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moX N F E R
s I1E M ]

L CHOBH B L 2 RAXRBEE T, IR LOZHRORRE P CET2AROFAYRAT 5
L, BREOBME R 2EREREELY S 5o RBNHRL L TERTH 2,

HWEHRZEARER LB, BN 3 hoRBOEIMC ., CETH, AHRTURELERRE (RERE) 569
BRERFBIEAOREIND, RRERROBEWEPCH LT, ILERARERROGETEAHR T L
PEEND, TORDO—FHEE LT, BHCIsMEL2BRS 5B EL, < OM, Ak (RS ROM@EE)
BT HEBHRINTETW D, TOFHEO—DL LT, GHREBHINFEOEBRHF CRERC VWD
ErERC L, THAAECETET2ROERCERRLMR/FT LB TELH, Tk, TOFHITHV UL,
FES 2 IR DD WM OREICTRZ DD T, ez BHBE LT THLTH, TOF A TWAIRE/R LTS
—L LTHEbNBES, M BIOM R TERME L ALT LoD nl, FREUBRAOHELEHS BT L
PR TEDHTH A,

COLSRBAKC ST, AR CRERAERBRAROBEVERTHL T vABROAN IV A KL T A Y T vw
MR E L, MRNEORFEBRYAMENS 5 TEBEEACERL, ThALOMAY b &, MHEBEORER
CEYBHOM, BEOBRKEYI,E S L ENE ULTERYT 5k

BIE BSELABORERCH L IFTEEDOHG M

BIE NIHAOREBE GBS

BEBTOEOLAEVWEVBRRBE VLA VAMRAF ~ VD in vivoe DFFEH U (Fig. 1,2), QEHRHEODOE, I
AB LUCBBHBOREBES L O ERY, QRN ERF LI ARORBELY BN E L THRERXTA S BAE,
ERPBEHETEOREIX LRI LBROBLAZBHEY, QEOREHH L BERE LOBFREHEL M LL
5 e %, .

B ENE 6 H T, MRXTHREBSELZEL, Bl LeRES Dy, BHEIZE C3, BREF OB L F1»
Fobh , BILLEREREV, i, REBEBRBEOMMNILL, early heart embryo (BB, EH) Ll EOKEH»E
BHHNB (Table 1),

Irradiation Pollination Irradiation Sampling stages’

Exposures stages stages (O) @)

t (6) (12
2% e —O —G@) —(»
L go——2 o
10KR(10KR/Day) - 0 0 - —0
or 1 O —(o)- —0
20KR (20KR/Day) 2 O—@C— —(— o
3 O—@0O— —— ©®
4 O —9-O— © e
5 O —&—0— —(>- —®
o O -@-0O— —© —&

Date of treatments
(1967) nn 11/V 18/V 23/ 29/V

* figures denote number of days after pollinations.
Figures in parenthesis denote number of days after irradiation.

Fig. 1. Schedule for the histological experiment in Kairyochitose (B. pekinensis}.

—29-



Irradiation

stages Schemes

_2%

DD & 6w

B Gz @ ©

Embryonic stages

Bud stage
(two days before flowering)

Bud stage
(one day before flowering)

Flowering stage

Pollen tube penetration stage
(one day after pollination)

Fertilization stage
(two days after pollination)

'zote stage
13 days after pollination)

“wo celled proembryonic stage
(4 days after pollination)

Proembryonic stage
(5 days after pollination)

Small globular embryonic stage
(6 days after pollination)

* Figures denote number of days after pollination.

Fig. 2. Embryonic development of Kairyochitose (B.
pekinensis) at irradiation stages.

Table 1. Embryonic development of Kairyochitose (B. pekinemsis) at 12 days after irradiationm.
Irradiation No. of Developmental stages or No. of cells of ‘embryo Degenerated
KR embryos Total
stages degenerated 1-3 4-7 8-15 16-30 31-60 61-100 101-200 EH-H ET-T LT embryo %
-1 . . .
0 7 7 0
1 10 10 0
2 2 12 14 .0
0 3 1 9 10 0
4 5 6 11 [
S 8 7 15 0
6 1 9 10 0
-1 6 3 1 3 3 2 21 54.5
0 6 1 2 1 2 2 2 7 23 26.0
1 7 1 4 7 2 23 30.4
2 6 1 1 1 9 18 33.3
10 3 4 1 7 13 30.7
4 1 4 2 14 21 4.7
S 2 1 12 1 16 12.5
6 1 2 8 11 9.0
-1 6 1 1 1 10 60.0
0 11 2 13 84.6
1 13 1 1 1 1 18 72.2
20 2 16 2 4 23 69.5
- 3 14 1 2 1 2 20 70.0
4 16 3 1 23 69.5
5 8 1 1 16 50.0
6
Figuresin the table denote number of embryos. See foot-note of Figure 2 for irradiation stages.

LT: Late torpedo embryo.

