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Diallel Analysis for the Percentage of Grains with Hull
Rupture in F, Populations of Two-rowed Barley

Jiri Wu, Kazuyoshi TAKEDA and Ryoichi KANATANI

Half diallel F, populations crossed among eight two-rowed barley
varieties with various percentages of hull ruptured grains were raised to
analyze the inheritance of the trait.

The percentage of grains with hull rupture varied from 0 to 87% among
the parents. The diallel analysis revealed the following: the trait was
predominantly controlled by the additive genes, and the dominance effect
of some parents was also significant. However, the epistatic effect of the
genes was not significant. The average dominance was 0.97. The
heritability value was estimated as 0.57 and 0.91 in a narrow and a broad
sense, respectivelly.

The percentage of grains with hull rupture showed continuous and
transgressive segregations in 28 F, populations derived from half diallel
crosses among eight parents. Heritability of the trait in a broad sense was
0.43~0.80 (0.65 on average) in 28 F, populations.

Key words : Barley, Grain quality, Hull rupture, Diallel analysis,
Heritability
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ZHEA T AXIC BT DHEERHAMER

#

AL E I, SNEOMICHEDAEL, 2 WA EO— BT s L EE PR 2 3
KIBIC - BRI CTH ) (BT - 3H 1989), * DOREMEY & HIARE, MEWL E0BEAL
TanB # iz ), WRT 2BICBRDENS )T 5, BEE— N F 4 X2 2 OB R
FELTe—NVEEHBRE L CoOME4#BhTW5

HERAEITIE 0 ~T0%FEED K E e FEAERAH 0 (Bl - IH  1989), ZER 54
LAt Tl 28 ¢ (b - 55H 1990), PWISMEDV/INE v (JEHES  1989). —
REENE L TRBEDINEL B DEMEB L UBRD B B bR TRENERT L 0
L, ERENDKEENDT 3T AHPBRBEDE—-RNBERTH 2 ERLN TS (F
WG - BCH 1989, Eihs  1989). E—AA A AXBRICH72-> TRLEERI NS HHEEE
BEFLXATHY), BREIEFLX LA LETL20DICBRESALETIE2h (L5
b 1989), RMESEGHBEICKT S ERERLZRELB X5 BBELIH L E 025,

FH L BRERAEDBBIEIC OV, ZRAALX 9B - ZHEZHAVZIENST A 7L
WHESHT 2 ATV, BRI E & L M 2@ B FIc TR E N, BRI e 3,
RERSERAF P ARNELBEETHEZ o EEHLIC L2 EE - £4 1991), X
LIZTGA A LX S MATDF, £ 2B L €, HEREEDOBRIEH L S84 TR L 724
Rir b, BERAEICTNOF, EHICB T ERN LS BEY R L, BERBEICII 2%
DBIZFHIBEG L T2 2L L2 (B85 1992),

AMRIZBWTI8 X 8DOKTH T A TV N F, 3 M % v CRER A 0BG 2 T L
7.

AW RO IEAREL T AR EANEIC L » 72, BLTHELET 5,

M BBLUFE

%ﬁ(ﬂm«%§wm)T9x9m£ﬁf47bwdn*ﬁ%ﬁofﬁﬁmFgﬁﬂéﬁﬁ
L7z, &8, ZOMEDI B, 12535 LRI FDMEDOTHERMRICIIEERBEIZRL
e T, ThEKRE, Zf)ié‘s‘_*, ERWh, IV NIT—NT, 35 =T
—LF, BDE T4, FHR2% 5 NIHFERI6DEEH 8 i - R (LI, ML) %
MELEL, 7, FIHRICBOTHAMRSFEL T2 EPHL I N2 T, F, 4R

TREESA TL Lz Bnrz,

BRHENS L, HIEE, EaWwid, IV FIT-ATCBINE LT T RIZEERE
HEHMEC, =2 /T P L EDE TERBEERUGAPIEE, £ L CHHR22 L FHR16i2
HERSSEEGARIKTH 5.

