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EREEDOREMEEBENT I LI L > THEESE JR) 2EBICBIZENTES, I
ROZHEHCBO TR AREIC L3RS OREET 228, FREOREMAEMC LS
FRGFEETRMBOEEN—ACER S h, FEERL KIEICEMRTIZ LA TES, 1,
EREDY / ARECBETFIZOVWTIRERORETH S /2bIC, HUEETOIFHANEERET
DHE LFERR, BEERERT IO THEORBESTETSH D DRN L EMIELL S, £/, Nitzsche
and Wenzel (1977) X¥EFBICBTABFH0L»TE/ VI v 7 A0 Y —XEEZHKBEMFIE L
TRLTWAZ L, ¥R RBELEUERRVOTRERAEREFHCHHTE S L, BIEBEHSERD
EOHEHMETRL, HIBERETFHALOBEGEZEET 5 OICLHEALEBNT BN NI TTELE
L LREFIFHOMEERE L TR TWA, b, ERGHHE L RMEFHREOEITR WL
T, Nei (1963) REFEBEICEST A2 RIETHENEVE ST LS FTFRERESEHNTHEZ 2 L%
#E Uico —7, Walsh (1974) 3z BA2BKT256, FREFEELRHERLL VS0,
ZOBRMHE RHEEETIIARAABHNREVE LIThbh30Icx L, FHFHEFME TR R K
DIENCERONB D THEE L, ZDEIRATFIEL DB L DD, Griffing (1975) iXE M
THEETEL L L2 YRGB FEEOEN LG LMMEL TS,

DL EOFISIZEBRIC RGN EON THHD TER IS LDTH %, BEEYOLHESBRIC
4 U flix Datura Stramonium T Blakeslee ef al. (1922) iIc & W BRONCHKR Ehiz, TDHE,
A%, asF¥, FHX4a¥, bvEmay, bbb, v, 222, RS rakgl, BEAETR
TOXEBEEYTRAER TS, UL, ZOHBHETZbSHTIEL, Datura Stramonium T
35 X1073CHhotzo —F, FEEDAZBBIERIZ OV T, Shimakura (1934) 234 54 % ¥
27 HBICZV LA VIO EBMROEREZITV, AL L TR OSADOTENEEZREL,
Guha and Maheshwari (1964) % Dalura innoxia THIERIC & A ERRBEOLEUEEHICRD
TR Uiz 08, 85 Ic L #o32 (dp@ - AR 1968), 1 * (Niizeki and Oono 1968),
2 4% (Ouyang et al. 1973) FEOEBFYTHEBGEAKR A IS Wi, A4 4 ¥ Tk
&3 hn AU & R EHED D 531D Clapham (1971, 1973) I L > TEHIHTHRE S hiz, %
72, EMSIZ & > THERENRTZEBBFBIBET hap I X > TEKASB O hi-H (Hagberg and
Hagberg 1980, 1981, Powell and Wood 1984), Zhit hap MzFEFEHIVWIE~FaTY
2k, TORHEBRRDLEHENBOIZ LW LDTH o7z, LREAMEMILE HIZ, FHRHLTH
BROWFBELZEBETZLICE->TLBORAZ ENABREE N (San Noeum 1976, Wang and
Kuang 1981, Huang ef a/. 1982), .

ANARZEREOFHEE LT ERoMicBBER A HIZ L2 HEBD B, £4 2%

(Hordeum vulgare L.) D&, BONTZDFAM (Hordeum bulbosum L.) Db DOifFEMER
5EATHREBRMALOFTHEEE LWBETFEAALAFIZEATRIZLEZAMELT, £44F
L H. bulbosum %% Uiz, FOFER, WL Or0MEEYIRE bR, BEIRIENL K-
7z (Kuckuck 1934, Konzak ef al/. 1951, Morrison el al. 1959, Morrison and Rajhathy
1959), # D% Davies (1958) 234 fEhD H. bulbosum & 7+ * »F A4 (SEOTH» b 2 5%
FREEZELN, ThITHEEAEMIZES LB L, £/2, Symko (1969), Kasha and
Kao (1970), Lange (1971a, b) & Z OFEMZZMTERMAFE B, HLIEZOEMBEEREED
HRIZLZLHBL “HENEAEHES 2B L, 25 LERHERESEE L OPREN DT

p— l —



WC L0 WA, CEXUk % fE U7e (Fedak 1973, Jensen 1974, Islam acd Sparrow 1974,
Pickering 1977, il « B 1977).

ek B — A AR GRICR T, WE, S0, KRR IS T E HRE A R U7z LR R
i, =2 T K (VD 1987) BEOTHH LA F (GFHD 1991) FOHRMFLD
HRAE{T>TEfz, LivL, SEFEOE— A KEER 12 3 TR I R R S o e (U
Hi» = 1989) OBRIC Lo TE—kEE LTOMBEEKRE LA ERILEIMET L, A pEBL
s b B AN F OB G T E B MO BR A RO bR TS, Ei, IRAE O BRI Al 2
B LW A R Lis o, ool emid, &2k TihawiiE N T E I
S L D RPERASRD BB THAH, £OF0, ThETHEELTEAOPILICENTI
RN 2 A ER E w2 SR L 0 &, S hICHMEREZERT 2 FHEOMBESLETS S,

HRAEIR A 54T 5 2O TR E LTofaE ke~ & 5 ik, N F TS
R T-OF 4 L OFERIZE M & B P g R Lz idihid B 25, FURSIREO S BUAA S
HHE T ORI TR o LR AME W 2 £ 1284 < HB8l4 % 2 & (Hagberg and Hagberg
1980, 1981, Hamachi ef al. 1988), 7z, FiKFdIc & 0 44k Lo ik Bk B4
A3 % 2 EAEE E hTH 9 (Grunewaldt and Malepszy 1975, Foroughi-Wehr el al.
1976) , EEEO B I H AT RIC R B 1Ic M e 5 L EL bbb, & T THAER,
Wik k0 ARINTS B LRGSR (Huang ef al. 1984), * 4 L ¥ & H. bulbosum L OFf
MM A R L2z B R eI (bulbosumiE:), oA A4 & ¥ & FHC, H. bulbosum %ZAERrBIC
Lz TR oW, E—AKEIC G EREEENT 520D WE21Td 2 & & Ui,

H. bulbosum (Fig. 1—1) kTnrya, Fa=97, 4207, AL vEOHPUHEND
FoH=ARY, HYET bABREHETALE L TWD, v apiE S, 2 Aot
Wiz, 4 (S 7 o 7 okBEIC% < Ml LTw 3 (Katznelson and Zohary 1967). #
f2, BEATESETH 0 WAz & - TR %4
BEh, EOIENS L BALZKE (Fig. 1-1)
T ¥4 % (Lein 1948, Lundqvist 1962,
Katznelson and Zohary 1967, Ofir et al.
1967) .

ZIT, KA LFEH. bulbosum OEHIZE
A SRR N B9 2 e A e LT b &
BRI B ROE R o a2 e, b
FoMERRIR KGR, MEER o H . bulbosum Y,
(RO WIS I BRI TS S,

. bulbosum kA A4 L ¥ B G RGE AT /L%
bt BUICEHiTE A LOTHAWL, MR
Py DLW Tk, M. bulbosum FHfI0]T A5
MEOMGE LIS ELSH B ZERRDBR TV D

(Pickering and Haves 1976, Pickering 1980a,
1983b, Simpson ef al. 1980), T/, A4 4 F

Sl Lo T H. bulbosum & Oz MEBAIPEIC Fig. 1—1. Hordeuwm bulbosum L.
FERMB 0, A ERHEHZ0% LT & A XK (Zn=2x=14)
F9-5 C &sE s (Pickering and 8. :5pike and anthers, b Bulbs




Hayes 1976, Bj¢rnstad 1986, Devaux ef al. 1990), #®DJER% Pickering (1981) i34 4 4 &
B ETOEREMRORETHAZ LE2IEH UL, &bIC, Pickering (1983c) ik Z DARFEME
i3 DDT BeZittin T L B8 LBtk o B —RIET IR Eh T3 & Lk,

A L¥E H. bulbosum DTHEHRDMRMEDRERELEZ D\WTIE, Jensen (1976) ASEFE;
HEREEE B L, BICREEA LW L2 RE Lk, T, TS bIERHE co R
DOFHOFERH &A% Pickering (1982) 3 & 0% Chen and Hayes (1989) #3, MLHIBEic >\ Tit
Adamski (1979) BEhEhERMLFEEREL T3, DI, FHEEBLEDaIVEF
I K BREAEEIMIC DUV TIE Subrahmanyam and Kasha (1975), Thiebaut and Kasha (1977,
1978) HZIFRMLFEEE B LI LI,

A s¥l H, bulbosumDMEREIZRB T35 H. bulbosum Jee =0 5k >\T, Fukuyama
(1987) X 4 1846 H. bulbosum & A% 4 546D H. vulgare DM CIITHK 3 ~5 HIZE D
BERREABEENBI B Z L%, ¥/ Subrahmanyam and Kasha (1973) % 2 {5tk H.
vulgare X H. bulbosum iICBWTEHM @n=7) #RTHBOHEINLZTHS A% T37.03%, 7
AR TI368.68%, 11HKTILI3.69%THBZ LEHELTVB, & HICRBEENLDBEHRE
H& LT, Ho and Kasha (1975) A4+ AF¥DE 2 BIVE IRk LD/l L HEDDM|IE
FHREELTWAZ LE2WEL, Bl - BE 977) 24 &40 H. bulbosum & A% 4 kD +
A A FOTHTIE, H. bulbosum JIOBRIC L » THREAHEDOBENRARZ LIBRRTWE, F
7o, H. bulbosum ORBMENFELICHEET, A4 oFLOMMES B3 2 &4 Kasha and
Sadasivaiah (1971), Subrahmanyam and Kasha (1973), Jensen (1976), Pickering and
Morgan (1983) iz &k » T & iz, &b, Pickering (1985) XA HEH ORI &M YRR
DHBIZHE L TWAZLERLE,

ZDE5IC, H. bulbosum ZFIH Ul LEAEDIEHE KORBERE MBI OVTIEE L O
Bd%, LrL, cHAE MHERE REAENEIREECL>TREY, ThbiAEDE—
NARELEDKEHATELLOTIREV, 22T, RADE— LV AEREFRICE LK H.
bulbosum ZFI A Uiz ¥R G FHEEMILTHILEND 3,

FBAFEEL E -V ARCBOTERBEOTMEM L UL T3 20iciE, BHEFEROEMHEE
R EGOBRECHAMENBRTCENMEI L IEHRE2ED 3 2 LB TE B, Foroughi-Wehr
and Friedt (1984) Z#55ER RO G CAZREMEHICH T2 b2 BIICBRE L T34,
Bet RS NIRRT O L H e ZE O TRE LR e, Z0ke, EEHIc DLW THRE FEE
EBDISHEICKT 5BEOFEKRIZ OV TLREFTILEND 5,

H. bulbosum ZFIB U LR HEFFEIEKREZ L CHEE (Kim ef al. 1988), @77 Y H
(Littlejohn and Pienaar 1988) £ TIK< fThh, H#F 4 Tik ‘Mingo' (Ho and Jones 1980)
& Rodeo’ (Campbell ef al. 1984) AfARIHLE LT, 1 ¥ Y 2 Tix ‘Doublet’ (Jones ef al.
1985) & ‘Pipkin’ (Jones ef al. 1986) Rt —AkEDORFE LTERER TS, Tk, 1 F
YA TERENL ‘Gwylan’ =2 —Y— 35V N CHREAA 4 2 FQ8E LTEAERE (Coles
1986)o LA L, BEOBEEMLERSAZ C—AAESZMCH LT, bABEKBWTIDE

BEERELFARA L CRERGER2ER L #BE R0,

HEZRL LOBADID, E— AV REFEBOWTCERGEEELMIT 5 BT, H. bulbosum %
FIR L7 B O ERIC B0 2 IR0 REo RN, &b, et nEEoshRezlE
HEEZWALMCLES & Lz, ¥, FHAEERCBO 3 E— L XEORMEME L REGDOH L
BEBLUEORBEHERE R Lz, EbIC, REBNES TEREMEIEHBYROZE N H. bulbosum
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FHEDRY L H. bulbosum LN DHEMEDOIEN 2 FIF Uls EHEDIEHERIC DWW T, ZDATHE
HEBE Lice £z, FEAFTEEOYRILERZ HIL, FEAEBEM CRERMEOREELHR
L. U EDmMmRES LI LT H. bulbosum ZFIF Uiz B8k kD v — v KE LS mE
ERMOERE Ao

ZFORER, WDROLERELPEOEEMEZWOPCTEIENTEL, i, E—VKRELE
O3 LB EHR O G2 & O EEORE L OBGRE L OEHRICES T 3 /IETFOFEE R
Lo BIRIC X AFCABELEL U WERE CEEEERSEROR N H. bulbosum Rk #
HT&EBZ L2 H. bulbosum DA O FIB LI B BEEREIE 2DWTL Z 2 THHTHL M
KLz, &bic, RERMERFL 5 LA RT3 EIIEEGL LEHRETRKTEZ L E
Mo L, REEHERORETHERBE -V AERARFL2RBEICBEIILNTE R, ZDLS
12, E—nAKFEBTZEEAEFEECOVTEFODRILPFTFEDRRLE, B Hk%: W
LT B ENTE R,

