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Brassica B 5 HTCH /A (2n=18) &HoEH
FMiTx vy _ViH (Brassica oleracea L.) ¢ UL THEE N,
TORELITBEMICLY, EXRZELTCEOHET
BA—v b NRE o (var. acephala), FENFEERS D F %
Y (var. capitata), BEEORRT D A XY (var.
gemmifera), ZOEKT 5 —/F € (var. gongylodes),
EBEVDORETAHY 75T — (var. botrytis) &7 oy
ay— (var. dtavica) 72 FOEBIZH TR TVWS, &
NHDOF P VT, FEO S AHICE PR R
LI —wy /TR LTE R (#EH, 1983; Thompson,
1976). LM» L, Brassica BDOH>HT2n=18 L &N T
WABRA T, BRI EETHMEICRIL
TmEEPRTWA (B, 1988).

HATwE, ERE - B EEFRATHIERED—
BMThY, BEXLLTHBEINSBAELHD. BT
RER L bIEEh (RBR T4, 1936), 8Hfdd/AMT
BRIEERTWE LRGSR TV (BB, 1993 ; KTE,
1982) . BAETIXHEBHN O HE 7 U7 BEE TR
R ER L Bk, 1980), #A4 TOHA T OIS HER
1349 6700ha {232 LTV 5 (Sagwansupyakorn, 1994).

T, F_XVERTOTICEELTHRWY, TUT
THREENTWAFYy_RYRTayal — 4V 77 7—
RER, a—uy R \WhLIREEAIRZLOTHY, X
AT IRIER L LTEASRZ EIB AL THNRZN
(k& - A, 1969). ZDORIBBIZOVWTIIRATS
B, HPERELHSWIZI—a v MO FBE O —
v (BEEE, 1993), H VU7 I U— (FEE, 1993), Tmyv
2 Y — (&RTE, 1983), H BV L B. cretica (Snogerup,
1980) BEEITEIES N, B - HEHORMITEG L
T, FEEERHPOEE T VT TR - BRLTE DT
ERWhEEDbRTWS (&, 1980 ; RBIR - BT,
1936 ; 3§, 1987; &4, 1982). HEW HEARNMLI T
X0, FRONBERIZFE- Tz dy, BEHE
BRI IENT, BREBERFLTHo 0 (BE,
1993). FEAE L ORFN L Y —@EMT Bizoh, 5%
HRE77oRMELTARTHLRAISh TN L
DEBENR TS, —F, MEEOHEAD D VITEEN
BoEHR Y2 BE L, Y47V 2FEMEIE LT

il

BOEER AT 2FHHRROEHOODMENINT
VW% (Hossain et al., 1994 ; frH 5, 1987 ; Kudou et
al.; 1994). BRHEZFATAFHERIIRBMEREH N
b, FOEHORBRZIZ AL ML TN ED
tEZEZ6N5 (HH, 199). LEBoT, IA 5D
E~OHEA, HEINIIA T 2AVERERER - 3
BERMEH D72 DX, % DT RERIIE N A BRI,
BICTEEEREM T N FEREG 2 +FITBHLT
BIMERLS.

Brassica BDI1E & A DRBRETIIERPRETHSED
LT, Y4 T TIREHBETHSHZ &b, Bailey
(1922) X2 % B. alboglabra & UT/A¥E L. Lo,
AT HEARERDH Y, BENICHKRER[EOITH
H R 55 (Herklots, 1972). HiEMEOREIZIATE
LB L TORL, REREIZ OV TOREIIDR
<, FDOFHERIREDSEMILIA D TR,

HA T3, HBOEERHICLHO W - BTS2
6, KE4D B. oleracea L xRy, IEHROT=H
WIREBENE L LENDO TR EEDLR TS (A
te, 1988). & 5iT, EFBRICKRIETT AREOEREIT OV
TOMBIXIZEA LR, T2, BERMAMLZFESZ
< ® B. oleracea LiXERY, BAEBOH) 75U — (8
H, 1988) L[RIEIC, VA T BFEMAEETHLLEE
bhTwa (B, 19838). UL, ZhbnBRE, &
R OISV T L M SR TV,

Z ZCAHR T, BIEREZ DL OOHERIRME,
HHNTAE L BEREROWERSEIC LD L I RE
ENHHONPEETHLMNMILLY>ELE. RWT, &
A FrDHEB - BIED EBMEEZRERIChz > THRE
LT, FBREAREMELH O - BRTEORBM - OBIRE S
8Lk SHiIL, BEHMETICRITZEFHRICKIET
BEORE, WHEMARICRIETIREBAEBHERB X O
DEBIZONTEREL, EFERICRIETHE LEME
EREGMEORBITOWTRN L, £, HoVv - B
L RBER L OERICOWTHEENZ LT, Zhb
OFRDOTDOETV o TERF L. —F, W4T
DREFHRICRIET/INEDOE & TEHBLOEEITHOVWTH
L, BELKEIIHSOVTEELE.
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FIFEOFITERIDEVELDITHRED, REFL
RESISHE EHELICEROTEE L J8E, KB
e TigE L TRE R B o, T ZICHE A TLM B RS
DEERTS.

FENKEHISMHETRLITL, LR ORITICS
FOERRTHELARIO KB EZE T2, ZZICE
LTS BHOBERTS.

Ablz, KRIDOLVELDIIHIEY, BERKEER
ME—Elt, REEASE#EEL SIRPERRS
JIEE BRI TR 2 B o 2. LR EBER A A
oLz, REFOBREROFITICHLY, ARZ
TBE L AROBMEE . FIIKEREFTIRERSE
K BEHCE AT ONT ) 1L K Bh R & B — I,
WFEFTICHIY T ZHhEBH o7, ZZITEL

E

T, ZNHDFHLIH L TELBHOBREETS.
(72, B4 T OBTFINEN CICHEERSCOBERIC
By, FEARLMERETHRELEIFERFTER
BEEIYCICRANERBFIEE BRERIZRKOIE
HEZHAHEEWEL. BIKZEERLARNARRBEE
BREMA ZRICIKERESHENERAHFRETERFT
FEiEzg, EEMEFEMSELAWVCEROBTET
aryta—F— VBT OTICHRY, FRR
TBHE L CEEEEVWE. ERORTIIHRY, HEE
LRERDREAFMDOEROBHEEL. 22, =
BDF 2w L TIRHOEERT S.

2B, FRXEBEAFERLURILZERIA L
HLOTHD.
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Brassica BDIZE A EDORETIIAEARANEATHHD

WKRLT, 47 TRHRAEATHDZ LD, Bailey
(1922) tX =M% B. alboglabra & 3EE LT=. T7bb, &
A Z X Brassica B O THL UT=FfE & L TB.alboglabra
L+ 5E2%2CThHsbH (Yangetal, 1988 ; Snogerup, 1980;
A, 1991). —F, vy _XVEO—ER L UT B oleracea
L. var. alboglabra L. H. Bailey * + A2 EZ 2 M H b
(Larkcom, 1991), MEZETHIHBLDEXZXFFL
TW3 (RFERES, 1979). LiL, §0LZAELBLIC
HLiE— X TWARWED, Sagwansupyakorn (1994) X
mEAEHE LTS,

BA T XA TH B Z &b, Bailey (1922) 12 & -
T B. alboglabra L5 ENTN, FOB%IA T 2 bE
BOHBZERREINTNDE. —F, IA4T7 - DOReE
BEIIn=9Ths LHEENTV5 (Yanget al.,1988) .
LU, ZhOREFBOME T, BEINZIAT
v OFEHIRE, BICERBIZOWNTIIAL TR
BILLATEDONA T ORBERICERRH D H, £
Brassica BO X v X YEHER UE D DIZoWTE, %
DA Z EBEERANVTREEN TR, IA4F
DEL DEFETHRAEEEMB Z LIX, AT V2RV
FEEEBIURETOEBHNMRL LTULETHILEE
PR (0

(e, BEGEOLBIIAMERME L &L ThRL,
BRI OV TOBMEIID R, Lo T, Zib
DOFHERIRME D REMIZET 52> TR, Bk b (1988) 11X
HA T EBIELT, ZOMRNL ATEL EEE 4 70—

FIERLTA, LaL, #ERENERER 1 RER

T CThollzd, BEREOREREIR+STHS.
BEREZOLOORM, b WIIHEE L BLRERO
BZ DX 5 RERNRDDONEFTHTILERDD.
ZTAETHE, ZTho0RMEEHLNNITERED
WU TOERREIT T2,

B WAL UF v RVERRORE
%3 7k 2

HAT o DREREEHBECLTBLZEIREY, &
AT O - AR 2T 2 LT, ML
HEZEBONRA2LDEEBEXLNG., EBIZ, A5 0%
AW EERBIURECTOERELR L UTHETHD &
Zibhb. FITEETE, 2147 0BILUEREx»

N

e )RR

AV EORIBHIR CORABEKLBEE L.

B LIUAE
HATGUBILOF Y _RVEOAE 7EE - 32 REL 4t

AL (B1H).

Table 1. Varieties and cultivars used in this experi-

ment.
Variety Cultivar Name
Broccoli ‘Green comet’

‘Wase-midori’

‘Family seven’
“Wase~komochi’

Brussels sprouts

‘Couv P.T.”
‘Couv G.”
‘Green bowl’
‘Haru-hikari’
‘Kinkei~YR21’

Cabbage

Cauliflower ‘Shiratama’
‘Chugoku~kairan-Y’
‘Enyou-shirobana’
‘Hakushin’

‘Kairan-K’ (Kaneko Seed Co.)
‘Kairan-M’ (Marutane Seed Co.)
‘Kairan-T’ (Takii Seed Co.)
‘Kairan-Y" (Yamato Seed Co.)
‘Kibana-donyou’
‘Kibana-kakurin’

‘Kuro’

‘Kuro-kaku’

‘Nankin-kibana’
‘Senyou-shirobana’

“‘Shiro’

“‘Shiro~kaku’
‘Shirobana~kuroba’
‘Shokushin-kibana’

Chinese kale

‘Taishin’

Kale ‘Adjiru-you-Kale” (Takii Seed Co.)
‘Kale’” (Tohoku Seed Co.)

Kohlrabi ‘Grand duke’
‘Sun bird’

EZEImDY v — VL 2D AMEEE, ZoFIE
TE 100 IO FEBR L. HEOBREXKEMX -
%, Yvr—L% 23.5C- 16 BFREIAELBICRELLS
2 —RFx =N BV .

EFARMN 1 ~3mBEICHMELLLE, BIAEE2IT-
7o, ALY, 20ml DBREKREANTA T AR T
VR (FE30ml) 12, EREITLIZRFETEAN, =
DY TFNUEE O COKIBHIZ 8~ 24 BEEWVTIT-



7o, BB, Y IVBFROBREKE, B S
= (9%) #1:3TRALEBKLERLT, M
20°CHEIRIZ 3 HEEWTEE L.

IR L EEDKR, 74 A NVF VR LOSLEIRLY,
BAZERMLE. Thbb, BELLETREZ, 60CO
IN-HCI &7 10 ~ 20 SREMASEEL, RIZTZHANVT
VIBPFIZBLTI0 ~20 ZEBVWTRAELE. ZHbD
B LB FROMBERRLT, A7 FAFRALT
BUEBRD — I IR I W R L%, Lo L TE
ABEEB L, ZOBERENFEMET CHEL, &
BE2BEHEBE LU TER&ELE.

B R

BERRA U 7o 3% v XY R TR O AAEITT T
2n=18ThV, RRAEABICERIIR DN R»2T. &
DI bTryal—, AFxFPRY, Fr_XAYRBLPa—
T EOREHEE, F1BICRLE.

— KA T TR, BERELBERETORBEE
RERRLNT, ##RLULETATORET2n=18T
hote (B2R). LENoT, AT OREREIE
Xy _NVEREORAEKLEFAL2n=18THDZ &R
MR AN,

Fig. 1. Chromosomes in root-tip cell of Brassica oleracea.

Refer to Table 1.

A :Broceoli, ‘Green comet’

B : Brussels sprouts, ‘Family seven’
C : Cabbage, ‘Green bowl’

D : Kohlrabi, ‘Sun bird’

Chromosomes in root-tip cell of Chinese kale.
Refer to Table 1.

A ‘Enyou-shirobana’,

B: ‘Kairan'T’,

C : ‘Kibana-donyou’,

D: ‘Kuro’,

E : ‘Nankin-kibana’,

F : ‘Shokushin-kibana’

E2fi MENRFHEICLIAESE

AT OERBITEATH S Z L5, Bailey
(1922) X =% Brassica alboglabra » UT4HEL
7. LivL, A4 7 b EARHY, MENITR
BOFTHRLAONE. BIEORZITATEL B L T
Hipl, SRR OV TOREID L, ZOF
REROREME DO SEHIIXEA B TRV,

AT, ETERBHOWEMBL 7aaT 1L
SREAEL, BRFHOWEB»LL I/ aa T 4V
EROMER I VECORENOFREELRFL
To. WIZ, FA_XVEOIEMOBEELBE L. &
bz, AT BEOBEREEICOVWTHAEL
T, ZOBEHRM» O SHRESEERET L.

E1H ERFHEBAWV=/OOTALEEOHES
HE L EEDORIEL

AETIE 2 REOIA T 2 ER LT, HEiE
HOREMBEE 7 e 7 A VEREZRE L, BERREH
DOREEN D7 a7 4 VERDWER L UEAD
BAE(LORIREM A R L7z,



Table 2. Cultivars used in this experiment.

No. of Name of cultivar Country

cultivar
1 ‘Hakushin’ Japan (Sakata Seed Co.)
2 ‘Kairan-T”’ Japan (Takii Seed Co.)
3 ‘Chugoku-kairan’ Japan (Sakata Seed Co.)
4 ‘Kairan-K’ Japan (Kaneko Seed Co.)
5 ‘Kairan~M’ Japan (Marutane Seed Co.)
6 “Tenshin’ China
T™w ‘Nankin-kibana’ W China
Y ‘Nankin-kibana” Y China
8 ‘Kuro’ Taiwan
9 ‘Shirobana-kuroba’ Taiwan
10 ‘Kurokaku’ Taiwan
11 *Taishin’ Taiwan
12 ‘Shiro’ Taiwan
13 *Shirokaku’ Taiwan
14 ‘Kibana-kakurin’ Taiwan
15 ‘Kibana~donyo’ Taiwan
16 ‘Shokushin-kibana’ Taiwan
17 ‘Enyou-shirobana’ Thailand
18 ‘Senyou~shirobana’ Thailand

19 ‘Kairan-Y’ Japan (Yamato Seed Co.)
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Fig. 3. Numerical values measured with a chloro-

phyll meter (Minolta Camera Co. SPAD-502)
in the eighth leaf.

z : Refer to Table 2.

y : Vertical bars show standard deviation.
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Fig. 4. Chlorophyll a concentration in the eighth
leaf.
z  Refer to Table 2.
y : Vertical bars show standard deviation.
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Fig. 5. Chlorophyll b concentration in the eighth
leaf.
z : Refer to Table 2.
y : Vertical bars show standard deviation.
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Fig. 6. Chlorophyll a and b concentration in the
eighth leaf.
z : Refer to Table 2.
y : Vertical bars show standard deviation.
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Chlorophyll a content (ing / g fresh weight)

Fig

Chlorophyll b content (mg / g fresh weight)

Fig.

1.2F y=0.17 x 10(0-0083%)
r=10.4808
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Value measured with chlorophyll meter

. 7. Relation between the value measured with a
chlorophyll meter (Minolta Camera Co. SPAD
-502) and chlorophyll a concentration in the
eighth leaf. Each plot represents aspecimen
of divided leaf.
ns ° not significant.

04F y=0.044 x 10(0-014%)
r=0.85"

A ]

10 20 30 40 50 60 70
Value measured with chlorophyll meter

0

8. Relation between the value measured with a
chlorophyll meter (Minolta Camera Co. SPAD
-502) and chlorophyll b concentration in the
eighth leaf. Each plot represents a specimen
of divided leaf.

* 1P <0.05

=
<2l

M ¢ =0.23 x 10(0.0094x)
r=0.65%

=
o

0.5

Chiorophyll at+b content (mg/g fresh weight)

10 20 30 40 50 60 70

0

Value measured with chlorophyll meter

Fig. 9. Relation between the value measured with a
chlorophyll meter (Minolta Camera Co. SPAD
-502) and chlorophyll a and b concentration
in the eighth leaf. Each plot represents a
specimen of divided leaf.
*:P <0.05
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Fig. 10. Relation between leaf weight ratio and the
chlorophyll concentration measured with a
chlorophyll Meter (Minolta Camera Co. SPAD
-502) in the eighth leaf, Each plot represen-
ted one cultivar.

*:P < 0.05
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D OEFMEICRERENAONE. i, ERHZHO
BIEMEIZ14.4~67.7 2720, ERIDERID LR
HHENIEL 2ol BEL L ERKFOREM & DEES
EHRBEZRBTr=0.68 DEERMEENELLE. =
DL X y=-183.54+12. 29 x-0. 15 x 2DEFRINE LN,
BEE O 40 T TR 513 CEREF ORIEME b 8
TAHEMMBRINT.

F2IE TEMOFERE

AETREIA Ty, Tryal—, AxeXY, Xy
RY, BV ITS5T—, =), a—AFE, FITHA
SveTuayal— AALTFEN)TITI—DMEE
—REFERLT, ZhoofEhzEERETHEMSEICL
DB Lk,

MEELUAE

IR, R L-AESEETLE.

1997 £ 3 B4 0 ‘HRIEWIE , BREE,
‘R, ‘B, ROHE®E, PEAE (Y), AT
Y, IAZ e RY 75U —OREE R (CKxC),
AF PRV, FHyY, F—j, a—AVIFEORFEE
HMLT, BIE%EL 5°CULEICEFR LT T RBEANT

Table 3. Varieties and cultivars used in this
experiment.
Variety Cultivar Name
Broccoli ‘Gurieru’
‘Wase-midori’

Brussels sprouts ‘Wase-komochi’

Cabbage ‘ Akimaki-nakawase-2’
‘Kinkei-YR21’

Cauliflower ‘Shiratama’

Chinese kale ‘Chugoku-kairan-Y’
‘Kairan-T" (Takii Seed Co.)
‘Kairan-Y’ (Yamato Seed Co.)
‘Kibana-donyou’
‘Kibana-kakurin’
‘Kuro’
‘Nankin~kibana’
‘Shokushin—kibana’
“Tenshin’

Kale ‘Adjiru-Kale” (Yamato Seed Co.)
‘Agjiru-you-Kale’ (Takii Seed Co.)

Kohlrabi ‘Grand duke’
‘Sun bird’

Chinese kale x ‘Taishin’ x

Cauliflower ‘Shiratama’
Chinese kale x ‘Kairan-T’ x
Broccoli ‘“Wase-midori’

EBEEZ. Z03BIATr0 B, ‘RULEIE, ‘F
ERE (YY), ‘HAFoY, IALF0HVT75T—
DOHEE R (CK*C) I, B2 LA RIEMEO
SN RIZBEUTEE L., £, Ay,
FyY, ), a—A 7R, BE3INARIZKE
AHE (10/5C, B/KIR) KBEHILT, Zhrd b
ABASB &E-%, ENMEO=— g RIZBEI LT
B LI, W4T 00 ‘BIEERK, Taval—, b)Y
75— X19TE8BIZ, ‘HAFT, AAF &7
ayal—DMEE N (CKxB) X 1997 4 10 B i2#
LT, EBMBEOTS AR T2HAMAES SE%, &
IMBOE=—V AT RIZBE L TR L.

THRODREMENREIE LI &, BEYBDNEND
ERERRE L. BE LR, V—R o YMoBET —
TOREICEHRM Lz, oA ETHEMSESRERAD
RAEE Il > TB W, ASEE L%, EERET
BEMSE (B2, S—800 %) 12Xy, EHOREHEES:
BmEL-.



Fig. 11. A view of the major axis of a pollen grain from Chinese kale under a scanning
electron microscope. Refer to Table 3.
A ‘Kairan-T’, B: ‘Kibana-donyo’, C: ‘Kuro’,
D : ‘Nankin-kibana’, E : ‘Shokushin-kibana’,
F: ‘Tenshin’

Fig. 12. A view of the minor axis of a pollen grain from Chinese kale cultivars under a
scanning electron microscope. Refer to Table 3.
A ‘Kibana-kakurin’, B: ‘Kuro’
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Fig. 13. A view of the major axis of a pollen grain from Brassica oleracea under a scanning electron

microscope. Refer to Table 3.
A . ‘Wase-midori’, B: ‘Wase-komochi’, C: ‘Akimaki-nakawase-2’,
D: ‘Shiratama’, E: ‘Kale’ (Takii), F: ‘Sun bird’, G: ‘Grand duke’,
H : Chinese kalexcauliflower, I :Chinese kalexbroccoli

Fig. 14. A view of the minor axis of a pollen grain from Brassica oleracea under a scanning electron

microscope. Refer to Table 3.
A ‘Akimaki-nakawase-2’, B: ‘Grand duke’



Table 4. Pollen morphology of Chinese kale and some
groups of Brassica oleracea L.
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Table 5. Cultivars used in this experiment.

Cultivar
Number Name Country Experimental year
1 ‘Hakushin * * Japan 1993 1994
2 ‘Kairan-T "’ ¥ Japan 1993 1994
3 ‘Chugoku-kairan’ * Japan - 1994
4 ‘Kairan-K’ * Japan - 1994
5 ‘Kairan-M’ ¥ Japan - 1994
6 “Tenshin’ China 1993 1994
7 ‘Nankin-kibana’ China 1993 1994
8 ‘Kuro’ Taiwan 1993 1994
9 ‘Shirobana-kuroba’ Taiwan 1993 1994
10 ‘Kurokaku’ Taiwan 1993 1994
11 “Taishin’ Taiwan 1993 1994
12 ‘Shiro’ Taiwan 1993 1994
13 ‘Shirokaku’ Taiwan 1993 1994
14 ‘Kibana-kakurin’  Taiwan 1993 1994
15 ‘Kibana-donyo’ Taiwan 1993 1994
16 ‘Shokushin-kibana® Taiwan 1993 1994
17 ‘Enyo-shirobana’  Thailand 1993 1994
18 ‘Senyo-shirobana’ Thailand 1993 1994

Variety Shape Aperyure Exine Sculpture
Broccoli prolate tricolpate reticulate
Brussels sprouts prolate tricolpate reticulate
Cabbage prolate tricolpate reticulate
Cauliflower perproate  tricolpate reticulate
Chinese kale prolate tricolpate reticulate
Kale prolate tricolpate reticulate
Kohlrabi prolate tricolpate reticulate
~perproate
Chinese kale x perproate  tricolpate reticulate
Cauliflower
Chinese kale x  prolate tricolpate reticulate
Broccoli
#w R
LI K %

DA TR ORBEIC L A BETHBERE, F 11 K
I, BOMEBIC L 5%, FLR2RITGRLE. A4 F2D
TEBMFREITITDERICRERBRZR LR o7z, 1685
X 1RTHOENRTE Y, ZREhOERRICIEREED N
WL, BEOFERTHY, ZOFEIRERIZ 3
AFobY, WA LTWRhol. (7=, 05
BEOBEIIHBREThH 7. FEMOE ST 5 5
DEEDH (P/EE) 131.67~2.00T, BELELD
AT VRREILTRTRERE ThHo72 (4.

2. FOF ¢ N VEELICHE

Tayal— Axy_Y, TV, BYTFTU—,
v, a—ATE, ¥R T Ty al—,
BASLUEH) 75T —DMREE BT REED
BIHMEEREY, B 13K, BLEBEOBRY, FUUK
AR LT ZR b OTERITI R ERERA LR T
AT R, BRI 1ROl TRY, ThEth
DOIEHBNNIHEROIEH OB FREREIZIATHHY, B
WIZEIA LT R o Tz, Fiz, TEMIBEORMRII Y A
S LR, MERTHo REWMORE SITHNT B
WMoREIDE (P/EH) $1.56~2.07THY, ZD
BEx XY TRRNEL, HVTFT—, a—AFE
D T RFa—r", CKXCTRRREL RoTx,
ATV USNDF X XNVETIE, EROFILG R~
BEHRF ThoTz (H4K).

z: Sakata Seed Co.,, y:Takii Seed Co.,
x : Kaneko Seed Co., w: Marutane Seed Co.

31 EEAMSHEICL S RENHE

ARIETH, BARO6 FELTE- - &%« ¥4 TINEL
TEBEHDVIIREED 12 GO T U 2R LT,
N5 DOFREREHEIZ OV THRE L

B LUAE

A HE BB YA DORE DA T 18 ufE
R U (B 55%). 1993 121X 15 fLFE, 1994 4E1TiX
18 MfEZ AW, 2rEizbly B R#ETIE, R
EELIARLIETRHR L. TOESFEIC > 50 %
FTODFEF % 23.5C- 16 FHHELRUE T/ a—2F ¥
UN-WNTHEFEIR BEOZA57- 199344 H 20
HIFONZ 1994 4 B 11 HIZ, B9 em DEKRIY Ry b
W IRFORER L2, SFREICOE 20 EEE AV
RBIZ L D REFHE W E B <z, RIBER% 25°CLLE
WKWEBL-ARBEOYN S ABENTEE #1To7-. &
BEN3~5MEBHI L7 19934 5 8 13 HIs LU 1994 &
5 H 17 HIZ, 1/5000 a U 27—y M2 1 KT %
BT L RRBIZHOX 12EEELERA L. sk TR
EHbiz, Ry FE2EMBEO E=—NA g RANICBE LT:.
EHPHZ A CREMICE=— AN ZEBELTA
TRARNERIB LD, EEFERHITITBREKICE =— )
FEEKLEZ. $kEiFBOIELAEDEETEL Y - B
WRH o #EME% 85 BHE (1993 4) H DBV L 100 H
B (1994 4) FTAHEF IR,
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1993 E I B EOBEIKCTH B W LTz & X, 1994 4
I3k BT 7 BRI, FEOMENSHZITSHEDL S
WX 6B DI BB L- A E5IEL L ILE 6 3E
LLT, FNOLDERLEOE, EHE, RKAEER
FOEREL, A LZ2EEKIZO VW THELL. ¥EA
OPEITITZERRSE R (MINOLTA. kK. SPAD-502)
FRV, FEZNLH02 cm ARIOENLE 1322\ T 10
HTOWE L. THEFO%E 1 FLOIEF TR
LIzl EBATE & L. SEEROBRTERRZ, T3 b RE
JEBEE TOEE, FEXPMOELE, FEREMIENLIE
FrithnE CORERE, EFORBRE, BLOERPERID
BIWZ & X DIERBICHONWT, BRTEL7-2&ERCHRE L
i

IS OFRERERICONT, BT & Akt 7 —
T1HE(UPGMAE)IZ L B 7 7 AL =554 (Romesburg,
1992) #4T\, o —2 U o RiEEEE I RERIFRSELLE
L LUCT VYRS BBt L.

Fig. 15. Inflorescence of Chinese kale.
A : ‘Enyo-shirobana’ (172),
B: ‘Kibana-donyo’ (152),
z : Refer to Table 5.

ks, EBHR T OREERIIIETICH T

fm R

B LI A T v OFFRERIRRMEIT, 1993 4236 KUY 1994
FE L HIZFEEEDEM Z7R LIZ0D T, I 1994 FEDfE R+
LIFlemR1L Iz,

1. FEFBLCNEDFRERIFFE
BRLEBTOR - KE (6) 5 (BEADOH v a3l
DOIFILEE 5 ROMEEF 23, LUTHEE ) TIE5 A
TARIZHBWLT6 A LmICBfE L. < ORETIE
6 H EANGHFAICHTTHEWR AL, 6 HF a0
O TFAZHTTRE L. — 7, RbAEFTOEN-T- K
TEREAR (14) " TIX 7 A EAICHEB WL T, BIERR LN
=07 AFRThHo7z. bW - BFED BBz DWW
Ti, ZOFFMEE2EICRLE

BERE DT %2, 56 16 IR Le. A 7 3o
B. oleracea & [RIRRICHRIEFF TR LT=. 14E/FHZY
129 100 D/NERFALELTERY, K/EIF4 ¥ D<A,
4 KL DAEFA TN 6 ROBET V& 1 RKDOMET W) B 7o
TWiz. BfEFRFO/NMEDERITN 2 cm Th o7z,
HRITHEH D VTEATH-72 (B 15K, E6 ).

Table 6. Petal color, inflorescence stalk length and in-
florescence diameter of Chinese kale (1994).

