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Fig. 15 Frequency distribution of germination date
in parental varieties and F, seeds (1970)
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Table 35. Means and standard deviations of germination date in
parental varieties and F; plants of reciprocal crossing
ﬁwParental variety ;:nd - Mid - i Mean++
F: population Ar LE S parents HES dominance
Iburiwase (Py) High 3.59+1.502221 3.90
Hokkai 95 (P2) Low 4.20+1.399709 :
F {P;xPz 5.67+1.796872 5.8197
'P2x Py 4.53+:2.063270 2.0820
Sakigake (Ps) High 3.65+0.797436 4.48
asahonami (Po) Low 5.30-+2.092260 :
Psx Py 6.0541.563952 1.9091
' |Pyx Py 5.1511.419727 0.8182
Iburiwase (P)) High 3.59x1.502221 .o !
Sasahonami (Py) Low ! 5.302.092260 :
F {P1XP4 6.73:1.875976 2.6725
HPix Py 4.0811.255654 0.4269
Mimasari (Ps) High 4.761:1.546028 4.48
Hokkai 95 (P2) Low 4.20+1.399709 '
Fi PsxP: 4.634:1.873069 0.5357
Mimasari (Psg High 4.76-:1.546028 5.00
Hayayuki (Pg High 5.24+4:2.272821 )
F {PsXPs 4.0010.960769 1.6129
'{Pex Ps 7.55::1.559533 4.1129
Iburiwase (Py) High 3.594:1.502221 3.62
Sakigake (P3) High 3.651:0.797436 :
F {P:xPs 4.56:+-0.821381 31.3333
PixPy 4.75+1.138181 37.6667
Sasahonami (Py) Low 5.30+2.092260 4.75 !
Hokka1 95 (P2) Low 4.20-+1.399709 -9
P;xPz 5.402.602981 1.1818
"\Pax P, 4.88+:1.479778 0.2364
Shinsetsu (P7) Low 6.76:1:2.005706 6.03
Sasahonami (Py) Low 5.30+2.092260 :
Fy P;x Py 6.874:2.436498 1.5738
+ estimation for germmablhty at low temperature
F,..ﬂiz'fz,
R % )
2

Table 36. Means and standard deviations of germination date in parental

Variety or F:

population

varieties and F: populattons of reuprocal crossing (1963)

Estnmanon for

germinability at Germmatlon date

Iburiwase (Pz)

Kitamiakage 1(Ps)

(Mlg-parl"ents)
2% Py

F: {Psx P2
Hokkai 95 (P1)
Iburiwase (P;)
(Mid-parents)
F {P1 X Pz
P.xPy

Hokkai 95 (Py)

Hashiribozu (Py)

(Mid-parents)
Fz PixP;

* ok sngmﬁcant at 5% and 1% level, respectively

Slgmﬁcance of
differences

low temperature ‘ ‘Mean ! S
High | 2.2 0.533854 ] -~
High . 3.66 1.076569
b (3.09 l
| 2.94 0.482701 s
2.85 0.746324 e
Low 5.34 0.981326 | ] o
High 2.52 0.533854
(3.93)
3.63 1.106797 ] *
3.31 0.785493
Low 5.34 0.981326 ] *
Low 5.18 2.117782 |
(5 26) \

' 0.988433
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Table 37. Means and standard deviations of germination date in parental
varieties :md F2 populatlons of recnprocal crossxng (]971)

7 Variety Vor F. ; 5
population Ar [ P4 1 Mp F2 + 8 B+
Iburiwase(Py) | High | 4.58+0.944038 | g .- ]+
Hokkai 95(P2) Low 14.96+1.821144 ' .
F Py xP; 5.57+1.380204 } *
P:x P, 6.14+1.704607
Sakigake (Ps) High 6.26+1.442859 10.89 ] =
Sasahonami(P4) Low 15.51+2.236223 y
F. {PaxP. ‘ 7-924-2.170674 ] ns
21P«xP3 | 7.70+2.291300 "
Iburiwase(P,) High 4.58+0.944058 10.05 ] Kk
Sasahonami(P4) Low 15.51+2.236223
F {P;xP. 7-06+2.081756 ] n s
2 Pax Py 7.144-2.108306 T
Hokkai 95(P2) Low 14.96+1.821144 )
F2 PsxP2 8.16+2.256224
Mimasari(Ps) High 7.66+ 1.864201 6.94 ] *
Hayayuki(Ps) High 6.22+1.516352 :
F, {PsxPe 6.34+1.744886 ] n s
21PsxPs 6.38+2.048103 ©
Iburiwase(Py) High 4.58+0.944058 5.42 ] *
Sakigake(Ps) High 6.26-+1.442859 i .
thxm ! . s33t1.199%02 ],
2\Psx Py g ! 5.32+1.173300 - S
Sasahonami(Ps) Low |  15.51+2.236223 15.24 ] o s
Hokkai 95(P2) Low 14.96+1.821144 ) e
F {PaxPz ! 10.05+2.006473 ] n s
2\P:xPs 10.18+2.144241 s
Shinsetsu(Ps) Low 9.18+2.560904 12.35
Sasahonami(Py) Low 15.51+2.236223 '
Fz2 PixPy 8.25+1.866422

++ significance of differences
* #*% Significant at 5% and 1 % level, respectively

+ estimation for germinability at low temperature
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Fig. 17 Frequency distribution of germination
date in parental varieties and Fz popul-
ations (1971)
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Table 33. The efficiency of selection
in F2 populations shown by the F3 progeny tests

“F: population

245

for germination date

Fs pedigrees

Cross Germination Distrll;ution ?oe;f!ﬁ“cii"e‘:lttmi“n ‘ Correlation Signiﬁgance
. o date at 15°C _frequencies(?7) | Fs pedigrees coefﬁcnﬁnt differences
4 12.5 | 15.22 : |
; 5 39.5 \ 14.14 ;
Hokkai 95 | 6 16.0 ‘ 12.71 r
‘ 7 11.0 ' 13.20 ‘ _ Aok *
x ; 8 1.5 13.07 0.846 |
Iburiwase i 9 2.5 12.55 . |
i 10 3.5 12.32 ;
| n 4.5 12.48 i
| 3 0.5 13.79 | |
! 4 1.5 10.91 |
. . ; 5 6.5 13.36
Shirayuki 6 8.0 11.64 \
x ; 7 9.5 | 10.98 , -0.822% *
. . 8 12.0 10.66
Sakigake 9 9.0 10.39 [
10 10.0 10.57 |
11 43.0 | 9.27 ‘
1 3 3.5 18.82 | ?
4 20.0 19.84
Iburiwase } 5 27.0 17.05 I
6 21.5 17.50 } o **
~ 7 | 115 16.72 ! 0.823
Sakigake i 8 8.0 16.76 i !
9 4.0 16.04 | \
10 ! 2.0 16.62 |
7 4 1.5 10.72
‘ 5 5.0 10.47
Hokkai 116 \ 6 | 15.0 '3}1;2 |
: 7 25.0 .65 R Sk . *
X 8 27.5 9.73 0.965
Norin 20 9 14.5 9.29 ‘
10 6.0 8.72 ;
1 i 5.5 9.02 |
[ 6 0.5 9.02 T
% 7 10.0 ‘ 8.49 ‘
Shirayuki | 8 ! 170 ! 5.3
x l 10 17.5 2.30 -0.787* **
. 1 8.5 75
1 13 | 1.0 i 7.55 !
i 14 25.5 1 8.18 '
| e - ——

PHIEEDOR L DONRED - 1= ONRIFRIITDH -
7o KIT, FotZ 510 2R 40RO AN B
3 U7 Fs REERETEE, 2130 3RS F, & F,
DM P HFRZEER MO TRbY, F,
BRI BT D REDE, TOKRINTH S Fa RO
RREE DO RINEHRENL, 5 % ~0.1 2 KT &
Thoto Tt FFB/HBNORFHEIZOWTO
S ORRTY, TEEREDLRI, IR
LOKWMNS, Fo B R0 4% E L

* %k Rk gignificant at 5%, 1% and 0.1 % level, respectively

THiabn 2 SEIEFE OSB8I, 2V HRU
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PRFUOER
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2 UG TS S AL IS & BT L, RO{EI T
P EMRENS SUTXROKRRBY 4 & o I
15, (IDERIEORBIBEGEOE LB Z LRl &
P2 IGIR T Uik % FRE T 2 END % IR
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Table 39. The average number of days to germi-

nate at 15 °C in unhulled rice, so-called
Phase B and brown rice

- - i :Tl‘ﬁveéége no. of days
. to germination at 15 °C

Cross UnhulledSo-called | Brown
rice “phase B” rice

Hokkai 95 x Iburiwase 4.8 3.29| 2.55
Iburiwase x Hokkai 95 4.62 ' 3.49 | 2.65
Iburiwase x Hashiribdzu 3.78 | 2.96 | 2.41
Hashiribdzu x Iburiwase’ 3.75 | 3.11 ) 2.48
Hokkai 95 x Mimasari 3.96 3.74, 2.38
Mimasari x Hokkai 95 4.041  3.53 (2.30)
Iburiwase x Shirayuki 3.37 ‘ 2.76 | (2.17)
Shirayuki x Iburiwase 3.52 ‘ 3.05 | (2.44)
Iburiwase x Fukuyuki 3.46 2.95 | 2.48
Fukuyuki x Iburiwase 3.28 3.04 | 2.30
Iburiwase x Wasebbzu 3.55 2.91 | 2.40
Wasebbzu x Iburiwase 3.94 ’ 3.30 —

