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FEEM SR AR SN S 2 Lo s TRBESE BER) @bz s o bAtTE S, i
AT IS B THEAMIC L S3REICE S < o505, oA EE s LS
PR AR TR LR A e X e, AR A LR A s e xS R,
PR T £ A FL R FIS 20 TR R T a S f i, S oM R 5 T
M bR, FE R SO T RO SR T & DA TR B A AL # s, Nitzsche
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1. RO EHR

bufboswm HAC 0TI, HEC L - TER LR S0 8 orbiidoi B oid LivoT,
W fegdc b, AT ST S 2 L AHETHL, ChAETIZA 4 AP PEER S LnIcHE
AR 2 LT, 48R ~121 0 (Kao and Kasha 1971), 14~2101# (Jensen 1974),
151808 (Adamski 19790, 11200 #: (Pickering 19800h) &3y a2 b, BRMALY -SE LTuw
Ly, 50— A 202 bulbosin i E S HHE A 1T s o0 i b 3 VARG e ER A0 W s A
Dizthiz, U e B e SR

HHELUHE

VHEI98TIE 1 ~ 2 Ho RNzl N CiT o fce E=ndcdtils (=o / d=n Fx s & 4
Fir &, BfLa a4 B bulbosam (E Ch2920 L GBCI7-1 (W Fhodgn=2x=14, Rl .r-l!:"é-,?t gE
FoWFRE L 0 i) s, Vst E B bulbosmn O3 EE A B s & 'EI?JJI','}FL
T Fig, 2— 146230 Tizai Uiz, W, bufbosiem FEECERPEFRIEAS S <, — etz BRIz L& 8
PR a @ 29 A (Kaoller and Highkin 19601, & 20, 5T, 8B ET 8 MR L
PREfT=iof, 15TH b, 2405 0L esiisg ol e S ok Uiz,

LRI CIE Pickering (18800) @ Hikic X =748 1. balbaswn ¢ E¥ 2 BT HOL 6
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W h OISR At A 200, 18I D Eic T 29 TR T/ IRt M 7 1, 118, 120,
130 HE LA HEE Uiz, hEnogiineg o B S o il (Ba ds L8 R-M-15) (C
Lz AR it Jonsen (1976) @ L odoh, AP T EEInE o S fE o
T L, RS TR, 26°C, SEUEMIRIZEENIE L W 2000, W) 25 CORMERMFICHR Lis,
MahsihiEiE 2 ~ 3 et Lt -2 a5 =111 1 OEETAREEYE b
IR LAz, s, Wb B mila & i e o it o iz 0 C ook 2aas il
BL, =2/—-n §E=3: 1Ol CHRLZE Terd— 3 vy THREL, SL2ELEIC
LaTT VAT — b2 LR S @es L.



Fig. 2—1. DMssccted embryes at 11 days
alter pollingtion.

(lefl @ selfed embryo, right:
hybrid embryod
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i Sz itk 20T, R AICH100M ik
aegitdl LAl Lk oA, i
hiton=7 Th-iz (Fig. 2—3); k£, 3k
”wMW%JEEHLmM'tM%#MWMHH

CTdtd, MEeRHBHEET T4 L850
kT slizbhi, uhlc 2—1i= H,

baethoston B WEEE, 10 S oA RS 00 S e s
Arthds (IR B B dr B D 2R R
f'='-?;1Ha-!E"'J, {E0eEE A Lo I badbosion
Fobitis 2 PREEA M Az, B E b A ML ~13
Aol kbl S Td oo (Table 22 2
T, PRI S i o & PR MR e 2
filiey i bufbosum o ERRCCE Lz, YR
b AF bR 7T ~TAH TS ESR 9~63.3% T o
Foo TRBENNS {4 B b Ao B RS L Tk 80k
LizHady, PR ffiHiEii10.0~23.3% L=
Aaadtdn ), RN 12 TR IR L B A
e GRS e o dn, SR T OO IR
IR L, 14 H eyt LB L v e & P R R
HEAMEA s R OREI S L Ao S s
e v ] 50 B PRl B vl e 11 LR B G S R
ia Ei AR EFEUECIRA b e 2L L
T, E{keikiTi B iR E T LT LES
Lo, E—skdficds
LS el e s k< PEH A7 W B il Aol g
MBS Sl —12HTh ot ZORIES
fuEToii e LT, HiELeodiEs e ik

fElzmid T

Z e BRI

Fig. 2—2. Embryo calturing in the medi-
umbia + 1 week, b2 weeks,
¢ 3 weeks and d 4 weelks

after embrvo colturing) .

Fig. 2=3. Recenerated baploid plants
abtained from barlevy s .
hrftrazim 6-7 weoka alter
embrvo culturing (a). and
rool Lip chromosomes of g
regenarated plant having 7
chromosomes (b).




Table 2—1. Emhbryvo formation and haploid production efficiency in different
diszection date after pollination

Dave Mo, of Mo, of embryos Mo, of haploids Mo, of haploids
after florets obtained/ Mo, of obtained,/ Mo, of obtained/No. of
pollination pollinated florets pollinated florets pollinated flereis pollinatoed
%

7 G 63.3 12.1 19.0

11 434 a6.9 23.3 40.9

12 1198 209.7 22.0 36.9

13 529 7.3 L6 25.4

14 M1 56,49 10.9 19.1

Table 2—2. Embryo formation effliciency [rom crosses between
I vl gare and two B, befbosren clones

H bwdboswm Mo, ol Mo, of Mo, of embryvos
Year clone florets embrvos  oblained/Mo. of

pollinated  abtained  florets pollinated

%
Ch2bia 1223 33 42,8
1986
GRCTT-1 494 228 36.2
Cl2520 1554 al 588
1987
GBCTT-1 607 3l 7.8

Mote: Embryos were obtained 11-13 davs after pollination,

2. BEEEE(C& DR OEREG L URAEEINE

ot s b H . bedboswm L ORI L - TR IR RS L, BREEMEINT 2300 AT
Bk LT, Jensen (1976) 03 3 filEiaOEDERL & 2 Ao i s Dol a 4 o 64 Kl
ELTHT S, £0C, E—ak#rE H. bulbostn Q48NS BEEHE AR L A28,
FEnbLohint 2 OB ERE D RF-CPE el e Uiz, 4, P L
2, 2 AR LR RS I R A A2 s ook & v O e o RO iEmd s L O
RIS A E TS (Subrahmanyam and Kasha 1973, Thiebaut and Kasha 1977,
1978, Ho of al. 1978, Adamski 1979, Thiebaut ef af. 1979). L#ivL., Fhbiiuvhd A
[ S S B 2 - |4l WG & 2 RIS O T - Ao B v L M e B R A 2 1, BT
R i A E A R s T i, F2T, ATASESEEMNMCERT A C
S, PEUERE A R A A sh o A A S A et Lz,



HHEEsLUHE
198G & 198700 2 EICE VT H. bulbosw
2 G (Ch29204s 5 0F GBCTT-1) b y—ank
L DU k- T b hio bR w11 ~130 #
Iz L, BS (Gamborg ef al. 1968) = L1F
R-M-15 (Islam and Sparrow 1974 B i
L Fo. ez Rl i o — e B f ek 1986 41 1
3%k, iHET—nFTy, BEE¥_E =
wd = W LI ARLL, 198 EE (=i A=
AFxHEF-H P Tholo, FHEEHK
% e TR I N DA N fol e B sol
19885 (Ol —40% < Bl =425 B,
(&A1= il 4958 il (A4
104 % 35 #&15) Friz H. bulbhosmn (Ch2920) %
LR LT e L B A R
FICERREL, #9140 %2 %O DMSO, #10§/
1,000ce 62 Tween-205 50 L720.05% 0 o 4 &

Fo IR0, S ERNEE AR L (Jensen Fig. 2—4. The colchicine treatmenl at

v : i 34 tiller stage for chromosomes
1976), e@boftneir >/ (Fig. 2—4). doubling {a). and root tip
BEEpE 2 A12E 53 A4 HET& 3 H23E 0 chromosomes of a doubled
B M M e SR e

AR LY LT ot ) Bl e [ i S g L R
T Atk 7 ARB T o,

HR&E L UEE

Table 2—3IC19867F = 19875FIC 450 & IS0 R iS4 0t Lo, #I5R IS L ks
B P Sk, 19861ELE BS £321.0%, R-M-IS CIR26.0% CHH A0l - T A,
108TIECIERIEMI5 4%, HFAM A% cRSTHE -2, Zhaafliit Barley Medium 2%
Linsmaier and Skoog Medium & Hit s Adamski (19790 @585 archid agar medium % Hi
Lifz Simpson and Snape (1981) @i L o fin Tuvdz. £72, Jensen (1976) g LAz C-17
HENHTOET L D2 o7z, B RO i C-17EIE S i L & RS-0l -
Thotr, LizdiaT, RHEBETH L 2 fiEoE i & 4 o 8 fp o oty s i Ehston T ke il
A EHLERDL, A4 L FORRERIZE O T Norstog (1065) TR & 6o e & Ay
bz B THA Fill<Th S, WHEEECRER LzRomeEdli—gLiauvl A Flilahs o
£, FaAlsgRs oSN EnoRblliveRs A oRBErFEBR E 0B L LA
BRAOT, BRIz owW TR T Lisd o,

Table 2—41Z 198810350 2 B8 I PR I @ Mo 20T Lo, Bfic ka4 6h
fobffE s e F ML E S A, FHEOM . S~TIAR THENAFHEHNL LB TER, -
D5, 2AEFVRIRE 3 HA HECIET 28 S N7 4~79.8% S M <, S
®12.2~21.0% LS LM ST NAHE SRS o LA TER: LA L, 3 A3 22

—_ B -




Table 2=3. Haploid production efficiency on dilferent medium

No. of Mo, of Mo, of haploids

Year Medium cm brvaos haploids  cblained No, of

cultured obtained  embryos cultured

%
B5 533 112 21.0
1986
R-M-15 218 a7 36.0
Ba [E 260 KA
1987
R-M-15 53l 182 3d.3

Mote: Embryos were abltained 11-13 davs alter pollination.

