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Table 1. Half diallel cross table for mean and variance of degree of

injury Laused by S. borealis, T. ishikariensis, T. incarnata,

and freezing in F, populations and their parents.

S.borealis T ishikariensis Freezing  Tancarnata
Cross ]
X $* x § X $ x
"1 Moscow 1 / Norin 8 39 40 43 18 50 315 37
2 " JP.1.173438 51 42 32 23 61 15.2 29
3 i / Kitakei 628 39 35 36 27 80 28.4 28
4 ] / Horoshir 37 36 45 29 61 21.1 31
5 4 / Muka 40 36 42 25 58 27.8 30
6 i / Gaines 47 38 45 29 56 42.6 49
"7 Norin 8/ P.1173438 50 39 30 7 76 7.9 20
8 " / Kitakei 628 35 29 41 23 75 7.2 29
9 i / Horoshirl 38 34 32 24 72 11.2 28
10 " / Muka 37 32 37 24 75 5.5 27
11 " / Gaines 46 33 45 27 68 13.3 40
12 P.1.173438 / Kitakei 628 | 50 34 23 12 85 | 08 26
13 G / Horoshiri 49 36 28 19 80 3.2 29
14 " / Muka 52 44 28 17 76 6.8 28
5 " / Gaines 53 36 31 20 78 6.0 30
16 Kitakei 628 / Horoshii 37 30 4 21 75 6.4 TR
17 " / Muka 36 30 33 19 67 19.3 31
18 " / Gaines 40 32 33 20 83 4.4 43
19 Horoshiri / Muka a M 31 6 72 AN 29
20 " / Gaines 44 38 36 20 69 19.0 43
21 Muka  / Gaines a3 34 c7 21 73 11z s
1 Moscow 1 42 43 42 20 53 33.2 36
2 Norin 8 39 35 35 19 61 27.9 31
3 P.1 173438 56 32 13 4 85 0.9 24
4 Kitakeil 628 37 32 30 18 77 5.7 29
5 Horoshin 36 38 35 16 73 8.1 29
6 Muka 37 34 31 16 67 20.7 28
7 Gaines 49 37 41 24 81 2.5 64
1.s. d 5% 4 5 5 7 9 8.2 6
1% 6 7 7 10 12 11.0 9
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Table 2. Testing of statistical hypothesis for adaptability to diallel
analysis (variance analysis of (Wr-Vr) and test of regression)

S. borealis T. ishikariensis Freezing
[tems - -
d f. M. S VR d. 1. M. S. VR d. f. M. S. VR
Array diff. 6 206.98 1.06 6 67.88 2.30 6 131.06 <1
(Wr-Vr) ) ]
Block diff. 63 195.65 35 29.52 7 217.93
Confidence interval of
0.697 ~ 1.143 0.780 ~ 1.45%0 0.566 ~ 1.054

regression coefficients

Table 3. Variance analyses of the half diallel cross tables

o S. borealis T. ishikariensis Freezing
Source of variation
d f. M.S. d. f. M. S. d. f. M. S.
a 6 1592.30** 6 1154.67** 6 706.46%*
b 21 33.92 21 66.74** 21 38.20*
b, 1 46.48 1 256.86™* 1 49.23
b, 6 39.62 6 40.57 6 60.38"
bs 14 30.58 14 64.37%F 14 27.91
Blocks g9 302.08 - - - -
Errors 243 24.81 140 19.27 28 17.80

%, % Significant at the .05 and .01 level of probability, respectively,
a . additive effects, b: dominant effects
b, : mean dominance effects, b, : additional dominance effects, b, : residual dominance effects.