Numerals in parenthesis indicate the value in
replication |
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BRF RN 2 FG 5635 N B0 HBSBYE
WIBUTIR L 7o 2285, LD B,
Table 40. Analysis of variance in
the germinability at low
temperature in unhulled,

so-called Phase B and
brown rice in Fy

Source

D.F. Mean square
Cross (C) 7 0.4823%*
Treatment (T) 2 8.4102%*
Replication 1 0.06000
CxT 14 0.1698**
Error 23

**  gignificant at 1 % level
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22 1156, 1966 SEREBINCDULTi3 1967 4 2 H 24
Hnb, #4& 4 15°C T10 AT 570 11X
100 " SR LTHREB LML, dEDY
Y& bil—Th do

3 7:, REEHIBC W TOIBI 781
2, BHEAFRIRY DD S KEE R
B L7: b O TH Y, &R G EER < 10 Ik
2OV T I EOMEL T 5720

Table 41. Histories of the materials used
for germination test

) No. of materials
Year 1 used

" 6l__62 63 64 65 66! 1965 | 1966
Cross—F1—F;—Fs——F«—Fs| 70 plants; 70 lines
+—F3—F4 0 < |70 ~»

P—P1 50 2~ |50 7~

P:—P: (50 7 |50 7~

* preservation under cold storage controlled in
4-5°C

(2) 9% & & W

35 19 3443 1965 4135 X 1F 1966 4424545 3 % it
OB FED BRI DV TOMEF N ALY
DTHdo 1o FIHRENE LU icE 58 42
.2 Nl B A

1965 4 TIIM R OE BN XS W1 T,
Pepy et 0 g THRIRTER) o Jdins Fledg 95 4 )
L TH3 YD 5 T

Fi s SO F VT, did & HIiRiZhi
R MIE S i ni b B, ISR H B R
ERY, SEHB IOV BENNEWIITH 57
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. 1965 1966
S

= 40
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g0 —s

E

; E

0
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& -
5 F:
& o L—§

Lz 2345678 3456789

Average number of days to germinate
U /7 Hokkai 95(P1) I:jlbnriwase (P2)

Fig. 19 Frequency distribution of germination
speed in parental varieties and Fs-Fs

populations
Table 42. Variances and means of germination
date in parental varieties and F3-Fs
populations
e oo No.of | ey Trom
Year p:;:ll:l:;{ioor:‘s 75| tested germingatum#w
o L planES Mean | Variance
| Hokkai 95 | s0 | 6.39 | o0.378
i Iburiwase } 50 3.47 | 0.166
1965 (Mid-parents) ° (4.93) |
Fs 70 4.37 | o0.460
Fi | 70 4.3 | 0.3%
Hokkai 95 . 50 | 6.44 | 0.839
! Iburiwase 50 5.33 0.672
1966 - (Mid-parents) (5.89)
Uy 70 | 5.75 © 0.503
Fs 70 \ 6.01 ; 0.622

L L, Shicd Fy M Fy IRMHIZEER T, <
EMhKENST

1966 D HIMESF iy, 1965 410 28E~T 5 St
DI REWZ enEwens, 7,
BRENEL I~ QKE L L 570 W8 Gl
D THEN R & Tdedd 95 %) | ORI RFEA KD
#z, bI»1HBTH-70

TOME LT3, 1966 0T HF gt 8 J]
Fiibi o TER E LY, BN L <RIE

LECHRIS o A8 TRIER A A D » 7285 T
THY, M 1965 EITEHNRTEHY, 2D7HIT
BRI F LI EABN S, TR N
(edz 95 ) 18T, HEA 2~-3 A5 »

7 -
L ]
.'. 6 \. e * B *
E 8 . 3 .
w&-’ 2 5 ..\.. . 2 - e o
4 = oAy = Y- o
5 8 = 4 z‘e &= - a8 e
;8.5 - , § ***5 S .***
L) .

== 3% "'r=0.35% L r=0. 434

Y e 456789

Mean of ger-
mination date

in Fs (1966)

Mean of ger-
mination date
in F (1966)

Fig. 20 parent-offspring correlation for
mean of germination date

7:o F 7o, [AEHE 95 v ) K583 1 Hd 1965 4
TR —iE L2zl LT, b e b e,
IORMBERGAOP T H Dk, B
RIGFGTHMBERE S TEBAS R L 72 72
W, BotHIDTERER DL > TR U 12 EH
Abhd,

FSE O EE 8N B PR EITIT T L <,
Fs IR TR PRIV LWL KEN-710 2
D& Hiz, ATz >N TEBERY AL
RNT B E i Lt E7: Fo & Fs o
M s A, HRLOBRIL 2 HiE 2t » 72

ZRADVIGRFNEE BRUIDNT, FRT
—E Lsfiia@abnigh 51,

GBI OWT, KRBFHRIINT M
% 27 D2RW 20 N TH B,

Bfor o/ NERET M0, —1
R GREAHVBN S, L L, BEHOfIR
1L BBLEMRDGEIZE, ERDOEHEIA -
TLBDTHEVUHT L —Jj, HIBMRE
EFMCB G, SRR B OIS
NBEREEH DN, FROWEBLREC 2 ENT

&% (RS, 1958 b), AN TIRELEO & S,
WROEEE VT DL 51280740, 1966 4
DFRPFFIIRGE E AL 2272002, SR{E T
&fﬁﬂﬁlsﬂmml'z:t Edte,

BOREDE, FoF BTG % K
T, Fe—Fs 81 - HII2 0.1 %KM TIED {5 {57221
THhHot:o ZDEHIZ, RBMEIZONTHT
Ll [ (E e R ALY (TR S BP A

A3 Fix, 1965 EDFHRIZEH I S Vi sk
HHETHASN DM RBERE, SN DR
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Table 43. Correlation coefficient between mean of germination date
and some agronomic characters in F3-F, populatlons

o . Hiﬁpla;* No. of* Headmg Culm Pamcle No of O(J-kj'nels
Generation height l tillers date ’ length ‘ length . panicles ’

Fs ~0.137 | 0.193 | —0.463*** —0.213 —0.381*%* l 0.010 [ —0 248*

Fq 0.003 |  0.073 ‘ 0.031 -0.006 ' ~0.040 —0.061 | - 0.256%

n=Fs:70, F(:70

+ on measured in 33 days after transplanting
A HEER L

ikl agmE LB EELTE, B
100 EDIEMIIZED NN 5 720

Fs S 50T, IR, g ds L OFk 100
Lt e oIz, 17200 LS 2K T 52 HIK 6
EABNIN, WTFNRNLANMHTH 10 2D
ol EKIEEEOSVL DI E, A
<, JeHiEZYPI00 KRV HINDH B Z &
3L T3,

F T, 100 5 4085 K TH T
2O RN ER SR, KBGOV L D
12 EW 100 KD VB R ED B, £l
DIBINZDWT, 12 A EHIMIEFR AN,
2720
5 # ®’

LZERBOMNMBFEARFFRIETY, $0308
2o Th, WFNIZHBWTH F #F o §8 5351k
3, IEBRGAIECHET AT & 2 5 fse ZHIELEK
Yy —lEBMRMBENIMEE T D L%
Bl T3, LA Ly BRENIBLERO M
WRTHEVINNHDTIR AWML, Y
TOREFRRILTLIHIVSLBIEILH
Vo F 72, Fa O FERFNEIIEHBR LY L)
&< URBHFMED ST DBANH - THE 05,
e e S ot s DT, (SR R SO S
LOKBEETHI LV SN S,

FRER T- DS 58 S 2 D THHB A B L
2R RO BT LA, KD (1946) 12 4la¥ oD fil
B U KRR %8R LT F: SEV 3505 5 il
B #mE L, ENoANIERBEERT I EE
L, S (1962) 130K & B RYHEO M
BFREIcHT, S LRTHERE LT, ik
DETE E WO Hidt & v, WiiFEE 1 ot

HIERSNEBEDORGCL ONREETHY, K
F13 2 b3 R IE A2 AL & T g At
%W‘*étﬁt.%bﬁ{ﬁ%%uﬂ%%%ﬂ

R LR T Do MEAMIZIERNLEIZTH
t»&Tﬁtu.Ai%whAbuntMLT%
20 WHED NIV TGS (1962) oz
NERRYE 5T D,

AP IR L 72 Fo Yo, Bk b izl
fali e 2oL B E LTHY, PGS
200 (2T RFEHBEIIERT DL E, KO
BB N KD IRV TRIBT T bR
LD THD, ZNE D% EaEiHE (1962) &
R S8 2 LA L L2y,

