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Table 1. Code number, cultivar name, ploidy level and nation of origin of materials used

in experiment.

No. Cultivar name Ploidy level Nation of origin
1 RIKKA 2x Finland
2 SVEA 2x Sweden
3 GUNNE 2x Sweden
4  SERVO 2x Sweden
5 VIRIS 2x Sweden
6 RALLY 2x Denmark
7  CHANTAL 2x Denmark
8 HELLA 2x Denmark
9  BARANNA 2x Germany
10 BARANNA(T) 2x Germany
11 COCKDE 2% United Kingdom
12 ANTRIM 2x United Kingdom
13 RATHLIN 2x United Kingdom
14 BARRY 2x Netherlands
15 BARCLAY 2x Netherlands
16 LENNOX 2x Netherlands
17 OVATION 2x Netherlands
18 HERMES 2x Netherlands
19 PELLEAS 2x Netherlands
20 SAVER 2x Netherlands
21 BACA 2x Czechoslovakia
22 TARPAN 2x Czechoslovakia
23 MANHATTAN 2 2x United States
24 GATOR 2x United States
25 TASDALE 2x Australia
26 SVO 1428 4x Sweden
%27 PATORA 4x Denmark
28 BARVESTRA 4x Netherlands
29 FLORET 4x Netherlands
30 BASTION 4x Netherlands
31 CITADEL 4x Netherlands
32 FANTOOM 4x Netherlands
33 GAMBIT 4x Netherlands
34 CONDESA 4x Netherlands
#*35 REVEILLE 4x Netherlands
36 BONITA 4x Germany
%37 FRIEND 4x Japan

% 1 Quasirecommended cultivar in Hokkaido.
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Table 2. Germination percentage (GP), mean days to germination (GD), germination uniformity (GU)

IR - AR

h

and germination coefficient (GC) at three temperatures.