Table 2—4. Chromosome doubling efficiency in different treatment date

MNo. of doubled haploids obtained. Mo, of doubled
Moo of Moo of haploids treated haploids ebtained,
Mol zare haploids — MNo. of Horels

treated  Total  before har.d after Mar. 23 pollinated belore

Mar. 4
"
Fiilyushu Nijo 10 x 230 A48 T9.8 13.2 21.0
Kanto MNijoe 25)
Friyoshikei 19 x 154 3.4 73.4 e 16.8
Kanto MNije 25)
Frilvushu MNijo 10 x 146 A53.4 T4.2 6.3 12.2

Yoshiker 15)

F PR Lo S i e e 313, 2~ 36. 2% L RRICIE F Lz, Chida e 3w ALBERE I o
i fboidrd s ESa bhiz, Simpson and Snape (19810 GERGHH 44 L oS
FEfriiicBVLT, a4 F v L5 R0 MEmEERESL ETas B LTLWA, L L,
FREO L5, OREBCHELEF TR T E R TR B R A S
Bickk, 3A Lo e b F A MMEIToBMENE o i, COREE Tio A A
iCiR12H~ 1 Heriz M. badbosem 25t L, BEEER TS B e,

3. E—NRKEE H. bulbosum FesgO A THF

H. butbosum (B 20T 5 2 LA TE ST L A8 o F EORREN S S 5 g figidg
LD, ERFNOIERICE > TR EEEE S LTRSS, £ o€, RS TiEERrE
it & U TiEfR AR B T a A LS et bopicta b bdicy—n il .

e



baedbrostene SEE O 63 i O ERIG R R T o TR LAz,
HHlsLUvHE

1) fEd SRl

R s £ OV b TAE S o A LR F MR A 1T > foe BRI & 2 1 £ 10%5, K 1.0
%. pH: 600K (spl] 1934) H LT 2B - 18%, BHYF v 7 v 10% 045 (BIET - FRf
1957) ZHivsto. BERESHLHEE & = JE 2 159%, CaCls:0.1%, FBO::0.01%, pH :6.0% 345 &
A (0 O O 5 et M. Dol £ A o8 10 g LR e = M ) o e O L 1 e
MR 0 PR =) 2 L. Fig, 2—510at 59 feslnlbo B - i fh e v an tE g &
fT2ice fds, DIEET ¥ 7 v R R RS NRES & /o Sz i iEm Lz, ShBRek R Tk
=y = F, HiEE T R e L, L LI PR AT B I L, 1 0
Frodbis, SHEEED © (100f5) 5~ 6 HIFOIEM &S L TR R ki, ok, ERiTsh T
ThMRE LA OpkREE L, B Rosla g Do d ok il Lisdh iz,

2 JEERSE AR Dok

H . bulboswm B OFEEHE ORI A LA Mgt 208, =+ = P bEE L
{EEd it e & 3 R (SEl20~23T, » v — PR ETREEDOEELRE L,
e b R FRAEE g Lo gtk (o aflf 2 16%, HEMF v 7 v 1 1.0%, CaClz:0.1%,
Ha:BOa t 0.01%, pH :6.00 % Hluvdz.

CGarmination pato [5)
ﬁ%ﬁ*tﬁ%ﬁ- - W'ﬂl‘lﬂll‘lat {11 s
15 [0.1[o.0]] T
2 fili el B SR & o TR s & T - = lﬂ| mjﬂ:}ﬂ
fodf, DR ONHET LI & A KO JERATE | -0jo.1jo.01
TS LRERIE0 S Thotz, ChicH L, W 15 | 2.0 u.1||5|_.|:|1|‘_
f’i":j.‘:'i.lmuf:'iiL\‘-F*lﬂjﬁjlm.:ﬂ'ﬂl,-.'1'_' tgtﬁrm_ﬁ!{ﬁ; 15 - 2 0 - 0.8 Im
bz, Fig. 2-SICHEELOMM L AL ® [ 2.0 [0z ol
S MR A T Ui, INHMT v 7 vaRNL i it
7o M A (R T RO SRR ARTS . 00500 L, M stach L
B7 I ELOBIE LI 0% S WE Fig. 2—5.Composition of media for
FaR LI AR T T 1L ElaE pollen germination amd ger-
RS R mination rate of ff. e gare.
BT son: :;'ﬁﬂ:rE#j-E%’%a:'-?:"ajtlgljﬂi]?ﬂf‘ﬁqﬁ S & [ beiltbesenn

L-» & Howlgare

Th-in, CHioH L, WEMT v vEiEn
A kiz k- THbORESNE D, BT
i ) R A e T AP < A = 11 I E 1R Sl
s P CaCle i 200 2 Ao Belb vl v b
LA REE N 1 D RAERME T Lo, Lichia,
EE g e o 8 15%, HisWT v 7y
1.0%, CaClz:0.1%, HaBOa:0.01%, pH:
B.OMBfETaH -z, SORE W, I,

Tima f(min.}

. g sl g , Fig. 2=6. Time course of pollen germi-
buelbosum 35 & O & —  KAERD FEIFIET) DEE nation rate of &, belbosem
Bkl T il LA IS Fig. 2—6ica and H. mlgare,

.Iﬂ_




Lice H. bulbosem 45 5 00 — A 008 L b iC B oS30 ik BEl o b & Lo F 558,
H . balbosum 07 FOMEREAFR0m TR D, Lol Lo Sl BB = 4 SEEE i - el
Hiednain,

LElo ko, HAEEOANTHENREBE T hoilaikl, H. blboswm 35 LU — ool
(Ef o AR ek M Bhjic A Z w2 ioo T, . bulboswm (EXOIFREIZ 20
THHTARSOFYLETFENC L 282 Lk,

4.4 =

hulhosrm 2235 Wit Ao, EaRlli-4 S 080, IS Eo i sbic e L ouiihbe i s b
U et e i nie e W & iz Lz, 7z, (EMIBErEEZ B0k LTiu 5o s m b beo i
b= abdodt b T brdboseeny FEE O SEIFE T RIS A b 0 s L.

1) E—adcdil M. bulboswm 240, IR 2 BNkl 120 i b 2 ol
A & CBEE A o

2) MRS IE% 179 Kt BS 35 RUPR-M-IS & & in Bl R IHE M S A o o,

30 CEEURRS I Febid MBI O SIS0 T & RV CURICIR A b Y, A A ¥
E M. bulbosion METMER12F] ~ L Bz, S hii B 8Eo o0 e F win oo i im fe i in i
i3 H BAE TS S A o,

4) BB OSEIFE DA e S i i e o B D 150, BEERM v v 1 1.0%, CaCle i 0.1%,
FBOs 2 0.01%, pH @ 6. 0080 B AR S Cd oz, 00, M. balbosion £85 0
EEIRFHSE SR D OAT I & — o 2B R ko Rl can b, SRR RIFE D L B o .



BI3E PEEERCETIE—-LKEORFENE

ATECEE bllosiom P25 S 1 ol ke R B PR S (1 AT R Lo e S L T P A A
Lifze i, BEE I o0 M ps B Al Rt Wi L,

1. FEEfEE RO AR ZE & BT Oftld S U /AR 0 RE

balbosim (512 50k BT RS B BN 4 A FRFEISEIC 20 TS ol 5
(Jenzen 1976, Pickering and Haves 1976, Pickering 1980a, 1980b, 19833, Simpson #f af.

19800, & &Iz, A L FNC & Crk i, belbosem b @iz TS tEA A 0, R4 L
folovzshic PR A A E (B P2 L 254 (Pickering and Haves 1976, Bigrnstad
1986, Devaux ef al. 1990), & ONHEA Pickering (1081) &4 o & FE Ul LT EH T
Wi TS ERE LAz, & 612, Pickering (1983e) & 2 Al it DT 53 0 b (25 1= & 2li 1]
LAzfHEnii—EEFIcEilsh cnva b Lz,

CoTHEL, RS E— e do BT M EEREEE I s A B B AL, SRR e B A
HOT H. bulfboswn b oyazfids B 52 d OB oL Bl b, 28 BRI 12 5 o i
R 2 o & B 1 o o T PR 41 8 i

MEds LUhE

1} E—adi#El I bdbosiom o255 HE 500 A B R P S en S Rl

ASEEGEL9BRIE 21989 T T o7z Table 3—182m Uiz ¥ — a0 Bl Bivy, WHEE 4G 1~ 2
FIPZ B belboswan FBfl Ch2020 2 428 Lo, REMTILNE IR 22 11 ~120, HEhuiE BS &L,
O ey S s L OURIR HHIEI Tt Ui Ao Uz, ShERR SRR 3R (M 8
FRE R LR CRERE RS Tat L,

2} H. belboswass AERYE AP LR

Wbt 2 B (P S s RO RLG) 2 B balbosnm FEE Ch2920%& 199143 Ao
2l Ldze SRR LIE 6, 128 L O 24RMNE I & 5 Bl GG At L, FAAR (o
= U KRR & e JERDR=75 1 5 150 BOERTIE) hTEE L. [EE LogT
1 NZRREIEF b 0 2 i ciidb &4, 0.5% 7 =Y » F o — el i, SRR T TR
Eren il AR A BIEE Lo e Lo o Bk 1 Rl 20, S Bl T 100M e L,
LEMEN I B T 2 R R LA fEE AT ME R R L oL 00 S SRR IR & e
LTS ETHE Uiz, ®iz, Sh LIz &AESEL D 8 I, hdbosu 20001, BESFE
He bR TR AR A L OO R O Tl Lz JRRSEES L O Pk o MRl ki i e
BEELCTHS.

3y ML bulbosaea e i A8 R

BUH = 4R25%0 4 & OV R15% iy, 190045 4 FICHIRE & REeD T2 T 7o, M3,
5, 7, 98LUNI 0D, B LAFES S AER20MEE L s, B LB YE 0 Cotrdiz
z41l='f|'5;|'ﬁ‘$ BhicTd A fEfE=3 0 1 OERTHE L, T bh— Tl L

BIEISIREE T CH B s LA i, LS LEBIic i P L — FEEm LA, &%
AOFR B 15O B TE LB 20T, BB D 3~ 11O IR i e 2 Bl e Lz, L iiE 3




H (#4150 &85 H (H13FD @BEHC 2T, WE Lo il e LR o o e

A7l (i A D SRR A LA
i 7
1} Eesbldrl H. bulbosiens OAF NS B0 S PR EHETILEE O M AR

Table 3—110 2 A B 2 E— 08 RO BE S g dtds L Ok P B At Lo, 19885
EFERFR11.1~560.8% 5 & 003.4~29.5%, 1980¢Eik1.7~72. 7% B L U0.6~26.5% Ch iz,
— R IR AT S AR R R A B o, B, 28R R LT 6 SO
) e £ B LY T 1] Y D e Pl 0 ol ot e 0 1l i - = AP 1 SN
HER o ] & b ST S s B, YA 4R25 5 b oD A4 RE & HoBE LT BT St
Heann L .t<>

Table 3—1. Varetal difference of Japanese two-rowed barlevs in crossability
with ff. fedbosim

Mo, of Mo. of embryos Mo, of hapleids

Your Cultiver florets obtained/No. of obtained/ Mo, of

pollinated  florets pellingted  florets pollinated

*a

Kanlo Mijo 25 A 59.8 a¥ 28.5 a¥
Mishinochikara 159 48.4 b 15.1 b
1988  Yoshikei 21 340 2.1 ¢ 82c¢
Fyushu Mijo 10 273 234 ¢ 6.6 ¢
Yoshikei 19 290 18.3 ¢ 5.9 ¢
Yoshikel 15 86 1.1 d 34d
Kanto Mijo 25 Jaz 2.9 a 26.5a
Mishinochikarn 149 41.6 b 17.4 b
Yoshikel 21 140 38.4 be 12.6 be
Tauyushirazu 249 29.7 ed 12.4 be
Mishino Gold 351 20.8 e 10.8 be
Eyushu Nijo 10 105 3.0 be 10.5 be
1589  Misate Golden 48 7.6 de 10.2 be
Haruna Nijo &4 19.1 & 7.9 cd
Kyushu Mijo 9 LB 24.8 de 5.1d
Yoshikel 19 206 18.4 e 3.9 d
Amagi Mijo a2 5.8 1 3.8 4d
Chikukei 7565 402 1.7 0.7 e
Yoshikei 15 491 7.1 0.6 e

1} Means followed by the same letter (within a column) are not significantiy
different at P £ 0.05, as determined by Duncan’s multiple range test of
aresine-transformed data.



