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Yielding Ability and Malting Quality in F1 Hybrids of Two-rowed Barley
‘Kazuhiko SOHTOME, Masayuki AMAGAI, Hiroshi ITO and Hisashi YOSHIDA

Summary: We aimed to confirm heterosis not only on yielding ability but also on malting quality in
two-rowed malting barley. Twenty-one Fi hybrids were obtained by artificial cross between European
or North American varieties and Japanese leading variety, Misato Golden, which was a common male
parent. Performance tests were carried out for the Fi hybrids and their parents. Yield components and
other agronomic characters were investigated, and malting qualities were analyzed by applied EBC
method. The results are as follows.

1. In yielding components, significant heterosis as measured from the better parents was observed for
culm length, triplet number per spike, yield per plant, and a thousand grain weight. Especially for
plump kernel weight per plant, heterosis was observed in all of the Fi hybrids we tested.

2. In six main malting characters, the averages of the Fi hybrids showed the intermediate levels
between the parents. However, the Fi hybrids were significantly better than the mid-parents (the ave-
rage of parents) for malt T.N., diastatic power and malt quality index. For these characters and malt
extract, the Fi hybrids did not differ significantly from the average of their better parents.

3. Some F1 hybrids showed the higher performance potential than Misato Golden.

4. Correlation coefficients between the Fi hybrids and the mid-parents were significant in six malting
characters. On the other hand, they were not significant in yielding components except triplet number
per spike.

From mentioned above, F1 hybrid barley with high malting quality and high yielding ability is ex-
pected from a cross between an excellent quality cultivor and one shows high specific combining ability
for yield with that.

Key words: malting barley, F1 hybrid, heterosis, high yielding ability, malting quality
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Table 1. Cultivars used for uncommon parents(female) and original country (used Misato Golden for common male parent).

crNozs' name origin cr;)lzs. name origin cr;)]is. name origin
1 Ethiopian71-450 Ethiopia 8 Favorit Czechoslovak 15 Ellice Canada
2 Nordal Denmark 9 Rapid Czechoslovak 16 Elrose Canada
3 Andor Denmark 10 Spartan U.S.A. 17  Harrington Canada
4  Moravian U.S.A. 11 Topas Czechoslovak 18 Klages U.S. A,
5 Novosadskil83 Yugoslavia 12 Aura Gimpel West Germany 19 Lara Australia
6 Novosadski293 Yugoslavia 13 Berac Netherlands 20 Menuet Netherlands
7 Novosadski294 Yugoslavia 14 Crystal Czechoslovak 21 Rubin Czechoslovak
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Table 2. Average values and standard deviations for the agronomic characters and for the malting quality characters

of 22 parental varieties and 21 F1 hybrids.

Pax:ental Number of MaFurmg Culm length  Ear length Triplet n. Ear n./p. Grainy. /p Plump kernel
varieties or F1 varietics time cm cm avg.(SD)  avg(SD) avg.(S.D) w./p
hybrids avg.(SD) avg(SD) avg(S.D) &AL B> L) avg(S.D)
Female p. (P1) 21 6/13(2.75)  97.6(8.74)  10.2(0.90)  32.4(1.68) 24.8(4.27) 25.5(4.76)  19.6(5.99)
Male p. (P2)  1(Splots)  6/5(0.80)  94.4(3.26)  6.9(0.30)  30.2(0.92)  19.7(1.99)  23.9(1.60)  22.0(2.18)
F1 hybrid 21 6/7(1.10) 110.4(4.24)  9.6(0.56) 33.9(1.53)  23.8(3.06) 34(4.90) 31.3(5.14)
Parental 100 ain w, Plumpkemel 0 i o % Malt TN.% MaltSN.% Kolbachl. % Diastatic P. Malt quality
varieties or F1 avg.(S.D.) w.% avg(SD) ave(SD) avg(SD) avg(SD) wk/TN index
hybrids e avg.(S.D.) e Rt D At avg.(S.D.) avg.(S.D.)
Female p. (P1) 39.7(4.33) 75.7(1494) 81.01.91) 2.02(0.18)  0.87(0.09) 43.5(6.08) 108(12.35) 34.7(17.99)
Male p. (P2) 44.6(1.94) 91.5(3.37) 82.3(1.31) 2.08(0.08) 0.97(0.07)  46.5(4.27) 94(2.63) 44.6(10.78)
Fihybrid  48.5(3.61) 91.8(4.79) 81.7(1.59) 2.02(0.16)  0.90(0.06) 44.8(526)  107(13.3)  41.4(14.7)

FLiiowTabe, BE, —M&ENE —HEE T
FIE 4 X OB¥EREIGER, RO THESY B
LIENRSND T, EFSEFFEOSIHE OFH4E
&, &THHEOREOMEE RT.