Cv. Petal Infloresence
no.? color length *(cm)  diameter *(cm)
1 White 7.0 bY 3.9 b
2 White 612411 b 4.4 b
3 White 6.3 Db 4.7 b
4 White 6.3 b 5.5 a
5 White 6.0 b 4.3 b
6 White 6.3k b 4.5 b
W White 7.3. b 3.6 b
Y Yellow 11.7 a 3.8 b
8 White 6.3 b 4.4 b
9 White 70 b 4.5 b
10 White 6.4 b 5.1 a
11 White 72" 6.8 a
12 Yellow 6.5 b 3.5 b
13 Yellow 6.6 b 3.9 b
14 Yellow 12.1 a 3.4 b
15 Yellow 9.7 a 4.1 b
16 Yellow 124 a 3:8 b
17 White 6.9 b 4.9 b
18 White 6.8 b 4.4 b

Z . Refer to Table 5.
7W ; Plant with white petal color of ‘Nankin-kibana’
7Y ; Plant with yellow petal color of ‘Nankin-kibana’

x : Terminal inflorescence, at antesis.

v : Different letters indicate significant difference (P<0.05)
by Tukeyv- Kramer's multiple range test.
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Fig. 16. Leaf shape and petal color of Chinese kale cultivars.

: ‘Taishin’ (112, B: ‘Hakushin’ (12), C: ‘Nankin-kibana’ (72, D: ‘Shiro’ (127,
: ‘Kibana-kakurin’ (142), these photographs from A to E were taken at 50 days after sowing

in 1993.

: ‘Nankin-kibana’ (72 at 65 days after sowing in 1993. These were yellow petal plants (left),

and white petal plants (right).

: Refer to Table 5.
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cant difference (P < 0.05) by Tukey-Kramer's
SPAD-502).

and leaf colorx of fifth or sixth leaf in Chinese
kales (1994). Different letters indicate signifi-
multiple range test.

x : These numerical values were measured by

Fig. 17. Mean leafblade length and width, petiole length
z : Refer to Table 5 and Table 6.
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Fig. 18. Main stem length and diameter of Chinese
kales at anthesis of terminal inflorescence
(1994). Different letters indicate significant
difference (P < 0.05)by Tukey-Kramer's mul-
tiple range test.
z : Refer to Table 5 and Table 6.

Cultivar number 2
=
-~ W00 oo

[3 . L 1 L. L 3

0 02 04 06 08 1.0 12 14 16 1.8
Morphological distance

Fig. 19. Constructed dendrogram of eighteen cultivars
of Chinese kale by cluster analysis.
z : Refer to Table 5.
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T Y, Brassica alboglabra |53 EN 5 LiRRTWB.
Herklots (1972) L &#& (1985) LEIMRIZ, A T 0%
n = 9 ® B, alboglabra \Z53|ENB L L TWBR, 7/
DI DOWTEBALMZLTWARW, 72, KB - AR
(1969) X, A F % B. alboglabra L LT, n=9®
CUJ bEFESLEIBNTNDG., IhboWEDMmIZ, G
BEBEH LI LTWARWS, 1A 5% B.alboglabra
L, FARVELEBREREFEELTHELTHD W
L OPDWENHS (Bailey, 1922, 1930 ; &%, 1980;
¥, 1987). 7=, RER - WHF (1936) X, HA T i
[B. alboglabra & XL TVW/=25, K4 B. oleracea L. var.
acephara & SN THB) Lk, r—AO—FTHDBH L
e LTWB. EE (1941) bREKRIC, »1F% B
oleracea L. var. acephara & U, T _VEIZIBTDIZ &
ERLTWS. RIE (1983) 1%, BIEOIA 7 ik —
ND—FETITRV I E RN, EIER B, oleracea L. var
acephara & LU, B4 B. alboglabra L L THIFTW5,
—%, BETRIA T U2y _XVEIIEDDIN, 7r—
e LTTIE4 K B. oleracea L. var. alboglabra & LT
SETINOLOHRERDH D (FHE, 1993 ; B,
1993 ; Larkcom, 1991 ; Rtk 5, 1987 ; HEL, 1988).

PEDOMENS, B4 F ik Brassica BIZHEEN,
LeaAEBIEn=9 (2n=18) THIN, & FELIZ
ONTHEHFE—ENTNRNZEBI PR LS.

Sagwansupyakorn (1994) 1%, b1 5 o OYEERIT
n=9 ThV, ZD%¥4 L LTB. alboglabra & B. oleracea
L.var.alboglabra % B2 LT\ 5. L)L, Sagwansupyak-
orn (1994) I%, WA 7 OBABIMON TRV LD
5, 1A Z % B, oleracea D D—LFE L LT B. oleracea
L. var. alboglabra & 5338E3 % O MY TIXAawv s &k
TW3, ZhIZH LT, Yang et al. (1988) 1, A5
v EBEE R XY EOTERIC L W REEOBA ST & TE
MOTBREEBEL TS, ZhiZkbE, 147008
BEEEn=9ThHY, Fx XV, r—NEeW V75 T7—
DOYEFEBELERL ThHom EBEL TS, &blL, &
A4 T vl Fe_XVEOERHREAKOBENL, IZIERTT
ol LiB_TWB. UL, TEHOEETIEIA T
X P RXYVEOBICERBR NI LD, I T
ML U7=BofETHY, B, alboglabra & LTEZ BN
HEBRELTNS.

B1EHOERTI, V4T L& Fr Y EOMRMRA
TOREBEELEE L. TOER, V15 DRERI



TOREEEILE, SHEBICERIR2n= 18 THY,
Fy AYEOLRGERE B L. ZHX, I3 LMF70D
YA EBRNTHARMOBEE—H LTS, £,
B2 TORREND, WA T ITEERGE L BIELE
BholZ bbby, AERELEEGEL biz
BEHKIE2 n=18 THY, ERBICK I REAKBIIER
BIANWT EBREHFICL VB LNE 2T,

¥7-, Yang et al. (1988) X, WA T DI IPEHE
H L IXERET, ZOREFORBARETHD LR,
FA_RVEERB RO LBEL TS, I F DL
W OWEIZ ST, Wel (1991) 1%, #OBRITEER
T, BREFUIIZHE, EMMEOBKIIBER TH-
To &R, FAd 4o Brassica J& & —2 L CE Y, Yang
etal. (1988) LIZRZR-7EBEL TS, H2HTO
HA T DIEMBE TR, REEICKERETILZLRR
olte. BRI 1ET OB TRY, ThEh ek
RBEZFOARD O, BFEOBRTHY, Z0E
EREEZ 3IARTHSHY, EVWZBEL TR T
En, Wei (1991) o#iE & FRICZBETHLLE
b, Ei, ERABEOERIIMER T, K
BEOE S+ B8Ok X0 (P/EK) 11 1.67
~2.00 T, BEBLEIAMTVRBIRTRATRERETSH
v, Wei (1991) OBE LV LIS IZEHATH- 2.
DN OPDF e XV E R OMEL LB URER,
HAATEXRARYEORIIKRERZRIIVDOOIR
Mol ThbDZ Ehd, EROEENL AT /0B
s U=RiofETh B & L7~ Yanget al. (1988) &
LIZRR o1 A TR _RYBEOREIZ LV iR
BFNERZ BN L #E S (Hossain et al., 1989),
mEIIATETaval)—, BVTIFT—, Fx~
Y EDEFRE» HREBTEH/H TS (RERK). Zh
LOZEND, HLTVEXXARYEO—EELLTE
%, B. oleracea L. var. alboglabra L35 7 L BRYT
» 3 L L7~ Sagwansupyakorn (1994) D#&Ew, AE
BRTRXFTEZILDOLEEZ LN,

E2HiITIE, BA, hE, BERBIUFADLINEL
718 BERHRAL-FER, 12 MBoAEREL 5 5
DEEHE, SbIAEEKE BEE&ICOBEL: 18
Wb, A T v DIEREIZOVWT, Bailey (1922)
1XBfE%E > Brassica B & LTHEL, AEOMIZHE
HEERD -T2 L E2BELTWS, EHRBITHONT,
KE - AHE (1969) iTAEIZOWT, BHiE (1980) X
HIZOWTHE L TWA. 0%, HE (1993), Larkcom
(1991), % (1987), L& (1987), Htk (1988) I,
AA T AITEERB D, ZOMIZEEORELH D
TEEHELTRY, ZThooBELE2HOKER LI
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—B L7,

B2 THRLULEERBEITRTEENLAORE
SHETHY, AEEE L BEEEORE L HERRG
X, BEBUATIHBEESBIROARp2. ZhbD
Tl AETREIERKENSSEE S TBY, BT
RREORIEIIBD TORDP 2T E VS RRIR - TR (1936)
DEE, HAVIER (1941) 0L RBiTF 5 AR
WL —F L. oFY, BEAEL ATEREOREX
HBRIZE = o =0 %E LTV RIEEEN R I .
X 51z, Herklots (1972) & Larkcom (1991) X,
EIZRIER DB BRTRY, FEIZRKFIEOLAL T
NIFET HREEN D S.

EORRAMREMEIZOWTIE, BRNEL (B, 1980;
I, 1941), |LLIXARL (Bailey, 1922), EEIZILA
S5ENHY (Bailey, 1930), EMIXIE~FEMH- -IIHTH
L EMEINTWS (Bailey, 1922; &%, 1980 ; RER -
TR, 1936;%%, 1987). F2HMORERIT, ThboHE
CIEIF—F& LR, DFEY, $5~8cm DEHE LD, B
EERHAZVIERICODTPICESBORLNDI LD
bote, BERICELRRL, EHICAIHEIRAOKh, ¥
B ~FAME2 LT\,

mEkes (1987) X, BHEBICFEREO /N, By
DRITHSTN—TRHB L 2BEL TS, F2Hi
BWTH, Ao FAFKICATEREICTEIRE L
WERRONE. E, R - B (1936) 13, HERE
DR/, KIE, BRED IBIIHUTTHRE L TWD A,
IS OOz OV TIRBRE SR TR LT
FHTHS. 28T, BEEREOI L 1EEOESY
WHEARIZR LN, tMoBIERBEICERIIKE RET
BRoniahote. £, BIEsRED S L 2 REOER
[XRER - BT (1936) DE|E L RIS, ZOEMIIAE
Th-oT.

HIEREOER, Tuyal—Rs ) 75U —IZEE
Lk T, BEEGHETIRINLY b# THRGED
LRRBNGEThoT. ThHORIX, ERIIER
G ~FEE%E LT\ e &3 5 Bailey (1930) I TRTHER -
BEH (1936) DWME L IFIF—FK LB, E22HTIREDL
WEADH W RZRAEORENRR LN, F2H T, %
BRUTANEIA T DT A VEROHERE
EEDOREERAR. ZORR, ERHEHORNEEL L
ran 7 4 AVEREDOMICIZECHBEBRRA LN, 3
DEIXEE*ZRB LT, ERFHEAVWIunT 4
Na+bERBROTFRAZMERITITO ZLNFARETHELLE
2oz, &5, ZOKREREHERVTEALH
ETHZET, BROKMEIZ XS HBRERMEDFBRFT
ERFRETH B L EX N F2HTRHATEIY BFK
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HRBOEDOEFRIREMEIMEL, T HDERITH
BENLPPENMFETHoToZ b, BIERETO
Eo2/au 7 VEBRBRRAEIV OO
Zxzbhi.

IO DOBENREE, SEVIERALEFOES, b
HVNIERBRLEALZEEL LT, #RLEISIFVD
M EERL T, TO/BR, ALV, 5 18 BfE
BSBICKB SR, 2%, AETEIHEADA LR
TeW— AR, BETEIEAOLDRRVWW—BH#, ¥
TEADEH Y — AR, BIETELOBVWY —BHYE
N HETEER L BIEEEORE LW,/ Y#O S#HIZS
e,

HIEREOW—ARIZIE FEK W) 7, ‘W17 M
(6) ', ‘K (6) ', ‘AERE (9 ', ‘B 0,
Kb (1) BIT ‘BERTE (17) T 0 70, W—B
Bl an Q), ‘45T (27, ‘HEFRE
3, ‘B ®) BLY ‘KEHE (18) 'S5 HRENEL
TWe, W/ YR BREE () o1 RENEL
TWiz., BiERBEOY — AR ‘A (12) 7, ‘B%
(13) * & “ETEHIE (15) O3 HFE, Y-BEICIE ‘B
TR (14) 7 & “BROETE (16) ' D2 HENRB LTV,

INETRAA TV OBBEITHOWTIXET L BIEDOTE
A, HENIEOWREBIZL > THEWN L OhD I N—T7
HaPNB EESRTWA, HEES (1987) 1%, AT
A TN—FEHEEL IA—TDEE 4 T —FIT
ST TVE. B2HOREREHELODFER LTS &,
HEELDOHE LA - FiRED IS N—7, BTt - TR
DENEHDOWITHOIN—THRTEIRIIN—T1, £
NENE2HOW—BEE, W— AR ICY —ABIE
B+ éEBEXxbhiz. £, AEOBRHELEZLY 75
U —OERBICEHU L -AEREI WU, WY 7T —
& DIFLUEM ST TRL, OB DS A B
LTWRY, ZOkdiz, B2HOKER LT TER
Mot B2EzHR LW RVWRER, TohYTT
U —DOEMICEL L - ATEREREENDEH, HD VI,
IORBEEE2HOW— AR - W—BRIHETES,
BARETH-. LHrLE2HTIX, BELo@EIck
RonRRino7t=f, TRbbLEENY—BE, X0IIW
SYBEMNEENE., i, BEOIERLEER
FEN1RETHo=DITH LT, F2HTIHEELDOS R
B, Y ticatEEiticabhz 1 RBrgtR L2 &,
EHIBEEPSEREICRI ARDZ LITLY, BER
R 2B bR ThidEELLRE., Thbd
DT e, B2EHTONEEL, VA7 D08EL
T, JVEBLDEBIIHOVWTHTIIER LEZILNS.

Dias et al. (1994) iX, 7 fE¥g - 48 S4FE D Brassica |§

DTAIFALFHERE I TR LT, 47
VMo Brassica BiEY & X8RO ETERLR, E
RV b H N Trouchuda Cabbage, Galega Kale & ¥5{E
Li#BBEFEFHF-TWBZEERLE. UL, D475
DAL EIEDRREIZ OV TIRREE LTy, &
2EITIY, WRERSM AR RIZ 7 SR Y - &2 To o
B, BELEY 1.25 THBF L7254, ERELEOHRE
Lo THELESHE, 7R F-TXoTHITLR
FRBEN-BLE, 0 EhE, AA4FOREY
KB BEE, EHhe  EONHR - BREEBEL LTS
E+aZLoBEamirahr.

T, ATERREL LT B & FHIERBITORPRE N
BLECER L. 2F0, AERBEIHESEM L
oA R L, BREAETIRIRL Y LELMENMED
ZEERLE, ZRIEIERLUAZEEMENEERELD
BRI EREEBLTWEDOTIRRNNEEZ D
Nz, ¥, ATEEEKLEBEREEOBELEW, YHIX
Efa LEOWREN S ATERLTE & RIEHE O F RIS
EARLEDN, FrruZSATRAERELY bEicE
TERBEEB L., 0D, W/ YBIIORET
RRIGEVERICH 20 TRARVNEEZEZ BT,

BB D% 1 FBEORIER, ThbbIU#HEIZIL,
HIERBECHELEAEL Y LEROKRELS 23ERBEA
b, SLIIW-BETREEMKRELI o, ¥,
TEERIIBERECREL Ro, EFRIXETERRE
TREL Rofz., DY, NEHEOTERETIIEE
OHRITENZ D, ZRE, ERLIEFERKEL, B
E£FYPRIWEFEERTEbDOEELbRE. Liho
T, BREERFBTIHER L LTRAT 8B 61T,
BERBEIY LHATEREOTENRENICER TH-o
7o, BATERBEORIEBILRK IO TRV L #EEE
i,

4 B OE

AR fE-- 5% - FATCRELE=DA T, TWIT
B X v XY EORBHR CORGBELBERE L. £,
AfEH BVIIEIED A T o 2R LT, MRS
DWTHREL:.

1. HERU72% ¥ XY EHEE TIBRRoRAREIT T~

T2n=18 ThY, RAEAPIIERIR AR,

To. 47T, AR L BIELBETORGER

KERRLNT, R LETRTORET2n=18T

bolz. LEN>T, 4T ORaHEEITx ¥y

HoReAHEFAL2n= 18 THBHZ LBEREIH



7.

2. W45 rOERBRIITRERICKEREXL R
3, EROMIIRRE THY, RIEQRXZBE, T
SEDHERIZEERITHh -T2, T _XYVEDIERDOW
BlIZiE—8 L.

3. ERFHAEEE 7o 7 4 Vb EREORIZIZE
BLRAEBERA LN, &biIzZun T s va+bSE
EORBIZHBVAEEBGERRD v,

4. #RUE B RERERABNHAD 12 78, BEAD
5 ffE, ATEEEE BIEEEORELZ1AE (W
YE) O3B KBEShE. BfED 12 REIRE 5T,
BHIEAHOR LN 7 RE (W—AF) &, LD
Rohieho7-5 R (W—BR) o oh. A
ERBOEIZEREL Y LBVWEETH- . Bt
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D5 BEITX S, BHEDH CTEVRRED 3 BRE(Y
—AR) &, TRV LB WRED 2 A (Y-
BED) b, hiCATEREGKE BEiE@EAITs
B2 1 0EEW/ YRELE LTHIT, A5 5BITKE
-,

5. EEFOE 1 FHLORERIZIE, BIELE TR
ELVLEROKRELIRIFERABRLN, IHIEW
—BEETRERNKREL Rotz. £z, ATEAETIZ
TEHFBRRRKELS CTHEERPEL, BOET VBRI o
7.

6. Zhbd5HIZOWNT, HEAEEICIIHERRL
IIRE—GIIC L BDREN—F L. W/ YBITA
B LB OFBICH o7,
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E2E WMo - BIEORBME

—fRIZ, WA T VTERERE, BOEIFBERTY
3. BIEFERHELNLT, 20 1 BESLBEIETIEE
TIR#EEIND 120, HOWERTEORBEEZHE L T
BLIEDBEETHD. AT DHLWEBTEDRB
HIZHOWT OGP 2K (Bailey, 1922;%F)1, 1971;
Larkcom, 1991;Sagwansupyakorn, 1994; ¥, 1987),
I OREEOM B, £FRE HOW - H
TerEids L USETEEMT OFEIZ DOV TR RBE .

FITARETHE, ThoDBHREHALNIT LD
WA TOEREIT- T2,

B1E Ho0 - BIEORERER
MRBLUEE

A - HE- B - FAhORE L 20 REONA F
CEHRALE (B8RK).

HIREMESY, £ IORITR UL, EBRIX 1993 4, 1994
£, 1995 F£DEREL 1995 FOKFOREF4ETTo72. B
AT BIERE AL 3V EREEORE LM
FEA, 1993412129 : 5 : 1, 19944EZix12: 5 : 1,

1995 EHFEZITIT 13 : 5 ¢ 1, 1995 FFKFEICIT 12: 6 ¢
1RETHOZEN TR L. FREOETF 50 k17D
F, Ja—XFx N~ NO23.5C-16 I B REHT
THIFEET. BFEDOFAH07 19934 4 5 20 H & 1994
£ 4011 B2, BRI cn DERY Ry M 1R %
FEL/-, Ef-, 1995 2H2THL 98 13 BIZER9 cm
DOERY Ry MI2RTOEREL, F2ENRBELLZL
EFZERy M LEETOIZHE W, ERIZITL
NR—IF%2F54 M 5:2:2 (volume) DE[ETES
Lt a vz, FaREIZ-& 20 Ry 2 AV, §
EFT2ETOHM, HIEKEE 25°CLLEICER LY
FRABENTEE Lz RBEN 3 ~ 5 KB L7k 1993 £
5 13H& 1994454 17 Bz ABIZo% 12 BT
DF,1995%F4H18& 10 A 18 HIZIKRREIZOE 15
EEF-o%, 1,/5000 a U7 —=Ry M2 1EET 8
Lz S ETFBIIENEDOE=—ANT ANTEE
SR, BEEEIL3.9~56MFE me L. ¥,
gk BT L 20 1 A RICERIEREEE TR ER NP
K=15:9: 13kg/10a & 725 X SR L7z, HEOERE]
BTN, NURDOE=— LV EREICIZER L THRELE

Table 8. Cultivars of Chinese kale (Brassica oleracea L. var. alboglabra L. H. Bailey)

used in this experiment.

Cultivar Sowed
Number Name® Country Year and Season”
1 ‘Hakushin’ Japan 1993 S 1994 S 1995 S,A
2 ‘Kairan-T’ Japan 1993 S 1994 S 1995 S,A
3 ‘Chugoku-kairan’ Japan - 19943  1995S,A
4 ‘Kairan-K’ Japan ~ 1994 S 1995 S -
5 ‘Kairan-M’ Japan - 1994 S 1995 S,A
6 ‘“Tenshin’ China 1993 S 1994 S 1995 S,A
7 ‘Nankin—kibana’ China 1993 S 1994 S 1995 S.A
8 ‘Kuro’ Taiwan 19938 1994 S 1995 S.A
9 ‘Shirobana—kuroba’  Taiwan 1993 S 1994S  1995S,A
10 ‘Kurokaku’ Taiwan 1993 S 1994 S 1995 S,A
11 “Taishin’ Taiwan 1993 S 1994 S 1995 S,A
12 ‘Shiro’ Taiwan 1993 S 1994 S 1995 S,A
13 ‘Shirokaku’ Taiwan 1993 S 1994 S 1995 S,A
14 ‘Kibana-kakurin’ Taiwan 1993 S 1994S  1995S,A
15 ‘Kibana-donyo’ Taiwan 1993 S 19943 1995 S,A
16 ‘Shokushin-kibana’  Taiwan 19933 1994 S 1995 S,A
17 ‘Enyo-shirobana’ Thailand 1993 S 10943 1995 S,A
18 ‘Senyo-shirobana’ Thailand 1993 S 190948  1995S,A
19 ‘Kairan-Y’ Japan - - 1995 S.A
20 ‘Kairan-K-y’ Japan - - 1995~ A

Z :Kalran-T; Takil Seed Co., Chugoku-kalran; Sakata Seed Co.,
Kairan-K; Kaneko Seed Co.. Kalran-M; Marutane Seed Co.,
Kairan-Y; Yamato Seed Co., Kairan-K-y; Kaneko Seed Co..

y: S; Spring, A; Autumn.
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Table 9. Experimental design of this experiment.

Sowed season Sowing® date Potting” date The end date Natural
and year Qf exp. daylength
(hours)
Spring, 1993 April 20, 1993 May 13,1993 July 14, 1993 about 12.5-14.5
Spring, 1994 April 11, 1994 May 17, 1994 July 20, 1994 about 12.5-14.5
Spring, 1995 February 27, 1995  April 1, 1995 July 12, 1995 about 11 - 14.5
Autumn, 1995 Septembrtl3, 1995  October 18, 1995 February 10, 1996 about 12.5-10

z: The pots were placed in a greenhouse maintained at a minimum night temperature of 25TC.
yv: Plants were grown in an unheated plastic house using natural daylength.

M, BRBECIAEOC=—NVEBR L BICHK L.
T, BEZOBRIEERERL L, £FHHEFORER
X 1993 £ & 1994 £ TIEA0 12. 5 ~ 14. 5 BER, 1995 D
FEFEETITN 11 ~ 14. 5 BEE, RSB TI0 12.5 ~
10 B ChH -7z, 2B, £FHMPORERDRRED
BEFHEII Ty al—, Y 7T U—IC#EL TBITIZ
e 7=,

FEAEDORREIZONT, FREDOREUEOEED
BRI+ AT, ERBOHLV - BER X OSEHEEA %
BELE HEFLARCHERETEZBEEZHLWE S L,
BIEFOE 1BHOFNRELICERB LB ZHER &
L., BRETRLELHLIW - BEXRONHE %,
FNFRHELV - BTERBEE Lz, &b, H#RAED
P EOBEESHLWV - BELEEE, ERERED
W BfEDEH R E L., £, EREOTTOEREK
BHELW -BELEEE, ZhEFnHbV - BRERT
BEL~E.

70, MIEBICIXBIEEN, TERLIEFREREL
o, &bz, HEEREBE L BRERBOFYEE B TEY
KELL, BEPOLEEAETCOREHRBOEE L%
T & DB %, —R~FREE, Bk L OEE
FizonW TR =, HEARFEIC L 25BITAEIC LR
NoT, W—A, W—B, W/ Y, Y-ALY—B®D5
s el Ll vl

#w R

1. £BHBFORE

AFHRT O EHRBOEEZ, F 20 RITRLE.
1993 4E, 1994 £, 1995 ERFB LI UVKZETOFEFD
A5 ABREBRNEHRRIL, FhEth, 28.7°, 29.0° ,
26.0° BLN2.TCTHo7-. 1995 EOEZEDEHR

BIX3NED S bTREBELS, METRELEL Ro T
1993 4F, 1994 £F, 1995 FHEEB L UKETOEHZKD
C=— AN ANFEKIRX, FRENR 1757, 26.9
°,22.9° B TCERRotle. HERED 1993 &
~ 1995 £Ti, 1993 FEDEHTBNR INED S bED
&L 220, IRVNT 1995 48, 1994 EDJBIZEL otz =
D=, EEHRMPOFEHRIBIL, 1993 ENFHEL T
20.4°C L7290, IRUNT 1995 D 23, 7°C, 1994 £ 27. 7°C
EEbEL ot 1995 EMXFEREO B FHR[URITAEE
DELIZONTERTLEZZ &0, £FHRFTOEHR
BiX17.8CThoT-.

2. oL - BIEERDRERER

1993 ~ 95 EDOEFERIZRBITAH LV - BIEIKIZIEEER
OFERER L2, EEHEFOEHRIRD 3 0F0
55 2FBICEL ol 1995 ERFEDT —F %, B 21
BzRm Uiz,

HIEREW—ARBIUW-—BEIL, EELAEY—ARB
FUOY—BELHERLT, HLW - -BHEHEORI R
mARLNE. oY, BESEEW—A - W—BHEOH
LWEMHIX, ERWEFh4 A 14 H~5810 (%R
46 ~63 H) - 48 19~25 B (IEME%K 51 ~57H) T
Hot., =, BIEFEHER, ThTfN4827TH~558
14 H (%S9 ~T6H)-5H2~9H (FEfER% 64~
71 B) Thok. —F, BEHEY-A-Y—BHEOH
BWEHRIE, Zh¥Fh4H 28 H~5AT7TH (%
60~69H) - 5H5~9H (FREK6ET~T1H) &>
7=, ¥£7-, RIEEHAE, #hZFh5H12A~21 8 (&
% 74~83H) - 5818~21 B (¥EME%S0~83H)
Thotz., Lizh-T, BELBEOHLV - BTEIX, &
LB L TENRFNRE~14R- T~ 15 HEL 2o
7=, AL BIBEEOBA LW,/ YH T, AfEEE
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[ v

| Autumn, 1995

1321 1 11 21 1 11 21 1 11 21 1 11 21
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Fig. 20. Fluctuations of mean air temperatures after sowing.

z . This mark shows potting time.
Potted plants were transferred into unheated
plastic house from the greenhouse maintained at
a minimum night temperature of 25°C.
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Group Cv% April May June
Name No. Sl) 111 1‘6 ZJl 2]6 1I 11 16 21 26 1 6 11
4 PaS O -~ p - -
5 A—O—0
- S —
6 AH—O—=
&A——— 8
w-a | ° Dy S a—
10 H—0-0 -
11 P o 0
A——o— &
17 &O0——0O
A
19 Y S—
A0 —®
1 N0
2
AS——0—1
hA————— 08
W-B 3 LH—O—
 —
8 H5—O—]
o—0—ill
18 H—O0—{1
TW D01 4—o—&
A—o—u
WY 7y a0
A—0——— &
12 L O—O1
—e—m
v-A | 13 o——o—T &
A—o—8
15 LH—O——{]
o———8a
14 Pa O }
Y-B
16 A——-————O—'—-—ﬁ - &
&———0—@
Fig. 21. Date of budding and anthesis in Chinese kale (Spring, 1995).

Budding ; Date of start (A), mean (), end (00)
Anthesis ; Date of start (4), mean (@), end (8)

z : Refer to Table 8.

7W : Plant with white petals. Refer to Fig. 16.
7Y : Plant with yellow petals, Refer to Fig. 16.

L EEE L ORI bW -BRTEES BICERXA LT,
ENEFh4H 24 H (BE®%sS6H) - 5H9H (HBHER%
1 8) ERpol.

1995 EFKFN S 1996 ELXZDOEFIIBITAEHL W -
Bt SR OZEX, FFELRKROEMERL, EES
RMEABLTHTESETHEOW -BIERBBRS ot
(FB22R). Thbh, BEAEW-—A-W—BHEOHL
WIEH R, FhER11A 12 H~19 B (3&FE% 60 ~
67 H)-11 B 12~25 H (#fE%60~T73H) Thol.
72, BIEEHAEE, ThEFh 12 A8~21 B (%
86 ~99 H)- 128 12~27H (IEREE90~ 105H) T
ol —F, BEHEY—A - Y—BEOHLWEY
HiZ, #hZh 128 2~9H (%80 ~87TH) 12
B4~5H ((BE%82~83H) Lol £/, HIE
EHBHE, FhFh 186 H~20 8 (%% 115~ 129
A) - 1B 10~17H (FEHE% 119~ 126 H) Thot.
Lo, AIEHEOH LV - B, AL

BLT14~20H 24 ~29 HELS oo, AL ETE
BERIZ =W/ YBETR, ARG EBEREED
BICH B« REEH RICKRERZBZIA LR o T2,
W/ YEHEOHL W -BERAREL Y LR AY,
HOWE 11 A 11 BE 11 ASH, BEIXI1I2A7HLE 12
HA4HTH-I=.