Table 3—2,

the embryvo formation by crossing with &,

Pollen tube growth of £, Sefbesem to the ovales on ff.

roel e andd

el gerre and AF. Dol s

Paollen tube reaching to ovule Mo. of Mo. of embryo
dalifiss florets ahtained/ Mo, of
Time alter pollination (hours) polling-  florets
[ 12 24 e el pollinated
i b1
Fanto Mijo AY Bl 74 ] 74, 168 1.0
25 B T 79 T8 8.7
mean - S0.0 .0 78.5 709.2
Yoshiked 15 A 14 15 14 14.3 164 15.0
B L3 14 1% 14.4
mean  13.4 14.5 14.5 14.2

) A, B Replication.

2y . bulboswm SEENFO RO SHTTINE
Tahle 3—252 15— A Jo#2 2 GBS M. budbosiomn
T ERE, (EREEASIERIS B Ly (HhEs)
P | | . i RO 2 S 58 oS T B
mﬁ?ﬂﬂt%;ﬂbiﬁxﬁ&wﬁﬂMWﬁ;
b (415 o3 b W o A RO s P 11 ]
FOnEATO. 00 LERISAI.2Y (e, 12,
ZAMElR e PEMEY b EAEANR G, BT,
SRS TR R ET R LTS, %4
e e e T AR L (Fig 3—1) It
HEeiE Lz bbb g - o, HaBlicsd
ATEBTOF S & 2111 A Eolfld s & iz
E-F LTz, WENC X D ZROMEE Linh -
fodt, FEBELEFEENMBDE-FR LT E
Ak, B ETIEHR ?'J*fr'.u. L#R (Fig.
-1 TEERERE T LThasdbEHrbhis.
30 H. bulbosnns B0 o S B e B R
I =t choile B ShRlFC 2T, M
PR Er e it (¥ % Table 3—3123 LA,
(SRS R AR A i L0 B = i G o o
144 6 7 Aol Uiz, defafbaifdid M
3O HICENE S48 A L o T E A 4

buthosum

elongation,
in the barley stigma

Fig. 3=1.H. bulbosnm pollen tube

which stopped
ta) and

entered into the ovule (hi.

SHELTHEWEORE, POIEE (TH) Ef7smEThy,

L HEIINANRAE L Tz,

¥

R LGN e

(6] I g 4 i (4 d
F25 LM T 12 T,

P RlsnHs 13,0




Table 3—3. Chromosome elimination process in embryos derived from If. owelgare «
H. bulbosum

Dhavs Number Mumber of cells containing Mean
alter of am- 7 - 1 chromosomes chro-

polli- Rt biyvos Total  mosome

nation scored T ] b 1 11 12 13 14 muber
3 Kanto Nijo 25 15 15 2 0 16 2 24 0 117 178 12,7
Yoshikel 15 13 12 1 ] 9 4 13 1 124 164 13.0

"5 Kanto Nijo 25 13 26 10 3 20 1 4 0 15 79 96
Yoshikei 15 13 20 & g ds o 0 il 3 20 77 104

= ? ...... I{anmNunzs .......... 1051'34 .......... Pl
Yoshikei 15 10 b5 a3 7.0

79 Kanto Nijo 25 T R e R T R
Yoshikei 15 i 51 51 7.0

1l Kanto Nijo 25 TR R TR e e S TS
Yoshikel 15 5 33 33 7.0

1} Kantoe MNijo 25 and Yoshikei 15 are a hizh and low embryvo formation cultivar,
respectively.

ETH-of. WHEES AT 2 Hio Mo TR a RN Fho 64 L1044 L A b %
Ah B 2T Lics S iz & 5] UIR iz 14840 5 7 A T D 4 2 B i (4 4 -5
LT, EMERT ALRRIC A L, TN TOROOEHIE T Rl oThh, SO S
TiCE R PO E e ofz, LichoT, M3 Oa b 7 HoAAE & Wi fhoif At ol
T, AEMEHER T LR e Lk aon L, e 3, 5 B i By s (ko i

i WO ARSI SRS bR o, Lan L, Ikl = sasais
e R AL B BIGAS, A BB TrER1. 3%, S HETIIS. AR TASOIH LT,
A ERORGERIGICHEG D E NGO, FhFH86.3%, .25 THh, WML i1
[ RS o T T < ol | et 1 R e B

% 2=

H. bufbosiom £ OAEE TN EES L REREMEIRE RN LT E— A Lo Sl St 4 2
EHMH B LGz, AT, MRS EFEEHBMICT S0, BT RS bR E R A
fbo [ AR BB LT R TR ., belbosion (EEFTE O (B R LS G o
budboswm FEEOFHISHEE R Lz, BAFESAN0GETEERTL LR LT hizs,
EL ST B OM LR Tl LT Z 2h b, BRSO SRR S e g b+
ORFBOFIREORIC LA 2 E: bl oL Pickering (1981) @& ELEHETH -
s

Pl EASRRIZ 2T, IR Tl S E i s iiic # -9z, Lichi-
T, M. bebhosmon W RO A < dEir 2 Bl E OO ESRE SR, BahilEsd Ry,
ZOfEE, FEANPOFEE LG 5 LR E Rz, Fukuyama (1987) & &4 4 o
H. bulboswm & H. vnlgare QEFMIZHE T, FEEI -~ Do s Bl EtE s L5



fdy LTS, Subrahmanvam and Kasha (19730 & 2 (5 fke I, el gare 2 07, bulbosion 1235
WCERE (2n=7) &R Mo &AM s B #e37.03%, 7 AETH68.68%, 11AH%T
939N THI I LEHE LTS, Lo L, WFhOBHSE LAMIECH SR LS w ik
7 HeofffEosn @i B it b i, 7 0 HERChi o> TS PR oA < 2 L4
T Lize @ hiz, KERTH S o B EELICIARE A B LA LA,
FhuEd-LTREE A D, E, OO & - R R s R R ST e 2 e L
ShlcE L, Mo H, mdeare B ML belbosiem b @Rz B TEEER S m e £, HERTAS
gELAS AR E RTINS (Kasha and Sadasivaiah 1971, Subrahmanvam and Kasha
1973, Jensen 1976, Pickering 1930b, 1985, Pickering and Morgan 1983). Zh Gaoafil o di
W& Lo, Sz L beelfboswn SR80 Ch2asopk, efafmissmoiife L, Pl s n s
LR TH S EREEE R,

(ST b I T Sl S e i bl Y M G e 5 TS e o e 1 e R T L
DBERE LT, EEHEOER TN EEEORC RS < BRSO g L O i el 2 oy
B b

2. FEUFEHRECHT S #EEER

A d LK 2 H, bufboswim O350 8 0 PR MR 248800, A4 & F o fan i I8 B
B b fo b RO Ll E AR L, iU DDT B EOBEF Ll LT g Bing
Hitiaid s (Pickering 1983c). L L, #SW G EED &z HlREHIz 20 To ki,
i LA A S R A AR E A B s A v s B A e T e A s b s T
(E R o W B a W T A SR

T, MTEE AN IR LRI R C AR S s, B s oo
T H. buwlbosn 2 OREPEOM EREA S b Lz,

MES LIUERE

1) Fi O 2o St 4

ahEE I 10884, 1080 43 ETF19014200 3 viffT o, LFROES 1~ 2 Hic Table 348k
2 Table 3—5izat Liz Fr & . budbosinn 80 Ch2920& w5dl LAz, ar e ik L Oses ik iz
AT & TS a2 dai D La 8310885 1251 ~808, 1980812136 ~16601, 19911E
EQfITa =iz,

2 Fa o0l

19914 1 ~ 2 HICBE Z&258 x MR 95D P 7620 TEhEh 4 fliF o5
Ch2020 & e L, BRGS0 ds kO M fe e % e L dn, n ME Gl b Bl 3 b iy & Il b o2

ﬁi'{"o
b L UBE

1) Fi @RErH s & sl

19889 L 19804 |2 B30 & 3 LS8 F 20 L O R E B L OUEBIEHEES Table 3—4izi5 L
fro #Fiz, FRFROGBIOMUE Table 3-1120 Lz, 1991ED 7y &5 OHLE RO Table
I-GICat Lizs 1988TE ool a7 il s b6 657, 8% BRS04 1 ~23 8% T dh 7o, 19894F




Table 3=4. Dilferonces of Japanese twa-rowed barley Fy bhyhbrids in
crossability with &L baflosun 0 1988 and 14989

Cross Mo, of Mo of embryvos Mo, n-f hd.['J]U:I'IJ.b.

