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Diallel Analysis for Pre-harvest Sprouting Resistance in the Red-grained Wheat Varieties in the
Tohoku Region of Japan : Ryo YosHIKAWA* ! and Kazuhiro NAKAMURA* 2

Abstract : Diallel cross analysis for pre-harvest sprouting resistance was conducted in wheat (T.
aestivum). We used 49 F, lines derived from complete diallel crosses between 7 red-grained parental
varieties for analysis. A pre-harvest sprouting test was carried out using 5-6 spikes of F, plants (F,
seeds) and parental varieties. Artificial wetting treatment (AWT) for 11 days using a rainfall simu-
lator was carried out starting 1 day and 6 days after maturity time, and we investigated the reverse
sine transform value of the percentage of sprouted grain (PSG) in intact spikes. In diallel analyses
for PSG following AWT at 6 days after maturing time and an average PSG of ATW at 1 day and 6
days after maturing time, we obtained similar results, as follows: In analysis of variance, the additive
effect (a) and dominance effect (b) were significant at the 1% level, but the reciprocal effect (c)
and specific reciprocal effect (d) were not significant. The (Vr, Wr) graph indicated that the slope
of the regression line of Wr on Vr was close to 1, indicating that the simple additive-dominance
genetic model was adequate and that the effect of the maternal effect and non-allelic interaction
(epistasis) were absent. Though additive variance was larger than dominance variance, environmen-
tal variance was small in the genetic variance, and the pre-harvest sprouting resistance was con-
trolled by both the additive effect and the dominance effect. The average degree of dominance
showed incomplete dominance. Pre-harvest sprouting resistance was mainly controlled by dominant
genes, and we estimated that the parental varieties with strong pre-harvest sprouting resistance had
the same dominant resistance genes. The heritabilities in a broad sense were high (0.874-0.923), but
the heritabilities in a narrow sense were moderate (0517-0.564). The general combining ability and

specific combining ability of PSG (reverse sine transform value) were significant.
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Table 1 Pedigree, pre-harvest sprouting resistance and other characteristics of the parental varieties.

. L. Year of Pre-harvest Maturing  Grain Kernel .
Varieties Cross combinations . . . . Main end use
rearing sprouting resistance time color hardness
Nebarigoshi Kanto 107V / Chihokukomugi?’ 2000 Resistant Early Red Soft  Japanese noodle
Shyun-yo  Tohoku 148%/ Tosan 10% 1995 Resistant Early-Medium Red Soft  Japanese noodle
Tohoku 195 Tohoku 157/ Tosan 126 1988 Moderately resistant Early Red Hard Japanese noodle

Koyukikomugi Tohoku 126 (Hanagasakomugi) "8 /Yukichabo? 1988
Akitakko  Tohoku 143(Wakamatsukomugi)¥'/ Tohoku 1441V 1992
Tohoku 168 Tohoku 1352/ Tohoku 129'3 1980
Tohoku 185 Tohoku 144!V / Yukichabo? 1985

Intermediate Medium Red Hard Bread

Moderately susceptible Medium  Red Hard Japanese noodle
Susceptible Medium Red Soft  Japanese noodle
Susceptible Medium Red Hard Japanese noodle

Note. Pre-harvest sprouting resistance : 1) Resistant (Yoshikawa et al. 2002), 2) Moderately susceptible (Yoshikawa
et al. 2002), 3) Very resistant (Tanosaki 1991), 4) Resistant (Ushiyama et al. 1998), 5) Resistant (Tanosaki

1991), 6) Unknown, 7) Resistant (Tanosaki 1991), &)

Moderately susceptible (Hoshino et al 1990), 9) Moder-

ately susceptible (Hoshino et al. 1990), 10) Moderately susceptible (Hoshino et al. 1993), 11) Susceptible
(Hoshino et al. 1993), 12) Susceptible (Tanosaki 1991), 13) Moderately susceptible (Tanosaki 1991).
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Table 2 Diallel table for the mean values of percentage of sprouted grain by artificial wetting treatment

at 1 day and 6 days after maturing time in F; progeny (Fs seed) and their parental varieties of

wheat.
Time of 3
. . Female P1 P2 P3 P4 P5 P6 P7 | Mean
artificial wetting |
treatment after :
maturing time Male 3
% i
lday P1 Nebarigoshi 00 0.0 1.7 0.6 0.7 38 15 : 12
P2 Shyun-yo 0.5 0.0 0.2 0.0 0.2 0.9 11 ¢ 04
P3 Tohoku 195 02 0.6 09 0.7 1.7 31 30 1 14
P4  Koyukikomugi 15 08 20 05 15 89 52 1 29
P5 Akitakko 36 0.5 0.3 1.8 34 324 119 77
P6 Tohoku 168 27 14 29 34 209 228 452 1 142
P7 Tohoku 185 14 0.7 36 1.8 128 34.8 322 1 125
S Mean 14 06 16 12 59 1562 143 | 57
6days P1 Nebarigoshi 02 0.8 0.0 3.7 22.9 186 7.0 ‘ 7.6
P2 Shyun-yo 02 0.0 31 6.1 29.2 28.0 142 1 115
P3 Tohoku 195 24 74 65 22.3 336 26.8 38 | 146
P4 Koyukikomugi 84 85 9.7 83 11.3 10.2 285 3 12.1
P5 Akitakko 11.0 212 21.3 122 67.2 66.1 629 | 374
P6 Tohoku 168 10.1 233 29.0 36.9 724 884 661 | 466
P7 Tohoku 185 6.3 6.8 5.0 271 59.5 75.2 401 1 314
] Mean 55 97 106 166 423 447 318 | 230
Mean P1 Nebarigoshi 0.1 0.4 0.9 21 118 112 42 7 44
P2 Shyun-yo 0.3 0.0 1.7 3.0 147 144 77 60
P3 Tohoku 195 1.3 39 37 115 177 149 34 1 80
P4  Koyukikomugi 50 47 59 44 65 96 168 | 75
P5 Akitakko 7.3 108 108 7.0 353 492 374 1 225
P6 Tohoku 168 6.3 123 159 20.2 46.7 55.6 557 1 304
P7 Tohoku 185 39 38 43 145 36.2 55.0 362 1 220
] Mean 34 51 61 89 241 300 230 | 144