3. FIEENI

EBRHMB TS ORBRIZER L, 8 23 KR
L.

BIEME L R LT, AR TIIETHMILELS 2o
fo. Fi-, BIELHEEBEEORE LW,/ YEEOEIES
ik, BEESEEREKROEmMERLE. Thbh, #HR
GEORPTHIEW-ABD ‘K& (6) 7 (&840
By aRNOEFIRE 20 ROGEESETRYT. UTEER)
DEEHARSEL Y, BEY~BEO HIEBHK
(1) & “BRUHETE (16)  OBEEHMIFELEL -
7. BERIOEEEHA TR, BEREIAERELY OH
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Date

Group CvZ., Nov. Dec.

Jan. Feb.

Name No. 4 11 16 2126 1 6 1116 21 26 1 6 11 16 21 26 1 6 10

L O]
° A—o ———H
6 LN5—O—03
h———1
9 LH0—0
W-A| 10 & O -
11 - @
K—0——— : &
O
17 Pa% O q &
19 LK—O—0O
A—0 ———=
1 500
A0
2 K—0
s——@——
W-B!l 3 &LO—O
Hh—O -]
8 2O———01
h———=&
18 H——O0—[
o —#i
w/Y ’;V; s——6—%&
He—H
12 N Pa ,-\C o —] A ° —
YA 13 O
15 LH——CO—]
A—0——H
D—————O——]
20 & < ]
14 Pa O ]
- & 4
Y-B 16 Ay O

»
[

Fig. 22. Date of budding and anthesis in Chinese kale (Autumn, 1995).
Budding; Date of start (A), mean (O), end (1)
Anthesis ; Date of start (4), mean (@), end (M)

z - Refer to Table 8.

7W : Plant with white petals. Refer to Fig. 16.
7Y : Plant with yellow petals. Refer to Fig. 16.

2~ 13HiE ol ELITY—ABELEBELTY—B
BEDBELIMAIIR 7~ 9HiEmL ot BTEEEKE FHIE
BEEDRE LW,/ YR T, ATEEE L BEEEOR
WERESHMOBEERZRR O R b, T bIZRTESR
L RIBED, HAEWMIZFR LY bIEL 2otz D% D,
W,/ Y BEOFEIEEEIZAERE & RRICEREIMEL,
EBERESEY -ABIOY—-BELY bEESHIINA~
15 HiEL Az o T2,
BELTHOLEETIETOREHRBOREE L B
W & DR Y, B2 RITRLE. HEYRBOREL
EHEE L OHBEERD IR, BEEETRLEVE
BaELh-. SFY, BIEE TOBMBRENHEMNTD
LN oT, BHEMNOBL RBBEMDH D Z L HR
&nht-. £z, SOHEOEFEEREITHET S L, ¥
KRENRELEL fo7- 1994 E T, BIET S ETOHE
BEOSTENEL 2o, 1994 £ TORRIEE TOFHRE

BIEEIX 1839°CEHZELELSRY, RWT 1995 F£TOD
1623°C, 1993 4E TP 1395°CHOIETIRL 72 o 72, BETIX
FEELHBRLT, BUETAIETOHERERS Y,
FOEHT2107°C LTz,

4. EER, EFE

MO R L BREROERERB L OTEFE L DB
ZAEEHY CRROBERNRA DR, 1995 FFEFED
WRE, s MR Lz, BEROTEERIL, BREOR
Dol AERERBIOW /YETEIRY, RiEDEHN
EERETELS kofz. THhbb, AEOW—A - W
—BEBIUW/ YHOEERIL, 3.3~41ThoI
DIZHLT, Y—AY—BETII4.6~5.8LixoTe.
—%, BRTEHEOIEFRE, BEORP--alEAER X
UW,/ YHETRORREL Y, BIEOEBN-EERET
RRINEL otz DEY, BIEOW—A - W—BHB
TUOW/YHEOIEFERIL, 41 ~4.9 ThHoDIIHL
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501 Spring, 1993
Vp= 5%2 x 10 (0.00059 x)

40f 2= 0.71 =
30¢ %o

° o{o&”
o M
10k .

0 .
501 Spring, 1994
| v =5.26 x 10 (0.00027x)

10 T g g9 O°

| frp:i 160 R (0.00064x)
40

30}
20f
10}

0

01 Autumn, 1995
40+ V.=2.19 X 10 (0.00044 x)

Number of nodes from cotyledon to flower

r2=0.57 * ° 0
30}
20}
10}
O M " " a
1000 1500 2000 2500 3000

Accumulated mean air ~ temperatures
from sowing until anthesis (C)

Fig. 24. Relationship between accumulated tempera-
tures and number of nodes from cotyledon to
flower of Chinese kale.

x P < 0.05
@ : Plant with white petals,
O : Plant with yellow petals

T, Y-A*Y—-BETIL3.56~45LRoTl.

$28 & E

BA TG OB OWT, Bailey (1922) 1, 488
JO7THASBIZEBELT, T EFNh7A1B8BXU9A
FRicEEEEE L. £-F)] (971 1%, 48 10H

Fan) 6—
= a
Q 4
9 °
= <
: . CPr
so_‘) A A
o=
s
) L ]
5
§ a®
qé ® 000.
T 4t ‘;‘ a0
8
=] a
8
723
5
g
— 2 b ] 1
40 60 80 100

Number of days from sowing to anthesis

Fig. 25. Effects of number of deys from sowing to
anthesis on inflorescence length and diameter
(Spring, 1995).
Group : @ W-A, 4 W-B, OY-A, AYB,
Owry

BLOOH 19 BiICEREL, WiV -BEfExZEhZEN 56 A
TH -6 B EABINI2 ETH-3ALATH- &K
ELTWVWS, HHEOHRLZHBIITHTHE M, F)
OWMELFEIHOBERELKT S L, BEFETOAEMLE
DOH B - BIERIRISIE—B LD, BIESETIEEL
Lo bBRE. EbIT, KETORKREZLRTS L,
BHIERME - BEEAEE D ICHIINOHRELV HHELW - B
ERREL 2oz,

—fRIZHA T VREEFRE O WL TrLEDE 1 F
TEDOBEEE T S 57120, REROBTER 21X
M L BTN TES. NI OWTHE (1987)
X, —MRICHERE 60 ~ 80 H&LTH D Lk, BIEMDE
Ao A RES TR ER 2 RET OB LTNS.
¥ /=, Sagwansupyakorn (1994) 3 X Uf Larkcom (1991)
iE, #EFES5 ~80 HERBLITN60 ~70 A TH B Lk~
TW5a., ZhHDAFTRHR L OCRRER LW TILH
LTV, BTE - INHEE ToO BEIC DWW TIEIARER
SIIFE—%L7=.

66 & INH#E - BIftic oW ¢, Herklots (1972) X, %
FEI~4BBICEHELE-E LT, ATE2 RETIIHE
S0 HEICUNHESh, L 1 RFETIXEN 40 ~ 45 H%



WIS h - HMELTWS., Zhicks e, BHitEY
AFEOBEITANVTNS LBRTRY, FREFEEF
BAThHDH, BEEOINBIAEELY LRV AR
BLTW5, -l (1987) 1%, ECHIEED 1
MEBIUOATED 10 REZAF Y, BEEL Y BT
FCTOREREPoT- L BRbhaHELZLTWA. i
L, FOBRELEFEEHMIZONTIHRR STV,

IR LT, RERTI, BEOW—A, W—BE#
BEHOY—A, Y-BELEBLUTHLW - BEED
BRBERARRLNEZ. &blz, AEREOEIEEHM
BRIV LELS 2oz, LEkdoT, AR
EBIESEL Y BEMNE) o & E X2 bh, Herklots
(1972) L HES (1987) OWMELEIHOBERLITE
ol ZTOERIFHELMTRW., E3FHTHES~6D
BIERMEE 9~ 130 ALMEL 3EMICESFLKBILE
BERT, FROBEREBELI LN, £EFPORER
BERLEOBRESMENRER->TYH, AERENEIELE
I b REERENbDEEI LN, LML, 8BTS
RERICH BV - BBTEDRBREICIENRH Y, Hov - BT
DEVCEATEGRE L BEEGEOTITINLDRVEEL D
FcHBW - BIEOENNIWEER S o7, W/ YBE
TIXHAESREL Y LETEORWERBAR -2, L
NoT,HR LB RE L AEREOELGbEITL -
T, BEREORENATEAREL Y bR RS REH
23d 5. Herklots (1972) L @HLELe (1987) D#E T,
HREINEHEIT L RBEOLTHoT2ld, TORM
NAERERL BRSO TEHRV N EHEBIN.
EEEBROFHTIBBEE HIEI o 72 1993 & TIXEES
MRFHIEL, BFETREHRBBIENE ETEFEIAR
ENABETOHEEE LR -, —KITHA T 3TE
TR DB DITRB 2 ER LRV Tinh
LEbhTW3 (fik, 1988). —F, TEFORZEITITIE
BRXLETHSELEbTWS (Sagwansupyakorn,
1994). A T DOIEFEHRICRIETREDOREIZONT
HEFRATHZH, EIHOERNL, VA7 DIEHK
ARV E IR OB O B A TR VO R REME SRR
Ehi-. DFEV, bAIBREOEKIE TIXIEFHRIMELE
ShEEEMNMELS 2oT=. L L, XFEDKE T,
EFEOREN IS, HOVWLLEEETORRBE
{pofeDTiHARWERBbRE., 72, EENLESE
WO TAEFT IR TCHIERBERENZZ LG, £F
DYIH DO LLBEHEIE T HEFERHER SN 5 O TN
NeEX LK.

AERBRND, AT ORATERBIIERRE LT
BAMERBWI EBREANE. AT, M1 T DI
AL THAIEFITOWVTIE, BREREOIEFRITIEES
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ML LREARY, HERHFTVHMELRVWEZDIZE
DEEVORWEREBR LEZ EBHLNCR- T,
2%V, AEERE, BOWXE, BOELZFRTIER
LLUTHENIIERTHE EZEx DN, &b, =
bOZENG, ARGBERIERLREEL2RL, BAEMEN
BN e, BIEREI Y LBESPESL, RENLR
LEEDOTRARVWHEZBEZORE., LiehoT, &iBE#Iic
B 2 EREORNE, REHEOEMEELZBENL TS
SERERIZE, BESRENOOBE/E LTS EED
iz,

BATED Rt LB L OBRE, X T FIZo50WT, 1
B KR (1992) BHE LTS, ERELEXEORE
WOWTOBEID RV, M (1991) 1%, I X+
FA arholEH U EEREYOTER G L HEFRBIC
SWTHEL, EREICL > TRIFURBBERSLZ L
ERLTCWD. F£i, £EE LB L OBURIZOWT
BV OPOBEBIZ OV THRESHLTWS. FlxiE, &
ULy UDORERIIEER & LB L THERBRNZ &
BEEEhTWS (F), 1964). F/=, = Ivizon
Th, RERIIHMBERRL, RMNRITHEBEOBNAT L
RRBVWBEIIZHETE B EHE SR (DE, 1950), &
BizbisHEh T 5.

E3EH B 0B

AA - RE- 8% M TIELEIA T U 2HRAL
T, EBFFHPHEPELTHL W - BEHE B HEHNL 72
FlZ oW THELE.

1. BRERBIXEERBELLER LT, HoHW - BEFER R
1~4BEBEL RAERLR L. KEBETIIE
EEBLEBRLT, BEMSHLWVETOHMIZ, A
TEHRET4~ 14 H, BIERETI2 ~22 HELS &»
7z, W/YBETIXATEMEEKE BIEEK L OBIIZ, HD
W BTERICRERERR GNP T2,

2. BIERECTRHEREL LB LT, FHEHMMN 2 ~
B EER R EMBR .

3. ULEoRR, AHBEERELELELIY LEEENE
WwekE2o6h.
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BEI3E  TEIFWRD = OIEIRERME

A7, BRBICORIENTTRETH D20, B
BAE C—RegIcE R S (Tindall, 1983), Zo
itk & BB 2R A LT, BFICBIT 5 BERE O
geRLERTVS Lim, 1993). bBEIZBNTH, &
ATV DFERBIIIDBRNE, ZTOREEEA LIS
ROEEDL DV IRGEREKROMAEICLHERA SN TND
(Hossasin et al.,, 1989). L7=o7T, A4 T 11 E&ER
EERERNHETIEREEZT TR, BEEZLLAR
SERERIEL &N, IhbOREITEENGIEBHOEN
IR TITER TS, XV IERERIC A F - OB
BRI - RS E1T O DI, ZOTEFERDSE
BE2BRL, HBeRBETCIEREZHBE L TEETSZ
EBMEBETHHEELDNS.

ZIETIZ, WA T DREFERORMEIZONTOH
B3P 7R ZOFRDONWL o0, EEBRO T HITE
BEERLRONOTRRVWHEBEINRTEY (F,
1965 b; BtL, 1988), — 5 TIHMERASSHETIIRV A&
#HEXNTW3 (Sagwansupyakorn, 1994), Z D kL H
2, AT OEFEBR L BEOBRIZOVWTIIER
THEENTND, £, BE (1959) 13, #A45%
KA #E{rEl (green plant vernalization type) DA
WHE L BT RBEREIBD T/hEaWNE LT3,
LD U, TE3FRAR & IR E O BURIZ D\ T o B4R 2 B3R,
TROLIEFHROBERME, EREEREOFEDL DI
IXE OB OV L TRV,

ZZTERETIE, ThooMBERAZRERT I DI,
UTOERREITo7.

F1E ERFHT TORFEK

AT DIEFEHROBEGLREIZ VT LA TR
V. EEITIE, b4 T DIEFEROBERBELHS M
WA, £, BEEEX» O ERORKEHERET
ABFSETHEFEREZBRELL. RICEEABIUVEET
BEINTHWEIHA T ORTEABEERL, HIBRE
DOHEBICAET S EYMA L2 EROREGIEREICEE
LTAESE, EEFRRICOVWTHELE.

ELI1EH ERRHGTTOEBEIEFTA

AETE, ¥4 FvopftaBE RELELHAL T,
BEEZNOEREMTTEFTIVT, EFOBRIZS

WTHRELT.

MHRELUVAE

BiED ‘AL (BHEDER), HA4F2 (FFA
B, UT ‘A7 0T), SCWEED FEFE
(YY)’ (FBF0EX) BLO ‘RBIEEHK (BB 0&
HamBEefR U, 23°C 16 M BE&E T CHES
¥, BIE2 &ML 1993 £4 8 23 HiZ, B2 HEIT
19974 23 Blct W "—I%2F5A4 %85 2
2 (volume) DEIE CRA LB 2 ANT-BEHH (28.0
x 48.5 x 10.5cm) 2, B 52803, FIEIX 40 ki
TORBELL. FOREDLIZ 15°% 20°, 25°B L TN30C
OHIEEEZE (BRBE) KA LL, ATE2 RETIIE
14 A%MAL 10 T2 7H, B2 HECILEE4
BE%D 1AM EIC7E, £HE - LHEXHD 10 F
EFORBERLTEFTERELRE. Z0%, ELIKEE
HELRL, FAATHEHELEL. BELLZXELEAEHE
WETCHIAL, EFOERERE L. EFHEEM
i, BER W (1992) OWMEEBEIILT, VM5V
DIEFRERBEERE Lz, SO EEHETIE, fEH
U7X TEH %, Gouge DIEERE (HEH, 1983) kA%
Mz FETEELE. 2FED, 4% TNVE—AVTAT
ERRE>TEELT, RNTZH J—i ) —X T
KU, BeA Y7 INCEBRLE. RIZEBRAEE
2 (HMHCP—1) ZANWTRABHROBRA Y7 I
EIRCREBA A CER L%, BRACERLL. HR
%, REHEB (ETKOH) ZHWVWTPtEAS LT, &&
REFFEMSE (AL S — 2150 B) FToHEL:.

2B, £EHRTORRERIIETICR .

® R

1. TESFFFERRE

HR LAt 2 RER L OETE 2 RO EFEREEM
REROZERR N2 T2,

EERETHEMEL AWE-ZEEROBEITIV/AEE
TEFEOREEIAFHTTERI, SOICHENLZEDTE
B8RRI b (26 X).

TEFEREER O DRDEH TIX, EROBEIZR O
3 (E26X—0), EFREER1OAHTIX, XE
R —ARICBELTW: (26 X~ 1). fE3FREE
B2 OTEFEFRESEH TIX, F—Lo0REE L IEFERE
DL LTV (B 26— 2). TEFREBRE 3 DNRL
Rt e OFEREIIH ANZELTEY



29

"03®B)s sIseyjuR o} (L ‘o3e3s uorgesuo[e [ejed o3e[ oy} €]
‘08egs uoryeduos Tejed A11es oY) (¢ ‘0Fe)s Sururiof [3sid pue uowre)s oy} (F ‘eSejs Surwiioj [edes oyl (g
‘98)s SUTWIIO] pnq I1oMOTJ 8} (g ‘oSeys Suruwnioy owop ayy (T ‘o98e3s aanejasea o], (0

" A-UBIreY-nyo3nyy) ofex asaury)) jo sode)s [eIo[] ‘97 S

w77 00071




30

(26— 3), TEIFFEEBRE 4 DHET V- HET VB
Wi, BN MER UTIHEEREEZ DL, 23 < ORI
FUN e HEFWAE LTV (26 —4). TEIERE
Pt 5 Ot A BERIHI CTIIERNBEZEB L TRY (58
26 [— 5), FEHEREERME6 OERBELY TIXIERIT
HELTHTVIN LR RoT W (B 26 K—6).
TESFRERRE 2 DIEFIRESEINGE L 72 L &, FEFEMR
b UTe & Hr L7z,

2. BiERE

‘A T O15°~ 25CK, ‘A Z T T 15CE
20°CIRIZ BV TR T R LU OIS TRRIED
FERARD LN, WEfEE bz, EFEORKETIT 15C
& 20°C L DRIICKE RERL DN -T2, KIRIZZR
DIEEREFOHBRITREINIFERICH o Thbb,
CELY T, AFIRE 15COMHE 24 Hig, 20°Co 34 H
%, 25°CX 54 HiRIT, TEZFHLERM 50 %Ll LI -
= (21, —F, WATT T, L% 24 Bk
12 15°CIR T, 34 HBIZ 20°C THZESMERD 50 %L iz
R0, EBREN 5°CLUETIRHIEESMERITIEL foo Tz
(28 ). ‘ALY DIEEREEML, 15CL 20C L D
RHCRE QBRI B LN o7, KBIZRDIZETEHF
DFRFEITEE SN, 30°CTIIIEFREEENE 1 DI AH
TEHELZ (B29K). “BA4FT T, 15CE 20C
K & ORICTEEREEBORE REXL DN oz,
F 7z, 25°C & 30CK THAEIFFRRBEME 1 D RH TEW
L7z (B30, £/, EFEo LI EEDETLH L
1, EERIZZR2PIZEHEML, 200CKR & 26 CRDELR
RREL o (B31IM). 2V, ‘ALY OFEHM
1%, 15°CTiX 8.8, 20°CTIX 10.9, 25°CTIX 15.9, 30°C
T 20.0 & 72 ol ‘AT T OFREHMIL, 15°
20°, 25° BIUIOCHIET, ThZh 8.4, 10.1,
15,1 BLW18.8 THY, WL bIZAFRENMEL
RBIFEFEITIET L.

‘EY DERIL, 15CEK E 200CR TIE, TEIEFRERE
N6 DR MELINTE LA 54 HRENLZEOHE
DEAE Y, HERKTHRIZIL 40 ~ 50cm (2L 7=, 25°CEA
FOABRE T, EROEMIBRLLTHo 7 (532
X). £/, ‘AL OEZRL, LES4 HBEEETRAES
BEIZLDIRERERA N R (BB33K). 15C
R & 20°CRTi%, BREENCEL -0 64 HLUBETOR
BOWMIHLRRhot. THOEELERTELN
R, DA T IOV THRBICED LR,

Percentage of the plants
that initiated flower bud

Fig. 27.

Percentage of the plants
that initiated flower bud

Fig. 28.

Floral stages 2

Fig. 29.

—
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(=}

14 24 34 44 54 64 74
Dayvs after treatment

Percentage of the plants that initiated flower
bud at constant temperature (‘Hakushin’).
@ :15C, H:20°C, A :25°C, & :30°C

1001

B D
o O O
T

o 3
»
»

14 24 34 44 54 64 74
Days after treatment

Percentage of the plants that initiated flower
bud at constant temperature (‘Kairan-T’).
® :15C, H:20°C, A :25C, ¢ :30C

7T
6 F
5 b
4 b
3 -
ot
1 -

-
14 24 34 44 54 64 74
Days after treatment

Effects of temperature on floral develpments

of Chinese kale (‘Hakushin’).
z : Refer to Fig. 26.
® :15C, B :20C, A :25C, & :30C
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Fig. 30. Effects of temperature on floral develpments
of Chinese kale (‘Kairan-T’).
z : Refer to Fig. 26.
@® :15°C, B :20°C, A :25°C, ¢ :30C
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¥ A \ 3

| N
15 20 25 30 15 20 25 30
Growing temperature (C)

[

Number of nodes from
cotyledon to flower

. 31. Number of nodes from cotyledon to flower at
different temperatures.
z : Different letters in each cultivar show
significant difference (P < 0.05)
by Tukey-Kramer's multiple range test.
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o
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S50}
40+
30t
201
1071

0

Stem length (cm)

Dayvs after treatment

Fig. 32. Changes in stem length at different growing
temperatures (‘Hakushin’).

z : The vertical bars show standard deviation.

@ :15C, B :20C, A :25C, & :30C

31

—
=

Stem diameter (mm)
[en) vl\'J LN N o0

14 24 34 4 54 64 74
Days after treatment

Fig. 33. Changes in stem diameter at different
growing temperatures (‘Hakushin’).
z : The vertical bars show standard deviation.
@ 15°C, B :20°C, A :25°C, & :30°C

3. BfERE

RERE (Y) T, 15°CRTREE 6 BRE% N LIEF
DHERHZ BN, 20° , 25° , 30CEK TITEBRKT
ETITEFOSLITH Lol (B34 K). ERK
TEOEHEFREEERL, I5CRTIRERBERBIIC
EL, 20° , 25° , OCR TR TH-7-. ‘&I

r ‘Chugoku-kairan-Y’

o a s u s m

Floral stages 4
OHIN W IR TITD O — D Wb U1~

5 6 7 8 9 10
Weeks after treatment

Fig. 34. Effects of temperature on floral develpment
in cultivars with yellow petals.
z : Refer to Fig. 26.
@ :15C, B :20C, A :25C, ¢ :30C
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[ Chugoku-kairan-Y” ‘Kibana-kakurin’

I e
o O

Node number or
total leaf number
@)

(eI

155720"25X 30X 15K 20X25X30
Growing temperature (C)

Fig. 35. Number of nodes from cotyledon to flower or
total leaf number ten weeks after treatment.
z : Different letters in each cultivar indicate
significant difference (P < 0.05) on Tukey-
Kramer's multiple range test.
y : Number of nodes from cotyledon to flower.
x : The total leaf number ten weeks after

treatment.

BA I, 15°, 20° , 25° , 30CERDOTRTHMER
TERKT ETIIEFOSLIZA LR o7 (B 34
). BRI T R OFHEFREPEL, TN TORER
TR TH 7.

‘REFE (Y) N I5CROJFHLEANIL 12.1 Thotz.
Fio, ERKETRICEIT ARIELL, 20° , 25° BIWT
3CHIET, 15.6, 14.3BXN16.6 L7722V, 15CRD
EREMEIV BB o7 (B3BH). RBRKTHRIZE
T5 CETERAR ORZERIL, 157, 207, 257 BIW
30°CHNET, 17.2, 20.0, 19.2 8LV 18.6 &72h, M
HREICKERERZS DN o7 (B35 H).

ERKRTEO “FEIFE (YY) 0ERIR, 15CX TR
10, 745. 5 (EHHEHERZE) om, 20°CK TiX 7. 2+2. 3cm,
25°CIX TiX 11. 4+4. Ocm, 30°CX Ti: 8.0£2.0cm Th-o

‘EICHEAR DEEIT, 157, 20° , 25° BXU30C
R TiXZFhEN 8. 1£1. 5cm, 10. 92, 8cm, 12.0£2. lem B
LU0, 422, 4em Th o7z HEFEE D ICEROFERE
H BTz,

ERKTREO FERE (Y)  OFRIX IS°CR T
4. 8%1. 2nm, 20°C XTI 5. 121 lmm, 25°C[KX TIX 4.5+
1. 9mm, 30°CIXTiL 7. 4%1. 8mm TH o7z, ‘BEHEHN OF
£ix, 15°, 20° , 25° BIUVICRTIRENTN,
4. 70. Tmm, 5.7%1. 5mm, 6. 1%1. 2mm 33 & TN 7. 01, Omm T
Hote, WMWmEELICEFTRENSES VT EEZE/HMNT
BIERNH LT,

B21H BIERBICHITHIEFEROREEHE

AETE, BABIUVEEBETEEIRLTWA LT
OB REEAHR L, SHH0BELLE BEbh DK%
BEHRIESZETTEE LT, EIZEFERIZOWVWTHRE
L.

MR B LUAE

HREREICIX ‘DA T (FXAFSE, UTF ‘W47
¥T), ‘B, PERE GlLyrsrosrx), ‘N
47 (WFERL, UT ‘A5 M), FE (hx
afEl, UT ‘FEK) ¥oue ‘AERE (B8 o
Af 6 mEERAWL., SEFEIZOE 1000 KIOEF %,
23.5°C 16 A RGBT D I/ a—RF ¥ ‘/A‘»-V‘J“G‘{&
FEXRE, —F, B A—IFaTFLbES
2 (volume) V)%‘Jé“'ﬁ“ﬁéLti%%:t%:ﬂ%’bt‘%saﬁ
(28.5%48. 5x10. 5cm) %, & RFEITOE 16 FHEEM L.
DR -7-8, H10RIRLEBERIC, ZOFES
1/YUEV IR TOEBE L, —RIZ, FrVE
IAEED Iz U TSR O KB ERE L2 R

Table 10. Experimental design of this experiment.

Cultivar Sowing date Date of start Temperature Duration of
name of treatment treatment (C) treatment
(weeks)

'Hakushin' © Oct.17,1993  Nov.18,1993

Kairan-T' @ Apr. 8,1994 Apr.26,1994

Kairan-M' @ Jan.16,1994 Feb. 9,1994 15, 20, 25 1-6

and 30° C

‘Chugoku @ May 19,1994  Jun.13,1994

- kairan'

Shuobana ®Ju1..20,1994 Aug.13,1994

- kuroba’

'Kairan-K' @ Feb.22,1995 Mar.22,1995
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Table 11. Unfolding leaf number and stem length and
diameter at the start of treatment.

WWEB LAY RAEEN (HAHE) TEELE. 3~
44&@2&%1)‘@5‘5 L/fC.E#, %‘Lﬁ-lﬁ%f 41,%‘§_/DK§J\GT, fﬁl,l Cultivar Unfolding leaf Stem
RS (BRBE) IZHBA L T 156° 20°, 25° 30°COHE number® Length® (cm)  Diameter® (mm)
HERSMET T6EBAEE 7z, BEAEBLGRIE ‘Hakushin’® @ 4.1%0.5 3.9+0.9 3.4£0.7
EOB% AR T LI, &0 BLER DD 16 ~ 20 D 35204 S0x07 41205
BAE2EELCERLT, kot ds (R, &, Kairan-T" @ 4.1+0.5 42+1.1 3.1+0.4
s i e .o ® 3.6+04 6.9+1.0 4606
BEERPFAE L2, ERIZBIIEIZOE 2T 01T 0 ecremimeri o mennessreas e st e moereemees e s e e et e
e SmoARsg b e % \ R e Kairan-M’ @ 3.4£0.4 2.7+0.5 2.240.3
7= B, lé%k%Tﬁplﬁ%@Jl&%LTFAA flﬁ]ni‘bt‘ airan o veive 2708 22203
EEL-ZERLEEFMET TR L, REBEIEEE e
- ‘ . N 5 *Chugok 3.2+0.3 3.3+0.7 2.1+0.2
WAL MBI LRI E, Couge EEME (A, Chugoku & 32005 2307 2102
1983) KXV, A%IAF—ATAFE NERE 1.6% o T
e — ey Ve ‘Shi 3.9+0.4 3.4+0.7 90,
AR I ABEKIC L - TSI TEBE L. 201k, ote’ @ 37404 41441 37106
Ayt ) 4 A iy b BUMEER Q — E23) D YU
mﬂb_ﬁéb\%ﬁ‘é%¥ BHEL (H ﬁ‘%‘ﬁzfﬁ_s 80 0% ‘Kairan-K’ @ 3.9%0.4 5.0+1.3 43505
TEEWEZBER L. —oL&, #E -HE% (1992) © ® 3.8+0.4 3.6£0.7 3.5+0.7

WELBEIZLT, VA T DIEFRERBELRE LT
P, AEHRROREEEIIEITIC T

E3

1. AERBBORBAEMRBIVOEDER
BB OBEERII3 2~ 4 1K ThH-72. ZD
LEDERLERIE, FNFN 2.7 ~6.9m & 2.1 ~
5 1mm OFFHIZH Y, SFEMBLIUORERTORR RS
7= (BB 113%#).