ABFIET19865E M H1992F ¥ TR R A ERARBRPRENENBTER _LAXEFTENEE
(Z&XEFEREEHPH, BRARNEEHER) T8V T, BEAREE BEhREEEH 44X
EFMBEOFR | BLOBRBIMIEE [ 14+ 52/ 0o —EMBHRENTE (TLAEDLEUEF
A L3FRMEOERE) | DM TITo72bDTHY, —HITBHRKELEBRERNIELY 2—B&
O BRFEAWMERMENR (KPR EFTH) EBNTTo/k. APIILZER, HERIEHERILNZE
£ (HHED 1987, 1988b), HAFEMEESL (Furusho ef al. 1990a, 1991, 1993, #HH H 1988a,
1990b, 1992b, 1992c), Barley Newsletter (Furusho 1988) 3 & U Crop Science Society of
America (Furusho et al. 1992a) IZHFL, BELFETRELTELN, EREFOLDLED,
CTIHMEZR D L THRETHZ LR Lite AFED 7 — 2 ki 3 DAL T XCERR &
(B ERBBORRBRESE LOCRBTOBRTH S,
AREOETBLOXR/LOWMY T LD, TEARLELSAARESENEHEETE
(BAMNKFEEE) SHESHLICRKRBEL2BEL2B . /2, ARIEZERTIICH
o> T, NMKEEE/NEEME LA S RS EETic BE s 3 REE2B > 7.
APFED VR R ICEE R R AR AKX EFTEMAZER (BLEMOK 4 U E 2 550
TP EREMRZER) FEEXE» LB 7, WROBFIZHI > Tk, FIBXEBIRBILFIRE
TBICEBHRKELRERT L Y 2 —FEMREFILFERCEBHED R BELYER W Wi,
MAEDOERTICHI > Tk, EHRAEEZRERBE _SAEZEENEE BAMBEENEZR) RSB
wiEL, AZOHEFRK, REROGNIERICEKOHN LBEE W W, $iz, BkkEd
BEAMEFEHRETAREETRPEBMETB LKA —EEEREBTRIBEE LT L2V
Too EBIT, BHKELAEENR LY 2 - XEFTEMEZRKFESH LIS E LB EZ WK
Wio MIARRBERABBH AT S C — VEMERMEIEEERAROF 4« KR EFREO I T%
LTWiilniz, £z, FEEFEMAHOMBHEOHRERRET O KBl > Tk, HRREBER
BRGHARTB _RRXEFTHEIEEH B, +V v -2 lkK&Ht, o Ene—ndstt, 79
E— BRSBTS ¥ b ) —HRSHO -V KEFECBIRT 2 4B LT iZv
770

CZIRAMICH LIRE OB ERT 5,



B2 ﬁi?]‘ﬂ‘AﬂF‘ (Hordeum bulbosum L.)
FRIZE2XBEONRN LER FEORE

AKETIX, W44+ 4 ¥ Hordeum bulbosum L. #FIA L CEEEEEHRTIRHIZ>T, +
d 4 ¥ LOTHR, MENERHT 2 EERZRH Uiz, £, WEHS%, BHEkB L 0EG
&% (RIS 5 72 DR R BER S L R EMEEZ R Lz, b, H. bulbosum
B ONrEE BN L U TIERRIFRBAEORE L IR RFENORHTLERF Lz, T
Tk, * 4+ 2% (Hordeum vuigare L.) LHi4:A4 A ¥ (H. bulbosum L.) ZAHEL, T4
A A FREEORRIIHRIC & 0 LB EE18 2 Jik%E bulbosum LW 52 Licd 3,

1. RO SR

bulbosum ILIZ BV T, BRI X > TEHLARZZOE F CIEHHE ETRE LRWDT,
W% WA, ATRRTAZLADLETHS, ChETICA A LA FLEKREBZLDICHE
WAL LT, 3548 ~120# (Kao and Kasha 1971), 14~21H# (Jensen 1974),
15~18H# (Adamski 1979), 11~20H# (Pickering 1980b) ¢ #if & h, Hin—F L TW i
W £ TE—NVRKER bulbosum % BRT 21 BT > T b EY) 2 BRI B 5 s
Blcdic, HHRERNO LR EIEHERE PN,

WHEE LU HE

LHET1987E 1 ~ 2 ADPIRICIREBRTIT o/zo E—NVKER (v /TN FXBEES)
Fi1 %, B4 4 4% H. bulbosum i¥ Cb2920& GBC77-1 (W d2n=2x=14, MILUAF LIS
BB & 0 ) Wi, E— A K#EE H. bulbosum DR LBAENRB LN S T TORR
% Fig. 2—1252—3F TR Lize H. bulbosum IFRIGHRENE L, —RBICKBIC L3
b4 8242 (Koller and Highkin 1960), # 2T, 5T, 8IRA KT8 HEOHLAN
a7, 15CLHL, 24HRAROBEANTHIEE THEE L.

AT B FEAMNC X Pickering (1980b) D F BT ko723 H. bulbosum OIEH % BHHEL
CEEHRB» DM LUMEILESAE (Y a vV vl ADOKIHFdZ &, HET i~ 75ppm
DGA3ZUMT A L, BLUZOBREEBICMYEL THRNT S Z L4 1unb (1987) oKk
Lot EhIT, BREEER, BAER)F L vy RTHE LARZBREE TR L, BEHETO
B0 B0 &H225C, 18I ERICT 2B T 21T >/, MRHKENZcH#7 A, 117, 128,
BHBLICI4A#E Uiz, FRFROMHIRIICIE 2 MENICREH (BS 3 £ 0P R-M-IS) 2K
Lizo FEARRIZIMERETEHIE Jensen (1976) DHERIC & 7228, AP T HED %2 —
EEL, RIFF TN, 25C, RFHRTI2MGMA K, BF:20°C, W] : 25 COBRBLMTICH L,
BohiclEmiEid 2 ~38cw : L XA—3%254b=1:1: 10KLEARLZAEY £y b
ICRBH Uiz, $72, BOfEEE MR T 57008 h oMM EDREEE 0 'C D koke T24R5HIRT L
BU, 22/—/V F#%=3: 1DOBRTHEELLE Tebhr—3IvTHAEL, BLOSLER
EoTTV T — rRIER LA E2 B LI,



Fig. 2—1. Dissected embryos at 11 days
aflter pollination.

(left : selfed embryo, right:
hybrid embryo)

M5 R iR W T, MR 2 HI 1000 {4
Bl Ui Migm Ltk 2 A, 3 Tin
thfiton=7ch -7/ (Fig. 2—3), %, ¥k
D DR S et A EE U7z 84 & NI )
CThH, fGhiciidyifils <Ta 4 4 ¥
¥ihchsd Bz bhi, Table 2—11C H.
bulbosum & 22466, 143 5 Ao PR IR 50 oo it
2O P MEED &R AR
CIERUAEL PRy IMERD %ok Uiz, H. bulbosum
bk 2 fliEA 7228, W& b as 11 ~13
H O ERE W % CHh -/ (Table 2—2) @
T, IR A IR AG  & R R 2
oy H. bulbosuwin OFWMECx Uiz, A5k
IR 7T ~14HTA B L56.9~63.3% TH -
Too BRI B I B4 K U Tl ik ik
Lrcssts, BRROIEIIHRERL0.9~23.3% & K&
HAEDB Y, MR~ 12 ORI G Ui g &
I PR R A S o Fos AEMEER 7 TR0
Rl &, 14 H O REGREIIE O35 & A
HAMED 5700 TWREUITHGH U223 & s ke
oz LTuwinniobic i A N T d -
Too FAo, DG & MRS B e =L L
TkBY, BEOETICLENIAETFLTLES
CEBFLBRI, LIt T, E—nREIck
WA R R AR PRI D 72 b 0 du i 5 I
IR MR 11 ~12H T -1, ZOfHNT Z
g TOWS &I LT, W oA Lo E
Mzt b OTH -1,

2
At

Fig. 2—2.  Embryo culturing in the medi-
umf(a @1 week, b2 weeks,
c: 3 weeks and d ! 4 weeks
after embryo culturing) .

Fig. 2—3. Regenerated haploid plants
obtained from barley x 1.
bulbosuwm 6-7 weeks alter
embryo culturing (a), and
root tip chromosomes of a
regenerated plant having 7
chromosomes (b).




Table 2—1. Embryo formation and haploid production efficiency in different
dissection date after pollination

Days No. of No. of embryos No. of haploids No. of haploids
after florets obtained/No. of obtained/No. of obtained/No. of
pollination  pollinated florets pollinated  florets pollinated  florets pollinated
%

7 66 63.3 12.1 19.0

11 434 56.9 23.3 40.9

12 1198 59.7 22.0 36.9

13 529 57.3 14.6 25.4

14 341 56.9 10.9 19.1

Table 2—2. Embryo formation efficiency from crosses between
H. vulgare and two H. bulbosum clones

H .bulbosum No. of No. of No. of embryos
Year clone florets embryos obtained/No. of

pollinated obtained florets pollinated

%
Cb2920 1223 523 42.8
1986
GBC77-1 494 228 46.2
Cb2920 1554 914 58.8
1987
GBC77-1 607 351 57.8

Note: Embryos were obtained 11-13 days. after pollination.

2. EEECHKTHEHOEERSL S UREHEME

A LKL H. bulbosum & DEHIC L > THONIEEIERL, LRERIFHTILHOAT
L LT, Jensen (1976) 1k 3 EEOEMIEHL 2 HBORGEEZ LVORERE L O THEM
LLTEFTWS, £#2C, ¥—nkFEL H. bulbosum DD S FHEHR L BILBI,
Zhb Oy b 2 HEOBEMEMEI Y EF CREEEEIEREL I Lz, iz, ¥EEE2EHLL
#, 2 e F VvELARUCEREENEGLEB DI a e F Y OREPLEDOMOBMPE LT
ABREMARFE EhTWwW3 (Subrahmanyam and Kasha 1973, Thiebaut and Kasha 1977,
1978, Ho et al. 1978, Adamski 1979, Thiebaut ef al. 1979), LH» L, FhbliZLWFh i A
IXBBEREL HHIcHHcE 2RETT > LERTABRBARICHIR S v, BRAKHETRE
IRV IMEEZ 52 FERRF EhTWiEw, 22T, ALKRZSPERMICERTSZ
L, EBdkfEmBAsL KRICESLDOMIMEEERE L,



MBELUHE

19865 & 1987420 2 MEICTRBWT H. bulbosum
@ 2 F#f (Ch29203 LT GBCT7-1) & ¥ —s K
FEOTHIC Lo TR ORI MAE ML~ 13A
G L, B5 (Gamborg ef al. 1968) L UF
R-M-IS (Islam and Sparrow 1974) K5HbiZ i
IR Uize ZEMEIC AN © — 2 k3 Sh AR IR 198647 1
A%, IV bT—ATFY, BEE 4L =
v/ I— FBLUHRLS, 19874:HF (=7 7—
WEXBHEE L) FLTH oo, M & LR
DFFREVEHIE & W CHEEIC L o7z

19884FIC (FUIN —4:10% X BTR —4:25%%) F,
GERIIXBH = 425%) Fi B L0 il =%
105 x %H%15) Fuiz H. bulbosum (Ch2920) #
LML TER AR Uiz PEURIE LAY K
MCRAEL, #12 A% 2% DMSO, #1107/
1,000cc @ Tween-20% ¥ L720.05% @ 2 /v & T A
F VEEWIZ20T, 5 ICE EE L (Jensen Fig. 2—4. The colchicine treatment at

St s s = - _ 3-5 tiller stage for chromosome
1976), HfufkofEinzir-72 (Fig. 2—4), AN doubling (a), and root tip
BEREINE 2 H12H/ 653 H4 HETL 3 H23A chromosomes of a doubled
B4 28 H £ TO 2 BINC 0 TIT o 720 18tk gﬁgﬁ£?mg“°m“m'

B L O Y AR AT INALER 8 P oD 38 B A AR EE 16T
MR 5 R0 H 7 ARBETIT 272,

BRESLUVER

Table 2— 31219864 & 1987412 81 5 Feth MO L EUEIF LR R Uic, S THE Lzt
B ORI R, 198651k B5 £321.0%, R-M-IS TiX26.0% THE LR E > TV,
19874 CUERT#2335.4%, #HEN34.3% THETH -/, Th b Offiik Barley Medium 2&
Linsmaier and Skoog Medium # 172 Adamski (1979) OF54# %2 orchid agar medium %
W72 Simpson and Snape (1981) ®fEH L b ER Tz, £72, Jensen (1976) @7 Lic C-17
W T OREHL &2 0 0 fE - 7o, FIRHC HAIC T 7o C-17 [T 0D S & A4 0 0 fi >
TWize Licdi->C, AFEETHW 2 FEOBIL E §I1C2BHH IO 72 I i EhER o LB
THhiHEEZBRS, 44 4 FOMERIZE T Norstog (1965) RIEHE & IO [ & 23%h RN
GAUICHEETH 5 &b T3, WA TIRHER LZBOB XA —E L L23FHshs
b, EIRRNCEE AT O HA IO R b O s E OBl E s L v L b F
Bz OT, WEEIZ DWW TR 2 TR Lk o7,

Table 2—4}Z X 1988 12310 5 L F A M A EERE I OB BRI > W TR L, BBz L b h
TR a v e F B Lo e 25, LA . 8~T3 A% CREMBMERD Z L TEIZ, T
D5YH, areF VUEE 3 H4 HETICT 2B EREMEIENRTI.4~79.8% L &<, EFEHE
D12.2~21.0%8 L WWEIE TREAEINRHE G S LA TE R, LaL, 3 A23BLIRRKK 24

_8_



Table 2—3. Haploid production efficiency on different medium

No. of No. of No. of haploids
Year Medium embryos haploids  obtained/No. of

cultured obtained embryos cultured

%
B5 533 112 21.0
1986
R-M-IS 218 57 26.0
B5 734 260 35.4
1987
R-M-IS 531 182 34.3

Note: Embryos were obtained 11-13 days after pollination.