F, SOV E AR FHREI VG i )
PE M ST, KR HED TR < T8 DHl
HETHoT0 THHE, WBOVWTRIVLY
YT HLONLELEDONTIDOTHD, 2D
IORAMEETDUMIMBHNBLEY f&fﬁni’é/}‘{:{:@w
WHEATH B AT REER DD EER &
Do

F, stz 0T, o sk ikiil—o F, Wiy
izl LTH, AEHORFELREERIZY—
LEZOND, —Ji, MO ELEEIF[IZOW
T, Fo R B & T, - T, AREBONK
EREYED T8 IxE] DR G EOIIL, KA
RHFUPPZDOWTOBBFEES 2 1275,

fRfll FOMBYFMEB LT, S (1963) 1
A BIO BT S &, F DA /i) BT
Fi E OB IOV TN, BIFEEFEGIIBI LY x
FORMGE LD LBEDORFENINBTEZ 280
7o WIERIZHBEEC1968) 12 7F 1 N D Fe 3 X RO SR A
Fo S CHESHT 2 2 & 286, 11T 5(1969)
& F S o BB SHEIC W T, &

lll

bpan Bl o 2
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AL TG & 0 BB Ll - 725151
o l, g7, Bahiiid LRI F, i 7RIS
Y TH e Lo

R, ISR T W B g BN 00 MBI 2T i 2
BOWTEADOEERELLENBYGNALNT:,
il (1963) 12 F #i -T2, B A (ki 3
IR ENDEZHNRNE CBHEMEETHE L
TS, KRBT F, B DN & ZECHIA
2OV, FHEREE T 50l fEMI NETE L
Vo LmL, HEERIRDT A LAY T2 5 0
BRI HOCTHADWYENEH SN AF L
DT, ZNLLEOERIETEL D,

Fo 8 TMABYWRCOCTO A ) #E %
BLTSH, Fyts JOFF A TP R M
WDEMI, ENENHERCRINT 248NN
RUEWNOFER MO - TEBY, D2 20N
OHUIEHOBERE LT, REOERMNTFEINS
ZEIIRBHZDITTH D,

L Lunis, Fy % B L THOABIRDE
RTIE AEWRISIE S L TN R Y
FERMABY Y L T2 M54 20 % T, IR R
RS L TOBRIED I E I L RgiaNn 1,
F7, WEBRELABGOZKIIST DR
Pid, RBEHE U RPRABO LR HL
SHMBEND Z L, IR AR STV
DERDMANRREFSNDZENW 6 2 & 22,
to:namﬁmm’"mﬁfmzbwfﬂbn

RPN TH 570 TD XD, KB
BN RBRFEIZE DL ZHRRKIVEEZILN
06, ForF, LU F—F 8 Bz T
i ens &2, Fa X 00F, 4§14
BV TRARERINIZ O TOBMC & BIg
RFEDHRUNREDTHDZ L2 L T B,

1 B B AR SN AR P E Y 7 Io% 378 s3]
TSI, ISR & A DAY
RIBHOFMMBHITNS,

RO T, T oo L, B,
100 10035 & OF Bl Fe & DN S §2ayeiy - BB Ht 12
Hoit, INHH, AT OWTiE, Fa k(g
WHEWTHIS M2 MR ES B, (ST I M
KEWL DI EHBUNIAED o720 T O,

KD H D5 (BF 0 1937, hid 1938)
RIS TB, T, e DR ERED
I E DEm, I AR EOR L B - 7:
EABN G 1968), —noprMimgErRIZL:
RKEBMNhEELLN S,

Az, W0 e WTF, iU Fm2 i
REMUTOSZAMTHERBBNNGE »E DS
N, it REE O SV G DB I TS
ol AT HEE (1969b) 1k, ANl ISR FE Ak

EFRMBIT L DB RBII VT L, Xk
TR E DRI Y GO IED LB & UOR(S
R % 3 720 T, KR F RS EITIILO 72 51248,
Wil S1l k 2Eko@d e IRt 2 &
FRMLH, ZOURSERNEG BT
U LT Do Mg &1l &k DEROD @Y 4512
LS (EETIIRLVOT, B ISR BSE
OBEEOT L PN T E BN ETH
535,

WIH KBRFHCHTS
bR ESM TR

ARG REEM OB EOTEDIHEE LT,
fSiR 38 GV S DY T DORIL ML 2 T - T
SZENMETHDIIEWRET I T THIRVY, ¥
K ZOMOBGEHRIEMIP L, EHIIBT D
B (1962) 3 X U4 (1970) 12X 2R H DD
ATHDo HEFHTMIIZICR U0 BER O
o E L RSt/ N N1 i F & JT T 1 RV =Y (B &
L ETOHBRNRMBHESRE LT, RSO
L AN T BONEE % 1772 - 185 WA 38T

(1) BEFaff ¥ XUk

BrAE T E L Tid, IR S Ly gl
RO WAL D TR B X0 (dkdgE 95 &
FAM L HRIRE R s WA TR
MEIBETEBYTH D,

i FORRMERIZL BWEER S 2o, W—ik
AP, PoBXUF, 0 Fllda #1C%
—RIERIEFTRIE L7 Tbb, 1967 124
i, =DM T-5 6 1969 12 F, 15 U F, 28K
LTHE, 1970442 F, 20 F 2 Py, Py &
FATRES L TH— LR T To MR 2 2 Ty
Il o1
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Variety History ‘ Plant type j ﬁel:llgntlh
. " Local | Panicle } '

Iburiwase variety weight Long

Hokkai g5 | Hybrid Panicle | g0

variety number

REH RGN A P RE 15 °C, REFHVIH IS HO
2T Py 35 L T8 P, 12 20 %k, F, 12 400
B, Fiid 100 Rzl L7oms, Py, Posdor
Fatd, Wb 1R85 100 B % AV 7:o (ER IR
5T 2 ARG BEROEEE VLT3
72, g ENE 2°C D€ F T 10 1Rk S
é 47

2 RHEE PR

121 UL R RO Py, Py, Fo s X UFy R
HEOBROBPAE BELIWDTH D, HINT,

P MP P
TOF
6OF
s0f
ok
30F
20f
§ 104
;2345678971011
5 30 F
74
s 20
>
$ lop
= 2 3 4 5106 7 8 9 101
sf F
20
o L
3 4 516 7 8 9 1 U
Days after sceding
Fig. 21 Frequency distribution of germination

date in each populations
P, : lburiwase P;: Hokkai 95

S B XA

N2

Table 44. Agronomic characters of the parental varieties

I par: T Germinability
]Pamcle Nurpber of Heading date at low
ength panicles l temperature

[ N [ ‘

Long Few Early ’ High
Short j Many Early ‘ Low

fiCitd 3 G HEDN BRI HRMTH Y, MATHER D Jj
# (1949) 12X D RSO ENR T ebn,
ITEMROVEGREF A B2V TRIERES
frog -7 & 25, 845 o< Mk isd TR
CHidEBNTVDDT, ARRIBITIERD
SHNZY S THYRRIETHD Z EE M T T
o> URIZFHRITHNOTH 2 LMD,
Table 45. Scaling test for mean days to
germination at 15°C

Mean days to

Generation ' germination + S.E.
P ! 3.7988 +  1.3833

Ps 8.8455  +  2.0889

F 5.5263 +  2.6776

Fs ! 6.1889 +  1.7340

MP ‘ 6.3222  +  1.5597

A ‘ 1.0587 +  6.4751

A=4F— B—-P—2F V, =16Vg, + Vp, + Vp, +4 V;-'

Table 4§. Estimates of variance components

for the germinability at low tem-

perature

Item Variance component |Observed | Expected [Deviations
Ve, yD+imtr | sose| aem| o201
Vi, %D+l-‘(—su+&:z 1.8628 | 1.8625] 0.0003
Ve, ip+diu+E | 29199 3.5066 | —0.5867
Nomheritabl E. | 3.1687| 3.4621] —0.2634
onheria®e g | o0.4639| 0.4632{ 0.0007
components | g, | 3.3200| 2.7402] 0.5868

D 2712+ 2.5349

Eui e X 0.6904% 4.6937

stmate of each { g 34621+ 0.6223

componemts | g, 0.4632%  0.6560

Ey  2.7a2% 0.5081

Vet Ve, . Ve 4V _ Ve, + Vb,
El—z_, 1'4,»—' 2 N E.t-— 2
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Table 47. The C-matrix