2. {EFBUNICTEFRDORE

MR LAt 6 RO RERRICAEREIILD
Y, F1ELEROEFREERR Tho7- (F36K).
FHIRER DT FEREBRMOBITE, 3T RIT/RL
f=. TFOSELEBEMERRGEICLY R o700,
AERENEL 7251 ETEEN ST 5 E TOHMIZE
ipolz. DFY, ‘AL, DAFVT BIQ ‘B4
Z M O3 EFETIE, SOCUTOIRESRHGET THLIEHFEE

=

z:Mean * Standard deviation
v : Refer to Table 10.

i, FREFNOE2 ~3BEEB LIV 2 ~5 % TH-o
7=, &5, 26CRTIL, ‘A5 T, ‘A7 oM
BLO HEFE ©2E 8 %ERWT, 034~ 6 A%
WIEENRSL L., F2, ‘B, ‘47 0T BILY
‘AT M O 1EIEBTHE, 30CRICBWTHLZENER
438, SHEEB LU 6EM%I, ¥EULOFEETE
EOMMERR N B LIEBOTEFEORET IS B
SV 20 CRICKEREZ RO R T,

LB 6 EE % OTEF ORI, 4FREMES 51T
ERELLRBZBEABRESR (B 12%). 200CULTDR
EX TIHAEK TEROIEFOMBRITEZ M LEL. -
£V, I5CROIEFOHEEIL, 25CROK 1.6 ~ 17.4

Sl LTz & LB LT, “HERE, AERE BL fEIZFE LTV,
O FREEK 03 5T, 25°CULT ORRXV VB E T 3. BIEEf

Hh b Lz, EFEOSERENIE, 167 BLU20CK T

— 5, BEHAIIAEERENMES RDIEELERT LG
). bbb, 157, 20° , 25° BILUICEKIZ

Table 12. Inflorescence diameter of Chinese kale six weeks after treatments.

Inflorescence diameter (mm)

Growing  Takushin' 'Kairan-T" ‘Kairan-M’ 'Chugoku ‘Shirobana 'Kairan~-K'
Temp.(T) ~kairan’ —kuroba’

04 ® ® @ O} @ ® @ @ @ ® )
15 129a° 40.5a t4a 258a 80a 353a 103a 235a 321a 223a 33.1a 239%a
20 7.9b 456a 20b 246a 14b 3L4a 30b 203a 228b 23.4a 140b 21.3b
25 08¢ 26.1b - 520 - 104D 14c¢c - 24c¢c 127a 19c¢ 126D
30 - 1lbc - 39Db - - - - - -

26b -

z : Defferent letters indicate significant difference (P<0.05) by Tukey-~Kramer's multiple range test.
y : Refer to Table 10.
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Floral stagesZ

OHNWAUIONOHNWERUTO NSHD W U1 O N WA GTO ~IO N W MUl IS H B Wi TTH =3
T T T T T M v T T v T T &7 ' T T ' T ] T T T

- ‘Hakushin® @ &

v
- ‘Hakushin’ CD3 y

| Shirobana-
, [kuroba’ @gy—¢

[ ‘Shircbana-
| kuroba’

0 1

23 45601234H5¢6

Period of treatment, weeks

Fig. 37. Effects of temperature on floral develpments

of six cultivars with white petals.
z : Refer to Fig. 36. y : Refer to Table 10.
@ :15C, B :20°C, A :25C, & :30C

Number of nodes to flower from cotyledon

Fig.

38.

‘Hakushin’ ®y

35

‘Hakushin® @

15 20 25 30 15 20 25 30
Growing temperature(C)

Number of nodes from cotyledon to flower at
different temperatures in six cultivars with
white petals.

z : Different letters indicate significant
difference (P < 0.05) by Tukey-Kramer's
multiple range test.

y : Refer to Table 10.

® : Total leaf number at start of treatment.
B+ : Number of nodes from cotyledon to
flower.
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BT, HEEHMIZFHER 12.0~ 14. 3, 12.5 ~ 17. 4,
15.3~19.1 8XUN16.1 ~19.8 L2 o7~ AIFREHLAE
AL LTI AT IREMEL RBIE EDRL BRote.
2%V, 16°, 20° , 25° BIUCR CTHLERIHRE
Wb U7X, T 2.2~6.6,3.2~9.7, 5.2
~9.6BLU6.3~9.9 tAaoTz., ‘AL & ‘A5
T’ OFETCEHALIL, oS & B L TR R EmB R
bz,

e, ‘AL, ‘BALTFUT, IATFTOMBID ‘B
ERE T, EOD ULBEGKENIEN > BE, &
EIRMERF ORIBENSPRE L, LEBBBIZHIL L3
B]ibalebERREbhi (F11%).

4. EOEE

By, ‘AT T, ‘HATM BIO HEK
B T, AEBBEOEZRER IUERN/NEDoES,
O LT BEGEIIR Ro = (B 11K, F37TH).

AL BT ARNBROEREEROWB Y, BN
ARLE, BRICRZIZEZEREOHMTAERNBR SN,
EHFOLS U LEBX CTHREICHEM U, —F, E&IX
WMEBXEICKRERERRON 2P o0, RERIZEE
BB AEmA AL, TS OEMIThoRE
b RboNE.

§

=

2

RS

=

&

147]

e

oy

3]

g

ks

3

§

Y% 1 2 3 4 5 8

Period of treatment, weeks

Fig. 39. Changes in stem length and diameter of

cultivars with white petals (‘Hakushin’ D).
z : Vertical bars shows standard deviation.
@:15C, B:20C, A4 :25C, ¢ 330°C

EB2H (ERALEEHRR

HA T DIEFFERD - D DILBLBH B ORIz
WTIBAL TRV, AT, AR I EE TRIE
ENTVWBHIAT OBTERE L BIEGELHRAL T,
REAHESMEZEXTERE L, EEFEOERIZHONT
WELE.

MEBLUFEE

ERIZIE, AERED ‘hA4 5 (A4S, UT
‘hAZT), ‘B, HERE (YHFOFR),
‘AT (WEREE, UT ‘b4 0M), “HE&E (b
R afEE, UT FEK), HERE (A%, YU
HIERED FERE (YY) (Fhroxx) & &t
B (B8) of# 8 MR IR LL. BEOSHET
X 1000 BIDOEF %, HIEOKRBETIE 600 RrFo%,
23.5C - 16 FE HERET DS a—RF v L N—PHNTH
FE¥E, —F, W N—IF2FA R 2
2 (volume) DEATRAL-EBELTEAN-ETEE
(28.5%48.5x10. 5cm) %, AEOFRBEIZ O 16 5%,
BIEOERBIZSZ 0FTOREB L. ZoFES1
BUVICHTERE T 40 RiTHo%, HRIESETIL 48
W ORBELE.

EROMEE, FI3RITRLE. —fRIZ, Fv_XVE
RIEFEOHLICR LT HRELBEOEBEER S Ho
W, BifiORREBEBICHEEZRE LT, RIEKEL
BIEMSHFETIL 25°CRA LI, BIESHTE Tik 20°CLL ki g
Lie W RABEN (BRER) THEELE. 3~5HP
AENERB LU, SR 20LE. Z0—F% 10/
5°C (HA# mEH) oKE=R (AEMRETIX 16 BRH

Table 13. Experimental design of this experimant.

Cultivar Sowing Date of start Temperature Duration of
date of treatment treatment (C) treatment
(day/night) (weeks)
‘Hakushin’
‘Kairan~T’ | May 2,1994  May 27, 1994
‘Katran-M’
1~4
‘Chugoku-
kairan”
‘Shirobana-| Aug.15,1994  Sep. 9, 1994 10/5¢C
kuroba’
‘Kairan-K'
‘Chugoku- | Sep.16,1998  Oct.14, 1998
kairan-Y’ 1~-5
‘Kibana- Sep.17,1998  Oct.15, 1998
kakurin’




E, BtRECIXERBRICHE - XME T0umol/m2/
s) ICIAL, B 2 BERLRROKGETY F RBRRIZ
BOTHERXE L, BEAEZBEHBLTH»D 1REBZ
CICEESETII4E, BEHETIRSE, £AEND
EEAEREBLT, 815 ~20CH=EET1 HREEEL
%, BUOXVZ RABRICH ELUTHEBX L RAEOEET
SEMAET IR, EBAEKTRRE L MKELERKRT
SERBICEREONERXBLUHBE NS ENEFHE
e TIL 20 A%, HEAETIX 12 BT O2EE
BIIHREIRLT, ZhonEEFLRAE L. RER EHD
KEERAZYURLTCFAATEHE L. BELZEEY
2 EABBEMSE T RS L, RERERN N TEIFEREE
BEARE Ui, TEFERBEEIX, AifilcitoTz. T72b
b, TEHEFERMIL, 0 @ R, 1 :BAHM, 2
TEEEESH, 3 B RAHMEH, 4 BTy - T
Wb, 5 fERMERTH, 6 : EFRMERE, 7
BRIt OB S BBz T bh, TEERESELH (2)
WL L ETIEERME LIz Eilr L (26 X, 5
36X). 7ok, ERHEFOREEFHIIBITIC .

w R

1. BIERE

ERHFEHON T RBBRNOEHRBOWS %, 840
BlIzR L7e. HEHRBEIEK 26CHE 33 CTHBL, E
BHE T OFEHRIBIIH 0CTH 7.

KIEAERARORBREYR, XEBIUVERY, B 14
RIR L7z, BEERT, SRELHIZ3I~4HThH-
7. LALEERX, HEK D2.5nnd ‘HA4F72T
D 7. 2em FTCHEMICKRERENRONZ. £, BE
ZoOWTY ‘HEK' O 2.4mm S ‘DA77 M BLW
HATF T D5 0BIUG ImmFE CREBICERALNR
7=

TRTCOMBET, 4BEHE TOLBRIZ L HKBREEX
BeIhihols.

HERFEOFHIFREEMEE, F4ARTRLE ‘A
L, ‘HAZUT, “BAT M T4 BERXOKIBL
B THRICIEENE L, £, ‘B BLT ‘A4
FoT TRNBRTHIEFERSE LR, —F, “PEHF
B, AERFE BLV FEK TR, 48HETOK
BAER TEICIESFIISE Uit o 72, (KIBLEK TR
WREENRZE L TR o R - B K T, ‘AfER
01 BBREZHRWT, MBEKRTRICRERES 25°C
DEEBLETI ABERN (BRBE) T3IBE4AS
EEmEx, HERMME L. FEFE BLOV FE
K T 1 BHROEBQEBKT 3BRKIC, ‘BIERE
T 2 BREROEBAERKRT 3 RERICIEES 2B L.
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Fig. 40. Fluctuation of mean air temperatures in the
greenhouse maintained at a minimum night
temperature of 25°C.

Table 14. Unfolding leaf number, stem length and
diameter at the start of low temperature

treatment.
Cultivar Unfolding leaf Stem
number length (cm) diameter (mm)

‘Hakushin’ 3.7+0.3° 4.1+0.6 3.74+0.3
‘Kairan-T’ 3.8+0.4 7.2+1.4 5.1+0.7
‘Kairan~-M’ 4.0+0.4 54+1.7 5.0+0.9
‘Chugoku 3.7+0.5 5.1+1.6 3.6+0.5

-kairan’
‘Shirobana 3.5+0.4 3.56+1.0 3.2+0.4

-kuroba’
‘Kairan-K’ 3.3%0.4 2.5+0.8 2.4+0.2

z : Mean *Standard deviation
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Chugoku~kairan’

. ‘Kairan-K’

‘Shirobana-
kuroba’

Froral stages Z

7
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1 2 3 4 1 2 3 4 1 2 3 4
Period of low temperature treatment, weeks

Fig. 41. Effects of period of low temperature treatments on floral development in six
cultivars of Chinese kale with white petals.
z : Refer to Fig. 36.
® : Treatment (Just after the end of treatment)
A : Control (Just after the end of treatment)
O : Treatment (Three weeks after the end of treatment)
A :Control  (Three weeks after the end of treatment)

25r ‘Hakushin’

- ‘Shirobana-—
L kuroba’

Number of nodes to
flower from cotyledon
(@]

1 2 3 4 2 3 4
Period of low temperature treatment, weeks

Fig. 42. Effects of period of low temperature treatments on number of nodes flower from
cotyledon in six cultivars of Chinese kale with white petals.
z : Different letters indicate significant difference (P < 0.05) by
Tukey-Kramer's multiple range test.
A : Treatment (Just after the end of treatment)
: Treatment (Three weeks after the end of treatment)
[J: Control (Three weeks after the end of treatment)
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[e2] o0
® Stem diameter (mm)

B Stem length cm)
s

o N

1 2 3 4
Period of low temperature treatment, weeks
Fig. 43. Effects of period of low temperature treat-
ment on stem length and diameter at three
weeks after end of treatment (‘Kairan-T’).

z : The vertical bars show LSD.
7 : Control, H : Low temperature treatment

‘Chugoku-kairan-Y’

‘Kibana-kakurin’

Froral stages?
O NWIh TN

1 2 3 4 5 1 2 3 4 5
Period of low temperature treatment, weeks

Fig. 44. Effects of period of low temperature treat-
ments on floral development in six cultivars
of Chinese kale with yellow petals.

z : Refer to Fig. 36.
@ : Treatment

(Just after the end of treatment)
A : Control (Just after the end of treatment)
QO : Treatment

(Three weeks after the end of treatment)
A : Control

(Three weeks after the end of treatment)

RBAESENEL RBIEEEFOREIEE SR
SF D, AEKT 3BEE%ICBEIT S 1ABRKX, 2#8MEK,
SWAK I LU 4 BREIX COEEREEMIL, ThTh
1~5, 4~6, 5~7TRBIV6~T7Tholz. IbIT,
BB L BX & 28T 23 L, RIBQBIZL>T
TEEORFIIFEIREE NI,
ZRBEOBEREMN L, B R2RISRLE. FBRTHIE
FEOHELE BV BIY 17T Tk, KIBAL
HXEIEBRLT, SBXTOEEHMIIEEICEL 2o
=, &bz, 1 BRARIEBRAES LixhomtBR L
HBELT, EBESHMIZERICET L. 4BHARDIKE
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MBI TRIZIEFOMEL TV ‘ALY, ‘45T,
‘B4 T oM OEEEMIT 11 ~ 13 Thotz. Zhi
2~ 4 BEXOKIBAEKRT 3 BE%OEFLE L=
ol 2~4BMXLEELT, 1HEBXOKRL
BT 3BRA% TOBEHMIIBARICELS Rok. D
Erir FEFE BIVY KEK IZBWTHREKICR
b, 2 ~4BEOKBAEREIZEEHMNOZETRL,
1BROEKBLBETRZAL IV LELI Aoz, 2~4
AEX CORIEENRZE L ‘BERE T, Zhbdo
WBXENCEEHNOFTREREIR bR o7z,

AT ATERITTRIEBARAINS 2D, D
AFAFE L. R L 4 RECIRIEREOERm A &
bz, ‘AT T ONBKRT SBRIBOEER
FUEREY, FBRIRLE, KEBELEROERIL, &
EHENEL RBPIILEMTA2ERRALRE. UL,
4 BEOKIBAEK TRIZIEFEOSE L ‘B, ‘S
AT BIR ‘A5 0M T, 4 BHOUEROE
EOBIIN X & b L TR E QBRI LR D> T2,
—%, REBEABROERIY, LEHIMNEL RBIFE/N
S B FABHZ LI, MHBREOEPKEL Rotz.

2. Hicmis

FTRTOBET, 5BEEOARIC L AIKIERE ISR
Ao,

B REOFIFRERRY, FURIRLE. K
BAEETROTEFRERMEE 25 L, HREE bIT
BX & KIBALEX O ERBIIRSMEBI TH o 72,

MERHET 3 BEI% OIEFERERRE R 23 &, ‘"PEIFE
(Y) ' T, 3BT TORBAER OIEIFRBEMET
REIT, EFERIDL Uishotz. 4, 5BEROESF
EIERMIITEERESCIICEL TR Y, BERXMMEL
7o, WBEOEEREEMIL, 1, 2BBRTIRERSE
#, 3, 4, S5EBRTRERHTHY, WThbIEF
Bk Usbsol., —J5, ‘BEIEBA OLIKT 3:8MH
BOFEREERMEH D L, HRETIRTNTRSEH
TH Y, (KBAEO 5 BEX THRBERNCE LT,
EFEE S LB HR SR T,

£33 BEHERMEBEIO(CHE

A5 DIEERRD T D DIERBRSEERIZ >V TIE
BT, KETHE, YA 7 DEFEBRDOI-DHD
EERSERERLMCTID, BRERLELAY
BEOCHEBYRAE L. KIZ, HHZEX CRKELES
TV, FEEERICOVWTHELE.
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F£1H EFERNE

AETIE, BATREISRTWAEERERZHRAL,
EHEBRICRETRFERLEOEEBLZRE L.
HHEBLUVOAE

‘AL (FHEDOFR) BER ‘BATF (XX
B OUT ‘B4 T) O258E AV, £ 5% 500
KROEF%, 23.5C- 16 R AREKGTOI o —RXF %
UNR—NTRFESE. —F, £ B A—IFaTFda
r&5:2:2 (volume) DEIETRA LEEERLEA
NEBEEE (28.5%48.5%10. 5cm) ¥ L7,

YR L mm R U ESFREF %, 19934 7 A 13 H
2o 3EM, S5CORBSEMHTIIEWZ. 8F4HILZ
DIRBEARETF LXRBX E L TEBLBOEFRET2ZEN
PREEHIC 2R ToBE L. BEXEDIT 20°, 25°
BLU30CHHIEEE (BERER) TBBLTAFTSE
7o, MASHEME»L 2BMTLICEE3HE, &HHE -
AFRX 5 IEBIC 12 BETOEERLT, ZThbo Dk
BEREL-. FAEH%, EHTXERLZERLTFAA
TEELL. BELAEERZZEEMET CRIL,
REREHU CWCIEFEREBEREERE L. 2B, ER
BRI ORBERITIEITICE- 2

TE3FEBRRIL, A -EW (1992) OWMEEBE,
0 : Roabk#, 1 :BKR¥, 2 EFFEESMH, 3
B S, 4 BTV - TV SEH, 5 B
B, 6 : {EAMEERHO 7RI 7  BIESHEML
7B EF 8 BeBEIC i . TEFRESMEH () L L
EIZTESEN L Lz LM LT,

= 2

BanfE e i, AFREMES 2BIZEEFOoR
NE ol (B4, T7hbb, 20CTIIEES B
RIBICIZ & A CIEENYE L, 30°CTIHERE 7 BM% T
HliZ & A EDEIBIZTEFII L LR o7, ETz, 20°
BIU30CTTR, BHERLER LB OMEFESLR
WWRERBRA N o7, L L, 25CTHETE
BAOABEXOEFEFIMEBINRE LY bELRY, ARAE
& BHITIBE 7 BE%ITIL 50 % EBX T
TEFREERMBEOHRE L, B 46 KR L. TEFORE
X, £BREMEL 2318 CRESNAERALRA LR
¥, BPERBOBEXIIBX & B U TIHEFOREE
BEAREL 2D, ZTOEMIT20° BLU2BCTRELH
bbb, T2bb, 20° BLU2°CTH, MHBR L
NRTEFRBLBEX OEFRBERIT1 ~ 2 BESE <
Rovs.
EEROERH D WIITEFOEREZ, FE 5 RBLUE
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0Lk . ]
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Fig. 45. Effects of low temperature treatments of
pregerminated seeds on percentage of flower
bud initiated plant in two cultivars of
Chinese kale with white petals.

Treatment ; 20°C (), 25°C (A), 30°C ()

Control ;20°C (&), 25°C (4), 30°C (¢)
71 ‘Hakushin’
ot
st
at
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o
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1} *’/”,,’A
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3 5 7

Growing period, weeks

Fig. 46. Effects of low temperature treatments of
pregerminated seeds on floral development
in two cultivars of Chinese kale with white
petals.

z : Refer to Fig. 36.
Treatment ; 20°C (0), 25°C (A), 30°C ()
Control  ;20°C (@), 25°C (&), 30°C (@)
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Table 15. Diameter of terminal shoot apex or inflorescence of Chinese kale with white petals (‘Hakushin’).

Diameter of terminal shoot apex or inflorescence”

Growing
period Low temperature Growing temperature (C)
(weeks) treatment ¥ 20 25 30
3 . + 0.21+£0.07 0.16+0.04 0.14+0.03
- 0.17+£0.04 0.12£0.02 0.13+0.03
5 + 2.60+2.58 0.3410.20 0.20+0.05
- 0.70£0.28 0.15+£0.04 0.14+0.03
7 + 14.20£6.51 0.76+0.49 0.2140.05
- 291+1.72 0.40£0.57 0.18+0.03

z : Mean=Standerd deviation
y : +; treatment, ~; control

Table 16. Diameter of terminal shoot apex or inflorescence of Chinese kale withwhite petals (‘Kairan-T’).

Diameter of terminal shoot apex or inflorescence *

Growing
period Low temperature Growing temperature (C)
(weeks) treatment ¥ 25 30
3 + 0.29+0.19 0.16+0.04 0.16%£0.02
- 0.20£0.03 0.15+0.04 0.14+0.04
5 + 1.93+1.00 0.26+0.07 0.16+0.05
- 1.00£0.45 0.19+0.03 0.15+£0.05
7 + 0.58+0.39 0.19+0.03
- 3.29+1.56 0.40+0.26 0.21+0.06

z: Mean=*Standerd deviation
v : +; treatment, —; control
x: Anthesls

16 RIRL-, WREE BIT, 20° BLWU2BCTHE, &
FIRBNBROETER D 5 WVIREFOERIX, MR L
g L TREL RBERBA LN TEFESEBOEDI -
72 30°C Tk, ETEWH 2 WIXEF O ERITE FRRLE
RTRORREL RBEMBHRLNTL, FEREEARD
nixnoi.

H P OBERIZTEZED b LT AR X DB CEN %,
EAT RS R L. B S bIZ, FREMITEFTREN
B RBIFEET L. 2ED, 20CHEEHMIT 9.5
~11L.7 &40, 255CTIX14.3 ~15.0 TH-T. 20CH
A RBEAER HBR EFHETHE, HL TIRE
AR LR EEIRD SN2 o7, A KIRAE
RTCRRETFTIT3ERNR LN, £ ‘WA 7T T
i, BHERBLBROBEEMIIMNBE L bFEITK
TL~.

Number of nodes to
flower from cotyledon

20 25 30
Growing temperature (C)

Fig. 47. Effects of low temperature treatments of
pregerminated seeds on number of nodes to
flower from cotyledon in two cultivars of
Chinese kale with white petals.

z : Different letters indicate significant diffe-
rence (P < 0.05) by Tukey-Kramer's mul-
tiple range test.

O : Treatment, B : Control



42

$2lH H B

AETIE, ATESELBELELHRL, EH2Ex
TIERLEEZITY, ELHEFORRERE L.

MEsLUAE

EHBRIIX, BERED ‘HA T (FXARHE, UT
‘HA4ZT), ‘AL, PEIFE CEYBIEOZ
x), ‘AT (GLEMEE, UTFT ‘A5 oM), I
B (sxafEE, UT FEK) 8XT ‘BIERE
(BE) Y icHELED FERE (Y)W (FHhEo0
ZR) & EIERK (BE) OoRF8EEEAVWE. B
HEDE FHFETIX 1000 R DFETF %, HIEDOKLE TIL 600
¥go%, 23.5C- 16 R HEEFHBTO/ v —AF ¥
N—NTHREEE —F, B A—IF=2F(h
%#5:2:2 (volume) DEATEELERLTE AN
7~ B4 (28.5%48.5%10.5cm) %, AEOFRMEIC-E
16 5%, BtogREIZOX 10FTHORERBLE. =
OBEEB 1S -0 IcaERE T 0RT 2%, HiER
BT8R o&2FEELE.

EROMEL, B 17T RIOR L. BERIE, BERER
% AE ST T 25°CLL LT, BT TIX 20°CRL BT
HBLEHIABEAN (BARBR) TBEHE L. FEAE
24 LT, —HFRREBAERIZ, bO—FERBEREL
7o RBAERX, AESECIIBEEENOHEEIR
RitgE T, HEMETIIERE 1 BRME»L 5 BM%

E¥T1BMEIC 10 /5C (AH/HH) OKEE (16
BB H & - JEIREE T0umol/m2/s) IZHRA L7z, XRRXIL,
FHEELABOLGETHT I RBRTETSEL. AR
ECITRBAE LA LT b 3 BMRE L=tk ¥
ME T4 AMRARZICEEEEME L TR 156 ~ 20°C
DEET1 HEMEEL, BOV I RBRBIZBE L TR
R & AEDOEETE LI IBBAET I Y. KIRALIER
paRE, BRTEBIOMRKEBAEKT 3BB%ICELE - &
BR 5 12 ~ 20 EEREZEERIRRLT, Zhb0k
TEAE L. RES%, BLHEXERE2URLTFAA
TEELEZ. BELULXIERZ ZEEMSET CHEHIL,
REFRERI ICTEFERERBELRE L. B, ER
B P OB EBEILBITICH - 2.

TESEFEB BT, O (R, 1 : X
2, 2 HHEEESEH, 3 B Ao, 4 BT
Ve HETWMEH], 5 TEFRMERRTH, 6 : TEREBRER
o7 BB, 7 BRIEMEMZ G 8BRS
(FoeX, 36X, EFEFRESEH (2) TELEE
ECTEENDIL LT T L.

B R

1. afERE

HER LRI I ER ORI L AEEIIRE IR
note,
EREWFRON T ABENOEHKBEOHS %, 5 48
KNzR Uiz, BEHRIRIT 25Ch 5 38 CTHR L, HR

Table 17. Experimental design of this experiment.

Cultivar Hastening of Sowing date Plant ages Temperature Duration of
germination at start of treatment (C) treatment
date treatment (day/night) (weeks)
‘Hakushin’
May 10,1995 May 12, 1995
‘Kairan-T”’
‘Kairan-K’
Sep.20,1995  Sep. 22, 1995 0-3 10/5 3
*Chugoku
- kairan’
‘Shirobana
-kuroba’ | Dec. 1,1995 Dec. 4, 1995
‘Kairan-M"
‘Chugoku Sep. 14,1998  Sep.16, 1998
—kairan-Y”’ 1-5 10/5 4
‘Kibana Sep. 15,1998  Sep.17, 1998
~kakurin’
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Fig. 48. Fluctuation of mean air temperatures in the greenhouse maintained
at a minimum night temperature of 25°C

Table 18. Plant growth at start of the treatments (cultivar with white petals).

Plant age (weeks)

Cultivar 0 1 2 3
Stem length (cm)
"Hakushin' - - 1.6+0.2° 3.5£0.3
Kairan-T" - - 1.4+0.4 4,4+0.6
'Kairan-M' - - 0.44+0.2 2.3+0.8
'‘Chugoku —kairan' - - 1.0+0.1 1.0£0.4
‘Shirobana-kuroba' - - 0.5+0.3 1.7+0.6
‘Kairan-K' - - 1.1+0.2 2.0+0.3
Stem diameter (mm)
"Hakushin' - - 1.6+0.2 3.0£03
Kairan-T - - 1.8+0.2 3.5+£04
'Kairan-M' - - 1.2+0.2 2.4+0.3
‘Chugoku —kairan' - - 1.0£0.1 1.7+0.3
'Shirobana~kuroba’ - - 1.2+0.1 2.1%+0.3
‘Kairan-K' - - 1.1£0.2 2.3+0.4
Unfolding leaf number
"Hakushin' - - 1.5+£0.5 3.0+0.0
‘Kairan-T' - - 1.3£0.4 3.1£0.3
"Kairan—M' - - 1.0+0.4 1.740.5
‘Chugoku -kairan' - - 0.9+£0.4 2.1£0.3
‘Shirobana-kuroba’ - -~ 1.0£0.2 1.7+0.6
Kairan-K' - - 1.1+0.3 2.4+0.6
Total leaf number
'Hakushin' - 3.4+0.6 6.2x£0.5 8.7+0.6
'Kairan-T' - 3.6+0.5 5.7+0.6 8.3+£0.6
"Kairan~-M' - 2.8£0.5 5.0%0.7 7.6+1.0
‘Chugoku-kairan’ - 3.7+£0.7 4,7+£0.6 7.3+0.6
‘Shircbana ~kuroba’ - 3.1+0.7 5.2+0.5 7.6£0.9
‘Kairan-K' - 41+1.0 4.8+0.5 8.1+£0.7

z: Mean=*Standard deviation
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r ‘Chugokiu—kairan” |

Froral stages 2
OFNWHRIIO~N OFNWK TITOO-

0 1 2 3 0 1 2 3 0 1 2 3
Plant age at start of treatment, weeks

Fig. 49. Floral development in six cultivars of Chinese kale with white petals affected

Fig. 50.

by low temperature treatment started at different plant ages.
z : Refer to Fig. 36.

