2) WA BD D AR KA T R ki B D 5g 8

A% 2)

1~15CHr X O I AHER I & O SER R AL R 13 20
CTHE XU BCHEKITHNTHEICRE L, ERERK
¥ & ORI A AR IR D AZORRIEE MR NIE &K
S AED SN (£2-2, K2-2). 15CUTOD
HPKIX TlE, T XTOHF DI ABENER S NLichs,
20CH LU BCHEKD ) AERKRIZ, thzh 75

%, 10%Th -7, I5CUTOIERXTEREINIZDA
EOAKEL, 20°CHIERKITHNRTAHU ERED - 72
(F2-3). ~XTORBHAICSWT 10°CLLF D frk
XEIZHERZERZAONED 5 T,

15CUL T oRFEX Tid 20°CH & O 25°CRFEEIX 1T X
THAFEEBRES NI Eh S, 1I5CUTORE
DO#EBIT T OBDOEAFMFIZB Y 5 0 AEXEREIEES
ZMBREEDEEZONG. T, 10CUTORFEK T
FI5CHIX & 0 IERIEHA O Z E B XU 1~10CD

F,
i

mm Hibi l““u

photoperiod (h)

Fig. 2-1 Unexpanded leaves of A. X wakegi plants
grown under different photoperiods for 46
days. Before the photoperiodic treatment,
the plants were exposed to 5°C for 35 days
(A), or grown in a glasshouse above 15°C

(B).

107

Fig. 2-2 Shoot of A. X wakegt plants obtained from
mother bulbs stored between 1 and 25°C for
o0 days.
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I XN 3 0 A DL IR IZ DA 5NN T &) Rsump@Hd s (K2-3). 63 HU Lo EX

5, DAXERORENRIZTISTLD & 10°CLU T O
ETr<, 1~10COMPATRFAREEEZL 5N 5.

3) HAAT RO O AT B 9 (KR i e 01 ] o

s Gk 3)

42 HY Loy X o B RTERIZ 0 H X ik~ T
AREITKE L, 5CTolrEinE0iZ ER KRR

DIERELEEB A E T 21 HEL T DIk IC N THEI
Hipo7o (£2-3). DAZFEEKRERZ 0 HIFEKX T 72
%TH-7ch, 14 HYU LORFEX TIE3XT 100%TH -
7. 2 AU EOWEX D D ATEO B REE, 21 AL
DX ICHRTEL -7z (B2—4). 63 HIFEX &
84 HIFXICTIE TR TOFEHBIC DLW THELEIZ

Table 2-2. Bulb development of A. X wakegi plants obtained from mother bulbs stored

between 1 and 25°C for 50 days.

Storage Bulbing Fresh weight of % of .tillers Fresh weight
temperature ., basal leaf sheath with of bulb scales
) ratio (g) bulb scales (mg-tiller")
1 3.23a 1.86 a 100 347 ab
5 3.19a 1.67 ab 100 351 ab
10 3.07a 1.72 ab 100 452 a
15 2.36Db 1.52Db 100 323 Db
20 2.21c 1.07¢ 75 76 ¢
25 2.14¢ 1.16 ¢ 70 76 ¢

* The ratio of the maximum diameter of the basal leaf sheath to the minimum neck diameter.

Mean separation in columns by Tukey-Kramer test, P=0.05.

M
$°0

Sbbdin

L Tl ]

] .II
Gl !

20°C

DM M
15°C
Fig. 2-3 Unexpanded leaves of A. X wakegi plants

obtained from mother bulbs stored between
1 and 25°C for 50 days.

bhisa)

0 day

{71 b
21 days

14 IjH','E ¥E

Ghhnn - ddbian  DIbwn

42 days B3 days 84 days

Fig. 2-4 Unexpanded leaves of A. X wakegi plants
obtained from mother bulbs stored at 5°C
from 0 to 84 days.

Table 2-3. Bulb development of A. X wakegi plants obtained from mother bulbs stored

at 5°C from 0 to 84 days.

Duration of

Fresh weight of

% of tillers Fresh weight

5C storage Bulb.lrig basal leaf sheath with of bulb scales
(days) ratio (g) bulb scales (mg-tiller")
0 2.34¢ 1.27¢ 72 37h
14 242 ¢ 1.30 ¢ 100 129 b
21 2.37c 1.31c 100 123 b
42 2.81b 1.51b 100 321 a
63 3.23 ab 1.79a 100 419 a
84 3.33a 1.89a 100 420 a

* The ratio of the maximum diameter of the basal leaf sheath to the minimum neck diameter.

Mean separation in columns by Tukey-Kramer test, P=0.05.
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B LN Tz,

MERFREL, SERIREAREL KO0 AEAKER NS
N b B ORI - THIIN 2 @ AA o h e,
DI EDS, TTFEDDAXEKITHT B IKEO R
KB~ OHEBIAM P EL B 213EEEEE52 005,
Fa—Uv7, BBRTAVZX, 7V=UTHELETENT
b ERARTE B D 3812 36 1 2 K3 0 20 L 13 I I AL FL U] i s
Bl mEs l &fishTns (FEE 1974,
1974b, 1976 ; Eif, 1979)

b ZHDKEEBMNYAEEKICRIZTEE

WE, vrFRENEYAZORETEIL, i
¥ ,i%viﬁbkﬂﬁ%@%ﬁ%%k%k@@ﬁ%
ZRKT B L0 AERBERT. £2C, IT—-1-b
TRAFBEMOhTHEBT 2 LM KENS D AZEKIC
PAEER % 2o kA

D MRELUFEE

(1) 1999~2000 4 D ik %

1999 4 10 A 5 HiZ “KRIEA: 1 5 0 b A %ERZEH
ﬁ%i[7un@%ﬁi‘fU%4—v4wN—Mm:
1:1 (v/v)] ZFEDEE 12emD TS5 2F v 7Ry b
klﬂ?ﬁﬁzﬁi,ﬁﬁﬁﬁwﬁuﬁmﬁﬁaﬁm
HIRAETETKk, 11 H 1 H» SR % BT
(ERHX), RO OREMIEHkE: L CH I RETH e O
)., 12H3H»5 200044 HTHETH 1L HIA
PR CTIRIRIX B & OSFIRIX D& 10 A v b & D AXIERL
FHTH 5 23°C/18C (B %), 10 K HED HAL
BIANTRREBEICHBE L. BE3 HRICR Y b4
0 130 D%EY, WHXY7720 10 3F 2220 T
Rie¥w=, £/, By vY4720 345 F>E2H#D, WEEX
M7z 30 BT DI DN T Y AZEDTERCRI % 4 U 7.

(2) 2000~2001 4D iR

2000 4 10 H 5 HiZ Lt ol K RIERIZ D AZE%E R v
MZhEZ A, RIEKR B CULELOERHED TS 2
ETHETK. 11 H6 B S P EiA < (K
X), B0 OIS L TH S ZETH TR GHRKX).
WX & &2 3 H EANCEEE 18, 5em R v T, F7z,
4 H EAJITEEE 15em A v MCHIZEZ, 5 H 8 HLI
EIEX oMY BN TE T/, 20002 H 2056
H1HZET2MF33MMMERT, MAUEXDE 8Ky
k% 23°C718°C (& /1), 10 K H EO HARERAT
SPBEEITHE) L.

ATRGEE~OBH OB LOBE) 35 HHITKy h2Y
720 10> EEY, WHEHX Y720 8 50T 220 THE

Rig¥ze, /2, Ky 470 345 F>EEY, AHX
H72D 24 53T DI ONT Y AEDIE AR A L7z,
MBS B 0T, WEXOREEMITKES AN

BOK S EABIEETT -7, i, RELIBIE h D%
WL X DSt & 1 R ] ] THIAE L7z,
2) # R

(1) 1999~2000 4F D kB

KEXOEKERE, ATLKGEE~OBEH 2 H 4
HUHOBAITIE 2.0 U FTH 708, SH3IHBLY
4T RHIZBBOHAITIE, ThEN 2.6, 3.5 T8N
Lic (2-5). WHBROEKREHIZHEIZ2.1UTTH
D, BEIREHIZ L 2 KEBEMITED - 72, KiRX T,
2HAHOBINIZBLTHAEDEELA SN, 3H3
HUROBE TR D ALEEEARIZITIF 100% & 72 - 7
(#2-4). WX TEIBHOMIZEFRE AR
e E N isin -7,

(2) 2000~2001 4 0 3B

MUBRIX O {5 B Stk % I 2— 612, KR IX o f AR i
MR 2K 2—T 1T
ATRBEBE~OBHIFIC BT 3 BRI, KiRX
BLORBX & B4 H 20 H oLz, Bino
FEEE X I N TIRIRX O s » 7o (K 2—
8A). DAEOEKIIMUMEXES 4 H6HMLSRD
St KEXO D AR 2SI EAL, 4 H 20

35
O Low temperature

?égﬁkg

Dec.3 Jan7 Feb4 Mar3 Apr7

Bulbing ratio

Date of transfer
to a bulb-noninducible condition

Fig. 2-5 Bulbing ratio of A. X wakegi plants grown in
the open air (low temperature) or in a
glasshouse above 15°C (control) and then
transferred to a bulb-noninducible condition
at different times from Dec. 3, 1999 to Apr.
7, 2000. After transferring they were grown
for 39 days. Bulbing ratio represents the
ratio of the maximum diameter of the basal
leaf sheath to the minimum neck diameter.
Vertical bars represent SE (n=10).



150 BBV AIIE Y 2

Table 2-4. Percentage of tillers with bulb scales of A. X wakegi plants grown in the
open air (low temperature) or in a glasshouse above 15°C (control) and
then transferred to a bulb-noninducible condition at different times from

Deec. 3, 1999 to Apr. 7, 2000.

Treatment

Transfer to a bulb-noninducible condition

Deec. 3 Jan. 7 Feb. 4 Mar. 3 Apr. 7
Low temperature 0 0 5 98 100
Control 0 0 0 0 0

Temperature (C)

LINEREEIEE Daily maximum
St Daily average
0F — - — Daily minimum
5 -5 ] 1 ] i I 1
Novt  Dec! Dec31 Jan30 Marl Mar31  Apr30 Novi  Dect Dec31 Jan30 Marl Mar31  Apr30

Date

Date

Fig. 2-6 Daily maximum, average and minimum temperatures in the open air (A) and in a
glasshouse (B) during the experiment in 2000-2001.

4000
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1500
1000 |-
500 -

0 L=
Novi Dec1 Dec31 Jan30 Mar1
Date

Cumulative time (h)

Mar31 Apr30

Fig. 2-7 Cumulative time below 5, 10 and 15°C in the
open air during the experiment in 2000-2001.

HITi 100% & 78 - 7228, X TP i AL,
6 71 HITIFIF100%IcE L7 (K2—8B).
ATLGEEBE~OBE) 35 O%ICE T 3K,
IRIRIX B K OHRIX & & Ic B BRI A < 75 213 S84
L7z, 3H 16 HUBoBE T, KRXOEKHEHI
XX & 0 K&, HEXTIZHEVED D AEDNERK
She (K2-9A, K2-10). Y AEDEKIIKEX
T3 2H2HOBEITH 0% DHF2iIci@w o, 4 H
6 HUROBEITIE 0 AR AEIL 100% &7 - 72 (K

2-9B, K2-1D. —J, WX, 4H20 HO®
BTHOTOAENER SN, DATEEKRIZI6H1H
OB BET 100% 122 L7,

N E =

KINTRIRICHEB L E LEh o kBa0 77 ¥
DY AR AE KT 2 &, KRICKREED 7 7 135
B O ERAA YT, MEWERO D AZEETEKL
7o, ARIEREERD D ATED AR IR EE S D4
UTThb (F—2M), ZOHEN NN AXZDIIRICE
WEHECSHLZFEROODESDEEZ ONSD, DAZEDIE
BRBHIED & D ASEE IR A 100%12# 9 5 % TOMMIE,
KiRX D 14 H (4 H6 H~20 H) LT, fHXT
256 H WH6H~6H1H) L4fEE»-7 (K2—
8B). MERIEHD 2.0 LI LT, DAZEEREDN 50%L L
OEEEDAEBRET S &, HHEXD Y A KEY
E5HA4HTHY, (KX D 4 H 20 HIZ~XTHEH
Ehote (K2-8). IhookRIZ, KoK EE
DRI B T 2 2HEPORFE L2 AXDTERK AT
LR ELE DT EERLTNS,

D AXEFERGEM B LM E S gy
FEOOAZERIRAEZ, KRXTE 2 H LAMURE AL
felEmS (F2—-4, K2-9B), WHTHE LTy
F13 2 H LAEH 5 0 AZRIE RO FERE (& HHHO)
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KD LR 5 52 o b, D AZERIERERM
BEIL, —EWHEEE S BOKIEEH 2.0 YL ET,
D ATETCCR D 50% L b & 15 2 BB % © A KB
OFGIEIHET 5 &, KRXE X OCHHRX O D AXE K
OFBEREIZ, ThZh2H2H, 5H4HTHY
(K 2-9), ZMOKEEBITIZDAZIEKO FERL
ZIDHULRD 28BN h 5 52605,

KA DARIRIZ S U 7o bk & U 7sip > 7otk D A
RO FER B L 0 AXDOEKEFLIZE 25 D &
HILELHonD, (KRICHEBE UL, - AR, b
AR O FEIF & 0 AZOKRIIZ E b2 5 H 4
HThb, EHFHEANDBKIGE D AZDTEHITIZIZIELT
UCH#FTd 5 &EF 2 oh a0, KRICHEE U gai1ciE,
A2 H 23 izt LT, JERKIEINE 4 H 20 HT
b, DAEWERENS 2 AT TIZY AZIEK

5 @ Low temperature
O Controt

Bulbing ratio

1 L ! L
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Percentage of tillers with bulb scales
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Fig. 2-8 Changes in bulbing ratio (A) and percentage
of tillers with bulb scales (B) of A. X wakegi
plants grown in the open air (low tempera-
ture, @) or in a glasshouse above 15°C (con-
trol, O) in the experiment in 2000-2001.
Bulbing ratio represents the ratio of the
maximum diameter of the basal leaf sheath to
the minimum neck diameter. Vertical bars of
bulbing ratio represent SE (n=8).