59

D H E: E2 Es
14.933623 —34.134204 0.533370 J —2.666712 0.266685
—34.134204 102.402611 —4.266776 5.333469 —2.133388
0.533370 —4.266776 0.900005 ‘ —0.000057 0.200002
— 2.666712 5.333469 —0.000057 | 1.000007 —0.000003
0.266685 —2.133388 0.200002 | —0.000003 0.600001
Table 48. Heritabilities for the germinability at low temperature
estimated from the components
T - T " Heritability -
Generation Item i Estimated ! Observed Remark
F: ! F. population !
i lpsl lpy 1
| Broad 0.307 (Ao+in)/(Jo+in+E)
‘ 0.400 (Vi2—=Vp), Viz
‘ No ‘row 0.272 Ip 1D+ LH+E)
{ ’ 277 \2 4
Fs ‘ F3 population i
1 1 1 1
! Broad 0.751 (§D+WH)/(,§D+167H+EZ)
0.728 (Vea—Vi), Vs
In (1 1
Narrow 0.505 Z—D (ZD+ 16 H+Ez)

&iZ, VFy VF,, VFa EE, Ey Esinh, M
D & Y K sr D H, Ey E X UE,
EHOE Lo TORREBOFRIAT, 720
47 K1z, BA RO EIZ 722 C-matrix 73 L
7o

46 2k D &, HIINPLRIZ 7 I D BT 5 ik
E iz~ TPEWHR, B 13RI UCTE &9
EREV JERMMEIZ S B H i, B BT
THORE ML DL E L, $7:, DoffitaH
DUED Y KEN 5720 HOBERXUIML O K
EVMATH Do AEDOHEEM X Y, RBEHBTH
INBIBBHEMI DOV ToEHENEE(h/d),
h/d= "H/D=0.5045, £ 7% »7:6 ZNEHDI &M
5, IEEFRTECR M 208 (L0 A B (R 6D
AL THD, KBRS CTR VI
SHLTHEMETHD Z s s,

L LEofEEir TR s, il esg
SRMBFEOMEN TN BIIINL7: I 1
12k 3, FoilBi 2B TN NSV,
IR M E XM N E xR L2

izt abnEbhs, Livl, Fy TERRem
Wilig 2t L1e AR TIRESIZ L DEADRY
WEVELT H7:017, &ICER—FEIGIFH—
[ TAEE U, PERBRERGOE L 72 & v 70
ZRUILEB T F I35 258 )0fi 28 1t
PN S fliE g LTe 202 &S, IGHFESFE
BT S R R RS AT H—il L
T, Fo IRBRI I T2 2 e 39l L
ZEERLTV D,

K, TN HOMCHEBEEO R Z O AHFY
Eninensznkmng, Linkage test 1211

L7 FOBRFOLREND MCT
HY, TR FRL I AEEEN S b

Table 49. The linkage test

‘Surce DFj SS. | MS. I F
Linkage rﬂr 0.17198260 7‘7171982(? | —
Residual 1 o0.68856523 | 0.68836523
Total | 2 7‘740.486;);17837 B ' 7‘7
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M olzDT, KERFAEFEDOFEET ¥ E MaTHER
DHBEIEELK SIUK, 2k T A7
&5,

K,=(P,-P,)%4D=2.3477,

K=HV?r,/Vvr,=0.9385
EMale WEINLRD X ST, (G IG5
RN BUIEAEL T2 L akad, HWORTKE
I,

k=K,K,(r—1)/rK,—K, 7:7:L r=Va/Va
£ Y, VaprhSnwERETNE, r=4 %
DIEMTEDDNDT, iz Va=K,-K,/4K,—
K, %3, £2 7,

k=3K,K,/4K,—K,=4.7002.

RRDOGN, &R, WNG-T 568N -85 W
THBEEWIFHUERENRTL B,

Q) # %%

(E 8o B3N T 28 EDIR T, T
BT ORIEHEIZONWT, W OhDHERLS
N 2o GARBER & QUISENBERRY (1923) #% Avena
fatua & A. sativa L O Hflio F, ¢, RIERBIED
BHEFETHE I LER TS, B (1943)
(2 PDEDIRMAE S DWT, HERED N D24k
HF b RO BE Bl L i iR 3 & R
L, (KIROBEEZMEHIZOWTH+=7BanN
b7 & LT3 1k (1950) i3 KL D3EHAN
TR L, HIBA DN DBE 4 i
BOPOMTTH - 70 & HE L 7o WA(963)
(3K TR O BT & IS SR BT AR 2 4
TR PR BSR40 B A oD (IR
EOREIcE YRR SN, HEREELTILE
Bwrrz. MG (1968) 3k MfliT o MRIFEEIz 2
W, FED 3838 0 Hidrhilifl L 2 Hhod T
= LE LTS,

Py Eea2od KEBIIFECY L, Pmnnelt
(1949) ik PSR FETFMEARBOTBE TH D, HZH
BEUBMZBHIBW UL RBROBENREAZ L &
i, MEOHRRFIZEDRMAEYTHLE L
EFHRE LTS, BHABDIE F T2 T, 6
BRI G T 28E T B 2 5 & L 7=o
Ml o IR SR L, Marani et al.(1961)
ik, FiOREIS, ZOBIMEPINRES B3V

WMo eEEThHY, EHOBROBEND
5z t é’ﬁi% Lf:o

ARBRTE, WEACUEARERRCY &5
< ISR FEZFE T 246 HRIBFEMBIER Tl b
NI-bITTHEHN, BREHFEOSCHMREEE
AL, HERETCE>THREEND LS HR
EWate THITH UGG (1962) 3, FAxH
WTLEHIER T (20 °C) 1251 B JEH T O
THHEFIBRR %2 T2V, BRRFEEE LU
TR B Y, JINBAENEEETRT L LT
Do IORIMIRTEIE DR ENLZDZR, o
N PERR AT O MG TR DX & 2] fi i o 4
V2, AU T RBMEAIT E A Yilide LI o
fi-FE2BvwinT, B ER VLM77
HEEIBND, F (1970) W% W T2iisk
M X BBESF TR T2V, KIRABGEIBET S
BT BRI S <, JioasnlET ORI
Wb P2 AORETFOMEREHMGTHD &L
720 TN BIEAIERIZ Y AR ET—FT
7272l ERBFHEOEVWHERBUERTELT
WA TIIHIRAZ T B, L L, #IZE3BF,
M- DERBFIEORIEF BV TE, KT
DHAGFEIZEWTF, O RSiliahlB X 9 b 5
b‘.}j’\‘ﬁ’) T 70

W, Y THEE S N A7 - B 5
HBTh oAt WEE (1962) IR EREE L
TOHMET 2 GOMETIZE » THREN T
2LELTW3, LL, §E0 L 3 AKIECE
W EBREOE IV EEILN DI NG,
ZOMDBNRFEROGIENRNEE S h %,
7:y KEBOKEIHEMNTEY, WABEDE
WY BENRDDBIDEEIBND, ZH Yl
LT GERIES (A971) 2P SHEINRESE & IR
THHEMELTVBECIEREZHB T35, Ik
IRIR AT et SR ZE R 2 D T g e 250
B, NABOKIIEC 2B BIKREILbDLE
BEZbNLLv, TOMONNREHURMAE L L T
i, U<vY vomELRHRLENREIONDS
2, oML TSRz e
Ve 485, (GRRIFEMIZIY T 2R E TR
HPYERBDH SN, » 70
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ACJERIZ T D REOM L ) A F, ¢ Tud
0.272 THMMITH » 70 4%, Fa L 12 0.505 &
LRGN E 22 5720 AR TIE RIS RIS
A<, ZOZEAMENZELTVWS L
BHAD I DL EIBND, UL, BT
~Nfod SR X B F—F, BN Hedeyey
W E 72 > TV 20T, ik FEhC 03 2 BT
NDEEL VT 261, KHRBEEIZOW
THNUIREICIS §543 2R Bk 2 T2 L 2
ELEZLND, ZhnbT 3L, KJRIZH
DRHPHIB i 2 MO Ul 5 T a0
T, ZOIZELBENIOMEEL LKHED 1S
KR bild,

HAM KBRFMCHTIEHAN

BT A<, IS 78 S ME D MU EE AL by
MRIETHY, ZOMOBIIO R~ DY

Table 50. List of the linkage testers and marker genes used

IVESMESNSLA e JU NN I 2 0 a9
PE > THA T — 8 T BIBTI ST 2 KL S
WA PR Z VPR CHEET 2 2 EAMBLANR Y
Vo UL Lhih, MBS T SEETT
by SSIBRERTULMLBREOEES SRV
HARHE T E ML TWD 2 L by
WEITTH D, b LASSEANIBISAN
W, RIUITTHIOEBELMII ISV T, 0GR
BB EIZEIIOTHA I,

i LRI & BEEGRIE T & O iSa s
PUTUL, WO DN 0B B (K- A F1968)
A IG R & DB ROV TR S L7z,
BEAERUB A, F2C, (ERUEYE & ik
WL & DM IOV TR L 72,

() SR LU

Jebé » e (1963 LUR) 12 & 5 —liod Koot

Tester ( Marker genesV (linkage group)
|
A- 5 : Cer(ly, Pr(l), A-Rd(il}), Re(1V), I-Bf(V)
A- 26 Cao(D), da2(I1), Pr+(11), A+(1ID)
A- 83 cer (D, Pr(ll)
A-107 CBe(1), Pr(ll), A-Rd(ll), Re(1V)
A-134 C+(I), A4
C-19 &(AV), di(VI)
H- 9 d2(11), be(XY)
H- 21 Re(1V), sh(VIID), bh(X)
H- 45 C+«(I), wx(1), 1g(l), Pn.A(11)
H- 60 CB(D), wx(l), Prolg(il), A(ID
H- 69 Ca(l), A+(IID), fs(VID, nf(IX)
H- 79 C8(D), lgd:(I1), A+(IID), la(VIID), be(XY)
H-100 CBr (D), PI(ID), A, ds(1V), gI(XID)
H-126 Cae(Dy, PIAD, A, de(1V), Hg(XID)
H-143 C+(), gw-gh(VD)
H-145 dsod7(1V), gw(VI), be(XI)
H-230 C+(), AQID, fs-Ur(VIl), nl(IX)
H-242 C+(D), A, ds(AV), fs(VID), Dn(VID
H-309 Crwx(D), AU, de(1V), fs(VII), Hg(XID)
N- 4 C8(1), PI(I), AI(ID), gdV)
N- 45 ‘ ca (L), PIAYL), AQID, ds(IV)
N-58 | da(XI)
N- 60 : d,(D)
Ce(l), Ad(INY), di2(*)

N- 62

* Linkage group are not decided yet.