GP GD GU GC
No. a 25 15C 57T 25C 15C 5T 25C 15C 57T 25C 15T 5T
1 2x 95.4 86.9 74.4 2.6 4.9 14.6 0.62 0.67 1.79 37.3 17.8 5.1
2 2x 96.0 94.9 83.0 2.1 4.1 12.4 0.34 0.50 1.37 45.2 23.2 6.7
3 2x 96.4 97.3 90.1 2.2 4.3 13.6 0.64 0.47 1.52 43.0 22.7 6.6
4 2x 96.3 90.9 50.0 2.3 4.9 15.0 0.30 0.49 1.46 42.4 18.5 3.3
5 2x 96.7 97.4 99.0 2.4 4.6 12.9 0.61 0.43 1.01 41.2 21.1 7.7
6 2x 99.0 100.0 95.0 2.4 4.7 14.7 0.35 0.37 1.22 40.9 21.3 6.5
7 2x 97.9 93.3 94.3 2.4 4.6 13.8 0.64 0.71 1.43 40.7 20.4 6.8
8 2x 93.6 78.2 55.4 3.2 5.8 15.6 0.90 0.71 1.46 29.4 13.5 3.6
9 2x 93.8 95.1 88.6 2.6 4.5 13.5 0.79 0.46 1.20 36.6 21.2 6.6
10 2x 93.9 96.0 96.2 2.4 4.4 13.9 0.45 0.56 1.44 38.8 21.6 6.9
11 2x 77.3 57.0 45.3 3.1 5.8 17.0 0.71 0.72 1.70 25.1 9.8 2.7
12 2x 100.0 95.3 94.1 2.4 4.5 13.7 0.50 0.59 1.68 42.4 21.1 6.9
13 2x 91.5 90.5 82.0 2.3 4.7 13.5 0.59 0.51 1.59 39.3 19.2 6.1
14 2x 95.2 92.8 76.0 2.3 5.0 14.5 0.49 0.60 1.40 40.6 18.6 5.3
15 2x 90.7 75.4 52.4 3.0 5.6 16.3 1.00 0.71 1.70 30.1 13.6 3.2
16 2x 94.3 87.3 88.6 2.6 4.9 13.9 0.89 0.62 1.31 36.2 17.9 6.4
17 2x 88.5 86.1 81.3 2.8 5.3 14.7 0.57 0.65 1.76 31.3 16.1 5.5
18 2x 97.3 97.5 90.5 2.2 4.2 12.9 0.53 0.45 1.11 44.6 23.4 7.0
19 2x 95.1 86.2 89.5 2.6 5.1 15.8 0.60 0.62 1.76 3.1 17.1 5.7
20 2x 99.1 97.0 93.0 2.9 5.3 15.4 0.71 0.57 1.49 34.1 18.2 6.1
21 2x 96.3 94.4 93.3 2.6 4.6 13.6 0.68 0.60 1.27 37.0 20.5 7.2
22 2x 78.5 69.5 78.4 3.2 4.9 14.2 0.89 0.59 1.48 24.4 14.2 5.5
23 2x 95.4 90.5 74.0 2.3 4.6 14.2 0.44 0.62 2.17 41.4 19.7 5.2
24 2x 96.5 93.9 58.7 2.5 5.0 16.1 0.57 0.57 1.78 38.8 18.7 3.6
25 2x 93.5 92.1 90.5 2.5 4.9 14.3 0.49 0.57 1.16 36.9 19.0 6.3
26 4x 94.1 98.1 95.2 2.4 4.4 12.9 0.60 0.79 1.85 38.8 22.2 7.4
*27 4x 84.1 96.0 74.2 2.5 5.1 15.0 0.49 0.68 1.19 33.3 19.0 5.0
28 4x 92.4 90.3 66.2 2.8 5.1 15.8 0.90 0.53 1.66 33.2 17.6 4.2
29 4x 100.0 98.0 98.1 2.3 4.7 12.7 0.34 0.58 1.29 43.9 21.0 7.7
30 4x 89.8 84.6 69.7 2.7 5.4 15.0 0.50 0.67 1.58 32.8 15.7 4.7
31 4x 90.0 84.3 87.1 2.7 5.1 14.8 0.72 0.61 1.59 33.3 16.6 5.9
32 4x 92.3 85.5 77.1 3.0 5.2 16.1 0.82 0.63 1.56 30.7 16.4 4.8
33 4x 90.9 80.8 83.5 2.6 4.9 14.3 0.64 0.76 1.82 35.0 16.4 5.8
34 4x 97.4 96.5 92.7 2.5 4.8 14.3 0.49 0.55 1.57 39.5 20.2 6.5
*35 4x 88.2 89.8 84.9 2.7 4.9 15.7 0.48 0.66 1.54 32.5 18.3 5.4
36 4x 96.2 95.4 82.7 2.4 4.8 14.8 0.31 0.55 1.40 40.7 19.8 5.6
* 37 dx 98.1 90.9 93.2 2.3 4.6 14.3 0.54 0.58 1.57 42.3 19.9 6.5
2x MEAN 93.9 89.4 80.7 2.6 4.8 14.4 0.61 0.57 1.49 37.4 18.7 5.7
4x MEAN 92.8 90.9 83.7 2.6 4.9 14.6 0.57 0.63 1.55 36.3 18.6 5.8
Overall MEAN 93.6 89.9 81.7 2.6 4.9 14.5 0.60 0.59 1.51 37.0 18.7 5.7

a !
% ! Quasirecommended cultivar in Hokkaido.

Ploidy level
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Table 3. Correlation coefficient between GP, GD, GU and GC at three temperatures.

RUZT NS 4 75 ADERTLE

25 T
GP GD GU GC
GP 1.00
GD -. 60** 1.00
GU -, 40" L73%* 1. 00
GC .86** -.92** -, 66%* 1.00
15 T
GP GD GU GC
GP 1.00
GD -, 68** 1.00
GU -, 56%* .50** 1.00
GC .93** -.89** -.58** 1.00
5 C
GP GD GU GC
GP 1.00
GD - 69** 1.00
GU -. 39% . 38" 1.00
GC .96** -, 85%* - 43%* 1.00
%%, % | Significant at the 1% and 5% levels, respectively.
GP, GD, GU and GC are the same as Table 2.
Table 4. Analyses of variance for GP, GD, GU and GC.
Mean squares
Source df op oD U GC
Temperature(T) 2 2,078.2** 2,951.82** 20.621*" 12,576.3**
Cultivar(C) 36 332.1** 1.88** 0.097*" 42.1**
2x vs 4x 1 4.9 0.57** 0.030 5.9
Diploid(2x) 24 392.3** 2.15%* 0.106** 47.6%*
Tetraploid(4x) 11 230.2** 1.40** 0.083** 33.4**
CXT 72 64. 7% 0.52** 0.051** 10.6**
(2x vs 4x) X T 2 54.6 0.39** 0.115* 6.0
2x X T 48 148.0** 1.09** 0.117** 22.7**
4x X T 22 95, 4** 1.01** 0.065** 19.4**
Error 111 24.6 0.04 0.024 2.7

% %, % [ Significant at the 1% and 5% levels, respectively.
All sources were tested against Error.