Note.

Percentage of sprouted grain : 100 X number of visual germinated grains/number of total grains.

Mean : Mean of percentage of sprouted grain following artificial wetting treatment at 1 day and 6 days after

matuirng time in each F1 and parental varieties.

Matuirng time : Time at loss of green color from the spikes in the field.
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Table 3 Analysis of variance for percentage of
sprouted grain in diallel crosses of wheat.

TtemD) Degree of Mean square
freedom 1 day 6 day Mean
a 6 03751 **  1.1982 ** 06724 **
21 0.0335** 00573 ** 00312 **
b; 1 0.0142 0.0375 0.0107
by 6 0.0138 0.0227 0.0056
bs 14 0.0433 ** 00736 **  0.0436 **
c 6 0.0072 0.0138 0.0035
d 15 0.0041 0.0130 0.0041
Block 1 0.0057 0.0111 0.0002
Error 48 0.0063 0.0147 0.0054
Note. 1) a: Additive effect, b : Dominance effect, bi :

Mean dominance effect, b2: Additional dominance
effect, b3 : Residual dominance effect, ¢ : Recipro-
cal effect, d : Specific reciprocal effect.
MS of error was estimated from a pooled block
mean square.

2) See Table 2 for 1 day, 6 days and Mean. As for
these abbreviation,following Table 4-6 and Fig.
1-2 are also similar.

3) ** *Sjgnificant at the 1% and 5% levels,
respectively.

Table 4 Analysis of variance for percentage of
sprouted grain in a set of 6 X6 subdiallel
cross after exclusion of "Akitakko" array at
1 day after maturing time.

Ttem!) Degree of freedom Meansquare
lday

a 5 0.1771 **

b 15 0.0162 **
b, 1 0.0177

b 5 0.0292 **
bs 9 0.0089
c 5 0.0089
d 10 0.0025
Block 1 0.0034
Error 35 0.0054

Note. 1) See Table 3.
2) **Sjgnificant at the 1%.
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0.07
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0.10 ¢
Mean
008 WrZ =0116Vr P7
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—
=
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R2 = 0978
0.02 .
Wr = 1.0Vr + 0.022(dotted line)
0.00 S
0.00 001 002 003 004 005 006 007 0.08
Vr
Fig. 1 (Vr, Wr) graphs for percentage of sprouted

grain in wheat.

Note. The numbers correspond to parental varieties in
Table 2.
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210773, 0.381. 6 days TlxZ N <£10.874. 0517,

0.06 -
1 day
0.05 - z
Wr2 = 0.060Vr P7
004 -
= 003 » P6
002 »
P3 P47 Wr = 1013Vr + 0009
0.01 “ R2=0978
8PPl wy = 10Vr + 0010(dotted line)
000 o P2 , , , ! ‘
-001 000 001 002 003 004 005
Vr

Fig. 2 (Vr, Wr)graphs for percentage of sprouted
grain at 1 day after maturing time in 6 X6 sub-
diallel cross after exclusion of "Akitakko" array.

Note. The numbers correspond to parental varieties in
Table 2.

Table 5 Genetic parameters estimated by the the meth-
ods of Hayman (1954) and Jinks (1956) for

percentage of sprouted grain in wheat.

1 day* 6 day Mean

Components?) Estimate Standard Estimate Standard Estimate Standard
error error

D 0.055 0.017 0.224 0.035 0.111 0.002
H; 0.067 0.009 0.185 0.004 0.099 0.043
H> 0.038 0.012 0.166 0.004 0.101 0.037
F 0.066 0.003 0.122 0.039 0.030 0.012
E 0005 - 0015 - 0005 -
vH1/D 1.129 0.253 0.912 0.061 0932 0.197
p*D 0.776 0.040 0.649 0.035 0571 0.013
h -0215 0003 —0.377 0059 —0.237 0.022
uv 0.146 0.064 0.225 0.010 0.261 0.019
h% 0.773 0.028 0.874 0.001 0.923 0.008
hn 0.381 0.048 0517 0.013 0.564 0.088
Note. 1) %A set of 6 X6 subdiallel cross after exclusion

of "Akitakko" array.

2) D: Additive variance, H; and H : Dominance
variance, F ! Indication of the relative frequen-
cies of dominant and recessive alleles, E:
Environmental variance, v H;/D : Average degree
of dominance, p ‘D : Proportion of dominant
genes, h: Average direction of dominance,
uv : Balance of positive and negative alleles,
hZg : Heritability in a broad sence, h2y :
Heritability in a narrow sence.

