.
ol

“‘:%T HOKKAIDO UNIVERSITY

<L

Title ggoooooboobooboobooboooboobobo-b.boobbobboobboobobo
Author(s) 00,00;00,00;00,00
Citation 0oooooooooono,13(1), 61-67
Issue Date 1981-09-01
Doc URL http://hdl.handle.net/2115/11964
Type bulletin (article)

File Information

13(1)_p61-67.pdf

°

Instructions for use

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP



https://eprints.lib.hokudai.ac.jp/dspace/about.en.jsp

F £ v — 0 HEERCRT 5 4ERBRANERCET 2HE
11 Zedfdsic B8 T £ 4 7 VA

GAM= - BEA%D - -2HAEW
(L33 S 80 TSR 2 )
(EF0 56 4 4 3 16 H 28)

Studies on Ecotypic Variations among Natural Populations
of Timothy (Phleuwm pratense L.)

II. Diallel analysis of germination characteristics
Setsuzo YumMoTo, Yoshiya SHIMAMOTO and Chikahiro Tsupa

(Laboratory of Industrial Crops, Faculty of Agriculture,
Hokkaido University, Sapporo, Japan)
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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

AR, R 5 2 20RAOFES Ky R—08H
L, HESEEY L. BAIHI X o7
AR ERARO ATER Y HEE T 5 o, AREEA
oW, MK HEEATTRALhOREIC-T 7 4
DS R 0T, FEBATH. #1100 MEOREBETH
A L, £AEMOTHHFEL00% (8 1),04%
(#FA 2), 7.2% (M 3), 22% (EH4) Th -, £HD
ERRIEL, SFMCB5HEET O BA &L
Lz

F—#ER BT 5 LR OXERABOKZE X hiBbh
REFRRS LT, BRAE U, 7oL, $H 32
B C—F ORAR DML Lictcd, BRFHOMTE
LRIk i, SR RICT HZEHAMB TOXRAE L D
Bohic Ty, EREOSEMAS® Z LIEHE X
LTREL, £RMOESZERSE L.
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OfEfs L OER (14°C~24°C) © £4BT T, HEHFEL
BT R MBS L, Zhb BEORERTEH,
5 Table 1 iRk Ui BEFRER K S0 % 5B, F
F), EFEE R JURFOELDERHE L,
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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
X3 A REHTERNERBCEET D Lot o1,
RIBEE T, b, BEHR (0) LBRATEHE )
LEBEHEATRD S Rz,

Wi, BENER LS L ORE S OR TR v
L (Table 3), W& DAEIERL RIS & FFRRET
HECH -t BETE, BERS DS b, BHHERE
BATUSHENE R EIER%LR L, BEEDRE
PERIZ, WOtk W THEE s -7, X

PR L LTERD L AR IERE TR & PSR
3, W X ONBE & ORI R R & Teh - 1,
HENER &R & oRTIFAE X258, B
R (FBRET o RFEEHE) w45 1k G &R
Fi s DIFFEC I L2, BB Stb o B T 5%
BIBREEORGHREZERICEE Lic (Table 4),
RENTE, EREBEDRFC L - THERICRRLY,
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).

BRI b=0.899 T, WHDERIL 1Y KETHR
ThHotle TOT Lt BREOTIVEEEIPEL,
REEHEOEMCHBRCRIETHZ EXERL T2,
T, EFRRERSC VT L ENR AR A B EN
by, Forvepr b=0170~b=1.656 TH -1
RIGEE & RFEOW S0 X, BHERERCER
B BN IR D - o,

z -3

FEM 0T v~ OFT 3, BENERRFE LR
T EMMBRTBY, KBRS, ERT
HEB XU 28 HBO BT D RFINL 25°C X v 10°C
TEL, BRI IEC OB, ERT XY LERT
CREND 35D 2 LMK Shiz (Fig. 2, Table 3),
—75, M%7 HE L 28 HA OB TR X 58 b, R
TR AR B LIET 2 £ 1o (Table 3), +
Tehob, THEOBT I L T28 QR oMt R3F
TIRE L, REFREENE L, BFEOREL O EINE
7z (Fig. 2),