Year combination florets obtained, Mo, of obtained/Na, of

pollinated  (orets pollinated florets pollinated

2]

Kvushu Nijo 10 = 102y a7.3 a" 23.8 4
Kante MNijo 25

19588  Yoshikei 21 x 1237 53.0 ab 257 a
Kanto Mijo 25
Kyushu Nijo 10 = L2 6.6 b 4.1 b
Yoshiket 15

M}i:mlu Mijo 25 x anis 2.8 a 23.9 a

Mishino Gold

1980 Kantoe Nio 25 x 2567 49,8 b 18.7 b
Fvushu Mijo 9
Kyushu Nijo 9 x 2849 H.8 ¢ 12.1 ¢

Mishinochikara

1) Means Fuilu'-.'l.ﬂl Iy the some letter Cwithin o column) are not significantly
different @t P £ 0.05. a5 determined by Duncan’s mulliple range test of
arcsine-1ransformed dam

PR A R34, 854, 8%, EE112.1-23.9% Ca o fo, B E & UL SR05 0 a Bl 4 |G
TEREA s L O BRI R A 28 s il at Ltz Bl 42584 4 e
LSS DU TEEISBE L T 4R 9 B = 4 F i ORI s b TR e L R i
exepfileafiiigem LA, 1988 LM 0100 X RIS TR o Lol =7z, 19919@T =T
(B I Eu R i e R A e TN 1 o At 11| L 1 [ e = o N AR [ LT Ol
Lizat =T, 1B EaE B OVEETH R o B R » Ol e & C B s iz,

2} Fo ol

[afe :zﬁ U T 9 L S =m..t Fz 76 Mol g R o HIE A% Fig, 3—
24z AT RS T ET0N GO @ e R b i il Lin, I SR R 4025 L T
L5072 nLJ I Aol 1 s SomEEiC L A Lize Lichi- T M= aen R laiiuie
PR o n T i 110 6 D BT i G S O P B W e W

ShE T AYE N balbosum M £ B EEE I SO C, SIS Mz YT A
TR S 2T 0S8, RIS s TN B B e Al s o i fian &
tlifa



Table 3—5. Differences of Japanese two-rowed barley and its Fi
hybrids in crossability with ff. bafloswen in 1991

Culﬁ‘unm Mo, of Mo, of embryos Mo, of haploids
and cross [lorets chtained/No. of obtained /Mo, of
combination pollinated  florets pollinated floretz pollinated
%
Kanto Mijo 25 140 B1.6 20,5
Yoshikel 21 172 45.8 17.9
Haruna Mijo 172 ar.2 15.7
Kwushu Mijo 9 176 35.2 10.8
Mishino Gold 178 19.7 9.6
Yoshikei 15 154 13.0 4.3
Kanta Mijo 25 x 186 0.4 33.3
Yoshikei 21
Kanto Mijo 25 x 194 7.7 29.4
Haruna Mijo
Kante Mijo 25 x 154 74.5 24.5
Kvushu Mijo 9
Kanto NMijo 25 x 134 64.7 0.4
Mishino Gold
Kanto Nije 25 x 182 83.3 19.2
Yoshikei 15
T
3.9 B m |
. ; %15 -
Bulbosion $EI2 3500 S AR S B2 BT R &
G E— A REOMTNEL M. B, Th5 !
DR EOSRE N BT L E A, HE #
R L. i
L e VR S5 4 L TR R T IR 010 W00 A0 51 B0 TD &0 00 10D
il AR Bz, 37, EardkaEaimn Embryo formation efficiency 5%
Pt il e e i ] U R T Fiz. 3=2. Frequeney distribation of ambryo
2) IR AR R e (£ T I ioeianon e telonay . Sy
PRI O DI C SRR A s LU R o Mote! In case of embryo formation efficiency
Ny R T 11 Sl A S = of Fz plants dixiided less than 40% and
over 50%, the chai square value for expected
) MEAGEE E E SR A b L Y 1:3 ratio was 0.12 (0.7(P{0.8) and did
S22 1 1L bulboswm F OB B L nol deviate significantly from that expected
for segregation dominant gene conferring
THEPEDI—E T AfET s bdvirE Rz, high embryvo formation ability,

4) B 0FE L W bulboswm O3EHET EMERRGE HHBLE A5, ST A AL,
o, FEMET B EH ST N budbosim R T LT 0,

18 =




AT EWEEHIZET S H. bulbosum O 5 HHE %

balbosum 402 L A PEEFHIC BT, S A H O GERN DA T < I belbosinis § B
tlsEras kA THERS,

FCT, RRTHEEEMEHEE S L EE Ao, H. hdbosum O EfFHEI S
o EHMRBEE M-, B, K. bulboswm JERESHE ShivTEis, RN Thi
T4 PET SRR T R A 8 2 il s 2 TERT LA,

1. H. bulbosum QOFEHEMEEiEHOE

PEE I T BT ML bwdbosiem OGEEF MO EME - B 2 Ty E (Pickering
and Haves 1978, Pickering 1980a, 1983b, Simpson ef af. 19800, Li-#Hi-1, &<o H.
brefbosem QIS PRIz D0 TIEHESR B2 Z Lo b - T, 3o Lo H. budbosum 2 4k
L ENTEAOTIE R E T BEIEI0ETH 6 Hic e e A o — vty g
IChhEe o 2B TEERETRHEREITY (Damania ef of . 1987), . bulboswm L1
Lize 200, Zhbed . hdboston (22000 FEEFERSE L TBEETEMNETA2 40k
0, PEHEEDE BRI T P L walt (BT E i L, BT oS b E A e L L
fog

HHELIUHAE

19T 6 HiZE e o 2o S0 TR Uiz H. dulbostens fliT-oafae & 30604 BHELLA IZ1/50007 —
ADT XNy FIZAE e B L RERE Ui, MEHE LAl ih b IR DA 716 R4 4 1088
6 H I m iRy i dh Ol iR R A EHEHCREI LR E SO o FICBEfi L. 2 hbOR
FEEEI9899E 3 RiC & b A B G 3205 B e L, WiTE L R R E R A PRI LA
H . belbosum QST RO I LSRR, BIE, THEY9RE, (Efrch, MEECcHiS
O B , 2R s 0 L, M. bulbosume O Jb8EFREE L LT it e &P Bl
HIZ B0 T &z Ch2920% ek Lize Bhavs 2 FEEFHRIC 20 TG RO ITE 1T 0,
Duncan o3& i iz L - T ffilnlia i Lz,

H. bulbosum 35 L UM X - TR S oz Wit s B o e fa (k2 mgs Lo,

& =

b aofiRE il g, oo o B bufbosim (T -4T 24k (Zn=2x=14) THE =2,
$in, Witk 5T, SERIEE, 8MIBoRLNEET -8R, T TOREE, BEL
foo A A L ¥ Eoddic L o b hi kit Tl 7 o kch o1,

Table 4—1IC#% REEORIERTT R 5 Uiz, #IBTE L RN CERA S 0 BER6S~127em, Al
bk 0~10.0emT & - i, BRI Fio Ch202040 4 At fonl, ikt L hpp
i oizo 1 ESBZ D OB 5 <168 CRAMMAEN K E S odn, TRbNBE, FEA&SRMSHcB LT
ABIHET 2 E TOHEIS~MATH -7z, 1S b OJEHO Rl IZ 4 A& Sdid o,
Ch2920 & R & e fE i & ERCT 2 Rt S - f,

HAREOMAT 5 & RRET RS Table 4—2127 Uiz, B 88i33.7~67.8%, “FE{ETIH



Table 4=1. Morphological characters of i, beffesusm clones
collected in Morocco

Clone Length Spikes/  Days o' Pollen™
No. —_—  plant flowering  producing
Culm  Spike ability
cn no.
HBLZ2k4- 1 110 9.0 15 a3 High
Hb254- 2 20 7.0 10 40 Medium
Hb254- 5 1045 9.0 it A0 High
Hb2sd- 6 115 10,0 1 42 High
Hh2k4- 7 105 8.0 5 a4 High
Hb254- 8 L0 &.0 5 a4 Medium
HbL254- 9 88 9.0 14 q1 Medium
Hb254-10 65 8.0 11 43 High
Hb2s4-12 114 10,0 i 33 Medium
Hh254-13 105 10,0 16 38 Low
FIb254-15 Log 8.0 10 A Medium
Hb234-16 115 10,0 11 40 High
Hb254-17 114 16,0 13 37 High
Hbi#54-18 115 9.0 9 24 High
Hb254-29 108 8.0 10 3 High
FIb254-30 127 10,0 ] 410 Medium
""" Ch-2020 110 10.0 10 3  High

(Check}

13} Mumber of days to [lowering afler transferring 1o the
grecnhouse,

2} Evaluated by observation as High{sufficient for crossing
with ff. wwlgare to produce barley haploid) and Medium
(though less than high. it ecould be used for crossing).
Low clones could not be used for the fedbosion method as
the pollen plani.

Bkl 2~35. 7% Cd b BRI AT ESS S b, R RiE Ch2o20 k b iz iv Rl i
podohs, Hb254-170 BT HIEEE Ch2020 L H i8I - o,

& %

Ta oy IEELTIHE LM T AT Uiz H. bulboston @IBEE & OB ER SRR
Wit Uiz, B LT Cheos0it BRCHEL Lo <, MEcsatbic ey
BEL, wonic{vEKTHS, Lo, Ta v aE0REOpiciiifo Ridie 0, @ik
O B bIEEA L EEL B, £, e 1 A 0 OGERPERI A S 0 D bl
AleW I LR AKROIER &2 LA TELZOTH & £ ¥ L ORI RTEREFINT X 304
Addh, EhI, ML EOSMNICE L THABMNIEE CHEIS LRSS E o f 8, B EAMEL

— N —




Table 4—2. Embryo formation and haploid production from
I .owwlgare crossed with /., budbosim clones
collected in Morocco

Clone No. of Mo, of embryos Mo. of haploids
Mo, florets oblained,/ Mo, of olbtained/ Mo, of

polinated  florets pollinated florets pollinatad

%
Hb254- 1 171 49,7 cde® 25.3 be"
Hhzhi- 2 6l 67.2 ab 19.7 ¢
HbL254- 5 164 48.8 cde B.8 def
Hb254- 6 178 376 el 6.7 def
HE254- 7 81 3.7 1.2 g
Hh254- 8 g2 42,7 def 4.9 1
Hh254- 9 111 48.6 cde 13.9 ¢
Hb254-10 bits 60.2 abed 33.0 ab
Hb254-12 102 52.0 ahode 5.9 ef
Hb254-13 a4 8.1 T 11.2 de
Hb254-15 149 55.0 abede 26.8 be
Hb254-16 120 41.5 def 0.2 def
Hh234=17 143 BT.8 a 3.7
Hb254-18 117 47.9 cde 12.0 d
HbZ54-5 a8 a0.0 bede 204 ¢
Hb254-30 a3 59.1 abed 9.7 defl
"""" Ch2e20 161  ed.0abc  23bc
(Check)

1) Means followed by the same letter (within a column) are
not significantly different at P £ 0,05, as determined by
Dunean s multiple range test of arcsine-transformed data.