Z LT MeanTIZZNZ10923. 0564, »Th
DIERE b RO BRI E Do 723, FEDE
23131 day T <. 6 days& MeanTlxH
Tholz,

(Pr. Vr+Wr) BUICE ). BokisiFEs (Pr)
& Vr+ Wro 4% % Fig. 3127795 1 day. 6 days®B

0.10 ¢
1 day* e P7
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Wr + Vr
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0.20

0.15

Wr + Vr

0.10

005 - r = 0818*
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015t ® P7
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Fig. 3 (Pr, Wr+ Vr) graphs for percentage of
sprouted grain in wheat.

%A set of 6x6 subdiallel after exclusion of

"Akitakko" array.

2) The numbers correspond to parental varieties
in Table 2.

3) sk, % Significant at the 1% and 5% levels,

respectively.

Note. 1)
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X OMean® W TN OBERHI TS WZOMICIE
0.818~0990D H W IEDOHF HE 2 MR KE R L7z,
oo, BIEFMEOBERAFIIHEFEE
AOFENZ, T % b HEEFEF MWL H N 7 A
HL7z

KIS, TXTOFAT VIVERIZBIT 2 R583FEHE
DO— AL (LT, GCA) B XU EME
BEES) (LLF. SCA) O4r#mhrkif% . Table 6
IR L7260 1day. 6 days®B £ U'Mean® W Lo
ERFHITH . GCAB L USCAIZAEETH » 720%
IEWi2e e 7% (Reciprocal) A Th Ao 72,

F7o, BEFERIZONT, £HNE - ZFEO
GCAB X UL XRAMAEDSCA & IF ¥ 53 Bl &h 5
(LLUF. RE) oZzhZhzdfE L, Table 7TI3mR L
720 ROF AR EIZGCAZ, AL D LIZSCA,
ZLTHAMEY TIFREZE L., WIhdIEHH

FLREM T > & — W ge

#1135 (2011)

GEBLU T Y 7 2RI LI EHETR L,
GCA® il - R 221X, 1 dayTlx — 0136~
0179& /N E Do 7275, 6 daysTld —0.226~0257&
K& <. MeanlZMiE o H o —0176~0.210 & 7
2720 1 day®GCAIE [HIL168%5 | > [IIL185

Table 6 Analysis of variance in combining ability
analysis for percentage of sprouted grain
in 7 X7 diallel crosses of wheat.

Degree of Mean square
Sources
freedom 1day 6days Mean
General combining ability (GCA) 6 0.1388** 0.3918** 0.2278**
Specific combining ability (SCA) 14 0.0233** 0.0426** 0.0237**
Reciprocal 21 0.0050  0.0133  0.0039
Error 42 00619  0.1542  0.0863

Note. **, *Significant at the 1% and 5% levels, respectively.

Table? General combining ability (GCA), specific combining ability (SCA) and reciprocal effect (RE)
for percentage of sprouted grain by artificial wetting treatment at 1 day and 6 days after ma-
turing time in wheat.

Time of

artificial wetting

Parents P1 P2 P3 P4 P5 P6 pP7
treatment after
maturing time
lday P1 Nebarigoshi —0.085 0.078 0.052 0061 —-0010 -0.088 —0.093
P2 Shyun-yo 0024 —0.136 0.084 0046 -0043 -0104 —0.060
P3 Tohoku 195 —-0.030 0010 —0.073 0062 -0065 —0108 —0.025
P4 Koyukikomugi 0.024 0.032 0028 —-0.046 —-0050 —0057 —0.063
P5 Akitakko 0.064 0010 -0.044 -0.001 0.049 0.142 0.026
P6 Tohoku 168 -0.013 0012 -0.009 -0059 -0.067 0.179 0.215
P7 Tohoku 185 -0.016 —0.023 0.008  —0.053 0.006  —0.064 0.111

LSD (5%) GCA=0.039, SCA=0.068, RE=0.055

6days Pl Nebarigoshi -0226 0005 -—0077 0083 0040 0013 —0064
P2 Shyunvyo -0026 —0116 —0011 0036 0003 0018 —0049

P3  Tohoku 195 0075 0052 =0.126 0278 0056 0003 —0.249

P4 Koyukikomugi 0047 0017 —0087 —0091 —0249 -0243 0095

P5  Akitakko -0081 -0045 -0070 0005 0257 0045 0105

P6  Tohoku 168 -0062 -0026 0014 0149 0032 0172 0163

P7  Tohoku 185 -0021 -0072 0021 -0006 -0016 0100 0.3

”””””” LSD(5%)  GCA=0052 SCA=0.100,RE=0.07

Mean Pl Nebarigoshi -0176 0016 0026 0083 0008 —0071 —0062
P2 Shyunvyo -0008 —0127 0053 0046 0009 -0043 0081

P3  Tohoku 195 0022 003 —0096 0094 0023 -0043 —0174

P4 Koyukikomugi 0039 0019 -0050 —0058 —0160 -0109 0026

P5  Akitakko -0039 -0028 -0050 0005 0145 0076 0069

P6  Tohoku 168 -0043 -0015 0009 0062 -0013 0210 0194

P7  Tohoku 185 -0008 -0052 0014 -0016 -0007 -0044 0102

LSD (5%)

GCA=0.026, SCA=0.063, RE=0.062

Note. GCA=Values on diagonal (gothis font with underline), SCA=Values above diagonal, RE=Values below diagonal.