19914E11 Az BldndE & 2870 F, £ [ % ML ARG AR R O E BB I B L,
BATE TS L7z, ERII2EETREL, 1K, SAMIIISEER F, £ 480Mk &
L, &MED» 5 BFRORVEEZFEI & LTS KT DA CHERSELH/AEL 2. ZERH
G OMAHERIC B 72 - TR ELEREL 7,

EBAE R OMENTIC-D TiE Hayman (1954) € 7L %2 IESERHED 20 &2 #5872 Mor-
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ley-Jones(1965) ? FH:1z & » THEGHT 24T, ¥ERDER %L & NI HiEHEOH#HEEIX Math-
er and Jinks (1982) o hkizfE- 72,

BEBLIUER
FTATVUNGHICHERLZ2E&F, BL UO&EBRIEICOWT, HERDEEDFH)E% Table 1
IZR L7z, Table 1 TREFRBFENERICH > THRERHZENTE Y, BERBEI»RELES
Doz ERICTHEEBRE T69.2E (87.4%) THY, HIEh >7DF ST X 4T
1.3 (0.05%) T -7,

Table 1. Diallel table for the percentage of grains with hull rupture in F, populations
and their parents

Variety 1 2 3 4 5 6 7 8 Mean
1 Amagi Nijo 1.3 27 83 56 139 123 260 275 121
2 Kinuyutaka 14 124 125 169 178 248 316 150
3 Misato Golden 39 145 196 285 32.0 297 16.0
4 Haruna Nijo 85 285 335 423 313 221
5 Nisino Gold 195 368 492 482 291
6 Satsuki Nijo 210 394 389 285
7 Nittakei 22 64.3 553 417
8 Yoshikei 16 69.2 415

Note : Percentage was transformed into the degree of angle.

BRI D L 9 ICHEREE DR 4 8, RERSEDPRRED 2 W & SR
BB 2 REL LT > TEY, EKBIUOPFREED 6 BEMO F, iI2B W C3EFAFHEY
FEBZEZ TBY, ELIZWLDPDMAEETIRIEVHL ) LEWEEZRL 205, RER
BHAEDEVWEHTHR22E L ERIHDBER T 2 A DO KIS TlE F, 0 FHfEAFE#H LY
LIEWEEZRL 2, $Thbb, BiE TREEKEENGVHA»EEE - 3BEE A LN
5 BH, %A TIERERSAEDE R EMEE A5 172,

Table 2. ANOVA for the diallel table of the percentage of
grains with hull rupture

Item df SS MS F
Replication 1 6.29 6.29 0.21
a (additivity) 7 18,925.00 2,703.57 91.52**
b (dominance) 28 2,126.12 75.93 2.57%*
b, 1 104.70 104.70  3.54
b, 7 1,262.59 180.3¢  6.11%*
b 20 758.84 3794 1.28
Error 35 1,033.91 29.54
Total 71 24,217.45

* * : Significant at the 1% level

Vol. 2 81



ZEA I AXICBIT IRERSEDEIR

Morley-Jones (1965) iC#0 < Hfi &4 7 v WRHEED GBS DR (Table 2) 1ckh
X, aTH (MhshE) & b3E (EHER) »RICEZETHY, T2, HMESRITEESE & b
BLTKEGGEERLE, 2OZERIATUVLF, EFMIC BT 2H8ERSAEOERITE
ELTHMBZ BIEFIc > THRENDE 2 L 4RL T3,

BLIZDHEMKT 2=2NEKN ) b b, (BHREDRYIEZE) »PEETH- 720, =
PSRRI ADES L HPREE D 6 SER O TN TOMAETIC B W TEERHEAENE W
HDEMED 2 W ITBEETH 20K L T, BERBEEOEWHHR22E & % R164 4%
T HMAE DK THREBADEE DB H NS EIE s E#EZ L5,