1) S. borealis 2) T.ishikariensis 3) Freezing

40 Mo B% My
® .
Ki 50
®ilo
30 Ga
Wr Wr
20
PI 25
Wr=0.92"Vr+12.2
10
10 20 30 25 50 50 100
Vr Vr Vr

Fig. 1 Mo : Moscow 1, No : Norin 8, P1: P. 1. 173438, Ki : Kitakei 628, Ho : Horoshiri,
Mu : Muka, Ga : Gaines
**Significant at the .01 level of probability.
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Table 4. Genetic variance components and genetic parameters
Source
S. borealis T. ishikariensis Freezing
Component
D 54.66% £ 1.36 90.33* + 2.77 120.15* o+ 1.64 B
H, 35.42 £29.51 143.68 + 60.02 268.65 4 133.09
H, 27.26 £21.96 126.89 4 44.66 184.38 + 99.04
I —35.88 +11.37 22.03 £ 23.13 ~82.08 + 51.30
B 2.48 £ 0.515 3.21 i 1.05 8.90 + 2.32
 H/D 0.80 1.26 1.50
Hy/4H,=uv .19 .22 .17
hy? 0.90 0.79 0.82
K 1.88 2.32 2.03
% Significant at the .05 level of probability.
T, BT HERTSRETEIZ2~3UEE#E2 5 rp Ic
nr. S.borealis . T.incarnata  —0.303 —0.190
BMABIRKOBERARFOE LS 50T I TH A 1 S.borealis 0.838***, T.n-

(Wr + Vr) &l P (Pr) 2 o RS,
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Winter Wheat Breeding for Resistance to Snow Mold and Cold Hardiness

1. Estimation of genetic effects for resistance to snow mold and

freezing by the use of half diallel cross analysis

Yoichi AMANO®

Summary

Resistance to snow mold and cold hardiness, components of the complex winter hardiness, is an
important subject confronting winter wheat production in Hokkaido. The present experiment was
carried out to analyze the genetic mechanism for the resistance to Sclerotinia borealis, Typhula ishi-
kariensis, T.incarnata and freezing injury. Diallel crosses were made among 7 varieties which were
typical of the resistance to those factors, and parents and F, populations were set and examined under
each testing methods respectively which have been reported in previcus paper. A rondomised block
design with 2 to 10 replications was used and the resistance was expressed by the degree of injury.
Obtained results were as follows ;

From analysis of variance of mean and variance, the differences between parents and F» popu-
lations were singnificant in every factors. And the correlations of mean and variance between F,
populations and midparents were highly significant. So the resistance of progeny was more likely
influenced by that of parent.

Variance analyses of Vr-Wr among replications and tests of regression of Wr to Vr assured the
validity of assumption of independent action of non-allelic genes. Hypothesis of diallel analysis was
satisfied, so that (Vr, Wr) graphical analysis was done and the genetic variance components and par-
ameters for each factor were estimated according to the method of Hayman and Jinks.

In every factors the additive effects of the genes were significantly large, but the dominance
effects differed respectively. The resistance to S.borealis was partial dominance and the resistance to
T ishikariensis and freezing injury were overdominance. From the position of array points along the line
of regression it showed that resistant parents of S.borealis and 7. ishikariensis had more recessive alleles.
On the other hand clear tendency of frequencies of effective alleles did not exist in cold hardiness.

In case of T.ishikariensis, dominant and recessive alleles were present approximately equal numbers
among the parents, but dominant and recessive alleles were not distributed equally in cases of S.borealis
and cold hardiness.

The heritabilities in narrow sense of S.borealis, T.ishikariensis and freezing injury were generally
high, namely 90, 79, 82%,respectively. The number of alleles concerned with each factor was estimated
to be 2 to 3 based on formula, (maximum parent value -minimum parent value)?/4D.

* Hokkaido Prefectural Kitami Agricultural Experiment Station, Kun-neppu, Hokkaido, 099-14, Japan.



22 LHRES R BRSER B 47 B (1982)

Genetic correlation of the mean of I, populations between S.borealis and 7.ishikariensiswas
highly negative. This suggested that breeding for resistance to both S.borealis and T.ishikariensis
would be a laborious work. But F, populations of the cross between varieties bred in Hokkaido con-
tained more non-damaged plants than the other crosses. So it was pointed out that Hokkaido varieties,
Norin 8, Muka, Horoshiri and Kitakei 628, had more stable and excellent genetic backgrounds for winter
hardiness. Further, resistant genes are available in other varieties, such as P.I. 173438 and Moscow 1.
Thus, it is possible to improve genetic background of winter hardiness in Hokkaido variety, adding a
specific resistant genes for each factor.





