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II. Diallel analysis of germination characteristics
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Fig. 1. Map of Hokkaido showing locations of parental populations used
in diallel crosses.
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Formulae to calculate germination
capacity (GC), germination speed
(GS) and variation of germination

(VG)

Table 1.

GC=(ZXi/N)x 100, (%)
GS=3(XiTi)/XXi, (day)
VG =y XA{Ti—GSPAEXi—1)), (day)

where Xi=number of germinated seeds on

ith day :
Ti=ith day after sowing

N=number of seeds used
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Changes of germination capacity, germination speed and variation of
germination with ages and temperatures.
O: Age I (7 days old), @—@ : Age 11 (28 days old).

RT: room temperature,
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Table 2. Diallel table of germination capacity (sin—1), germination
speed and variation of germination under two age and
three temperature conditions

Germination capacity (sin~1)

Age I (7 days old) Age II (28 days old)
Female parent Female parent
1 2 3 4 1 2 3 4
66.9 49.5 477 51.3 64.2 444 34.1 49.5
1 61.6 39.8 34.1 70.1 78.5 53.1 42.8 57.1
16.3 13.9 19.9 477 444 26.1 287 55.1
b 59.3 64.2 46.1 701 785 51.3 39.8 737
3 2 38.3 32.7 53.1 66.9 66.9 70.1 46.1 90.0
s 26.1 6.9 26.1 26.1 355 34.1 30.0 59.3
) 66.9 66.9 — 66.9 61.6 57.1 — 55.1
< 3 477 61.6 — 49,5 53.1 66.9 — 61.6
= 274 23.6 — 32.7 39.8 53.1 — 70.1
70.1 55.1 51.3 55.1 73.7 42.8 57.1 70.1
4 38.3 42.8 59.3 70.1 785 51.3 59.3 737
187 24.8 32.7 30.0 57.1 36.9 55.1 55.1
Germination speed (day)
Age T (7 days old) Age II (28 days old)
Female parent Female parent
1 2 3 4 1 2 3 4
8.24 8.34 841 7.59 7.93 8.34 8.54 7.76
1 3.93 3.94 411 3.38 3.41 3.38 4.29 3.24
4.36 4.50 4.76 4.05 3.49 3.23 5.08 3.59
=i 8.60 8.33 8.44 7.94 7.80 7.97 841 8.23
o 2 3.81 3.93 4.20 3.76 3.17 347 4,14 3.22
s 4.86 4.67 4.32 4.50 3.48 3.18 4.16 3.16
v 7.78 7.74 — 8.02 8.23 7.90 — 7.93
= 3 3.68 3.59 — 3.82 3.90 3.30 — 341
= 3.91 4.65 — 4.26 3.88 3.20 — 3.36
797 8.56 7.95 8.34 7.92 8.76 7.74 7.70
4 3.74 4.06 4.16 3.64 3.22 349 3.33 3.21
3.88 4.24 3.78 3.52 3.33 3.60 341 3.12
Variation of germination (day)
Age T (7 days old) Age 1 (28 days old)
Female parent Female parent
1 2 3 4 1 2 3 4
1.02 1.05 0.93 1.19 0.65 0.91 0.74 0.71
1 0.97 0.98 1.60 0.90 0.57 0.63 1.84 0.82
1.08 1.24 1.99 1.47 1.22 1.59 2.10 1.25
- 0.79 111 1.18 0.90 0.85 0.78 0.88 0.81
5 2 0.48 0.62 1.22 0.92 0.38 0.86 1.73 0.42
é 2.03 0.82 0.95 1.54 0.95 0.39 172 0.37
@ 0.89 0.98 — 0.88 - 0.75 0.91 — 0.99
= 3 0.67 0.62 — 0.83 155 0.70 — 0.69
= 0.95 1.98 — 1.51 1.41 0.56 — 0.94
0.98 1.05 1.03 0.88 0.71 0.96 0.91 0.66
4 0.58 0.69 1.43 0.79 0.47 0.76 0.61 0.54
0.86 1.04 1.16 0.71 0.95 0.98 1.07 0.51

Note; upper figure: 10°C, middle figure: room temperature, bottom figure: 25°C,
Code of parental population is the same as in Fig. 1.
—: the seeds were not obtained.
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BABE (© MMECEETH Y, hboBRCH
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KABZECEENTD bt PR & EARHHE
AL T2 &, fiEOEBHRET b=1406, thFo