Vr (FATVvARTHBZHEE L r HFHORIIOGE) & Wr (rt BEHORY D F, IE
ISEE L DI E) 12DOWT, (Wr+Vr) & (Wr-Vr) OEE) % N5 720 D5 8T %17
> 7 AER A Table 312RT, (Wr-Vr) AAHETEWI L3I AP L ANHEL LW L &
ALTwa, $#2Fig. 1icBW T Vricxd 2 Wr oRRRED 1 2 b BICE L - Tk

Table 3. ANOVA for the array difference of (Wr+Vr)

and (Wr—Vr)
Item df MS F
(Wr+Vr) Array diff. 7 30,326.8 2.52
Block diff. 8 12,044.5
(Wr—Vr) Array diff. 7 2,014.99 2.44
Block diff. 8 826.41

600

400

Wr=1.05vVr+121.0
(Sh =0.22)
200

Wr2=T776.0Vr

0 200 400 600

Vr

Fig. 1. Wr/Vr graph for the percentage of grains with hull rupture in 88 half diallel F,
populations.
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WIZEDPLLIERIT L ARTFEL LW EALN S,

BEDFEETH B OBERRIHEL, BIRERE Wr 0O SSTEOETHSL 2 &
7 MR ERRIR L Y KE VAL S, (Wr+Vr) & EWBOHE X MR
0.756 T, S5%UKETHRETH), £Kk: L TIIEBERSAEDES T AL EN L 25 17

(Fig. 2). ZHIZEBERAAEDEHAEHFR22 & ERIHHRET - T 52 F 238
T 5.

LIEDRERI b, TRAF AXORHBRIHAIZTE R Y > ZDOFELE L 7o\ Bl 7 AR B I
ETNCHET D EDHLPICENTZNT, UTFDBBRFOWEL B2 %017,

Table 4 i Wr, Vr F0#iat&Es LHEE L 2 BGERS 2R L7, 2 REOFEYETR 2 &

800 i
.
600 . .
" e
Wr+Vr 400k
t° r=0.756
.
200
-
0 1 1 1 1 i 1 L PRI |
0 30 60 90

Fig. 2. Relationship between Wr+Vr and parental values (P) of the percentage of grains with
hull rupture in 8 X8 half diallel F, populations.

Table 4. Genetic parameters detected from diallel

analysis
Block
Component Mean
I I
D 770.81 722.04 746.42
H, 910.31 527.09 718.70
H, 622.80 293.48 458.14
h, 263.75 -48.32 107.71
F 640.26 618.14 629.20
E 29.54 29.54 29.54
vH,/D 1.09 0.85 0.97
uv 0.17 0.14 0.15
% 0.53 0.62 0.58
& 0.93 0.89 0.91
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SR H-& &

D (MEmzhR) 3 H,, H, (BHEHR) L H K&, FHEEE=VH, /D 120.97 & #E
n, T EEEARL, 2 H# 0T, Hi—H, IED 728, HERDEA % & b HIH
B ERTOEE (W & ZONEIEF (v) OEE»ELC %, H,4H,=uv=0.15
Thotz. 72, FUEBSEERETOEE) PETH DI Lo L HRABSK TIENRETD
HEFHEEEFOREL ) & e BRb s, EEBHEIIHFET0.58, [LFET0.91L &l
Y (WA

b AT v Fy oid B ERSAOBEREICET 2 2EK0 kM2 M5 9 2 TdA
FATH LD, ZOGHIIEH & Fy FEN AL TWa0 T, Kizflizn F, 5[Jic ks
T B RERSEDGEICED ST L D FEM L a2 RAA4 5 (Fig. 3). B, 54T L F4
Pz BV TIEAEIC L 2 EA DT OEW 2 KEDEXMBTH > 2D L T, UMD F,
AT CIERAEIC & 2 MEEBDEA D 2 8- 2 FEEEZHCTW 50T, WEDFELHEIZE
TFEL > T EAPHDLI L 2H->TEL.