MFBIN TS, 2 HFANTE HRBUEIG U 7o bk
A ARRETOAZEERLZ VDI, DAZERNHE
BINTIEL TIE O AZIE RO MEIT I BT IE S
ERIh T nicn &fEsh 5. 2000~2001 4F D
ABICBWT, B0 PEKERIE 2 H TR 7.3CT
H o7, 4 HPAaNZIiE 16.0°Cic EA L (K 2—6).
Ty FORBRYMTH 55 <2 ¥ TR, DAZEEKDE
i3 15~25°CT, 15CUFCTRIEREEMETT 5 C
& gk, 1973b) B & O E HRHICERIG L 721 0 35
HMOPKIE 6~9COEFEEETIREISRL NI &
G5y, 198D ML EshTnd, Ao KERHEI
2T FORZIAERED, BATEEL LY 7 Fi
2 A FANCIRE AHEICRIGT 228, £ O KT KR
Dl ) AXEKITEITE T, BERENICIN S 4
HH a2z D ARDER IS EB L 6N 5.
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Fig. 2-9 Bulbing ratio (A) and percentage of tillers
with bulb scales (B) of A. X wakegi plants
grown in the open air (low temperature, lD
or in a glasshouse above 15°C (control, [])
and then transferred to a bulb-noninducible
condition at different times from Feb. 2 to
June 1, 2001. After transferring they were
grown for 35 days. Bulbing ratio represents
the ratio of the maximum diameter of the
basal leaf sheath to the minimum neck di-
ameter. Vertical bars of bulbing ratio repre-
sent SE (n=8).
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c ERICLBEBEMNROITHIE LIER

IRIRIT & » THE S Nl B R AEF M Z DB O
FHRIZ &K - TITBH I N A el ks &K i b & idh
BEG IS T3 (RUNGER, 1978; SASAKI
5, 1996). Fiz, = =7 TRIKEIZE S D AEIEK
DFENRENZ D% GIRAIIC X DITHbHShEZ &
msh T s (E, 1979). 2 TR77FDD
AZEIE AT K3 3 IR E 8 7% O SR LB D 52 8T D T
AL 7.

1) MEEIUVHE

2000 4E 5 H N L7z 7 7 F “KEBiE 15 0
DAEAEMHK LI, 6 HIADSYAXEE Y v KR—IVF

Date of transfer to a bulb-
noninducible condition

April 6

April 20

May 4

Fig. 2-10 Shoot of A. X wakegi plants grown in the
open air (low temperature) or in a
glasshouse above 15°C (control) and then
transferred to a bulb-noninducible condition
at different times from April 6 to May 4,
2001. After transferring they were grown
for 35 days.

IZAN, 5 COIEIRZENIC 50 HRERFE L7, 25, 30
BLUBCOERMEBBMICO0, 14, 28 F LT 42 H BT
L7z, ThooMBizmAi<, 6 H1HMSDAEE 25
‘CT 50 HiAPET 2 X (RIRMAEX) £23%i)7.
JEIERRS 7%, 0 AREREZEMEEL [7 U EER
TUF 4=V AIVN-140=1:1 (v/v)] ZEDIERE
10.5cmD 7 Z 2 F v 7Ry M 1ERT DA, 20C—
E, 13 BRI HE (FE00 11 BeRD -+ AR 2 BERD o
ANLKREETHE T, ERAMONREE, A5 N5
K357 (B35 7 D-400, HE5145 v 27, PPFD
#1185 umol m™*s™), RO I AELT (PPFD

Table 2-5. Time of the induction to bulb-inducible
stimulus and time of bulb formation of
A. X wakegiplants grown in the
open air (low temperature) or in a
glasshouse above 15°C (control) in the
experiment in 2000-2001.

Time of Time of Bulb
Treatment . . .
induction formation
Low temperature February 23 April 20
Control May 4 May 4

Date of transfer to a bulb-
nonindugible condition

April 6

il o

April 20

Il obboaidh

May 4

Fig. 2-11 Unexpanded leaves of A. X wakegi plants
grown in the open air (low temperature) or
in a glasshouse above 15°C (control) and
then transferred to a bulb-noninducible
condition at different times from April 6 to
May 4, 2001. After transferring they were
grown for 35 days.
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Vw7, 7Y —=VTEEEBOERBAY TSN T
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ZEMEESINB.

7 FTRERICK 2 IRENROFT B LIEMIEZ, &
BANDOEBIFAENEEEE -k, Fa—Uv 7, 7
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1974a, 1974b, 1976 ; @M, 1979). —M I miRAAEEE
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1979), 7V =Y 7 Tl 25°CITH~T 30, 35°C TRhHE A
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77 F Tl 256~35 CORMPHTIIRN RIS 51375, &
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Fig. 2-12 Bulbing ratio (A), percentage of tillers with
bulb scales (B), fresh weight of basal leaf
sheath (C) and fresh weight of bulb scale
(D) of A. X wakegi plants obtained from
mother bulbs stored at 5°C for 50 days, and
then stored between 25 and 35°C from 0 to
42 days. Bulbing ratio represents the ratio
of the maximum diameter of the basal leaf
sheath to the minimum neck diameter.
Vertical bars represent SE (n=10 for
bulbing ratio and fresh weight of basal leaf
sheath, n=8-30 for fresh weight of bulb
scales).
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Fig. 2-13 Spectral photon flux density distribution of
metalhalide lamps under FR-intercepting,
R-intercepting and control acrylic resin
filters. Control filter consists of a sheet of
clear acrylic resin and a layer of white
cheesecloth.
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Table 2-6. R/FR ratio of metalhalide lamps under
FR-intercepting, R-intercepting and
control” acrylic resin filters.

Treatment R/FR ratio’
660=5/730=5nm  600-700/700-800nm
FR interception 1.73 2.60
R interception 0.60 0.66
Control 1.04 1.02

* Control filter consists of a sheet of clear acrylic resin and
a layer of white cheesecloth.
*R/FR ratio was calculated from data in Fig. 2-13.

A O FRinterception
4+ A R interception
@ Control

Bulbing ratio
w
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Fig. 2-14 Bulbing ratio (A) , fresh weight of basal
leaf sheath (B) and fresh weight of bulb
scale (C) of A. X wakegi plants grown
under different light qualities. Bulbing
ratio represents the ratio of the maximum
diameter of the basal leaf sheath to the
minimum neck diameter. Vertical bars
represent SE (n=8 for bulbing ratio and
fresh weight of basal leaf sheath, n=3-8 for
fresh weight of bulb scale).
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Fig. 2-15 Formation of bulb scales of A. X wakegi
plants grown under different light quali-
ties.
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Fig. 2-16 Plant height of A. Xwakegi plants grown
under different light qualities. Vertical
bars represent SE (n=8).
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Fig. 3-1

A photograph of field-grown A. X wakegi
plants covered with FR-intercepting (front)
and control (rear) covering devices in the
spring experiment of 1995. A control cover-
ing device was made of clear acrylic resin
and covered with a layer of white cheese-
cloth.
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Fig. 3-2 Spectral photon flux density distribution in
FR-intercepting, R-intercepting and control
covering devices. The measurement was
conducted under natural daylight around
noon on a fine day (March 20, 1995).
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CNFETILHBOMRZ L ->TIRFBLFTrFD
D AZEIEBITIE FR DMEEMITIER 4 5 2 S ST
W3 (SF4F, 19652 ; MONDAL S, 1986 ; LERCARI *
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Table 3-1. PPFD and R/FR ratio in FR-intercepting, R-intercepting and

control covering devices.

Treatment PPFD? R/FR ratio’
(¢#molm*s™) 660+5/730+=5nm  600-700/700-800nm
FR interception 1141 1.73 2.54
R interception 1057 0.53 0.58
Control 959 1.00 1.04

*PPFD and R/FR ratio were calculated from data in Fig.3-2.

Table 3-2. Bulb development of A. X wakegi plants grown in FR-intercepting,
R-intercepting and control covering devices in the summer experi-

ment.
. Basal leaf sheath 9% of tillers
Treatment B:;Eil(ig FW Dry matter With N(;.e:ftilﬁzzes
(g tiller") (% to FW)  bulb scales
FR interception 1.82b 0.75¢ 145¢ 0 39a
R interception 243 a 1.02b 20.7a 100 29D
Control 241 a 1.18 a 19.8 b 100 3.0b

* Bulbing ratio represents the ratio of the maximum diameter of the basal leaf sheath
to the minimum neck diameter. Mean separation in columns by Tukey-Kramer test,

P=0.05.
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Fig. 3-3 Bulbing ratio (A), fresh weight of basal leaf sheath (B) and dry matter percentage of
basal leaf sheath (C) of A. X wakegi plants grown in FR-intercepting ([]), R-
intercepting (/\) and control (@) covering devices in the spring experiment. Bulbing
ratio represents the ratio of the maximum diameter of the basal leaf sheath to the
minimum neck diameter. Vertical bars represent SE (n=10).
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& R/FR I 0.86~2.88 D& MFI2B 0T, Y AXEKIE
R/FR BEOEFIZ ERES NS I EMHESINT
W5 (MoONDALS, 1986). <F4r (1978) 1%, 10 Fefdo
k< 14 R oidell = R/FR LD R 2 RE
& (R+FR X9 5 FR O#EI4 25~75%) & U744k
THTII =3 ¥, 9r¥Bif=rv=71t207T, It
KfgEiEW3h s R OFEIMENIE ENHNT 5 28,
77 FTld R/FR DK I fE S IERIEE @ 5 hnbs
DR HANTNS T E2REL TS, KHBRICE
WT R EBIH O REBRD Shish-cDlE, £
MBEDPBEHTERNNIEDIT D TH-IIDEEBEZOND.,

2 BEEUBEICEITEYAZERKOHE

R & i3 FR O # % BRI HH 9 2 Ehhid, 4
M7 7 VIVERRE LTRSS, T0k, Hlosbt
PERT ARV ZF LU VBOWE 7 4 VLA SH, &
D EHW LR MBTRE L8 - 72, REITHE, FR ©OFE®
ZRIENICINEIS 2 7 4 VL% b 2 OURE Ul 4%
hTEINC T r F2EIEL, D AZBEE L OHE PRI
HICBIRT 5 2 DO HIC KIT T RBEEMA L.

a MESILUEE

1) 1997 £ DB

199748 H6H, 13H, 20H, 2THBXTIH3H
ICHFE « AR BNO BB KEKA 175 DDA
X % 150cm, 4R 25cm, KRR 18cm® 3 4&hiliZ T
REZ A 7o, REAA D S FR E@HIH 7 1 L 4
(YCE-1, =JHL) THET 5IX, MEaEHT VL
(BCE-L, =JIHML¥) LA THBET 2 XE XU
WEHOXO 3K 2 F ) 7o, BB AEEHIBED 58
20emZ B L 72 b v x Vg & Uiz, #06 « o 72
b, 8 H6H~9 H 28 HOMIMH, M#EOXEAGL 2N
HKIZEER vy MEGE L, BRI 2KESL, U
HXIZBOTREY 2D D AX I8 EREMA T 7. Hill
ZAFF 43 AICLIX Y72 0 12 ¥k (RE2472 0 6 #K)
AL, Bk X O BB REATA L, 7,
BRI U7 S 1 40 DA, WEX Y720 12 551
DIZONTIERIEH B L0 AZEDTE BRIl A A L 72,
2) 1998 £ DB

1998 4E 7 H 6 H¥B L O 28 HITEF 3 « RZERBEN
DB KREWAE 15 O 0 AX%MIE 175cm, %M
15em, FEM 15cm® 4 &2 THZ A 7o, fA AT R
» 5 FR B@IH 7 4 v 4 (YXE-10, =IHAL¥) Th
BT BIX, WEBEHT VL (UVCY—F—, AhE
L) ARG THRETIXE KOHEREOX O 3 1L
X 230 7o, W R S8 20em & Bk L 72
N ROVEEE & Urc, #OE < B 72 DI BRIV, JiE
WEHOX 2L AWNIKIZELR v NERE L. KB
F2RMEE L, FUBXITKE Y720 D A 48 BRAHH
ZAP e, REA T 25 B#EA S 10 B R TR X 4 7
D10 Bk (RKAEM72D 58k 2ERIL, FLE XUk
R EATIA U, F1, BB L&KL S 10T
Y, UEXMY720 10 2 DI >0 TIERIER, #
IR AR, EEE XU AR AR U7z,
OO0 TRE, KREOES TR DRk O £
fEFEE (SPAD-502, 3 /J)V%) ZHWTHIE L.
MatR & HEMELTN, PO, KOEZZhZTha
Y70 1. 5kg i L, BB Ic—o, NB8XUK
oy A B IR U7, BB B M O BAROLDE# R RS
MV ER T RV F —phr ki (LI-1800C, LI-
COR) T, %7, #FNEUHXIZEF 5 PPFD %t
&t (LI-250, LI-COR) Tl L7z, 1998 E DR T
(BRI b o O AL IX 0 S & 1 I R T E
U7c, WiakBRicsnT, FRBEMHE 7 « )V L THET
BX, WEAEWT VL EARBHTHET KB LT
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EgEOXZ < h FR E#ME, EWE LT T 1L
LIE LR E L.

b # R

1) 1997 FEDHER

FR Z @I X T 13#& A X I T 400~580nm 6 &
U 620~800nm 12813 5 et T WE KD - 72 (K 3—
4). FR B#BIHIX O R/FR IZBWIX B LT 4 IV L
UKl TRE» -7 (£3-3). PPFD 3 FR &
X EEBPX TIRIFELL, 74NV LBLXTEIA
52X X D 1.6 f5mn -7 (K3-3).

8 H 6 HAM I DGAEITE, BRFEHE T 1 VLI
LXTiRbEL, ROT, #EW, FRESMHXONET
b0, 20ULOMEERLILDEI T 4 VLI LKDAT
bote (KM3—-5). BIHXBXUF T 4 VLB LXD Y A
BRI, ThEh 7%, 2% Th b0, KEso0n
It AENER S h 7208, FR BBIHIX TIEY A
RIS NS h-7c (K3-5). Hi EfAAEIC L
FZ X B REDHE TR, BLE 74 VAR LUK TR
&> -7 (F—7 M), 8 H 13 HEA {0 838512ig,
D AEDRERREIL 8 H 6 HEAANHIZHARTYE - 7o,
8 H 6 HAEZAT T EIARIZ, D AZIERRIZ FR ZE M
RicBuhciflsh (K3-5), EOMERTT 1)V LK
LXiZsuTlifilani (F—20%).

DAEDRIZRT A8 H 20 HUMOBHAITIE, 20
HXIZEOTRAERE LI UT, »AERRERILO
%THO, DAXIEKE N -7, FR BB
XOMEKfEL D 2 WIHFKITHXTEM - 72 (K 3—
5. FYIZIRMEIZ L ZREMENTA SN T2
(F—21).