Overall mean of reciprocal crossings and blocks.
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Tl > [H&7s] > [aaFasF] > [Hi
1955 > AN Ty >[LwAk)] Oligs
Trolze —Ji, 6 daysB X 'Mean®DGCAZ, Wi
b [Hde168% ] > [HIL18 | > [H&7zo
> TaaFaras] > (#1955 > Le
AEST > TAN)VTV] DL o720 F720 %
Bk & b, THe168% ). [HAk185% ] B LU
(B &725 2] @3l - R#IEIEMEZR L7225
fazxxasF], (#1955, [LeAak)] Bk
O [ANY TV ] o408 - RfEAEMEZRL7
Pl R 6, BRIFMED T ~5ho Sl - Rl
EREBARIHVLZ LX), —RICHIEERE
KD 205, WIZHH~WEGO % v 5 & —# IR
FHRPEE DT LAY L7

SCAIZBWTIE, 1 dayTld—0.108~0215& FHA
THIZKE L ERNALN, CGAX ) KX A5
TRASERD bz, T72. 6 daysB & FMeanT D .
ZFRZFN -0249~0.163, —0174~0.194% KX <,
CGAL IZIZMFDOKE L ERIFENRD LTz,
SCADHMixHEA0.1 & ) REWHARIE, 1 dayT
2, AEEZRLGHAEEOT TR, [LwA L) X
HAK168%5 | (-0104) & [HIL195% x H k1687
(—0.108) \ IEfi T HAL168%5 x HAK185% 1 (0.142)
EdH &> xHEI1ISF ] (0215) THho7zo %
72, 6 daysiZBWVCiE, fafEix [H6195% x 4k
185% ] (—0249), [a2FIAFxH &2
(=0.249) BXU [axFasFxHd168% ]
(-0243). IEMETIE [HIL195% x 2 2.F% 3 A F |
0278) [ & 7= x Hdk185% | (0.105) B L
[HAL1687% x HL185% | (0.163) THh-o7zo £ L
TMeanlZ BV Cid, HAfEIE [HIL195% x HAL185
71 (=0174) & [a3aFarFxh&Eizo ]
(—0.160) \ IEfETIE[HAL168 5 x HAL185% 1 (0.194)
Thotzo U EDORER, SCAKE faAMZRL
7oA, BRSSP T ~ R o S - R
MTHole — i SCABKREVIEEOMARED
T AL WBE DRI FmEAES T 721355 T
Hol,

REIZGCA. SCAIZHART—FITEHEENE
Molze ZOHTHIITHE WM Z R L7-MAE
iy TdayTiE AN T xH &5 (0064).
(& & 7o 2 x L1685 ] (-0.067), [HIL185
7 x k1685 ] (0.064). 6 daysTix [22F a4
Fx k168751 (0.149). [H L1685 x H L1857 |

(0.100). MeanTlt [T 2% 2 2 F x HIL168% |
0.062) D6HMAEETH o720

v % £

INE DRSO BRI Z R T 5720,
DIPEA T 7 ) KD HREE D 7 DO OBkl - Rt
EHVWTREETA 7 VIV ZITW, IR
WTHFA T LIV &7 o 720

B#W o1 H#E (1day). 6 H#: (6 days) (2HE
FEHMOE L 7Rk, ke R & b SRR A2 1300
LY. AR - R ZEIIHR TH o 70 B -
AR DRI HF L] dayhi85%. 6 daysT i
301% T, 5 HMTH20%¥EM L7z Kuwabara et
al. (1996) 1%, FEZSIFSRATHAMNI 1 A OB IZE
WUSHIN L, e O PIgREFE 313 2 D20 % 840
FTHZEZWOMPIILTWVD, ARETD FEEZ K
REAEHNTz,

BLnH - R B T 2RI I, 1 day. 6
daysOME 2 B & 312, FSSSEMPER O [ AN
NIy ETLwAL) JIEEbDOTERVOIZH L.
500 [HAE168%5 1 & [HAL185% | dmWvEZ R L
2o 2 RREO [HE72-2 11 1dayTid
Ao 7205 6 daysTlEE A > 720 /N (1988) 1
RFEH AL (RIS A) DR D S/l Z |
74 7O : RIS UEREIRERIOI»5mL 25
A5 BB R — R IR 9 2 R A 5
i ([B3%99% |, [Gamenyal). % 1 7@ : BAfEtR
30H F TIHMEL . ZDHT70~80% F THid 7 5 il
(TEM617 ], [ FasFx] %), 4470 :
FATEA30H F TIHK <. FD1R40~50% F TR &
LihfE ([haRanF) [Eravyass] s,
D3IDODE A TITHF LT b, HWREFMMELY
A TONEG ¥4 TV, 54 T@OIMHETH %o
AGRERCIIAER ORI ROERITHAE L T
o2t OGBS & RIEFME O
(AN ay] & TLewAL) | 354 70F 711
@, MiHEASE W [HIE168% | & [HE185 Y | 1k
A TOIHEND EEZ LN D, RRBIZHW
7ol - SRR FENIC T A 20121, Sk 2
LITHIFEH RO RENLIETH 5,

ISR~ [AN)TV] [LwAk
I 1 [HAE195 %] BLO [aaF a2 F | o4fmtd
3. FubB X OIS RIE S IR & B EN R <
AT VNGO (Vi Wr) (Fig. 1) B