—30—



BEg, C M 120 T3, 20 KRR CREAOEME, MRBROBRELE, KAILOBLIGRHLN D,

Fuwe  RHMOBRA, O, THMEBOREsBZIN, HEN~2H 1 HERN TSCOoRLNE <, 2R
W5 ) - S SEA B & SBAERE & D BAERASHR L

MERr (BTE/AER LRF HEAA»HATE (B4 HE) ORNCHESBOLAT I0KREH K
gt aes (Fig. 8,4), ORI THIEG EHMU ECHE LA, 20KRAKN CIZH 18K (EHERE
W) o6 T (REKRE) OB TEHMULOREADEER XA,

% %
100
b
=
(e}
> 'H
I +
- o
- =
b E
H 50 3
Y= ="}
- ]
(7 [
o @
(72 w
6 5 4 3 2 1 0 6 5 4 3 2 1 0
Irradiation stages Irradiation stages
Fig. 3. Seed fc?tility of Kairyochitose Fig. 4. Seed germination of Kairyochitose
(B. pekinensis) following (B. pekinensis) following
r-radiation at different r-radiation at different
embryonic stages. embryonic stages.

F2H oS UOREBHA KRR

NIH AL EDORBBCN T AMEDERYIALMCT Bz, KT S RO L SHERI0BORERCH LT
S L (Rig 5), ~ 2% 4 LI E 6~ 15RO DR, Mis I OBHAKMORERE, EBRYK & O
@ B FRovk « T3 B BB AW 5 2T Uko

Ex Irradiation Pollination Irradiation Sampling stages
“Xposures stages stages () (@) ()
LokR 6} (9) 12} (15
* Lo\ (o} —{e o
(10KR/D) 5 O @ Q *C (——=C,
or
20KR g
10 Or— & — (s (A D———)
(20KR/D) -
Date of treatments ; .
v 20/1V 25/1V 1/V 10/V
(1970) 15/1 0/ / / /

* Fizures denote number of days after pollination.
Figures in parenthesis denote number of days after irradiation.

Fig. 5. Program of irradiation experiment with Kinpai (B. oleracea)



BEIIEREOBIE - BB bn, BROBLEZN S BERRH TE v (Table 2), MBEOEREBIEDH
r, 0K RI@H CRANEISHCLbe, RELDOTT2H, REXELTHE, Bl o clEsmBL, REny
DM REL e 5o 20K R CRIARNEISAC, T, BHREESGKSL, BB LSS AL v
HI0KRIAN &t KB L TREBRBE O M) I b5 72,

Table 2. Embryonic development of Kinpai (B. oleracea) at 6 to 15 days after irradiation.

Irradiation No. of days No. of No, of embryos Developmental stages or No. of cells of embryo
KR after ovules
stages irradiation observed degenerated (%) z-P 1-3 4-7 8-15 16-30 31-60 61-100 101-200 EH-H

o( 5)* 22 0 19 3 )
6(11) 21 0 10 4 7

0 9(14) 28 0 8 13 6
12(17) 21 0 3 5 9 4
15(20) 28 0 1 14 13
6 20 0 10 10

10 s 9 22 1( 4.5) 4 9 7 1
12 26 3(11.5) 6 6 6 3 2
15 33 3(9.0) 4 6 8 3 5 2 2
6 16 2(12.5) 7 7

20 9 24 1{ 4.1) 13 9 1
12 29 2( 6.8) 113 3
15 26 7(26.9) 9 5 3 1 1
0(10) 38 0 310 25
6(16) 23 0 2 16 5

0 9(19) 21 0 3 11 7
12(22) 16 0 4 12
15(25) .
6 23 0 8 15
9 21 2{ 9.5) 3 1 12 3

10 10 12 7 0 4 3
15 6 0 1 1 0 2 1 1
6 19 0 4 5 10

20 9 18 1{ 5.5) 3 3 11
12 25 3(12.0) 6 9 7
15 7 0 1 3 3

* Figures in parenthesis denote the number of days after pollination.

Figures in the table denote the number of embryos.

RO RS HRT & BB R OBGRTE, ~ 7 ¥ 1 Rk, RERENORR 0L, #EEH O RN & VKT
OREEXHLEH DRI LD oo,

T MIRBEOER, EBRHEXLEBEL TREEZRRHONLI 1,

ERBER | SR Y H B2 D, BREAX BRAOSLAEBH LN,
BFRELRF  ZHMEB LI0BHROMEH T, 10 KRE XK 20KRIAN O VR T4 4hili 03 5 R 806
THY. EHPCEWEAZHI0A %O 10KRIAS « L 5ACOBB®R I 2B E Lo 2,

FBIM NIBAEHhUSUDLEE

i0PEY DR RN ORI DWW THEE L (Table 3),

NI H AT, EHHLUEORBREDLND D, Hyv 7Y TRBAHL RIS,

FrEe 2 HOHERISRAEYCOL THBRY LB ORoSEMIEas, 1y 2y hhrccs, @
frofEBasvrvclvo &, QBFREERETG, 1y I v TRV, LD Eb, AvIvid~n79 4L
9 b MO B LT A S £ 2 B
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Table 3. Comparison of embryonic development between Kairyochitose (B. pekinensis) and Kinpai (B. oleracea)
irradiated at proembryo stage.