GP, GD, GU and GC are the same as Table 2.
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Fig. 1 Correlations in characteristics of germination between 25°C and 15°C.
GP, GD and GC are the same as Table 2.

R A LR, ISCORIFRHFMEZRBERE LT, EREREZ RS, BIHFREBFRE I,
ERERY? > LIClN 23 E, RECERTICHES BHFRECE TSNS VR, ERER? 5T
KHEN S 12 &, BEDCIKTICH Y REFFEOET IR VRELEIRY 5, FHRFAKTH,

BICERERY S LICln 22 E, REOETICHED FHORIFHBOBES K E WifE 2 Biky
b, [EREMRY 5 E TSN 2 RS REE CR2 S &L, RN (Table 4) PRT &
SICHEERPAERCH 122 &b s, WMEOERTICH ) BRYFEOERTRESSERTRZ %
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ZEbhor, UL, ERIFFHEORESMOMOHEBIREE R I AER ( Table 5), %
R, FHREYFAMDS K ORFHREL, REXGOMTREVIEOHBEZRL 12, BESREROHE
BAMMEWRIFRE — M & R < M OREIC L 2B, FEMTRE 5H, FEFREICET
BRI OXNEFRE BRI B 50 TCIRE <, I5CTRBREZELZILALZEEBbNs, Lizh-
T, Table 6 ITIRS £H1Z, 203 DORPFRIEDEEFIZISTH25CT LV B WVEERL 12,
—J7, FEFRFEOBEEMEL, REXFBOHEBRESEN &, CORFEHEICRE
TEREOEBNEMTH L EEBEKRL TV S,

B BIARVZT NI A4 75 2A0EBIES B - TETHY, OO FEEEY
CH»LI5CTHB, Lich->T, I5CTCORFRFEIERT» OEETH S, 15CIKBIH%
NENOFEFREORNCESNT, SEREZ 5 BERICH T, £ OME% Table 7 1TRU T,
HEMED, RbEHRET, EFHFHEELRELEV /vy 2~ TERI NN, 1 IHERT T
DEEFRMD [FR] 2o [RRE] THotohs, AV 2 —F Y CHBEAINTNo. 3 E260F Y 7 —
7 THERS NN, 5 & 64, RB TR CRFENEL, BFABDP DLl >, 351N 3&6
BRFOEHDE /NS oIz, LTy STERINZZOMOFEOKIED L ERT T
FRFEL, BFHAEL DD T, I3 -0y SEORREEED KA Vv TERKEINzNo. 9,
1058 £ U363, RETTRFERSPREL, BAEA—IRELL, #ERRED, 3-—ov/.sTcl

Table 5. Correlation coefficient between GP, GD, GU and GC at three temperatures.

GP GD
25T 15C 5¢C 25T 15C 5C
25C 1.00 25T 1.00
15°C A 1.00 15T .81** 1.00
5¢C .54 . 66** 1.00 5C .67 . 84r* 1.00
GU GC
25C 15T 5C 25C 15T 5C
25T 1.00 25T 1.00
15T .32 1.00 15 .84%* 1.00
5T .12 .54 1.00 5¢C L61%* LT7 1.00

* %, % [ Significant at the 1% and 5% levels, respectively.
GP, GD, GU and GC are the same as Table 2.

Table 6. Heritability of GP, GD, GU and GC at three temperatures.

GP GD GU GC
25 C 0.417 0.876 0.427 0. 745
15 T 0.776 0.949 0.512 0. 880
5 € 0. 823 0.922 0.494 0.891

Heritability is estimated from analysis of variance.

GP, GD, GU and GC are the same as Table 2.
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Table 7. A demarcation table for GP, GD, GU and GC at low temperature and the latitude of location of origin.