132 FACREN T £ > & — W FE

(Pr. Wr+Vr) (Fig. 2) IZBWVT, WTFhoMM
FERHITH IS 4 FEFLETICERLTwE I L
Mo, TS 4 ahiEE I LTI RS R O
BEETF RO LGRS, — T B
Fi kg o [HAL168%5 ] B LT [HIL185%5 ] 13,
(Vre Wr) B X (Pr. Wr+Vr) RIZBWTZ
o 2 WHAH LICHEL TWD 2 b, g
S OLHRIZFEFEOLEZOND,

FATVVGHO (Vi Wr) KUZBIT 2 EHRE
JFRIZ. 1 dayllBWTIZAE A1 L <L,
IUYRY Y ADFENEDNIZ, TOWEIE, [
EARD DRFICHEN - BRI T L 2B L <. ®l 5
A T7VUNVEEREY, ZRICESHTE A 7 LIVSHTE
ERDVHET I EITbNSE (Dwivedi et al 1980,
#Bf 2002b), 2T [H&E/o ] ORFNER
W26 X6RITA T LLVRIZOWTHES A T LIV
M RAT o T2k, MR EM O AL0E %% 5 T
IYRY Y ADEETRLRY, M- #EkeT v
WCHEETAHEHB SNz, £72. 6 daysB X U
Meand (Vr. Wr) R2HIY¥ R ¥ ¥ ADFEEI
el M- BHEEFVICGEST S KBS Nz,
DEDZ RS, WTFhoBEr <L R%EED
AT VNV - #EEETVICEG L7720
Ty ARG HAIAHINAY R & R R oW ) THIAT
E5LEZ26N%, 1dayTldk [HE/oZ] D%
Wk T2y ¥ A0WE 2P c S MM - 8
PEEFIVIES L2 8id, [HE 2o 2 IH o
FEHFMPERR AU O BT HE & AR &2 56> 2
LERIRETHEEZOND, [HETo 2] ORF
FAZ] day TR S AT TR AL & KAED v
A, 6 days TR 25 &), IKIRERE D EH
WCHEDRFRN R NETH 5. 0 &) BIRIREESE
PATERY P RAEGERITERICE > TWDHT
REMED D B DT, 514 HITHETT 2 LEDSH 5o

AT VNVGHIZ & o THERE L 72 @555 80E, 1
day TIIBEMG#C (H) 2 (D) )=
KEDo72205 6 days& MeanTIEH M58 (D)
DT DR (H) & ) R K& 2> 72 (Table 5).
CORER NEOBIEFWENE, T OBUER
TS AINRY R & BRI R O ME A FALEE G L
TWwbEEZEZbND,

1 day. 6 daysB & 'Mean® W § N OMERIC
b BRSO B BART I AS 50 J5 AR
L7z &n 5 (Fig 2). FEFEIF Mk 0E 331

#1135 (2011)

fEFICXVHIEMEhTwbEELONE, 72, #
ERICBY 2EEREZTOHE (p- D) & WY
NHEEEE T ORGP HERET I VL BG L
TWw/eZ ki (Table 4). BOHIIIBEFE MR
DBIZTFHFFO M - REAL N L EREL TV
Lb0LEZBND,

BIEHICE LT, 1 day. 6 days®B & O'Mean&
DA T DO BEEFIX0773~0923L B b O D, Jk
FDBIEF120.381~0564 LK~ TH -7z (Table
4) o BRFOBEEPEBEOBRBHNEOBIETH L0
Ty W N ORMER T b RIS F IO BB R
w7z EELEREIN S,

19954F BELARE, BUILEESEWITE & > & — LB b JE
ST, BEFERE IR (F,~F,) TIid6
days® 1 Rl &, R R (FLUE) o
FEFESFME (IAAER & WAk D1 day &6 daysd 2 I
BNCAT W, BER IO IREE & A TR O ALEE H Hu
ARARBREM UL CEMLTE R, &b, HEFHN
HHH EARRBROBEIR SR TII R, MIEFHE

136 daysORFEF AL, HEHHEAIZL dayDl
FEHALEE L6 days DRSS R D PIGMHICIED & 4T
STCEe ARBOY A4 7 LIVHHTIE, 6 daysé
MeanlZ Ak Z 2% 5, REOEEZFE D] day
LD ENZ LR S, RIS T RE IR
WhETHo7bEZ LN, BB, RABOH
BIFRCIMEIL1T~18C TIT - 7275, HIFEFFIT—
e \THoE IR\ & 2 ) AR SRR RS H
FLZERHEEINRTWS (Oda et al. 1993,
Osanai et al. 1993) DT, 4#1%10~15T DR 5
PR BWTHHREFMEZ TV, ¥4 T L%
TIVEND S,

FEFEHMED ¥ 4 7 LIV AT ICB L Tid. Xiao
and Xu (1993) 1£5 x 5 D454 7 L VRO
FEATAG R & BEFSEMPEIZARIN B X OB O #
EFICHBEN TS LA L TWa 25, ThidA
REORBRE LK L7