2) 1998 FE DB

FR @0 X T 1338 I X 12 T 600~800nm O i

E, $12700~770nm 12613 3 B FREMNMELS (K
3—4), FREBMHEIXD R/FR WIZBWHX B L7 4
VLT LIKICHRTEM - 72 (F£3-3). PPFD iz FR
FEIHIX EBEPXTIFIFHELL, 74V LBLKTR
Chs 2MBX XD L5 fGmh-7c (£3-3). Wl
WP ORESIEAE -4 B IR 3—61TRT. EY
XD Higm&iid o 2 EX X ) PR@En-7ah, H
FHLERE L UCHRIESKRICUEIZ L 38N RIFEAE

at Exp. in 1997
-------- FR-intercepting film
3l —— Clear film

= Without film

Photon flux density (u mol m2 s'1)

0 " i

400 500 600 700 800 900
Wavelength (nm)

Fig.3-4 Spectral photon flux density distribution
under FR-intercepting film, clear film and
without film in the summer experiment of
1997 and 1998. The measurement was con-
ducted under natural daylight around noon
on a fine day (Aug. 24, 1997 and Aug. 12,
1998, respectively).

Table 3-3. PPFD and R/FR ratio under FR-intercepting film, clear film and
without film in the summer experiment of 1997 and 1998.

Year of Covering PPFD* R/FR ratio*
experiment material (gmolm®s")  660£5/730%5nm  600-700,/700-800nm
FR-intercepting film 604 1.55 1.96
1997 Clear film 594 1.18 1.09
Without film 940 1.10 0.98
FR-intercepting film 725 2.73 1.59
1998 Clear film 703 1.22 1.03
Without film 1085 1.28 1.09

* PPFD in the experiment of 1997 (mean of 5 points) and 1998 (mean of 12 points) was
measured at noon on a fine day (Aug. 24, 1997 and Aug. 4, 1998, respectively).
" R/FR ratio was calculated from data in Fig.3-5.



162 BFREAR VT AT T

%25

B ORI T,

BRX B LT 4 VLA LXK TR, HAMAT®ROED
HIMZAE > THERTEEGE & OZER A A (R O H A3
wohi (K317, KM3—-8). FREEMFIXKIZEBIT S
BMORERBAXE L7 1 VL LXKITH~RTHD,
R, 7H 28 HAEAM Y TRIBRIERIZ A ERES
WIZLOLUTOMMTHB L (K3-17, K3-9). &Y
KEBXCT 4 VL LR TEAZAT 25~35 HIiZ &
IO ABERTEIR SN, AT 45 HRIZIE 0 AZERIK
RF100% 12 L. —J, FREBBIHIXO O AZER
BeRIE T H 6 HHAA 1 Tl < 75%, W28 HAZ
i cIRAENMZBCT0%TH -7 (K310, K
3—1D. BHXDIEKRIEH, EWEMEREL LI A
BERIE, 7 1 )V L78 URICH A TR ER 2D 5
nir.

M FEAEAEICEZTHEOHBX U 28 HREAM I TE
NZNREZAT S5 BLX45 B FEF TREMHEVIETA S
NIZIn - 1203, Z DBOAKTER FR B #HIX TEH -

7o (K3—12). Z ORI, BYUXBXET 1 VLK
3
A B FR-intercepting film
2.5k % O Clear film
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Bulbing ratio
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-
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Fig. 3-5 Bulbing ratio (A) and percent of tillers with
bulbscales (B) of A. X wakegi plants grown
under FR-intercepting film, clear film and
without film in the summer experiment of
1997. Bulbs were planted on Aug. 6, 13, 20,
27 and Sept. 3, and grown for 43 days.
Bulbing ratio represents the ratio of the
maximum diameter of the basal leaf sheath
to the minimum neck diameter. Vertical
bars of bulbing ratio represent SE (n=12).

LIX TR D AZEDIEITHE > THEBBRINTED B A
1L U721z LT, FR E@IIHIX T 0 AZER AR DS
K<, dlHORBARD M L7 EERL TS,
FHLRFT 4 VLB UXTROIES, FR EBIIHIX & &
WX DOBNIZIE 7T H 6 HRAAT T TRRSBENZA L,
Al 28 HAHA fF 1 TRAEFR IS FR Z@AHIX TR -
72 (K3—13). FRZEBIIHIXOE@IMhD 2 WX
TR, -7 (K3-14).

c E =

2AEMOMAERRICBNT, EEOVHEBI LI F
D Y AZZIERIE FR E@IH X Tk b Hifl S h, —iko
BEEEMITEORSEICB VTS FROE#REIZ 5
CEREDTTFD D AKERANHITE 5 2 &EMNIGE
s, B T ORI BLEIT X 5 RS 0E
WiEE K (34D, MEFMTEHELEXD D AXTEIK
ICHEWEAUSIERERTRBNWEZZIOND., DAX
DIEERFEE R 7 4 V478 LKIT AN TEWIX TY - 7205,
NI FERX @ PPFD 0 s KT 2 Elbh 3.

50
A Without film

[ FR-intercepting fiilm @ Clear fim
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Air temperature (C)
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Fig.3-6 Daily maximum, average and minimum
temperatures during the summer experi-
ment of 1998 (from July 31 to Sept. 20)
under FR-intercepting film, clear film and
without film.

Table 3-4. Average values of daily maximum, average
and minimum temperatures during the
summer experiment of 1998 (from July 31
to Sept. 20) under FR-intercepting film,
clear film and without film.

Covering Daily air temperature (°C)

material Maximum Average Minimum
FR-intercepting film 34.4 27.0 22.5
Clear film 35.1 27.1 22.5
Without film 34.1 27.0 22.5
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Fig. 3-7 Changes in bulbing ratio of A. X wakegi plants grown under
FR-intercepting film ([]) , clear film (@) and without film
(A) in the summer experiment of 1998. Bulbs were planted
on July 6 (A) and July 28 (B). Bulbing ratio represents the
ratio of the maximum diameter of the basal leaf sheath to
the minimum neck diameter. Vertical bars represent SE

(n=10).
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Fig. 3-8 Changes in fresh weight of basal leaf sheath of A. X wakegi
plants grown under FR-intercepting film ([]), clear film
(@) and without film (A) in the summer experiment of
1998. Bulbs were planted on July 6 (A) and July 28 (B).
Vertical bars represent SE (n=10).

WO aw aw

Fig.3-9 Shoots of A. X wakegi plants grown under Fig.3-10 Unexpanded leaves of A. X wakegi plants

FR- intercepting film (left), clear film (cen- grown under FR-intercepting film (left),
ter) and without film (right) for 55 days clear film (center) and without film
after planting on July 28, 1998. (right) for 55 days after planting on July

28, 1998.
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Fig.3-11 Changes in percentage of A. X wakegi tillers with bulb

scales grown under FR-intercepting film ([1), clear film
(@) and without film (A) in the summer experiment of
1998. Bulbs were planted on July 6 (A) and July 28 (B).
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Fig. 3-12 Changes in shoot fresh weight of A. X wakegi plants
grown under FR-intercepting film ([]), clear film (@)
and without film (A) in the summer experiment of 1998.
Bulbs were planted on July 6 (A) and July 28 (B).
Vertical bars represent SE (n=10).
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Fig.3-13 Changes in plant height of A. X wakegi plants grown

under FR-intercepting film ([1), clear film (@) and
without film (A) in the summer experiment of 1998.
Bulbs were planted on July 6 (A) and July 28 (B).
Vertical bars represent SE (n=10).
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Fig. 3-14 Changes in leaf chlorophyll content of A. X wakegi plants
grown under FR-intercepting film ([1)), clear film (@) and
without film (A) in the summer experiment of 1998.
Bulbs were planted on July 6 (A) and July 28 (B).
Chlorophyll content in the middle of the longest leaf blades

was measured with a chlorophyllmeter
Minolta), and expressed as SPAD value.

represent SE (n=10).

R DEEMTHR sy < xF O Y AZEEKIL,
ORI NEL BB 1E EMHsn s 2 et ah T
WBM (SF5r 197T1h), AMBRO 7 4 VLB LK O
PPFD 3#EHX @ 1. 5~1. 6 5=, - 72. PPFD 2i31F
F L FR &8 IH X EEPIXITE 1 5 0 AXBERO R
FHDENTIZHAEL X DIEH FZAFDEODKE S EEL
TeEFBZOoNB,

R/FR HEMH MO R RICREERBERIZL,
—fiZ, W R/FR TR EE LKL, 2EH
%2 v (HoLMES * SMITH, 1975; MORGAN ¢ SMITH,
1976; KASPERBAUER * KARLEN, 1986). A THIW
HHLBUO FR E@MHIEM O EIZ, E<xT7Y
(Helianthus annuusL.), ¥+ (Brassica oleracea
L. capitata group), F¥a27VU (Cucumis sativusL.),
F 47 %A (Brassica campestris L. chinensis group)
HOEEOMEEAIEIT 2 Z LG INTHE (5,
1995 ; #kH 5, 1997). R/FR ko %725 A L5520
T 7 FEBTLN 20T, %3 FR EH
X Tk &K<, & R/FR I & 2 i EIIHI 2358
vohte, UL, KEOMIEEETIERLIT 3 WX
TIEFIFHELOD, 74 IVAE LR TEHAWNMERDS S
fo. —fRIC, HOLKRMERY O MR 2T 5 2 EAE
SNTVAED, 74IIVLIBLXOD PPFD 303 Hh ik
BRTd FR EMIIHIX & X CEARKIZHATH 1.6 55
Mot 74 VLI LXK T RAH S iR i3 9~
T8 H 13 HURNZH AT I R Thbh T, 74V LA
72 LX CoMEMHICE SR X OMtE s 2 5D%
thisBib - T b EfEE S n 5. ARBICBEWTFR &

(SPAD-502,

Vertical bars

AHNHI X T EANE S 72D > 2B IE A TdH 5 73,
7 FRIARFIC - EOHEL ELEET I ENS
FR Z B MHI b RAMHER 2 A S hisip - e 2 &
FHPTERICBOTHE LWBIREEZ SN S,
R/FR MMM OELIC b ET 5 &N T
W3, mR/FRUEEKHECTE TSN IEMOZ L 1F, K
R/FR &M TETONI b DTN TEBAR L
(MORTENSEN * STROMME, 1987; RAJAPAKSE * KELLY,
1992; MURAKAMI 5, 1998). AiEBRTld 7 7 F oM
3 FR BBMHX TR GRS, hooREE—HT 2
RS H oM, U FOROERITSICEBOTHSE
NBBETHH, FREBMHEIEM OWEITL 2EDHR
AL ARBEMOEAEEED IR TH L EBEZ oM 5.
T FOEEORETREENMBNESC LS LEDAX
MRS N, PERMEAMKT 5720, AT T» 5/
1 HTIERfThbhTha, M—2 THoNRERE
WBET 2 E, M RIEKRE (S O PRRLOMK
TEIESRIFTIERLDAXBREIRIL, EELR
(T 21EH %R FR Z#@iH 7 « VL OBEE, 77
FOHLEOPITFIHANTHEEZZ SN 5,

3 BLEYREICEIFTEYAEEKRDHIEH
M—2TR77FOHEEDEREFITENT FR E#E I
T A IVLOPEBERTH B LhREani. 22 TR,
DAZEEDEEERL 260 EODERTHEHELED
B 5 FR S G 7 4 0V L E OB RPEIT DL
THhEE L7z,
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a REREBICLDYAEEROHHELTYAERK
FER BN D RRIGEER

-1 T, FREBABIMHEICZE S0 AZEERHIHIE)
R E OB A THEIEBR IS D TRNME 28 A 5
N, TOKKRE U THIGER T3 BRREE
WHEIFIZT TIZD AZBERMSHFE SN T O oo faEsSE
Zoht., 22T, ZIZTRFREHIHE 7 1 VLD
BEIGHI 2R 2 2 Lk, REVRIITBITBD
AEEROMEIN AN EEg 22 ExRkAT, £,
FREDRERCH T 5 0 AXEROFEREHIZ >0 T HH
L7,

1) MEBLUHE

(D) HEOFEHTB T2 FR EBINE 7 1 )V L OWE

2k 3 0 AREROME G D

1997410 H 6 HIKEE LT N, P.Os, KO 2%
Zhoa M7 1. 5kg Hifl U7cBF3E « K BBIN O M
B Ko ¥ 00 AZE%AES%M 30cm, #kiE 25cm @ 3
A TRAA G2, 199842 H 23 H, 3HIHB X
C3H 23 Up oM ARG L, FR Z8IH 7 4
Wi (YXE-1, =M% CTHET 5 X6 L MRS
H7 1o (4 7F, 2L EAERWTlET 5
XA 7o, BB RS HIBR A 59 20em Z B L 72+
vaviEE U, BRI kEE L, MEEXMD
60 kz#E L7z, 4ATH, 4208851 H
IILERX 72 0 A BRAERIR L, BHD S 2 3 D &R,
JLERX 272 0 8 43 iF DI D THERTE S, SERY I A: A
H, DAEORBAIRD, RREEB LOEREHRA LK.
BERIIONTE, REEOES RS Oik L =5
f&#il (SPAD-502, 3 /J)V%) ZHWTHIE L.

OB E M O HROLDEB AR M VB L UE
HAFIX ® PPFD %21 —2 & RBED i THlE L.
FR Z#@ 06 7 « )V L THET 5 X B8 L OB 7 1
VL EARGHTHET 52X A2 ZhZh FR Z&IH X
BLUBEHX E L.

(2) BEDFIITB Y B D AZILK O FERE

GlBx 2)

D AR O FHERHIRIG Licy =2 FiF, £0%
FEFHEFIMITB PN TE D AZERDEITT 2 2 &N
mahTsy Gf, 19712), 77 F¥THEBOKIG
mHohdETPRING. KlBRTE, ZoL%EFA
LT, BREVRIITBI 3 0 AREROFER A S
MIZT B RS, ThbE, BATEEIERLY
¥ ED AZKIERETO 2 H T AN SRR D AZERD I
AEEMITE L, —EWIRGRES L7212 0 AR DIE IR

BlAEPA U7,

1997 4E 9 H 26 HIT €7 7 ¥ 0 Y AZZ WO K3
T (7 UBEZER L, B RSO CERE 12em D
TIAF v 7Ry MT1LERT DA, BTk L
fo. 1998 4E2 H 2T H» 5 4 H8 HE T 10 HEKET 4
Ry b0 AZIEFESEIETH 2 20°C15C U8/ 1),
W0HMAED AR EMATAREBEICKIH L. 4 H
0 HIZEBHHIZ &Ry NY72D 251 DE2EY,
MERIEH B & D AZER RS % A L 7z,

2) #& 8

(D) BREVFITB T 5 FR EBIH 7 1 VL OWE

&% 0 AR G D

FHENHEXOEBZAR7 MVER 315 1ZRT.
FR & #HIX TIZBEWIX I~ T 650~850nm 12 % i3
ZHRTHEMNKL, FR BBIMFHIX DO R/FR HiZEYW
Kz ~TEM» -7 (F£3-5). PPFD id FR & & #0
XEBHRTIRIFELL -7 (F3-5).