No. of days No. of No. of embryos Developmental stages or No, of cells of embryo
Varieties after KR ovules
irradiation observed dgganérated (%) Z-P 1-3 4-7 8-15 16-30 31-60 61-100 101-200 EH-H EH-T LT
0 15 0 1 2 1 3 8
6 10 15 0 2 1 4 6 1 1
Kairyo- 20 15 0 12 3
chitose 0 11 0 5 6
12 10 21 1( 4.8) 4 2 14
20 23 16(69.6) 3 3 1
0 21 0 10 4 7
6 10 20 0 10 10
20 16 2(12.5) 7 7
Kinpal = cmemme e e rme R e m e cm e ————
0 21 0 3 5 9 4
12 10 26 3(11.5) 6 6 6 3 2
20 29 2(6.9) 11 13 3

Baem E =

NIFABLON VT vED, REOH (RBTF~HK) LY LREOEALRERBHOF 2%, HHKROHE
B e BEEDHCIMERERCOR UBHEKRCH L UEZErE W &0, —MREAY I CBHIND
BEROEY, MBESBEMOBNZ L 2HREBZHC L 2ERS, HHREHIOXOFERE LTEF LN B,

Ay ZE, NI A EHBEL TERBREZENG w2, M ORRRBEEOX S, BEKOZEY (Av v
DOHBKREV) PHRABAPOEE (A I YORIPEREEBEIBEN) CL 9T eR8EFORE 3,

NIFALERY T VORCEARRULOBKRBAEF L CH, EHHMULIOESBLNZDT, EAREPEH
HUTEET RS Rl Ik,

wIE RSHRARORERICE X ITTEEOMELENMR

%ﬁ%@%rﬁ%%%@%,%ﬂxiﬁ&&ﬁﬂ(ﬁb-ﬁ&-ééﬁ&)@gﬁﬁ,Eéﬁﬁ;d&&@ﬁm
T OMBENRE L OMEBERT L,

FIW NIBA10OREEHLEN r ERY

R RE, RIS, RRBEOERFEORKMAE, ARENEE (Fie l) OBALRALTH 5,

ZRH  HEOSHEEENOERY, 10KREH T HEXKCHEERL TERsHEN, 20KRAH T {A A
Fiel, SHESEKR2MHEM TR LR E o, HR « PRELOZEAL, AERZCEEL T, BHET
SN O, BESER, SLCERIAPRIENORErBAnbhi, BHMK T, BHC I B8
Ruanigs 5,

EAE | ZHHECHBEL TRRBIC L 5B Dhh 5,

BB (DNA) | HEEX CIROREI LD, TEMT 545, 10 KREK TR 2OBN»Eh, 20 KR EH
T A AR THEBRIED L &, BLSA OB cRBROREBI Db 515,

ERMRYE . FAOEAMBS I FL R Uiz, SUDNARELRLA,

FLW HUoSUoORBEEBR  BES

FED ZEBOMING, MALED bR ok KOKRAK, KM (DNALRNA) 3, ~JF AL B,TE
DEGROBL NE LR, K ORER K S22
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~NTHA TR, EBREOBNATCESROONEDEHLT, 4v7 v TRELBDONALL 5T,
EAHEE, ~I ¥4 TRARELBREOM TENRSONAVOEHRLT, dY 7y CHREANETZTOBER
<, HHRORERZUR, - ; -

BB (DNA) &, ~n7F /D10 KRBH T3, AR LALBEOAERTH o, 0KREH TR LZOE
FREHL L TR A YT YT, BHEODNASHRASES, BHRC L VEFS AL,

PEDC EtrD, SEEOERERGTHE, AV I YOHAAIF4 LY BHRBCH L TRELZI R V&7

2 B
EAE E %
ﬁ%wxzﬁkﬁwﬂmm,%Twﬁﬁﬁmﬁwiﬁoﬁﬁﬁﬁ%%<,Esgaﬁmﬁﬁwu<ma®aﬁg
EATE, BRERNSDORL BEAK LEROBOSE L 9/h& v, BEAM TR, CALOZE>ONEORL

3, AL EnD, MMAIOEMFENE K, SSENEE AR, BrfbAsd, B, SHa8
@"lEtﬁ:ZJo

BV E HNBRLABORERICE L ITTEEDEERITRIME

BRGLEORE, B LOERORACNT s UBL HBOCRAT 520, SHMOERAR - BE~O

HRROMEAE—BRD M 5e & b, EHM RS X CRBLENBEERORMER > < & 65T 5,
BLIEW NIYAORERAN r REBH

K AT 5 (RHE  HRE) ©bLeREEEE R+ 2 UTO LS s,

FEOMIN : BITEY B ~29 2 BREH CHEsHL (Fig. 6)

FoOWE . REOLALHME LREN | (Fig. 7).

B O C BITES A~ 8 2 BRFEH CHENHE (Fig, 8)0

REHOME  BIENRE CETRENION2BETH 5,

10

frd
o

Cell number of embryos
as ratio to.control

-2 -1 0 1 2 3

Irradiation stages at 6 days
after irradiation

Fig. 6. Cell number of embryos of
Kairyochitose (B. pekinensis)
irradiated at different
embryonic stages.