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

No. of doubled haploids obtained/ No. of doubled

No. of No. of haploids treated haploids obtained/
H. vulgare haploids No. of florets
treated Total  before Mar.4 after Mar.23 pollinated before
Mar.4
%
Fi(Kyushu Nijo 10 x 230 44.8 79.8 13.2 21.0
Kanto Nijo 25)
Fi(Yoshikei 19 x 154 73.4 73.4 — 16.8
Kanto Nijo 25)
F1(Kyushu Nijo 10 x 146 53.4 74.2 36.3 12.2

Yoshikei 15)

F VIR U725 a 3R A AEMEH13.2~36.2% L BMRICIET Lz, Thika e 5 v AR
BR&EGEOYETHD LE2 bz, Simpson and Snape (1981) XFKIER 4 4 A F BT 38
BABFECRWT, a4 F VICLAREEBEMDBITORLLTHEZ EHBELTHS, LirL

ARED L 51T, MEEICHERELZEECHERF TERVEE T ORRICERBENATKLEB R
DTk, SALAETCCareF VARETH LEND o, £z, ZOME CICOUBREL#K2 S
k12~ 1 Apic H. bulbosum L H L, EKAEZETEIRTHIER LA 71,

3. E—ILKEEL H. bulbosum TEIDOANTRHE
H. bulbosum IEHZITHET A ENTENEL T L A4 L FLDOBMENE G ALEMRA

Y, THFHOIKIZE > TRKEOEHEEZBLENTE S, 22T, KERTIIENITK
ZARE LTIERRFRRICBG S5 ALEMAGEZELMCT L EbICE—VAKEL H.

_.9_



bulbosum 1633 0D FIEHE 11 DEERFRIZEILIZ DWW THRET L7z,
MEGS L UHE

1) e RFHREE

BRI & OB IS TIEM DA TRFRBRE T > 7o BEMIEHIT Y 288 1 10%, %K 1.0
9%, DH :6.00%EH (il 1934) B L' afli 1 15%, BHEF v 7 V10 O (FEH - RK\;
1957) & F\ i, WEAEREHIE Y 2 48 1 15%, CaClz:0.1%, H3BOs3:0.01%, pH :6.0% &EARE
B (B O AT RFRRIC - OMBOWBEERE RV Z LT, BKEEREEYWRENRETOR
JIFEhiEt L v BRB-o7/2) &L, Fig. 2—5IKRT &5 REKDORE > REEHCTRIRER
FTotre 283, BHEF V7 VIRRMAEHICHME Lo B3 DICEN Uiz, SEITEHERTIX
=y ) I—nF, BB TRERIZHEHRAL, &b ICHHRRBVER 2 S85cBR L, 1 KM
FB%, BEHET (100f%) 5~ 6 BHFOMENEBE LTRFRERD I, 2B, EHENDLTL
TLHELEADRREFL L, R LCREEZECRZTOLDORREFLIZ Lo,

2) TEMRFHIIOERNE

H. bulbosum 163 DRFEENDOERENEL LRI TEdic, =¥/ I—NV FRLEREL L
TR REEEN D 3RS (BR20~23C, ¥+ — VHhTRE) S TREEIOELEZRE L.
BEHIER S SWRFEL R Lot (v afli: 15%, BHET Y 7Y 11.0%, CaClz:0.1%,
H3BO3: 0.01%, pH:6.0) %\,

Germination rate (%)

BRESLVEER 50 100

15 [0.1]o.01]
2 SR DTSR B\ CIEH R RBR % 17 - e

5 0 0. 0.;)'1
FA, WFRORBHTLEEA SO Pl
THRHULAFRIZOSRTH-I, ThiZHL, K —
FEMTRWT ORI BV THIERDORIFAS 15 | 2.0 o.2|9.oq

15| 2.0] o.1]o.oﬂ

Hdbhiz, Fig. 2—S5ICREIEHOARK & W
RERDOBEGER Lz, BEHET V7 vE2EML
BWEARBRAEEEHORFRNTS.0KICX L, B
BFY TV ERLOXMZ I EHIE84.0% & B3
HREIR Uice EAWEIEH TRIEHEIRKMED
Ot > TIEB OO HEE LT, RFLLIE
B CHBONNFEIEI TH 3 O FIHEEHE
Thole ChiCXL, BHET v I VE2EMT
Rl k> THREOKWSEE Y, EHEDOS
HWERP R ot £, vall, EHEFVT
VB LU CaCl BE A E LI TIIHTRD
FARAIER L 0 FEFERMET Lizo LT,
RS a1 15%, EHBF VTV
1.0%, CaClz:0.1%, H:BO3:0.01%, pH:
6.0DWMEHEMTH >z, ZOEHMERH, H.
bulbosum B L — W KEER O RIFRETIORE
R LIT DV THRE Lo R % Fig. 2—6ICR

20 | 2.0 [ 0.2 Jo.0]

gulco:

se H;BO,
potato  CaCl, ©
starch

Fig. 2—5.Composition of media for
pollen germination and ger-
mination rate of H. vuigare.

100 — ® H.bulbosum
L s A& H.vulgare

ol 1 ) ! Il L 1

i1 ]
0 10 20 30 40 50 60 120 180
Time (min.)

Fig. 2—6. Time course of pollen germi-
nation rate of H. bulbosum
and H. vulgare.



L7zo H. bulbosum B LUK —NKREL LTI ORFHDIZEFRHORB L & b ICETT 52,
H. bulbosum DFBMETOHEIELHTH Y, WFhOBBREITLRFENTIC—LAEL
DEho R,

AED XS, TERDATRFRREZTO Ld DKL, H. bulbosum B LV ¥ —rkE
B DRIFENOEROEALABR S MCT B ENTEXRDT, H. bulbosum TEH DERRIC DU
TRAT2HEDRYDRFBRICRZ LEL DI,

4. B E

bulbosum L& WL T Bz bic, B2EHT 3 EM, KEEOLDICHED LW EHOBER L
URRE R B AEREMELALNIC Ui, T, ERFEE ENE L TR RS AR AL 0EE
LE—nKkEL H. bulbosum 168 DRI OERSIELE B 51T Uiz,

1) ¥—nREL H. bulbosum % Hith, MAHHHT 3BT THII~12A%TH H = OIS
P EBBIFHERE» > 12,

2) WEHERAEIT S $EHIE B5 B LU R-M-ISE & 10 BB EHR A > 7o

3)  FEBENRFE BRBEEEMOHEAI+HCERVERTCARICEBS BT, ++oF
& H. bulbosum DEZHZ12H~ 1 AIfTW, BLRIERED 2L e F vic & 2 Rt thiE g
3B ELOECIITOSERD -,

4) TEMORFENEZRET DR a1 15%, BELHEF v 7V 11.0%, CaClz: 0.1%,
H3BO3 : 0.01%, pH : 6.0 M» b5 WA E UL TH 5o 7z, H. bulbosum 1EH D
BRENREFENOETIRE -V AEER L VBB THY, FEEMRETORFENLE,N >,



B3E FEBEFEHCBFIE-—NVRKRZOMEHZE

AETIE bulbosum BITHBF 3 ¥ — AV REOFHEIFHROMERZER & £ DERORRZ FT
Lo E7z, FBEIEHROMBERZERICEY 2 BIEFER 2 BRE L,

1. FHEEHROKERZ L THEOMRES JVRBEYLBREORBFR

bulbosum IR AMBER L L RAEEH RO 4 4 4 F FEMZIC DWW TIREL OHERH S
(Jensen 1976, Pickering and Hayes 1976, Pickering 1980a, 1980b, 1983a, Simpson et al.
1980), & BT, A oA FREIC L > Tk H. bulbosum & DIZHICRMESHERD Y, EHNELEL
RO AEEIEHREN K EETT528ELH 52 (Pickering and Hayes 1976, Bjgrnstad
1986, Devaux ef al. 1990), % DA% Pickering (1981) XA A 4 ¥R L COEHEBED
RETHBLIERM LI, &b, Pickering (1983¢) 1k Z OFRFIE X DDT RS BET L EH
Li-BHOE—BEFIEERERTHVS & Lz,

ZITik, HEOE—- AV REGETOREHZEEZPOLMCT I EE LI, BEREZOERLZES
HHWIT H. bulbosum L DAZHED LEREE COEMBEOMERE L, TH» LEHMRICES MDY
AN AARIC D WTHRE Lz,

MEGS LU HE

1) ¥—nAXEE H. bulbosum OAHIC RT3 L EEIEHEBD REM2%E

RERIT19884 L 19894 1C1F o /2o Table 3—1KFE LA E—AKEREEZH, HELL1~2
R H. bulbosum 3%#t Ch2920 & 554 U, MEHHIRHIIIIASHESII~12R, BT BS % v i,
ZDMOITHEFTER JOERGEIIRECR U HEiclE Uk, BEMZRESER (BEER
BY/IMER) L ¥BEIFHE CEEGE B9/ MER) TR L.

2) H. bulbosum IEHE DO HEHE

V- RE2 R (R _-F£255BLUERLS) & H. bulbosum i Cb2920% 19914 3 B iz
TH LT MMEEL LM 6, 128 LU2BFMBIC A S BA LT VARV L, FAAWK Gha
<)V IKEER T &/ — v ZKEK=05 5 150 508L) RCEE Lz, BEE LT wE
INKBRILT b Y 7 AR CTHILZR, 0.5%7 =Y V7 A —BRCHRER, WM T cith
BFOMRBEZBRE Uiz, HE LT VORI 1854 9208, £4BIz >\ TEE100@EE L,
THFMEEZ T2REL Lz, TEREOMERERAE LT VWO 5 BIEHE N IERE c2%E
LTWBETHE L, £/, ChedBlicg&fflibicv 88Iic H. bulbosum %354, HBHFE
REFBBEHERZRZHEILEEOHRIZ AV THE Lz, IBEHRE L UERGOEHERIED S
LERUTH B,

3) H. bulbosumBtaikysnR

BISR — 42558 L O R15% AV, 19904 4 BICHiE & ARED HE TR % T o7z, THE 3,
5, 7, 9IBLVIIRK, IBALZERZ ZLFh20ERE L, £ LAFERE 0 COBKFBIC
URREIEE, b/ — NV EfE=3 : 1 OBRTEELLE, T Mh—3 Vv TRE LK,
FEFEBE T CERRPLRAE L2 HIEE, HLOSLKICLY 7L AT — b R2ER L. &
il 8 ~1ISEDORETEZEIEONT, b/ 3~11EDOHMBMOREEREBE Uiz, 508414 3



B (%15f8) & 58 (£13@) Ok >WTR, BELEREEZREL UTESREERD t BE
2TV, REFHEREDMERZEL B,

= R

1) ¥—nKkFEEL H. bulbosum DIZHEITIBT 3 EBAEHROGMEME

Table 3—1iZ 2 AFIBI 3 € -V AKEFHEOMEERE LOLBBEIFHEEZR Lz, 19884
FEZhFhll.1~59.8% ¥ X 173.4~29.5%, 1989%iX1.7~72.7% B X U0.6~26.5%ChH >7zo
—BICEEERERB VGRS EER LB, oo T, 20E L LAV 6 BEORES
REFBHFHBOMBDOIBMIZR U TH oo ZDEOICE—NVAERBICITME LR L LEEE
HRICH b ic BERIEAED bh, BIR 4255 oMMl L Ll L TEBIRE WV ERMEEHRR
2L,

Table 3—1. Varietal difference of Japanese two-rowed barleys in crossability
with H. bulbosum

No. of No. of embryos No. of haploids
Year Cultiver florets obtained/No. of  obtained/No. of
pollinated florets pollinated florets pollinated
%
Kanto Nijo 25 400 59.8 a¥ 29.5 aV
Nishinochikara 159 48.4 b 15.1 b
1988  Yoshikei 21 340 22.1c¢ 8.2 ¢
Kyushu Nijo 10 273 23.4 ¢ 6.6 ¢
Yoshikei 19 290 18.3 ¢ 59c¢
Yoshikei 15 386 1.1 d 3.4d
Kanto Nijo 25 392 72.7 a 26.5 a
Nishinochikara 149 41.6 b 17.4 b
Yoshikei 21 190 38.4 be 12.6 be
Tsuyushirazu 249 29.7 cd 12.4 be
Nishino Gold 351 20.8 e 10.8 be
Kyushu Nijo 10 105 39.0 be 10.5 be
1989 Misato Golden 98 27.6 de 10.2 be
Haruna Nijo 89 19.1 e 7.9 cd
Kyushu Nijo 9 528 24.8 de 5.1d
Yoshikei 19 206 18.4 ¢ 3.9d
Amagi Nijo 52 5.81 3.8d
Chikukei 7565 402 1.7 ¢ 0.7e
Yoshikei 15 491 7.7f1 0.6 e

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



Table 3—2. Pollen tube growth of . bulbosum to the ovules on H. vulgare and
the embryo formation by crossing with H. vulgare and H. bulbosum

Pollen tube reaching to ovule No. of No. of embryo
florets obtained/No. of
Cultivar
Time after pollination (hours) pollina- florets
6 12 24 mean ted pollinated
% %
Kanto Nijo AV 81 79 79 79.7 168 81.0
25 B 79 79 78 78.7
mean 80.0 79.0 78.5 79.2
Yoshikei 15 A 14 15 14 14.3 164 15.0
B 13 14 15 14.0
mean 13.5 14.5 14.5 14.2

1) A, B; Replication.

2y H. bulbosum {EFAT O MR O R %
Table 3—21Z &— VK22 2 Sl H. bulbosum
TR, BRI BE L2 G (BlER)
a1 erad [ B R @ % d Vel | 2 %%/J\Ly‘u
FERAS OB D W IR SE MR O FORIE Y 33
U MERE NG X 2 280 720 s » J2 SRR S "b’elt!\' :
2575 H79.2%, WHHRI5H14.2% (A6, 12,
2AIFHE DI LK & R Emh b, o
AR TRHABH AR L TR LTnizs, %<
EHET W omP e ELS L L (Fig. 3—1), IF
BRE THNE L b O odz, il
B AW OFNESR & ML LB OG5 & i3z
F—B LTz, B2 LA SR OMERL Ly -
fois, BIEREBEELEENZE-H LTV &
b, MERE CAHTIEELLFE (Fig.
3—1) THEEZETLTWALDOEEL LRI,
3)  H. bulbosum Jett Ak 2o i 2
B — e KEE 2 WL D WT, H. bulbosum T
Bt B oo itk iz Table 3—310R Lz,
IR AR M O TSR Alcoh T
440 B T ARIZHA Uic, Yl fhm i 4 ik e yiih
3 HHICHE A, HIC & - Tk

Fig. 3—1.H. bulbosum pollen tube
elongation, which stopped
in the barley stigma (a) and
entered into the ovule (b).