SfcEAEE E L LTRSEESEMNCRTE L BN LG,

Ao L b ML brlboswm OFEBICE LTI ORI EE & DRSBTS o EavlliEE i
Thvd (Kasha and Sadasivaiah 1971, Subrahmanvam and Kasha 1973, Jensen 1976,
Pickering 1980b, 1985, Fickering and Morgan 1883). L L, EWFECrEdifia BB < |
FTATH A L FOPERETHE o, LI H. bulbosum £400 5 5 HZM-1ITHE ChE T2
T Gz T X f Ch2020 & 0 (R AN Tiom Aol s LTt wRiTh ol £
fz, HE254-105: Ch2920 % [AER, RIS <, 151 ko MR PRI B d S Ao B Lo R
Ta#oiz. ChHOREEFNTS 2 Lo ko T4 & Flo B 5 LEIETiREODREm La &
oL TEREELLGRIC

2. H. bulbosum OXFR

H. bulbosam EEHNCHIBECMEELS CHF{EARFALAETHS (Koller and



Highkin 1960). WiSiCHuvis H. bulboswm b AEERME T o BicBlES &, ERlE LTy —
A e L b E O IR AR A N LA, 0, AL bwdbesion & CPERTT R RS BREE A
LTHM LT Ao d 4 T-TfbnmlEmuMiE £ 4TS5 (Pickering 1980b, Jensen
1976, Sitch and Snape 1986, Devoux 1987, 1988), S{EMEELS T, siyiiofEeilFoas 8
P 2 A ot BT A2 (Jensen 1974), i, WO HIZH A TSSSANETHED |
MR, A TR EA~OI L AR TS S. Lichi-T, fRMEailadilE Ll
filifimles £ budboswm HF3 00, BRSNS S CofiEaniiiiife &, dca s,

A A AFBELD 2 A FCREETAEHTASE L COA Z EMHBRTEY, 44 AF Tk
Mo itz T EE 2y (Takahashi and Yasoda 1956), @00 Bl ds b oeeAs iz -
TAERI RN RESATE AR T WA (Ukai 1983). Lizdi- T, M. budboswm 12 4 ARdfi M A8E &
A s B,

FOT, O H. blbosion TR M52 Bl L RS e B bulbasien @R G
fin, Bhis B budbosim [T 2000 T B doade B LIS s & R B il i LA
H#sLUuFmE

1987 RIS = 1 o i BRFCAL A Lz 2 (Mo ML balbosu 900805 A0 L, 1989 |’"
IS AEER Y G P s e 2 e P S A 20080 O3 BI-F 3 10005 7 ) 19T IS E i1 Zeme ol 0 ol o 1
1R 24000 Lise BTG T TR Lo, $-Fo3id2113 2 H (Treatment 1) (=i IG5
AGTL Ficde Bk ciE Lol B LB 1 ol H b esdi sz, 12010
(Treatment 2} oW & Hizo0iEikE F L& FolsEic Lz,

Pl m Bt LelAE L B bufbosmar (=00 CEERSEC B LT BRIED & £ oo [ 82T
Lize i, etz L odBio ek nd, b, INTHE Lo, I0200E & h 2 RFiid BRI
o o B R i S O T

bt LCUHAE Lz £, bufbosens (84T 2 -t 02 (FRET = B de5 ) Eaddi L, T
a8 Y b i 1 O A -3 o e £ e el b 1 TR XD Bt e o o 8 % -
LT, i REET I Lo 1, bulboswm 8k Ch2920% Jilu iz, Ch29200 {#{t MLFEZ
froodofis, MHEE PHIES A, PHOE LA mfE, MfEds o4 B 1 fliasdz b au20e s o4 o
EAEHEL, MR E LCH BRI R L, R BT T SRR A A L L

BRELUEE

GG L7183 & st s e M B LTIt Lz, ShbhoMmbkfFmilo i,
brethosin Clp b 2 # 2 B, oS-, BET A 2 & A BY9E Lz i fepiles
ok B RO M T > T b, 2 oMb bibhizftkTha c bk L, BEMNH
A b 2 iR I bulbosum TS L EL LR S, RESMFICETECiRE Lo R

TEEIE - RERIT.ZC (10H), 13.4T (111) Thodo. WIS FHOMRILailicik 2
~10M], 0 ~10TOHMRMESEFESEYSTES EEh, Trione and Metzger (1970) A+ L &FT
L9 CT12ALL FMBEA T L8R Th Y, AT FELUTCH Fos R U KT+ 45

Bl Liz. LAt RBFic v, M. bulboswm sl Ad 2k voElt
rLU"' VEGE R A M LT e B 2 Bz, Table A—3iciiisiic @ A, WET 5T
H o 2 e el it L BilE S T H I Treatment 1AG8~72H, Treatment 2{353~651H
ToF R b WA & D o fos JEERERERTE R Lol L B B e R AT & AR




Table 4—3. Davs to Mowering and pollen producing ability of spring
typee B, Ballosum clones

Treatment 1 Treatment 2
Clone  Davs to Pollen pro-" Clone Davs Lo Pollen pro-**
MNao. flowering'  ducing ability Mo, flowering ducing ahility
1 o8 Medium 14 53 High
2 7a High 15 53 Medium
3 72 High 16 H) High
4 64 Medium 17 5 Medium
] 64 High 18 60 Medium
] 70 Medium 19 6l High
7 A1 High 20 il High
8 ] High 21 62 High
& 0 High 22 L High
10 G2 High 23 63 High
1L &4 High
12 649 High
13 649 High

1} Day to flowering from transferring to greenhouse {Treatment 1 transferred
in Nov.2, Treatment 2! transferred in Dec.1}. Other clones tested coased
to grow and could not head.

2) Evaluated by observation as High (sufficient amount for crossing with .
welgare 1o produce barley haploid) and Medium {though less than high, it
could be used for crossing). Low clones could not be used for the bufbosum
method as the pollen plant.

EOENVER A T i oz, Aods, HAE L2238k o BAEE Akl A 22 4 [ikim -
VT, EEA GRS S A R I ST FIs e b AL RS R TH Lk oA, 1n
FTHL1901% 6 H20H6 7 L3RRIz L:, LT, Zhoaoffdiittchs o
EAPLGE T &, ChET, H. bulboswm 2300 L2 PEETiCiE H. bulbosim % HE =
WSSOI LM A R Ch o, L L, EWFRICSGTRENS . bulbosum 23Rk =
hizz o kb, MERTESE B2 hs L 8s bR,

TR L LOidlE 2 his ko 5 b v — e B L HTEM A —5 L, 2285 2 L aic o150k
C 2 TR A &R R FIR SR R M. RSO H . bulbosum 2488+ 5o Ll k- THE
i bAHE LA hE S 2 LT, 6 kot 8 L d o o at, A
MIZFIE LT~ ch s L2 b hi, Table A— 408 & BB EEEE T L,
A2 4026 3~86. 5%, EHMIFIHEIES. 2~41.9% EHIE G EERA T L, Clonel8i2Rs54:
FELTREAHEL RO I, B P el ik Fel Rl Ch2920 & 0 5 ic i - o
FRMEIZ TR T & BRI L AR A <, L L RIS R CcEm s ikt g 50
T, A LAFLREEENOARRicE SR TE L L ELBRLS,




Table 4=4. Mean numbers of embryos/florets pollinated and haploid
production efficiency achieved using an array of spring
habit . bulbosum clones and &, vl gare cullivar Kanto

Mijo 25
Clone Mo, of MNo. of embryos MNo. of haploids
Mo. Norets obtained/Mo. of obtained/Mo. of
pollinated florets pollinated florets pollinated
o s
14 74 BE.5 oV 41.8 oY
ChZ920 58 84,1 no .3 mn
2 L0 83.0 mno 26.0 lmn
12 04 748 Imno 17.0 fehi
g9 & 78.9 klmno 25.6 klm
13 a3 78.4 jkimno 23.9 jlklm
17 86 73.3 ijklmno RN
14 70 71.4 hijklmn 22.9 iiklm
15 72 65.3 ghijkl 18,1 ghij
23 a2 4.6 fehijkl 20.7 hijklm
3 og a0 e 8.2 abed
21 Ta 35,59 de 10.3 abede
23 76 2.9 cde 13.2 dels
18 &) 25.8 bed 12.5 cdefg
20 B0 28.8 abed 13.8 cip
14 ] 26.3 abed 11.8 bodef
L} Means followed by the same letter (within a colum) are not

significantly different at P { 0.05, as determined by Dunean” s
multiple range test of aresine-teansformed data.

3. @ 0=

Delbosum P Eep b M2 fziiz, H. bulbosim Fdfils 20 R B ER O Rl 6 e -
Hb b . hlbosin HEEODEL A TT 0,

1) TowZhd ETRERIZ L MGt . bulbosiom O SIER O RS <
BARAE LT, PREHEIEI SRR EI L,

2)  H. bulbosum OFEWHEGRES B RETO M. bulbosnm B2 B Lz, Shic, —h
HOFRFEOIRN R, PEEEIT IR L UTEB S RS - i, 2 e T T L st b
BRSSO ARESA R0 S hi,

— 2..1_



HEE H. bulbosum UM ofipzRH U k#tEo il

AT, A A A FICRE A PR e S R A E A BT, ML bedbosin BLA-e R
PpofEB AR B L TP e & C e s FaddimH Lo, B, Folisad
BRI RAEMC DT L IHE o, Al ABOPEEYIEI0804E12H 2 6519004 3 HE
G M HOR PR I L L LT L B R iR T b s b Td A,

1. AFLFX FPITEQDLCE DA T LFFEEOER

AR, AR by ooy (Jea mays L) OFRBIEENHC L - T 2 A0SR ed s
ZEAENTENRAL (Laurie and Bennett 1986, 1987, 1988, 1989, Sucnaga and Nakajima
1889, Inagaki and Tahir 1990, &6iC, v X kS Ema v LAz v 2 B EOHE]
(Rinez and Dahleen 1980} @50 o w5 oo ¥ b ID LA o A F P EEO TN (Ushivama ef
al, 1991) i hiz. Lol # 3 aF ot b ot a s 280 L g8 Mo
P54 (Chen el af. 1991 25 b & 0 o o L OAFRTH 4 L K REESE TS S EE A
TRAT2IIFETRES Ao ), FOT, FFAFE LY 2 L OIENED B ok o A 403
ARl e E anE st Ui, £, BEHEOLL T /2 4D 20T Kruse(1974)
P A FEERLEE T, Tnagaki (1986) Ao a5 x M, bulbosim THAES W L5480
A THS L HT LTV A0 Suenaga and Nakajima (1980) 2 AFX PP ER TR E
oo JERR R B2, DA o AFOFEINICHEE AT S 2 i ko TR RIS A 2 b
EFEHELCWLWS, £20, 44 AFER P ER O Lo ET A A—DRME YT S T b ET
(8 o O e

HMEE LUHE

13 Sl B SR

Table 5 — 22t Lz € 2 KBTS # U # 5 MCHA LA, 4818, 10~20T, OB
Ao oM s i, 0 23T, 1600 H S Gl E il oo L, s 7
BETHENTFoRER i, EHEELTO Y Ee o oF i (BldxCI6) &S TFoil
11 O

2} AEMeds R ORI

Aok Ad & by En 3y AN, IS B EIEIZ0.3~0. 5m0 002, 4 — D% TR B L
THA Lo #ABRICHE L TRGHERVI DTS 2 i, A4 L F¥O ks W U Feitof
i CEH0~11 8 £ Tl S 8o, BREEE, oG Asmuuisk, 5, ks k
U & s W iR oo 10 120k butbosum B CHI W HiEE WU CH 4,

30 M B2 4 — D e i

E—nkdil LTHRTEES A2, JUH R B LU= 4255 % vz, 2,4— Dt
ZARMBE, 25, 50, 7535 L UF100ppm © 5 BrWEREE L, WEATHEICBIET BN A B L, ML
B F o & F ORI, 3~0. 50l i & R ik AT A 2 Mo L - TiTo 72,