BARRHAEIRR IRV S F X4, xnWid, I H T AT rBLEL T 5N
HEOF, ERISREBERSAEDENFTIZEC > TB D, FRICHEREADOE W H A~

Table 5. Midparental value (MP), F, mean (F,), phenotypic variance in F,
(Vy,), error variance estimated from parents (V) and heritability in
a broad sense (h%s) for the percentage of grains with hull rupture

Cross? MP F, Ve Ve h?g
1 X2 1.4 2.7 26.85 10.51 0.61
1 X3 2.6 8.3 59.05 21.81 0.63
1 X4 4.9 5.6 74.17 36.77 0.50
1 X5 10.4 13.9 125.13 54.74 0.56
1 X6 114 12.3 117.92 66.83 0.43
1 X7 32.8 26.0 369.77 108.55 0.71
1 X8 35.3 275 457.44 146.07 0.68
2 X3 2.7 12.4 113.64 22.57 0.80
2 X 4 5.0 12.5 114.71 37.41 0.67
2 X5 10.5 16.9 175.39 55.37 0.68
2 X6 11.2 17.8 230.41 67.45 0.71
2 X7 329 24.8 215.30 109.19 0.49
2 X8 35.3 316 411.27 146.66 0.64
3 X 4 6.2 145 96.61 48.71 0.50
3 X5 11.7 19.6 139.39 66.67 0.52
3 X6 125 28.5 280.58 78.77 0.72
3 X7 34.1 32.0 433.66 120.49 0.72
3 X3 36.6 29.7 369.29 158.00 0.57
4 X5 14.0 28.5 220.80 81.64 0.63
4 X6 14.8 335 467.28 93.73 0.80
4 X7 36.4 423 455.67 13545 0.70
4 X 8 38.9 31.3 653.29 172.92 0.74
5 X6 20.3 36.8 372.74 111.70 0.70
5 X7 41.9 49.2 720.17 153.41 0.79
5X 8 44.4 48.2 509.73 190.89 0.63
6 X7 42.7 39.4 629.83 165.51 0.74
6 X8 45.1 38.9 587.53 202.98 0.65
7 X8 66.8 55.3 716.31 244.70 0.66

1): cf. Table 1
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DRz, BRIC L - THERBEOD T ) EWEERSHEBT 2 Z L 2R L Tnb, Dk
DEELSEE TH - 2. THRBEERSEDRCRSEROZERRIC B T L ERETFOHMBE
2, BRI L - TRERSEDL T ) B EERSIHRT 52 L 2R L Tw 5,

R RAHEDPREN=Y / T—)LF (19.5/) & D2& 2% (21.9%) o F, 13°F#536.8
BETO0 ~90R I BT IERO Lo # AR L2, ZEWSREORERBSE0 RT3
L bLT, FOBEBEFEREIELPICEL-TEY, F, T2 b DB ERT
AR LN Z EERL TS, —F, 202 5 EFEERFEDECFTELD 4 MDD
F, EFOFHHE L & IR D ORERMEMEORERSAICIGE TELL TB Y, 2
B RSA D TB O BETOMMA ZERIC L > TELT 22 2R T b,

R EDECETHR22 (64.3%) X #HFR16 (69.5%) D F, b 0 ~90FIC R L
MoBEA R L, MBEOBRGFEEIALPICELLZEEZRLTWAE, —F, INLD2M
& g R AR L ORRENMLO 6 MENM O F, EFOFHME, 75 2K ) DL
B BB REAISIGE L T2l TE D, Bk X FEkc, ZAL5OKEMEEE T
LB RSB OBETOMMAZERIC L > TELL Twb A 605,

Cnkoiz, WThoMAeRIC B TLEEORIETOMBEz, ks abN 58
BATMEDEED LA T EE, RGBS VBEREE, BENES, BENKESETENK
XEXONTY A OB BRSPS T A2EAVETH LI L EHECRERL T b,

kiz Fy, £HIC B 2 HB RS A DO RIS & BIZ RO ENE D IRROBIRE & #EE
LCH»% (Tableb).