Table 3. Analyses of variance of diallel tables for germination
characteristics
mean squares
Source of df = — —
variation Germination Germination Variation of
capacity speed germination

Family (F) 14 443,21** 0.3969** 0.275014**

a 3 686.33** 0.6141* 0.564143*

b 5 166.52 0.2563** 0.140775

c 3 826.59** 0.5342* 0.484630**

d 3 277.85 0.2768** 0.0
Age (A) 1 2312.43** 3.3834** 0.499821*
Temperature (T) 2 5058.18** 186.7599** 0.896667**
AXT 2 998.21%* 0.8516** 0.059085
FxA 14 116,13* 0.1681** 0.107318

a XA 3 89.66 0.2654 0.095171

b XA 5 48,17 0.2281* 0.062631

c XA 3 177.97 0.0228 0.030849

d XA 3 194,04 0.0696* 0.270412
FxT 28 100.75 0.0672 0.115948

axT 6 143.81 0.1207 0.191941

bxT 10 73.59 0.0416 0.111379

cXT 134.48 0.0433 0.109425

dxT 69.23 0.0805* 0.054094
FXAXT 28 57.67 0.0540 0.092104

axXAXT 6 68.97 0.0832 0.075353

bXAXT 10 52.77 0.0349 0.049409

cXAXT 48.25 0.1003 0.129914

dXAXT 63.95 0.0103 0.142203

*, ** . significant at 5% and 1% levels, respectively.
Main effects and first order interactions were tested against their second order interactions,

respectively.

a: additive gene effect (additive genetic variation).

: dominance effect (non-additive genetic variation).

b
c: average maternal effect (consistent variation between reciprocal families).
d: residual reciprocal effect (inconsistent variation between reciprocal families).
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Table 4. Regression analyses of genotypeXenvironment interactions
Source of y mean squares
variation Germination Germination Variation of
capacity speed germination
Family X Environment 70
Regression
Family 14 178.93%* 0.0799 0.134940
Parent vs. Progeny 1 621.07** 0.0840 0.266756
Parent 2 87.76 0.0361 0.000820
Progeny 11 155.31* 00875 0.130650
Deviation
Family 56 63.51 0.0802 0.097120
Parent vs. Progeny 14.51 0.0968 0.062332
Parent 70.13 0.0552 0.057365
Progeny 44 66.76 0.0832 0.111687

*, %% gignificant at 5% and 1% levels, respectively.
Parent: Family of intra-population cross (entry on the diagonal in Table 2).
Progeny: Family of inter-population cross (entry on the off-diagonal in Table 2).
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Summary

In order to investigate the genetic bases of eco-
typic variations of germination characteristics (ger-
mination capacity, germination speed and variation
of germination) in the natural populations of tim-
othy (Phleum pratense L.), 4X4 diallel crosses were

made between the populations collected from four
locations in Hokkaido. With the seeds from these
diallel crosses, germination tests were carried out
under six environments represented by the com-
binations of two seed ages (7 days and 28 days
old after harvesting) with three temperatures (10°C,
room temperature and 25°C). In each test, 50 seeds
per family were placed on 1% agar in a petri dish
and the number of germinated seeds was counted
daily for 10 days.

Germination characteristics were significantly in-
fluenced by seed ages and temperatures. Germina-
tion capacity was higher at 10°C than 25°C over
two age conditions, and thus the seeds had low
temperature germinability. Twenty eight days old
seeds showed higher germination capacity, faster
germination speed and smaller variation of germi-
nation than 7 days old seeds.

By means of diallel analyses, it was shown that
for all the three germination characteristics most
of variation among parental populations was attri-
butable to additive gene and average maternal
effects over six environments. In addition to the
above effects dominance and residual reciprocal
effects were also detected in germination speed.

Genotype X age interactions were significant for
germination capacity and germination speed. In
the latter case, interactions of dominance and res-
idual reciprocal effects with ages were significant.
On the other hand, no genotypeXtemperature in-
teractions were detected for the said characteristics.
These experimental results indicated that additive
gene and average maternal effects were consistent
over environmental changes.

Genotype X environment interactions were par-
titioned into heterogeneity of linear regressions
on environmental index and deviation from the
regressions. In germination capacity variation due
to genotype X environment interaction was explain-
ed partly by the difference of the regression coef-
fcient among families. Progenies had generally
lower regression coefficient, indicating to be phe-
notypically more stable over varying environments
in comparison with their parents. Furthermore,
there were significant differences in phenotypic
stability of germination capacity among progenies.