AR, W ALEE X o B KAER S & OV IERS A A 1
TN U7z, FR ZEIH X 0 JERHEE S & oS
HAKREZE XN TERCHER L, FR &&IHIC
X2 0 AEERO MBI AR Shie (K3-16).
UL, L, FREBIHIX EEHX O RKTEEOE NI,
KAKTH0.3ThHO G HIHWEMKBEXD 420 H
2B B IEKRIEE - FR E#BIHIX =2.0, B#EHX=2.3),
FR Z @ #0H 0 2h B S B IR RS s b & b 37
Tho-te. DAREIHBEEM OMEICBIRT <, HEH
BRI RO ER BRI N (£ 3-6). FRE#
HIHIX & BHX O BERITIE R & Ao E i <, BEAIT

6
> | FR-intercepting film
‘B 51 Clear film .-, e,
g e n
T 'y 4
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Fig. 3-15 Spectral photon flux density distribution
under FR-intercepting film and clear film in
the spring experiment. The measurement
was conducted under natural daylight
around noon on a fine day (March 18,

1998).
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BHIGRIC A hvb 53 FR B @K O 5 @A X 1
HxTH#EM -7z (3-6).

(2) HEEVIEETB T B AZEKOFERE

Gl 2)

DAZEEFEEMCBE Lo r¥0 4 H30 HIZE
U IERIERE, 2 H 27T HBHX T 2.68, ThlED
BHXTIE3 00U EERD, TXTOBH)X TR
DOIERAZED st (£3-7). 2 H 27 HIHEFEEMN
BB LA T 13%053F 2120 ASERER S 1,
D ASETE IR IIERERMENOB B BN 51ZE ER L
7o (F3-1.

3 E =

M —1 O&FEWHE R, ARBRTHEE KT
BOTFR EBEIMHEIZL D D AREESMIGI S, L
iU, ORI BE BRI BRE S b T T H
D, WEBIREDAZ RS S STk FR E#INE %)
REMWFEIIRD DI L3 TEEh -7,

U3 CAREKE 1S ERRICAREETIEA
H B S 0 AR ZBIGT 205, Bk 2 DR S,
SR 2 A FEITIE D AZTE RO ORI

iy, BICORER 3 HPHEHE TR ICRES 2 &

NRIni, Lied-T, MR 1B TRbFELSHE
ZRMG U722 H 23 OIS TH U r ¥ 39 Titdh 3
FEE D AXZEROFEERICBIE L T EBEZ 5N 5.
IR I CU LOFNTE T (U r ¥ 0 A%
TEROFZIZ 3 14 O HENKETSH B0 B
KpEERT—25), BLOPIETIE 2 ATHOK 12 Ko
HE (HH2S5HAD ORI 1L RRED 12k b A
EEEnFEEEI N, ChoDl Ehs, KPOKEIZ
HEIZHT 277 FORZIEERD 5720, HEDHK
O FREEDFIFITHARTYAZEEEKL LT WIR
BIZHD, T ENELE DK TO FR ESIIHILEE
DHRDBEIDOFHERKHEEZZ S B,

D AEEBUSAOEEIZ SV TIE, R FR &8
HIX EEHX TIZIFHEL L, EETEHX XD FR Ei#
MHX TS (F3-6), HEEDFEKTO FR EHIH
Lk B HBEHT AEENE SN

b HEWEICLZYAEEROIMFINRLIKRES
DEER

Il—3—a TiF, FREBIHNICES ALK MG

REFFRLEOREFETREC EREH, TDOFKNEL

Table 3-5. PPFD and R/FR ratio under FR-intercepting film and clear film in the

spring experiment.

Covering PPFD* R/FR ratio’

material (gmol m* s™) 660+5/730 = 5nm 600-700,/700-800nm
FR-intercepting film 987 1.34 1.81
Clear film 1023 1.02 1.03

*PPFD (mean of 6 points) was measured at noon on a fine day (March 9, 1998).
"R/FR ratio was calculated from data in Fig.3-15.
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Fig. 3-16 Bulbing ratio (A) and fresh weight of basal leaf sheath (B) of
A. Xwakegi plants grown under FR-intercepting (open sym-
bols) or clear (closed symbols) film in the spring experiment.
The covering treatment was began on Feb. 23 (O, @) , Mar.
9 (J, M and Mar. 23 (A, A). Bulbing ratio represents the
ratio of the maximum diameter of the basal leaf sheath to the

minimum neck diameter.



168 BFREAR VT AT T

%25

Table 3-6. Formation of bulb scales, leaf elongation, and leaf color of A. X wakegi plants grown
under FR-intercepting film and clear film in the spring experiment. The covering
treatment was began on Feb. 23, Mar. 9 and Mar. 23.

9% of tillers with
Start of

Max. leaf length

SPAD value

Date bulb scales (em)
treatment -

FR-T’ Clear® FR-I Clear FR-I Clear

Mar. 23 12.5 25 - — — —

Feb. 23 Apr. 7 100 100 50.2 49.3 60.2 54.6
Apr. 20 100 100 57.5 56.6 64.7 63.0

May 1 100 100 55.1 56.2 61.3 58.8

Mar. 23 6.3 0 — — — —

Mar. 9 Apr. 7 93.8 93.8 45.0 44.8 59.0 53.2
Apr. 20 100 100 51.0 52.6 63.0 59.0

May 1 100 100 55.2 52.9 64.2 60.1

Mar. 23 0 0 — — — —

Mar. 23 Apr. 7 93.8 93.8 47.1 46.9 54.9 51.6
Apr. 20 100 100 51.6 51.3 60.1 52.9

May 1 100 100 55.1 53.3 64.0 54.9

“Chlorophyll content in the middle of the longest leaf blades was measured with a chlorophyllmeter

(SPAD-502, Minolta) , and was expressed as SPAD value.

YFR-intercepting film.
*Clear film.
“Not examined.

Table 3-7. Bulb development of A. X wakegi plants
transferred to a bulb-noninducible condi-
tion at different time (Feb. 27-Apr. 8) and
grown until Apr. 30.

Date of transfer to 9% of tillers

a bulb-noninducible Bulb.ng with
condition ratio bulb scales
Feb. 27 2.68 12.5
Mar. 9 3.69 81.3
Mar. 19 3.44 100
Ma. 29 3.10 100
Apr. 8 3.02 100

* The ratio of the maximum diameter of the basal leaf
sheath to the minimum neck diameter.

T, RBICEE U7c o 7 130 AEIR RS R0
BIRZHENEF O, DAEXERRLPT LS I &Ml
Eanht, ZITRIDRMEKEET 570D, DAZE
DIRMALEE S FR Z @I & 5 0 AR Ko Miilzh 1
IR TR ERA L.

1) MEEIUVHE

2000 47T H4 H» S KB4 15 0 AZ%% 5C
BLC2C, WHEEMTT0 HERFEE L, RrsLEg
‘iz OH12H), #EEELTN, PO, KOZE2ZzhE
a7z 0 1. 5em JifH U< f & 3N 2 ICiikiE 160
cm, 4k 15cm, #RME 15em, 4 A2 THRAZA T 7.

R Z AT B S FR EBIH 7 1« V4 (YXE-10, =
L) THET A XE L CEMEN 7 4 V4 (UVC
V—F—, ANETL) EAERWTHET 5 X AR
fo. W TERIEHIER 2 S8 15em & Bl L7 b v koLt
BME U, WA HEED S ABLTHIYE (PPFD #91u
o) ITK B 14 FF 0 E HALE (7R 4 Ff
45 3 ~"F 6 WE 45 43) %47 - 7o, RLAATT 58 HEIC
NBIOK K2 B L, AR 2KEEL,
FMFRIT > ERE Y720 D A 80 BRAEMEL L7z, Hill
Z A28, 49, 70 B X 91 HEITMELX Y720 10 Bk
(M7 50 28U, 15 15F2%RY,
WPLX 272 0 10 43 DT DO THERIER A2 A L 72,
Fio, KPS 3 ST OEBEY, WX Y720 30 4501
DIZDONT Y AFEDERRILE A L 7.

BN X O EE 2 X7 hLE LT PPFD %1 —2
LRBRD FIETHE Lz, Fi, ZtELBEXHN LR
ZRZATS 70 Hi% % < 1 IeMEECTHE L7z, FRE
WWHIH 7 1V LB X BB T 4 )V L & IS THE
BLIXEZZNZN FR EBMHIX S L CBEHX & L,

2) & B

FR&#H B X CBPXOBEB/ AR 7 Vi, TM—
2D 1998 FEFITB I 2RBO AT MV (K3—4) &
BMULE (F—28). FREBMNEIXD R/FR HiE
X & 0@, MAMEXO PPFD 3125 L7k

mol * m
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(£3-8). HEBUHE PO HTY, HxEs LUHKIK
KIRITOEERIIZ X2 KEBHEVERD SNED -T2
(R 3—17).

DA% BCTIFK L2 AR, BYXO K
BMIKEZ A % A OB pk > THIM L 7248, FR &
HHHIX D RFER I —FE DR LAV THER L, il
X O HERIHT O LK ORI I BHE 1L A3 S
(K 3—18A, K 3—19A). ZEWX D AZER KR LAl
Z A 49 HUBIZIEIE 100% & 78 - 7e A8, FR Bl
XKTIRHEHMEZEL TYAEDERIZASNT, DA
ORI &IEE D ENIT X BHE R ENA ST
(K 3—20A, K3—21A).

D A% 5CTHrR L2 & O IERIEEIE, FR &8
MHFIX B X CBEWX & &1 25 CHHICERTREDN -
7o (K 3—18). (Kl X 2 AR O BB W
X & 0 FR E#IEIX CBFEICH N, ZOR5E, WL
X 0 SRR O AT 1213 25°Clr ik D B 61F L i
WEEASNIEM T (K3—18B, K3—19B). 5CHr
ROE A1 FR Z@ X TS 0 AENERSH, b
A BETE BRIZ A I h 60% fiT B THER L7, BHIX
DY AEBCRIIAEZ AT 28 H#1T 68%, 49 HLIR#IZ
100% & 75 - 72 (K 3—20B, K 3—21B).

3 E B

D AEDOFEERIEIL5C « BHK TR bE L, KROT,
25°C « WX, 5°C « FR E#@iHIX, 25°C « FR &E#i)
FIXDIETH b, HIEHED FR EBIHIZELR D AEE
AR 250, £, WA TR0 D AZEANDK
AL N A RS 5 NS /ER Lc, IERIEE, 0
AERBRD N MIZ DN T & FR BBIH X & B X
DEF, WAMNTRIZDAZEE B5CTHE LSS
(BiEE & 0B IR THCTH M L cha (i
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[ FR-intercepting film @ Clear film

35

30

25

20

Air temperature (°C)

15

10

Il L L |

5
Sept.10 Sept25 Oct.10 Nov.9

Date

Oct.25

Fig. 3-17 Daily maximum, average and minimum
temperatures under FR-intercepting film
and clear film during the experiment.

Table 3-8. PPFD and R/FR ratio under FR-intercepting film and clear film.

Covering PPFD* R/FR ratio’

material (zmol m*s™) 660+5/730 = 5nm 600-700/700-800nm
FR-intercepting film 540 1.98 1.55
Clear film 571 1.15 1.06

* PPFD (mean of 16 points) was measured at noon on a fine day (Sept. 28, 2000).
*R/FR ratio was calculated from spectral data measured with a portable spectroradiometer.

5
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o 4T -0 i
® o
2 3 -
2 =
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1 1 L L 1 i I 1 1

28 49 70 91
Days after planting

28 49 70 91
Days after planting

Fig. 3-18 Bulbing ratio of A. X wakegi plants grown under FR-
intercepting light (@) or natural daylight (O). Before
planting, bulbs were exposed to 25°C (A) or 5°C (B) for 70
days. Vertical bars represent SE (n=10).
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BEOHKE) oJidwhE < (K3-18, K3—-20), FR
125 AL FE 0D 2 B U3 AT IR D AR IR & s & > TR 9
CEMRENS. ORI, REVHEEETO FR BB
IR D ) R DR & ASE I OAKIRE B 1SRN 5 2 &
EZRTEDTH 5.

LML, 5C«&WPXE5C « FR E:@EIIHIX 0 LK
BB XU O AEERRITIEHER RSSO (K318,
B 3—20), AHBRoEEEALE OHEIFITE T 5 FR EH
MHF O RIZM —3—a TRINICEBEDORK E R &
DEiMm-72. ZOFKELT, D ElE L EKEEDE
W, 2) ERIC XA IKEREOITBHL, 3) HEIHRO
BN ENEZL oM D, KRR TREIMA IO AZX
frkrnic, —J7, EBORE T EE KR
BT 5, RS TIRKIRITHS 3 Rk R I -
TEALT 5 2 EMHAIS N (RUNGER, 1978), F7, =
V=7 D0 AXREROFEIT T B I o (K5 O %)
1Z, KIRALFLOFHHAGENMEEE NI EWEShTH
% (E, 1979). 747 Fioxd 2 KR O R R S KR~
DM BRI O PIRIT OO TITRRET TH 503, D AR
WM& O EBEOMEA B THEBT KRB0 SN AX
BT LTk 0O EERN R A ORI S0 &
Zohd., £, KRTIR Y AXORZ T %R 1
H oW i 30°C % Ll 3 H 2% s -7 (K 3—
17, KREE%OERITIKEORREIT BHTIEM
mWHsHIENS (I—1—0c), WMAMITHDEFIIC
BB mREAMER, WEEOKIRLIEOREFTBINT
JENZPER LcvRgtE b ZE 2 oh 5.