<W&prﬁm§®wb TTIP (7T4) Tho/cbDETHY, RUMOHhT L etafkil

DI BAEANRAE LW e e lnd b —

4:25% L OMAITI2. 74, HBL5OHE13.0




Table 3—3. Chromosome elimination process in embryos derived from H. vulgare x

H. bulbosum
Days Number Number of cells containing Mean
after of em- 7 - 14 chromosomes chro-
Cultivar”
polli- bryos Total mosome
nation scored 7 8 9 10 11 12 13 14 number
3 Kanto Nijo 25 15 15 2 0 16 2 24 0 117 176 12.7
Yoshikei 15 15 12 1 0 9 0 13 1 124 160 13.0
"5 KantoNijo2 13 2 10 3 20 1 4 0 15 79 9.6
Yoshikei 15 13 20 8 0 15 0 1 3 2 77 10.4
"7 Kanto Nijo 25 - 10 sa T s 0
Yoshikei 15 10 55 55 7.0
"9 Kanto.Nijo 25 - 0 s 77 70
Yoshikei 15 10 51 ) 51 __________ 7 0
11 Kanto Nio25s 8 3% B 7.0
Yoshikei 15 8 33 33 7.0
1) Kanto Nijo 25 and Yoshikei 15 are a high and low embryo formation cultivar,
respectively.

EKTHolro KRS AT 2HOMEO FHREEEMN TN ZN.6KL10.48 L HEREE
BB LHET Lito ZORMICL B UBOPICI4END 7 AL TOEL LEOREEE L DMlas
BELTO, THET7BUBICR3 L, T RTOROREEAIEIT7TALEZ>TEY, ZOKNE
TREEREEMORL B>/, LMo T, K3 Ah D 7 AOMH K b REFDH IS S
T, THET AUBOLREABITRE U BB E R Lic, 353, 5 AEOFHRAEFE TR
B4, REAOEABRECHEMEZRDOhEN o, LA L, BELENBVBER 4255
BB 1AL EOMBROEI &2, o3 HETIE81.3%, 5 A% TIX25.3% THBDITX LT,
BEERDEVWHERISIEBTZZh b0, ThTh86.3%, 44.2%ThH v, ML HiIZ11K
LA DMK E 4 B — 258 I R TE» 2 7o

% =

H. bulbosum & ODZHCTHEELERB LUCFRAGEHRICELTE -2+ REORBERIEN S S
ERBbM ok, 22T, SERMZOBEREZBLMNCT S0, BEARE FHUEIFHER
BV 4258 LIEWERISE AW TENED H. bulbosum {EHEDMEAR L THED H.
bulbosum F kDM IGBBERHN Lico BELERSBOVARETREDE S L MERLTHRS,
BEVRETIIERBEORERRPTEL LTI END, BEEROSFEMZZEHEMRELZ
DERDZERDEIC LB L HEL b, ZORERIL, Pickering (1981) OMEKRLEFMKTH -
2o

REEOMEBRIZOVTIE, BEERFSHVREEERAFEHESEWGEEICS 72, Lichi-
T, H. bulbosum BEEDHENEL FL Z LI L VBEOBENREE N, BERENREARY,
FORR, IBEHEYOSIERLEL 185 LHEE S Iz, Fukuyama (1987) X & L1 4 54D
H. bulbosum & H. vulgare DEHICB T, THEEI~5 AR LIAEAHERN/REBISZ L%



W& LT3, Subrahmanyam and Kasha (1973) % 2 f&f&D H. vulgare X H. bulbosum {23
WTEEM Cn=7) ZRTHIROEANTHS HHET37.03%, 7 BHHETIX68.68%, 11B#T
1293.69% THAHZ LEHE LTS, LL, WTFho@ad bAMETEDLRIC XD stk
7 B TORBEOTLZERIA LN, 7 AR b > TRE2LLREDORESHE L%
mlie EbiT, KPR TH LIIEYHN bIRIEAIZEGLZEA TROFREBELILLIS,
FhLETNTERETHY, £, ZOMOMBHEDS TN THEBEITHBE ZMBOSZ IR L,
hicxt L, B8 H. vaigare & H. bulbosum & ORFHEI BN TIHEKAEL T TR, M
EFENBZENRENTWVWS (Kasha and Sadasivaiah 1971, Subrahmanyam and Kasha
1973, Jensen 1976, Pickering 1980b, 1985, Pickering and Morgan 1983), Zh b D#ENDE
W& LT, SEMAWK H. bulbosum %ffi Cb2920i%, HfafkMERITHEL, ERENBELLE
WEMTHB LB,

UEDEERPD, E— AV KREFIBOHEEERE JUERNERRCSAERZEZSD D, SMEHEZE
DERL LT, EBEOIEREMREEOBRVICE SIS ZFROERB LORBABEDEEND =D
NEZ bhi,

2. FHEEHECHEYT ZEEHER

A a¥E H. bulbosum ORI K 0 X562 EHT 2581, 4+ L4FRFEOLPICEVE
BEHERE LD TEEOBEBETHHEAEL, ThEDDT BREZHUOUEET EHEELTHWEENS
WENHS (Pickering 1983c)s LML, BWIEARZ L HTHEERIE DL TOHEIT LV,
ECEEAERIC BT B BEHERA B ric R EZ NICBT 2 8ETOBERHEA ST L - TER
e R G LT A AL D B,

Z T, FIMCTHREINCEEERE FHEABIEHENAGOZ LARD DR, BRIEDBZIOW
T H. bulbosum & DFIEHDRERAE BRI Lo

MHR&EIUEE

1) Fi1OREFERL EREIEEER

SERIT1988EE, 1989 $ K UN99IED 3 NET o7 WFRDES 1~ 2 HiC Table 3—48 &
U Table 3—5iCR Uiz Fi & H. bulbosum 4% Cb2920% 3 Lizo WMITHER L OSSR/ X
RIETE ERETH B, HEEHI0RH U BiBIR19884:1051~89%H, 1989%E1C136~166%E, 19914
2 9FTH -7,

2) F OEEER

19914 1 ~ 2 AR 4258 X LM =49 BDO F2 76B&FIZ>WTEhEh 4 T O%
Cb2920 L 324 L, WMEFAERE L UREUEIEHREZME Lz, DML LR ITETAH L AT
H5o

HRELUER

1) Fi1 OWEEFERE PR R
w%ﬁtmwihkwésﬁAﬁ¢owm@Mai$%&0¥&%ﬁ&$%Tmm34wrb
2o o, ThEZhOHE DI Table 3— 1R Lz, 191D F1 & Z DO A H O Table
3—5ICR Lize 1988FE DML 31346.6~57.3%, VRAEEHIZIT14.1~23.8%TH -7z, 19895



Table 3—4. Differences of Japanese two-rowed barley Fi1 hybrids in
crossability with H. bulbosum in 1988 and 1989

Cross No. of No. of embryos No. of haploids
Year combination florets obtained/No. of obtained/No. of

pollinated  florets pollinated florets pollinated

%

Kyushu Nijo 10 x 1029 57.3 a” 23.8 a"
Kanto Nijo 25

1988  Yoshikei 21 x 1537 53.0 ab 21.7 a
Kanto Nijo 25
Kyushu Nijo 10 x 1209 46.6 b 14.1 b
Yoshikei 15
Kanto Nijo 25 x 3018 54.8 a 23.9 a
Nishino Gold

1989 Kanto Nijo 25 x 2567 49.8 b 18.7 b
Kyushu Nijo 9
Kyushu Nijo 9 x 2849 3H4.8¢c 12.1 ¢
Nishinochikara

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

IXAT#i%34.8~54.8%, %H#Hi%12.1~23.9% TH -7z MHFEE LPH = 4255% Bt >AGE
TEHMEELRB LOERARFHRESBER L2581 W EE R Lz, WBICBIHR ~4255% 4727k
VHARIZ OV TIHINIED M =4 95X = v / F 5 7 CIREEHERE L ORI R mE
DRIl % 7R LA, 19885ED JLM 4105 X #H RISTIRAEHOMEA EEl -7z, 19913 X T
DGR BICIHH —5255% & DHELE L, ZO0HE R - R25BICEWEER Liz,
L7ciio> T, MEAERR X OEEAMFIRRIIEHOSHRIZ L > TREAShSZ Z MBS R,
2) F2 D#EER

BA 4:25% X WM —4 9 5 0HL &L H1E b iz F2 76AKDME L RDOFIE 5 4% Fig. 3—
20R Line BAEERIII0KE ET0RED DD — 2% D5 %R Uiz BHELERE240%LLT
LSO LA LIZ By, 1 3OGHIIC ESEA Lize L » T, BH K55I EWR
FERZRTEMEDO B —BETFRFTT S 2 EAHE SR,

ChETAHALFE H. bulbosum DIHIC & 2 EBAIERICBWT, SHRFAHCE ST %
BET-OFERIFW HMICE R TVAED, RHECBOTIRIESEERICBY-4 3 BETOFEIRE
hiz,



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

Cultivars No. of No. of embryos No. of haploids
and cross florets obtained/No. of obtained/No. of
combination pollinated florets pollinated  florets pollinated
%
Kanto Nijo 25 190 81.6 29.5
Yoshikei 21 172 45.8 17.9
Haruna Nijo 172 37.2 15.7
Kyushu Nijo 9 176 35.2 10.8
Nishino Gold 178 19.7 9.6
Yoshikei 15 184 13.0 4.3
Kanto Nijo 25 x 186 70.4 33.3
Yoshikei 21
Kanto Nijo 25 x 194 74.7 29.4
Haruna Nijo
Kanto Nijo 25 x 184 74.5 24.5
Kyushu Nijo 9
Kanto Nijo 25 x 184 64.7 30.4
Nishino Gold
Kanto Nijo 25 x 182 53.3 19.2
Yoshikei 15 '
25
3.1 = 20F
-
Sl
bulbosum ILIC BT 5 MEER L EHHEHE 5
DE—NREOSMIMELB~Io £z, ThD S0l
DOREMEDEREMWONCT S L LB, i 2
BAZ R Uiz T
1) E—VRETHRELRS LOSRGETHE 0 10 20 30 40 50 60 70 80 90 100
RERENZED bR, T, BEHEERIFL Embryo formation efficiency ¢
WS C R EERLEL Lo, Fig. 3—2.Frequency distribution of embryo
2) WA RO SERE ISR SO S hE formation efficiency in F2 indi-

viduals crossed with H. bulbosum.

BEOEWCHE I SREOER LURAEH K Note: In case of embryo formation efficiency

) D= o>DERIC 5 - of F2 plants divided less than 40% and
#e BERICLBEEL DRI over 50%, the chai square value for expected

3) MEARELEHAEHENFICHVER= 1:3 ratio was 0.12 (0.7<P<0.8) and did
£2521212, H. bulbosum ¥ OEELRICE L not deviate significantly from that expected
o = for segregation dominant gene conferring
TEMHDOBE-BETVEET S LBRERT, high embryo formation ability.
4) E—nkFEE H. bulbosum DI THHEMIHBERT, TRTAHA 2 FEESRELRI,

Fir, M7 BEETICH. bulbosum REMEITTLICHEE LT W,



BA4E FEBEEHRICBT S H. bulbosum O R =

bulbosum W & 5 ¥ BEEHICBWTIR, A+ A¥ORBRIZEOLTHRL H. bulbosumiz b %
HRZENRD D Z ENTFHRENS,

T T, FECTRERGFHELEDCHLEREDI, H. bulbosum O¥HEIEHEICE
5 REMZEZRIz, S bz, H. bulbosum iZIBR L EbhTEN, FLABRRZFTHREL
THHTET A EBEREE D31 EMICOVWTHRH Lz,

1. H. bulbosum O EEEHEHDZE

FREEHRICRIET H. bulbosum OBETHOBE T —HEH LM ICEhTW3 (Pickering
and Hayes 1976, Pickering 1980a, 1983b, Simpson ef al. 1980), Liz#- T, £ D H.
bulbosum DBEFRIC DOWTHEHREZTRB Z LItk T, D X\ H. bulbosum % Bk
BENTELDTRAEVIEE 2L, EHIXI987E 6 Fic Bk EEERKEY — v v B
CEveny AR BWTESREGEEFRERLIT (Damania ef al. 1987), H. bulbosum % L&
Lo 2T, Thbd H. bulbosum i DOWTCEKAFHRB LI OMEVELRAETAZ L0 L
D, FHEAEBEETHLHAALLTVRETHLZ R L, RS BFEEODR(LERAS L L
o

HEE LU HE

198746 BicEm v 2 BWCTIE L H. bulbosum FEF ok & 30514 HHE11H5121/50007 —
NDT TRV Ey MERy bBRY 1REE Lo BB LHDED b EIEAICEA 21678i% 1988
F6 A RBHBEONLDORGEEEN TS LAKICALAZEDRy BB LK, ThbDR
FIX1989F 3 AIt ¥ — AV AKERMBIR 255 L M L, RiE & AKOGECERGEER L,
H. bulbosum ODBEFRORNC L ZRE, BE, 15UV HER EHERE, Bt CcANS
DB LREER, FEEEHRLFEE Lz, H. bulbosum O ILERHE U TR, b LB ke
HIZHWT & Cb2920% 3 Lz, BMEF AR L EBHEHERICOVWTRIEITETL,

Duncan D EEHEIIC & » CRIAMELBRE Lz,
H. bulbosum B L UKHIZ X > THH R HWEITRmOREEAEZBZE Lz,