—34—



10 1.0

5 3

o

A G .

g 5 2
© S 5O

v O

88 10KR o &
g £

2 o 8.9
30 fepe
3F i
TR s = 05
L n = v
"« e

i o

L v o5ow
> 0 20KR s o
o > -
SIS by B
© 0 £ .2
5%
~ o

-2 -1 0 1 2 3 4 5 6 -2 -l 0 1 2 3 4 5 6

Irradiation stages at 6 days after irradiation

Fig. 7. Transverse and longitudinal diameter of embryos of Kairyvochitose [E. pekinensis) irradiated at
different embryonic stages.
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Irradiation stages at 6 days after irradiation

Fig. 8. Apical and basal endosperm nuclei of Kairyochitose (B. pekinensis) irradiated at
different embryonic stages.

ULOBR»E, EA/RDBHBCH L TESMELE <, RCEIL, KEOBRTH 5,



B2E8 HUSUORBERBI r BES
MR CHT 2 TROUALEERER, UToLdcnms,
FEDOMIRE . 28 5 BEMRH THEX ., ZWI0AKROI0KRIAR ClEmas#n bR 5 (Fig. 9),
ok KRR T, ZHIOAE L) GEH 6 BEEN CRENHE Y. 20KRMAN T, THI0AHOR
BOHEARZKEORE CRELrH (Fig. 10 ),
FRIL O 28 6 HRFN TRE/E YV, 2 I0RED I0KRKN TREOEMAAS NS, (Fig, 11),
FEEED i | FH O EIIRA &,

10 (5) 10

0.5

10KR 10KR

Cell number of embryos
as ratio to control

20KR 20KR

@

9 12 15 6 9 12

Days after irradiation

Figure in parenthesis denotes number of davs
after pollination at irradiation stages.

Fig. 9. Cell numbers of embryos of Kinpai (B. oleracea)
following irradiation.
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oA 5.

> Fagy

2R oe 20KR
£
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6 9 12 15 6 9 12 6 9 12 15 6 9 12
Days after irradiation Days after irradiation

Figure in parenthesis denotes number of days after pollination at irradiation stages.

Fig, 10. Transverse and longitudinal diameters of embryos of Kinpai (B. gleracea) following
irradiation.
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Fig. 11. Apical and basal endosperm nuclei of Kinpai (B. oleracea) following irradiation.

BIWH NIYALENAUSDHE

BB TI 4 1 OHFRRERE LB (Table 4),

HYIYOHREHBOR LTERESE D 5

Table 4. Comparison of embryonic development between Kairyochitose (B. pekinensis) and that of Kinpai (B. oleracea)
at 6 days after irradiation.
Irradiation No. of Cell Transverse Longitudinal No. of No. of Transverse Longitudinal
les « number diameter diameter apical basal diameter diameter
Varieties KR ovules of of endosperm endosperm of of
stages observed embryos embryos fu) embryos (u) nuclei nuclei ovules (u) ovules fu)
Kairyochitose 0 [COMd 15 1.0+0.0 14.040.3 13.1+1.5 5.0+40.3 4.9+40.7- 461.9+11.3  583.6+12.5
Kinpai 0 (5) 20 1.240.1  14.0+0.4 12,9+0.4 2.6+0.2 3.240.1 - 656.3+15.1 1052,4+38.2
0 : 15 98.4+6.3 106.5+8.4  41.0+4.2  23.2+43.6 1004.4+47.8 1374,2445.9
Kairyochitose 10 4(10)** 15 63.5+10.3 76.0+7.0 71.8+46.6  33.7+45.3  30.4+3.2 1007.1%23.5 1332.5+41.6
20 15 7.1+0.6  33.8+1.8 32.4¥2.0  29.6+42.0  25.9+2.3 1100.1+29.1 1472,4+35.2
0 32 6.2+0.7 © 23.240.9 18.519.8 10.0+1.1 9.4+0.7  832.8+21.5 1230.0+43.7
Kinpai 10 s 32 3.2+0.7  21.4%0.6 17.7%0.6  6.9%0.7  8.8+0.6 817.2+35.0 1245.6%51,1
20 - 32 1.1+0.1  13.4+1.0 12.2+0.9 3.2+0.2 4.130.3 685.2+21.8 1134.0+31.1

*“Figure in parenthesis denotes the number of days after pollination
** Figure in parenthesis denotes the number of days after pollination

Figures in the Table denote mean values and standard error.

See foot-note of Fig. 2and Fig.5 for irradiation stages.
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BAED B =

BEOMRE « BRI, HHBNEC X, THBLTHDOT, ROLENHIEOMREOBL L EF>nw T s
BrbN LD, REFOEE, MHABSERAMAGTSH Y, BERTE, MROERIBOEEY TR, Ko
@ISO BTRBE N H3i8%T Bo ‘

NIFAEHY T YORMBMTEBROES RSN, UTOLSnArBEL TV EF2 b5, O
B%é@ﬁﬂﬂ@%%‘éfﬁ%@ﬁwll HHEHABREZNEOE QUBRASRANOES, OFBEY (BEMlk, EX, 5
£, B, REAL) , OE(ENRE (ZHERY, BR-BAHOBY) , OREHEO RV X ABE5 LT
WHLD LHEEIN D, i .