4 PEEYFEICEITB Y AZERROHIE
FRIZ O AZZRAM I BAEORITIHEZTT S B & DR

¥cid, FRBBEIMENIC X 2 0 AZEKO HHlE A5
ThHY, WHMOEREITE -7, HERHLUK
DR ELT, EAUBIZE > TAAMIERES®ZD
A% A HITHEZ AT TREE 9 2 4F8 (W1 & D D)
MNHsb, TR, BEORELURD D r FAPEICEIF
50 AEIKOWHEIZHIE LT, MIEEVERIICB Y

Ll

1] A

Fig. 3-19 Shoot of A. X wakegi plants grown under
FR-intercepting film (left) or clear film
(right) for 70 days after planting. Before
planting, bulbs were stored at 25°C (A) or
5°C (B) for 70 days.

A

HMM Shddhabidy

Fig. 3-21 Unexpanded leaves of A. X wakegi plants
grown under FR-intercepting (left) or clear
(right) film for 70 days after planting.
Before planting, bulbs were stored at 25°C
(A) or 5°C (B) for 70 days.
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Fig. 3-20 Percentage of tillers with bulb scales of A. X wakegi plants
grown under FR-intercepting light (@) or natural day-
light (O). Before planting, bulbs were exposed to 25°C
(A) or 5C (B) for 70 days. Thirty tillers for each treat-
ment were examined on each sampling day.
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2) MELEYHEICEIFS FR BB 7 1 IV LDH
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FMA TRAAT 2. RA AT R S FR E@INEH 7 1
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UZe, REZ AR 37T HRITEIEE LT N B8 LU K s
EEYMEEH U, AR 3REEL, FUEKIZOX
KM 0 O A 60 BRERZAT T 72, WA 36 Hi%
5 88 HEg % THY 10 H IR TR Y720 15 Bk (I
WYz D 5 ZERM L, HolE KO R 1k A 3
Bl F, BIUABHNS 102580, WX
W72 0 15 DI O NTIERIES, BEh, DAEDEIK
R KO0 AZEERELRAE L, BT, &
B hifsr Ok g 235k RKE (SPAD-502,

1

NG ERWCTE L

MW EEM O HREDE B AR FVE KUK,
BAEXIZE 5 PPFD 211 —2 & HAEO L THlE
L7z, FR&®BINE 7 4 )V A THET 21X, EEEH7 4
WLEAESWTHET IR IV EHEOXE TN E
N FR E8EIIH, BHB L7 4 VLI LXK E Uik,

b # ®

HIRX DB AR Y PV —2 O 1998 4R ICH
RO ARY bV (K3—4) EFUL (F—F1K),
FR &M@ MH XD R/FR HIZBEWAX B LT 7 1 VLKL
RiCHNTEM» -7 (239, PPFD &7 4V AE L
XTikbm<, ROT, &Y, FR EBIHIXDOIETSH -
7o, BEHIX & FR B@ X 0@ idb3inTh - 72
(#£3-9).

REZ AT % BRIt - T, BRERIET~TD
JUERIX THEIN U 7243, FR E&IHIXKIZE T 2 B
JE o 2 BRI TR » 72 (K 3—23A). 7«
VLI UX TR 2 MEHX LD 10 HRL, FEZ AT
4T HRIZ D AERER E W Tehl, OB D AZERK
RITIFUILKIZ X B80T L, D AR A
78 HiRIZAMEIX T 100% 12 L (K 3—23B).
D AZEDOAARTE L FR E#INHIX I 5 0 Tt 2 WHLX
o BEOEmAA SN (K3—230).

3B X Db ISR XA Z AT 68 HELRE 7 4 L
LI ULXTRGEL, KOT, FREEIH, EHXO
HT&® -7z (K 3—24A). FINTRMEIT X 20T
FEAER N7z (K3—24B). FR E#EMH X 00

Fig. 3-22 A photograph of field-grown A. X wakegi plants under
tunnels covered with FR-intercepting film (front) and
clear film combined with a layer of white cheesecloth
(rear) in the early summer experiment.
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Table 3-9. PPFD and R/FR ratio under FR-intercepting film, clear film and without
film in the early summer experiment.

Covering PPFD* R/FR ratio”

material (umol m*s") 660*5/730+=5nm  600-700/700-800nm
FR-intercepting film 1166 2.30 1.60
Clear film 1255 1.00 1.01
Without film 1919 1.03 1.05

“PPFD (mean of 6 points) was measured at noon on a fine day (April 30, 1999).
*R/FR ratio was calculated from spectral data measured with a portable spectroradiometer.

BBEWHXBEIET 4 VAL URKICHRTENMET NS S
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EGIER SN &, HEarBl TR 8b5 &
&, DAZEILRUND ETREIMOIER &8 555
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BRI AONE D EEZZL 6N 5.
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M—2, M —4Tii-7 FREHIMH 7 1 )V L “YXE-
107 ZHO BB O RS X OHBRIO HE£K 3—
WBIEEDTRYT. ChooBRTRE, Hiss 3K
4H14H, TH6H, TH28H) iIch AXDRZT
mirbhtc, Kl FR E&SIHIX O RKIER O ZAL
AT 5 &, TH28 HEAM Y TRIEREREAAS
B U5 - 228, T H 6 HEAAHT T b3 s
U O 2.0), 4H 14 BRAAR TREECmL 7.
72, 4H14H, TH6HBXUTH 28 HEEZfHiFic
B 5 FR EBIHIX O D AZERKEO K&, Th
Zh 100, 75, 0% Th -7z (K3—11, K3—23). =
o OkRN» S, FREBME OEIMAA T HIZX
DELY, 4 14B<TH6A<TH228 HZTD
@7, 4 H 14 HiAA G T, AT E%
OHE>R N > 7oh, FAMHT 70 HEE THER
wrick<ny, dBRUM ko R, TH28H<T
H6H<4H 14 BfAMNIOIICEN -7 (HHE»S
HAO ZToOF¥HRHIZZNZ N 13 KEH] 743, 13 K§l
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% of tillers with bulb scales
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(g tlller'1)
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Fig. 3-23 Bulbing ratio (A) , percentage of tillers with
bulb scales (B) and fresh weight of bulb
scale (C) of A. Xwakegi plants grown under
FR-intercepting film ([]) , clear film (@)
and without film (A) in the early summer
experiment. Bulbing ratio represents the
ratio of the maximum diameter of the basal
leaf sheath to the minimum neck diameter.
Vertical bars of bulbing ratio and fresh
weight of bulb scale represent SE (n=15).

374r, 14EEI543). ThoD#ERN S, FR EHMH
X377 ¥0 D AZRKOMHFIRRE 3 A TR O H &I
BEEL, HEMZEMAT 255 IC3AEFMNOHRI VA
AWHEALELOAROEEPREVEEZONG. ¥
REAFODAZRBICBEFNEL bEFRFEOKH
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TEHEVEHBIE LT B aREME b E Z 5N 5.
ARETHH Ui FR Z@IHIEM 3 FR OFE# % 584
WA 2D TIRIEL, E@BITEAL D DHED FR 2
AENTVWE., ¥x3xFPT ¥4 813 R/FR %
HTHETRES, hs oz R/FR MICKAF L

120 |
100 |
80 |
60 |-
40
20
ol p— . ! ) ) !
60 —

Shoot fresh weight
(g plant™)

50 |-
40 +
30|

20_': L L 1 1 i I
0 40 50 60 70 80 90

Days after planting

Plant height (cm)

Fig. 3-24 Changes in shoot fresh weight (A) and plant
height (B) of A. X wakegi plants grown
under FR-intercepting film ((1) , clear film
(@) and without film (A) in the early
summer experimen. Vertical bars represent
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ZOHROFBRBIZXVITEHINEEE (I-1-0) &,
BREDFIITB I 2 77 FO Y AR AFE O KR
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Fig. 3-25 Changes in daylength (O) and bulbing ratio of A. X wakegi plants grown under
FR-intercepting film ([]), clear film (@) and without film (A). Bulbs were planted on
Apr. 14,1999 (A), July 6, 1998 (B) and July 28, 1998 (C). Bulbing ratio represents the
ratio of the maximum diameter of the basal leaf sheath to the minimum neck diameter.
Daylength is time from sunrise to sunset.
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DR IRAC I BE DR % A R AR AL E & Ui,

b HREIUBE

SH2HOEKERHIZ1L5THD, ZOMETIELA
ERIEREIN TR -2, 5 H 11 HO B KRR
3.7THD, DAXDOEIRMNRED S, FERIETAERK
HEIX3H2HIZHUANTSH 1L HOAMEL, ZERHE
RS 5 H 11 HO & -7z (FK4-1D).

WERH IR © HPLC SMricksnwe, 707 h—
Z, JNVIA—ZABLVORI70—ZADE—=7HITAT o—
2 & O RFEFRHOEWEHBO E— 7 s nie (K 4—
D. H#IC Y 2 B EMA TR LA 3 5 &,
TIKSHBER D IRAALS E LTIV b= ET VT~
ZDHPIENE 2 &, BIXOMKMREED TV T h—
2RI TN I —ZARIIHRTEZ I EDPS, Z7B—X
L ORI O RWEBOE—-7 R I1V 7 5 v TH B &
EzZohb. k£, 77 ¥FOERHIEBOYIRmTIZaI Y
F-—TUTURINEAONTE S ST, LichisT, U
FOZEMEIBIC BRI B E LT, 707 b=2X,
JIVA—R, ZT7O—ABIUTINI FUongGEND &
FZoh, INEF7<vxFOAXKICETN SRR K
43 (DARBYSHIRE * HENRY, 1978) &#ifl4 3. HPLC
Or7a< S Lahs (K4—1), 77 F¥OIERILLRI
BENBTINI S VOBEGEII~NSRELEEZ SN,
KEFEDO TN & % 2 U o Rz A D
Lt En B, y<xFTR, VAXPCHEETZES
FE3~5 0707 5 v 9 BHERAEIN TS
(Suiomi, 1989).

D AZEFEEER O SERIGIIC B B BOKALIRLE & 1K 4—
2ATRT. COREITB AR D Z  iniilE (7)1
J h=ZBXU IV a—R) DIETHELELK. 2RKIL
W B 2O HEE (w/w) 12130 AR ORLEIC &
BRELFIEN -7, ZTha—20EEEINM b
AREEED -, R 7 u—2DEHE&IF 12~17T% T,
DARITEBEIBIEEAER ST, BOARITBLT
BRI D 6~19% D37 IV 7 VO THELK., —

H, 0 AERERDOERIE TR, RKMHDOZ Mo
N5 vDETHIEL, kKM EDE TV 5
OHEINMDO D ARIFEEN -T2 (K4-2B). &R
AL 58 2 B D5 1% 8~33% T, AMOD Y AR
BEKL, R7 B —XD#EI&R 12~17T%T, DARIZ
KBEFIBFBEAER ST, TIVT Y L DIRREREE,
D AERETNTHART O AZRERO TN, 2Rk
TEIRIE & D AETEERD T EP - 7o (F4-2).

Table 4-1. Bulb development of A. X wakegi plants
grown in the field on March 2 and May
11, 1990. Values are means of 10 replica-

tions.
FW of basal .
Sampling date leaf sheath Bulb.lrtg Dry matter
(g tiller") ratio percentage
March 2 1.4 1.51 11.5
May 11 11.7 3.65 19.1

* Bulbing ratio represents the ratio of the maximum
diameter of the basal leaf sheath to the minimum neck

diameter.
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Fig.4-1 A HPLC chromatogram of carbohydrates
extracted from basal leaf sheaths of A. X
wakegi. Peak 1, 2 and 3 correspond to fruc-
tose, glucose and sucrose, respectively.
Peaks 4, 5, 6, 7 and 8 are assumed to be
fructans with DP=3, 4, 5, 6 and 7, respec-
tively.
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KRB OFER N S, D AZKFER O FERRRIT 13 HUbE
i, ZEROTINY ¥ UonERET S LhvRahi.
T Fi3 D AXDOREITHE - TIRIRIRRBIZ A 2 28, []IE
WD FRARALHLL D ZEALIZIRIIRRE D ZZALITBE L T
BUREME M EZ 5B, 22T, V— 2 TRRKILY
R DAL KR & DRARIZ OV TGS 5.

2 RIK(EMOEEE YAZRE - (KERE DEBR

I 22 FTIHDAZDOKIRIZE T 5 RGOS %
RETHRE LT, WEEEEYEEORVDARKIEZE
U O WA <, wIEPEETEY S O T iR,
FFhE LW F E OIS H O EBREI TS
(LR - PFE, 1957). F7, DAXEPO TV & U ER
MY T2 FLFETHE, VAZOFKENK L
(SuzUKI * CUTCLIFFE, 1989), 0 A 380y 1T G2y
VTR B @Rk 7 & DRI BRAKAL AR L T
WBHREMNEZ 6B, V-1 TR, »AZERENE
D 7 FLERHEIRIT B W TRIKALA IR & 7248 kA
HUBZEDRENID, TNODEND AZEFEIC
o THELEEDLDBBR LB LT 2D0EHS
WTIRIBO, —RNE T r FRETIE, AR
THRIEDSFEE N B 720, Tho 20085 4%2508EL T
TS %5 ERIWEETH B M, TR, KkMEDRT
% 2 i DR O BREE T 5 2 Ltk b, (RIR
ERMMOEGEEN SN T B ExkA. Thi
MAT, 747 FOREITE T B RKYOIOLNE R FF
3 L IR O KAL) D BhRE 2 3~ 7z,

a MESLUHE
1) KBHEDOELS 2RO Y AERES K KIRIK
RBROELITHES mKIEmOENE (KB 1)

1990 4 10 H 3 Hi & LTN, P.Os, KO #Zh
ZhoaY7c b kg M U7 B « ZRERBRE N O WY
ORI 15 ORIRPES RE) 6 K OF “HEFEE GREIR
MRPEmAE) @ b A% %KM 20em, PR 20em D 2 ZAif
ZTHEZAT, HREF U7, MisfEE & 19914E5 H 22 H
WBREIR D B, &I N X THY 2 R S Bk
I LR EHEBREL, VAXET I ZF v 78O
MLRICANT, EHHED Y7 S0l Lo BEFE8,
T TR U7z,

1991 4E 2 H 20 B4 5 8 A 20 H & TH 20 HEIFE Tl
mFED D AKDTEREFRRE, RIRFREE B X OZERAHT o i
AL 2R A U7z, 0 AT oA I, &9
BHICERI U7 10 Bk SEAERITRBALZ TS %, F

72, D ARINHERORAITIE, T D AZED S ME
BITRAIZD AR LT, D AZKDTG R (3 5EH
MAEKRES X OCRRFEBIC X DR L, SHFEH I HE

Table 4-2. Degree of polymerization (DP) of fructans
and the concentration of total carbohy-
drates in basal leaf sheaths of A. Xwakegi
plants before (March 2) and after (May
11) bulb development.