1) As to the character expression of these genes, refer to TAkABASHI and KINOSHITA'S paper (1968)
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Table §1. List of cross combinations used

Table 52. Parental varieties and their germinability at low temperature

Year |- _ _Cress
"1 No. | Combination o
] 1 H-100 x A- 83
P2 H-143 x  A-107
3 H-43 x A- 5
4 N-45 x  N-62
5 N-58 x  N-62
1970 |6 H143 x N-62
7 H-45 x N-66
8 H-45 x  H-126
9 C-19 x A-26
0, H-21 x N-62
11 : H-69 x N-62
‘12 . H-60 x  A-134
'3 i N-58 x  Hayayuki
14 Cc-19 X Hokuto
15 Chikanari X A-107
16 H- 60 X Shirayuki
17 N- 45 X Iburiwase
1971 | 18 H-145 X Sakigake
19 H- 5 X Shisetsu
20 H-143 x  Norin 33
21 Datechikanari X H- 79
2 . H-45 x  Wasebdzu
| 23 ; N- 60 x  Hashiribozu
|2 A- 5 x N- 4
25 A- 5 x  H-143
26 . H-69 x H-79
‘27 | H-160 Xx A- 5
972 o8 H-100 x H-69
29 A- 5 x  H-230
30 . H-242 x A- 5
31 © H-309 X A- 5
“’Germinanability |  Germination R
at low coefficient
__ temperature | at 15C
High ‘ 28~38
Fairly high 24~28
Middle 20~24 |
Fairly low 18~20 '

Chikanari, Sakigake, Iburiwase, Hokuto
H-45. H-60, H 100, N-62, Hayayuki, H-126, Norin-33
H-143, A-5, N-4. A 83, A 134, H-230, H-242. H-309
H-79, H-9, A-26, H-69, H-21, Shinsetsu

BESHE— OB EL, T —80 5
AT D LMEIT U » 720 DN S B3]
ROz 2E 20 F R Lo ML 7
CE S ol F SR AR | 13 DN T et =R
FHRREADRETH B, HEL B IO EN
B O R EEGR(: % RR RN T & 5 50,
Sl ENWL TH B,

IEM S E DB T Y 5 T, JEHMIE 15 °C
TR EE 10 11 & LTI - 724, hil|o Xk
IR B T~8 N TRELH (LI 1 HlEE
DUEAEUL, 1970 441500 g1, ZFDO{BOEKE
200~250 K1 Tdh » 120 Fotd T FRYENBIHPE S
n, TITCRENEMELABTNCBEN, ¥
WMz ABNSIBEOMEN T bR REN
% B KT R LRI S 7 0 BRI T
DOMPER T RN o, TR LY
DHHDHOT, BITAKLO R BEAREII Y LY
YU U ST b DU DD IKMIEFEIZINT D
RINREBERNOWHE LT H 7m0, Ef%
2°C HILIRFT 10 HinWe Kfafns ¢7:0 7235,
ZHUDICE R YOI S, BFEGHEHE L &I
SHILZESRINM 2 XD LD THDo

(2) g

Az T, 12 dfiitozhEns o
it 29 DGR (& BT, 1N BT & DR E
B Lo WHOMNIE NI MDY E 5753
FKIZai L7 R KA T TORYAB TR
HH 2 MN, ERIBHEE SO BIRRE & R oM
RREEIZBEBIL, TNEFNORDOFHRFHED
BIOWTLBERITR 7285 1% THED
Wi, 5B THEOMAIE+, (TN
BHENLWBEIE— & L1 IEEREDHENS

Name of variety

i N-66, A-107, Wasebdzu, Shirayuki. Hashiribdzu,

Low | 8~18 ‘

Datechikanari, C-19, N-58, N-45




Table 53. Genetic assocjations between markers and germinability at low temperature

Year

Cross

B

Linkage group

i

1l

v

v |

VI |

Vil | v §1X |

X

XI

| XII

*

Genes

wx

ds

Pt

Ig Pr d;

Pn A Rd

Re g de dr | IBf

gw gh dy

la sh | nl

&l

be

de | gl Hg

dys

1970

WO =3 U N

#

1

#

fs Dn Ur

H#

1971 !

tt

1972

29
30
31

4

1

i +

I
i

4
H#

- %

#

+,

it significant difference between dominant and

non-significant bifference

recessive types, at 5% and 1% level, respectively
* linkage group are not decided yet

A G AL < £ B2 TR o
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%6, & IIOIEEENA T & SRR T &
DU MISBY AT D D A, PEEGR S B (4o Zihi
RURHEND, WTRUHOVHEEN{FET D
FThd.F 3 TOHEYTE, D208 0%
KM TEv L L, BITORBURNE (K55,
iS.3 FEEHE D BEIZ b P S HDBYi & AT 2 W[ fiE
HnHBL0E LT, BHEHLINELODYLM
123, ¥t (dy, ds ds, ds, dy ;LU0 dy) L ¥
BB INH T HIZMTIE VIR
ThHhaH, WOBE 13 E-FIoSBRIZ &
2EARTHENTHD S

WO3EkDE, 12 MisiffE (AT D 29 DL
MAHE TS b, KLY & OBIRAR L L
L LAl Lidr iy mEsiE 18 ¢ h
atio HUMEPHIDOWTHD E, HUrBRE AL
N2V, SOV, AT I 35 & O XIoD 4 ST
T, FNFNADOMMIRT DS GEREMTD), la
CH o), shOpibeid), »f (B iR, gl (B
B) BIUHg (BE) 13, WTh b GRS
& ZINENRZO NN 5T
Z=ONERORET Pn CEREM%E), Rd (YL
M) BIUA QENHKT r97—2-=) 243¥
A6 1 50 & geo (3D, gh CHids X MR &R0)
BV dy IR %G8 ISR
T, g N 1 @b iR lEA RS b it
D, HTEH3IWTHY, IR E OB
U EHEIBND, FHNAMFTETIE be (HEARH)
& dy (BEFR-28 RIERIG) & DI ERE WP, T
th 2 R RNEARDBNIDATHY, €
SR L DRI IEV EBEI BN D, 4 X il
BHI oW T Fheai bz < Y Rl 1 BEEGRIE 1
OWTOMITH Y, b, (RN & DRI
TRMERULNN, WHEFEBET B,

INGIERT, @1, W1, WNBIUAYV
MSIETE, (CHSEIF R L SRR D BN T4
A% <, 52 wox CBREE S % 1 S8R, o2 (U8
B s A SRR 35X U de (ZoNIERRIE S Y
VSRR & ollicid, ICRRIFEM: & O XNIFIBI R
REERTOAGETEBN T IV SN
T (I-Bf, Gigmwe) T 258Miae T
MR L BT

INH OB T & G FELE: & DIYGRD
L, HWNEOABNI: L DIZOWT, HERIE
fr-w'fom"\‘tﬁ'-tf;b\ BB B RGN K
LA PN LT A ZORIRDL
AT TIo @G L& AT HB5H (Sasaki et
al. 1974), wx iz oW TR HLA 2ol 2 B
L7-#, -Bf 450837 B LT, 5K
BRFHEDRPE D 270 92, BEBHIZER
RUEDENLDRE b 5T T, ot
BT IED S 6B &b VEaMA
U LB TIERRIENED BN, d: B LT
ds D122 8ATERTIZOWT, BIEBHE D
WD N IR H B Eh e IO
&, BHORS T oL RMIZ X HAEED %
A6NDDT, FEOBRINRLETH D,