4p A AFREELLTO b o o (BRI L D R e R ks
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EE T B Fodh iz G O IR A 4 o F RS F
AAFRWECEREL, T=0 v P —Tisiig i
i 2 R 1 A < A i | | P M T R o
;1 A kg L (b Lo i B2 bRl L, i
(L = el R A L T et k= R e
Py oL, WEREEEEEE L

ERELUEE

I SN ST MRS R B B ) Bl B R AT E Fig.5— 1. Pollen tube elongation of maize on
" the barley stigma.
[ AN

E: e N LA LR Sl = R O Era s bt A L

et fERR R R TR LT (Fig. 5— 1)

o Lo e B4 ol ol ] har %L

FLT, “HEIO~11H iR L, 8t 5 ey X Lorn B Barley X Corn
o & - {214‘[" T5 ppﬂ) {214'5 u pm}

Sl kTl kA s, R BT R

0P e L o g el sl Lz &= o 8,

- L i:{ll:le'l f_;.&r,-k = -"T.__:I -.f‘; I_,.'L;.-"_I-" R 4'
§

L
§

A ol UL I = o BV vl It 0 ol 1 B E Y e e
L ThalEr bhh, Ei, '-.-rhl";ft-'{-:
S e e s L R SR o f R P g A e

LAEOESECHESEHE B, Laurie Fig.5—2.Effect of 2,4—-D treatments on
barley embryo development after
pollination with maise,

and Bennetr (1986, 1987 (a2 a4k 3o
o @ EE YT SO EE L bedbpsen ERIE LS
2, brEe o @R AN LT T AR IR N L L OO0 S, AR IS S Aok 4
b oo @EEEL EROETZ D | bRk Sr bh g,

2) ***¥*F*{”**E$%$mmwwhufwa'r-mem

Table 5 — 1 1220 E: 02,4 — DAULPEIREE L 2 S5 e £ R LB el W |

J'I__.*;if-.'r-.i'e\:"'ru]*iwr e MG d o dod G 2.4 [)C-'M‘J'J‘J.l-t:li:.ui'iéf'i'-:'ff?i'.fr.{. REAG AR A
ECERRPEINE TR LA, A k3 BME MG TR AF R o e a2 bRk L4

HAM A2, A — Dyl lie - As L. 2.4 Dv_‘.l'f-"lll'z_.a_f].-l".--' RN S H AR o Rt el v 3 R
A, FizM b B LA odn (Fig, 5 — 20, WafEEdsE DR fE SE2 41— Dayiis
WA T, v BIC B0 TOE R 4 T5ppm A b A RI9T, 25, 5045 L U100ppm THEAE
J.l"'|=."'1"'--2|:-"-J~ PEAEIFH SR A A =

3 S e L o P Dol TR A o i o o O e Sl S i 131

Table 5— 2o A L= ke o o 2B SRR S5 L O ESE A PRI R e & - o 3 R
[l gt L (ARG LAz 1480 Fle 5 5 0 il BEEAY. i 7 R B R i Bt to . I
o O E RIS A E0.0~19.6%, 0.0~6.9% & SGBHIEA B o foL RERTHERME LA
Licd & & FDapdh Tl b il beiikas (16.7%) S LUP8EIEilE (6.0%) &a L ks,
SO ARTEESE H. helhosem b OB OTEIIRO AT RS (1.7% ) X ki
(0.7% fw-zJELf'u'n'uT*T!‘Er.'h sz (Tubled — 1), H. buthoswm ‘ﬂﬁ’}ﬂr"?ﬂkl::hl. VTR S A
LAzl =28l b & 0 oo Eosi e iR b s X0 EE R R = 41085 E i,
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Table 5=2. Varictal difference in embryvo formation and haploid production
through barley x moize crosses

Cultivar Mo, of [orets Mo, of embryos Mo, of hE,l[]l.Uj}jEi
pollinated obtained . olnained
Chikukei 7565 204 2 (1570 14 (6.9)%
Yoshikei 15 B 60 9.4 1 (1.6
Yoshikei 19 2R 00 0. 0 (0.0)
Yoshikei 21 104 3¢2.9 3 {2.9)
Yoshikei 28 42 16 2.4) 000
Kyushu Nijo 4 {1} g (7.9 3 {(3.0)
Kyushu Nijo 10 74 0{0.0 0 {00
Mishing Gold 122 0{ 0.0 0 (0.0
Kanlo Nijo 25 104 L¢1.0} 1 (1.0
Misulo Golden 117 00 0.0 0 (0,00
Amagi Nijo a3 1 1.1} 0 (0.0)
Haruna Mijo H6 11 (19.8) 2 (3.6)
Tsuvushirazu 127 3 2.4) 3 (2.4)
Mishinochikars 1149 0600 0 G0.0)

1) Figures in parentheses indicate the percentage of embryvoe formation
{Mo. of embrvos obtained/No. of florets pollinated) .

21 Figures in parentheses indicate the pereentage of haploid production
{Mo, of haploids obtained/Mo. of florets pollinatesd).

BlLEm b aicdtadl bd e rdiEfnbioppm 02 4—DEfEd S 2 LiCd »THRE
(A B A 2 s B OVEE R s SRR A A S T L RS TT I BT S D AT E
Fiz, BRSO TR R L Lt i oS, A AF R P T
b A A HR I brelbosann B L W8 L TIFHLEEAMEV 2 2, 24— DAMBHOERFES NG &
CEHORGIREDH, b E e BT TETSERTAD, MEEHFOREIZL ST
FEHE A B e A B o, o o A KO RTIC S TR R B R T & 50
OFEAELBERS,

2. AFLX XA FUT 545 ZRACLBF T LFFHEOHED

A A aF bl P (Agrepyron repens, Alopecwrus agrestis, Lolinm perenne,
Pennizefum americamem) 2O iBc oo TEAE = @085 5 (Zenkteler and Nitzache
1984), LavL, Chbo@ih b4 LR el Licilidibdensy, ToTHE, o R0
G, BT YR T ETE R S i hh i LB S s A0 T v e A S5 R (Lolinm
maedt florem Lam. ) EoaFibic & & S B el RS Bt Lz,

HHEESEUHEE
A oA E GEE 2 LT HIRTE6E, FRls LUP —easEE b, A x0T g T A (i)




B : 2 ook ol 1R208E S BB AR S B RS M o L — A R R SR S L D I LT A
Wvizo 1989E12H 26 H IZBEEIZ /50007 — A 7 ¥ v fi o FICBRIL, RHEEEE2SCoiisc
S, 230, 16HAROA TR SRS CHIEE T Uiz, itk trswvam, i
e el ol e AR Sl S = R R Y LRl | LIty T 5 B b O

BRI UEE

TRNT ¥ T4 7 ATERNI A o L FFEH TR LTz, WH0~11H o R 6 b,
R l-oTHSHEERI DL oEl, £, MbhizdTolplofEmEkiEs can,
#fé#?ﬂw?%ﬁtamﬁ 15 0F R o = i 8 el M X e R 0 ) i o W el
WA ICTEppm D2,4— DA UET 2 L 8HA8 0, BOMOESETIHTERL, EE Lk,

TwMEHBLfJLFSMM@M Pldids L UCER M s gt L, 3 5RO 5 5 2 AR
B AR, 1 SHIA GRS A S AT E L, A AFER P Ee o ool FREHCH
ATOELEAE AT EA6. 7Y, HEEERIEL0. 4% 2ot Ml 4255 Lorcitiingy
STHEEE Lo, EREaRa 2 2l CE ok, COXHICA XN T v I 53 FmiFE
BIcHCTLIEENIbha D25 o T THIEMC L, ol ddafbisurTvs
A 4T A ORI L DRSS S B, K. balbosum Sk T oo oS L Wb
T2UT Y7477 AREiEOZREOEIRMZH RIS LD EHL bitds RIFEIZSNTH I
E oo D BRI A PO MR IEE LAy o, S, 2,4 — Do (R ST A
B, A 2NTY I YT AL TENIECHS 0, SR A s Bk, HE, {ER
ARl T & A O TREAMENEE o o] Thaa L Es B E . 5D, hlbosion Bee
EFHER R A A R RTh P Eea skl 2N Py I 475 AL TIEIEI RS
M EEHESZEEFLERS. Licdi-T, FEEFERED—2E LTHoHBETHS LEH
ha,

Tahle 5—3. Varietal difference in embrevoe formation and hapleid production
through barley = [alian rvegrass crosses

Cultivar Mo, of [lorets Mo, of embryos Mo, of haploids
pollinated abtained obtained
Chikukei 7365 338 56 (16.7)Y 35 (1040
Yoshikel 15 84 0.0 o 0.0
Fanto Nijo 25 128 ; 50 4.0) 0oC a0

1) . 2) See notes of Table 5—2,
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1) dtbdk breoayDiEfihG o8 B0HRFH Ui, S, - O aEdiitic
Tappm 32,4 — D B imkEiz ST A S Bh A o

2) ARNVT I LT ADEREFH LT 4 L FE0Esitbiui, i, 24— DWW
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BoeEm PHEFMIZ XS WNEEEK

ShETRE, hwdbosum hTedhERN A B E R, AR e, S A FEEIINAE e B bulbosion
B Rl [ el o | R bl B

FLC, ERTROALOMEE S EIC LT blhosam SEC L D el WHOE T2 F. 2,
R T R R e R A S D, R R BRSO n T D R R A Y L.

. HEEEFEICHT SR

Pl P L iR o F s M R e Rl e A 2 2Tk A, oL, e
Fithish L FERC, FiEfEed i A TR E R 20 TH LSS, HEWRES PR
BT o o EATE iRk ogErn bt 5. ChETE, KENERET s
WidEmifish o tie Ligdsiita 4 (Foroughi-Wehr and Fried: 1984). LA L. H. bufboswm
FUFC L 0 86 i P o S 0 5 M SIS & B PR R it LA i,
Ffz, EEERERMEEFIC D OTERACEEE 3 ke PR T Y eI 3 it fk o BREIZ S 5
LAFF—HlET T e e 2 (Estl-Est2-Estd) M2 455 ClifiLcEy, =273 —
ETAPFA LDRY F ARG RENARE EIC L DT EELR Rk cE S C 2l s h
(7P - #5300 1987, Konishi ef af. 1989, Konishi and Kaiser 19910, 2@ 7% T EFBERY
THIMT2 S S BinldrafE L2 s L B2 bhiz
FoC, PREETHEOGELEEMA LS, PREERRET e RGN CR S S EA
R & R s A A R e s R A AR T L,
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Rl (£ U FICER LT B8 3 BIRE) oh i A 7 2 0BEREEE T 2. EBHTH
LR E IS FA T CHBISMRIC LA bERIT - AN TH o) RHEEL
PRI LC A D U, Sk s fid 2 Rl Td 216 CLL LOMIEL -1z, #
1~ 2 MEE R oRES e Uiz, &b, PRk in Uiz & fURs 4 GUSRIR
SiFi L, AZEMFeREs iR T OBIERE LT oA, E, PR SR8 B LT =
A Fdy S eah HA CEHIEE MR A R 0] B A e, 19EMEOM S ha Fall{iT
5 ¥ A CHBUED S ik A Lz,