Stage of bulb Scale Max. DP  Total carbohydrate’
development  position® of fructans (mg g FWY)
1 3 23.0£0.8
Before bulb 2 8 29.2%1.2
development 3 6 34.7£1.2
4 7 29.5*1.8
1 8 36.9%+1.2
After bulb 2 8 46.4+4.6
development 3 8 12.554.9
4 8 35.6%£3.8
5 8 51.0£6.5

*The number represents scale position from outer to inner.
¥ Means*=SE (n=3).
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Fig. 4-2 Glucose, fructose, sucrose and fructans as a
proportion of total carbohydrates in all
scales of an A. X wakegi basal leaf sheath
before (A, March 2) and after (B, May 11)
bulb development. Scale 1 is the outermost
one.
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M7z 0 10 KDFTF DT D0 THAE L2, IRIRFEER T
THA U ZE OB & > CREM L, a4 i iy
720 16 KDOPF D&M U7, IRIRIR A8 13 SERE IR PO
DO GF) OMEORBIZLVRESN B0, KIRE
B OBR Z MR 51213, ERHET2EID &N
OO AR ZESNT 2 AEBBEYTHEELEZ OGNS Z &
W5, AhEE 3 BN E U o SERRES & R KAL) IR O 53T
MHRE Ui, SV 3 MR BRE U7 BERETE 2~4 @ h S
HfkH 2~3g OREPERBIL, KEHIE3 &L

2) RIKILHDEBRIFISF (E& 2)

1993 4E 9 H 29 HIZ “AEBiAE 15 0 b AXEHR 1
LIARED i THIBITA A AT, HRE LA, 1994 44
H 20 HiZ 2 BRERILL, SEREBZE (RAMEEN S 31
HOIE) 20 THERB X UEGEThEh LI E M
2255 L, BIALO RKICYIRE ZRAE Lz, 2 KD
SEAEBHIE N S FriEE 2~4g ORI AR L, KEK
3 &L,

3) BHEFEDRKILYDOENRE (KB 3)

1991 49 H 10 HIZ “AJEMeE 145 0 Y AZEAE /N — 3
Fao4 MEANKEHEHM Ny MiZhEZ, 25°C20°C
(&%), 12K HE, PPFD 135 mol * m ** sec '
(BitZ » 7 D400, HEZ 17 v7) OALKIGERE
THETR., AT 0~14 HEIZH AZENTOHED K
(LHIEIE %A Ue. RBtoME ks L ORERIZR
Bl ERBEE LR, 1600 AT DO THEHEE
AL 7.

4) RIKILY DT

ABHZHI 10 5 80% = & / — Vs & INZ T, 80
‘CT 30 srfliin U7ctk, WeWeL7c. =0, 80°CT 30
Sy Uictk, MR ERE A8 U, AR % R
i Utc, MR AER A A v 55Mh 5 L (7 oX=5 4 b
CG-120, AINAH /), BT, BAA X h T L (T
Y= 4 NIRA-93ZU, ANH /) Tl Uik, #W
KERL, BT 7 Va—x, 707 b—2BLV
Rra—REER LU, £7, HHE ImIZINO Y o
YR 0. ImlZ Nz, 80°CT 1 KFiEin L Cistih o
TKALH % BIRE I K38 U 7288, MK SMiEh oo 7 v a —
ABXFTINT N—2EFER LI, NKRGFERTO 7V
A—ZBXVG TV b — RREDOHIZE 2 RAKCIRIE &
U, RRARIRED S MK FERTO 7 v a—x, T
J b —ZBIXPR 7 o —RREEGICIMEETINT 5 v
BEE LA, 73—, TV F—ZABLURT70—
ADERITIE, B2 RERITEFE U HPLC % H
Wiz, /15 413 Tonpak KS-801 (N 8mm, £ & 30

em, MWFITET), # 7 LEEIX80°C, BEMHIZK, ik
#1E Iml » min '& U7z,

b # 5

D KEHDOELS 2 REOYAZRES L TKRERIK
BOZICHES mRKIEMOEE B 1)

TERGIELS 0 AR S ARSI A: 1957, CHEFEE & BT
AH1HE S8 U (K4—3A). BRI KK
15 T 420 05, “HEEE TIE4H 1D
SHmML (M4-3B), MmO AT 4 A Lf»s
5 HiENC/mir TREL . ARENRA 15 OHZFHE
4 H 20 Hic@#uc¥mL, 5H10HICT4HERD
FELRY, 20k, Wiz, —JF, “HEE ofFEH
B A~5 Hichbdhictgml o s T, FHANME %@
LT26HUFTH-7 (K4—30).

WERHEARIZ B B IR OBEE K 4—41TR T,
WL HIZT7 IV b=XB KO/ a— RBE L
PG LA L, 7V b—2EEIR4H1H, Zba—
ZHEEIZ AN 20 HICkRESERBY, 20%, KT L.
TN h—=2BXOZ IV a— 2Bz 5 H 31 HUR
KREBEARA SN T2, A7 B —APEEITDONT
1 OORBERA 1% TRENANIR 2@ U TR &
WK, CHEFEE TR AXRERITITIZEASEMNLE
Motehs, DAXOWD FIFRIZPP AT 2 HEmNS
Shic. 77y VigEE REKETS TIE 4H 20
Hro, “BHRE TE4H1HEMS, WmEEbIZ5H
BIHETLAL, £0&%, —EDOLVNIVTHER L.
SR R A B LT TV & VR B
POEALER LI, TXTORKIEIFIZONT, DA
ERERB IO LIF %O D AR EIICE T 5%
RIEEHRA 1557 & “HEFEE ORICKE B2 -T2,

2) RIKALHDERLIRIS (KB 2)

BRI ED B TV o DEE (w/w) 13,
WH L, EH s X OCEN BBt TEAEN
11.5, 6.5, 9.6%TdH 7. —Jf, HEFEBTIZILY
5 v OEE (w/w) 1349.3% bk v bEL, 7
W75 DEREIFFRINZ S -7 (K 4-5). HER T
D& R IRACIR B AR DT HTHY 2 f R - 7.

3) BHFFRFORKIEYDENE (B 3)

DAXOWIZFARIT 4.470.5 0 CFEMEESE) Tdh -
fo. 7V b—RBERAEAMG 14 BERIZ, b a—
ZMEIAZAT T HBIC ER Ue (R4—6A). —4,
A7\ — ZRERMAATTEEP SIK T L, 7075
VIBERMAMNT THE®EMSIETL, MAMAT 14 HER
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Fig. 4-3 Seasonal changes in fresh weight of basal leaf
sheath (A), bulbing ratio (B) and days to
sprouting of basal leaf sheaths (C) of A. X
wakegi cv. Kiharabansei No. 1 (O, dormant)
and Ginoza (@, nondormant). The bulbs
were harvested on May 22 (arrows). Bulbing
ratio represents the ratio of the maximum
diameter of the basal leaf sheath to the mini-
mum neck diameter. Vertical bars represent
SE (n=10 for fresh weight of basal leaf sheath
and bulbing ratio, n=16 for days to sprout-
ing).

WA A EEZD 47% 1K M Lc (K 4—-6B)

c B =

7 <2 F D AZEDORKMYITONTIE, »IED LT
MO SN TV BH, IO TR TFENAR
BRI OB NOERIZITbhTOEL, Fi, LD
R TIE 0 AEFER D IERIETLD A ESTOHR E L
THO, REFR, Ho, BN R 2R A L
7z b, KRB TR I FODAXERENS DA
AR AR TR IR 2 £ TORERILIIC B T B R
IKALHIR BE DAL A iy, R INT I Sanic Lic, K
JEeAE 15 ORIRIERIICMHYS S 5 4 H Efuh s 5 H

PAIORINCIE, HEEREOK TR IO TV & ViR
D EAMSED SN, KIETDODAXICZZEDOTIIVT F
VIMEELT, UL, WREOZALIE CHEFE TH R
Hon, FERERED HFHE ODAZICEZED T
W5 AR LT, 1, KL 15135 H Fh
IR, REITIRIRA & FERE U 728, (RIRSERL o 7 L 7
7 UBEITKREBERSEONE T, TS DORER
Mo, DAENICEFS71V7 ¥ v OERMKIRICEE

LTOBafgtkid i EBZ o b, D AKDORZT T
BICBI BTV 7 VIREORTRIEFORICED SN
7o, TOREHIE, TV 5 VIBEEOK T T ZEORKE &
LTHLRHRTH Y, HHEOFHKRTREWI EE2RT
bOEEZOLNS.

KIREE S & CIHRIREO LFhoSEIZE LTS, b
AZEDFETEITHE > THERAT O BEREDK P L U7
Vo 7 VREO ERMSED SN, TORRE, FRELKC
DAZTRERKIEBIZEDZ TV T 7 v DEE
(w/w) 13 90%L L&D TR, 7NV7 b—2BLT
TN A—=Z20EHFFIOTN D 2% LT LD TED - 72
(B4—=7. —F, DAXOWF#KITIE, HBERED L
FABLC TN F VIREOIKT L0 D AZERER LI
WFOEALNA STz, —#RIZ, FICEBICAZ ooy F
3 H LALIRE, QRO EFCPE - TR R Lo
BXUSI>HomeERdT (RIS, 1979). i1
ZBLTh, AKEBAE 15 B8RO HEE 133 H L)
Mo 4 H BANTIER T REA R R L, I ORI OZENR
FABITAAAET 2 R SO RIS &L, TVo 5
COEGEHEN 5T (KA-T). Y Lok, vr¥
DOIEFFIBITB Y 2 RIAKA OB, I - IKARES
ThH5YAFXDORZERITIIESILDF AN, HiZFRERE S
IR BRI B LD S N 2 E 2R LT 5.

3 RESLVIEBREBNRKEHOEEICRIZTTHE

HAREKMETO U 7 F¥0 D AZERIRFICIE, SRR
DRI B X CHBIC R S WL AL 5 &M
HoMER 57, DITHE, HEB K OHIREOE SR
T FO D AZBRITKE A RITT  ENREh
el EMmS, N=3 7T, IhoOBREERMNY 7 F0
B L OFERTBIC B 1 B KM RIZ 3 8
DINTHRET L7,

a MEBLUVHE
SCH LV 2C, BEEEMTTO BT LT 7+
KB 15 O 0 A% 200049 H 12 HITH &K I
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__Fig.4-4 Seasonal changes in fructose, glucose, sucrose, fructans and total carbohydrates

concentrations in basal leaf sheaths of A. X wakegi cv. Kiharabansei No.

1 (O) and

Ginoza (@) during bulb development and postharvest storage. The bulbs were harvested
on May 22 (arrows). Vertical bars represent SE (n=3).
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Fig.4-5 Glucose, fructose, sucrose and fructans

concentrations in upper and lower halves of
leaf blades and of leaf sheaths of A. X
wakegi. Values are means of 3 replications.
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Fig.4-6 Changes in fructose, glucose, sucrose,
fructans and total carbohydrates concen-
trations in bulbs of A. X wakegi after
planting. Vertical bars represent SE (n=3).



180 BFREAR VT AT T

*E

%25

Kiharabansei No.1 Ginoza

100 B

80 -

60

% to total carbohydrates

20 -

AN

NN

May 31 Apr.1 May 31
Sampling date

Apr.1
Sampling date
W Giucose Fructose [J Sucrose [ Fructans

Fig. 4-7 Glucose, fructose, sucrose and fructans as a
proportion of total carbohydrates (w/w) in
basal leaf sheaths of A. X wakegi cv.
Kiharabansei No. 1 and Ginoza. Values were
calculated based on data in Fig. 4-4.

(4720 28 ZHRIL, BHROES B X U
DIRIRACIRE 2 /A U7, RV -2 108 Lk
TEIZ & - THT L, R4 & L7

b HRESLUER

FE IR DSt & R SR I ALK D D A
EREOHFITONTI, M—3—-biZmLiz. DAXE
DOREREL, 5C - BHX TROE L, KROLT25TC -
EYX, 5C « FR E#@iHIX, 25°C « FR E#@iflX o
HTdH -7 (K3—18, K3—20). 25°C « FR & @]
XTid, FAAMEZE U TERIEREZ2.0UTTHO,
DAEDMELRD SRS - 7z,

R8T BRI OBREEK 48 1TRT. T
V7 b —ZEEIE 25°C « FR BEMHX TRIZLAEE
LU 5 7eh, 20PN DOX TRIEAA T &% H B O
Mt TRT L, KTFORERSC - BHXTRG M
<, KT 25C - EWX, 5C « FR Z#IHXDNET
Hote, 7Va—RBEIZSCE XV 25°C « FR &84
FIXTIHIEEAEEA LN 7208, 5C « BYWIX TR
49 H#&IZ, 25°C « BYIXTIZ 70 HRICIK T L7, 49 0
BLIBED 7V 0 — ZPAFEIL 5°C « BWHX TR bIK - 72,
27 80— ZBEOEITIFUIIT L EIIFEAESLS
NIEhote, TV 5 VB L ORRKIHEEZ 25°C «
FR ZBIHEIX TIRIF LA LB LG D - 728, Thbl
NOXTIRHAN B BRIt > T ALz, il
ZAT 49 HUBD 7V 7 7 vk X O RIKILELEE i,

5C « BWX T b <, KNT25C - EWX, 5C+F
R Z&BIHIX, 25°C « FR ZE#INEIXONETH - 72.

e HIUERH D 0 A LR 1T PR SERE IR o BOBE L 12K
TUL, 7V7 7 UvBgEiEERT A EMREIN. 2O
X5 BIKAL O BIREIE, ARG TO O AEFEIHE
SRR OEE (IV—-2) &—F L. FEHRD 7L
75 VIR0 AROFERRE O R OLEXIT & o
MNA SN, TIV7F v OERBED AXEDOREITIIEE
BN H B EEBEZLOND. DAZDREINES TV
2 L OEBOERIIOVTIIBAEEKIIE N TELT S,

WHHIZB T 3R OBEAEK 49 1ITRT. 7
VI b —=ZABIGT7 VT — ZREIREAAT T % H D
INzfk - T 25°C « FR #E#@HIX T B L, 5C - &
HXTIHETF L, §NTOUERIZEBNTAZ o—2
EERHENMAZB U TIEEAEE L. T
75 R, 5CHEXU25°C - BEMIX T 49 Hikic—
BEITIE T L7c 2 20T, KEREMEZRELD -
fo. BEHIO BOKALPILIE T IZEERE O X 5120 AER
BT REBENBA SN -T2, D AETREROD
HEEOWEL LU 7V & v O R, EHL (2o
CEERIATE) ICRERNISBIREEZ SN 5.