@ : Treatment (Just after the end of treatment)

A :Control  (Just after the end of treatment)

O : Treatment (Three weeks after the end of treatment)

A : Control (Three weeks after the end of treatment)

20§
15}
10}

or total leaf number

Number of nodes to flower from cotyledon

0 1 2 3
Plant age at start of treatment, weeks

Number of nodes to flower from cotyledon in six cultivars of Chinese kale with white

petals affected by low temperatures treatment started at different plant ages.

z : Control of three weeks old that was plant age at start of treatment.

y : Vertical bars show standard deviation.

[ : Total leaf number at three weeks after the end of treatment (flower buds did not
initiate).

B : Total leaf number at the end of treatment.

E+7Z : Number of nodes to flower from cotyledon.



HEHFPOXHRIER ‘Bl & ‘AT T TiE30.2C,
‘FEK & PEFE TIX28.3C, ‘M7 oM E ‘A
TERERE TIL26.4°CThHoTz.
RIBAAEBBRFEOER, RV ICERY, 5 18RI
AL, O~ 1EBOEYETIE, Z2oMRIZALNT,
BELEARBEIAGN o, F0%, ENEBELIX
U®, 2HBTOEEIZ 0.4 ~ 1.6cm, ERIX 1.0 ~
L.8mm IZHEL., EBIT, Z0lx1~2KOEENR
BL, 5~6MOAEN LT,
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RTETIR, LEBERBIUHEBEREBICTXTCORET
EHEOHLIZR ON R o7, AEKT 3 W% TIT,
TRTOBED O BE X THEFOSLITH LN, fE3F
REBRBODRSIEHTH-7-. LML, ‘BLBIW
A ZT TR1IBEBX TIEFEOSERR LN, Th
ENIEF TR 2 OTEFRES b X OTEF R EE
B4 DRETV - ETWERICE L TV, £ ‘A
FoM, ‘FERE, ‘BERE BLIV® FEK T
2 EWHR TRFEO/ERH DI, ThENTEIFEREERE
2 DIEFRESCH, TEFERZERE 4 0BTV - #ETW
SbH, TEZEREEPE 5 OERMEIHE L OERBE
A ChH-o7. Fi-, LBEKRT IHEMED ‘B0 OXNER
RTHIEERSLLEZ. L, OBHREZRNT, &
BABEXIIHBX LR LT, EFEORENMEESI N,
I, KIRAERGROEDEORBEDIT LKL
BOPRBKEL bobh, EFEORZIIRE SN,
2F D, 18HK, 2BEHXBLO3ERX TOHEER
HEEHL, FREFNR1~4,2~4BLUVE~7Thol.
EFE LB OFIEHME, 50 IR L. R
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RCHEFEOHMELE ‘B Tk, NHERXEHELT,
BB L1~ 3AHXOBGHAIIARITIETLE.
TROL, [RELAEX TOEEHMIL10.8~13.0 TH-
ez LT, HRX CTOELEHMIL19.9 Lol M
D EFE TIHERIRAE X TOEEHUIL10.5~12.3 £ &2 o
To. AERBRIARF OWEERNETIE LOBE R M SEFE DL
FTHETITHEMULZEBRIRDTAEARALRE. »
TV, KBAEBBICHEMNL-ERL, SEBOBIITIE
FEMMELI-EHTIZ5.5~8.1, ROBEBHTIT 1.7~
2.7, ZORIZKEVEBRTIL0.5~1.8Tho'z.

2. HitRE

RBLERRIFOER, ERIFNICER L, B 19K
AL, 1BHBOEDETE, ZoBERLLNT, B
BLAABEIA DN o=, FORENBEL, ‘HE
KE D 4BHTOREEIL0. 840, 3cm, FERiL 1. 620, 3mm
IZELE., 5T, Z0E & 3. 080 4 FOAENRBEL,
6. 5+0. 8 BLDAFEN /L LT iz,
HIEREOVHEFREERE, Fo1RIRLE. &
BAEKRTROEFBERELHD L, MREL bITH
RX LRI X DFEF RGBT R ThH o 72,
BT 3B DOIEFRERE L 2D &, ‘FENE
(Y) ’ T, 3BEE CORKEBLER OIEFRERMIX
ERHAT, TEFRSL Lo Te, 4 BEBX DOTEERE
B¥PEIIIE R AT, 5 BB OIEER BN T
HEF W - ETWAERIEL TR Y, EERSELE.
NBEOIEFERERMIT, 1, 2BBHX ClEskob,
3, 4, SEBRTIHEAEITHY, WINRbLIEFELSY
fLizdiofe. —F, ‘BIEHEAR ONBEKT 3 BE%D
TEFREEMEL D L, AR, KBLAERX L HIZTN

Table 19. Plant growth at start of the treatments (cultivar with yellow petals).

Plant age (weeks)

Cultivar 1 3 4 5
Stem length (cm)
'Chugoku ~kairan-Y" - 0.3£0.1% 0.5+0.2 0.8+£0.3 1.0+£0.5
'Kibana-kakurin' - 0.6+0.2 1.7+0.6 1.9+0.7 2.4+0.6

'Chugoku ~kairan~Y'
'Kibana—~kakurin'

0.9%+0.2
0.9+0.2

Unfolding leaf number

Stem diameter (mm)
1.1£0.2 1.6+0.3 1.7+£0.4
1.2+0.3 1.9+0.3 2.56+0.5

‘Chugoku ~kairan-Y’ 12401 14303 30204 3.3%08
Kibana-kakurin' 18£0.3  42#09 5308  5.9%07
"""""""""""""""""""""""""""""""""" Total leaf number
‘Chugoku —kairan-¥'  2.3£0.6 42407  52%06 65208  6.9+12
‘Kibana-kakurin’ 4.4£05 55408  9.2409 10806 11.5+14

z: Meanz*Standard deviation
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[ ¢ Chugoku—l;:airan—Y’ " ‘Kibana—kakurin’

Froral stages?
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1 2 3 4 5 1 2 3 4 5
Plant age at start of treatment, weeks

Fig. 51. Floral development in two cultivars of Chinese kale with yellow petals affected by low
temperature treatment started at different plant ages.
z : Refer to Fig. 26.

: Treatment (Just after the end of treatment)

: Control (Just after the end of treatment)

: Treatment (Three weeks after the end of treatment)

: Control (Three weeks after the end of treatment)
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20 ¢  ‘Chugoku-kairan-Y’
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Treat. Cont. Treat. Cont. Treat.Cont. Treat.Cont. Treat. Cont.
1 2 3 4 5

Plant age at start of treatment, weeks

Number of nodes to flower from cotyledon or total leaf number

Fig. 52. Number of nodes to flower from cotyleden in two cultivars of Chinese kale with yellow
petals affected by low temperatures treatment starting at different plant ages.
z : Vertical vars show standard deviation.
[J:Total leaf number at three weeks after the end of treatment (flower buds did not initiate).
: Total leaf number at the end of treatment.
B+ : Number of nodes to flower from cotyledon.
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W BIE LTEFEORRIMBEINIERAICH 7. BT
WREOESIIBREFEIV LRLBIY, LVER
RTHIEFENFERENT. F2ETIE, BHELKEOHS
W BTEREIEGELIV B Ro72Z EERE. T
NRHRERBEOEESITAERE L Y KB EZERT
5128, AEGEOH O - BIESEEREL Y HRL
Ieote TRV EEL R, £, EFEnfL
ol BB K IO OPF TREZRLERT S
ERBbhi-.

I 2ETIE, BV BHEoRVWAfESER
RLUT, B1LEOBRLLIHOBE L B 5HEY
BEBERESGE T TEFTIRT, ZORFERHROBE
HWHRIZOWTHAE L., ZORR, AEREOIEIELR
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NZEN4~5BHL 5~6BEHET, Tuyal -0l
BALBARBETIIZFNFNI~CBKRE 4~6 BT
TTHDLEHEINTWD (HEH, 1983). 21T AT
SREOHENL, VTSV Tuya ) —DEBELER
BRI ORARELY bEL, BIEHE PERE (Y)’
OHHIINY 75U —L Taya) —DBRAERE LR
BEThILEILNE.

E5H B E

AR L BRERBEOEFERRIC RIS TATRE, &

BB CIERBAESEROREEZRELZ.

1. B2 RFERB I UEE 2 %, HEEEND 15°
~30COERFKG T TEFTEY, EFEREEELEE
L. TR, BELERIUERLEREL b, &
BRI SO T8 ERMICHT b, B
R TH, BN L LT, EFETXEDHRT,
BECTHLERINTE.

2. &bz, Afte RELZ MR L CHEFHUROBESERE
PRELE. ‘B, AATUoT BIY ‘AA45
M’ TIX 30°CLATF, ‘HENE, HERIENFE BL
O FEK T 25CUTORIBETIEERBR I,
EHEMEE TOHRMIL, 16° ,20° , 25° BLU30C
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T, ThEFh2~3, 2~5, 4~6K8LU4~6F
MThote. iz, BFHEHBIIIEBICRBIZIEETL
=, Thbb, 1567, 20° , 25° BLUN0COETE
HiAix, N EFN12.0 ~14.3, 12.5~ 17.4, 15.3 ~
19.1B8LN16.1~19.8 Tholz. ZNHDREEND,
FA T RETERICR U TEMEBRERER Kb L
Zxbhilz.

3. Afte ML BIL 2 REAHRAL T, 3~5Hkok
ENRE LY 1 ~ 5 BREOKEAEL, 20
#% 3EMEIL 20 ~ 25°CLLETAF SR, AlERED
By, ‘AAFT BEVY ‘AT M T, KE
MBI HRICIEFE RS Uz, 72, (KBQAEHRA
B BRDIFEHFOBRMEE SN, Ebiz, AT
mAETIX 2 BEILLE, BIEAED “FERE (Y) ' T
X4 ~ 5 BELLEOEBAEBIENC X - T, BEIELHA
DIETERERAREL 2otk

4. ATE2 RREEZHA LT, M3FET % 3 BRI OKBQ
B (5C, BREEM) L, 20 20° , 25° BIW
ICHEREMHTOREEETEET ST, BHER
T L 0 EFERRBCORE S, FEHMIRR
KT L7 LaL, TEFERIIRT 2T EIBLED
REITAFTRE LB LUTEBDTNSL, ZhEZFT
RIEFEERICRT S THB EEX BN,

5. AiteRmELHEE 2 MERHRA LT, §HEEXT
3~ 5AEE TOMRKIBAE (10" /5°C—HH#)
L, BIEHIE 20 ~ 25°CLAEIZERB L2V T RBRT
AE I THFEOHREAE L. EFEONLIX, A
ERETIT L~ 2 @& 5 DRERET, BIELED
CPEFE (Y) T4~ 535805 DIEELETL
bz, BEGHETIREHIELIZEAEBRIZHEL
TSR LTz,
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BAE EFBRICKE THAENCEDERRGNEOZE

T 77 TROBROIEEMR L HEOBRIZ 2N TIX
ZLOHENALNDS. XX, XY (F, 1962),
Tayal— (FEB, 1983 ; #A 5, 1988 : Gauss and
Taylor, 1969 ; &/Il, 1965 b), &4 = (Tsukamoto
and Konishi, 1959 ), /7 %4 (Moe and Guttormsen,
1985), >/ ¥E (Suge, 1984) TIIKIBALAEMIMF D
EB&RENIESFHREEEL, b 7OREBRE &
CHEIZ b HEDERALTWAZ LAHMEINL TS
(Takahashietal.,, 1994). —J5, H Y 7S5 U—Ti%,
FHRBEECEE Lo e BESHLTEY (I,
1947 ; BB, 1983), W - BAH TRIEEhTWE DS
VFROWTHIRRIZERICEEBI Wbz LA S
T35 (Rabbani, 1997). 2D X 37 7 5B OB
XThH, BRI > THRFBRICHTIAEDOFENR
RoOTNBRZEBHBLNTWS., AT DIEFRRE
A& & OBMRIZOWTIE, ZOEEIIVbRnEnbhT
W5 (ER, 1959). L L, fhioM&EixHmdb bz
W, TEHFERE AR L OBRIZOWT, FORMIIRHA
THB.

(7, T7SROBROHL W EBRIEOTE I,
ABRE - BEZE AT TRL, WEERSGWHE
DRSOV TEL OBREBRZ NS, D3 HUNL
UVIHMKE - REZERTAHEPOBRIELRET S L &
hNE5Zenb, ZOEEREBETAIZLIZLEST, B
WRFIFOIIEML & R 72V ORI AR STV 5.
W, NV CEGREERIO—DE LTy=ad ) —
HBRFE &R, Izumi & (1985) 1%, Z OERMIZHW
T, ORVY VOAEREFBIHELTRED YR LY
VEBEEILLEBTERARIEEBMELTWVWS., O
matrS—NEFAaAINEBTE I LT, TOIEER
RAZE LBl X/~ &, Nishijima & (1998 a ) 13
HELTW3. £, AX ¥y XY ORFEOFHRS, v
=aF ) - VRBTHHI SN, GAsQUETRESHS
TEBMEIRTND (KE-FBE 19%). UL, Z
NETIEHNA 7V ORFHRICRIZTIORVY VEB X
By =ahy — VBB SN TOREIILH D
20,

ZZCAETIE, ThL@EBES2EHTH20I, B
TOEREIT- 2.

EB1E KGR

AE T, LTOHRABEOEMYMREE 52D,
ARFEOIAZ U EHRA L THEREEE2THE L.

MRBLUVUAE

HREMEE LTAERBEW—ARD ‘15 M W
—B#O ‘BRE, YORAETELEY - ABD ‘A
LY —-B#EO HEEK BV

1996 £8 A 6 HIZKMBEDH -V 120 iDFEF 4%, 24
DAWEE NI cm DYy —LIZEEL, 23.5C - 16
BHBRFRETO /2 —RAF ¥ L R—NTHRESEE.
BHEDEA-8AI~ 10 HICHFBFLEZRI cn D
BRIRy NZ1Ry by 28 TFo%BEL, 8%
T2 Ry MW, 8RN £ 8 A —IF%a
A ME5 :2: 2 (volume) DOFEATEREAL THW
. BEIL, RIERBE SCULCEEL-EBREBET
DHAZ7ABBRNTITo 7. AEIR2KER L8 A 27
iz, &Ry bbby 1 EEICHEENZ, 9H 28 — 29
HIZ1EEF %2 1,7 5000 a U7 F—Fy MIBREL
o, FGREHEVICE Ry v BV BATREY &
FIROREIL L Uiz, BHE%IL, BREROEMBE L =—
AT ATHEFT X, EEIL, B TiL 300 ZHR
DHMEEIEZBIZ1EL L, BHEZIAIC2EL L.
REROBRIIEEIT > 7.

1997 1 A~ 2 AT T, HRIFH @ 10 B~ 15 BT
RBEETo 7. BEANOREIZERFIIT -, K5
%, BIRBES 25°CU IR 7= T RABRIZB L.
BEENOBEZBENOEEIT ST 3 ORELHE
LR EIToM. BEH (I /4F - FUOZNVEBEHT
—1HRIVABRZREL, BERBLIVRADEL L
EARBICEEL, BRENMDBRNE TE 10 BrFED X IRE
o, RERBEEINHEICET b0 L L, BRI
REAL-ESPLELEDNS LOTEARAELTT-
7o ETMBX & UTIRBHN TONABRPE 2 BRIZIT -
7o, AERRBECIEEEHR - XARMEERE (EnE
#H £ LI-COR 6200) %R\ /=,

TMEEEORPPOREBEFER JUSAREE ZFE,
B L EVEBE R THERE AV TR E 3.

#= B
BENORAIERBEOEYIERIX26.2CTHY ., BE
ANORERBEOFEHERIZ13.7CThHh-o (B 53 X).
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-M’ —kaku’ -kakurin’
Fig. 53. Average leaf temperature at measurement of
photosynthesis rate.
Measured value in a greenhouse,
O : Measured value in a field.
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Fig. 54. Effects of light intensity on photosynthesis

rate of Chinese kale ‘Kuro’.
1)y =— 150e- 11x4+6.71e ~ 8x3 — 1.01e ~ 4x2+5.92¢ ~2x — 1.34
r2 = 0933
@ : Measured value in a greenhouse.
(2)y =— 2.29¢~ 11x4+8.61e ~ 8x3 — 1.09e ~ x2+5.42¢ ~ 2x — 1.34
r? = 0.965
O : Measured value in a field.
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Fig. 55. Effects of light intensity on photosynthesis
rate of Chinese kale Shiro-kaku’ .

(1)y =— 1.99e — 1x!+7 85e ~ 8x3 — 1.05e ~ 4x2+5.62¢ ~ 2x — 1.24
r2 = 0976
@ : Measured value in a greenhouse.

(2)y =— ld4le - 'x+4.90e ~ 83 — 559 - 5x++2.65e ~ 2x — 323 1!
r2=0923
O : Measured value in a field.
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AEBRTIE. RARBBOERIE 1REA~5RAET
DHENTHBEZERY Zh TR & B LR, EBEo
BbLEL RoltaROBBERTER L.

BIEREW—ABED ‘T4 7 0M T, BENORIE
ErHELNTHBERNEACTAEREEN0IZRD N
BFEIZ, 17.8 (umol/m?/s) Lixo7z. ERRICEHLE
R OBEBATIE 112 (umol/m?/s) THhoTz. HEHK
HENOITRBHETRIX, W—Bi BERE OBREAN
TIX 23.5 (umol/m?/s) &72Y | IREATIL18.7 (umol/
mt/s) &7pofe (BH4M). RIEREY —AHD ‘AK
T, BEROBAEE»SLELNHBXEANTES
BREENOICRAMEBTEIL, 23.0 (pmol/m?/s) Lizo
7= (55 X). ARCEHLULER, BRATHR12.5 (u
mol/m?/s) Thotz. BEBEEN IR I AETFRIL,
Y~ B HIERAK DEZNTIE50.3 (umol/m/s) &
20, BEAHATIZ21.7 (umol/m?/s) &ipoi-.

$£281 BEOFE

HA T DEFEHRE E BE E OBRZRIZOWTIIARAT
»AH. BHTIE, AT roaERBELBRERESY, H
REBETHNCEBEMET TEREZELTEELT, £
IR & A ROBMRZ Lt L.

F1E BRARERHETTORAROEE

ARETH, BREEFMTCTHREZEXT, A4 T7V
DAL FHIERELRE LT, BTHEFEREBR
DB & LLBRE L 7.

HHELUVAE

1. #EAE

‘AT (REREE, UT ‘A7 0M), FE
(bR afEly, UT FREK'), AL (FhF0Ex)
oAtk 3 RE, ¥ FERE (FHF0FxR, KE
BRo ‘hERE BETERETHHH, BTRLRENTS
=iz, UT ‘HTERE (Y) &Lk 0#EE1&HHE,
A4 R R W,

2. BEAE

ERIZEE L KFITTV, FOBMEEE 20 RITR LT

EZHEBR 1996 45 A 31 HIZIX ‘FEK & ‘HFEK
B (YY), 68 13 HIZIX ‘AL & ‘B4 TF7UM D
FETEFINFEREL. 1 REY-VIZSHOBE
55 (28.5x48.5%10.5cm) ZAVY, 1% 0 12 40 B9
SEEFELE. FEIMRETAIEITORFER, RERR
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Table 20. Experimental design of this experiment.

Treatment
Cuitivar Date of sowing Date of start Temperature Daylength Duration
) ( hours) (weeks)
Summer
“Kairan-M’ Jun.15,1996 Jun.22,1996 -z
‘Kairan-K’ May 31,1996 Jun. 4,1996 -
8,10,12,14 or 16 3,6,9
‘Hakushin’ Jun.13,1996 Jun.19,1996 -
‘Chugoku May 31,1996 Jun. 4,1996 -
—kairan-Y”
Autumn
‘Kairan-M’ Sep.29,1996 Oct. 2,1996 -
‘Kairan-K’ Oct. 3,1996 Oct. 7,1996 -
“Hakushin’ Sep.29,1996  Oct. 2,1996 8101214 ori6  3.6.9
‘Chugoku Sep.29,1996 Oct. 2,1996 -
~kairan-Y’

z : Not controlled

% 25°CULEICEFE LTS RBEBRNTITo /2. FEIER
BL-%, BEALENMBEDOE=— AN TR TIRA L.
BEEL1HTHOOBIZSTT, HER S8, 10, 12,
14 & 16 B¢ 5 BRBEICIREI L C, OBBAEE &R, B
BEOFREIL, FRIBILF%5BETODRMEER
T, F % SR LBEOFR OE CIRTED V-
AU MU TRESIEX L2 EXTRABXEICRIED
ERRNE S KBEF TENER BRI, HER
WWHERBEEST (REALZ 2, MTES, FL20S-PG)
ZAWT, EXEE»S 2, 4, 6 HDHWILSEFEMOM
Y (2 ~ 4pmol/m?/s) WX VAE L. BELER 3B
Mz 3E, &M% AEXHOEESIT 10 BiET>
FERBLCHER, X2E, ERLLPOAFTURCICHEIERE
BrfE R A L7z

FKEHEER 1996 £ 9 A 29 HiTIi3 ‘EIFE (Y) 7,
‘B L HATF M, 10 B 3 BITE ‘FREK O
ETE2HBE L. HAVRANRT% LV REST
11 BHE»E, YA—RY bV OB 2ZhEh
ERISHES0 L AR 3045 Lizhit, ESEEL
FRRICAEBE SR THEL.

EZERBIUVKEER DI 2KET STk, #
EBIIBITICE- .

3. EFRERM

TEFEDOFEZERT, AIEDOE 26 KB LU 36 Kzt
W, RoE# (0), BEREE (1), EFREESH (2),
B AGH (3), HETV - TR (4), TEF
BERTH (5), ERHBREHY (6) BIUBESH (7)
D8EMEIIT O, TEERESMEE (2) T#ELEL

SN LTz LT L7

w R

KRR OB EHRIBOHEB S, 556 KR L.
HEEB TR, HEHKRIERK 21 ~36CTHBE L THE
BREITOEHRIEIL30.5CThHo7-. MBERTOH
EHRIRITH 8 ~ 28CTHR L, ERMIM T OFEHRIE
12 17.5CTh-o7T.

EEBLUMEEROZNZNIIEBWT, REEBRM
IZHEREBRAR SN T.

HEEEROBLHED FEFE (V) 2k, 0B
BSh 9 BRIRITIY, T THOLER T 30 %L LOMEE
EFEE b L (B 57T X). FHULOBEICIEFEN
Lok, ‘IA4Z7M Tik8, 12 & 16 EERHERK,
‘FEK T 10BFU EORER, ‘B4 T 14 & 16
RREHERX, "HEFE (V) TR 4HEEBERTh-
7o, D%V, EEERTIE, HEBRI RBIZEEHEL
S U EROFI G &L RBHAN AR LN, KEER
BRICH ZOBMIRA b, AR 9 BREIEIZIZT
NTDGTE - LHEX T 75 %L EOBEEMBTEFEZ S5 L
T, EFERIIEZOHEMITBTZE TR o7,

EHJTEFEREERRE OB %, 858 MIZ/R L, LA
16 9 I D IEIFREEMEIL, BEERTIIEAH (1)
~TEERESEH (2) IELE. MEERD ‘W47
UM T, KRR 6 BERICTEFRES M (2) ~
TEHMERH (5) WEL, BEVRI RBIIFLERFER
EEENEL 2o, ZOERAIT ‘FEK & PEIKF
B THLROLSNEN, AL THEETR . F0
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Fig. 56. Fluctuation of mean air temperatures after treatment.
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Fig. 57. Effects of daylength on percentage of flower bud initiation.

10hours, 3 12hours,3 14hours, 2 16hours
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Froral stagesz

71 ‘Kairan-M’ ‘Kairan<K’ 1 ‘Hakushin’ “Chugoku-
6 Summer Summer Summer kairan-Y’
Summer
5
4
3
2
2
1 ve -~ v BHe
0 ve vo
71 ‘Kairan-M’ [ ‘Kairan-K’ ‘Hakushin’ ‘Chugoku-
6 Autumn Autumn Autumn kairan-Y’
Autumn

5 F e
4 ®

3

2

1

ve B T Ve v

3 6 9 3 6 9 3 6 9 3 6 9

Duration of daylength treatment, weeks

Fig. 58. Effects of duration of daylength treatment on floral development in four cultivars Chinese kale.
z : Refer to Fig. 26 and Fig. 36.
@ : 8hours, A :10hours, @ : 12hours, ¥ :14hours, ¢ :16hours

Table 21. Effects of daylength on number of nodes from cotyledon to flower in four cultivars
of Chinese kale by nine weeks after treatment.

Cultivar Daylength (hours)
3 10 12 14 16
Summer
‘Kairan-M’ 19.2a% -¥Y  210a - 19.5a
‘Kairan-K’ - 21.1a 21.9a 216a 21.2a
‘Hakushin’ - - - 239a 24.5a
‘Chugoku- - - - 22.1a -
kairan-Y’
Poxsiaviseivie}
‘Kairan—-M’ 14.3b 15.1b 17.1a 155Db 15.0b
‘Kairan-K’ 148a 15.0a 14.9a 14.7a 1b.ba
‘Hakushin’ 13.7a 1492 l44a 14.3a 14.6a
‘Chugoku- 15.1¢  152c¢ 159c 17.2b 188a
kairan-Y’

z : Defferent letters for each cultivar indicate significant
difference ( P< 0.05) by Tukey — Kramer's multiple range

test.

v : Flower buds did not initiate.



Stem length (cm)

Fig. 59. Effects of daylength on the stem length of
‘Kairan-M’ (Autumn).
z : Different letters of each treatment period
indicate significant difference (P < 0.05)
by Tukey-Kramer's multiple range test.

BALERRRLE BRI T, ‘HATUM, ‘FEK B&
O HLY OFEZFEREEMEY, A ROBRENCEZRRARS
o,

XU EDOBEEBIESF L2 oMb LB XICRIT 5 &
W%, F2 KRR L., EFERIIBWT, ‘I14 7
UM, ‘REEK & ‘AL OFEHME, SREOLE
RECHEZZHRLNT, 19.2 ~24.5 ThoTz. *FE
FERIZBWNTL, BE3IRETIE VA4 F70M @ 12 B¢
I T 17.1 & 008 U728, oo i CIAE R I
KERZZRONR oz, BED “HEFE (Y) ' T
i, BEBERL RDIEEEFLHANEMNT HERBL S
.

BA T TIRESTFEL T TR, HEXE2MATH-
HIZ, EOBELIERICOWTHELE. £AEICHERR
DERABHZ LN, XLIKEBRBIUVKETHIZIZAKD
Hmrs o=z, ‘47 oM OERELERY, %
NENFEIREFEORITR L. ERIZ, HEQES
BEZBENORBXTRELS RBEMBAL LN, Zhik
EEHEBRLS RDPIEEEF IR, Thbb, HE
B IEEBE T IcREHER CEENKRELCARY, 6
BEH# T MR Lo RAUBRCEERBMLE.
—%, ZRIETHRNELS RBIZERE o 7R,
HEABEXBIZAEREREZERAOR o T,
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Fig. 60, Effects of daylength on the stem diameter of
‘Kairan-M’ (Autumn).
z : Different letters of each treatment period
indicate significant difference (P < 0.05)
by Tukey-Kramer's multiple range test.

F2IH ERFHTTOAROTE

AIETR, 447 y0oaERELEENREY, BES
BT THEZEZTEELT, XHEFEHELAEDH
FRERAELE.

MRBLUAE

1. #ERE

BIED ‘A7 (LFEREE, T ‘21 50M),
T (hxafEHE, UT ‘REK), ‘Al (¥
OEXR) O3 HE, YORER FEFRE (V)
BEDER) O15E, AF4nEERWE.

2. BEAEK

EROWE %, B2 RITRLEZ.
FRFROBELITHEFEF%, 1 BEYZVIZ205
DEFEF (28.5%48.5%10. 5ecm) Z AV, 15M7-01IT 40
KT O%RERE L. FENERICERT 2 TOEEI,
BIEKRES 25°CUEIZBEB L H T RIBEBN(BREE)
TiTole. FEPBRELEE, KEZ15°, 20°, 25°
BLU30CIZHE L -HIEREIZ, ZhEh4FTo0
FHEMEMALL. BARELIL, FEEROEEFEY
2T OIIHTT, —F R 8RR, b5 —F% 16 I
MBEORGETTEE XY, MARAERE BIZ, F
B9 ORI CTORFHEZBANRT CATSE,
FHSENLBHFAOBETO 16 BEEZ _EOV L
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Table 22. Experimental design of this experiment.