@ # A
ISk 36 4 & R T R (-1 0 MUY ERi 2D
T, ot (1962) 13XA 4R LT, JLERSHL
F (20°C) DRG0 IRHEMA & = — FiERIkD
YUH-oRn (HE) ofiE s oGy B L
7to ZOOEENL CIERFEITEGE, heon 2B
VORI ISL LI CHh B Z L 2l 4
(97003 IS R YA & B ds L UF ik & DB R
ML, O E ERBFHITICHITHS
A,k & 3 S RIE OMUERY MY F Al
PIEEL T LD EHEE Lo
AYEEOLEY T, BRSBTS M (5
1A MOMFIH IR T HM{ET, Tabhbba ]
Hibkoo wx (BG4, 5 I BHINED d, (NI,
N MISHEED de (FoNIEEEME) 35 X UFHS V MRS
m!&ﬁﬁﬁﬁM@M%)&aaﬁﬁmumwm
f%l‘l‘ Wt gf'ﬂ‘of o lulmﬁ'oi()"}"ﬁ‘ﬁ;"]'l,
LMFWMECML.&)tﬁ%&(QIa%\
Tid, ARIEROLITIE, W2 ORET & OBER
WA MR E W IR Th o o, Cuif |
MR T B 2 EABHAT, F 1 MgEHID
WU BRI sMEIR R E N D

MG T & OICHININ RO A 6N D 5E 0
B ot h, USSR & pIN Lt
EOMMIEERIEOMEA LN Z & & LA
THRERELBHEMERION D, B« K2
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(1938 I3 KD EES L o < v ¥ 15T B 1K
FURKLBHINTHD Z L 28N Uz 80
HeA (1960) 4 KERGhER T, 3 7- WEST & FINNEY
(1936) 12+ v o 2 HGCTRBRAYEE B T
W Do ISRFBGVEE B IIBADE & DUR &
DRIERH Y, ' A L TEMERE & HBYE
BALGNDZZLEREL TR IITHD,
MiCB VT, MRBAEREL K8 CRIT
D 2ODRMNLHE, Tabb TR x b
95 '3 1 DFIRZEENA TS, (G RN
THHARCECIS @ik E e s e Lo
by TOBEAEBIRI e L T » 7,
ZORERE, AEEO 4 MRES SO TSI R
Ph&BIEDEE FORIZHASNNER < ab L
WORFERS—FTDHNTHDE v T X

b‘o

BVIF EERFEL/EFR
DIcHDEHRHE

B1E BHORHRICSHIT S H:8E
NERRFHS LU= - =0
RAVRCRIETRE

PVEFIMB LT 2M T, (8
R GHE & HRIB TR O HII 6% MA 7859, 1
M EDEITET D EBIRE X UGREE B A%,
{BDGEDHS R TEGNMITE 2~ 220 T 72,
MM PN S D02 BV TY, (T
I TR UHE L RO {7 S22 IR B S N
Teo 2OZ EMG, EMIEHFHED G ILHE A 88k
TOHEELT, WlLE4L Sl DRy 3
LW©WbDTHDEDHEZE MWK LPDT, 22T
Yo THRUBH A IR R M BETF I D 7= 542 {7 %)
THDIMESID, FTHBEUIMEOIINBEIZ T
THEIDWT DML T8 » Thi,

() RS XUk

IR RGEO N BB TLH L TN
72 Fy IR 5 L5 2 % MV, e vt 0 gk
e KRR BT RS, L L,
JIE R D 1964 4E 45 & OF 1965 4E00 i 4503 IER 4
MY, BERGEIQREEENERORY .
RO X ORTTRIEE KA RN AN, 2T

LLAnidibB e dumste KRBT
IR HIA ' S BRIIRUL DM o 72 I 95
SxEYE ] O TAIGE ORI OWT e+
Wil ¥ %0

FHIZ 1964 R ETTHRIEIZ & D RAEAD B H
EZXONIDOT, 1964 412580 L 7= A% HFFHE g
B EOBRER T b TIEM L, BEIHY
FNE TR o720 235, KIS L Fy iz 1
FNAAIER L7272 b D %, 1965 i frgddk L T
BRI ZAEIR L, BU@ RO HGES X ORLEkic & 2
HTTANDEBENER IO T LB L, 207
&, 1964 R HL L7 b O BRI E L Fy
BIUFI20T, KB SEEO B Faizo
TRy, 1965 SELTRLEH L7 ¥ i/l A I
UL Fy,  (CREEME O BEE Fyto o Tz
Lo :.9('(‘3660

POk D JiE & UTtd, Wbiic X 2 Fe il % H)
U, 1963 4EpED Fy LD 2K 2 20 Tl 3mm
UEDLDOEHANLTIREELIKE L, Zhts
ik g A TR B L, 2225,
RO DR E LT E 3mm Bl L 22 o
W, LGSO Lok T, KBS LTS h
YO0, BB XE3mm U LOLDTY
DI Ei2EH(h A K1969b), Frito sk Sk
DULTDEMEN 220 LT,

Year 1962 1963 1963 1965 1966
Generation ki F: F Fe Fiseeds
Germ. test

3 —m]—~

R Fi sceds

Germ. test

/-@—
=
s~

S : selection for grain width
N { non-selection
St ! storage in the room

Fig. 22 Selection experiment on the
grain character
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PR E OB BRI L Y, 1K
15080 1 H 1 AT 2KHORMBIZ LD Sk
L7zo EHEMME 1K 100 B0 2 JTBLHT DT
Hotio RUBEIRBLL KO HRF S0 BRIz
T 1§z x 1008000 2 (MIRBETILH L 720
DO RFEEE ST 5,

235, S B2 BA W, ISR ESEYE OO
BN E D), W00 KR, EHEMNORL &%
BO(BH#% 45 NH), B BB IUBHTY
%o

(2) 9 &5 U

RS NEDRIECH > 72043, H M L

Table §4. Intensity of grain width selection
77 Gramwidth_ i Parents
Item | Above1 Below i r 5
o | 3mm | 3mm [ =
)
Percentage % % _ _
of grain l 6’0“ 9.0 —
. | gr, gr gr gr gr
{vgﬁfhfe'"e'j 21.58 17.19 17.44 16.85 18.60
L | (17.738r)
: Hokkai 95 & : Hashiribozu
20r Germination coefficient
10
00
320-
8
o 10
2
E
2
= 0
0

Germination coefficient
100 grains weight

4
P
b
.
-
<
.
.
.

182022 24 2628 1702724 2628
100 grains weight(gr)

Fig. 23 Frequency distribution of the germin-
ability at low temperature and 100
grains weight in the one or two
generations after the selection

Note - - .- selected
............ unselected

q24%7

120581 20 HIEA3Imm U ED LD 6.0 %5
INTHEY, KIEENPLRWIREITH D, 2
g, bRV LiashR o4 Th 57

Plant height
Fi

'-l}
< " 30 3138 a2 46 50 51 3031 38 42 46 50 51
o Plant height (em)
2
E Number of tillers
+ 0
a0
24

2 6 10 14 18 22 26
Number of 1illers

36 10 14 18 22 26

Fig. 24 frequency distribution of plant height
and number of tillers in the one or
two generations after the selection

Note — — — selected
unselected
Fu .
40, Culm length -
ok g -

18 5 61 72 80 88
Culm length  (em)

. 40 Panicle length _

12 13 16 18 20 22 iz 14 16 18 20 2 31
Panicle length (em)

40¢ No. of panicles r

20r
10
0

2 6 10 11 18 22 2 6 10 14 18 22 26
Number of panicles

Fig. 25 Frequency distribution of culm length,
panicle length and number of panicles
in the one or two generations after the
selection

Note - — selected
............ unselected
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723 [~51 25 (112, 1964 FE1Z 354F DR IL(S
DMACHI D RIFEFEE S X U 2.3 DRRIBE O HIE
MAER LT 7, P E U3 55 ik
SN D, MG IEY S & UMD JUN B O F I
B LU GO T o GRS & 88 05RO
XEOGEEL R LRINE, B0 KR s h
Do
TV HIHMNI2NTAHAD E, SIK L BRI
LD HTEENRED SN DI, RIEGH 1
100K, WEBITREIIBVYTTh T 2
NHD 3L, i 3F I TUL LI DM 5,
S 2205 BIEL B W TSI A T & 78 » 72
WU HEDUAUN T, PN, B X ORI
BWTHEEARBD BN, @I L L ORI
Tid Fy 2%, BUBUE Foptiliz i L7, Bik%
YLD LHEHNNRAETSH - 201k, Ml
DHETH 10 ZHUL, FOl 11 2 .8G0100
RHEL KRGO EEMESED NG, F
RTR TR EseN L S 2k D
A Fy B0 TH 441K o g0 S i< o
FTNED LM ST,

PRIV T, B & UL T R A
HHK LD 522030, EBEEOFRED -
%o LIrL, WFNOWK LB HEDHLNY
Mot KM TIIOMERS LU B2 5 W
TR paoBH T Fo A F, b0 4
BMWTH 70 UL, WTFROYG Y 45
Lo MU E R E LT ERIE, WTho
BITLEETUM -1

INHOFUNE, BT &3 ORISR
FHED G RO BT E A H D 2 RBLT
Whs, Lol Ml Tatdiic X 2 g
HEDOVIRCR#HERIVIR KT T hn b
B, IO EHHBLTE L TREHIME R G20
HWTHH I,