T 72, FARIRED 57 4 7 LV GHTIicowTid
Amano and Tsuchiya (1993) &, BB O TR
RECOWTHMS A 7 L VRR L 2D %E v
T, 10T B L 025C D 2 D OIS TR3FMA L
FIHFRDFTA T VIV 24T o 7244 25C D50 H
57THB X UT0HD & A 7 LIV 12T DS mig 1
FEZe AR - BT T VISHE S L. 50H. 57HIZAHM
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1 7% PR OBEERETFICHE S 555, 70H TiE%
PREFICEDHIBSINEZ L2 MEL TS, F
72. Miura et al. (1997) &, #IHBEEESMFEOT T
WAL E726 X 6 4 7 L VKR S OF B L UF,
OFEFRIRVE D BIZZ T, B X OEEER)
ROWMFIGER L TB Y RIS B ST 12
FoTHIMSIND ZL2HEL TS, Do
T LT pUE, HFRIRVE AN - BT
AT Ly B LIS < o BIERIRYE R 235
HRIEFICEVHBEINLZZETHD, TNHIE,
ARHRBOBIFEF MO R L —FH L7zo T, #FEHF
TP FIKRIREER TG L TWwb EE 2 S
N5,

Reitan (1980) (&, BEFEHFMVEATSE % 2 F/N KM
& 7R FARIRE S 4 7 LVt o (Vi Wr)
M5, iz 3 2OWER 7V —TI251 5 2 &
WTEDHEHRELTVE, ARBIZBWTIE, %
FMHEE Ty AT LV (Ve Wr) H2 STPER & 55
D2ODTN—=TIZRELGFUTHIELENPTE
(Fig. o

FEFESF R E & BAARDSTR W1 IRIRPE A58 il &
G5\ AR IEW S MEOF M- 0 J 3 1%, REBLCAR
RPED TR A2 F V723813, S5z v 7z
Pty & VARV O T F BT O RIREE IS I REBLOREEE
Mt h L ORI ET 5 Z LB RESN T D
(Noll et al. 1982, Yanagisawa et al 1996, Miura
et al 1997) —Jiv ARRBIZB W TIIFAEWIZHE -
TFAET 2 ANTBE Y 5B Of R 5 IR
MHZEZET cH, dHPAE TR, o720 T, B
BOREIZ DO LHERIND,

HAZMEZ & B RE MBS0 OS2 L
TIE, Rk - AhET (1965) &, BEFESFMERED R 7%
% i HERL A Tl AESE I S (RS S 31 55)
FRCEEWICEEZT A EHE L. —H. A% D
(1989) (FHEFEIF M LA & k> [BAHI9Z x b 3
RIALAF]BLO TV IFFarFx bararsF]
DHKLE L DG OREFESVE T HED & BEFE I
PESRAMENE T 2 BIn FOHFEEEZH LML, 20
AP S ORI, ARRBROTEIE T B L
FIHBE SN TVEHERE I —B L7, 72,
Ogbonnaya et al. (2008) b FIE MMk & 55D
[CN19055 x Auunello] @ FHLF 4 A & OFESE
HVEEERR D S FRIEF IR L b 2382
FICHE I B & Lz, 25612,

Yanagisawa

et al (1996) 1%, WIEHFMWET L2 2HEGED
FEHROHERG R & BEFEFMIEIIEA R LD
SEETDVHEGLTCwbE Lz, INS0HEEOM
WoEWIIEEFHICH WA R R 57
DTHDHEEZLNDH, BIHFMEICIPRLE
b 2BIETAHG LTwas Eitgshsd, AT
by FREo Xy (230 ay] L [LwAkd]
7% & ORFEHMPEATR~ R O il - R CRESE
FHPEROBMEEE T 2RO L g SN 05, Tk
WG 2EETRERET LI LIITE Lol
DT, SHICEIET I 247, BT O &
FEEWS 2T LN D 5,

A I O BRI L Tid, Xiao and Xu
(1993) 1EFk B\ EEH061~084DH ~w, F 72
Upadhyay and Paulsen (1988) (dJA il {51
040~056DE~HTH B LHME LTS, F /2,
FETIRIRME OBt #E 5251, Allan (1993) 130.39
~041D W FEREE & L 7225, Paterson and Sorrells
(1990) 1 F#EAZT 1 X BREE O L HAEH D 72 120,04
~013L WV ERHE LTV DB, Dbk H iz, Bk
FME & 2L B 23 i AR IR IR o i R 313
K~ %R MEDNL Do 720 RERT S HEBE0
WA % KT HRBEOBIEF130.381~0.564D R 1K
~HTHo/zZ s, INLOHEE L L
TWw3LEzb6N5%,

RIS I 00 PR I L Tid. Xiao and Xu
(1993) FFEFEFEREIEICIE D K FMARREIIC X 0,
F Rt DM, AEFEIF TR QAR HE T X 0 i %
RN RMNTA0~60% Th B L #Hi5k L7z, Fujita et
al. (1996) &, WMEANO/NZ I ARECBNT, F,
~F, DS HERRE I D W TR TR IR M 0 38 s % 3
WLAER, FO 450N 1 MEEE RV,
TR N A R A R R CREFE S T PR AR AR o0 3
DT < BT RIRME o BP0, IR IC B
LIRS EIICAEN THL E L TWVD, T,
Hucl (1995) 1. BEFEFMEO % 2 FokL (1%
i) xR (55) OFNE6 RRMAEITOWT,
Fo Rl & B M2 B L 055 0 K RN 55T
T, Fo. FARMORBIEFME 2 MET L7k R, %
F OB S < FEBLEEE130.26 (H)
~154 (H). PHO4ATHH 2 L xWti L. L
3ODHED S, BRI WEOwHHHA (F.~F)
TEBENREIDHHRED 5D 00, KEMEEITE
D ZDORPFRPBEAEEDLHDHEEROND,
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VL E ORI MO BRI, SRR B LU
RO & AR RET 5 & BIEFE
SRAVEMERE A TIC & D HI S, RO BIERIK
~HTHDHZ DD, WIFMEOBRNRZ m O
Z720120E, BHEE TRz O, BEIRYE EE
= HHBRERD LT FURBIGEET 2 081D
bLEZHNS,