INATFOLADEE ; —iESEHED

Table 3 (a)i2l%, Table 217K L72&HEIZDWT, ~

T AOREEF L P (Mid-parent ; WO T
&) Lok (F1/MP) BXUF: L EN7:#H (Better-
parent) &£ DIt (F1/BP) 2Lk »TkL, #OFHELT
L7z, B, FROOFERLHETT 5720, HInd 5F)
EHERB L UMPEDEIZDOWT L -IREEITV, #RY
Table 3 (b) 2R L 72,

Table 3. Comparisons of average mid-parent(MP), better-parent(BP) and F1 hybrid values for the agronomic and the malting

characters.
(a) F1/MP, F1/BP

Culm length

Plump kernel

ltem Maturing time cm Ear lengthcm  Triplet n. Ear n./p. Grainy. /p w./p 1000grain w.
avg.(Max.) avg.(Max.) avg.Max.) avg.(Max.) avg.Max.) avg.(Max) ave. (Max.) avg.(Max.)
Fi/MP 1.01(1.03) 1.16(1.25) 1.11(1.22) 1.08(1.15) 1.08(1.45) 1.39(2.10) 1.54(2.45) 1.15(1.46)
Fi/BP 0.98(0.99) 1.10(1.25) 0.94(1.09) 1.04(1.13) 0.99(1.35) 1.30(1.94) 1.38(2.02) 1.07(1.26)
Hem P'“"‘V‘V’.;fmel Maltex.% Malt TN.% MaltSN.% Kolbachl.% Dosatic P Ma}:‘g:i‘“y
avg.(Max.) avg.(Max.) avg.Max.) avg(Max.) avg(Max.) avg.(Max)  avg.(Max))
Fi/MP 1.10(1.44) 1.00(1.04) 1.03(1.10) 0.99(1.10) 1.01(1.09) 1.06(1.26) 1.14(1.88)
Fi/BP 0.99(1.08) 0.99(1.04) 0.95(1.07) 0.95(1.03) 0.97(1.07) 0.99(1.17) 0.97(1.59)
(b) t-test for F1-MP, F1-BP, Fi-LP(lesser parent)
ltem Matu;x\:)gg‘ time Cl.él;]n Levn;th Ear lt;r\:gh cm Triplet n. avg. Ear nJp. ave. Gra;:g}f. p P‘l:r/r;)p k;:\l;l;e] IOOOaer;m w.
BP 6/5 100.2 10.2 325 24.8 26.8 23.1 454
LP 6/13 91.1 7.0 303 19.7 23.1 18.9 39.1
F1 6/7 110.4 9.6 339 238 34.0 313 48.5
F1-BP 2.5%* 10.2%* -0.65%* 1.41** -1.0n.s. 7.3%* 8.2%* 3.2%%
F1-MP -0.7n,s. - 1.00* - 1.4n.s. - - -
I'i-LP -5.8%* - 2.60** - 4.1%* - - -
Ttem PIqu kemel Maltex. % Malt T.N.% Malt SN.% Kolbachl. % Diastatic P. Malt quality
w.% avg. avg. avg. avg. avg. wk/TN avg. index avg.
BP 92.4 81.9 2.00 0.95 46.0 109 43.1
LP 75.7 80.7 2.14 0.87 423 93 325
F1 91.8 81.7 2.02 0.90 44.8 107 41.4
F1-BP -0.6n.s. -0.02n.s. 0.02n.s. -0.05** -1.22* -1.6n.s. -1.7n.s.
F1-MP 7.9%* 0.45n.s. -0.05* 0.01n.s. 0.63n.s. 6.2* 3.6%*
F1-LP 16.1%* 1.07** -0.12%* 0.03* 2.50%* 14.0** 8.9%*

* ** Significant at 5% and 1% levels, respectively.
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Fig. 1. Heterosis on plump kernel weight / plant in 21crosses.
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Table 4. Correlation coefficients (r) between grain yield (G), plump kernel yield(P) ,F1/BP of grain yield(G") and
3 characters (Xi) ,and between malting quality 1. (Q) and 3characters(Yi) and their standard partial regression

coefficients (b') of G, G', P on Xi and Q on Yi.