Kz, EEREMTAS NG, FKoB R
BUOTERRMC X 27:0, §ED AR
12 S22 26050, ODHIRKEE%T
AHIIHTDEMIEEL L B2 6N
S0 = MR E O F Qa8 mx s n, A
BHIED R L IAT ol s X UF 250 Fy
K& Db RET, ZORIRIUIN I BEED S
KfRIE L »r: 820605, ZnIz 4L Fxe
(2, P ORMENR VIR TR MR E

Table §5. Means and variances in F,, Fs lines selected for the grain width, in 1964
§ ~Germination, Plant No.of  Culm Panicle = No. of 100 kernels
Grigup of Getne coefficient ‘ height -~ tillers length ‘ lenghth ‘ panicles ‘ weight
_ nes MMM VM V.M V M V. M V. M V. MV
Selected Fq 2072'35719 39.0 4.1839 10.3 2.6070 61.6 6.2540 16.6 1.6048 11429279 2.31 0.1385
| Fs w202547712407446821122883460962634 ]66177831293947122201535
Control F¢ 17.85 3.6955 37.7 3. 8850 10.9 2.7065 59.8 6. 7184 16.5 2. 0946 12.7 3. 2189 2.15 0. 1332

M : mean V:

variance

Fs 17. 1842627 40846775 l18239:)3 58.7 4.8326 16.0 1.5118 1342376621!01316

Table 5. Significance test from table 55. for the difference of mean and variance between
selected and control lines and between the generations after the selection
Significant test E&rgg&zz‘ttlon Plant helght No. of tlllers Culm Iength\ l}::::;;ltcllle ‘ E:ni?:{es | Log‘;:trnels
between "M VM VM VMV MOV MoV MV
| |
Selected lines | * _ _ _ *ok ok _
and control L+ 0‘;+0 0 0 0‘+ +0 + 0 +0‘ 0 + * 0
F, and F.-IF—O +01’—* +0‘+0 —0‘—** —01~0 —-0‘+** +0’—0 + 0
- — _ _ ! o .
+, — indicate increase and decrease respectively, as compared with the corresponding control lmes

and F, lines
**, * 0 indicate the significance at | %,

5 2% and non-significance, respectively
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ot EABND, TN ST HITHR L7 BN
DHGEN B 5 haibh, WEK EEEEE LD
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A (1966 b) 1= ki, MRIEIEKD 1965 S35t
DISHFEEE, NIRRT b DI
RTCPRVFFNIH 72 Z EHRENT VB, 1
8 A BRI R L7 b DDBEIE L &
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Table §7. Heading date in Fs and F lines
after the selection for the grain

character
T —_Heading date
Group of lines 1% 10% 50% 80%
F Selected lines 4¥ 8 17 23
31 Control 4 8 17 23
F Selected lines 2 5 15 21
‘| Controt 2 6 15 21

* jndicate the date of the Augast

F 7 SOPOBI T, SHENL & RS
ATARESONT, MU (F) 12kn
T KK & SRR E ozl L <
FHEERBDHSN M 57 THIL, RBIHEHAE
X o TEFTRHEADOXEIYINETL XU 20HD
AFCER 52, FARTCHORIEE LU
PER ST 3 T BE BRI T 2 e NI ¢ %
ARLTWBEV A Do

o<, AR THONI BRI L 25N
SEEMREEICEIBREVZIA LI ZThEDT
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HEIZ W, FUH IR 2 58804
DEEETH->ThH, BUHROHELET Z &
RUNWIENRRENIEVSTIE I THDSe

(@ * %%

FLRI T & B RO A G 5 IR MV SREED
gz e bhi, KitikEAKR
(1969 b, 1971) AEIR FEHAE Gl % LT D TR
& LTHLBIO N ERBE LR, ZhHREHT
HAHIERBAELA DT TChH D, W T RBHHRHK

27.5L, 1.0 b D & ISR O WIICBT 5%
HFeTaL, TOUAEWE FiibBnUBESHK»
12 st LRI 2 B BE UM o feo &
RPN UL T, (IR IR A ey
KV ORERD JAlaE T H DR (HkxAk 1970
a), MR LY b IGRBIFEDONG RN ST
BrERBBBNI, I, B2 ARO97])
HERSEFEEDO VBRI ER» S S, (K]
FRUEEONFO RGN BL T 2 e 2 4G L7 &S
ﬂ':t—‘ﬁ? zao

BHORE VR OBHHIUIBVLTL, BT
T, OOHER VM 70 Ramian and Par-
THASRATHY (1933) (af)e & Kilii% i+ 2 W
FTVCHAENGRER LT3 et L. %
7o ilE (1951) iz kRE, RIEROEVGHRENIR
MEBLURED ZREFAREVZ EE2RE LTS
o o T, AMBRTITR - REDKE WM
OB R RN IR oM EEE kL 2
LS DEEIBND,

Wok® (1939 1, Fkokd o=z B
53 3 OMBRTFOFELHEE L T 3o
CuANDRARATNA and Sakart (1960) i1, Ruifiool
(IRt 2R L, fEE S Nz BSR B bt
HLTTh et LT3, AJHic b
2R BIUFORNORESTN L dimERE
AT ZENRBHBNT,

—75, BORENC X DR RBHFED SV RENR S
NS Z EDINT, KRB THEDOVRGWER
DLDONRLE B I NI Mo T, RMUTBES L
TV BRETHA RS X URIBGT b 26 FEBL%

BEFHO»BIL ZNHOBIHBT BMET O

HMNHORRELEZIBND, ZOMY, £~
A (1969b) MAKMBMOICEIREIF M BELD
MM FEI BT BFR E L —FT D0 FKilES
(1951, 1952a,b) 2 X hld, BRI BG3 23005
AT (Gr)) LSS T 2REHRT (P) Lo
B2 N ER DL Y, BRAT (H) &
AT (P Loz b FR2BEREM TV 5,
Mo T, HMETEEERT DML 6D
BEEOREVDERFETIEZEITINVTHS
50 ZOIZ EE, BLBEOFMIT X O ICHIEF
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RI%RKEMS €720 £DH, FHiiziy 15°C
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Table 58. Cross combination and the characters of the parental varieties

Cross combmatnon

""Characters of the parental varieties

(P, x Py) Germinability at Elongation of seedling | Generation used
1Rz ] low temperature _ | at early stage i )
Nayoro-mochi P ‘ Fairly high i Large
X ; Fz « Fs
Sasahonami* . Low Small
Uzros 770 P Fairly high ‘ Fairly large |
X . | F2 - F
Shiokari P Fairly low | Fairly small
H-145 P Middle Large ’
X Fz
Norin 33 P: High Large
Shirayuki ‘ P, Low ‘ Large o
x ! | “ F2
Sakigake J P, ‘ Htgh | Large

x male parents is llsted below in each combmatlons
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Fig. 26 Distribution frequencies of germination and plant height of seedling
in 33 days after transplanting

Notes

** M=mean value

Hkk 9 4G, eee

'mean | 3,

35, 5-7,

* Germinated in the germinator after 12 days

, respectively
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Table 59. Correlation coefficient between plant height of seedling and the 5 characthrs,
between number of roots and length of longest root
1st leaf 1 2nd leaf No.of )length of [ dry wt, of H No. of rootsj‘
Cross length | length roots ' longest root | seedlin ;

L Lz , °nE i N root | seedling - Root length’
I\ayoro mochl | 0. 932*** L 0.977%F  0.968%F* 0.932%** 0.974%%* 0.829* - 8
Sasahonaml Fa 0.875%+* | 0.979%k* l 0.892%k¥ 0.548 0.975%%* 1 0. 472 ‘ 8

- e L - R L — o
Uzros 770 F2 0.9725% . 0.990%* . 0.779* |  0.828* 0.985%+* oo, 9 7
x I
Shiokari Fa 0.778* [ 0.981%** 0.98] %% ‘ 0.973%+* 0.985%%* | 0.946%%* "1 8

! [— e

H-143 | | 5 : | I

x Fz 0.971%%% . 0.965%%* | 0.807%% | 0.958%%* |  0.971%%* 0.728* 1 8
Norin 33 ‘ 1 : i
Shirayuki l 1 ‘

X F2 0.971%%k | 0.965%%* 0.807%* 0.958%** 0,971 %%k 0.728* ' 9
Sakigake . ‘ ! i ‘
ANl crosses | 07289 | 0.963%% | 0.899%* | 0.820%F |  0.926%  0.659%* | 48

*, Rk ¥EX gignificant at 5%, 1 % and 0.1 % level, respectively
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Fig. 27 The relations between plant height of seedling and 4 characters in F: and Fs populations

Notes @ : Nayoro-mochi x Sasahonami F:
O : Nayoromochi x Sasahonami F3
[0 : H-143x Norin 33 F:
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Table §1. Plant height of seedlings in F2 and Fi populations