2) KB I A i
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HixTables — R LA SR04 AEF1ABIER L. MESSR255 2 0H %950
AR ROEIERET (Ym) &, FR1IEARD & diEotitR =T (vmd) 24 -
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Table 6 — 1 22 PEREHEClaE Ui, 5 YA WM LT o mEesm L, 284008
o TICR PR A AR T 2 2 2k TR TR S R TS (Hiura
19600 &%, CPEEEE T 5 KA SRS L, EPTR: S ko MR BT A C kv T R,
HEfih LS D il 5 XA CHRIRR M BO S RISE L sr s F AT R AT A A 4 A FF)
O PR THE R ] - LI (A LT, Lo L, WP Lol geasi s
Bodod 4 £ FF b O EHEC IS IO ~-> Tz, F3Tesr ol 55
AV SRTL E L ORI Ritio s < B S RS i iR B e N Y e B i
SHIET AT 5 2 L 4q Lis, £oil{ET-519 FA o M Eoilts 1 2 il L ou s g
wELBRA, Al WNECSEEELT w30 7% B L Fa o vo B b Sk

Table 6—1. Segregations of powdery mildew resistant and susceptible plants
in hapleids obtained from Japanese two-rowed barley Fi hvbeids

crossed with /. bulboston

Cross Mumber of haploids

Year  combination = 1 Probability

Fesisianl  Susceptible  Total | Gzl 2

Fyushu Nijo 10 x 69 52 121 2.39 et |
Kanto Nijo 25"

18988  Yoshikei 21 = 173 133 306 5.23 0.05 >
Kanto Nijo 25Y
Kyushu Mijo 10 = 113 10 213 0.79 0.5 — 0.3
YWoshikei 154
Kanto Mijo 25" x 331 175 06 48.00 0.001 »
Mishino Gold

1888 Kanto Mijo 25" x 109 126 325 15.40 0.001 »
Fovushu Nijo 9
Kwushu Nijo 9 x 84 B8 172 0,063 0.8 — 0.7

Wishinochikara!

1) Powdery mildew resistant cultivar.




QL3 ¢ 1 TH oI ELILmHD 5 o o bt i oiEElE I L b dE s h T
WhEEz bhi (Table6 —2),

iz, TEUEREETTHGE L B R B 1R Gz B R 65 I REt bl © o i EER IR R
WOEBSLE L Thotz, Lizdi=T, 5 EA CHEHEER et ol cE s L £ 260
e

Table 6—2. Segregations of powdery mildew resistant and susceptible Fa
plants from crosses between resistant and susceptible cultivars

Cross Mumber of Fo plants

combination 12 Probability
Resistanl  Susceplible  Total (3 1)

Kanto Nijo 256 » al 21 22 0016 0.9 — 0.8

Mishino Gold

Kanto Mijo 25" x 66 15 85 0.318 0.7 — 0.5

Kyvushu Mije 9

Kyushu MNijo 9 x 74 26 100 0.053 0.6 — 0.8

Mishinochikara

1) Powdery mildew resistant cultivar,

2) REREmAIC A SRR

EHEES O SR A T2 i, SR 5 —E T A v AOMET N (Es 1-Est 2-Estd)
FERFROBET O RE TOE S S Ca-null-Nz 15 LU Pr-Fr-51 & 2 5o i)
o TEiz (Fig. 6 — 1) SiEEAROHE 3 i 3e A B EREESIERE T Y & L2l =

4
] Lsid

=1 TSk

iV
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=== pteeld
-
} Estl
D -F?‘J RN b
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Fig.6—1. Photegraph and diagram of the esterase isozyme zymograms of
barley haploids. n @ Coaunli-Nz, bt Pr-Fr-Sn



Table 6—3. Scgregation of esterase soryme genotvpes in haploid plants

Cross Mo, of Gonotype

combination haploids %F Probability
Ca-nnld-Nz Pr-Fr-Su o

Haruna Nijo x 120 ad 6 1.20 0.30 — 0.20

Kanto Nijo 25

Kyushu Nijo 9 x 142 74 G 0.25 0.70 — .50

Haruna Mijo

Yoshikei 15 x 144 [ 144 = =

Harung Nijo

Maote : Haruna Mijo and Yoshikei 150 (Pe-Fr-Sa) . Kanto Nijo 26 and Kvushu Nijo
91 iCa-mdf-Nz) .

Table 6=4. Reaclions of doubled haploids to Barlev Yellow Mosaic Virus
(BayYMV) in infested field

Cross Esterase Mo, of Feaction to Ba¥Yhiy

combination isoRevine doubled in infested field 32 Probability

pEnolype haploids resistance  susceptible (L= 1)

Haruna Nijo x  Ca-mefl-Nz A 3l 0

Kanlo Mije 23 Pr-fr-Su 47 0 47

Total 78 3l 47 3.28 0050, 10
Eyushu Mijod x Ca-nelf-Nz 25 23 1]

Haruna Nijo Fr-Fr-Sn 25 ] 25

Tutal A0 25 25 a.0 0,40 <

Yoshikei 15 & Co-md!-Nz i} - —
Haruna Nijo Pr-Fr-5n ad 26 28
Total a4 26 28 a.,07 0.75—0.80

Mote 'Haruna Nijo (Pr-Fr-Su): susceptible, Yoshikei 1% (Pr-Fr-Se): resistant by
ymrd gene.  Hanto Nijo 25 and Kyushu Nijo 9 (Ca-nafl-WNz): resistant by Vi
oM.,

%0 58 LU 425, EHEMIEOR AL R URETHch -7, ok, b
3{"[11'Kf?JﬁifJL{’|-:i-tﬂtw'T' ym 3 E N RIGE RSO E PR L oM g 9 B TR
F25EFBIZ 4 SF b OYEREICR T, Ca-nnll-Nz f5 LU0 Pr-Fr-Su o4y BB 5 kB
T T AR 1 ¢ LSS e L'{'L—\:ﬁ: (Table6 — 3 ), HRIGELAEHBOF &
B O R A T PrFr-Su %1 L, ym 3 OBCHPES 4 Bk PRI AT S - /.
TAT F AT A VAP ADGFITBER L A B A B 13 B e n A e K R R
TR A I AR L R 2 s Lz e 2 & PR R Ca-nndf-Nz 2 35 Uiz B S0 in SRt ik
SSTIHHE, Pr-Fr-Su %53 LRl T < TEEETH D, 2F 5T A ¥4 LOiHET




MWic &5 L e —F LTz (Tabled —d ). <~ » #2238 (1987), Konishi ¢f af.
(1989) 451 TF Konishi and Kaiser (1901 &EASH#EE 3 b hiil =4 (Ym) ez v 5 —
R T 70 v & (Esti-EstZ2-Est4) LHiiifiLTWaoT, TAFF7—=E74 794 4D
PR RS = i SRR MR R T X S C L RN LT A, o A R R HE L
T RS e o el cdh s S LGB ki, s, ym 3R PERE T-IC
DOTRPFEOQT AT S—ET A Y LHE T EOME BB LR TR bRl
TOREECERd otz TAF T M T A VA LT A A R E R e e ik
(Konishi and Matsuura 1991) #o:f & L FOFR SR E 00 (Konishi of af. 1992) 1ok
MR ER T A, Lizsi-, Y RO E-- L oiififlE s s 2 h, B
THEA LSS EYE A
LU e B s, PEEENT S FA 2 e DU SRR (YY) B, B
AT I O G B PR R B T A = ke ko T R R Mo R A o &
MG Lic, Al ZZTSRUAREERGCFR L BEA S VTR SRR E T VRO
HTHo2fzh, 59 EAIHO ml —o %K ERERAEO yn 3 L EoSB BTG E T FETL0
TERGICDWT & EHEAEN T EhE, EMFHlEToSl L il L& bzt shasm
THEHZBRD, 6T, R LUHBRETOERN 1 ¢ 1 oG CriiEE 3 ik
WIS BT R e (5 3 A OERRRE T AR TR LThw28G) X AME
T BB A & o e P E R R T A H il PR 2 2 & 4 SRRl o0 A2 B S e
wlET 5 L CHETCHRA LRI BRE,

2. FlkmEy — L KEREOERK

AR 2 B & B Bl LT balbosunr (G2 R FEo 3 e o gun S0k A T — a0k
R Ee ¥ R WA, S T buedbosin SR BN L O S o mBles, SR 4 o F
b LTh oo Mings' (Ho and Jones 1980), 'Roden’ (Camphell ¢f af. 1984), = o - -
v Fih ‘Gwylan® (Coles 1986) #d 4. i, E—AKETIES ¥ ) 20 ‘Doublet’ (Jones
el al. 1983), ‘Pipkin’ (Jones ef of. 1986) #idh % . Reinbergs ef af. (1978), Friedt and
Foroughi-Wehr (1883}, Powell ¢f af. (1986) (e — o KEESEOPEMRNInSRG A v T
HETRLZE & O TR ILiEs L s F i T LSl & o B0 il S fT - T aH, &
SAMOTMET I 2 CIoE ->Tohy, i, BEHTL A4 A HIC FREGIIES R L
A2 AR ETT BB B S DR O BRI 2O TSR v, £ 0T, WifiE TIC S
I Lo Tl fi 8, 2 o0 0 ris I A2 SRl s D Lo TS SRV E DI oo I A B &
TR L, A E T oo, BRI, B LA R s B e s e L
e e R AT TR O T St

HHls LU AL

E—A i & LTI 4105 < BYHE = 426% & 3 R19X B 40550 2 A& E O F1 2 v
oo O T HR10% LS FINTRE SR ICEER T 2SRRI, 7, Lol 4%
SREEFRTIARC, 9 KA WP &2 44 25, RISk pm s Rivho i, 25,
ZHEOFBEIT T~ T ARSI LI s, gt B ke kb ks Rl L,
SRR I A i, PSR (R 6 A E T4 Fig. 6 — 2 100t L7z, 19884E 6 f




iz 2 il GEdr B ERE R S 98EE O S E RS B2 o, SHLE 0 B S Y
HICH I DH L, BEICDH 2 OG0 Al s RO Bk s B HORE R
TiT, R O T AT HIZDH 1L AR L DH 2 065 S o S REo it U
THEFMET (0.5~2.8n) #00E L, 19889FEEC (FRERERE) O L i 1 it -
foo 1980 JC oA BR L & 8 S0 BTk Lo % « 28 R8I MW R . ond, 1 i</,

EREAA R LT = o v I Wil Uiz, 19904E i@ 2 i o b J SR i L, 2
HL B OIS A S0 € — A LETRERH SRR (s AR 1090) il Tw 5%
R AU B B By A 2 (HER LR AT & B — e tb ol (3 0 v — ki) - Bk il
NINT, 4 o R0 b BRI URETIIEL, 74 e — ) TR R 89 » U —( 8
AU ENT) A L, PROREA RS L, AR B R R R L 80 6 T
Thod 2R, BRI A E E S TA o, RSN RS SR T AR T 5l