Treatment
Cultivar Date of sowing Date of start Temperature Daylength Duration
) () (hours) (weeks)
‘Kairan—-M’ Mar.27,1996 Mar.29,1996
‘Kairan-K’ Aug. 2,1996 Aug. 6,1996
15,20,25 or 30 8orlé 3,4,6,8,10
‘Hakushin’ Sep.16,1996 Sep. 18,1996
‘Chugoku Nov.23,1996  Nov.25,1996
~ kairan-Y"
001 “Kairan-M’ ;
80 6
60 5
! 4
40t 3
[ 2
20}
A 1%
0 0
100 T“Kairan-K’
X 70
$ 6 5t
£ 4t
% 40 3t
20 « 21
2 @ 1
0 )
S 100 r g0
3 | ‘Hakushin’ 2 .
=1 !
5 80 o 6 ‘Hakushin’
o 0 &
g 60 | 5
= ] 4
q') -
g 40 3t
g I
20 2
1t
0 — - 0 &
100 [ ‘Chugoku-kairan-Y’
L 7 ,
80 T 6 ‘Chugoku-kairan-Y
60 b
4
4T 3
20 2}
1
15 20 25 30 1520 25 3015 20 25 3015 20 25 3015 20 25 30 0 Gk Ly ¢
3 4 6 8 10 3 4 6 8 10
Growing temperature (C) / Period of treatment (weeks) Duration of daylength and tempetaure treatment, weeks
Fig. 62. Effects of daylength and temperature treat-
ments duration on floral development in four
cultivars of Chinese kale.
Fig. 61. Effects of daylength and temperature on z : Refer to Fig. 26 and Fig. 36.
percentage of flower bud initiation. O :8hours, 15C A :8hours, 20°C [ :8hours, 25C
(1 : 8 hours daylength, BE : 16 hours daylength < 8hows, 30°C @ 16hours, 15°C A :16hours, 20°C

B : 16hours, 25°C @ : 16hours, 30C
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T, MM ERA SR (REL 2 R, R TESR, FL20S:
PG) 2T, XA L SEEBIOMNE (13 ~ 18u
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D 8EMEIT i b, EFRESH (2) K@ELE
FIZIEFER L L7z & Hlr Lz,
= B
EEE S LIEEOBIE OB S, B 61 RIT/RL
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BLO20CROM B EX TEENS LERD, L 47
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2. SREROEARLERR EORICEEDLROK
EREBERHONRhok. FEK BIY ‘AL T,
WM ABEHO IBCORBRXTREFSEOFENEL
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Roledd, ‘IAZUM EEIRIC, FREROEAXE
HHRXOEFHOERICREREZAZ LT, KERX
IR BIF EHESCDBIBNBEL otz BIESHED
EEE (Y) ' Tk, BfERfEE B U ToERIEL
Roted, KEBRIEEEFOSLEENE L R BERN
Aot ¥z, 15° BIXU220CHOEBRTIE, EBK
B U TTREFOSERNEL,, HLEALEL 2o
7.

BT FRBEEOWB %, §F 62 RIIRL
7o, WE 6 BEZB IO EBRIIRBITS ‘A7 M
DIEZFEDOFEL, BEEXTEL Rofz. O 10 BE% T
IHMRBIC 2 51 EEFREERENEL o203, AEL
BXIC L AEFERERMICERIA Do, ‘HE
K’ TOEOHER, [KBX TR 2ok, BEMHE
KEICEZRIRIZ LA EL Nk ‘B D157 &
20CTOIEFREERIIRARTHEIZY, 25°CR Tk
ERIXB LN o, o ATEREE RRCEBERIZ
CIEFREEE P EL RB2EMRA LN, BIEEED
CHEFE (YY) THEEBERIEEEFEREREIEL R
BEMNH LN 15° BLU20CHE R X CIEFRE
B m< R MR H L.

R EOBEENRIEE % 55 LT B X TOETEEINL
, EWBRIZRLE., HAFM O BCOERRX E
RHXOELSHNMIT, THEN11.3 L 10.9 THY, &
HIEL ot BENENRBIT LN TEREHMS £
FL, 30CRTIX, ZHZFN 18.0 L 1.3 THY, &E

Tholz, OB, HOT~TOREBIZEVYTEE
b, LaL, RBEDRRABXEICELHNOR

BERIZLAERDN R0,

Table 23. Effects of daylength on number of nodes from cotyledon to flower in four cultivars
of Chinese kale by nine weeks after treatment.

Temp. (C) / Daylength (hours)

Cultivar
15 20 25 30

8 16 8 16 8 16 8 16
‘Kalran-M’ 11.3d”  10.9d 12.3¢ 128¢ 15.5b 16.72 - -
‘Kairan-K* 12.3b 125b 15.7a 16.6a - - - -
‘Hakushin® 11.9¢ 10.7¢ 13.7b 13.2b 17.2a 181a - -
‘Chugoku~ 10.7b 10.6b 133a 139a - - - -

kairan-Y’

z : Defferent letters of each cultivar indicate significant difference (P< 0.05)

by Tukey — Kramer's multiple range test.

v : Flower buds did not initiate.
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3. AEIREA
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" %

PAE 67 ~ 70 LD 9 A 26 BITBIT HIEFRERME
%, B3R LE. BIED ‘4T M OXAE 50
L 100mumol/m¥/s TITITZ & A ¥ DEMEBRSEE (B
HERERMEO0) b LR (1) Thh, TEHFIE
BENTWAR o7z, HIEE 150 & 200umol/m?/s T,
BUERIZIESL S X XA LR, BAERK & I
LoOEGEBREEFETRLTEY, TRENOEHEFRE
EEREIINAL A (3) TV - T Ve
(4) Tholz. —F, B FEFE (Y) ' TIZ, Xk
BEOBWAER THREFERAAGNT. b,
YR&EE 50, 100, 150 38 L% 200pmol/m?/s DIEFEH R ER
I, #NFh 42, 58, 42 BLW92 % Th-oT. %7,
T FEREREL, ThEEAY (1), EHFRES
8 (2), WAH (1) BLOEETW - Vo
(4) IELTWE.

9A26HDY TV IIROERLERE, F64K
LE 65 IR Le, MM S b, ERITERENELS
2 51E LT B %R L, 50umol /m?/s & BT 100p
mol/m?/s BLEDNIRE TIIEEITHM L. ZBRLREE
W2, KBRS 2 I EINT 2R AR L, 100umol/
m?/s LLF & T 150umol/m2/s A EDOXBECTIIHFE
WTHIM U, E 70, BB, 50pmol/m2/s & T 100p
mol/m?/s UL EDNIRBEETHEM LT (66 X).

Floral stage ”
Cutivar ~ Heht intensity 1 3 4 5 6 7
(xmol/m/s)
00000 000y

50 0000

100 00000 000 ®
‘Kairan-M’ [ {4
(67days after 150 [ _ ] 000 o 0000 ©0
treatment).

200 [ ] ® 00000 €00 [ ]

50 90000 00 [ [ ]
Chugoku- 100 ese oo L oo oo
kalran~Y"
(0days after 150 . soece ° o000
treatment).

200 L J [} 000 99000 09

Fig. 63. Effects of light intensity on flower bud development in Chinese kale cultivars.

z : Refer to Fig. 26.

y : Indicating that one plant reached each floral stage.
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Fig. 64. Effects of light intensity on stem length of
Chinese kale.
z - Vertical bars show standard deviation.
V2 ‘Kairan-M' (67days after treatment)
‘Chugoku-kairan-Y' (70days after treatment)

BRENMOHO W - BEIEETCOR%E, 8 24 RITRL
Tz, ‘BAZM OHLW - BTEE TOEY AL, 3%
MENBMIRBIETEHA L. oFEY, B 100, 150
BIW 200umol/m?/s OHELWETOEHYAKITFNTE
, 99, 82 BLXWN69 AT, RIEETOEHBEHITZEN
Zh 138, 116 BL N 102 Thotz. ‘HFEIE (Y) '
THRRIZ, HHW - BREETOEY R, HEEN
ML RDIZERA Uk, JE38EE 50, 100, 150 3 XL TN 200
umol/m?/s D BV VE TOEE AT ENF L, 130, 99,
B2BLU69 HThHo7=. Fiz, JHIME 100, 150 KL
200umol/m?/s O L WETOEHBEIIZhTh, 127,
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Fig. 65. Effects of light intensity on stem diameter of
Chinese kale.
z : Vertical bars show standard deviation.
U ‘Kairan-M' (67days after treatment)
‘Chugoku-kairan-Y' (70days after treatment)

115, 99 B LT 69 HTH-o7-. HIE 150umol/m?/s BL
ETix, HHV - BTEE COXEY A BUIF SERIC KX
REXH LN - TN, HREOHOMERX TIT ‘b
A7M EHBLT FEFRE oHLW - BEETO
AENEL o7z,

BAET EHMERREMEDR

ARETIE, 4 RBEOIAFVHBANWT, Y=afF Y —
WA Z1TV, TEFEOHERBTRI SR D09 H, Hi

Table 24. Effects of light intensity on days from sowing to budding and anthesis in Chinese kale cultivars.

Days to budding

Days to anthesis

Cultivar  Light intensity initial mean end Initial mean end
{wmol/mi/s)
50 118 -z - 156 - -
. , 100 69 99 - 98 138 -
Kairan—-M
150 58 82 131 76 116 -
200 59 69 112 75 102 140
50 69 130 - 142 - -
‘Chugoku- 100 64 82 - 86 127 -
kairan-Y
150 59 80 - 81 115 -
200 51 68 106 71 99 145

: Flower buds did not initiate.

N
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Fig. 66. Effects of light intensity on total leaf number
of Chinese kale.

2 : Vertical bars show standard deviation.

UJ: ‘Kairan-M' (67days after treatment)

‘Chugoku-kairan-Y' (70days after treatment)
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Table 25. Experimental design of experiment.
Cultivar Date
sowing potting
Spring sowing
‘Kuro’ Apr.24,1997 Jun.7,1997
‘Kairan-T’ Apr.24,1997 Jun.7,1997
‘Chugoku- Apr.23,1997 Jun.8,1997
kajran-Y’
‘Kibana- Apr.25,1997 Jun.8,1997
kakurin’
Autumn sowing
‘Kuro Aug.29,1997 0ct.23,1997
‘Kairan-T’ Aug.29,1997 Oct.23,1997
‘Chugoku-— Aug.28,1997 0Oct.22,1997
kairan-Y’
‘Kibana- Aug.28,1997 Oct.22,1997
kakurin’
G A UZ S AX 0 V;feel;s agter 4fowéng 6
(ppm) (ppm) (week) | ~ < v &
0 - S N
0 S N
5 1 S \4 ~\
0 2 G Y N
20 1 Y N\
2 (3 \ 4 \
0 G —§- N\
5 1 (X —@— \
2 Y. & —=
100 0 S S N
20 1 X @ =\
2 (8 A @—\

Fig. 67. Treatment design of experiemnt.
z : Concentration of gibberellin.

y : Concentration of uniconazole.

x : Seedling age at uniconazole treatment.

® ' Sowing

¥ : Uniconazole treatment (5 ppm)
¥ : Uniconazole treatment (20 ppm)
@ : GA treatment (100 ppm)
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Fig. 68. Fluctuation of air temperature in an unheat-
ed plastic house (1997).
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budding and anthesis of Chinese kale

(au tumn sowing).
z : Seedling age at uniconazole treatment.

x : Concentration of uniconazole.

Fig. 70. Effects of uniconazole and GA treatments on
w : Concentration of gibberellin.

budding and anthesis of Chinese kale (spring

sowing).
z : Seedling age at uniconazole treatment.

x : Concentration of uniconazole.

Fig. 69. Effects of uniconazole and GA treatments on
w : Concentration of gibberellin.

[ ]: Percentage of budding plants without anthesis (%).

U/): Percentage of plants with anthesis (%).

[ ]:Percentage of budding plants without anthesis (%).

/) Percentage of plants with anthesis (%).
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Fig. 71. Effects of uniconazole and GA treatments on the date of budding and anthesis (‘Kuro’,

spring sowing).
z : Concentration of gibberellin.
y : Concentration of uniconazole.

x ' Seedling age treated with uniconazole.
Budding ; A :start, O ‘mean, [ ‘end
Anthesis ; A :start, @ mean, M end
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Fig. 72. Effects of uniconazole and GA treatments on inflorescence development of ‘Kuro’ (spring sowing).
z : Different letters indicate significant difference (P < 0.05) by Tukey-Kramer's multiple range test.
y : Seedling age treated with uniconazole.
x : Concentration of uniconazole.
w : Concentration of gibberellin.
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Fig. 73. Effects of uniconazole and GA treatments on floral development of cultivars
with yellow petals (spring sowing).
z : Different letters indicate significant difference (P < 0.05) by Tukey-Kramer's multiple range test.
y : Seedling age treated with uniconazole.
x : Concentration of uniconazole.



Table 26. Effects of uniconazole and GA treatments on number of nodes
from cotyledon to flower of Chinese kale.

G AZ uzY sa X Spring sowing Autumn __sowing
‘Kuro’ ‘Kairan ‘Chugoku  ‘Kibana ‘Kuro’  ‘Kairan ‘ Chugoku ‘Kibana
(ppm) (ppm) (weeks) T kY -k’ T kY K’
0 - 125¢% 141b 174a 30.6 a 16.3¢ 15.0 ¢ 180b 275a
0 13.5b 13.1b 20.7a 29.7 a 159d 185 b 1756 b
5 l 1 13.2b 13.4b 187¢ 170 ¢ 16.6 ¢
2 149b 14.9b 21.2a 174¢ 16.1 ¢ 183 b
0
13.9b 154 a 19.1b 205 a 18.3 b
20 1 156 a 14.4b 18.8 ¢ 176 b 18.9b
2 14.9b 14.1b 270 a 21.3a 163 ¢ 176 b
0 13.0b 121c 168a 36.9 a 17.3¢ 165 ¢ 19.3b  299a
5 1 13.9b 13.1b 133 a 36.1 a 18.7¢ 161 ¢ 176 b
2 14.7b 13.8b 159a 16.4 ¢ 16.3 ¢ 18.8 b
100
0 12.2 ¢ 13.1b 16.2a 37.3 a 16.7¢c 164 ¢ 198 a 295a
20 1 14.2Db 13.9b 19.2a 17.4¢c 183 ¢ 194 b
2 14.2b 14.5b 141 a 164c 159 c 17.3 b

z : Concentration of gibberellin.

v : Concentration of uniconazole.

x: Seedling age treated with uniconazole.

w : Different letters represent significantly different values (P<0.05) on Tukey -Kramer's multiple range test.

Fig. 74. The response of ‘Kairan-T’ to uniconazole and gibberellin treatment at 58 days
after sowing (spring sowing).
A : Control (left side) and uniconazole alone treatment.
B : Control (left side) and uniconazole and 100 ppm gibberellin treatment.
z : Concentration of uniconazole.
y : Seedling age at uniconazole treatment.
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1EOERER LRRIC, 1T DIEFRRICHESL
RETEERKESRETHY, AROEEBIIINIVD
DEEZXBNZ. DFEY, HATURKERERGEIZE-T
TEFEDSEMEE S, FOBDORET 14 ~ 16 D
BARMBIC Lo THEMICREShD EEZ b,
Xy RYFEOERIZFT B HEOEEBIZ OV TN
OPOHENL LS. TE (1947) 1%, BV 75 U—
OIERIZHBICEEINR ol EBELTND. iz,
BEE (1983) LREMKRIE, MY 77 U—I2HEICEMRRL
KBEE2ZFITTHELWVEBRL, BEEOENCL > T
BRSENERDZZEEREL TS, —J, FrY
(F)I, 1962) & 7mwa)— (BEE, 1983 ; Gaussand
Taylor, 1969 ; &/I|, 1965 b) OFEFRITHNT, KiESE
e RHEMEOMICHEBENRZIERANRZ D LG X
hTnad. &biz, BEES (1988) 1%, 7eyal—o
TEOWERIZIE, KENFERE LTHE, BHEMEIZ
BREGERBETIRRHERTHL L WMELTNS.
IRIEBE, Tuya )b WERIZHZ R KER
FHET TR, HECEFRRIIELWVAEREN, LN
BENIV HLEWERETRERSRBICL 2 TEREND
B, TEFEORERXEBRIZEBTND . FEREISICR L
TEEPEERTRHPBIRERTHD Z LITHONT,
TITSFRDIA 2 THWTHALNIERTWS
(Tsukamoto and Konishi, 1959). #18iTIX, 45
VIHEIRIZ L o THFESEMEE S, FOHOREL
FHIZL > THENIZRESND EEL ORIz HEY,
BA T DIEFERRIX, BV T7F7 T —DER EITRRY,
HEICRREEBININ, Tayval)—ofglRichbh
HIEREREHOBERBERRIFETCRVWEEZEZ LN,
) (1971) 1, BET7 77 FHOBEERISOBREIC
DNT, HEBISIZRRRRITS UTEEIZEREAR T
2, TERRIC AL > TRIGSDRBRENRR S &
HELTWD. AERTI, BHIZXATEFRROMEE
PERIBELEL Y LEELETORPRE H b,
AESEIBEELEL I DHO W - FEN R oz &
ZATE TR, AFEE 1 HTH ATLLEOEIES (LR
BEERRBLVLEroT &~ Zhbnz &
Mo, TN (1971) OBRTND TTERFISICA D R
13, BIERETRLS, BEERETRZNLV BENEE
b, ZONHOHRBIGEBENATE L RIELERT



BRoDOTIIROWH EHES N,

BIMTIL, BEFELHEORBREND, HEXLEIV Y
HEGEOH LW ERERESBEEINE. ZhiX, &
1ERBIVAEE 2HOBRE—HK L, £/, BIET
BERREITEE 1 ~ 2 @M% £ TORIBRGEIILEY
INEDoleZ b, RETR, BIERED 2 BE%ZD
Bk & R TIBEEZ B LU 1 BM%OEEIKEES
BARTHThol L WEIN, 1ZLALOLEXTHE
ERBR L-ARGETIE, Yoo —oHhONE
RIZBWTHOLWEEIENEE L, v=aF Y —
BEIY 5ppm & 0 % 20ppm TEEDBRENRKEL Rolz. =
NETIZ, veary—A0BIck Y 7yral —oiR
MAELBAR LY VREE-ET38E (8K - B,
1993) 1XH 5, ¥ =2 (JeE-kE, 1999), 47
BE - FEE, 1994), A¥F Y (FKiE- A, 1996) TiX
oo B LY R AR E R &R
WMEINTWS, YooY — L OAEBRH X, B
2HEMB LY G, BEERHI VT 1 BRZOLENEH
LW ERERROREBN L, vt Y — il X B IEER
ROMBEIDENERTREL BOONBZEIX, Ax>
R THHEEN (KA 199%6), 2l —®L
o, ZTOHLWEBEEORBE, v=ahY — a0
DOYVNRVY ABEICEVERE L veaty — s
WEATEMROEBEIZVARLVY VABIZ L > TRIETAHZ
LR, FALa L THHEIRTWE (dLE - &, 1994).
7, GASRBEIZEY, BV 75 U—DOEEHLED
BRIEMEE SRz E XN T35 (Aditya and For-
dham, 1995).

TEFEHR O BHE, EEMEoH LV - BRI
TR, BRMOENREFEET I ETIHb U EL
WL CHRETHALERHS (ADO, 1969). ARERTII,
BIEGEOH SWERERIRY =2+ Y — VAL CTELE
L, PRVY B TEE L. £, BRIRBITZE
e PEIFE (Y)  ORFHEEMT, v=oF
V- NEBTIHI S, L L, BEEMITOERRE
WRERERRLNE DT, ThbEDZ EMnD, PN
VI vhBAWR Yo a b — i A 5 DTEFESEI
IZEEMNICEELRONDO TR RIS, Ui
L, HERERIE, voa b A ko Tl Eh, ¥
RV Y B Lo TREEZNZ EE XN, T
(1959) 1%, #V 75UV —DBRERBETIIVAR LY AALE
WL » THERBIVIE S WORENMEE X, B4 nLTE
TR EBEEMMEE SR, Tuoya Y —TIEEL N
DREMRBEINEZEHELTWS, #ic Fontes &
(1970) X, ¥RV U AEEHEER O SADH LI X
V7ryal) —DELWERAIRI ENZZ L E2REL
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TWb. V753 T—DIELWERE VLY v DORMR
IZoWT, M (1965) 1%, ZOIEFWICRITEINEY
RVY VOBEREFEL, REVRVY VEENELW
FEREITHEMT 205, 02 &It 5 Wb oEEIzIx
EEFEBLTOVARVWIERZTRBLTNS., ZOXIIZ,
LD F % XVEIZBWTYH, URVY UBRTELWERD
BVITEFHRICHET I, EFmb L) bIEFERE
WRESEEBLEZLHEL, F2HoBRE—BLTY
5.
AEFE1EHOERND, AT OFES KR
IDFEIN, EHFOREIEHTORREIN. B
3T, FERLV OREOEFESHMNE L R BHEAM
HoNTZ Lo, KEOHEITEOEBEIZL W EFESS
k3B EZEZORD. ZDLEDT=aF B
TRV Y VRBIZ L) FEEMICKRERENAE DR
ol &, URVYVBIZIOVHGW - BITER
BRESTZZEND, BATF L TRYRVY VKRR
ISO—EE LTREET, BEAPRO—HE UTREE
RAERLEOTERVWHE Bz, SR ARE (1961)
i, Fr_XYOEBABPIZBITA TRV VAERE
LR RELRNEBELTWS. T (1962) &, I~
VU UREF Y DRIBBEERB Lo LR T
WA, BRIZOWTH, FBE- FHE (1999 X, SHS
BETOHTIZORVY VOB THZ EICL T, £3F
SERFEINAZ EERLNIIL, YRV Y AEIT
RHPREREL, RAFHLOELEDREIZI>THE
ERRB—BIREIND LBRTNS. KIBELAE L DR
L) OBMRITOVWTEL, Brassica napus \[ZRBWT, &
BABOERLE LTHAESRLY VSN ENTEZ L
NEIN TS (Zanewich and Rood, 1995). F7z,
Nishijima & (1998 b) ¥, #A =iz oW CIKIBALH
BOEHEUETHREDR VY VY OBBZEIST TRL,
EHRAIORVY Vv A~OBERNEESEZ Y, ZoEHRY
RV Y OEGROBEBHIEWETERICEE T2 L #
HLTW5. 2L, o7 7RIz 0T HIRIRL
BIZLONEVSLY CEENBINT S Z EiIddlE SN
TWBHR, WTFR SRR & TSI L TWB O TR
kiR TwA (Longetal, 1990).

Lo T, 45 TIREFEMEOEERIMER T
HYy, VRV VABIIEREREERELLRVWERDbR,
FOEBREBETDIEELRTNE Y =aF ) — LA
B L IEFEHMLOMGI L B OMMER/D Z LIXTE
RNWEEZON. LML, VRV B AT
DIEFREZRELT, HOWELBAEE TOBEEEM
THRAEBHDEEX DR,
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F6H W =E

A3 R HIE1BEOI A T 2L T, BR
SUETLERLGTTHERZEAT, BHFHRICKIET
HELBEORBIZOWTHRELE., &Able, ATELE
EREE TR ZTh 2 RETOEHAL T, ZOHEFRRIC
RigTv=ary—ndf e oRv ) VABEORE YR
ELE.

1. BRGEMETTEES 8 5 16 RERIOMBE T 5 Byl

FTHLUCRE L. EHEORRIZEZ LY bHKFTR

EENT-, £, ERICLVIEHESLR L TEFER B

BNE L RBEMBA LN, BFEEMTIZIEED

HRIIAL IR o7,
2.15°,20° , 25° BLUVIOCOERSRKHETFTT, H

F¥ 8 701X 16 BRI L TR L=, ATERRE,

HILREL L IWRERIZEEFOERMMEE I L.

HIERBOLFESCIZEBIC L » TREI T, T

DFEIIE B TORRESNIEMR AL BT, HiE

REOKERX TR BIZ X » THEFEOHRNEE Sh

AEmAH LN, L, AERE, BEEHEED

WCEEEHMIZERIE LA CEEB SRR T,

3. BEDRERNS, 4T OEFEMUITITIRBSMS
NEERE LTEEL, HEOEEII/IWEEZX DL
niz.
4. HEWBLUHTE LBEROEAR, v=aty—
NWEARTEL 2otz
5. AfESTE B IZRBWTi, fBERELELT, v=
aF Y —ERARK (5, 20ppm) DL WE R L UHRTE
HiZ, ThZFh4~ U4 BLV8~2T BEELEL. L
N, v=at Y —/V 08 2 BRE% IS 100ppm DU L
YrEQBELERTR, veath Yy — VBB LB
LT, HOWBLUBERD, ZhFh1~08B
W4~ 20 BRL 2ol
6. BEERTIE, FEFE (Y) &BiFdv=aF
YV —VEHARXOTEIERZEMIIIGI &, HEIERN
DIEFERZEBITNBX IR ERENRLZ LD
1.
7. FICENL L BRATERRIC BT BIRTEF O/NMEEUIAE X
MK E REERA DR T,
8. ITNRbDZEnh, VNV Ey=ar S — A
HiX, 45 OEFESITHEY BEBEY, BHED
HEIERATA R D LB LN,
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B5E How-HEEMOTFRIETY >

INETIE, A4 VERBECHLEAPR LN TE 2.
L L, ZRNONRERERICE T e b, BEERRS
BRI SN TERERITLTH - 7= (B, 1993) .
—%, AATVRERBRBICHEENFETH LD, B
B BB T RICE RS S (Tindall, 1983),
I OBEREOMENR I TS (Lim, 1993). BFE
BRI HRREEES T 5010, RREOH SV - BTt
BEAERELEZET, ZROoOHLWEEEHEZTFHIL
T ER R BENLETHE EEIDND.

BIEEX TIZ, V4 7V ORFERITMBERITKREIEE
BZTHRZ EEBRRE. &6, BERSUNTEFHERE
MEMICRETSHEL, HEOEEBO/NIWGEERS
bhaZ il ZhooZ ehd, 141470
LWL HEIBREORBIIRESEEBINE LEDN
5. L, ZTNETRKBERPONA Z - OHBW
CHEEHETRITAEDOET Y I OWTIEA S B
IZERN TV,

FITARETIE, ¥7, Tuyal-0BR4AREYH
W, HEWBLOEL VB L JEER & OBBRIZ
WTHREHE 2 LT, WL ODBDORBREREH LW - fE
BUVWRBMWIOTRIOFEEEERE Lz, &b, ZoF
BESALT, 47 0fB W - BEBIOTRID 8
DTV T ERFLE.

£18 70vaU—DHS N -TES WDERED
¥l

AETHE, Teyal —OHLWBIUHELVERRAL
REER & OBRICOVWTHREAETZ LT, HoW - iR
RO TFRIOFREM 2 BRET LTz,

MEBLUFE

Tuyal—o ‘BAER FHRLE ZofETE,
23C 16 RN I —RF % U N—FNTHEFEIEE.
IOBRFERTEBERICEBEL T BEKEL 20C0LE
WEB LA ARBEATEE UL, BREHMES, § 27
RIR LTz, ZRIIFCEBCRCERT7TELU LD
720, 10EfTo/k. YOERICBWTS, FREITHIERO
I ABEBTITVY, AEE~THICR-- L EFIIFHAD
BS~EM L. EHIX, (8 1.2m, X 25 mOBl,
FRAEBERE 45%80cm D &M X T, 30 BETOFANT
Tot=.

ER%IT 1 EMBER, HOVWoFEEZFAELEZ. &
HEHORBER L UTREHEER - THERRE - ¥
RERE - BEFHRIE - FHAKNE - TR (5cm) -
HMETHHBOSEREZEBERELT, 10 HZ L DFY
BIOZOBBLHE L. ZhODOREERE H LV
EOWVRBBOMEEE R, &bi2, Zhbo > HLiEE
DEWKRERERZAWNT, HHW - OV ERBWE TR
L, FPREME L EZREAEB L. 2B, Eo6VoRB
L VWREOETMIID LN TE, FEOMHMELT
&bzl L.

B R

1. WO WERIRER & DOBEK
EHBOEOWETOHKRLEHZIOBE ZLORE
BER L OfBERMRE, F28 KT L. HEWETHH
e ARE ORI, BEIXIZEAER LN T,
HoEWETHORELHIE - RUB & ORICE, BOEBE
AR BN, T, BIEREE ORI ITEFERIN &
bhiz. BEKIE L OHBEERIL, EHEZHROLDIE

Table 27. Cultivation dates (broccoli, ‘Wase-midori’).

Year Sowing Planting Budding Harvest
1972 Mar.16 Apr.27 Jun. 5 Jun.14
1973(D) Mar.29 May 1 Jun. 8 Jun.19
1973(2) Mar.29 Apr.30 Jun. 5 Jun.20
1974 Feb.19 Apr.10 May10 May27
1975(1) Jan .30 Mar.19 May 9 May29
1975(2) Feb.11 Apr.22 May21 Jun.10
1975(3) Mar.20 May19 Jun.19 Jul. 9
1977 Mar.10 Apr.20 May23 Jun. 3
1982 Apr. 7 May22 Jun.21 Jul. 5
1983 Feb.16 Apr. 7 May 7 May27
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Table 28. Correlation coefficients between the days to budding and environmental conditions

{(broccoli, ‘Wase-midori’).