4 WBEEBER

TNy 5 o DERE, VEL, A xFL FIREEE10
FIU Lo ci@boh, #Tmmo 12%, % 36000 7
MINY 7 o 2ERT L EMESINTHS (HENDRY,
1987). 7020 5 v EEMT MY OL IE, FKFICT
v v REMT 55 (NELSON » SPOLLEN, 1987), 77
FOOAEXMZET V7 i3RI T, KIS
ELTINI b—R, ZNVa—Z, Z7/a—ABLU7
W75 OERBBRED OGN, ¥ x FOMuE XX
O—EBOHMITIET v 7 vk E T 5 A5 (ERNST *
BUFLER, 1994), #<x ¥, —=v=7BITV —F
(Allium ampeloprasum L.) OIEWIEIIIET v 7T >~
FEENT, RKIWEsE LTI FERL, 707
=2, ZNVa—2Z, R70—ZRBLVTINI Y L %2h
L2 EHE SN TV S (DARBYSHIRE * HENRY, 1981).
—fRIT, WMICEBISNKLTINVS ¥ 0L, IEE &
LTHRELTLW B EEZ N TS, Y5 FODAXT
BRIKADIZEAEB TV 7 O THEEL (K 4—
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Fig. 4-8 Changes in fructose, glucose, sucrose, fructans and total carbohydrates concentrations of
leaf sheaths of A. X wakegi plants grown under FR-intercepting film (O, @) and clear
film (/\, A). Before planting, bulbs were stored at 5°C (closed symbols) and 25°C (open
symbols) for 70 days. Vertical bars represent SE (n=4).
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Fig. 4-9 Changes in fructose, glucose, sucrose, fructans and total carbohydrates concentratidns of
leaf blades of A. X wakegi plants grown under FR-intercepting film (O, @) and clear film
(/\, A). Before planting, bulbs were stored at 5°C (closed symbols) and 25°C (open
symbols) for 70 days. Vertical bars represent SE (n=4).
DEEICHHENB EEZoNB. WcERShIZT7 W& & h T3 (NELSON * SPOLLEN, 1987;

W7 5 IsE DROERICHESNBHIELT, aLF
BEDA XFHEMORICERSNIcT IV ¥ V08, BUR
DERDPEMD M on I BOMERICHAEN S Z &

SCHNYDER, 1993).
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MEORERT VY v VORI ES T IEUHEL D

REME AR ST WS (BIELESKI, 1993; PILON-
SMITS &, 1995; YOSHIDA &, 1998; VIJN * SMEEKENS,
1999). NELSON * SPOLLEN (1987) 13, f#icH1d %7
W7y OMEE LT, VY IBEIRBISER 70—
REDOHENT K B > v 7 84E LMD R 7 v — R %
OB LT NIC L 2R OIEEE BT T B, ik
2, MYOREHGE TES M EIZTEEL TR
77— 2D TIERT S EELEZONTED, 775 ¥
BTHRENICEMEHE Z R 7 0 — 2 DI THEHFLERIT
RS % EfESNG, Fi, WMcBIZ IV 5V
BERDOHE 1B, 20FD0R70—2An6 1545FD1—
FAN=R (ERE3SOINT F V) E7NVA—2ME
KEhsdZETHS (VN « SMEEKENS, 1999). D A
RFEITHE D ER A AR E O (K4-3) 8LV
RRIKALIRED L5 (K 4—4) %, D AZEFE=ERIC
ZRO R 70— ZPERFERICERT 5 Z AR LT
5. L, 0AFERERTHERILTEOZ 7 o— 2%
FFEAEZALET, TIVT 7 VRENERT S (K4
4), ZOREIR, HRLAER7 0—20%  I3IERHIE
TINI F VOEKICHEINE I EARLTED, b
AERERD T IV 5 DERIZIE, X7 o—XREE
BT A LiIcky, BRI Y L7 EEOHERFT S
&b s LifEINS.

TV s RAENETH O, W TR IcE
B&h 3 (FREHUNERS, 1984). <R FR 7/ ¥FDiE
BFE T RIEMEEEY ORISR TV & Vi E DK
KILTH O, R DREE S & OHUR D ZE AL 13 524
HIBORERT v ¥ ¥ VITKE BB ERIT S EHEE S
N5, RRKMRED FRBRERT V¥ v VEERT
SHEBINT, —J, RKMYOEELIZRERT V¥ +
W LRAIEZHMHMERT LI ENS, T7FDDA
ERERO RO ELSIITIE, 2RKCWIRED 1
FHIPEDIRERT V¥ v VORTZBNT 2@ =05 %
LEZONS.

Z X F DY AKERITMEIC K > TRE (LD,
FERTEH @ FE T 5~9%, ek H M TlE 8~12%, %
B AT 18% UL E o %779 (DARBYSHIRE *
STEER, 1990). DARBYSHIRE * HENRY (1979) O
TR, DAXEWRS, 12, 18%DF < xFRFEICE L
T, DAXETOERKEIMZEDETIVT 5 v oEAE
zhZzh#130, 50, 90%Thb, HWRDEHNDAXKIZ
ETN7 5 OERENZ L, BHOEBRND I OER
MH 5 (SINCLAIRS, 1995a; WALLS, 1999; KAHANE 5,

2001). IV—2 OFER 1 12BN T, AKEKE 15 BLO
“HEFFEE 0 5 H 31 HEED D AXWHRIZ, ZhEh
22.4, 23.8%THD, DAXTOERKIWZEDE T
W75 OEEEESFEE S 0%LLETh -7z (K4-7).
L= T, 77 FDDAXGYHERE X ORKICHEK
BN <2 FRAICRSBMUL TS, ERAY <
AFMEPLT T FO X MEEMHED Y AT, KK
CWDZ NIV 5 v OETEREING Z LITLDIZ

MHERO LFICESBERT VY v VOIK FfERIEhT
WHEEZOLND., INoOREMIE, DAZEICERSH

BRI DESILIC L DRERT ¥ v VEFLEL,
FOZ ORI DOER ZWHEICT 5 &) @ DB
HEbOEHESNS. 3B MEDY T xFDAZKIIOL
THEEEERES LORERT Vv v VERA LK
SINCLAIR & (1995b) D5 TIE, nEMEBEEWIRE D

WCHESBBAET VY v VDK TR TV F—ZAP R
7 a—RERDOBE LA RERT Vv v VOIKT
ICHARTRPHATH Y, EEOREHE XRS5 R0
L5NTH 5B

5 # E

7 7 FEERSIR O FEIMKRNES EF X Sh B Ik
PERRIKALY (RIKAEM EWET) 1250 T, D AXRTER
L OIRIRIREDZ 1L ’%5%%%%&b,0&$%&-
KIRIZH 1 2 R DR ENZ DO THET L7z,
%ﬁﬁ%%ﬂuimﬂ({t%}ﬁé}t LTINT b—R, 7
I—R, RV a—ZABIUVEAFE I~3BREDTINVT F
MIEAE L7z,

D AEFRERNT AT Y AR EZOER AT,
HpE (707 b—Z2BLUZIVa—2) DEEMNEKL,
TN 5 vOEEWEL, BEREEORNTIVY F VT

fEL7e. D AEREROERILT T, HEOREGREN
WMoY ARIZERLS, TV 57 v OEERINED D AR
ERF =YY

KARPED ¥ 2 2 S AR Kb DB RE & b U 7z,
D AZETEEN B LD AZERF RN B 1 2 2R TR O ik
ARACHIEE I RBIRA: 15 (RIRPE) & “E B
GERIEM) oMt K& EAONEM -7, KIEK
H 15 ORIREETHIIC 7 3 b AZRENNTIE, WS
FESHBEREIETL, 7175 vBL LRk
BER EA U, KEBA 155 ORIEEERIZH S
DAERFERINIZIE, mSEO 7LV b=, ZIba—2
BLUTIWI & VBERIEEAERL LT, R 0—
ARG FE & &P A U CBRE R A LR
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DoNBh-Te, BEREE~DOTINVT ¥ v OERITIIR
EPED R 2 SFH TENE NI &8 LCIRIEREH O
TV 5 B EITIIRIRIRAE & B U 7o 2 L8 B S h s
W ENS, TNT T v OERMNYAZDOKRIRIZE S L
TLBARERIEWEE Z o,

ZREOTIVY Z L OERHE, HEHO THICOAFERM
IZRB SN, EHEE X ORER LI TIRRAY O K
SRETNVT F=R, FINVIA—=ZABLVPRT o—RDETH
fELT.

HFEROERIZELE T, VAXORMEREI LR
U, 775 08I0 RKAREEZIK T L.

T d6 K OV R D 28 3t I8 BE A B s K OV EERTER O 7k
(b I RIS B EMAE L, oIV & ik
JEZ D AZKDTE R EROBIRAH 0, D AKTEREE
ETBHEOKIRI TN & v OERERMEL, DAXE
IRAEAHIT 2 FR EBEIHI &3 Sz 2 M L.

HELIDAEIZBNT, 2RKIEWD 90% (w/w)
UbEZEEDZ IV 7 v ERESIFERMETH D, B2
BOLERIZRHEINS EEZ ohie, D AEREROLE
BRI B B RO EL(IE, X7 v —XBED
PN & 2 EHIE D v v 7 IO MR PR L 0 F
B BBERT v v VOIK FOBRNCHEREL T 5
nfEEE B Z ST,

V VAZDERK - KERIZCE TS HEY KR
JVE vV, 512 ABA OREZ

HERE 2 O ETRIEMZME CTHIET 28 & % &l
PRV ELELT, A—Fv v, YRV Vv (GAs),
YA ML=y, TTV VU (ABA), =FLUB&
U7 Iy /) ZA7a4 EBESCEDON TS, ABA i
bEbEAN FEMADIKIIFZFLET 2MEHELT
fHIh, 20%, < OHEYDOIRIRILG & DB AR
FEhTER MO RIIZIRIRES B ORI & D fET
RIR, KRAMYSE EOFOKRIRS LT D AZPIER &
DRFEG LT ORI IZH T 5h 5. RIREE O P
B HEA T B HEARY O IKIRD 73BT, KA~
O ABA OB EARTLUT O & 5 SIHAZ R ShT
W3, —fi, FEORT ABA MEIC K > THESH
%, aALF (Triticum aestivumL.), ¥4 X [Glycine
max (L.) Merr.] B8XUA 4 < A (Phaseolus
vulgaris L) O FREBRESNT, FEI/IMORE
FHENE ABA B85 5 W0IHRE ORI OB %

nR-HoNS (KNG, 1976 ; QUEBEDEAUX &, 1976;

VAN ONCKELEN 5, 1980). Y oA X F+XFEBXV Y
E w3 ABA RIBAEEIH FIKIRTEZHERS 5
(KARSSEN &, 1983 ; NEILS, 1986). ABA A4 kbl
HITHB 7V FrOWMiFe <Y JIKIREDFEIED b
vEDIVORRFEFELEST S (Fone 5, 1983 ;
LE PAGE-DEGIVRY * GARELLO, 1992). —J, RFRELGH
HE ORI IZB U T3 REFRIRIC e TRRSERI A 75 <,
ik ~D ABA ORI G3TcGEH s T s
VT, 77 FOKIEES X0 AZEKICE T 2 HEHY
TovE, $HZ, ABAOREIZEWSMCTE I EEH
&L, V—1TIRRIRIREE ABA BREOMGRE, V-
2 T3 ABA B X U O H: A BB 0 LB A3 AR AR 12 B
I BANAT A, V-3 Tk ABA OKIE~DEI 5
ERIRMED s B BEA TR L, V-4 TR A
(IERRITEB 1T 5 ABA ORENITO>WTHET 5. GAs
(Z ABA IR WO TIRIR & D B % e S h € & 7ok
WVEYTH B, HYOKRIEIE ABA 73 &0 EEHEE
L GAs, 1 bhA =i EOEEREWE OHEBUIE
HIZE > THIHIEN B &0 “RIVEVARS U ZH M
1960 UM SRIBENT VB M, ThEXHT 5D
BEBRIMEIEOATHEL, 22T, V-5TRYH”
FOIRIEAD GAs DRI HIZ DWW THET T 5.