(a)grain yield (G) and Plump kernel yield(P)

grain yield (G) Plump kernel yield(P)
Item Female parents F1s Female parents Fis
T b' r b’ T b' r b'
X1: No. of triplet 0.31 0.908 0.04 0.336 0.44* 2.183 0.10 0.619
X2: No. of ear 0.81** 0.843 0.83** 0.962 0.64** 1.031 0.76** 1.015
X3: 1000 grain w. 0.36 0.519 0.25 0.604 0.551** 1.345 0.39 0.977
(b) Malting Quality [. (Q) (c) F1/BP of grain yield (G")
Malting quality 1. (Q) F1/BP of grain yield (G')
Item Female parents Fis Item F1s
r b' r b’ r b’
Y1: Malt ex. 0.93** 12.780 0.94** 11.152 X1 0.20 1.239
Y2: No. Kolbach I 0.90** 1.163 0.87** 1.118 X2 0.87** 0.891
Y3: Diastatic P. -0.12 0.534 0.23 0.291 X3 0.50* 0.361
* ** Significant at 5% and 1% levels, respectively.
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Table 5. Estimation of specific combining ability by means of the product of a) Plump kernel w./p

and b) Malting quality index.

Cross axb a) Plump kernel w./p b) Malting quality index
No. F1 female Misato F1/Misato F1 female Misato F1 female Misato
1 776 304 626 1.24 31.4 15.3 20.4 247 19.9 30.7
2 734 536 626 1.17 25.5 19.0 20.4 28.8 28.2 30.7
3 729 342 626 1.16 22.5 14.0 20.4 32.4 24.4 30.7
4 1506 513 626 2.40 26.7 14.5 20.4 56.4 354 30.7
5 1294 342 611 2.12 37.5 15.4 19.9 345 222 30.7
6 812 381 611 1.33 24.1 17.4 19.9 33.7 219 30.7
7 972 668 611 1.59 40.0 19.2 19.9 243 34.8 30.7
8 1234 310 611 2.02 32.3 11.1 19.9 382 27.9 30.7
9 1546 197 635 2.43 42.0 13.5 20.7 36.8 14.6 30.7
10 374 131 635 0.59 28.8 6.7 20.7 13.0 19.6 30.7
11 691 - 635 1.09 28.9 20.9 20.7 23.9 -4.8 30.7
12 1725 1355 1447 1.19 33.1 26.2 25.8 52.1 51.7 56.1
13 1947 731 1447 1.35 31.3 16.0 25.8 62.2 45.7 56.1
14 1404 832 1447 0.97 26.8 28.9 25.8 47.1 28.8 56.1
15 1726 1638 1447 1.19 28.3 28.0 25.8 61.0 58.5 56.1
16 1762 1321 1447 1.22 26.7 21.3 25.8 66.0 62.0 56.1
i7 1879 1832 1447 1.30 32.4 27.3 25.8 58.0 67.1 56.1
18 1745 1508 1095 1.59 31.0 25.0 23.0 56.3 60.3 47.6
19 1522 1279 1095 1.39 29.9 24.6 23.0 50.9 52.0 47.6
20 1269 696 1095 1.16 34.1 20.9 23.0 37.2 333 47.6
21 1326 647 1095 1.21 40.3 26.4 23.0 32.9 24.5 47.6
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Fig. 2. Specific combining ability measured by 2 major commercial traits.
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Table 6. Correlation coefficients between F1 and female parents.