& xR

LESBOBEERND, Toy 2D H. bulbosum 33T 2 {56 (2n=2x=14) TH -7,
¥, HEWEE5C, SHHEAR, SHMOBRMABET>AER, TRTORMITHM, BIEL
oo AA LF LDOTHMIC L DB L NIEMEILT R TLREER 7 DXBHETH >,

Table 4—1IC & RHDOHWBHEEZR Lz, EWE L b RHMTERMN D  BEIZ65~127cm,
Ri27.0~10.0mTH o /oo BRITHERFAD Cb2920D b DAEH -4 R, HMERXERLYPR
Eholto 18BN ORI 5 ~16KTRIBENKEN >, BLABE, BHALKHCBLT
NHBIET 2 E TORBIID~44B THofzo 1 MDY DIEMDERIIC S KX REND >,
Cb2920 & RHRIC B MDIEM 2 LR T 5 RN S0 o7,

BRDOME LR L LHAEVEHES Table 4—2IT7R Uiz, BERF4ERITI.7~67.8%, FEEEH



Table 4—1. Morphological characters of H. bulbosum clones
collected in Morocco

Clone Length Spikes/ Days to’  Pollen?
No. —  plant flowering producing
Culm Spike ability
cm no.
Hb254- 1 110 9.0 15 42 High
Hb254- 2 80 7.0 10 40 Medium
Hb2s4- 5 105 9.0 6 40 High
Hb254- 6 115 10.0 10 42 High
Hb254- 7 105 8.0 5 44 High
Hb254- 8 100 9.0 5 44 Medium
Hb254- 9 08 9.0 10 41 Medium
Hb254-10 65 8.0 11 43 High
Hb254-12 118 10.0 8 35 Medium
Hb254-13 105 10.0 16 38 Low
Hb254-15 108 9.0 10 40 Medium
Hb254-16 115 10.0 11 40 High
Hb254-17 115 10.0 15 37 High
Hb254-18 115 9.0 9 39 High
Hb254-29 108 8.0 10 39 High
Hb254-30 127 10.0 9 40 Medium
""" Cb-2020 110 10.0 10 3 High

(Check)

1) Number of days to flowering after transferring to the
greenhouse.

2) Evaluated by observation as High{sufficient for crossing
with H. vulgare to produce barley haploid) and Medium
(though less than high, it could be used for crossing).
Low clones could not be used for the bulbosum method as
the pollen plant.

RF1.2~35.7%TH Y R HBERRD b iz, IBFERIT Ch2920L W BEBICEWREIT
Mofchs, Hb254-17DEHEMEHRIL Cb2920 & h FRICEH» > 7o

z 23

Eoy ATBWTIRE LETFHBER Lz H. bulbosum OTE R & UG EHRITEE W
ERER Lz, BHEL UTHW Ch220ik RBTHEIK L3, BBz ZORDIcTAS: &
Hrl, RRBRVWIZVWRHETH B, L L, Eoy 2 BEORKORICIERDOREND Y, Bk
RO L HRBMERLVEEBL DRI, Fi, R 1fid 0 DEBERENSE W LOfE
BREVWZERKBOMEBAZENTEEIDTHI ¥ LOTMIC+SEIERE2FRTE BFA
VBB, Ebic, WiR, RAFFEE L THLEEE TR REMESD o724, BEREH



Table 4—2. Embryo formation and haploid production from
H. vulgare crossed with H. bulbosum clones
collected in Morocco

Clone No. of No. of embryos No. of haploids
No. florets obtained/No. of obtained/No. of
pollinated florets pollinated florets pollinated

%

Hb254- 1 171 49.7 cde” 26.3 be?
Hb254- 2 61 67.2 ab 19.7 ¢
Hb254- 5 160 48.8 cde 8.8 def
Hb254- 6 178 37.6 ef 6.7 def
Hb254- 7 81 3.7¢ 1.2 g
Hb254- 8 82 42.7 def 4.9 f
Hb254- 9 111 48.6 cde 18.9 ¢
Hb254-10 88 60.2 abcd 33.0 ab
Hb254-12 102 52.0 abcde 5.9 ef
Hb254-13 89 28.1 f 11.2 de
Hb254-15 149 55.0 abcde 26.8 be
Hb254-16 130 41.5 def 9.2 def
Hb254-17 143 67.8 a 35.7 a
Hb254-18 117 47.9 cde 12.0d
Hb254-29 98 50.0 bcde 20.4 c
Hb254-30 93 59.1 abed 9.7 def
"""" Cb2920 161  64.0abc  27.3bc

(Check)

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

FETEHBLE L TREBEZDROCFIATE S E2 bR,

A LF¥E H. bulbosum OFTHIZ B TIEABOREHGEE S ORENLEBRT I LrEEESHh
TW5 (Kasha and Sadasivaiah 1971, Subrahmanyam and Kasha 1973, Jensen 1976,
Pickering 1980b, 1985, Pickering and Morgan 1983), L» L, AW CIRHEEOHBRIT L,
FTRTAA LFDOEFUETH oo BB LIz H. bulbosum RHD 5 B Hb254-171% Zh ¥ Tic ¥
KEFHECAWTE Ch2920 X D FHIRXE BB EDEORKDL LT L RKTH 7o F
7z, Hb254-10i% Cbh2920& M, fFHIRITHEMNE, HiCER CIREICELBRNBE S LR
ThHolo ChODRFEFIRTAZLICE > TAHA LF TR ERGBHFEEOPREE EZ R
RrencELRLELLRI,

2. H. bulbosum DR

H. bulbosum BKBRTHALDICHEI BB FELERLETH S (Koller and



Highkin 1960), RiffiCRW/z H. bulbosum b FLMBEL 1T o2 HBICBAIES &, TERBELE LT —
NAEEZHE LI & ZOERARIERELRE Lico £z, H. bulbosum % L EEHLEOFE &
LTHIB LT ADOPFEE S T X CTHELAEZTWHEE TS (Pickering 1980b, Jensen
1976, Sitch and Snape 1986, Devaux 1987, 1988), #H{LHiz 5T, 8B REKHT TS8R
IR E 5D THS (Jensen 1974), iz, UBO-DICRALZEENLETHY,
MPEEN, ATRRBE~OH UARSE BIENEBETH S, Litho>T, FLABEELEL Lz
FRED H. bulbosum R ik, 1EM%1B3 E TCOMRELBIFEILE L, HRHTH 3,

FALEBLO 2 AFTREBBLKBEERHMLTORZEBNBNTERY, 4+ 42X TRE
HBHOBEFHFATE & (Takahashi and Yasuda 1956), $7-igHad L ovbyyEamic k-
THEBUERTREREDLNR TS (Ukai 1983), LA ->T, H. bulbosum i b HEEINIFAE
TAHREENYH B LE LI,

FIT, D H. bulbosum Z#ia <3 Lick O BBED H. bulbosum OB % RMro
$7, Bbhiz H. bulbosum i OWTE — AV kELAH UTEEER L X EERELTE L.

MHR&LUHE

19874 IC £y a b BT CHA Lz 2 54D H. bulbosum $#130%8% MR E: LU, 1989EF

ICHEANTRARTHI B, 18D hZ#H2000DOMTIX19904 7 AR ICERI2ZmD A ) £ v M
LRFOBE Uiz, BRSKET OB LE, $F3EM#%118 2 B (Treatment 1) KIRERE
BISCTUTERBRVEIKRE LALRELE LUKHEROER &4 TR B, 121 H
(Treatment 2) 12k & Hc90EAEE R U&HTORBICE Lz,

FMM 2 UTBTE L7z H. bulbosum iz DWW TRHRBEB LTHrLBET 2 O AKLHE
Lico %72, BB X 0EBOEREZE, |, ETHE Lz, E&EHE S I3 RPITLBEIEL
KRTHYTHE LELDNS,

F(LE e UTBAE Uiz H. bulbosum B{kiz € — N kE (5ff : IR —4&258) L5548 L, B
EEREEREEHRELRE L, M D EBE21B82 F CRETEDHEIC & o7z, HR#fE
LT, BEEEABTRICFB LTS H. bulbosum Fft Cb2920% Fi\ 7zo Cb2920it H{LMIE%
fToletk, HIBE, BATES W/zo BATE L@EEIL, B b 48, 1S OH200MEDA 4 A%
ERML, HEREL LCHRDLOAEIZAETR Uz, SRS HE2TORBEMZES LB L,

BREIUVER

B L2183k D 5 HL23EE N FLUH AR LTHIE L, ChbDEEZREERO H.
bulbosum TH 3 &E L bhic, MOMBGEILT XTHE, BT S Z LW Lz, REFBE
KX BEHEOMERIT > TOARLY, 2EGOKMILELIBETHLS L L, MR
BN DT RT2 &40 H. bulbosum THBrHE2bh%, BB&HICBTETER LAZFNOA
PHREZZNENL7.3C (10H), 13.4C (11H) THhotz. —RRENCZEMOFLABICIT 2
~10:8M, 0~10CHRELHPEMTHS L &, Trione and Metzger (1970) X+ & £C
X9 CTI2HLA EDABEAR S PRI THY, 4 CUTRBLIVL2CULTRYRVEHICET TS
TEEHRE Lk, LMo T, KUIEIEBWT, H. bulbosum BE2BErBATEETCOEH
REZFCLBCIEEL T iRWEEZ bhi, Table 4—3ICBBICHAR, BHETZETO
AEEIEHm LR R %R Ulzo BATEE T A#iE Treatment 14358~72H, Treatment 2i%53~65H
TOTRLERDENKE o7, TERERRZOVTR S PLLECLBEEROBRESTERZVIT



Table 4—3. Days to flowering and pollen producing ability of spring
type H. bulbosum clones

Treatment 1 Treatment 2
Clone Days to Pollen pro-? Clone Days to Pollen pro-?
No. flowering”  ducing ability No. flowering  ducing ability
1 58 Medium 14 53 High
2 72 High 15 53 Medium
3 72 High 16 55 High
4 69 Medium 17 59 Medium
5 69 High 18 60 Medium
6 70 Medium 19 61 High
7 61 High 20 61 High
8 68 High 21 62 High
9 70 High 22 62 High
10 62 High 23 65 High
11 64 High
12 69 High
13 69 High

1) Day to flowering from transferring to greenhouse (Treatment 1: transferred
in Nov.2, Treatment 2: transferred in Dec.1). Other clones tested ceased
to grow and could not head.

2) Evaluated by observation as High (sufficient amount for crossing with H.
vulgare to produce barley haploid) and Medium (though less than high, it
could be used for crossing). Low clones could not be used for the bulbosum
method as the pollen plant.

EDBEWERRZRTEEIL b o/, 2, BITE LI223BHED R b EIEAREAN 4 B>
WTC, RENOBASELHEYG 2 BRERENISCUTIEAEALRWRBEGETERLIZEZA,
THh$19914E 6 H208 55 7 AI3HOMICBIE Lice LA oT, ZhbORBGIIERETHB
ENBRERTE R, ThET, H. bulbosum ZFIH LB EFTETIX H. bulbosum 2 BATEE
LEHDOFNMMBITAARTH 720 L L, EEIEBNCEFERD H. bulbosum H3:EEK &
hicZ ik, BIEREN K v Bt h3 &2 bhiz,

EERNL UCGEREABEDS b E—VKE LRS- L, THT S Z LN TER15EE
DWW TIREAER & LHBIFHEEZ Bz, BB H. bulbosum LE¥ETILIcX>THRE
Fhr oot Uil Z 85 Z &8 TE ., BOhCHEMEORERITBE Lish o7z, HE
ENCHET UCTRCERGTH B L EZ bhl, Table 4—4iICBE AR L EBMEIEHRER LI,
AL RIT26.3~86.5%, LEMEIEHITRITS.2~41.9% LRIEWERER L7z, Clonel6id itz 4
EBLOERBEHEL AROE L, B EREIFIREITIESRE Cb2020 & » HEICEH > 2o
EARRECBOV TR CE LRI EEEFEHENEL, LrbFRAcHIERFL Bili{bTc® 30
T, A A AFEFEFEODRIICELICEMRTEZEELDNS,



Table 4—4. Mean numbers of embryos/florets pollinated and haploid
production efficiency achieved using an array of spring
habit H. bulbosum clones and H. vulgare cultivar Kanto

Nijo 25
Clone No. of No. of embryos No. of haploids
No. florets obtained/No. of obtained/No. of
pollinated florets pollinated florets pollinated
%
16 74 86.5 o” 41.9 o"
Cb2920 88 84.1 no 27.3 mn
2 100 83.0 mno 26.0 lmn
12 9 79.8 Imno 17.0 fghi
9 90 78.9 klmno 25.6 klm
13 88 78.4 jklmno 23.9 jklm
17 86 73.3 ijklmno 32.6n
14 70 71.4 hijklmn 22.9 ijklm
15 72 65.3 ghijkl 18.1 ghij
23 82 64.6 fghijkl 20.7 hijklm
3 98 4.9 e 8.2 abced
21 78 35.9 de 10.3 abcde
22 76 32.9 cde 13.2 defg
18 80 28.8 bed 12.5 cdefg
20 80 28.8 abced 13.8 efg
19 76 26.3 abed 11.8 bedef

1) Means followed by the same letter (within a colum) are not
significantly different at P { 0.05, as determined by Duncan’s
multiple range test of arcsine-transformed data.