1 {KERE ABA BE DR
REBEIZREOWRIRIRE S ABA IBEORRIZONT
3, 75945 % (Gladiolus spp.), W74V X, <
¥, Vv HALE (Solanum tuberosumL.), F 21— po—
X (Polianthes tuberosaL.), Curcuma alismatifolia
Gagnep. ¥ & U Dioscorea floribunda Mart. & Gal.
2B O TR O RENIC ABA B3 & OB ] 23R &
1973;
1973 ; ISENBERG &, 1974; FAROOQI &, 1989;
1991; NAGAR, 1995; SUTTLE,
1995; RUAMRUNGSRI 5, 2001). L/ L, Zhs o
DL IIBERS ST D RV FNC T &, ABA OE
BOBEEATHTHNERVABNbDEH B, F,
KIRIRRED 7 — & Z IR LTI WG H 5 Wil
DRABEGZE O A RIRERIN & & 52 TH 5
HEMRZ . FexF TR L2 D A EEITHZ 72
DAEOHZFEDIZEI S Z & (MIEDEMA, 1994) fF
ik U7 0 AZED O ERFBIIEHFN LD 1~2 0 H
KITT 5L (FHE 1954) MG hTED, Ikl
TORFEERS E O W S IRIRTEMEA & 13463 L & —3
LBwEEbha, V-1THE, ABAREELIETLT

N T3 (TSUKAMOTO 5, 1969; GINZBURG,
ﬁ $ 9

MATSUBARA ¢ KIMURA,
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DAEXDRERE S L OKRIREBO#HEEIT, 74 F
DEFILRIZB 1 5 ABABEE D AXDOF#EL X UK
IRIRFED BB A S hicd 5 2 ExilA 7.

a IEHEIO ABA BES L UVKIMKEOBAEZR(L

ZITE, HRTO—MMZ T r FOAEEICE T
BIEREIEER D ABA Rk X CRIRIRRE D ZAL 2 47 L
fo. —MIZ, KA b L REMET TIRAEY O WAL ABA i
HEERL, WNOKGIREER ABA BEICK &35
=TT EMHISNTHS Ik 1994) . 'H-NMR
X BT, 7 FERIEICAE/ET 5 KDORER
D AZIBIEIIZE LT 3 2 & (YaMAZAKTS, 1995),
T/, ERAEHOWYRITOAZRKEIE->TRATS
ZE (M—-18BXUVNVN-1) o, 7757F0hAXEEK
Kpizid, RIEEOIER & & bITKMIRBOZE MR & T
WiEEZoND, Lo XSz, WWERNOKIRE
& ABABEEICRE B BARIZT I ENnS, T FE
HE R D /K SR BB AR IRCIRTE & I3 MEBA1RIC ABA IRIE %
ZALSEBERNERBMREENEZ SN EDT, KR
TIHRIRIRE S X O ABA IBEEOZEAL & & b IR
DKMREDZEAL &AL 72,

D MRELUFEE

(1) ZERIHETBD ABA IRIE B X U/KMRIED JF4EZ 1L

1990410 H3 HIZ 77 ¥ “KEBA 15 O AE
WP« AR N O M52 %M 20em, R 20cm
D 2 RMEA THZAT, BRF L. ZEIEELUTN, PO;
KO ZZhZh a e b 3kg fifil L7z, 1991 455 H 22
HiZHr7c iz b AZEETER L etk 2R b B, &y
A TR 2 AR S Bk, MR X OER 2R L
DARETZAF v 7 BOMRITANT, EHHHLDY
ool Lo BIF 8 Tlirk L7z, 19914E9 H
17T HIZlr U 72 0 AR E OB A AT, i s
AR IRy U7z,

19914E 2 H 1 B2 5 1AER, D AZORERE, K
MEFREE, BERILH O ABA BIE B X CHERIE O Kk
REAEHMRTHA LK. 0 AXOREREORA LR
BB W th D A1T - 7o, IREFWIR TP OFAIC 3 AR A
FIZ 10 BRZFRIL L, $REU 7o BRd & MEAE R ISR A 7243
ok, F7z, PP OMEICREEFO Y AZED
SIEPERITEAIL D AKEM U, D AXDORERE L
MERFERIZ L OREM L, #FFARIC 10 KOG FDIZ>
WTHHA U, IRIRFEREE X T —3 THMI L7cizF nuc
X o THM L, &HAHIC 16 KD 43T >0 R %
e U7z, ABA BEIZ 0TI, &3HA N ICHEOIER

WA H b TERER 30g ok % 3 Bk SRk
L, st Lic. KRB EN SBATAHRED D
ARDKKRT Vv, BERT VY v IVEBXBIERT
YR IVICXDFHE L, &#AH I 4T WL THlE
L7z,

(2) BERIESN OO ABA B F & U/ksHRTE

T F CREBA 1S O AXE 1990 4E10 H 3 A
B RA AT, REC 3Bk & RIS L7z, 1991
E3HA4H, 4H18H, 5HI3HBXU 6 H 25 HIZZE
WSO RN EN S AHETTOR D AR D ABA JRE
BLUKSIRE OKKT oy vl, BBRT VY v,
ERT vy vIb) ##A L. ABA BEOMKERIL 3,
KRT VY v VBXRERT V¥ v VORERIT 4 &
L. 4EDO Y AR ® ABA BERZEN L I
SMELTZTRTO D A AEDTHIT L.

(3) ABA D43#r

ABHER B, EBITRERERTHEL, bR
T—30CTHRAE L. BEEEHIR 5 5 5R D 80% 7 &
b UK B L O ABA O IR O 729 19, 4Bg D
“C-ABA (5.5mCi* mmol ") #MAZ THEfEL, 4°7C,
W BT Bk Lotk WIEAB U, AlERIT
BEHE L, BHERO pH %2 8.5 IZ#IE L, hiEv
oeXy Y, ROT, BT FIVTHEL, 7KIEZ R
U7z, FESLBRITE T 2 RS BCBRIFIZ T X THROEL
JMAEFARL Uz, RIZ, KRV E=Z VR ERY
Ry Z2MATRAML, BEABL, A2#O pH % 2.8 1
PR LItk WERET FIVTHELL, KEEET T OVIE A [T
Ufe. JBHERER U 7o Welg — F Vg % 0. 001N S 1< 7 i
L, Sep-Pak Cy7— btV v ¥ HS L (TF—%—X)
I LT ABA 2 &S H, 75 L% 0.00IN 0T
et Uik, 50% 4 7 ) — VIR CIR S w7, WIER
B U7zis il 2 A & ) —VTHER L, Bondesil DEA 7
SH ONYTY) ITBLTABA ZRESE, #5 L%
AL ) —IVTHHE LI, 0.5%DNMEELAY /) —
VTR EE, IhAERBEGZE U, DL Lo « fER
WA U 72 id 3~ TR ERl & U TR 20mg -
liter '@ 7F )bk KaoFy bl o EINA.

MRS L 223k %2 2 5 1C HPLC IT & - THEBL L 72,
717 L% u-Bondapak Cis (N 3. 9mm, £ & 30cm,
A= —2X), 77 LEER3SC, BHHIEE0.1%0D
WelE % &2 40% A ¥ /) — VIS T, WL 1. 5ml -
min'& U7z, ABA OIS %530 L, W U
72. HPLC TH#E LB E ED A ¥ ) — IV THER
L, V7V AY T —FIVIRIKEMAT, *FIULELT
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W, TO%, WIEWE LUk, 5 ABA % QUARRIE
(1978) o}k czF Ll (ABA-Et), %/ —IT
W U7k, SOMRES TICE S, ABA-Et 0% 50%
% N5 v 2k (trans-ABA-Et) 1T#8Eb U7z, fERKL
72 ABA-Et & trans-ABA-Et = 1: 1 TaRGA Y /=)
R ARG « A F U LRl nz, 20— (%
100 43D 1) ZEBFHEMBINGN SO X7~ b7
77 4 — (GC-ECD) IZHHEA L, trans-ABA-Et % N8
e L U CEB R o 2 FIUik ABA (ABA-Me) %% &
Lic (M5—1). #5LEXART /5 LDB-1 (NE
0.53mm, £ 16m, BEE 1L.5um, J& W Scientific),
717 LIREEIE 190°C, MEASREIZ 270°C & L, F+
VT HRABEIOAA 7T v THRITE, ThEnjis
10, 20 ml » min 'O EMEER T 2 &2 72, GC-ECD
SN, RO OBt REE Ik Y FL—v 3 A
7 v 7 —THlE L, ABA ORIRERDI, RilBIZE
7% ABA O FHEIERIZ T2% TH 72,

(4) K5 IRRED JE

¥ ommADY AR DY /R AEY > TIVF v 3 — (CH2-
SF, Wescor) IZAN, 26°CT 2 EEREfr S ¥ 7ot%,
B A 7RIV A—=%— (HR-33T, Wescor) TrK
AT vy w VERE LT, BBERT V¥ v VIED 729,
FAUOARDOTELYFZELEICANT —30C
T—Baiks L, 26°CiT 1 M6 0 TRl L 72,
1200rpm T 5 43t Uc, YT 2 & Ok &2 I &
BB ET U TINF v 2= AN, 26°CT5 MO
P X, BERT VY VEBRE<A 7 a R b
A= —=THE LI, KRF UV vy VERBRT VY ¥
VOO #EZIEAR T v ¥ vV & Uiz, KPIRRENE
AOEOFRIRIE, FALE T, FIF% 2 KTt - 72,
)" B

(1) HERHEID ABA IREE X UUKMIRAE D JF 4 424L
fERfEHE 4 A LS 5 A a2
(K 5—2A). ZhUAORHONKREMIZ 2.0 TD
ETHER Lic, IERIEBOZALD & 7 7 FOEEFE,
WHORBIEEN (DAZORMAMNF~41H), b
AEREN UH1H~DAENH GH2H)) B&
O AR ZDE RIS (0 ARG (5GH 22 H)
~DAEMAZAMAY (9H 1T H)) a3 hic. BiEFd
HBEI3HIGHETREI2HUTTH-72A, 4 H1HMD
SHIMU, 5 H1IHICHROELED, 0 AT
W U7 (K5—-2B). b AZEMAFTTHD 101
H» o 1H 15 HE oMY, B 19 HUT O
RETHER L 72,

ABA-Me
trans-ABA-Me, ABA-Et

trans-ABA-Et

Detector response

0 5 10
Retention time (min)

Fig. 5-1 A GC-ECD chromatogram of an extract from
basal leaf sheaths of A. X wakegi. Before
GC-ECD analysis, an equilibrium mixture of
ABA-Et and trans-ABA-Et was added to the
methylated extract as internal standard for
ABA quantification.

BRI O ABA REDOFEAEK 5—31T/7R7.
ABABERZAA 150820 ERL, 6 1 HiTkE &R
b, Ok, 8HILHEFTEKFLA., 8H15H”S9
A1 HIZPITABABERBU LA LKL, @ OK
BEEM (DAXOWANUY~4H1H) 813
ABA B3 D AR O ICH A TR, - 72

BEMILIB DK IRREDAEZEALZ K 5—4 1R d. KK
FrYeVFAH 1S 6 H 15 HIZhFTET L,
ZOHO D AEBIMIC KLV THERB L, 10 41
HiZ bR U7z, BERT VY 2 VIRKRT v v v IVIcH
BLUTAEEALZ R UTe, ERT ¥ ¥ v VI FHEBIG R
S B REHE T IciR 2 1K T L, 7H 156 HO—RY
BEAEROT, OAXRIFEINIC R ETHER L, 10
H 1 HIZ—Z B Uk, D ARBKEO 4 ERIED
(D AR~ ARREZATT) OKET vy v, &
BRT UV v VBXOERT VY v VI, dlHOREA
Bl (D AZOWZMF I ~4 A1 H) T~ TEROER
WD SN,
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Fig. 5-2 Seasonal changes in bulbing ratio (A) and days to sprout-

ing of basal leaf sheaths (

B) of A. X wakegi. The bulbs

were harvested on May 22, stored during summer, and
planted on Sept. 17. Bulbing ratio represents the ratio of
the maximum diameter of the basal leaf sheath to the

minimum neck diameter.

Open symbols represent the

field-grown period, and closed symbols represent the
storage period. Vertical bars represent SE (n=10 for
bulbing ratio, n=16 for days to sprouting).

(2) BERFLERNOEBALG ABA J2% % X OksMIR g
WERILERN O ABA IE D 32K 5—51Z/R”7. W
TNORHIZBWLTS, ABABEIRLAMNO Y AR
Tikbm<, 418 HB X U5 H 13 HOERILH T,
ABA BEZNMO D AR IEEED - 7. D AERER
D 3 H 3 HOERHI TR, fho Kel 0 ZERTHEIRIC A~
T, DARDRLEIZ L 2 ABA B O AN S W ETF A
Lo XY AR A

WERIEIBN DO KMIRED 43 2K 5—6 1279, 7KK
FUY e VRO ThOHHIcE T80 SKHEET
EAMO D AR EERNMERAA SN, UL, 45
HOODARDKET VY v VIZ3HBEDD AR & D EN
», FEBETH -7, BERT VY v IVIZOT O
KB TbRIMIOD AR TRGEL, SHIZHB
X6 H 25 HIZiE, PO D AR IE SR ET A D
ohfz. D AZXRFERN 3 H3H) OERITH T, i
DR DO ERIRITILANT, KRTF v v v VB X PRE
RTF VY v VDY AR DALEIT & B ZEDUNE UM ) 23T

woht., EXF v »)ViZ3H3H, 4H18HB &
U5 H 13 HOERIEI T, Ao 3HKEHDOY AR F
TRAANZN L IF EED - 7208, 4AED D AR OHEA
TV INVEIMHOD ARICHARTEN -7, 6 25
HOERMAITIE, FOARICERT vy v VO&ERIE
EAEINS T2,

3N E E

WIFHEE L O RELOZ N, S (K5-2A, B,
KIEME 15 13 4 H EAciRIRIRBIZA Y, 5 H Ef
iR B IEOKIRIRE & 72 5 72 1%, 8 H By Titih~
ICIRIRD S REES 5 2 Ednandc. 7z, KIRD#ERS
(30 AEFGEOBG SRR, PREITLTRID,
R BEREE O IR DT D 0 AEFGEN TR b
(B EEZONS.

WIS D ABA BT ) AERE L IZIZWITL T L
FU, IWHEEBICREEE - ek, D AZEERITKT
L., ZOEIE S < 2 FOERHIEIT O ABA BED
ZAL LML T3 (MASTUBARA * KIMURA, 1991).
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Fig. 5-3 Seasonal changes in ABA concentration in basal leaf sheaths
of A. Xwakegi. The bulbs were harvested on May 22, stored

during summer, and planted on Sept.

17. Open symbols

represent the field-grown period, and closed symbols repre-
sent the storage period. Vertical bars represent SE (n=3).
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Fig.

Seasonal changes in pressure potential (<, €), water

potential (], D and solute potential (O, @) in basal leaf
sheaths of A. Xwakegi. The bulbs were harvested on May
22, stored during summer, and planted on Sept. 17. Open
symbols represent the field-grown period, and closed
symbols represent the storage period. Vertical bars of
water potential and solute potential represent SE (n=4).

IO ABA IRIE O EAS L K IO K53,
ZNZENHZFH OB B L FRABNTHEYE L (K 5—
2B, KI5—3), IRHRIRRE & BERIILITD ABA IREEITIIH
ERBAZARD S, UL, BZFHBONE G
4H1H) & ABARED LA (415 H) i
FHORRZEDR, &7, HFAKOE—y GH1H)
EABARKEDOE—7 (6 H1H) i1/ H Oz
MH 0, KRIIREE ABA REOZAICIEERII—HL
moEbAD ohi.

PIERCE * RASCHKE (1980) (&, /KA b L AE&MIE
nntcw ¥ (Gossypium hirsutumL.), A V<4
R EAFOREN D ABA IREEZFAEL, EDOKET v v
WBIOERT V¥ v VDR TITHE - THED ABA RE
MEFT B EEWSMT U, ARBRIZBWT, 44
1H®»S 6 H1HIZE T 2EMILEDO ABABED L5
W3R DKET v v v VB X UVEET V¥ v LD
EFHE—HL (M58, K5—-4), ORI RERE
HIZ B BIKRIE & ABA B IS ISAHBIBI R 38 S
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