BB FROMAEREICE L TIE, 28O H 5
WINOMRZERIHIZBWTHGCAB X ISSCAZS,
ZNZIFETINICE R TH o 7275 IEHERRR AT
TNLERThA o7 (Table 6) o GCAIZHEFEH
M 23 ~ B8 D Al - SRt & R AR WS 2 &
&) — ISR 2R 525, HITE~ gy 0
A2 v 5 & — RIS R £ o720 SCA
BWIFNHEET, FMICGCAEEDL L R WVWKRE
GEBRPBOONT, —F, REGAEETE, o7
(Table 7)o VL LEO#ERD S, BIHFMEOMEE
HEJJIZTBWTIE, GCALSCADM & HEETH
bLEZHNS,

Xiao and Xu (1993) 13GCAIXHEETH - 7225,
SCAL LA AEGATR E Lol Ll L7z,
—77. Barnard et al (2005) 1. GCA, SCAZ& %
CHEETH A, EHRREIFE T/l L
720 ARREBEOK 1. Barnard et al (2005) D
e —FH L7, F/. Barnard et al (2005) L.
Al O GCAN I A & B S 3F 0% o v v 5 Al
[Elands] 135 % 72 LA CRIFS I 2 4 B2
{5720, FIEMMEOLIICIED - & BN
AT ZHSTWRIEE2WL2ICL TV A,
ARRBMOGCAK R T D BIEF WL [ AN
) I ] 136 days & MeanlZ BW T KO EH % /R
LIEhh, HBFREABICLLBETSES
DT, WHEFMEEOTAL THETHLLEEZLD
N5b. SCAIFMAEFMHEL R L 2MEEOH T, 6
days I2BIF 5 [HIL195%5 x Hik185%5 | & [a2
FALFXDHEo ] [T2F T2 F XHIL168
Tl DX BRERNIIKE LAME IR T A TR
LiadZ b, BIFMEIRZZMEETIE,
EBHM AL TA LW EFOBIBEEMES D2 S v
BabdbrEZOLNL,

1)

2)

3)

5)

6)

7)

8)

10)

11)

12)

#1135 (2011)

51 B XX

Allan, R. E. 1993. Genetic expression of grain
dormancy in a white-grain wheat cross.
(Walker-Simmons, M. K; Reid, J.L. ed., Proc.
Pre-harvest Sprouting in Cereals 1992).

USA. AACC Press. p.37-46.

Amano, Y.; Tsuchiya, T. 1993. Expression of
seed dormancy in relation to stage of grain
development and germination temperature.
(Walker-Simmons,M.K;; Reid, J.L. ed., Proc.
Pre-harvest Sprouting in Cereals 1992).

USA. AACC Press. p.329-338.

Barnard, A.; van Deventer, C. S.; Maartens, H.
2005. Genetic variability of preharvest sprout-
ing the South African situation. Euphytica
143 : 291-296.

Derera, N. F. 1989. The effects of preharvest
rain. (Derera, N.F. ed., Preharvest Field
Sprouting in Cereals) USA. CRC Press. p.1-14.
Dwivedi, S.L; Rai, K.N.; Singh, R.B. 1980. Diallel
analysis of heading date in rice (Oryza sativa
L.). Theor. Appl. Genet. 57 : 43-47.

7 7 V34 —D.S. 1993 HlEERET (R
M O35 3 ) Hi#E. p.343-348.
Fujita,M.; Taniguchi, Y.; Ujihara, K. 1996.
Selection for pre-harvest sprouting resistance
in rapid generation advancement in wheat
breeding program. (Noda, K; Mares, D.J. ed.,
Proc.Pre-Harvest Sprouting in Cereals 1995)
Osaka, Japan. CASJO Press. p.285-288.

Gale, M.D. 1989. The genetics of preharvest
sprouting in cereals, particularly in wheat.
(Derera, N. F. ed., Preharvest Field Sprouting
in Cereals) USA. CRC Press. p.85-110.
BRESRY, MRS, 1965, /INERIFEIFEMOE
fRiZowT. FHEls (BI1) : 54-55.

Griffing, B. 1956. Concept of general and spe-
cific combining ability in relation to diallel
crossing system. Aust. J. Biol. Sci. 9 : 462-493.
Hayman, B. I. 1954a. The analysis of variance
of diallel tables. Biometrics 10 : 235-244.
Hayman, B. I. 1954b. The theory and analysis
of diallel crosses. Genetics 39 : 789-809.



13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

wINED - B N DRSS LI T 2 574 7 L vk

REPRIE, KIHEZ, k2, #7532 1989
3 5 F OREFES Wow ik & SRR TR R
i HHE 39:365-372.

EUPRIE, HEPRRS, LRI, RIERS,
HRIEFEHE, bR EE—, LHEFEE. 1990. /MK
Bronfl [a2%auF ] OFK. HALRRTH
81 :1-17.
REPRE, PrkaRIG, ARV, VEL W H
PRiRr R, A LIFEHN, RRERIRY, REEHE K
eEHER—, EHFE, hEHH 1993, N
whl [H&72o2 | OFWR. HFILRANHRET :
33-53.