2R T, BITICd & A, AT E LTy s o= KA M AER A fT A, Ards,
19904F M T e PrBe, RUJE, BUSl, MCENE, TR, TR (2.5mmBl bookn), WEROR G
(2.5mld EOf@ME) HIORRE (TR = SRS aSfBHiz oL Talor iiE o
HESOED & el L & Bz, 9 A Z A 1ess s ik A B bt RS TR O A A CERE LT
PR A Tr vy, TOBBAEIE L) B RIS SR 2 3T 0 dndh b 3R 3 & £ thois Lo, RSN I

Cross between Apr. 1987 Cross between Apr. 1957
. elpare cultivars I, enlgare cultivars
1 l
Fi = M. bulbosum Fi Sep. 1987 - Nov, 1957
4 :b Jan. - Feb, 1988 | {hastening one gener-
Haploid production | ation in this peried)
| I
Colchicing treatment Mar. 1988 l
1 Fa Meww, 1987 - May 1938
Harvesting of Jume. 1988 |
doubled haploids |
! |
Sead multiplication Sep. 1888 - Mov. 198RS |
l l
Ist-year field trial Moy, 1988 - May 1930 Fa Mowv. 1988 - hay 1989
l
Znd-year feld trial and  Nov, 198% - Mav 1980 Fi Mov. 1989 - May 1990

malting qualiry test |

1 1
Feplicated field trial, Mowv., 1990 - May 1991 Fs Mov. 1990 - May 1991
malting quality test and 1 stewoar field trial

local adaptability test

Fig. 6—2. Scheme for the production and evaluation of doubled haploids (left) and
comparison o the conventional pedigree method emploved in Fukuoka Agric.
Fas. Cent. (right).
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6—3. Frequeney distribution of agronomic character of doubled haploids and a check
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haploids and a check cultivar in 1989,
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1988 FEEIZ BT 2 DH 1 B KUDH 207 HfT, Thdis koS oMEs4i#% Fig. 6—3
fom Lize frflad b Glo Rl L TROEC PR LR L B A E o fo, BROESOSENET
EERRERAI L D AN & Ao o A8 Ll Lo b iliA i RS S d oo, WP hoOBE L Rl co
MK Ehodn, BB IR, s, TROR, RS E L Ue BA CHEREAE L Lok
H T BEhFhoiolh i BEid il Lo, #h b 0FHOI080EN c ki 50, TR,
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RIS ¥ S L RSP0, HEF Sl os s S FOPBoiE oLt 6
Nize FREEEMISHAR L RS e m <, MR E & o Eh oo, k= 2 o —
A FERISCH- . IR AR 338 Sk o, Bl RNSAMBEIETE AT RO R
HEbdEFEF S L0 -z, TREMEWEGHAL O FE <, TRIME19908E % RI0%
FEHEAMRE L DoACE A o, BERNE G E19900F HE 3 RO1AN TN S AR & ST d o A AVl Rl T
Wb R o B KEEEFOIR AT &K & ENAE BE - S i T 4 B AL
bkl oTlhiz, £/, CShi 4 Bt 1088EE 55 L D080E I M o3 5 8 O % Table
6—6ICm Lice 2 i ndi i, btho el L AVEDT L <, o iEsRtie f s e £ o
e AR LA EE] s,

19904 [ 2 Rt B0 2 2 5 Foab i L - Bin S Bl oo 759210, T, Bhbas Lt
Whiilid s =& 4o A e L (Fig.6-6). FHRIBIZONTASL L, WECtiE
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SAINETT A Rl & S Edodots, MO T O iidr Ui, SR el Bro
oR30, 3145, EFMETCHA30, 32, 3 E o d0ailoRETRuThOoRHKE L e T
FoEEDAEN

*# =

JIE, e TR e A ET o ki B 0 R R AME T LA S RS A
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Fig. 6=5. The elite doubled haploid lines obtained from barley haploid breeding with
favorable agronomic performance and malting quality,
(a2 Yoshikei 30, b Yoshikei 31, ¢ Yoshikel 32, o @ Yoshikei 33)
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Table 6—6. Malting quality of elite doubled haploid lines (Yoshikei 30,
31, 32 and 33 and check cultivars®

Malt Kolbach Diastatic Examina—
Year Cultivar extract  index power tion
(%) (%) {" WE) marks
Yoshikei 30 85.0 55.3 194 74.0(15.7)*
Nishing Gold B1.6 46.5 161 SB.3
Yoshikei 31 84.9 62.6 192 79.7(0.0)
1988 Mishino Gold B6.1 a0.4 2 .7
Yoshikei 32 85 .4 2.0 201 69,007, %)
Yoshikei 33 Bd.2 a6-1 201 TH.3013.3)
_ Mishino Gold 24.1 4.7 237 62.0
"""""""" Voshikei 30 85.1  48.8 219 66.5(1.0)
Yoshikei 31 82.7 50.6 222 64, Ti-0.8}
Amagi Nijo 81.6 51.6 256 61.3(-4.2}
Mizhino Gold 83.6 47.5 238 65.5
1584
Yoshikei 32 Bi.4 48.3 209 63.003.5)
Yoshikei 33 B2.7 50.2 224 65.3(11.8)
Amagi Nijo a1.3 48,2 225 54.3(-2.Z2)
Mishing Gold 82.5 45.5 218 56.5
Ly Malting guality was tested at Teochigi Branch, Tochigi Apric. Exp.
Station.

2} Figures in parentheses indicate the differences in examination marks
from the check cultivar ‘Wishino Gold' .

WTHER Liz. AUHEORIER, bulbosum BHz 55 44 & ¥ P8 EFEEC Lo miiiioniz, £
P AT DR QI ELAGAA TH Y REE THT 2 C E AT E I, P IR A R A
I THL RV E M EA L <, BLEWTHLIES Lo Rfto s Ak Lz, £
T, MR PREE R T O S RS F AP R 0 Bl L AR R T B A e e
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Studies on Haploid Breeding for Malting Barley

Ly

Masahike Furusno

Summary

Combined procedures between production of haploids and their chromosome doubling
enable to save time in plant breading programs.  Barlev haploids can be obtained by
interspecific hvbridization between barley {Hordewm onigare L) and M. bulboswm L.,
The H. bulboswm chromoesomes are usually eliminated following fertilization during
subsequent cell divisions and result in haploid barley embryos being formed. The
objectives of the present study were to improve the efficiency of the haploid production
and to hreed elite malting barlev lines by using the Prefboswsr method.  The inheritance
of erossability between barley and K. bnlbosuni, haploid selection for disease resistance,
and the haploid production by hybridization of barley with maize or Italian rvegrass
were also studied.

Results obhiained in this study were as follows:

1. The most suitable time for embrye dissection and transfer to the medium
corresponded to the period from 11 to 12 days after pollination, when the rate of
haploid production was 22.4%.  Both BS and B—M—1I5 media were effective for embryvo
culture and the percentage of hapleid production from embryo culture was 30, 3%.

2. To obtain doubled haploids efficiently under gpreenhouse conditions, erassing barley
with ff. bufhosin should be performed during the pericd (rom December to January,
Colchicine treatment for chromosome doubling in haploids should be conducted before
the beginning of March, reselting in the success rate of chromosome doubling was
TE. A%,

3. Germination ability of &, buedbosion pollen was higher than that of barley on the
nutrient medium.

4, There were varietal differences among the barley genotyvpes in embryo formation
(1.7 te 72.7%) and haploid production (0.6 to 20.5%) in the crosses between barley and
K. budbosum, suggesting that the varietal differences in embryvo formation were due to
the difference in the pollen tube growth and the rate of chromosome elimination 3 to 5
davs after pollination.

5. All the regenerated plants obtained in this study were haploid and . buibosiwm
chromosemes were eliminated completely by 7 days after pollination.

6. Barley cultivar Kanto Nijo 25 showed an exceptionally high crossability with £, Seefbosion




I1 hybrids having a parent of Kanto Nijo 25 in their parentage had high crossability as
that of Kanto Nijo 25, The frequency distribution of cressability in F2 individuals
having Kanto Nijo 25 in their parentage showed bimodal distribution, suggesting that
this cultivar possessed a single dominant gene for crossability with ff. bulbosurm

7. To select superior . bdbesum clones for haploid production, H. ballbosmemn
genatvpes introduced from Morocco were evaluated for their ability o produce haploids.
Two clones were selected for the high haploid production efficiency, high pollen
producing ability and easy handling for obtaining pollen.

8. H. butbosum requires vernalization treatment to produce pollen because of its
winter habit. The selection of spring habit clones from obtaining clones by natural
outerossing among introduced clones from Morocco were made to facilitate the crossing
of barley with ff. bifbosum. Twentv-three out of 183 clones flowered without a
vernalization treatment. These clones produced sufficient pollen and some clones
showed a high haploid producing ability.

9. Barley haploids were also obtained from two intergeneric crosses (barley x maize
and barley x Iltalian rvegrass). The efficiency of haploid production was 6.9 % and 10.4
%, respectively.  In both crosses, 2,4—dichlorophenoxvacetic acid (2,4—D) treatment
after pollination was necessary to obtain the barley haploid embryos, and optimum
concentration of the solution was 7Sppm. A proper use of three techniques (barley x
H. bulbosunt, maize and Italian rvegrass crosses) may widen a range of application of
haploid breeding method in barley.

10. The selection of powdery mildew and barley vellow mosaic disease (Ba¥YMV)
resistance were made in haploid plants. Haploid plants resistant to powdery mildew
could be selected by artificial incculation of fungi to haploid plants.  The haploid plants
resistant to Ba¥MV carrving the Ymr gene could be easily obtained by selecting the
plants showing the same banding pattern of esterase isozyme genotype as that of the
resistant cultivar Molkuseklko 3 by starch gel electrophoresis.

11. F1 plants derived from two cross combinations of barley cultivars were crossed
with ff. bulbosirn, and their haploid hybrids were treated by 0.05% colehicine solution
to produce the doubled haploid. As the results, 209 doubled haploid plants were
obtained by the bufboswm method, and 4 elite lines were selected. Two vears wera
saved by the application of the bulbesiwm method compared to the conventional pedigres
method.

12. These lines were superior to the check cultivar in agronomic performance and
malting quality with a wide local adaptability, and they were resistant to powdery
mildew and Ba¥YMV.

13. In conclusion, an efficient haploid production method was developed for malting
barley breeding. The mechanism and inheritance of the varietal difference of crossability
with H. bulbesem were clarified. Superior . bilbesiwm clones were selected. Haploid
selection method for the resistance to several diseases was developed and highly
promising doubled haploid lines were oblained in a short period of time by the bilbosem

method.
- 59 p—
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