Fis
Culm . . Plump 1000grain
Character length Ear length Tripletn.  Earn./p. Grainy. /p. kernel w./p. W,
Culm length  0.49* -0.11 -0.12 -0.34 -0.32 -0.33 -0.04
Ear length 0.58* 0.73%* 0.55* -0.37 -0.17 -0.07 0.33
female Triplet n. 0.47* 0.60** 0.53* -0.33 -0.38 -0.28 -0.06
parent Ear n./p. 0.07 0.4 0.39 -0.14 -0.13 -0.14 -0.27
Grainy. /p 0.29 0.37 0.50* -0.15 -0.19 -0.20 -0.24
Plump kernel w 0.38 0.46%* 0.58* -0.005 -0.02 0.08 -0.15
1000grain w. 0.12 -0.17 -0.01 0.05 0.07 0.10 0.08
Fis
Character Maltex. Malt T.N. MaltS.N. KolbachI. Diastatic P. Malt ?uallty
Malt ex. 0.63** -0.66** 0.46* 0.70** -0.05 0.69**
female Malt T.N. -0.38 0.79** -0.39 -0.75%* -0.03 -0.56*
parent Malt S.N. 0.52%* -0.28 0.65** 0.56%* 0.19 0.59**
Kolbach 1. 0.63*%* -0.71%%* 0.73** 0.90** 0.19 0.80**
Diastatic P. 0.45*% -0.36 0.37 0.47* 0.65** 0.55%*
Malt quality I  0.70** -0.73%* 0.62** 0.85%* 0.10 0.82**

* **.Significant at 5% and 1% levels, respectively.
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Table 7. Correlation coefficients (r) between MP and F1,
LCwnizxt L, Pl TR EORHRIIED S

regression coefficients (b) , and section (a).

Character r b a  FUBPavg Mot ZHIETREI RO TEVKEIZE TEL
Culm length 0.40 _ _ 1.10 ToAER, 2.5miftBE T OBRMRESPITZEAL L R
Earlength  0.78** 0.820.15%*  2.55 0.94 mOIZL D EFEZ LN
No. of triplet ~ 0.73**  0.99£0.21**  2.90 1.04 EHEREIIOWTEARB T}, FFLXFABLP -
No. of ear 0.03 Co. - 0.99 oy N EERCSFPETRERHE L 20, DB HE
Grain Yield 0.22 - - 1.30 FLAFOLANRO N, FIMBOESESELTEL
Plump kemel Y. 0.05 - - 1.38 BN T A ¢, ME—, Rasmusson & 2814 OF
1000 grain w. 0.01 - - 1.07 N 1 - - )

Maltex.  071%% 074£0.17%* 214 099 HREOZFMEIZOVTHEL T L. TRIZEL EF)
Malt T.N.  0.84** 1.12:0.17** 029 099 DEFLXA, BAGITHBELIGID, OFeR
MaltS.N.  0.73** 0.66£0.14** 030 0.95 FHERT T2, £ 20BBEEFLFAHNRER LS
Kolbachl.  0.95%* 1.02+0.08** -0.47 0.97 BBoORRRIIR Y, BRHAGBIUVEXFLERIRER
Diastatic P.  0.67**  1.3530.35%* -29.6 0.99 LRSI LTE D, ARBRTOERIEII NI~

Quality . 0.85** 0.90+0.13**  7.49 0.97 S 2L Ok, EAH B L & OO R

**: Significant at 1% levels 5 0 7 35— BN R e T O CE o b L

TBY, KREBIIBWTOMBEOMRE L7z &K
89



AR REABRSEMER 45

RLBEGHEERVIZLb O, Pt b EF
BENOANT O AREBI RSB OEFRIZ, 20
L IIEBO THU L M AR 5/ 2 LIS ERRE
V. BFEREOSRFE L, VTAY—ENhEOBEEN
EHEWT, ZROMEBBIZTOENMZLELZIT TS
ETLERFRIERTHLDOTHL, —F, VT AY—
YHIIHEMBFE MBI, RReRELEANE
LOLEOBILZFICER SN TWAZ EAVRIE SN,
AERERI VR IR OM, 21 A, 1204
PREMBLUEFREOMEE I3 PIT— LT
L7, FiIMHIZRO SN ANERO L NLR, 3
FPT—VT U OEFHEAPRRL > TNDHILEERE
ThE, EREHZ D DHERETRLI-OIILRESI,
8, 4,5, 18, 19, I3OTHRHREIILHTHA . &
AW BRI E S BEFFAORKIZIOVWTINED I b
T=LF L EDhEHRDEL35~2.43E %Y, E—LK
HELTORFMEITEEBLEENORT > vl
EY R F=ARENORY E ¥ (W0