Hucl, P. 1995. Divergent selection for sprout-
ing resistance in spring wheat. Plant
Breeding 114 : 199-204.

Jinks, J. L. 1956. The F, and backcross genera-
tions from a set of diallel crosses. Heredity 10 :
1-30.

AR v ¥ —. 2006 /NEaAE [W
EHL05 ] OB, BFgEL K — FNo.329.
Kuwabara, T.; Iriki, N.; Takata, K. 1996.
Varietal differences in pre-harvest sprouting
tolerance of winter wheat in Hokkaido.

(Noda, K; Mares, D. J. ed., Proc.Pre-Harvest
Sprouting in Cereals 1995) Osaka, Japan.
CASJO Press. p.197-204.

Mather, K.; Jinks J. L. 1982. Diallels.
(Biomerical Genetics. 3rd edn.) London.
Chapman and Hall. p.255-291.

Miura, H,; Fukuda, Y, Sawada, S. 1997.
Expression of dormancy in diallel F, and F.
seed of ripened under controlled environment.
J. Genet. & Breed. 51 : 195-200.

HILIAR=HR. 1985, ¥4 T LV 7 B AL ZD T —
y OIFMT(1)~(5). EE3EHAN 40 © 352-356, 398-
402, 448451, 493-496, 538-541.

Noll, J. S.; DyckP. L.; Czarnecki, E. 1982.
Expression of RL 4137 type of dormancy in F,
seeds of reciprocal crosses in common wheat.
Can. J. Plant Sci. 62 : 345-349.

/NHAEA. 1988, /INEOBHIIHHIC BT 28
RFVET I 7 —E¥W A ES T 208, FHE
38 (2) : 368-369.

Oda, O.; H. Seko. 1993. Evaluation of pre-harvest

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

135

sprouting resistance in wheat using germination
tests conducted at two temperature. (Walker-
Simmons,M.K;; Reid, J.L. ed., Proc.Pre-harvest
Sprouting in Cereals 1992). USA. AACC Press.
p.69-75.

Ogbonnaya, F.; Imtiaz, M; Ye, G; Hearnden, P;;
Hernandez, E.; Eastwood, R.; van Ginkel, M;
Shorter, S.; Winchester, J. 2008. Genetic and
QTL analyses of seed dormancy and prehar-
vest sprouting resistance in the wheat
germplasm CN10955. Theo. Appl. Genet. 116 :
891-902.

Osanai, S; Y. Amano. 1993. Selection of tolerant
lines to low temperature germinability in
wheat. (Walker-Simmons,M.K.; Reid, J.L. ed,,
Proc.Pre-harvest Sprouting in Cereals 1992).
USA. AACC Press. p.76-82.

Paterson, A. H; Sorrells, M. E. 1990.
Inheritance of grain dormacy in white-ker-
nelled wheat. Crop Sci. 30 : 25-30.

Reitan, L. 1980. Genetical aspects of seed dor-
mancy in wheat related to seed coat colour in
an 8 x 8 diallel cross. Cereal Res. Commm. 8§ :
275-282.
[HYFIGELE. 1991, /NEHILRHO
MORFE. HILEEBRZEE R 11 : 2741
FHAEY, HHER, HH O 2003, ik
MRS B 720 /N OWIHERIING, A IR R
SRS RS FEEF TR, RIS LD B
WAL : 24-25.

e REE. 1989, RIWBED YA 7 L VIO
7=oo8yaryfira s I ADIALLOER.
Bt 39 :107-109.

ABEITRIE. 1992. ¥ A4 7 L Vorkt (%
AR ORHE, LoCis ., AR SCEAILE
&b JRBER) BRESE. p139-147
AR, 2002a. MAERET) (EMIBEOM
R BRAAIAR. p.141-148.

EELLHE. 2002b. 4 7T L VAN (BMIEE
DFBAREAT) AR p173-217.

FREE, Ak e APREIER, HF/ s
TREEY], FHLEK, aklEE, b, ok
WAl—, R B, ISR, 1998, /NEH
BILewA k)] IZowT, EFEBEFHAR

4
RS -

e
AR

7,
HEY (s



136

37)

38)

FLREM T > & — W ge

47 1 53-61.
Upadhyay M. P.; Paulsen G. M. 1988.
Heritablilities and genetic variation for

preharvest sprouting in progenies of Clark's

Cream white winter wheat. Euphytica 38 : 93-

100.

Xiao, W; Xu, F. 1993. Combining ability and
early generation selection of pre-harvest
sprouting in wheat. (Walker-Simmons, M. K;
Reid, J. L. ed., Proc. Pre-harvest Sprouting in
Cereals 1992). USA. AACC Press. p.98-103.

39)

40)

#1135 (2011)

Yanagisawa, T.; Yamaguchi, I; Kiribuchi-
Otobe, C.; Ushiyama, T. 1996. Genetic analysis
of resistance to pre-harvest sprouting using
doubled haploid lines in wheat. (Noda, K;
Mares, D. J. ed., Proc. Pre-Harvest Sprouting
in Cereals 1995) Osaka, Japan. CASJO Press.

p.281-284.

W 38, WATAIGA, PREESEBRY, REKIE,
PHgaks, NHEE—, HEPRREE, A EEEdl,
PelEme -, WA P 2002, mEO AR,

A ZWO/NZER bl [ 43 T3 | OFMK.
FL AR 100 : 1-26.