(a)

Germination percentage (GP)

High Middle Low
L =297% =95% =90% =85% =250%
56°~ 1
54°~56° | 3,5,6,26 27F 2,4,7 8
52°~54° 9,10,12 |13 11
50°~52° | 18, 20, 29 34, 36 14,21, 28 16,17,19,32,35* | 15,22, 30, 31, 33
~50° 23,24, 25, 37*
(b) Mean days to germination (GD)
High Middle Low
L b | 4days= 4.5days=| 4.7days = 5.0days = 5.3days=
56°~ 1
54°~56° | 2, 3,26 5,6,7 4 27* 8
52°~54° 19,10 12 13 11
50°~52° | 18 21,29 14,16, 22, 33, 34,35%,36 | 19,28,31,32 |15,17,20,30
~50° 23,37* 25 24
(¢} Germination uniformity (GU)
High Middle > Low
L ¢ | 0.3days= | 0.5days= | 0.57days= 0.62days= 0.7days =
56°~ 1
54°~56° | 2,3,4,5,6 27* 7,8,26
52°~54° 1 9 10,13 12 11
50°~52° | 18 28,34,36 | 14, 20,21,22,29,31 |16,17,19, 30, 32, 35* | 15,33
~50° 24,25 37* 23
(d) Germination coefficient (GC)
High Middle Low
L =18 =16 =14 =12 =38
56°~ 1
54°~56° | 2,3,6,26 5,7 4,27 8
52°~54° 9,10,12 13 11
50°~52° | 18 21,29,34,36 | 14,16, 20, 28,35* |17,19,30,31,32,33 | 15,22
~50° 23,24, 25, 37*
E  Evaluation for low temperature germinability
a . The germination percentage at 15 C
b . The mean days to germination at 15T
¢ . The germination uniformity at 15C
d . The germination coefficient at 15C
L © Latitude of location of origin

Number of cultivar is the same in the Table 1.
* 1 Quasirecommended cultivar in Hokkaido.
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KRS DA EAWAET B B o ARFIFLIC BN T, @ﬁﬁ@%in&ﬁﬁ%ﬁ%%ﬁﬁé&ﬁﬁ
dba—oy RTERINRBICEER AL, BEHESEOVBEEERL, &<I25C
DOFEEHELM F V15T 5 COBBAFR BV THEERP B - & L0, EEBFEEORRD
ARSI S Nz,

5l B X m
Pl 5 (1986) F&ih ARME OB & BEWEIETM BT 5 REMA R dbiE a4, 89
—143
Z3Fatk (1973) fBMEY - BNy R v 7 435—436 B|EE, B
INEE— j%%ﬁ(w%)mMAﬂThﬁﬁé4$@H|%&m@®ﬁ% GRS O GBI &
MHRGEROMSE —  BSERN43, 165168
frfak (1989) /KIGMEFORIFHEME & BOKEBREORE — L B o 2 EE BB O MEA - &

K E64, 711717

e 4 RBEME (1974) MRBOKBRSEICH T 2 B0 JEEy Bsied, 1-90

BAR= - AR - mmHﬁ(wm)%%/ OBAERICB Y 2R BRNERICE T A% 1. By
OFEHNFEIC BT 548 DEED26, 243—250

2 BAER - HIEEE (1969) RET OB ICB T 20198, B 1 H. MEFRFEHOREMER B L UH
B OFEERBEORE LRI 7, 63—71
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Varietal Differences in the germinability at low temperature
of perennial ryegrass (Lolium perenne L.)

Masayuki YamaAsHITA and Yoshiya SHIMAMOTO

(Laboratory of Indusirial crops, Facully of Agriculture, Hokkaido Universily)

~ In order to elucidate varietal differences in the germinability at low temperature of perennial
ryegrass, germination tests at three different temperature levels, i. e. 25°C, 15°C and 5°C, were
carried out for the cultivars collected from various nations of the world. The results are
summarized as follows.

1) It was observed that in response to the decrease of temperature, germination percentage,
germination uniformity and germination coefficient reduced, and mean days to germination in-
creased. These trends were different among the cultivars.

2) There was a tendency that the cultivars released in North Europe had high germinability at
low temperature, while ones released in the Netherlands, the United States and Australia had low
germinability at low temperature.

3) Since the heritability of germanability at low temperature was higher and thus under the
genetic control, it seemed that there was a possibility to select for the genotypes adapted to low
temperature germinability.

Key words . Germinability at low temperature, Germination coefficient, Lolium perenne L., Varietal

difference

62