BT - RFREOHS T L5 6 BE T CORT
Mo x4 7 LA kR (Table 3), W h o Hic
FTh, HINPRETHR L TFHREHRIERTH
s, TOZ N, ERBOEELERNER A
PEEFR & FHRESHRIC X5 L w2 b, Lolium

perenned~8.19~2) DactylisS~17, Trifolium subterra-

neunt®, Melandrium®19, Papaver dubiumll1? iz X
OV COERMD 54 7 L ARER & 5 ERIFTIC
BWTh, —fie, EREOBENEROKRDE < OH
i, ENPEETHRCBE LW, —J, EPH
B X-Ti, UELXESRMBOERCHET LR
EI RN B I NI, Dactylis /0 REFR B+
BEAT LAGHS T, I EET SR L PR
HRRED B, FHRBASR O BIAAMEEERT
BHROSE L D b BEE KR EL, HREHROBEEHE
Wxhi, ¥k, Lolium perenne i\ ~Tik, 4o
RBIRBET A R—¥RAOF IO OBERIED 2, £47T

VAKTEIRIED Fo R ToO M LB D £4 7 vy
W R ESE, ilREL <L TOBER ORENTE
RHah, BREEFED Y T, MRBOHESB -
ILEEF EHRE L OMEER D ¥ 1, EHOREHG
A TETHERDO 1 2EELbR 5, ARBRTER
BHNICESRMABERY, FoREfEDRECERE L
TWBPHLLTHRVWY, LRROSR EXFEETH L E,
FT v —OHAEM 317 5 EBMPERORGHNR
ELT MEDHRLEETHD LEbhs,

R BT 5 BENER LRl LORE L ORE
e (Table 3) 12, Wi 31T 5 RFH &L REEETL
DI BRIEh » T, BEHEE TR, BERSO I L, B
MR EBRIEYSRAERLXEERYRL, iC X
> T, ThOPROBHUBENRL D bbb ol
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—7, FEHE & LTS L RIAEMARE TR &
FHASERE, —YERAXEERETREST, Thohi
DORBPBEL, BERENEALLTL, BELTWAHL
L AR E N,

KIEIEMD 5 b, FFNTR, BENER L LBRE
EOTEERE X AEB o, LRERC X > T8t
BiEh5bz &aibdote (Table 4), Thibh, HaD
B COREND, BERE (FRE CORMVHE &
YT ERE T IRERBC Y - T, HLBETHRHET
BHEVLD, 2O iR, TR, BRESLFOL
et 2 FBERLElcBE LT, RfMcEROHD
T ERFR LT D, R & ERRAERM & TIRE
B pE T B L, SRNRESEOZC X v
R FG+Boek U, SRR R O FH
I DEELTC VI, SERHTO X v ERRZE
i, EFRORE & b7 5 BEEA OB, B
EEMFOE LT A EEORERE N R Xl &
CIoThibIhieErbhsdl, BHRHKTIL F
HHORBREERE O\ TERIZARS L - ks,
R OXERH T, FRAERSEDLRIC, L
2o T, HRFEEWTh, BFEHOREEFOL L
35 RIGREC WENL BEERVFEETLLEED
had,

i 3

F 2 —0HAEERC T 5 RFHE (FED, RF
W, RHFEOELD¥) BT 5 EBRNEROERY
WEEWL T 5w, LEEN4 2P L DIRELE
HHAMD £ A 7 VAZERFE OB T2 AT, B2
K (INEE 7 B H, 28 H B) SIRE 3k (10°C, Zi,
25°C) Dflfeic X5 6 BET CRFRBR LT -7

FIEN 25°C X 9 10°C ¢E <, BT KR R
BR Ulse REEHIE L > TR, THBOET
CHB LT 28 RO, RFNHREL, RBFERE
L, BFEDIELDEIPNED 5T,

AT UAGHRI D, 3EEVThWTh, M
HREETEIR & EHRGHREIRED bR, EFEoFE
TREHERE, AANREET R &R X
B EBRE R, BEEE T, B R AT
ZHE LD BT,

BIEWER L & o TR, RBEEE T, B
R LBREWHRCERE LY, BREHTL 240
BEHERTORER ok, TRRELTHEDLR
T INAER TR & RASIRT, ks T OWEEE

OECRZEERZR ST, BEEENELLTS, oh
BRI C—E LT,

FFENTE, BEHENELBE L OXEFRC LS
TEO—IRD, BRETRECKT5 1 RER ORMBIER
X o T S hic, ERIRZCER O ERREIIE%
HOER I Y P, BESEOBTILITN 5350
DRI, EFMARRM TLIREL TR, 55
w, EHMRERHC L - T, FRBERERCERRS
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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.