3. B =

bulbosum EDHR(LER B -dIC, H. bulbosum HBIC DV TAESIEHRO Rl ZE %2 AR
AE &b H. bulbosum ZifiDBB X 1T o710

1) ®ayaRkR3BEERERCLVELNK H. bulbosum O LIEHOERRENE L,
BENRESHT, FRAERENEORL B L,

2) H. bulbosum DR NKFH» LEBHD H. bulbosum F#fi%x BHE Uiz, &bic, Th
LORMOMEFER, FREFHEB LOEBERRESEASNILER ChETcALTLAERREX
0 ABAFHEARORER RV EE R,



BOE H. bulbosum VSt DM % P U7z 28tk o 18 H 3

FETI, A4 2FCBF3ERGEREOGATELAG 2 80T, H. bulbosum LSO
YOIEBEZFIA U CERERFHT A LN TH 0 E 5 ha e Lk, 7, FOBEO%
MFEOEREFEFIE OV TORI 2T o/, BB, KEODFERERIT1980E12H 7 519905 3 A %
TRAKEEREFER L UCHE L BEEYRERETCEBOLAIZLDOTH S,

1. AFLF X FIFOILCE DA A LFEEEOES

BE, aaF¥ltvEnay (Zea mays L.) ODBEBTHIC L > Ta 2 ¥ EE L2 EHTES
W& Ehiz (Laurie and Bennett 1986, 1987, 1988, 1989, Suenaga and Nakajima
1989, Inagaki and Tahir 1990), & BT, TYRIX bYEr 2 VLB T VAR 7 XEEDEL
(Rines and Dahleen 1990) ® 2 AF¥ X F 4 ¥ ¥ Mok % 2 A FLEAEOFEH (Ushivama ef
al. 1991) BHEEhize LML, A4 LFRBOTIKR Y E o 2 2 2FH Uk 2 REERFIOR
#iXig\ (Chen ef al. 1991 #3171 2 ¥ L OLHTH A & FEH % BTV B NEEHEH
RET>IREATERER LN oN)o F2T, A4 aFE b0 DOTHND 4+ 4 FEHK
BMEHTE DN LS »EBH Lice £z, BBHEO AT VHI2,4—DABIC D\WTIE Kruse(1974)
BAF LA FEEUBMEICHT, Inagaki (1986) 232 A ¥ X H. bulbosum TERNREZF FERZD
CHERTH S LG LTWA, Suenaga and Nakajima (1989) {Z 2 A¥X by Em a2y T LY E
a2 YR EREHHE2,4—D% 2 AXOMEICHEAT S Z LI & > TERESIFERERF LT Z 2 &
ERELTWS, ZZC, A+ 4¥X b9 Ena vt 52,4—DAEHRICONTE HHET
B Lo

HHEELUFEE

1) HERR O

Table5 — 2 TR LIt b — A KEURHEE AV Ry MR L%, 48R, 10~20C, 10054
AROBETERS #z, ZOHK, 23C, I6HFHBRICHAZRABEEMNCBH L, RBRIAKTS
3 CRKETCRAIE, EHBEELTO MY Eoa o F i (Bl4XCI64) ELHT TR
L7

2) AHEB L URER S

FALFE bTER 2 YERTHE, BEHICHEHREIC0.3~0.5mM0D2,4— DBER A EHSRE AL
THEA LR, ARRICBWTRERBEDOT S 2 2L, A+ a¥DEKEE CLMT RO
 (ZHI0~11EH) FCRBE B, BEEHE, BBEOGAAEE, ki, HEHEBE
OB L WA TR T bulbosum = CTHOW - HELRALTH S,

3) BELIZRIFT24-DREOKE

E— A KEE UTHRTS65 FH21, WH-RISBIUER 42582 M\, 2,4— D
ZEME, 25, 50, 753 XUF100ppm O 5 ByFEEE L, BHFERCRIETHELE R Lz, NI
BMERICA A 4 FOMEHENC0.3~0.5mDBKE ERBTEATEZ LIC L > T > 1o

4) AALFHEETO MY €0 a2 ERORELEL WO Lo kB2
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ol T ol Lice $7c, aiickhfrbh
o g Ul Lichidp o il & i L, i
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cHet L, et feBiR gt Lo

BRELUER

1) ddAEx bwEaa b PREROE Fig.5—1.Pollen tube elongation of maize on
i the barley stigma.
(B

dohAEE by Er 2O IIBOT MY E
= 2 AR TR LT Hﬁg.a**l).
F LT, M0~ HEBICIEE L L, Kid s
£ };@_:tfrcfhl Wtk iz, %o rhip b e /nm

fffﬂ? Hik L oyt s Lic k
FRTPOERE 7 TH ol LichiaT, 44
AL by Ry A A LI R
LENHETHB EELBNS, T, HfifkE
%% Lied - 72 g id & & O BN 7 Pl b A
FAFOLEAETHA EH 2 B/, Laurie Fig.5—2.Effect of 2,4—D treatments on

. barley embryo development after
and Bennett (1986, 1987) k2 A& b7 Etw pollination with maize.
a2 v T BT H . bulbosum E1H L K5
K,bW%Dﬂ9®%&WﬁM%L11A¥$ﬁ%V“L&ﬁﬁLfméo%W%mﬁwéﬁﬁA

Barley X Corn Barley X Corn
(2,4-D 75 ppm) (2,4-D 0 ppm)

P v ¥

§ § § wvvv
fi B 4

F&bvenayobh AL mmf"h%ﬁW#wbhﬁ&%z%h%o
2) AAAEX YTz EAYREOERICRETS2,4-DOR
Table 5 — 1Azt o2,4— DUW&VWMM L AWM R EL A R Lz, I

o L7z Bid T A Sts SR S e 572 0T, 2,4— DO SRR IR, MAERE
FOREMAEILR TR Lize E— R d AR HOWTA A L F X b2 EravioiBids % 05 b %
G752, 4— DA B E Uiz, 2,4 Dwmwﬂubhm%uimihwmﬁ&%wﬂﬁ,wm
FBP, EL 5k Lied o7z (Fig. 5 — 2)o MR L OVERUAME A2, 4— DOREC
pEsi S s 4 SRS B T3t & 75ppm A b G UL e, 25, 5045 & OF100ppm T
TSR L OVERUR TR S S 2 7o,

3) AFAEXFYED DR LLHLHEOVEINC B A B — L K RO SRER

Table 5 — 2104 A4 & F x b v 0 2 2280 2545 L OVERURMEITEO & —r KEMTE
e 7t Loy B30 L2 140D & 6 9 Bl BIRAS, 372 7 Al & 1A 23S v e, ISR
Bk OV SR E AL 0.0~19.6%, 0.0~6.9% & SIERZED 8 > 7o, BURTE651E L
Licd 4 A F¥oiehTRAESVIEGTER (15.7%) B I UHERUEEILE (6.9%) wmsLiz. &b,
ORI H . bulbosum & OZEMIC B O TSGR R (1.7%) & PE4E R
(0.7%) Z a3 Uiz T -7z (Table3 — 1)o H. bulbosum & ORI WT 0 i A iR
Uz 42551 v € @ 2 v L O TIHRMAERE LOCEBUREIER & $1.0% & K> 72
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Table 5—2. Varietal difference in embryo formation and haploid production
through barley x maize crosses

Cultivar No. of florets No. of embryos No. of haploids
pollinated obtained obtained
Chikukei 7565 204 32 (15.7)Y 14 (6.9)?
Yoshikei 15 64 6 (9.4) 1(1.6)
Yoshikei 19 88 0 (0.0 0 (0.0)
Yoshikei 21 104 3(2.9 3 (2.9
Yoshikei 28 42 1(2.4) 0 (0.0)
Kyushu Nijo 9 101 8(7.9 3 (3.0)
Kyushu Nijo 10 74 0 (0.0 0 (0.0)
Nishino Gold 122 0 (0.0 0 (0.0)
Kanto Nijo 25 104 1(1.0) 1 (1.0)
Misato Golden 117 0 (0.0 0 (0.0)
Amagi Nijo 93 1(1.1) 0 (0.0)
Haruna Nijo 56 11 (19.6) 2 (3.6)
Tsuyushirazu 127 3(2.4 3 (2.4)
Nishinochikara 119 0(0.0) 0 (0.0)

1) Figures in parentheses indicate the percentage of embryo formation
(No. of embryos obtained/No. of florets pollinated).

2) Figures in parentheses indicate the percentage of haploid production
(No. of haploids obtained/No. of florets pollinated).

BEDESITAF LFEL YRR I YOTHENB75ppm D2,4—DERAET B Z Lic & - TEH
FERBRLNS Z EBLCERBFHRCREREND I LE2MDTHLNCT B T MR TET,
72, BoREDETT R TERGCHEEDIIHE Lih ok, 28, A+ AFX Y Eon
VKB ARAEEH BRI bulbosum & it U CEHEBAEWZ &, 2,4— DABOBIENIND 3
CLEORRREBAM, PovEnavHMTRERECEETERERTHY, BEFHOREICL>T
HEBHBESICKBOEBBEDLR, A+ AF¥OEFZ b TRAENC LR GEHIBENRTE 2%
DF[EEZ DN B,

2. AHXLFXAZNVT VT4 FRCEDF A LFEHEOEH

Ao FLA RBHE (Agropyron repens, Alopecurus agrestis, Lolium perenne,
Pennisetum americanum) & OHIZR W TEHRREAE/-#E25 % (Zenkteler and Nitzsche
1984)s LA L, ZhOORHND A4 & FEREEFH LABEXRV, 22 TR, 1 3B0K
HORNT, EFEMEECBRIECHSHE LIEBREONENI 2 YT Y 54 752 (Lolium
multiflorum Lam.) & OHEIC &3 R HE0EHEE B Lz,

MWHEE&ESUEE
A A LFFEE UTHRKRT65, HRIGBIUCBEE 42582 AW, 1 2V TVYS54 752 (&



7T AN) 13208k% BHROKELS EREBBOTIRE—FHREAMAZR LD B LTV
Wiz, 19894E12 A 26 B iICHkBIZ1/50007 — A D7 ¥ 2 A £y FIIBIEL, RIERE#H25CHORET
FBESELE, 23C, 166HARDATR KRB CHME TH|R Uiz, ZMHE, KT VAHE, B
BAHESEZTRTAALFX by E0 3 VOB HFHNZHFEERLTH 1,

BRESLUER

A2YVT7 Y5475 AEPIEA A 2 FREEETRF LTV, 3ZH10~11HRICIELSHR LR,
BERIZL>THPHZBED LN TE, /2, BoOohiT X TOMEWEOLEARIZXT THY,
A L FERERTH -1z, B, BHEEBLICEREFEHICZ Y Er 20 DEELR UK SICE
MEEHRIZ75ppm D2,4— DR AT ZLEXRD ), MABOBEIXTHEIXEHL, ER Lih o7,

Table 5 — 3ic4 4 4 ¥ 3 BFOMEHFLERE L OLHFFEERER L, 3HEDS H 2 HfEs
LEAEDN, 1MENDERELZBEIENTE, AFAF¥X by ET a2 DOBHE LRBRICH
FT7565iX AT ELA16.7%, FHAMEHRIT0.4% L&, > 7. BIE 4255 & DM TIRENE]
ETHRIIEE LA, EBMEE2BAZ LR TELEN 2 CDXBKAZYVTVIATTREDRE
HIZBWTLXEBABONEZ L2 THDTHULNMZ Like BB, A LFLI2YTVS
475 REDTHIT XX EEAEB LRI ER, H. bulbosum % b7 €0 a DL EBRIC
1BV T V405 ARBEEOZRHEOBIROBHERCLZLELZDR S, RPIREBOTS bV
EoavDOBGLEMRICA A LA FEORMITHBR Lish o7z, £/, 2,4—DUBBRIFIILETH
B, A2VTVIA4 S5 ALETFEMETH D20, HRFHEZLZ 2 Licky, BE, 1EH
T & 3 DO CERKMEIEHEFNOIE AP TR THZ EEL DR D, EbiC, bulbosum B:THEK
BAEHRIENA A LA FGETL by ER 2V kB A XYV T V54 75 R EDTHETIIFEHES
MEEFRZLEELHh, Lad->T, $EHEEHED—D L LTHoFIATETHS LR
hs,

Table 5—3. Varietal difference in embryo formation and haploid production
through barley x Italian ryegrass crosses

Cultivar No. of florets No. of embryos No. of haploids
pollinated obtained obtained
Chikukei 7565 336 56 (16.7)V 35 (10.4)?
Yoshikei 15 84 0 (0.0 0 (0.0
Kanto Nijo 25 126 5 (4.0 0 (0.0

1), 2) See notes of Table 5—2.