Days after planting

Factor 0 20 30 40
Air temp. Mean -0.5825 -0.7168 * -0.6668 * -0.5458 -0.6444 *
T  Max. -0.4181 -0.6647 * —0.7453 ~0.7310 * -0.7802 **
Min. ~0.7078 ~0,7421 * -0.6072 -0.2657 -0.4837
Int. mean ~0.5825 —0.7434 " -0.8008 **  -0.6929 * -0.6877 *
Isolation Mean 0.1959 0.1235 0.0959 —0.5486 -0.3509
cal/ecm?  Int. mean 0.1959 -0.0345 -0.1481 ~0.0498 -0.2294
/day
Soil temp. Mean —0.4507 -0.5689 ~0.6446 * -0.6045 -0.6632 "
(-5¢m) Int. mean ~0.4507 ~0.6075 -0.6511 * -0.6132 -0.6116
T

Significance level : *=5%, **=1%

y = 119.071-0.409x{ - 3.543%9-2.232x3 + 0.207x4 - 1.397x
=0.952%%+

W o)
o1 153

Days to budding
(%)
()]

‘72 '73 '73 714 75 75 75 '77 '82 '83
o @ o @ 3
Year

Fig. 75. Comparison of calculated and observed
numbers of dates to budding in a multiple
regression analysis (broccoli, ‘Wase-midori’).

x1: Int. mean air temp. till 10 days after planting.
x2 ' Max. air temp. at 20 days after planting.
x3:Max. air temp. at 30 days after planting.

x4 Int. mean air temp. till 30 days after planting.
x5 ' Max. air temp. at 40 days after planting.

**% P < 0.001

®  Observed, O ' Calculated

FET L —F, EMEBENEoIRY, FHRIE -
EERE  MEKELOMIIBEVAOHBERLZ LB K
HZhe o=,

wIT, EHEHOKREREZEY, HOWETOAK
2RO BZBEERKEER LT, 8 75 KISR Lz, HHEE
BELUTI, EHEZI0BBETORELHRE (x 1),
EME 20 HEDFEHBEARERE (x2), THHE20HE8D
EHREmRIE (x3), Btk 30 B R EFTOMEFHRER
(x4, EH%40BBOEHEEFRIE (x5, OSEHR

80 ¥~ 214932-4.207x1 ~ 7.706x5-3.645x3 + 6.919x4 - 0 293x;
r=0.971%%*%
17
qé 70+
S
o 60
—-—
2
IS
;50
40

'72 '73 73 74 '75 75 75 77 '82 '83
L @ @ @ G
Year

Fig. 76. Comparison of calculated and observed
numbers of dates to harvest in a multiple
regression analysis (broccoli, ¢ Wase-midori’).

x1: Min. air temp. during the planting period.

x2 ' Max. air temp. at 10 days after planting.

x3: Max. air temp. at 20 days after planting.

x4 ' Max. air temp. at 30 days after planting.

x5 Int. mean air temp. till 40 days after planting.
¥ P < 0.001

@ : Observed, O : Calculated

PEAE. ZORR, HHWE EZTRT 5 ERRRINR
Hoi, EHEBMRE r=0.952 0B WEHBERIELR
7=,

2. SO EIRIEER & OBEf%
EHBEOELVEBRAE TOHKEERBKIOHBI LD
R[REER L OHBEERE, F 29 RITRLE. TEHVERE
ECOHME BFEEORBICIE, BEIRIFEAEHLR
otz HR L RIB L ORICIE, &V VA OFEEERIES
Honfe. RIBO I LEEKE & IIEHEMICEWADHE
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Table 29. Correlation coefficients between the days to harvest and environmental conditions

(broccoli, ‘Wase-midori’).

Days after planting

Factor 0

20 30 40

Air temp. Mean

T Max. -0.5744  —0.8644**
Min. -0.8562 ™ -0.8307 **
Int. mean  —0.7692** -0.8680 **

Isolation Mean -0.0178
cal/cm’?
/day Int. mean -0.0178  -0.2531

Soil temp. Mean
(-5cm)
T Int. mean

-0.2828

-0.7101* -0.8003**

-0.7101* -0.8036™*

-0.7692 ™ -0.8617 ** -0.8088** -0.7117 * -0.7174* -0.7950**

-0.8260 ** -0.8746** -0.7372* -0.8282 **
-0.7745** -0.4188  -0.6418 * -0.7199*

-0.8315** -0.8418** -0.8441** -0.8420**

~0.2650  -0.6975* -0.2963  ~0.0344

~0.2568  -0.4427 -0.5362  -0.5318

-0.7945™% ~0.7977** -0.7811** -0.7314”

-0.7361%  ~0.8138** -0.8273 ** -0.8140 **

Significance level : ¥=5% , **=1%

BERL, ZORBEREIIPRETLE. EFHXE -
BESBE L OMREEEILLEVAOHEBERA LR,
RERIER L OBICIX, EHE#BROE2IZEADHEBIMR
BHNEL rotz. HIRIX, THEENLELVORRTS
ETOM, BOACHEBGETH 7.

Wiz, EHHIOKREREZEY, HOoWETOHE
ZRODZEERRNAEERL T, £ 76 KiZRLE. SBAE
BE LT, EHEBOEHBRIERE (x 1), EM% 108
BOEHEERR (x 2), EHE% 20 B B OEHKERIE
(x3), EH%E0HBETTOEHEERER (x4, THE
%40 H BOBWEIHRE (x5), OS5EBEREZRAL. £
DFER, EOVWRRETRIT2ERRANRO LN, &
FREAEREK 1=0. 971 OV EHEBEBE/RAE L.

SR 2Hh

EEHTIX, W4T VOHLWBLUETER L REER
E OB OWTIREHERT 2 LT, oV - BiEHOT
RoOFREMEE RS L.

A DHS W - BIEEAD TR

B LUAE

HATD AT T BHRA UL, B8 EE, 8
0 FIIR L. ZOETH, 23~23.5C - 16 FH AR
DT —RF ¥ N —NTHRFESEL., ZORFETE
BREAICERELT, RIEREZ 255CULICERLEYT
ZRBHNTEE L. ZRIIFNKRZEBEHERO4E
Pklzhi=y, 5EiTok. EDERIZBVNTYS, BE
WETR O A 5 RIBETITVY, RE3I~THICA- L&
WWRBHELT, EMBEOY=— AT A~BE L THEEL
7=,

EHEZIEE, HoWERTEORELWAE L. BHE
BOKBERE L TREHRIE - FHESKE - FHE

Table 30. Cultivation dates (Chinese kale, ‘Kairan-T’).

Year Sowing Planting Budding Anthesis
1993 Apr.20 May13 Jun. 8 Jun.17
1994 Apr.11 May17 Jun. 7 Jun.19
1995(1) Feb.25 Apr. 1 Apr.23 May 8
1995(2) Sep.11 Oct. 9 Nov.18 Dec.21
1996 Aug. 9 Sep.28 QOct.24 Nov.19
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BSEOCSERZERAELT, BEMNLTAIZLDE
WEHE L, ZhOLORRERLH LV - BATEH O
BxHhiz. &b, Zhbod bLEEOBRWIRRER%
BAnT, Wby - BIESZ TR, FRIME S ZREL
gLz

®= B

1. BHoWSLREER EOBR
BREOHOLWETORBLBENLTHI LORIRE
L OBEEGEE, B RITRLE HOWETOHEE
78 35 HR £ COEHRIEKE L O, HEIRIZE A
Exrbhahotz, EHRIR, FHRGRKE L OB
BWEOHBE AL, HICHEE28 L 35 BRETD

EHRIE & ORICIZEVEREBRAED bz,

Wiz, BOEEOAZONEREERZEY, HonE
TOHEZRDZERRRNEER L. LiL, #HE
B2 EZERU EORE, FERERRBRRIIB LR,
To. W, BLHEBGREOE RoBfE28 L 35 B
FTOEHRENLHOWETOHEERD ZEIFXE
ERR L, ZOERREZE TTRICR L. ZORER, b
WHEZFRMAEERBRD BN, EE28 L 3B HEE
TOEHTIRN D, Z N IEFEE r=0. 930 & r=0. 940
DEWEZEAELRE ZoERREIZENETR, v
=-50. 1368+3. 8573 x &, y=-38.0336+3.4983 x TH Y
R E HIZ1 %KRETHFREELTZ DL,

Table 31. Correlation coefficients between the days to budding and environmental conditions

(Chinese kale, ‘Kairan-T").

Days after planting

Factor 7 14 21 28 35
Air temp. Mean -0.8781 * -0.8478 * -0.8233 * -0.9304 ** ~0.9395 **
T Max. -0.8565 * -0.8516 * -0.8268 * -0.8752 * —0.9160 *
Min. -0.7651 -0.5253 -0.4126 -0.6925 -0.7154

Significance level : * =5%, *¥=1%

807  v=-50.1368 + 3.8573x; ;r=0.930%*

y =-38.0336 + 3.4983 x5 ;1=0.940**
2 70
he]
o]
B 60!
8
w500
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Fig. 77. Comparison of calculated and observed
numbers of dates to budding in a multiple
regression analysis (Chinese kale, ‘Kairan-T").

x1 : Mean air temp. at 28 days after sowing.
x2  Mean air temp. at 20 days after sowing.
**:P < 0.01

@ : Observed

A : Calculated by deta at 28 days after sowing
7 : Calculated by deta at 35 days after sowing

2. REHEREERE DR

HEWLLBAEETORKEHOWETRBBEETOR
BE OMEBEERE, BR2RITRLE HbWhHHEEE
TOHBEEHEOWE 7 HE £ TOEHEBRIE & ORI,
Mg A SR Rz, EHRIE, FHFRER
BEOBICIEWHEBRL bR, BICEYRESE S
DN ADRBBREENE Rol.

Wi, SWHEBOL LN EHRKERIE (x1) L¥EY
KRB (x2) ZHALEE LT, BV bLEEETOR
BEROIEERFBREER L B 8 K). TOHR,
HOWHOHEE TO AEE TR 2EFRIRD LR,
EREREL r=0. 994 OEVEMERBF LNz, Z OEIFHIL
y=31.611 —2.546 x 1+ 1.034 x 2T, ZHIL5%K
ETHEE RO,
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é 1=0.004%*
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Fig. 78. Comparison of calculated and observed
numbers of dates to budding in a multiple

regression analysis (Chinese kale, ‘Kairan-T").

x1'Min. air temp. at 7 days after budding.
xe2 ' Mean air temp. at 7 days after budding.
**:P < 0.01

@ : Observed, O : Calculated

Table 32. Correlation coefficients between the days to
anthesis and environmental conditions
(Chinese kale, ‘Kairan-T’).

Days after budding

Factor 7
Air temp. Mean ~-0.9363 *
[ Max. -0.6261
Min. -0.9895 **

Significance level : *=5% *%*=1%

B3E E R

INETIE, BLWRREEEFHT Xy X VEOR
BERESMHLOBRERHL, ZoRBRELAVTER
b OREERLWHH OFRITT MO TRIFENR TS,

HBY 77T —TH, EOVHEELERNRERGICE
BEZFBLH|ESh TS (BEE, 1983; 1988 ; Wurr
et. al, 1981 ;1988). ¥7z, TOHELWHLHERIIAET
BEICLY, INHHIITEOW LS LEEBGR N H -7
LHEIRTVWS (Booij and Struik, 1990). H VU 75
T —DfE & L TORBICSV T, Salter (1969), Sal-
ter and Fradgley (1969), Salter and Ward (1972),
Salter and James (1974) 24 o TEHMIZHFE S T

73

B, ZhODERNS, Wurr & (1990 a) 1%, H VU7
FU—DELWVRRADOTFRET AV ERM LTS, B
75T —DEFY I ONWTIE, LIS WML
EFTOET Y Y (Grevsen and Olesen , 1994), 5%
EROFEFY 7 (Olsen and Grevsen, 1997) =W
THRHEEIN TS, Wurr b1, ZhbDEFY 7
EEBORBERMFITISAL (1990b ), EblcHY 7T
T—DERDETNIZONTHERLTNS (1993,
1994) .

Tayal—TiE, EOVOBRLBESE & OB
ZOWTHEMIZHESh TS (BE, 1983;1988). L
HL, ZORERPRBEOTFRELEETY 7220 TH,
BV T7Z7 7= A IR TRV, Olsen and Grevsen
(1997) 1%, TuyvaY—n4sEELRE BREEDOBGES
AELTEE»OELWHMLETOET Y JE#RHFL
TV 3. ¥7z, Marshall and Thompson (1987a, 1987b)
X calabrese 7’2 v 2t ¥ —DIFFEH S INHEE TOFHIE
FAZDNWTRLTWS,. Wurr 513, calabrese 7 o v
A —DERLREZIRETEHREORESRGORE
(1991), BHEEEDOKE (1992) IZHOWTHEL TN 5.
X bz, Wurr & (1995) 1, FEEER» S calabrese
Tayal —ORXERORELEBTREOBERILHL
DETNERFTLTNS.

AERTIE, Tryal—0HLWBIUTELVRE
ERBER L OBRICOWVWTHHMBFTEZ LT, HdHW -
B OTFROTREELRI L. TORKR, HLWE
THORKE BHEEEOMIZIX, MERIZEAEZLRR
Poled, HOWETOREKE HIER - RIR & ORI,
AOHBBGERA L. ALK E LCEMEZ 10 B E
FCTOBBEEHRIER (x 1), EH%20 HBEOLHES
RIBE (x2), THE% 20 H BEOEHEERIR (x3), &
FE# 30 HE X TOMETHRIE (x4, EM%40HAE
DEHBEERE (x5), OS5EREZES, HLWHETF
B3 EERE RO BFE, EMERE r=0.952 O&
WEHBBGRAE O TEO WVERBE TO H & #iE -
RIB L ORIZH, AVWADOHBEMERA LN, THE
DEHFARTIR (x 1), EMHE% 10 HEOEHWRERE
(x2), EHiTR 20 H B OEHERESKIE (x3), EMEE 30
BEE COEHEAHRER (x 1), EHE% 40 H EOHEEFY
BRIE (x35), OSERZHALE LTRALEE,
HHBAE r=0. 971 O WEBEBEBROERBERICL Y,
TEOVERBRETFRITHZ EBAETHE EEX LN,

RIZ, 7aya ) —ToOERBEREZSALTIA TV
DOHLWERTEHMOTFRIOMEMEZRF L. giZEET
12, 347 OEFHBRITELE LTRBICKELS B8
ZIFBZ R, 0D, AT TRHHELW .
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BEHEREBE L OERICOWTRI LE. Z0OER, B
BWETOHR L FHRIR - THBRERE L ORICIEXS
WIEOHBAAR LN, RICBE28 & 35 BEE TOE
BRIR & DEICITEVEREBFRARD bz, &
DHLNTERBERZEY, EOVWETOBEEKEERDS
BEFREZER L. UL, SBREEN2ERIUED
5BE, ARZERRRREOh 2oz, RIZ, HbHE
BB D& o 72 3BRE 28 WTNT 35 HLE TOEHER
BEABHLWETOBEERD ZERNEER LIZER,
y =~50. 1368+3, 8573 x W UNZ y=-38. 0336+3. 4983 x N
FRABE LR ZOmEE»LAfERE ‘AT
T OHLWOFRNFRETI RV EEZ N, A
SUyDELWALEEETOREE, FEHICLY, £
REKGCLVBRo. HOVWHOBREETOREE
FHRIR - FHREKIE & ORIZIZE VRGN 4 &
iz BRI EHRIERIER & OB OADHEBRESEL 2o
oo TODH, HOoWHOEHFEKIE &L FHRBICE
BEZITTWELEEZEZ N, BWHEBOALRI-EY
RIESE (x1) LFEHRE (x2) ZRUHAEK L LT,
HOWHLREE To B E R 2 EERFRE/ER LT,
FTDHER, r=0.994 DEVERIFEMREF oy = 31.611
— 2,546 x 1+ 1.034 x s DEFRIZ L » T, AL
AT OHOWIHLHIEE TOREEFRIT S Z
LRTFIRETHD EEZEZ DN,
AAZ7OHLWBIUREHOFRRIE, Tuya
J— &0 DR WHRAEZHTE LN, ZozZ i, 7
Ty al—DELWHREEBRLTHA T DIEFEHR
DIDDERMEIILRL, LI VEHMICRZ 215 TiTh
Wik Bbhln, 2%y, LT ey — ‘B
B OS48BT, 5 ~ 10°COIKIEIC 4 BB 5
TEBRUETHLEBMEINTWS (BEB, 1983). —
5, A7 ERRRED ‘A4 FT T, 188BTY
KBEREZ L, 28BULEOERECLIYRERENZZ &
BT, Trya)—OHB0EHELVRADTFRIE
ThEDY, BATUDHELWEBRIESOTRIET Vi
HLRRRETH DI LB b,
HAZARRRED AT T OHOWE L UBHTE
HOFRXIL, BELRETIEER 1 NFIZEOF
BHHE R OEHRIEMEVEE, HEESMENEESNT
LVHRVAKTHLWL, HOWHOREKENEHL
RBIFZERFORBENRES N TL Y DRVASTHTE
THLDEEZ ORI, LIthoT, ‘IA45T O

DWERTER, AAOEFHE CIIBEAOKERELHS
WHIDERIERBEO LRICL > T, LvEHBIcBZB L
Erxohd. £, PIRBIOBETIY, BEEOBEL
HOWHIDOREREBEOBRTIZE > T, HLWEEREILE
hoabndBbhs.

$B4EF B =

Tuyal—ORERE BER LA T rDAER
B A7 T OHLWIENTTE BV E#- Rt OF
BOlb0ETY IR L.

1. 7eryal)—-OfEbLWETOBREME - KRB LD
MCit, BoHEBEGERALNE. FEBPEKE LT,
ER% 10 BEETORBETHKE (x 1), EHEE 20
HEBDOEHEERE (x 2), % 20 A BOEHER
KB (x3), CHEE 30 BB ETORMEIHEE (x4,
ENETR 40 B B OFHBEERE (x5), D5 EREZEA
72, EORER, HOWHERTRTZERBRARD S
, BRI r=0. 952 OEWVEMERBRBE L.

2. &b, EHLVWRAETOHELHIER - KB & DM
Wi, EmWAOHEBBERAAR O, BBAEHKE LT,
EHROTHERKE (x 1), THEE 10 HEHO¥EY
RESE (x 2, EHE% 20 B BOEWEERE (x9),
EMEH 30 H B X TOEHEETE (x4, EHH% 40
HEOBMEBEFHRIE (x5), ODS5ERZBALKEER,
TS VEREE TRIT 2 EEIRRSRD S,

3, HAZT OBV EEHRIE - THEERES
DOEIIIEWIEOHBNRA Sz, RFICHERE 28 & 35
H#% E COEHRIR & DRI EVEBIEHE N RS 5
hic, BbHEBREOE -7/ HE28 L 35 HEE
TOFHREND, HLWEE2FRT 3EERIZER
Zh, y =-50.1368+3. 8573 x &, y=—38.0336+3. 4983
x ThY, AE bIZ 1 %KETEEENRD LN,

4. A, HOWHSEEE TOHEE EHREKE-
EHRIR & ORI MEBR L L. EHRER
B (x1) CEHRE (x2) ZRELTHE LR,
HOWLBTEE TOREETFRTSERERBRARD
b, EEREEK r=0.994 OHEWVEERE LN, =
DEYERIL y = 31.611 — 2.546 x 1+1.034 x 2 T, =
N5 % KETHEEPRD .
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BO6E BTRRICKIT/NEREEnEOEE

— R, T IIROBERIBERAREENEL, B
EAMEWEFA L —RERIEIC L 2BERELTh
hTWa., Zoid, BERMEMOMBICLY, H#E
BILUOREEFRODRIIHFEEREITLEIOND.

775 RO EELREFIIEERICR LBV E R
ARBOLbNEN, BLELTOERZH TIIET B
BERBZ BRI BB TWS., T, BIE BN -
H, 1971 b) @ E o CO; (Nakanishiet al., 1969)
SUETCTHREAMAHOITHEINS Z L B3@E ST
5.
B2ETIX, VA J KSR EL T CRBEEE
THHOEW BB LI-Z 2Bz, LENo T, }%ﬁ;
DHESW - A TOYMBNREN -2 b, 1F
MBI ORERIEN TR THEZ EEXLhS. L1L,
HA T OBTFHRICEHIERNL NI E D T
REATHS. Ao, BEEAEL Y LATEREL, Hb
VY BB OWTCRBAMEREWI &R HY TS
T—ORARETIE, BREFRMEENREL, BRZHIC
Lo TRIBEZBELND EHMEEIN TS (B,
1951). B4 T U EEARATMAEENB N EELNLTNEH
(Fatk, 1988), /INEDE: L FEFIR L DEEKRIZ OV TIX
BROMNTRY. E£7, BEOBEDOL I, 14T 5
o R L BFAMEMRECEGERH 20X, £
DOEERBIUORMEBTEODRIIE LI KEEXITH LD
tEZLNRS. LL, REOR L BFANEGHERE
DERIZONT, EBITHA T ORBME L BRERA
MRREE O BRIZHOWTIIFRI STV eu,

FILTARETE, ZhoBRMAEZRATHEDIZ, Bl
TOERETo .

E1E BTREAROEEHNER

AATORBIZBWT, A7 OBTFRRICEHM
EREPRHRLNENE I PRFAATHS. AEH T, BE,
24, BE, FETHEINTHWAIS 7 2HANT,
HAWZ BT AEENTENE D 2, BIBRICEHHZE
BERRONZINEIDERFTLEZ.

HHEELUAE
1. #HEA#
RS, FEIIRITALE

2. $IEAE
ERIIEFLHMFEO 2EITo7. EEIL 1995 F2 8
25 Bz, BKE|IZIZ 19954 9 A 11 HIZ, HREDOFET 50
BFo%, 2HOABER N9 en D ¥y — VITEERL
T, 23.5C 16 R REMT O u —XF v R —H
TRESE BEDEFS-7-2H2THE 98 13 HIZ,
HZREABRENICBE L. BREOSKMEE, £ A
—IF%a2FA4 hES5: 22 (volume) DEIETEAL
AL EFERI cn DEERY Ry M AR, &8y b
2o 289D, FREILIZ20BORy FEHAVWE.
BHITRERES 5°CUECEHRL-BRBRETON S
ABBENTI T2, F2ENBRL X338 108
10 B9HIZ, &Ry Mzox 1fEEE2E L TREIVW-.
3~4MDOAENEBELIL4A1R0E 10 A 18 HIZ, #
R L B O A L E AN 1 ,/5000 a U7 F—Ky b
Z1EARTO2BHE LT, FREICSEX 15Xy hFo%
A=, BHE%ITZ, ENEOE =T RATEBT IS,

BIERZ A5 EIZ, 1R &Iz 10 @EogAR L 5

Table 33. Cultivars used in this experiment.

Cultivar Country  Type Sowing
Number Name classification  season®

1 ‘Hakushin’ Japan® W-B S,A

2 ‘Kairan-T" Japan®  W-B SA

3 ‘Kairan~S’ Japan® W-B S,A

4 ‘Kairan-K-w’ Japan® W-A S

5 ‘Kairan-M’ Japan®  W-A S.A

6 “Tenshin’ China W-A S,A

7 ‘Nankin-kibana’ China w/Y S

8 ‘Kuro’ Taiwan W-B S.A

9 ‘Shirobana-kuroba’ Taiwan W-A S,A
10 ‘Kurokaku’ Taiwan W-A S.A
11 *“Taishin’ Taiwan W-A S,A
12 ‘Shiro’ Taiwan  Y-A S.A
13 ‘Shirokaku’ Taiwan Y-A SA
14 ‘Kibana-kakurin’ Taiwan Y-B S,A
15 ‘Kibana-donyo’ Taiwan Y-A S,A
16 ‘Shokushin-Kibana’ Taiwan Y-B S,A
17 ‘Enyo’ Thailand W-A S,A
18 ‘Senyo-shirobana’ Thailand W-B S.A
19 ‘Kairan-Y’ Japan® W-A S,A
20 ‘Kairan-K-y’ Japan® Y-A A
21 ‘Nankin-kibana-Ww* w/Y A
22 ‘Nankin-kibana-YY®’ A

a: Takii Seed Co.

b: Sakata Seed Co.

¢: Kaneko Seed Co..

d: Marutane Seed Co.

e: Yamato Seed Co.

f: Crossed seedling between plants with white petals of ‘Nankin~kibana’
g:Crossed seedling between plants with yellow petals of ‘Nankin-kibana’
h: S; Spring, A; Autumn
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B DORA L EIES T, BA1EKRYZY 3TEF
PEUL, TNOOEEFIZHEHEIELI/IEZEIRRL
7o, REBIEONELEE 1D 12 TEHR L THRELRL. 20
%, RKEOBEIEL/IENSTEREZRY, BRERNTHOIE
LEWME L, S, RB+TSICHRB L TEELLE
%, FELZEBRLT, ¥, BETEBIUETEEZRE
L.

7B, TOMORIGERIIEITICH- T,

= 2
1. FHRE
AEHREBEOLEE Y, % 79 KicRLEZ. BEHRE
X, BFETIT 14.5° ~32.5°C, %kET5.3° ~33.0C
DOFEHTEB L7,

357 Spring,1995
30t
25
20
15}
10}
o |
O T 21 1 112l 11121 1 112l L1121

Feb. Mar. Apr. May Tun. Jul

357
30
257
20t
1571
1071
5 |
0

Autumn and winter , 1995 ~1996

Air temperature (C)

13921 11120 1 1121 1 1121 1 1121
Sep. Oct. Nov, Dec. Jan.

Fig. 79. Fluctuation of daily mean air temperature
after sowing.

2. RAEELUZHE

AEMEW—ABIUOW-BEIE, BEAEY-AR
FOY—BHEIHELT, BERODRL RZBEMBRL
i, S0, ALLEBEW-ALW-—-BEOBEYHA
X, FhFR4H2TH~5H 14 B (FRE%59~T6 H) -
5H2~9H (FEME%64~T71H) Thot. —FH, &
EREY -ALY-BEOREFEHEL, FhEh 5 A
12~21H (ERE%74~83H)-5818~21 R (R
#%80~83 H) Thol. HEEREEBEEIZGLNIW

SYBOBREFEHHIZISA9R (BREEL 7L H) &io
7z, LEM-T, EFOSHBERPIIEESBE IV
W/ YBTIE5 A LPars, BESETIIS AR TR
Thote. ELHKETHE, AREEEW—-ALW-—BHE®D
BEEH AL, FRF 12 B8~ 21 H (ETE% 86 ~
99 H) 128 12~27 B (¥REH% 90~ 1056 H) Th»o
o, —F, BIEGEY—A - Y-BEOBRIEFEHAIR,
FhZFh1HA6~20 0 (%K 115~129H) 218
10~17 B (3B%E% 119~ 126 B) Thol. AELE
RN W,/ YR T, BBIEEHIX12 A48
Tholz. LENR-T, KEOZHRBBEHIIaTEATE
BIOW/YEETIX12 A LE00, BEEAETIX1IA L
ANHLThHo Tz,

3. B

MEBE AT IEERE, TN TCORBEICBWTHE
FIZEL R Lo Tzle), BEBEOKREOAREZR
L.

(1) RN OFRE
YD OFHE, F8ORITRLE.
W—ABTIE ‘K’ OFREUT3 L2, thofkfE
TS5~ 9 DEENTRERERR N RN, W—
BEETIE ‘B 0oFHIL10 :HLEL 2ok, HhORHE
T3 ~6 DHENTRERERR NPT, W/
YRETIIREILIE Thote. Y—ARETIE ‘HIEHMIE ©
FRIL 8 L RREL ol MORFETIZ4A~ 5 DFH
NTRERERZRONR -T2, Y-BETIE ‘BRLE
B OFgIT 4, BIEKK OFITI6 L KRERERIRD
nghnoiz.

FRNEFNORREBEOEFY ) ORE L HRT S L,
A AERNTRERICIEL WL D0, W-ABNMLO
FEREIC N TRREL o Tk,

(2) L7 OETH

FU-0 OFETEE, FBIRITRLE
W—ABTIT BERE OBFRIT ISR ERLEL,
RN L CRE TR eRIE R bR ot o RFE
TiX 1l ~ 128 REREFRON o7, W-BEE
T B L CREANR OBFEIT 1IRE SR, M
DORFETIE6 ~ TR EREREIZR OGN 272 W-Y
B TIEFRIISK ThHo. Y—ABTIT ‘HEE#
I ORETEIT LR ERLELL Rl MORFETIZE
~8RIERERERR OGN o7, Y—BHETIE ‘E
e 26k, “BRORE B I12RThoT.
FRNENORBROKRUY-VOBFEEZHETL L,
HFRBHEANTRERICELYWEbDD, W—ABETR
REL ot



Number of seeded siliques
per inflorescence

Fig. 80.

Number of seeds per silique

Fig. 81.
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%
4 5 6 9101117191 2 3 818 "W7Y12 131514 16
The number of cultivar?