B, A, BHEMEORBEINOZELHBHCHIRINLY, Thiz 20T ERLAO»H® % T @M
OEE OEBEMOR-, @FHE, BAH, BEBRABOAEWEEEOBVWHREL LTEFHR L S,

B VE RSB %O EEE

NIFABIOA Y VYORCHERBEHR LA 5OM, BELBRTH D, BOWLWAWALT B R
HL, OEHMES VL ULORABECELESBON R, QBEBRORR, EROMR S L OHRE
Lo THOR B BHEMK (M HEk) K OBREORREBE ¥ MR X CHBILEMI B A TR o,

B8 NIVAOBHEORESL

EHHLULCELLEOB LN 2 E S LFKROREMbE, BEOEORAF I ERBOEALEORHF L v /b3
mofee BRI, 20KRAAHTH, £5KR 4 AMAN (83, 20(5)KRIEH) TLRELA (Fig. 12, Table 5),

E Irradiation Pollination Irradiation Embryo
xposure stage SOy (emm) excision ((®))

OKR ' : v O —©

. i 1** (10)

20KR 9* e O — —©

(20KR/D) 1 O— i ] ©

13 O— 2 ©

. v** (7)

20KR o o (> <D

) 11 O — ©

(5KR/D)

13 O — O]

Date of treatments ‘ :

(1970) ’ . 28/1V 2/V 11/V 21/V

Figures in parenthesis denote number of days after irradiation.
* Figures denote number of days after pollination.

Fig. 12. Schedule of thérexperiment made with Kashin and Kyoto No. 3 (B.
pekinensis).



Table 5 . Embryonic development of Kashin and Kyoto No. 3 (B. pekinensis) at embryo excision at 7 and 10 days
after irradiation.

Irradiation Excision No. of No. of Embryo Embryonic development
KR Varieites (days after ovules embryos  excision
stages irradiation) observed excised % EM LT T ET IH H EH G
0 (21) 30 30 100 17 13
9* 7(19) 98 21 21.42 7 0 12 0 2
ZOD) Kashin 11 7(21) 41 32 78.04 4 24 0 4
(SKR/ 13 7(23) 53 28 52.83 24 0 4
20 9 10(19) 42 40 95,23 1 14 12 0 13
OKR/D) 11 10(21) 43 39 90.69 4 23 8 0 4
2 13 10(23) 36 32 88.88 323 6
0 (21) 66 66 100 49 15 2
20 9 7(19) 150 0 0
SKR/D) Kyoto No. 3 11 7(21) 41 27 65.85 4 14 7 0 1 0 1
( 13 7(23) 36 31 86.11 6 22 3
20 9 10(19) 126 26 20.63 4 13 0 7 0 2
(20KR/D) 11 10(21) 41 34 82,92 8 16 7 0 3
13 10(23) 50 37 74.00 9 13 13 2

* Figures denote number of days after pollination.

Figures in parenthesis denote number of days after pollination at embryo excision.
Figures in the table denote the number of embryos.

FBLEH HUSOBRHBEORBSIL

EHFU L BELAKORE LCHORBES, BREE (45 KRO4 AKRKN) EH CERAMN (2
KRO1BMER) LybErof, MEHBHTE, EHANLCELLARORLEORENLE, HOCEOMH
28, RBEOFEALEORK LY /3 s o (Fig. 18, Table 6,7, 8),

Exposure Irradiation Pollination Irradiation Embryo
o stages ;M (o) excision ((®))
O —®
OKR O O]
O ©
I“ (24)
9* Oo——m :
20KR 1 ©
(20KR/D) O - -®
13 O— —— ©
v )
20KR 9 O * @
(5KR/D) 11 O———mim ©
13 O— - ©
O~ O—O—0
okR ® O—0—0
O —O—0—0
i 5)  uy  as 50)
20KR 18 O m,—OO—C0—C——0
(20KR/D) 20 @, ——O— O 20
22 O B—0O0—0 O— -©
w2 (N 12 en
18 e
20KR O— - O—0O0—© o
{SKR/D) 20 _-O—C0—C————

o
22 O— OG- ¥c

28/1V 2/V 11/v 20/V 25/V 30/V 4/VI 20/V1

bDate »f treatments
(:370)

Figure in parenthesis denote number of days after irradiation. *Figures denote number of days after

pollination. **Numerals denote duration of irradiation in day.

Fig. 13. Scedule of the experiment made with Kinpai, Kairyofuji, Watanabeseiko No. 2 and Nakawase No. 2
(B. oleracea)
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Table 6. Embryonic development of B. oleracea at embryo excision at 21 and 24 days after irradiationm.