FAEE T, BHmlEEFIEOMREME L A7z L
&, BEPHEEMEFMEE L TIEIRE CRENELS
SENHL NIk o Tabhh, BPEEBAANTHEY
AL CHAZRERNE 2 & O BERE TR
HEFALNLVDOIIMN LT, A ¥F—FATTLR
(MPELBPOHR]) (28 &% -7 REFMHEEE ClIE
MBSO LN, ZOZENS, BRFIEEYEL
VETEEE, E—IIRBIIEEFREOEN-bO%
EL, RUIBEREE CENRLHARGDYEENOSN
bOEEETHEV) FIELFTREENDL. 2O, bF
DERTHENEDZVIOETE L hnhd Lk
Ve AR DEINDORDS, F0 L) RBITF MEORE
RS L, IEBZETICLEEIBEBI 0L THD.
PWELREFALVIEERALATODREIR, &L
Lb&ADEHROBNEZRLE KL, &< ORIET
DG L TWAETHELTVAE., LALARLS, #MA
EEF EOHRBMOMET, MEENREL ZBHLT
L7722 &3 THEBREW, Eko k)i, £FmNE
(X, AR RO MOEMEIEC, AL TFOH
TIATRhRASE CE C EE R SN, s, WE AR
DN, FFCERREZ L) EAD L) %2IEE-
IeATOLANBENALZ EDL, WEBREEZEL AT S
BIZFEIESSDRI R (BCEETH L EEZONS.
SEDT— % & FIIBAEOERTEHEERDOFN») &
ERTHABE, BRELRHEEERT 57201213, I
FTHRBIATDONTVDLIETHDN, LTEHE
BERBIIACDOLENRHDLLN)ZENEZSLTHA

90

J. F72, NERIECERT ABEI>VWTIE, X
DI S ZOBMKAETFMT 5 2 A L WATRESEAND
LuEOFEBETLNL. BB BT HETEOREME
DEBAF—L1IBWT, PR R E R &
R THEE INA Z WS, THLREESCT— 7L
ENRENTWAE LISV EW. Fi1h SRt oE
B, ZOHOEMOHEBII—EDRELES LTI
i, #no2AA L TEROBOBSERTEOD v
I BIZHAGERAT) 2 L, BEOMFENLENL I 2
THROTHEMRIERE LY D) AARMEYSD L. A
EFDOBOBEOBRDY) > — 1250 Th o ERES
N ENDERETHA D).

# o

AIFFEOXRITIZHI D, fRH BEEEER, A
REMHMEIE, SREIHAEE-7. JockL
TRELABHOELRLIET.

51 A3k

1. REEST - ROIAZ - FHANRY) ¥— At F
LF RN KON T T2 AL FHE395L.

2. Jennings, P. R. (1967) Rice heterosis at different growth
stages in a tropical environment. Int. Rice Comm. Newsl.
16:24-26.

3. Hagverg, A. (1953) Heterosis in Barley. Hereditas 39 :
325-348.

4. Hayes, J. D. and Foster, C. A. (1976) Heterosis in self-
pollinating crops, with particular reference to barley. Het-
erosis in Plant Breeding, 239-256.

5. Murayama, S. et. al. (1974) Basic studies on utilization
of hybrid vigor in rice. IV Heterosis under different cultural
conditions. Jpn. J. Breed., 24 :287-290.