3./ E

H. bulbosum LA OFEMOIER 2 FIR U TEEEEEHT 2 HEERS L.

1) A LFL Y EoavOTHEMD A AFEREREH Lic, T, ZOBETHEKIC
75ppm D2,4— D% M MEICAIE T 3 L ERD -1,

2) A2V TF7YSA75ADEREFIALTL A4 2FEEELNEDIS, 7B, 2,4—DLE



RbrYvEn2vDORELABCHLETH> R,

3) bulbosum BETRHEAVMEHREZRT A A LAFRETL b e v RBIBAM 2 VT VIA T
5 ALDOTHTIXFHERAHEFENZ T LHBLONAEDT, BHEKHE bulbosum & BEBEN
FFBEick->T, EEAFHEOBBAEELIAL, VX EHIEBDBSLAMRELELLR
o




BOE FHEAMMIZLIREE K

CHNETIT, bulbosum ¥TOMRMRIERITE, HITHE, 42X RMEEC H. bulbosum
FHEZER EEWB T Lz,

ZIT, FBETRIALOMAE S L1 LT bulbosum Bic L 0 FI@BOBRE T 700 £77,
FEGEEMEODRLERS 2T, FHABRMTOREEAMOREHEL B L,

1. ¥HKICEHT 58K

FEEEHA UL HFEEOFARRAEREL BB CHBTE2 L ThH B, TDRIE, BED
BFRELFARC, FEREPEENRERZTVRENERENZDTH DA, BHRTEL LRI
BT C e TCENEERBFTREODERNELICEE 2, ChETIE, KENEHRL R
HRDEW G CRE Lic#iE5ixH 3 (Foroughi-Wehr and Friedt 1984), U L, H. bulbosum
FR L OB ORI R TRERERRP S LA TRICHT 2B G% Bk LS5 20,
R, EFEREREERIC OV TRAGRHE 3 HROEREREFY miZE 3 R k0 RBSIcH 5
TRTS—¥MEFT ey s (Est1-Est2-Est4) LE#li2.45% CHELTEY, T255—
ETAVHFALADAY FRE—VRERB LI VEFMEEL B CE 3 2 LR RES R
(/)78 - ¥A¥#H 1987, Konishi ef al. 1989, Konishi and Kaiser 1991), = D HE% 5By
THATENTE DR RENTEL 8B 2 E2 bR,

ZTT, FEBFEEODRILER S 2DIC, EHEBRBCE - A AEOEETRETHS H LA
TR E REREBMERICRT 3 EHEEGEOBEEABRE L,

MH&LUHEE

1) 5 EATKRICHT S8HK

5 LA THRICHRT 5881319884 L 198941 Table6 — 1 IR LI — A kER A HEL R
FEHEEHAOTIT 270 R 4255, FRBBLG=v/ Fh5185 PAZHRERLLET, &
21, M=% 95, AMZRIOEBLY =y /) I— A FERINSETH B, BEENHH 78
iR (RY ARy MEBHELTHHH 38M%) DEF R 7 — v 0XREEEE Fv, BEATH
REFSBID LAZHFRT (HHISEIC L2 HEERPLERZ VAN THo7) ZEEL,
FBUEICHT UTATERE L, BEERIIRARCETALETHAI5CULOBER R, #
1~ 2 BEBEIERFROBELZHE Lt LI, ¥REEZREMEN LIS R R L RBES
CHE L, BAKHTRASEENRKTCOBIMBRELTo /2, £/, BE-LB5RBIV=>
S FhFD5 EATHRENEOBRERERAEZWULMCT RIS, 1989FEDHEEGENHDF At
5 LA ZHBHEOSEESRAE L,

2) KERERRICHT 358K

191 I BEDIEH, (BB TDIRT I —ET 1 VA 25HB L OEREENREDOIEY
Z{Tole ¥k, 1992F I KEREMRFRGLREAS CEBUEEMRMORBRBELZBRE LIz, ¥H
hiXTable6 — 3R LI 3HEABDA A AFF10BIEHE Lz, BEE 42558 M =49 2ik
RA#E 3 EHROEFMEET (Ym) %, FRI5BIESRG FEROEFHUEBRETF Om3) 23 -
TV, SHABLINBICRAEREGRICRINTHIRI R &AW, BEH%E6 ~7



BRI L7 BED L b 2 FHOEOHMEEZF R & LTASATY VESKEI 21T\, <
AT T—ETA VA AOBEBETREEHE LI, 22T 5 —HT 4 V¥ A AOBEKIKEICOWTI
Hvid and Nielsen (1977) OFBIC# L, MK AETABRETEENEL Y 2 — T o720
Bt L 72 RT DR FIT G RIC REBAEEINE T o 72, BRI FRHE SR, BKES
BEDIFEE Y 2 —HNOBERES (KERBHRIVANARHZIETHS) KBEL TRKEES
BeE Uiz

5 LA LB LOKEMEMHOBIE, BZHOHMEILT 2 RIC X VRE L,

BRELUER

1) 5 EAZRICHT 3 BH
Table 6 — 1 IZEBUABMECTHRIE L, 5 EA KRB ERIHOSHELR LI, 5> EATHK
I ETCIIRTZ A4 L FYHICEMT 3 2 Lic &k > TEFMBENTES S T& /2 (Hiura
1960) 2%, HAEBHETL 5 LATHIIRAR L, B EREIMHOBBGEZHNTIZENTE I,
B &L BZ DS HHE S EA CHREBHMEROERIB LIV =/ Fh5 2 BL T34+ 4 ¥F
2HOERETCHRBERSML L Lt BEA LT, UL, EHRWERLE LTHEE=-&255%
Anict & 2 FF 10 bDEKETRSBENEIMEDOH MR > Tz, B3 EIZBO TR =425
BB B L L UTERAEH R R RICE L, BER K55 EERMERICBE 54 5 B
—BEFIEFETDZ 2R LT, FOBEBETFNS EA ZREHREDORET LB L TSRS
NELOND, BB, HESLKSBERLIV=V/ FH752FBILOF R CoEHM L RSN

Table 6—1. Segregations of powdery mildew resistant and susceptible plants
in haploids obtained from Japanese two-rowed barley F1 hybrids
crossed with H. bulbosum

Cross Number of haploids

Year combination x? Probability

Resistant Susceptible Total (1:1)

Kyushu Nijo 10 x 69 52 121 2.39 0.2 — 0.1
Kanto Nijo 259

1988 Yoshikei 21 x 173 133 306 5.23 0.05 >
Kanto Nijo 259
Kyushu Nijo 10 x 113 100 213 0.79 0.5 — 0.3
Yoshikei 159
Kanto Nijo 25" x 331 175 506 48.09 0.001 >
Nishino Gold

1989 Kanto Nijo 25" x 199 126 325 16.40 0.001 >
Kyushu Nijo 9
Kyushu Nijo 9 x 84 88 172 0.093 0.8 — 0.7
Nishinochikara®

1) Powdery mildew resistant cultivar.



DHHEE S T 1 TH o DD 5 & A ZREPIERE—OEMEETICL Y TiLEh T
W3 E#EZ b/ (Table6 —2),

£z, FHURERETHIE U7z B 18 B 7z 5065 0 B o B4 —© 0 F69m o s B 1k 23
HOFELRUTH oIz, Lichi>T, 5 LA TRIT BB CHRMICRK T2 L5200
o

Table 6—2. Segregations of powdery mildew resistant and susceptible F2
plants from crosses between resistant and susceptible cultivars

Cross Number of Fz plants

combination %2 " Probability
Resistant Susceptible  Total (3 :1)

Kanto Nijo 25" x 61 21 82 0.016 0.9 — 0.8

Nishino Gold

Kanto Nijo 25" x 66 19 85 0.318 0.7 — 0.5

Kyushu Nijo 9

Kyushu Nijo 9 x 74 26 100 0.053 0.9 — 0.8

Nishinochikara?

1) Powdery mildew resistant cultivar.

2)  REMZEMIRIC AT 538k

N B CERRIKEN AT o145, T AT I —ETA VA LOBETH (Est 1-Est 2-Est 4)
FENENDOBLTEOENEE T OMEEN B3 Ca-null-Nz 33 5O Pr-Fr-Su @ 2 >0 %
T &El (Fig. 6 — 1), R IIAAH 3 HRO K EMBERREIIMEIET Ym &2 & DI —

PR

+

] Est4

—

— — Su
—= Nz

- w7 gy
- null

mm Cq
] Estl

- p,,_l origin

Fig.6—1. Photograph and diagram of the esterase isozyme zymograms of
barley haploids. a : Ca-null-Nz, b: Pr-Fr-Su




Table 6—3. Segregation of esterase isozyme genotypes in haploid plants

Cross No. of Genotype

combination haploids x? Probability
Ca-null-Nz  Pr-Fr-Su (1:1)

Haruna Nijo x 120 54 66 1.20 0.30 — 0.20

Kanto Nijo 25

Kyushu Nijo 9 x 142 74 68 0.25 0.70 — 0.50

Haruna Nijo

Yoshikei 15 x 144 0 144 - -

Haruna Nijo

Note : Haruna Nijo and Yoshikei 15: (Pr-Fr-Su), Kanto Nijo 25 and Kyushu Nijo

9: (Ca-null-Nz).

Table 6—4. Reactions of doubled haploids to Barley Yellow Mosaic Virus

(BaYMV) in infested field

Cross Esterase No. of Reaction to BaYMV

combination isozyme doubled in infested field 12 Probability
genotype  haploids resistance susceptible (1 : 1)

Haruna Nijo x  Ca-null-Nz 31 31 0

Kanto Nijo 25  Pr-Fr-Su 47 0 47

Total 78 3 47 3.28 0.05—0.10

Kyushu Nijo9 x Ca-null-Nz 25 25 0

Haruna Nijo Pr-Fr-Su 25 0 25

Total 50 25 25 0.0 0.90 <

Yoshikei 15 x

Haruna Nijo

Ca-null-Nz 0 - -

Pr-Fr-Su 54 26 28
Total 54 26 28

0.07 0.75—0.90

TR ER OB 1

Note :Haruna Nijo (Pr-Fr-Su): susceptible, Yoshikei 15 (Pr-Fr-Su): resistant by

ym3 gene.
gene.

Kanto Nijo 25 and Kyushu Nijo 9 (Ca-nuli-Nz): resistant by Ym

& IFRBLVCER 4258, REREFIHDOI S AL LALBREFE CH o/, BE, 213k
EHROBEHIER ST ym 3% b OEHERIIEHEOREFHAE R Uize M-I BERLOKE=
2555 AR DF 1 B OEEMHITBWT, Ca-null-Nz 38 LU Pr-Fr-Su 05y BT LB EYRE
LICEOWHERTHAE LTWe (Table6 — 3), FRISXIZAR-LDF 1 H,
D OYEFAKE ST RT Pr-Fr-Su 2R L, ym 3 DEHMES » DEEDHIFUIATETH > /70

TRTI—ET AV HFA ADFICHEE Uiz 5D B 1B D hic RS B %2 K ERERR
HHREDBCHBELURRERE L & 25, ¥EUEBRE T Ca-null-Nz %55 Ul 2B fE iRtz 3
NTEGUE, Pr-Fr-Su 2R LEFRHETRCRERTHY, TAFS—ETA VHFA( LDRIETF



Mz LA RHEREFELIC—H LTV (Table6 —4 ), /I « #7 (1987), Konishi ef al.
(1989) 3 L U'Konishi and Kaiser (1991) i AA# 3 hkDIEHNMEET Vm) Rz X577 —
YT 7 my s (Est]1-Est2-Est4) LG @@L THABDT, TAT57—¥T74 V¥ LD
RY FRE— P L EHEEGEZERTE A2 LE2RELTHAR, BROFEEFEEICER L
THAEBERRERMORENTETH B AW LM E R o1 B, ym IBEHRHEBEFIC
DVWCTRBEDTIAT T —ET AV F M ABEBEFHEDOEFHNELZRDOA TN L bES
LTORRIITERM o/ TAFIT—ETA VHF A LG5HEA A+ L FEEEROHBEMNSL
(Konishi and Matsuura 1991) 4 # & £ DZREHEBRIETHP (Konishi ef al. 1992) =
TOCFIAE R TWB, LIcA>T, Ym USAORET L OHAFEBIFRAAL M h, FEHRICFIA
TEAXOIRAAEMND S,

LLEDERND, EEUSEBRETO LAZRBLIUOXERESRR Ym) OFEITTTETHD, HJ
EEEMAEOFNCEREEEL BH T3 2 LIt L > TEEGERED—BOYRIEARh 3 Z &
ZHOLNC Lk, 2B, ZZCHEELAESMIVTR GBS 5 WEAELERRETFIROK
HTho72M, 5 LATIHRD ml—o PREREMFD ym 3R EDHUEHUERETFLIHFETSD
TERDLIZDWT b EEEBENTE N, THEFREETORKRE LB L TE LI BHRZEM M L
T3LELDNhD, EbK, BEEBIUCLSHRETOEAN] ¢ 1 OHFBIECEHERET S E8H
EMC BV TR AR EE (B 3ESEOFRIBETNEMCERALTWA8E) LML
THHE%R b > I EEE L RERECRET 2 HEN2HRT2 2 L3 REFROR L L FERRH
ZEH T3 LCEHETHEZ EELLNRD,

2. ¥BEBRRE—ILKEFEOTK

BREERZEMTI LA BNE LT bulbosum B2 REOBFREEDOPIHEIAATE—LK
EFRBOFRERAIZe TRE T bulbosum B2 FIH L CER S hiz &fEik, @B+ A+ L ¥
ELTHFZD ‘Mingo (Ho and Jones 1980), ‘Rodeo’ (Campbell ef al. 1984), =a— o —
5 v KD ‘Gwylan’ (Coles 1986) 2% 5, %7z, E—NKETIZA ¥ Y XD ‘Doublet’ (Jones
et al. 1985), ‘Pipkin’ (Jones ef al. 1986) #3% %, Reinbergs et al. (1978), Friedt and
Foroughi-Wehr (1983), Powell ef al. (1986) Ik — N kFE% &t EEEMEINRH%E VW TE
HMEEELOFEOHEBIUOTHETEETER LR L OEEBEOHERTT>oTWEH, B
BRHOERZTO FTIREE->TORY, iz, BRNTL A4 2 FHFHEICEEGFHEELERL
I HSEE R PR ENBHOBSRBICOVWTOWELERL RV, 2T, WEZTICTHLY
LR GETERGEZBIR, ZORBHEBNEERLI OV TERBEEREPHRESOREVALE
FREEHREL, FERFOREZIToIz, IbiT, B L REEHBASHREABRICEAL,
E— A KREFHBEDO BT E AR

HHE L UHE

E—KkEELELTAM L1085 XBEHR 4258 L FRIOXBER _K2550 2#HEEOF1 2 AW
720 BOAM_EI05 L EFRIOTRIEHEICEN TV ANEFRENTRE, —F, KOBEE=%
BBIEEFRAMNRL, 5> FATHREIMNEETAH, REHFENPPLEIR/HTH o, T,
ZhbDFRFITTRTAERBHRICH LEHETDH S, fiELBROFEIC LY EHEEZERL,
EHEE B E B, EREOEL,» LESAE T COMRBEFig. 6 — 2 IR L7z, 1988% 6 A