Irradiation Excision No. of No. of Embryc Embryonic development
KR Varieties (days after ovules embryos excision
stages irradiation) observed excised % IM M EM LT T ET LH H EH G
Kinpai 30 30 100 4 24 2
Nakawase No. 2 (3%) 77 77 100 s2 25
0 Kinpai 30 30 100 6 18 6
Watanabeseiko No. 2 (35) 78 78 100 24 3713 4

Kinpai

Kinpai . 2 S 3
Watanabeseiko No. 2 g (33) 51 28 54.9 4 15 5 2 2
Nakawase No. 2 63 16 25.3 5 5 4 2
20 Kinpai 31 19 61.2 10 4 4 1
R/D Watanabeseiko No. 2 11 21(35) 55 44 80.0 217 18 37
(SKR/D)  Nakawase No. 2 146 55 37.6 2511 11 8
Kinpai 40 25 62.5 10 6 5 4
Watanabeseiko No. 2 13 37 . . . .. . .
Nakawase No. 2 (7 56 33 $8.9 911 8 2 1 2
Kinpai 52 8 15.3 15 2
Watanabeseiko No. 2 9 (33) 60 47 78.3 10 7 8
Nakawase No. 2 149 20 13.4 4 8 4 2 2
20 Kinpai 141 52 36.8 20 21 10 1
20KR/D) Watanabeseiko No. 2 11 24(35) 71 56 78.8 3 2126 5 0o 1
( ‘Nakawase No. 2 101 30 29.7 2 11 9 6 2
Kinpai 60 25 41.6 10 7 8
Watanabeseiko No. 2 13 37) 61 49 80.3 5 2113 6 2 2
Nakawase No. 2 74 37 50.0 1 2 10 10 5 5 2 2
*Figures denote number of days after pollination.
Figures in the table denote the number of embryos.
Figures in parenthesis denote number of days after pollination at embryo excisionm.
LM: late mature embryo. M: mature embryo. EM: early mature embryo. LT: late torpedo embryo. T: torpedo embryo.
Table 7. Embryonic development of B. oleracea at embryo excision at 2 to 27 days after irradiation.
Irradiation Excision No. of No. of Embryo Embryonic development EH**
KR Varieties (days after ovules embryos  excision
stages irradiation) observed excised % IM M EM LT T ET LH H EH G %
Kinpai 2(23) 50 38 76.0 7 31 14.0
Kairyofuji 37 14 37.8 212 5.4
Kinpai 7(28) 44 26 45.4 11 9
Kairyofuji 1¥ 22 6 27.2 303
Kinpai 26 17 65.3 2 7 7 1
Kairyofuji 12(33)
Kinpai 27(48) 57 48 84.2 27 3 3 6 3 3 3
Kairyofuji 24 17 70.8 1 4 4 3 4 1
Kinpai 2(25) 50 36 72.0 4 1517 38.0
Kairyofuji 26 10 38.4 2 8 7.6
Kinpai 7(30) 50 37 74.0 823 6
Kairyofuji 18 12 66.6 1 7 4
20 Kinpai 20 30 25 83.3 4 8 6 7
(5KR/D) Kairyofuji 12(35) ..
Kinpai 27(50) 54 47 87.0 24 9 4 6 1 2 1
Kairyofuji 33 24 72.7 4 2 3 9 3 3
Kinpai 2027 31 22 70.9 S 2 6 9
Kairyofuji 25 15 60.0 1 3 10 1 56.0
Kinpai 7(32) 36 24 66.6 2 7 8 7
Kairyofuji 37 22 59.4 3710 2
Kinpai 22 30 20 66.6 9 S 33
Kairyofuji 12(37) .
Kinpai 27(52) 48 48 100.0 27 9 3 6 3 6 3
Kairyofuji 25 20 80.0 6 3 1 34 3

* Figures denote number of days after pollination.

F_%gures in parenthesis denote number of days after pollination at embryo excision.
Figure in the table denote the number of embryos.
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** Embryos developed more than early heart embryo.



Table 8. Embryonic development of B. oleracea at embryo excision at 5 to 30 days after irradiation.

Irradiation Excision No. of No. of Embryos at Embryonic development EH**
KR Varieties (days after ovules embryos excision
stages irradiation) observed excised % IM M EM LT T ET LH H EH G %
Kinpai (23) 28 17 60.7 17 0
Kairyofuji ‘ 50 39 78.0 8 31 16.0
Kinpai 50 34 68.0 6 13 15
Kairyofuji Lo+ 10(28) 50 18 36.0 4 14
Kinpai 5 (33 57 38 66.6 3 16 13 6
Kairyofuji 15(33) 50 6 12.0 1 03 2
Kinpai 26 13 50.0 2 7 1 3
Kairyofuji 30(48) 76 8 10.5 s 2 1
Kinpai 5(25) 44 28 63.6 s 23 11.3
Kairyofuji ” 50 43 86.0 4 2811 64,0
Kinpai 10(30) 50 44 88.0 2 726 9
20 Kairyofuji 20 ) 40 27 67.5 15 11 1 65.0
(20KR/D)  Kinpai 15(35) 69 58 84.0 16 22 16 4
Kairyofuji 45 14 31.1 311
Kinpai 48 37 77.0 1 51 10 10
Kairyofuji 30(50) 69 15 21,7 8 2 1
Kinpai 5(27) 34 24 70.5 14 10 41.1
Kairyofuji 50 47 94.0 617 18 6 82.0
Kinpai 50 46 92.0 3 22 6 6 9
Kairyofuji 10(32) 45 28 62.2 114 13
Kinpai 22 15(37) 47 42 89.3 220 16 31
Kairyofuji 30 13 43.3 1 111
Kinpai 44 39 88.6 8 6 2 9 9 4 1
Kairyofuji 30(52) 61 20 32.7 3 2 6 9
* Figures denote number of days after pollination. ** Embryos developed more than early heart embryo.
Figure in parenthesis denote the number of days after pollination at excision stages of embryos.
Figure in the table denote the number of embryos.
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Table @ . Comparison between B. pekinensis (P) and B. oleracea (0) in embryonic development at embryo excision