WE, EESEIIBSE R OFEES B LHEET 255, T OBRCIRERED KM
WETR M (ERER) ThHI LRAHEE LTWwa, 2 TR H ) RERISEIT TIH

300,
[ ]
200 ¢
§ L
S .
“ 100} . r=0.975
[ ]
®
OB’ — L 1 . s 1 i 1 J
0 30 60 90
Mean

Fig. 4. Relationship between the mean and the error variance for the percentage of grains
with hull rupture in eight parental varieties.
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Fig. 5. Relationship between the mid-parental value (MP) and F, mean for the percentage of grains with
hull rupture in 8 X8 half diallel F, populations.

Heritability

1.0

0.9

0.8

0.7

0.6

05

T

0.4

r=0.431

'} 1 i i 3

20 40 60

Population mean

Fig. 6. Heritability in a broad sense in relation to F, population mean for the percentage of
grains with hull rupture in 8 X8 half diallel F, populations.

SAEICFEIERLDT, ~ WA ADEHRIZ L - Ts=/pqk (s: E#FEZE, p: ZERNE
&, q: EREEROEL, ki AR 45, #toTp=q=0.5 (50%) TEHFEKIC
70, EEDINIRERBE (B9F) 12k - TE{bT 555, Bliss (1938) it - THE
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BT USRI A KN E Z DO BUTEBIRIC L 5 L HIFF S LB,

Lo L, EBCBRSEORBERISAICH L (RESR (BEKMZER) 2700 FLTRS
& Fig, 4R L 91z, HERBAPE I EBELERIKE , BEOKNMNIBBRIA
NDEAREBEL T/, —F, F, £ FAE L S8 (MP) O#HB8I3 r=0.88 L BEHEL D
T (Fig. 5), #n2ho F, EFORBUGEICIIGT 2 BESRIIMBOBETEUC L -
THRETESZLMEL TVe= (Ve + V) /210 k> THRESEHEHREL, h’= (Vi—
Vi) Vel & » T F, DIEFOEGRERLZEL, 2h# F, P4l L 7oy P LTA
5+ Fig. 6 I0RENB L), MEDMHEIZr=0.43L 5SBKETHETIEIH B, HE
%<, ZoE, REOBEEEI FLEFOFYE & R BRICE e w2 5,
[RBEDEBHDFHHEIZITIF0.65 & HEE X N7z,

BUE, BERBEICHT 5 RIER 2T > TRBORIBELBIIPTH D05, BB L 5
12, FA T U NG ORERD 120,58 BRIFE L L Cidn % ) Sl B snTwanT,
AREN EHOBERDBEET 28ATE E RSN 2 L DOEBERIFE DK IEE TR % 3K
THORZILRBETI LW EHEZ LN,

i ®

TERAA LXIIBY DRERBADBIEEER BT 52010, BERSENRECRL D
8 dnfl - RO TR LY 72 ) OTHEZ ATV, WM I 28 AN F, £F & 20 2 4635
LT, BEREEDEEGER TN,

HHEZA TV ASHORER, BERSAEOERECIEIZ RS 20Bd LT, Bk
MHMEEE T APEA L, &K E L TRERBEDRCEHSEEE RN, T
BHEIL0.97 E HiE 3 1Lz, RBRBADEEERIINIE T0.58, LR/ TO.91 L #EI N,
284 A D F, EFROBER ST T hoMAatic W T ERN o8 R L, $72,
BT EED RS bz, F, EROFEHE & B RO FEHEOMBII &, MEEFIC BT
LRSS A ERTFOMMGLERIC L > THREN TV S 2 LASREE N2,

28HAE D F, BEHIC BT 2 MBI ORISR & BIETEROE S LHEL 253
DIFIEHIZ0.43~0.80 (FHJ0.65) THh -7z,

F—J—F I AXLX, BRAME, BER, 54T VAN, #EREE

5 B X #®
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