Number of Chinese kale seeded siliques per inflorecence (Spring, 1995).
Different letters on bars represent significantly different values (P < 0.05)
according to Tukey-Kramer's multiple range test.

TW : W/Y plants with white petals, 7Y : W/Y plants with yellow petals.

z : Refer to Table 33.

Group : ;w-a, R w-B, L1, wiy, 27240 vA NN, Y'B

The number of cultivar 2

Number of Chinese kale seeds per silique (Spring, 1995).

Different letters on bars represent significantly different values (P < 0.05)
according to Tukey-Kramer's multiple range test.

TW : W/Y plants with white petals, 7Y : W/Y plants with yellow petals.

z : Refer to Table 33.

Group : ;W-A, Bl W-B 1wy Y AR Y-B
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Thousand seed weight (g)
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Fig. 82. Thousand seed weight of Chinese kale (Spring, 1995).
Different letters on bars represent significantly different values (P < 0.05)
according to Tukey-Kramer's multiple range test.
7W : W/Y plants with white petals, 7Y : W/Y plants with yellow petals.
z : Refer to Table 33.

Group : w-A, B w-B,[___; Wy, ;Y-A, XNY; Y-B
(3) 1000 KWIE
REMT- 0 D 1000 WEHE 82 KR L. Table 34. Cultivars used in this experiment.
W-ARE T KL D 1000 BIElE 2. 54g BB/
R pote. Mo FAELT 3.30 ~ 6.66g & MEMIZIZILD No. and Name® Country
MBS, W-BE TIL5.40 ~6.30g L RERE of cultivar

BRI -T2, W/ YBETIL4.22¢ THoT. Y-

AR TIL4.25~4.83g EREREIRLNR-T. ; ;{;}:ank_u; ;:g:g
Y —BEETIZ RICHA O 1000 BEIL 2. 928 , RO 3 ‘Chugoku-kairan’ Japan
Bt T 3.28g LRERERRLNANoT. 4 “Katran-M’ Japan
FNZHORMERD 1000 KB T 5 &, W— BE 2 jg;ang’x ;apan
. e I _ _ an-K- apan
BEETIRR/NEL RBHEMB R b, 8 “Tenshin’ China
9 ‘Nankin—kibana’ China
10 ‘Kuro’ Taiwan
e " 11 ‘Shirobana-kurcba’ Taiwan
E2H IMEBMETEMBROXE 12 ‘Kuro-kaku’ Taiwan
13 “Taishin’ Taiwan
HA G DAINEDEEBFHR & DERIZOWTIZHA 14 ‘Shiro’ Taiwan
BASCARV. Ei, BB L B R RRAMRE BRI ig ‘%?éro—kﬂk;i o ﬁwan
s ana—kakurin— atwan
OV TIEZEH énrb\ffu\.. AH T, BREZHHLIV 17 ‘Kibana-kakurin-s’ Taiwan
IERRENOMBESHEITY, INMEOE BT E D 18 ‘Kibana-donyo’ Taiwan
IFEBELE. &bz, EBMIBETHRL OBGRER 19 ‘Shokushin-kibana’ Taiwan
U7 22 ‘Enyo-shirobana’ Thailand
21 ‘Senyo-shircbana’ Thailand
HHEBLUAHE z : ‘Kairan-T" ;Takii Seed Co.
HRLELY, EHURIIRLE ‘Chugoku-kairan’ ; Sakata Seed Co.
1. BIEHE ‘Kairan-M * ; Marutane Seed Co.
. it e e 74 ‘Kairan-Y’ ; Yamato Seed Co.
23.5C - 16 AR T CRFSW7tk, 1996 £2 7 ‘Kairan-K-A’ ; Kaneko Seed Co.

17~ 19 B ESERBF BB L. BT, .8 — ‘Kairan-K-B’ ; Kaneko Seed Co.



IX%a2T4 25 2: 2 (volume) DEATRELE
BELTEANTCEZI cmDBARI Ry Mz, 28T
SERLTITo. BEEELIC, £&RFE 20Ky Mo
DEER) Ry b, BEEEBEL 25°CUL EICERLEY
SABPRICEBNTRELE. 1~ 2MOKENERLL
SALEAIZ, 1Ry P42V 1EMKICRD L5 ICHE&
L. i, AEP6~THEBELEZ484BLUS5H
12, BREY-Y 15 BT o%, 1/5000 a DT FF—
Ry MZ1EETO2BHE LT, ENBEOY =AY
RIZHE L CEES L7z, BiEkE L 20 5 BRI, &
MEREBIE N : P - K=30:19 : 26kg ~ 10a DE|A THEH
LTz, ZOMoOBEEERT, BITICE- .

2. BMBAHE

TBIEFD 10 ~ 20 O/NEMRBRIEL T, 1 HfEZ & DB
R EFA-7-5 A L@rb6 ATAK, &RfE%E5EE
FTOWRIEHLT, TRERIEHBMEE, SENZTHE
B (LT, EZHER) BIUOERZHEAE L.
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Fig. 83. Illustration of relative position of floret
nodes, excised florets and pinching.
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EZ R EERB LB FZHEETIE, 10 LLED/NER
B Lt eEEY-Y TITEFA W (B 83 X).
IRBDIEFTHE, T CIBRE LN EETXTERL
T, BomBD I LEEMNOK 20 &2 RE LK, £
TEHFEREED & O ICHMBROREMT . BREEL /0
R 10L&, WEMVRE, ZOHFDREE

LI/NETRTIZEZR L. SHOFER, MESHE

BT, ZheRGEOTEHBEFRTZH Y EICHATEL
TINENSTERER-T, ZTh%SH L. BRSHE
ETiE, F—EETRE L TOARWEFRO/NED» LIER
FROTEHMLE. SHLEIEFTIL, BIESHEES
BEXBTADIL, BEELE/NNELELORIZT N
THIZ iz, SR UETEF TR, BRELZH Lk
BEO/NEEGR L%, BEMRBROKTERLE-
2. ZORIRBERINEBbh %K 4 BE%RIC
Y Rz,

3. BAAIEE

BEFOE 1 BEOERNTRCHW-BEZHRER L
LT, &#EAOCBIER2EARE L. &R TEEU
LFoEEPBEIEL-ZEEZ, TORBEOEYRER & L.
72, F1EORESBEIR, HREEE SHICHE
L.
SZHULTERFORMEER L 20, BE L2/ eSS,
1 BY7= 0 oBTE/NEERE b LTz, FH LR TR
BHFICBRRLTEB LS X, Z2ORFEE2ERLE.
FKONEIX, BIEGRSREESHEST LIV D,
HEEFRADOFK TIIEDOEE T, EHNFROKRTITADE
HFoRLE (B83M). B#ERLEZROMNEBELERLT,
KDL DORELFOIG, LY OBFEEIEFYY
OBTERE L. £, ERFBPIZBERNICITE
SREERGHE, Co—-AnNT AR EEERIERER
YEX, BHOERRR L BRERBOTHEEZOHD
LEHRRE L.

#® R

1. [E
EBRHMFOL=— VAU RREHRIRIT 14.2° ~
36.9CTHB LT (E84 ). IHHYRDOEHRIBOF
¥ME, 23.5CTH-oT-.

2. RfER, FIEA, REH
AEOERRE L, F 1 EOKESEIIE, O
RN SRO SHEIZZ TN, T72bYL, BIEW—
ABEIZIE, ‘HATFM, ‘BA4TUY, ‘HEK—A’,
‘FEK—B’', ‘R, AfEE, B, ‘Ri’'B
T EEATE O9RBEEW—BEIZIE ‘AL, ‘HA
ST, ‘BBBIVRERE 04T ONT.
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BIEY — AR, “HEFRE, ‘@, B BITE
TEWEE o 4 5%, Y— BRI ‘EIERKA—O’, ‘HIE
BAR—S BIWY ‘BRLER ©3RE TRicEEELE
TEEEDORE LW,/ YRS BREE 0 1 &Eicy
ez,

R BB BEREE W, YEOBRIX, BELE
LV LBEMof B8H). T4bh, WA, W-—
BE, W/ Y#, Y-ABRBIOY-B#EOYHIEA
13, FhFhiETE 67 ~89 Ak, 73~79 B, 75 A,
87 ~91 HEBLUN9 ~ 102 HEThHo7-. FEETER
X, W—ABO ‘K@ CTRLBEIRY, BT HiED
48 24 HThol. —F, Y—BEDO ‘EHEKK—~O’
& B S’ OEWBIERIIRLEL, #1028
%0582 B THoT-.

MEOBERIR L FERIC>E 1 HY 72D, 2.5 ~5.2
EThotz (BIBR). K& 01 HY%EY ORERL,
2.5 LR, Bb Dol W— AR, W—BH#, W
YR, Y-ABEBIUY-B#E01HY7%2Y0 OREK
X, #HEFhN 4.0, 3.3, 4.0, 3.5 BLO3.THThHoTz.

3. BEBLUK

R LT _RTORBICBNT, MEZHEITTRL
BRERZIMOBERZH TLETBHBREN 7= (886 ).
Tibh, BRZICBITIBREERESHO 1 XL 0
EFHIL, W— AR, W—BE, W/ YH, Y—AEEB
FOY—BEET, #NFh 8.3, 7.7, 8.9, 6.8 BIW
5. 2R Th-o7z. UL, ‘BEARE & ‘FEIRE 2k

Jun.29 ¢
Jun.19 }

Jun. 9
May30 | v
May20 }
May10 f {
Apr.30 ¢

Apr.20 b—m—a

Date

WETRTOSRBIZBNT, BIEESHTIMBRELY b
BEZHO 1 RLYVETEIID R Ro72. HIXE,
FEK—A' T, BERICBITAMEZHO 1547
DREIEIT I8 ~ 24 B L o), HRSHOBIEIX
FhXvbdin 6~ 11Kk o7,
BIERZRICRBITAMEZRIC T I ERZHORET
BoRTE, RERCEERNZONE (B6R). ‘R
BK-A', ‘AERE, ‘B, ‘B, HEEHK-O
BLUROERL T, #DHIHN 50 %k & €L 2o
e, ¥ ‘HATFM, ‘FEK-B’, ‘AL BILY
‘REAETE T, MESHEBERSHTOER/IILR
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Fig. 84. Fluctuation of mean air temperatures in the
unheated plastic house, and pollination
period.
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Fig. 85. Date of anthesis in the Chinese kales.

z : Refer to Table 34.

y : B Date of anthesis on the latest plant.
ADate of anthesis on the half plants (mean flowering time).
@Date of anthesis on the fastest plant.
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Number of seeds per pod

Table 35. Number of flowered florets per day.

Group No. of The mean number of Standard

cultivar® opened florets per day deviation
4 5.0 1.4
5 5.2 2.1
6 4.3 1.0
7 4.4 0.8
W-A 8 2.5 0.8
11 3.3 0.6
12 4.8 1.4
13 3.9 1.1
22 4.8 1.3
1 2.9 0.5
2 3.1 1.5
W-B 10 4.0 0.7
21 3.5 1.3
wry | 9 4.0 15
3 3.6 0.9
14 3.6 1.1
A 15 3.2 11
18 3.7 1.3
16 3.7 1.1
Y-B 17 3.4 0.8
19 4.2 1.1
W-AY 4.0 1.5
Ww-B 3.3 1.1
w/Y 4.0 1.5
Y-A 3.5 1.1
Y-B 3.7 1.0

z: Refer to Table 34.
v Average of each group

25¢ W-A ( ‘Shirobana-kuroba ’ )

25 | W/Y ( ‘Nankin~kibana’ white x white)
20

15
10
5

W/Y ( ‘Nankin-kibana’
yvellow x yellow)

010 8 6 4 21-1-2 -4 6 -8-1010 8 6 4 21-1-2 -4 -6 -8 -10

Relative position of floret node 2

Fig. 86. Number of seeds per pod by relative position of the floret node.
z : Refer to Table 34.
@ : Cross-pollination, O : Self-pollination
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Table 36. The rates (%) of seed number by self-pollination to that by cross-pollination.

Rates (%) of seed number
Group No. of
cultivar®* Flower polination Bud polination Mean on infloresence

4 84 62 72

5 55 38 45

6 a1 56 48

7 81 66 74

W-A 8 59 53 56
11 42 107 73

12 70 74 75

13 58 71 63

22 143 193 147

1 78 108 95

2 71 68 70

W-B 10 28 31 29
21 88 358 112

SWxW 65 103 83

Wiy l 9YXY 60 82 67
3 208 174 193

14 68 70 68

Y-a 15 48 106 65
18 68 60 67

16 26 90 44

Y-B 17 70 163 108
19 36 81 51

z: Refer to Table 34.
W xW: white petal plant x white petal plant,
YxY :yellow petal plant x yvellow petal plant.

@ 157

= Y o5 v= - 32.7+9.7x

2 10} = r =0.758 *

2 10 [P 7 o 77 & 20

gol 7 2]

8 g 15(

(3]

-g 5 %’ 10F

S o a

2 & 5T o "

E 0 ' 2 :
W-A W-B  W/Y Y-A YB z 0, 5 4 6

Group of Chinese kale Pod length (cm)
Fig. 87. The thousand seed weight in each type of Fig. 88. Correlations between the pod length and
Chinese kale. number of seeds per pod (*: P < 0.05).
z : Vertical bars show standard deviation. B : Cross-pollination,
Cross-pollination, O : Self-pollination

[_1: Self-pollination
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Studies on flower bud formation of Chinese kale
(Brassica oleracea L. var. alboglabra L. H. Bailey)

Nobuyuki OKUDA

Summary

A Chinese kale is one of the flower vegetables using
a flower bud, a flower stalk, etc., and has mainly
spread widely through southern China and the coun-
tries in Southeast Asia. The breeding and raising of
new vegetables are expected by the introduction of
Chinese kale with heat tolerance to Japan. For that
purpose, it is necessary to study the morphological,
physiological and ecological characteristics of Chinese
kale. Itis especially important to fully understand the
conditions of flower bud formation, since this is the
harvest object, and the formation conditions of seed for
a propagation.

Inthis research, I attempted to clarify the morphol-
ogical characteristics of the Chinese kale cultivar fir-
st. Subsequently, the earliness of an anthesis of Chin-
ese kale was investigated over several years, and the
relation between the morphological characteristics and
the earliness of an anthesis was considered. Further-
more, the influence of temperature exerted on flower
bud formation of Chinese kale under temperature con-
trol was investigated, and the influence of the low tem-
perature treatment term and seedling age which are
exerted on flower bud formation was investigated.

Moreover, the influence of the daylength and plant
growth regulator which are exerted on flower bud for-
mation of Chinese kale was considered. The possibility
of modeling which predicts the budding time and an-
thesis time of Chinese kale based on these results was
examined. Furthermore, the influence of the age of
the floret and the pollen parent exerted on seed forma-
tion of Chinese kale was investigated, and the condi-

tions of a seed production were considered.

Chapter 1 Morphological Characters

The chromosome in the root tip cell of the collected
Chinese kales and several Brassica oleracea was ob-
served. Moreover, I investigated the morphological

characteristics of Chinese kale cultivars.

In all the observed Brassica oleracea, the number of
chromosomes in a root tip cell is 2n=18, and variations
in the number of chromosomes were not examined.

However, in all observed Chinese kales, the number
of chromosomes in a root tip cell is 2n=18, and the dif-
ferences between cultivars were not compared by the
number of chromosomes. Therefore, it was confirmed
that the number of chromosomes in Chinese kale is
2n=18, the same as the number of chromosomes in
Brassica oleracea.

The 18 observed cultivars of Chinese kale were first
divided roughly into three groups based on the color of
the petals, thatis, the cultivar group (12 cultivars)
with white petals, the cultivar group (5 cultivars) with
yellow petals and the cultivar group (W /Y group) in
which plants with white petals and plants with yellow
petals were intermingled. The twelve cultivars with
white petals were further divided into two sub groups
; seven cultivars (W-A group) as which shrinkage by
leaf blade was regarded, and five cultivars (W-B group)
as which shrinkage was not regarded. The leaf of cul-
tivars with white petals was deeper green than that of
cultivars with yellow petals. The five cultivars with
yellow petals were divided into two sub groups ; three
cultivars (Y-A group) with light green leaves and two
cultivars (Y-B group) with deep green leaves, Thus,
all the cultivars were divided into five groups.

At the time of anthesis of the top inflorescence, the
stem diameter of cultivars with white petals tended to
become large than that of cultivars with yellow petals,
and the main stem length of the W-B group became lar-
ge rather than that of other cultivar groups further.

Moreover, in the cultivar with white petals, the di-
ameter of inflorescence was large, flower stalk length
was short, and the collection of buds became good. Ab-
out these five groups, the result depended on the clas-
sification result and cluster analysis by the morpholog-
ical character was in agreement. W /Y group suited
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in the middle of a cultivar with white petals groups and
a cultivar with yellow petals groups.

Chapter 2 Earliness of Budding and Anthesis
The tendency that the budding and anthesis day of

a cultivar with white petals become early for one to
four weeks as compared with a cultivar with yellow
petals. Compared with that after spring sowing, the
interval until budding was increased by 4 - 14 days in
cultivars with white petals, and 12 - 22 days in culti-
vars with yellow petals after autumn sowing. There
was no remarkable difference in budding and anthesis
day between the white petal plant and a yellow petal
plant of the W/Y group.

In cultivars with white petals, the node number
from cotyledon to flower eanged from 2-13 and tended
to be lower than that in cultivars with yellow petals.

Therefore, it was thought that cultivars with
white petals held a potencial for early budding and

flowering in comparison with the cultivars with

yellow petals.

Chapter3 Low Temperature Requirment for Flo-
wer Bud Formation
The influence of growth temperature, low tempera-

ture treatment term and seedling age on flower bud
formation on cultivar with white petals and a cultivars
with yellow petals was investigated. To investigate
low temperature treatment term and seedling age, two
cultivars with white petals and two cultivars with yel-
low petals were grown after sowing under 15 °C - 30 °C
fixed temperature condition, and the flower bud for-
mation process was observed. Consequently, the flo-
wer bud developmental stage of cultivars with white
petals and cultivars with yellow petals was divided
into eight stages including the anthesis time. Com-
pared with cultivars with yellow petals, the flower bud
of cultivars with white petals was earlier, and the flo-
wer bud was also formed under a higher temperature.

Furthermore, the temperature range of flower bud
formation was investigated using six cultivars with
white petals. ‘Hakushin’, ‘Kairan-T’ and ‘Kairan-
M’ formed flower buds at temperatures below 30°C,
‘Chugoku-kairan’, ‘Shirobana-kuroba’ and ‘Kairan’
formed buds at temperatures below 25°C. The pro-
cessing terms until flower bud initiation were 2-3, 2-5,

4-6, and 4-6 weeksat 15°C, 20°C, 25°C, and 30 C,
respectively,. Moreover, the number of nodes from
cotyledon to flower decreased at lower temperature,
Namely, the number of nodes from cotyledon to flo-
wers were 12.0-14.3, 12.5-17.4, 15.3-19.1 and 16.1-19.8
at 15°C, 20°C, 25°C and 30 °C, respectively. From
these results, Chinese kale was considered to show a
quantitative low temperature requirment for flower
bud formation.

When 3-5 leaves of six cultivars with white petals
and two cultivars with yellow petals developed, one to
five weeks carried out the low temperature treatment,
and it was grown at temperatures above 20-25 °C for
three weeks there after. In ‘ Hakushin’, ‘Kairan-T’,
‘Kairan-M’ cultivar with white petals, the flower bud
initiated during the low temperature treatment.
Moreover, formation of the flower bud was promoted
as the low temperature treatment term became longer.
Furthermore, the number of nodes from cotyledon to
flower in cultivars with white petals fell with the low
temperature treatment term for two weeks or more,
while that of the ‘Chugoku-kairan-Y’ cultivar with
yellow petals fell remarkably with a low temperature
treatment term of 4 - 5 weeks or longer.

Three weeks of low temperature treatment of the
hastened seed germination of two cultivars with white
petals under 5 °C dark conditions, and tha plants were
grown there after in a controlled greenhouse under a
fixed temperature condition (20°C, 25°C, and 30 °C).
Flower bud formation is promoted slightly by low tem-
perature treatment of the seed, and the node number
from cotyledon to flower fell a little,. However, com-
pared with growth temperature, the influence of the
seed low temperature treatment on flower bud forma-
tion is very small, and was considered inadequate for
flower bud formation by such treatment alone.

Seedlings of six cultivars with white petals, and two
cultivars with yellow petals underwent low tempera-
ture treatment (10°C/5°C, light/dark), thengrown
in the greenhouse for three - five weeks at 20-25 °C or
more minimum night temperatures, and formation of
the flower bud was investigated. The flower bud of
cultivars with white petals is promoted by low tem-
perature treatment from 1-2 weeks age, and that of
‘Chugoku-kairan-Y’ cultivar with yellow petals was
initiated by the low temperature treatment from 4-5



weeks age. In cultivars with white petals, the number
of leaves initiated after processing decreased as the
seedling age progressed.

Chapter 4  Effects of Light and Plant Growth
Regulators on Flower Bud Formation
The daylength was changed under natural tempera-

ture conditions and fixed temperature condition, toin-
vestigate the effcts of daylength and temperature on
flower bud formation in three Chinese kale cultivars
with white petals and one cultivar with yellow petals.
The daylength was adjusted in five stages from 8 to
16 hours under natural temperature conditions. Flo-
wer bud formation was promoted by the experiment in
autumn rather than that in summer. Moreover, al-
though there was a tendency that the rate of the flower
bud initiation and the flower bud developmental stage
become high with a long day treatment, there was no
effect of daylength on the number of nodes from coty-
ledon to flower. The daylength was also adjusted to 8
or 16 hours under the fixed temperature condition (15
, 20, 25, and 30°C). Flower bud formation was pro-
moted in cultivars with white petals and those with
yellow petals as it was by the low temperature treat-
ment. Although the flower bud initiation of cultivars
with white petals was not promoted by long day treat-
ment, flower bud development tended to be promoted
by the long day treatment. In the cultivar with yellow
petals, there was a tendency for flower bud develop-
ment is slightly promoted by a low temperature and
long day treatment. However, the number of nodes
from cotyledon to flower of cultivars with white petals
and cultivars with yellow petals was hardly influenced
by the daylength. From the above result, low tem-
perature conditions are the main factor influencing
the flower bud initiation of a Chinese kale, and it was
thought that the effect of a daylength was slight.
Furthermore, the effect of a uniconazole and a gib-
berellin treatment on flower bud formation of four cul-
tivars with white petals and a cultivar with yellow pet-
als was investigated. The rate of the budding and an-
thesis plant decreased with only uniconazole treat-
ment. In ‘Kuro’ which is a cultivar with white petals,
the budding day and anthesis day after only uniconaz-
ole treatment was delayed by 4 - 14 days and 8- 27
days compared with the control plot, respectively.

95

However, after two weeks of uniconazole treatments,
when a gibberellin treatment (100 ppm) was carried
out, ascompared with the treatment with uniconazole
only, the budding day and the anthesis day became 1
-9 days and 4- 20 days earlier, respectively. Although
a treatment with uniconazole only inhibited flower
bud development of ‘Chugoku-kairan-Y’ a cultivar
with yellow petals in the spring experiment, flower
bud development of ‘Kibana-kakurin’ did not differ.
There was no difference in the number of florets of the
top inflorescence at the time of anthesis and the num-
ber of nodes from cotyledon to flower was not remark-
able. It was thought that gibberellin and uniconazole
treatment affected development of the flower bud,
without influencing flower bud initiation in Chinese
kale.

Chapter 5 Prediction Modeling of Budding and
Anthesis Time
The effects of environmental conditions on bud-

ding and harvest or anthesis time of broccoli
‘Wase-midori ° and Chinese kale ‘Kairan-T’ were
investigated and analyzed statistically for multiple
correlations.

A high and negative correlation was found be-
tween the days to budding of broccoli and the air
temperature during the planting period. As data
for five air temperature factors, the integrated
mean air temperatures till 10 days and till 30 days
after planting and maximum air temperatures at
20, 30 and 40 days after planting were chosen
as variables. The calculated and observed numbers
High and
negative correlations were also found between the

of days to budding were compared.

days to harvest of broccoli and the air tempera-
ture during the planting period. Data for fine en-
vironmental factors, minimum air temperature dur-
ing the planting period, maximum air temperature
at 10, 20 and 30 days after planting, and integ-
rated mean air temperature till 40 days after plan-
ting were chosen as variables. The calculated
number of days to harvest from air temperature
conditions agreed well with the observed data.

A high and negative correlation was found be-
tween the days to budding of Chinese kale and
the mean air temperature and maximum air tem-
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perature during the planting period. As data for

air temperature factor, the mean air temperatures
till 28 days or till 35 days after sowing were

chosen as variables. The calculated and observed
numbers of days to budding were compared. High
and negative correlations were also found between
the days to anthesis of Chinese kale and the mini-
mum air temperature and mean air temperature
during the planting period. Data for two environ-
mental factors, the minimum air tempetrature and
mean air temperature were chosen as variables.
The calculated number of days to harvest based on
air temperature conditions agreed well with the ob-

served data.

Chapter 6 Effects of Floret Age and Pollen Parent

on Seed Formation
There are relatively few reports about Chinese

kale seed production, and to better understand its
production in Japan, we undertook this study. For
our study of seed production characteristics, cul
tivars of Chinese kale were obtained from Japan,
China, Taiwan and Thailand.

In the spring planting, the number of seeded
siliques per inflorescence was slightly, but not sig-
nificantly higher, in plants with white petals in
compared to that in plants with yellow petals. The
mean number of seeded siliques per inflorescence
of W-A, W-B, W/Y with white petals, and W/Y
with yellow petals, Y-A, and Y-B were 6.9, 6.8,
7.4, 4.0, 6.1, andb5.2, respectively. The number
of seeds per silique differed significantly between
cultivars, and many W-A types had more seed per
silique than most other cultivars, with the excep-
tion of cultivar ‘Kibana-donyo’ in the Y-A group.
The mean thousand seed weight of W-A, W-B, W/
Y with white petals, W/Y with yellow petals, Y-A,
and Y-B was 49, 5.7, 3.8, 3.3, 4.6, and 3.1,
respectively . In the autumn planting, seed did
not develop in any of the cultivars used. Differences
in seed production between Spring and Autumn
seasons were ascribed to unfavorable temperature
and humidity conditions during growth of the Au-
tumn sown crop. This resulted in all of the culti-
vars failing to develop seed. Because the growing
area of the plastic house was unheated, temper-

atures were low, and the use of thermal screens
in the closed plastic house raised the relative hum-
idity. The combination of low temperatures and
high humidity was unfavorable for seed produc-
tion. We showed that some cultivars of Chinese
kale were able to produce seeds in the warm or
Spring season and that seed production was grea-
ter in plant types with white flower petals, and
that white petal plant types were better suited for
seed production than yellow petal plants.

Chinese kale gathered from Japan, China, Taiwan
and Thailand were investigated on earliness and
seed development in self or cross pollinated flower.
Flowering of plants with white petals except for ‘Ta-
ishin’ and of plants with white or yellow petals (W/
Y type) was earlier than that of plants with yellow
petals. Anthesis of W-A, W-B, W/Y, Y-A and Y-B
73~79 days, 75
days, 87~91 days and 95~102 days after sowing, re-

type plants occurred 67~89 days,

spectively. Anthesisof ‘Tenshin’ which was categori-
zed as W-A type occurred earliest at 67 days after so-
wing, while that of ‘Kibana-kakurin-O’ and ‘Kibana-
kakurin-S’ occurred latest at 102 days after sowing.
The numbers of florets flowering per day were within
2.5~5.2and thatof ‘Tenshin’ increased in compari-
son with other cultivars. The mean numbers of florets
flowering per day in W-A, W-B, W/Y, Y-A and Y-
B type were 4.0, 3.3, 4.0, 3.5and 3.7, respectively.
In twenty one cultivars, the seeds were developed not
only by cross-pollination but also by self- pollination
even at the flowering stage. ~The mean numbers of
seed per pod by self-pollination at open flower of W-A,
W-B, W/Y, Y-A and Y-B type plants were 8.3, 7.7,
8.9, 6.8and 5.2, respectively. The mean numbers of
W/Y, W-A and W-B in which anthesis occurred earlier
than other types were slightly increased. The num-
bers of seeds per pod by self-pollination tended to be
reduced at the flowering stage in comparison with that
of by cross-pollination, the numbers of seed per pod
by cross-pollination was more than that by self-pollin-
ation, exceptin afew cultivars. The mean numbers
of seeds perpod in W-A, W-B, W/Y, Y-A and Y-B type
plantswere 11.7, 12.2, 14.2, 11.9 and 8.7, respectively.
The thousand seeds weight by cross-pollination tended
to be greater than that by self-pollination. The thou-
sand seed weights of Y-A and Y-B type were slightly



decreased in comparison with that of W-A, W-B and
W/Y types. There were significant correlations be-
tween the pod length and number of seeds and be-
tween pod diameter and number of seeds.

It is supposed that Chinese kales, whichis an ear-
lier type than other Brassica, has incomplete self-
compatibility.
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