Irradiation Excision No. of No. of Embryo Embryonic development
KR Varieties (days after ovules embryos excision
stages irradiation) observed excised % MT LT T ET H G
Kashin 25 25 100 23 2
Kairyochitose () (16} 5 25 25 100 25
Kinpai 30 30 100 4 24 2
Kairyofuji (O (30) 10 28 28 100 17 11
Kashin 25 25 100 13 12
Kairyochitose(P) (21) 10 42 42 100 37 5
Kinpai 30 30 100 24 6
Kairyofuji () (35) 15 27 27 100 5 2
0
Kashin 25 25 100 20 S
Kairyochitose ) (18) 5 20 20 100 17 3
Kinpai 30 30 100 2 17 11
Kairyofuji (O (32) 10 30 30 100 16 11 3
Kashin 35 33 94.2 32 1
Kairyochitose (F) 23 10 25 25 200 25
Kinpai 30 30 100 30
Kairyofuji () (7 15 30 30 100 30
Kashin W - 18 14 77.7 111 2
Kairyochicose(P] 11(16) ? 44 23 52.2 13 10
Kinpai 50 44 88.0 2 42
Kairyofuji (@ 20030 10 40 27 67.5 2 1
Kashin 53 42 79.2 3 3 3
Kairyochitose(P) Hen 10 71 50 70.4 10 36 4
Kinpai 69 58 84.0 16 22 20
20 Kairyofuji © 20(39) 15 45 14 31.1 14
(20KR/D) Kashin ™ 13018) s 37 36 97.2 31 5
Kairyochitose 50 41 82.0 15 23 3
Kinpai 50 46 92.0 3 22 21
Kairyofuiji (] 22(32) 10 45 28 62.2 28
Kashin 80 78 97.5 4 26 45 3
Kairyochitose(P) 13(23) 10 51 46 90.1 7 25 14
Kinpai 47 42 89.3 2 20 16 4
Kairyofuji © 22(37) 15 30 13 43.3 1 12

Figure in parenthesis denote number of days after pollination at excision stages.
Figure in the table denote the number of embryos.

* Figures denote number of days after pollination.
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Table 16. Shooting and rooting of embryos of B. pekinensis cultured after irradiation at different embryonic
stages (BLADYES' medium containing Kinetin 1 mg/1 and TAA 2 mg/l).

No. of days Excision Irradiation No. of No. of No. of No. of No. of
KR after Varieties (days after embryos embryos lethal
culture irradiation) stages cultured developed (%) shooting callus  embryos
0 25 13(52.0) 13(13) 0 12
20 9* 18 0 0 0 13
7 11 22 1{4.5) 1(1) 0 21
(5KR/D) 13 25 25(100) 0 0 25
2 Kashin 9 26 6(23.0) 1(1) 5(0) 20
20KR/D) 10 11 20 4(20.0) 1(1) 3(0) 16
( 13 25 6(24.0) 3(2) 1(1) 19
0 50 23 4(17.3) 3(3) 1(0) 19
20 7 ) : ; 0 7(0 18
(SKR/D) 11 25 7(28.0) 7(0)
13 25 2(8.0) 0 2(0) 23
2 kyoto No. 3 9 23 0 0 0 23
10 11 25 3(12.0) 1{1) 2(0) 22
(20KR/D) 13 25 6(24.0) 1(1) 5(0) 19

* Figures denote number of days after pollination.

Figures in parenthesis denote the number of rooting.

F6EH HUSUvOBHEOERE

EEO MK - BB, BHERL, EREEO 220(5) KR RHOF 0KREROBHERL Y &H\v, XEROR
DRETE, W I~13 AROEFECHROBHOLS . ZH 18~220kOREOHEA CHEOMRHA L v bEXED
B, 1B, BB IIHE o7z (Table 11. 12. Fig, 14) ,

Table 11 . Shooting and rooting of embfyos of Kinpai (B. oleracea) cultured after irradiation at different
embryonic stages (BLADYES' medium containing Kinetin 2 mg/1 and IAA 2 mg/l).