I 2 E&E»DERENIIER & 98EED AL LSS Bk E B, £AGE L OEHEEINE
HIZIEATECDH L, #ECDH2 OHEREHES L0, AEKOBEE crEFIHEA2REN
TV, —ERLUEORBTFEHETE/-DH 1 DT8R E DH 2 D65%# % HR/HEOFTFRICE U
THMER (0.5~2.8nf) ZFE L, 1988EE (HBEERE) ORBARE LOBREE 1 RETT-
7o 1980SR DB HBRIZ FA 480 bR Lc & 28 %M % BHEWHK7.0d, 1 RETT->7.
ERRME LTy I— A PR L, 1990FEEICEE 2 D EORRE, b 4 FHeBKL, C
ho OHUIREITEHEZ & 2 70 DiIc ¥ — VKEFTRRF SR LERE (4K 1990) KE&mlLlTw3
Wi AR B SSRGS (W ARBMAT) L E—A&bosBit () v E—A : HRRES
JIHT, o Rav— ) HERFGEET, 79 e— 0 IEETMHETB LY Y bV —@
RBEAE) A UIRE, TRNESZ2RE Lo, £BhoBEmNiTEzh£hi.8~9.6nTW
Th 2 K, BEEGEILEE-4£THo . ARHCERRLEREABRS cHMEmEK7.50,
2RET, BRI T E -F, HERHEE LTy / 22 F2BAVESRBRE T, 1F,
1990 EDERCORE, Hk, MK AREE, FTERHE FNE 2.5mBl Lol), BR&E
(2.5mmLl_ EOROEIE) BLORKE (FEEXENHE) OXVEIC OV THRINZTVE
AL Lz, EHI, 5 FATRITISEIC LR ENEB LN ERSCHEL2 ATEME L TE
FiEREZR TV, 1988EELRZMBRBATVWEND HRRKE S ERE L. AERMEHER I

Cross between Apr. 1987 Cross between Apr. 1987
H. vulgare cultivars H. vulgare cultivars
! i
Fi1 X H. bulbosum F Sep. 1987 - Nov. 1987
l :| Jan. - Feb. 1988 | (hastening one gener-
Haploid production | ation in this period)
i’ |
Colchicine treatment Mar. 1988 l
l Fo Nov. 1987 - May 1988
Harvesting of June. 1988 |
doubled haploids |
! I
Seed multiplication Sep. 1988 - Nov. 1988 [
N\ i
1 st-year field trial Nov. 1988 - May 1989 F3 Nov. 1988 - May 1989
l {
2 nd-year field trial and Nov. 1989 - May 1990 Fa Nov. 1989 - May 1980
malting qualiry test |
N l
Replicated field trial, Nov. 1990 - May 1991 Fs Nov. 1990 - May 1991
malting quality test and 1 st-year field trial

local adaptability test

Fig. 6—2.Scheme for the production and evaluation of doubled haploids (left) and
comparison to the conventional pedigree method employed in Fukuoka Agric.
Res. Cent. (right).
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Fig. 6—3.Frequency distribution of agronomic character of doubled haploids and a check

cultivar in 1988.
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Fig. 6—4.Frequency distribution of agrohomic character and malting quality of doubled
haploids and a check cultivar in 1989.



10884 FE L R i BB EABRIC B30 U7z Rtk RIS BB ic ARFICHE M L, IEHUMERRE LiTo 35F
&Emm&@ﬁmmgﬂftb,DHl#B%%ﬁ,DHZ#EM%ﬁ,wwiﬁﬁmmgﬂfk
L,DHl#B%%ﬁ,DHZ#B%%ﬁKOmT,:9/ﬁ~»F%%ﬁ%ﬁkLTm*ﬁ%¥
KRB ARSI EERBE L.

5 R

w%ﬁﬁm£66DH1ﬁxUDHzo%ﬁﬁ,+ﬂ§£;6§ﬂ$%@ﬁ§%ﬁ&ﬁg6—3
K%Lto%ﬁéﬁk%ﬁ%%i&%ﬂﬁ@ﬁﬁﬁmﬁﬁ%ﬁlUk%motg%ﬁ&%@#%@
ﬁ@%ﬁ;0¢é#otﬁ%%utoﬁm@%%?%ﬁﬁgmotomfh@%ﬁ%%ﬁﬁ@@%
ﬁﬁx%motoﬁﬁ,@ﬁﬁﬁ,m%m,%ﬁﬁ,%ﬂﬁé£;662A:ﬁﬁﬁ&%%am%
ﬁé&m%%h%h%oﬁnk%ﬁiﬁﬁbto%nao%ﬁwwwﬁﬁmﬁv%%%a,%mﬁ.
%ﬁﬁé%;U??ﬁE(mwﬁﬁﬁﬂ)@ﬁﬁﬁﬁ%F@.&4m%bt°%m%ﬁk%mmf
no%ﬁ%%%@mﬁﬁﬁﬁ;bk%#otoi%&ﬁ@ﬂﬁm:y/j—»vmwﬁbfém%
ﬁ&%?%ﬁﬁéwokow%@gkwiwﬁﬁmﬁ%aﬁk%%%E%ﬁ@%%#&,mﬁﬁ
ARSI A B R L LT, TRELERFANEL, ST, EFRHEb=Y/ IV
F%#ib%ht4%ﬁ(DHl$%@%%%,m,DHZ&%@%%%,%,H@(%&)%E
&Ltomfnw%ﬁa%ﬁEACﬁ&k%ﬁ%ﬁﬁmﬁﬁﬁ%ﬁbko%%w,m,%,wo
wwﬁgaw%$E®EM@®ﬁ%aﬁﬁ%&wa&4K%Lko2#@@%%%%@?6a,
ﬁ%ﬁmbi%:%kﬁ%m¢P$<,bi?:%t:y/d—»FD*%wﬁﬂ%%Ok%iB
ntoﬁﬁmﬁ%ﬁa@%w@¢ﬁ<,mﬁmﬁ%Mﬁﬁi§:%mtﬁﬂok%,mm:y/j—
wwkﬁ%f$otom&uﬁ%%,%ﬁ&moto@ﬁmﬁ%mﬁﬁﬁgﬁaotﬁmfnm%
ﬁk%%i?:%xbﬁ#oto%%ﬁﬁﬁ@ﬁ%ﬁ;bk?<,?ﬂﬁ@wwﬁﬁoﬁ%m%%
%&E&ﬁ;bk?moko%ﬁ&ﬁ@mw@goﬁ%aﬁﬁﬁﬁﬁ&ﬁ%@&otﬁmo%ﬁﬁ
mfh%%#okoE~»kiiﬁ%@ﬂlmﬁ%k%t%@%&ﬁ?%ﬁémmfﬂ%ﬁﬁ%ﬁ
%L@afhtoit,chb4%ﬁowwﬁﬁﬁiﬁwwﬁﬁﬁﬂwi%%ﬁoﬁ%T@b
6—6IC Lize 2 DEDOHIOKE, WTFhoRME HEZLL, BOEFRERZLO=Y/ I—
N REPERE BB T,

19904 [ T MUR TG HE % 4 3 L D E L REO A RBI TOTHE, THE BHHERLT
%ﬁi&&ﬁ?:&mﬂ?5m$fﬁﬁbt(Hg&ﬁ%?%ihomr&%k,ﬁ&MT@%
ﬁ%ﬁww,%ﬁf@%ﬁ%ﬁbi?:ﬁ%T@é&ﬁ%ﬁ?:k#ﬁotﬁ,%mmumfn%
&M?%oto%K%%ﬂﬁ%ﬁﬁﬂﬁﬁﬁ%ﬁﬁi@%%i%ﬁLko%ﬂﬁm%*ﬁ%ﬁmm,
PR EGTEAT, HAREARTTERIAVNE NN, MORMIERALLKED 27, BRSEE
gﬁmmf4%ﬁk%¢émotﬁ,mmaﬁﬂﬁﬁﬁuwﬁmﬁ%ﬁbko%ﬁim%ﬁmwﬁ
%%%,mﬁ,ﬁ%W@%%%,%,%ﬁ$é#ok%®®m®$$m@ﬁmfn®%ﬁa%ﬁi
X¥_-LIDKEhol,

% £

FE, C— A AETEHESRCABREOHLIC & 0 EERWEREIET LR RRMEL -
TWB, FOREORANAMRE Y LTRRACEREWEL L OFHGEOFRLELThI LT
BThBH, LT, BREEREEHTSEREEMED—D>TH S bulbosum LD N kETE
~OEAERED & L SICAE &> THRE Wi R0 BEVE, EFHES JUHEETEI D



Fig. 6—5. The elite doubled haploid lines obtained from barley haploid breeding with

favorable agronomic performance and malting quality.
(a® Yoshikei 30, b: Yoshikei 31, ¢: Yoshikei 32, d : 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
(%) (%) (° WK) marks

Yoshikei 30 85.0 55.3 194 74.0(15.7)
Nishino Gold 84.6 46.5 161 58.3
Yoshikei 31 84.9 62.6 192 79.7(0.0)

1988 Nishino Gold 86.1 60.4 204 79.7
Yoshikei 32 85.4 52.0 201 69.9(7.9)
Yoshikei 33 84.2 56.1 201 75.3(13.3)
Nishino Gold 84.1 4.7 237 62.0

""""""""" Yoshikei 30 85.1  48.8 219 66.5(1.0)

Yoshikei 31 82.7 50.6 222 64.7(-0.8)
Amagi Nijo 81.6 51.6 256 61.3(-4.2)
Nishino Gold 83.6 47.5 238 65.5

1989
Yoshikei 32 83.4 48.3 209 63.0(6.5)
Yoshikei 33 82.7 52.2 224 68.3(11.8)
Amagi Nijo 81.3 48.2 226 54.3(-2.2)
Nishino Gold 82.5 45.5 218 56.5

1) Malting quality was tested at Tochigi Branch, Tochigi Agric. Exp.
Station.

2) Figures in parentheses indicate the differences in examination marks
from the check cultivar ‘Nishino Gold’ .
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B—RTCHE LI, E—AVKREIZBNT bulbosum T EANREHEME LTRYITEREELD
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Fig. 6—6. Agronomic performance of four elite doubled haploid
lines (O:Yoshikei 30, @:Yoshikei 31, A:Yoshikei 32,
A :Yoshikei 33) compared to the check cultivar ‘Amagi
Nijo' at 5 experiment stations (K:Kitsuregawa, S:Nitta,
A:Yasu, Su:Okamoto, T:Tochigi) in 1990.
1) Figures in parentheses indicate the value of four agronomic
traits of ‘Amagi Nijo' at each experiment station.

BA# 2 FEMHTE, LEGFMEOFEEENT I ENTE L, T, AMETHLRALFER
BT BEME, FEMBELLIERREL LE->Thk, 20—V KEGEFTRICBVT,
EBABEEEIEREERLEMRL, FERMEERTHENTER,

B, LB L OEBEEINRFEEEE T 2 DI M ERBLERTRTH S, £DORDIT,
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Studies on Haploid Breeding for Malting Barley

by

Masahiko FURUSHO

Summary

Combined procedures between production of haploids and their chromosome doubling
enable to save time in plant breeding programs. Barley haploids can be obtained by
interspecific hybridization between barley (Hordeum vulgare L.) and H. bulbosum L.
The H. bulbosum chromosomes 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 breed elite malting barley lines by using the bulbosum method. The inheritance
of crossability between barley and H. bulbosum, haploid selection for disease resistance,
and the haploid production by hybridization of barley with maize or Italian ryegrass
were also studied.

Results obtained in this study were as follows;

1. The most suitable time for embryo 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 B5 and R—M—IS media were effective for embryo
culture and the percentage of haploid production from embryo culture was 30.3%.

2. To obtain doubled haploids efficiently under greenhouse conditions, crossing barley
with H. bulbosum should be performed during the period from December to January.
Colchicine treatment for chromosome doubling in haploids should be conducted before
the beginning of March, resulting in the success rate of chromosome doubling was
76.4%.

3. Germination ability of H. bulbosum pollen was higher than that of barley on the
nutrient medium.

4. There were varietal differences among the barley genotypes in embryo formation
(1.7 to 72.7%) and haploid production (0.6 to 29.5%) in the crosses between barley and
H. bulbosum, suggesting that the varietal differences in embryo formation were due to
the difference in the pollen tube growth and the rate of chromosome elimination 3 to 5
days after pollination. A

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

6. Barley cultivar Kanto Nijo 25 showed an exceptionally high crossability with H. bulbosum.



F1 hybrids having a parent of Kanto Nijo 25 in their parentage had high crossability as
that of Kanto Nijo 25. The frequency distribution of crossability 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 H. bulbosum.

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

8. H. bulbosum requires vernalization treatment to produce pollen because of its
winter habit. The selection of spring habit clones from obtaining clones by natural
outcrossing among introduced clones from Morocco were made to facilitate the crossing
of barley with H. bulbosum. Twenty-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 Italian ryegrass). The efficiency of haploid production was 6.9 % and 10.4
%, respectively. In both crosses, 2,4—dichlorophenoxyacetic acid (2,4—D) treatment
after pollination was necessary to obtain the barley haploid embryos, and optimum
concentration of the solution was 75ppm. A proper use of three techniques (barley x
H. bulbosum, maize and Italian ryegrass crosses) may widen a range of application of
haploid breeding method in barley.

10. The selection of powdery mildew and barley yellow mosaic disease {BaYMV)
resistance were made in haploid plants. Haploid plants resistant to powdery mildew
could be selected by artificial inoculation of fungi to haploid plants. The haploid plants
resistant to BaYMV carrying the Ym gene could be easily obtained by selecting the
plants showing the same banding pattern of esterase isozyme genotype as that of the
resistant cultivar Mokusekko 3 by starch gel electrophoresis.

11. F1 plants derived from two cross combinations of barley cultivars were crossed
with H. bulbosum, and their haploid hybrids were treated by 0.05% colchicine solution
to produce the doubled haploid. As the results, 209 doubled haploid plants were
obtained by the bulbosum method, and 4 elite lines were selected. Two years were
saved by the application of the bulbosum method compared to the conventional pedigree
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 BaYMV.

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. bulbosum were clarified. Superior H. bulbosum clones were selected. Haploid
selection method for the resistance to several diseases was developed and highly
promising doubled haploid lines were obtained in a short period of time by the bulbosum

method.
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