6. Rasmusson, D. C. et. al. (1966) Malting Quality in F:
Hybrids of Barley. Crop Sci. 6 : 339-340.

7. BCEAEZES (1988) Mgl &4 4L FITBUD
—EREF A O M. BME38HI1 | 324-325.

8. FAk—1 - hBEA(1988) KHERHE L L7
—HEE D L F O ENE. FHE38HIL 1 328-329.

9. Suneson, C. A. (1962) Hybrid barley promises high yield.
Crop Sci. 2 : 410-411.

10. FAE=(1993) BEHLIZ 31T B B4 0 L FEEDIL
EWMICET AFRFEIE. UHNBRERBBRS
27 145 333-398.

11. RHIB=(1994) * 74 L FOMMERSIBT L5
7. MKRERH®RS © 7-22.

12. HHEA - &% (1985) 1+ —EEFRAO OO
AR - RUERERORTE. FHE5HI1 : 98-99.




栃木農試研報　No44：83〜90（1996）

Bull．Tochigi　Agr．Exp．Sm．NQ44：83〜90　（1996）

一代雑種利用によるビール大麦の高品質，多収化の可能性

早乙女和彦・天谷正行・伊藤　浩＊・吉田　久＊＊

摘要：ビール大麦の雑種強勢の程度を収量性および麦芽品質の両面から把握するために，ミサトゴー

ルデンを共通親とし，外国品種との人工交配から得られた21組合せのF1雑種系統およびその親につい

て生産力および麦芽品質の検定を行った．その結果，桿長，一穂粒数，一株当たりの収量，千粒重に

良質親（BP）を超える組合せが多く，それらの形質ではFl／BPの平均値が1以上となった．中でも一

株当たりの整粒重は，F1／BP値がL　O1〜2．02と供試した全ての組合せでBPを上回り，収量への強いヘ

テロシス効果が認められた．これらの生産物を製麦し，麦芽品質特性を調査したところ，主要な評価

項目のFl／BPの平均値は，0．95〜0．99となりBPを超えるものはなかったが，中間親（両親の平均値）

より優れるスタンダードヘテロシスがみられた．供試したF1雑種の中には，整粒重×麦芽品質値がミ

サトゴールデンの2倍以上を示すものがあった．多収に最も貢献度の高い形質は，F1雑種，親品種と

もに穂数であった．しかし，BPの穂数とFlのそれとの間に相関がなく，親品種の形質から，Fl雑種の

収量性を予測することは困難であった．麦芽品質項目においては，中間親とF1雑種との間に極めて強

い相関が認められた．これらのことから，高品質親を片親に用い，収量性に対して雑種強勢の高い相

手を選定することにより，優れた一代雑種ビール大麦を獲得できる可能性が示唆された．

キーワード　ビール大麦，一代雑種，ヘテロシス，多収，醸造用品質

Yielding　Ability　and　Malting　Quaiity　in　FI　Hybrids　of　Two・rowed　Barley

、KazuhikoSoHToME，MasayuklAMAGAI，HiroshiIToandHisashlYosHIDA

Summary：We　aimed　to　confirm　heterosis　not　only　on　yielding　ability　but　also　on　malting　quality　in

ζwo−rowed　maltlng　barley，Twemy−one　Fi　hybrldswereobtainedby　artificial　crossbetween　European

orNorth　American　varieties　andJapaneseleading　varlety，MisatoGolden，which　wasacommonmale

parent．Performance　tests　were　carried　out　for　the　F由ybrids　and　their　parents。Yleld　components　and

other　agronomic　characters　were　investigated，and　mahing　quallties　were　analyzed　by　applled　EBC

method．The　results　are　as　foHows．

　L　In　yielding　components，signiflcant　heterosis　as　measured　from　the　better　parents　was　observed　for

culmlength，tripletnumberperspike，yieldperplant，andathousandgrainweight．Especiallyfor

plump　kemel　welght　per　plant，heterosis　was　observed　in　all　ofthe　FI　hybrids　we　tested、

　2，In　six　main　malting　characters，the　averages　of出e　R　hybrids　sわowed　the　intermediate　levels

between　the　parents．However，the　F由ybrids　were　significantly　better　than　the　mid−parents（the　ave−

rage　of　parents）for　malt　T，N。，diastatic　power　and　malt　quality　lndex．For　these　characIers　and　malt

extract。the　Fl　hybrids　did　not　differ　slgnificantly　from　the　average　of　their　better　parents、

　3、SomeFl　hybrlds　showedthehigherperformancepotentialthanMlsatoGolden。

　4．Correlation　coefflcients　between　the　FI　hybrids　and　the　mid−parents　were　signiflcant　in　slx　making

characters、On　the　other　hand，由ey　were　not　slgnificant　in　yielding　components　except　triplet　number

perspike。

　From　mentioned　above，FI　hybrid　badey　wi由hlgh　malting　quahty　and　high　yielding　abllity　is　ex−

pected　from　a　cross　between　an　excellent　quality　cultivor　and　one　shows　high　specific　combining　ability

for　yield　wlth　that．

Key　words：malting　barley，Fl　hybrid，heterosis，high　yielding　ability，malting　quality
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