Irradiation No. of days No. of No. of No. of No. of No. of No. of
KR after embryos_ embryos lethal plantlets
stages culture cultured developed shooting callus embryos after culture
10 28(15) (D 0 7 0
0 13 20 35 28( 7) 11( 8) 10( 4) 7 0
30 27 17(16) 10( 4) 8 0
40 27 17(16) 10( 4) 8 16
10 7( 2) 0 0 3 0
N 20 7 0 7( 4) 3 0
1 30 10 7 a4 3( 0) 3 0
40 7 4( 4) 3(0) 3 4
10 11( S) 0 0 1 0
13 20 12 11 3(3) 8( 3) 1 0
30 11 4( 4) 7( 3) 1 0
40 11 4( 4) 70 3) 1 5 -
10 10( 1) 0 0 15 0
20 18 20 25 10 0 10( 1) 15 0
{5Kik/D) 30 10 0 10( 2) i5 [§]
40 8 2 6( 2) 17 3
10 45( 2) 0 0 19 0
20 20 64 40 0 ?2( 4) 24 0
30 38 3 350 7) 26 ]
40 37 4( 1) 33( 6) 27 3
10 21( 7 0 0 4 0
20 20 2(2) 18( 5) 5 0
22 30 25 19 5( 3) 14( 5) 6 o
40 18 5( 3) 13( 5) 7 8

*Figures denote number of days after pollination. Figures in parenthesis denote number of rooting.



Table 12 . Shooting and rooting of embryos of Kinpai (E: oleracea) cultured irradiation at different embryonic
stages {BLADYES' medium containing Kinetin 2 mg/1 and IAA 2 mg/l).

Irradiation No. of days No. of No. of No. of No. of No. of No. of
KR after embryos embryos lethal plantlets
stages culture cultured developed shooting callus embryos after culture
10 37(11) 0 0 4 0
- 20 a 35 13(12) 22( 5) 6 0
30 34 17(16) 17( 2) 7 0
40 32 19(18) 13( 0) 9 20
10 42( 8) 0 0 7 0
n 20 49 41 2(2) 39(17) 8 0
30 40 4( 4) 36(23) 9 0
40 36 4( 4) 32(22) 13 22
10 (1) 0 0 2 0
13 20 5 2 10 1) 1( 1) 3 0
30 2 2(2) 0 3 0
20 40 2 2(2) 0 3 2
(20KR/D) 10 54( 3) 0 0 17 0
18 20 7" 53 7( 4) 46( 7) 18 0
30 51 8( 4) 43(12) 20 0
40 48 9( 5) 39(11) 23 16
10 99( 3) 0 0 17 0
20 95 6( 1) 6( 9) 21 0
20 30 116 87 6( 3) 81(13) 29 0
40 69 7(4) 62(13) 47 18
10 76 (10) 0 0 9 0
2 20 85 70 7( 3) 63(14) 15 0
30 68 18(14) 50(10) 17 0
40 56 18(15) 38( 9) 29 26

* Figures denote number of days after pollination. Figures in parenthesis denote the number of rooting.
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Days after culture

Figure in parenthesis denote number of days after pollination at irradiation stages

Fig. 14. Comparison between irradiation stages of shooting -and rooting of embryos in Kinpai
(B. oleracea) cultured after irradiation at different embryonic stages.
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Table

13 . Seed fertility and germination, embryo excision and plantles after culture of B. oleracea following

irradiation.
Irradiation No. of No. of No. Seed Seed Embryo Plantlets
KR Varieties fertility germination excision after
stages ovules seeds seedling % % % culture %

9% 191 78 65 93.1 80.2 100

0 11 117 109 92 93.1 85.9 100
13 184 164 (89) 82 89.1 92.1 100 45,7
20 9 123 0 0 0 0 21.2 25.8
SKR/D) 11 72 3 0 4.1 0 61.2 50.0
( 13 54 8 0 14.8 0 62.5 1.6
20 9 145 2 0 1.3 0 15.3 48.7
11 122 s 0 4.0 0 36.8 44.8
(20kR/D) 13 130 12 0 9.2 0 41.6 41.6

Kinpai 18 191 78 65 93,1 80.2 91.2 .

0 20 117 109 92 93,1 85.9 100
22 184 164 (89) 82 89.1 92.1 100 59,2
20 18 85 4 0 4.4 0 71.6 12.0
SKR/D) 20 59 9 0 15.0 0 81.3 4.6
( 22 132 32 0 24.2 0 81.2 32.0
2 18 62 2 0 3.2 0 63.9 22.5
2OkR/D 20 145 19 0 13.1 0 83.2 15.5
(20KR/D) 22 58 12 0 20.6 0 90.0 30.5
0 18 180 160(50) 37 84.2 74.0 100 54.3
20 18 82 12 0 14.6 0 50.0 33.0
Kairyofuji 20 137 27 0 19.7 0 70.5 21.4
(SKR/D) 22 52 0 0 0 0 67.7 22.5
20 18 102 0 0 0 0 18.1 3.4
° 20 58 0 0 0 0 36,3 1.1
(20KR/D) 22 82 0 0 0 0 44.8 2.7

* Figures denote number of days after pollination. Figures in parenthesis denote the number of seeds sown.

MAROBTRFIRIOPTH Y, BEKOEHHULOEORLERHROBEREL Y bEr 5 2 (Fig. 15),
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Embryo excision, seed fertility, seed germination and plantlet after culture

£S: embryo excision F: seed fertility G: seed germination P: plantlet after culture

Figures in parenthesis denote number of days after pollination at irradiation stages.

Fig.15. Comparison between irradiation stages in rate of each scurce in Kinpai (B. oleracea)
irradiated at different stages.
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