— — Total of

_Plant_height (cm)_ 7,1

Cross

mo. Cross 1 Generation i 6 — 8- —10 12 —14- ~716 —— plants
! g, | Noofplants | 19 31 3% 49 3B 5 1 199
. Shiokari | | (%) (9.5) (17.1) (28.1) (24.6) (17.6) (2.5) (0.5)  (100)
] x [ oo . z . - = —
. Narin 33 ‘ p, | Noofplants | 18 27 60 98 3 2 ‘ 243
} ) ‘ %) L (7.4 (11.1) (24.7) (40.3) (15.6) (0.8) (100)
| g | Noeofplants | 12 28 8 8 8 10 | 266
I 1 Nayoro-mochi ‘ : %) L (4.5) (10.5) (32.0) (31.2) (18.0) (3.8) ) (100)
x — - = - - PR B —— e -

Sasahonami F | No.of plants © 19 26 8 79 20 13 D 237
* (%) (8.0) (11.0) (33.8) (33.3) (8.4) (5.5) (100)
; { g, | Noofplants | 2 17 73 10 51 12 | 276
Uzros 770 | ° (%) ! (8.0) (6.2) (26.4) (36.6) (18.5) (4.3) 00

il | X [ - ! . - .
Shiokari No. of plants | 15 34 91 68 9 217
| (%) | (6.9) (15.7) (41.9) (31.3) (4.1) (100)

* male parent is listed below in each combinations
Table §2. Means of the germination characters in F. and F3 populations and parents

Cross’ 7 : o Ge rmirnatriiblpercentihrée Mean d;;s Genzm \'ari:;nce of
o, Cross Generation ger[;;‘:s:iay [;ays aft;r seed!xi[;L to germ. coeff. | germ.

c 4.0 4.7 167 980 9.06 10.83  7.3583

F: | L 3.7 | 6.0 15.7 983 8.75 | 11.27 6.1681

| s a7 37 1.3 9.0 | 945 10.30 | 7.7422

| Shickari c 7| 50 190 987 8.6l 11.47 | 5.3328

Normagr | Fr | L . 4.0 160 323 100 7.24 13.81 ' 2.7450

i 1S | 43 17 103 983 9.11 10.82 5.4515

{ Pr 7.3 0 0 9.0 | 12.20 7.79 | 4.4090

Pu 47 § 1.0 277 100 7.55 13.49 | 2.4399

| "¢, 60 03 07 9.3 1043 | 8.7 4.2101

F2 . L 53 . 0.7 6.0 95.7 9.75 | 9.82 8.3817

s 60 | 03 L7 L0, 1045 87 |  6.234

I Nayorg»mochi . l E i gg ‘ 8 ég ggg ‘ 10_(757 ' 8.75 | 7.6425

R | 0 . : 0 o7 9.97 6.2592

Sasahonami "%\ g . 70 o 0 90.0 .16 | 784 8.1385

PP | 73 0 0 9.0 1149 | 7.8 | 4.302

Pu 1 6.0 1 0.7 0.7 9.0 1160 | 873 | 4.062!

|l ¢ . 37| 87 17.0 987 8.74 - 11.29 |  7.3543

F2 | L 30 90 213 977 | 86 | Ili 18I

‘ |'s | 10| 67 263 w0 | 856 | 1157 | 6.2432

g o e lc ] 43| 67 23 90! s ' 10.88 |  8.6368

Shikars F+ | L | 40! 73 250 9.3 8.80 10.84 ' 9.2299

LS | 37 a3 BT %7 9.42 10.16 7.9362

‘ — B — : R

| Pr 3.7 183 477 100 7.05 14.20 | 3.7358

| Pu 73] 0 0 95.0 12.20 779 | 4.4080

* male parent is listed below in each combinations C,L,S: the same in the notes of the Fig. 28
** Pr : female parent Pum : male parent
*k  first germination day after seeding
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Cross no. Germination coefficient
I
10¢
sk
I 4l
4 -
14 ]
12
m
10F
sk

CLS PP CLS
em— p— N’
2 Fa

2455

100 kernels weight (gr)

2, 8¢

2.6

2.4

2.2

2.8

3.2
2.8}
2.4F
2.0F
CLS PP CLS
N e
F2 F3

Fig. 28 The effect of the selection for the germinability at low temperature

and 100 kernels weight
Notes C: control

L : longer seedling height (above 14c¢m)
S: shorter seedling height (8-10cm)
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Table §3. Variance analysis of the germination coefficient and 100 kernels weight

i 7‘ S. S.
T Germination : o
Factor D.F. 1— - s = 100 kernels
P E:e't%’é&a:tw“ Variance ) weight
Block(B) ‘ 2 0.4854 \ 3.7581 0.0001
Cross(C) 2 61.8306** 41.3382% ‘ 1. 1426%*
Error(a) 4 0.5734 8.1940 0.0040
Main plot ] 8 62.8894 ‘ 53.2903 A 1.1467
Generation(G) 1 0.0662 1.5476 0.0229**
CxG 2 9.7227%% 37.7754% 0.0005
Error(b) 6 2.5615 10.6693 0.0074
Sub plot | ° 12.3504 49.9923 | 0.0308
Treatment(T) ’ 2 15.2409%* 1.9559 0.0281%*
CxT 4 5.7240%* 21.1643% 0.0140
TxG ‘ 2 3.9072%+* ‘ 8.0082 1 0.0243%*
CxGxT ! 4 1.8074 6.3257 0.0301%%
Error(c) | 2 1.5318 ; 38.6083 1 0.0328
Sub sub plot boas | 31.2113 | 76.0624 | 0.1293
All variations s } 106.4511 | 179.3450 | 1.3068
*, ¥ significant at 5§ % and 1% level, respectively
Cross no. Culm length (cm) Panicle length (em) Number of panicles
78 18 16
%
] é
%
I
?
m Z
%

-
223

Fig. 20 The effect of the selection for culm length, panicle length and number of panicles
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Table §4. Variance analysis of the 3 characters

B (13 1A ST

24y

- s.s. B
Factor D.F. Culm length [ Panicle length I No. of panicles

Cross(C) oz L s 0.1878 | 72.6633%*
Generation(G) 1 2.4939 | 0.0022 0.7606
Error(a) 2 1.0844 | 0.4211 1.8744
Main plot s 1 743.0583 ] o.6111 | 75.2983
Treatment(T) 2 0.8400 0.6011 1.5633
GxT 2 13.2578 0.3811 0.2678
Error(b) 8 22.5489 1.2778 4.2556
Sub plot 2 36.6467 ? 2.2600 ‘ 6.0867
All variations l 17 } { 2.8711

779.7050

**  gignificant at 1 % levél
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STUDIES ON BREEDING FOR THE GERMINABILITY AT LOW
TEMPERATURE OF RICE VARIETIES ADAPTED TO DIRECT SOWING
CULTIVATION IN FLOODED PADDY FIELD IN COOL REGION

by
Takio Sasaki

Summary

In order to establish the direct sowing in flooded paddy field of cool temperature region
such as Hokkaido, the north most island of Japan, promotion and stabilization of inherent
potencies in the initial growth of seedling at the relatively low temperature are the most
important task to commence urgently. In this respect, it is dispensable to stabilize the seed
germination, since this is a startingpoint of the overall plant growth. Therefore, it follows
from this the germinability at low temperature is an indispensable character to be incorporated
with actual procedures in breeding of varieties suitable for the direct sowing practice. But,
no attempt has been made in dealing with this character from the view points of genetics
and breeding practice.

From this angle, the present writer has carried out a series of examinations which includes
the following themes. (A). The varietal differences of the seed germinability at low tempe-
rature, and the degree of stability under different cultivated conditions. (B). The relationship
between the germinability at low temperature and initial seedling growth of direct sowing of
flooded paddy field. (C). The relationship between the germinability at low temperature and
some agronomic characters to find some expedients in selecting genotypes with high seed
germinability at low temperature. (D). The genetic analysis of this character by means of
MATHER’s method (1948) as well as by the use of linkage testers. (E). Selection experiments
in relation to breeding varieties with the high seed germinability.

The results obtained are briefly summarized as mentioned below.,

1. The varietal differences in the germinability at low temperature were found distinctly
by the test at 13-15°C germination temperature for a period of 10 days after seeding. Un-
hulled rice grains selected by salt water of which specific gravity was above 1.10 were used,
and the degree of germinability were represented by the germination coefficient.

2. The varietal differences in the germinability at low temperature became relatively stable
when seeds were stored in the room temperature untill tweleve months after harvesting, but
seeds germinability gradually decrease with the storage above eighteen months of seed lots,
and the decrement varied among the varieties. Many varieties lost all their germinability
entirely by storage in the room temperature for three or four years approximately. But none
of the varieties showed a decrease of the seed germinability, in a case where they were
stored at low temperature (3-5°C) for thirty-eight months at least.

3. There were significant varietal differences in the germinability at low temperature, in

the employing 105 varieties which include new and old varieties of Hokkaido district. Acco-
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rding to the degree of the germinability at low temperature, these varieties were classified
into some groups. It is worthy to point out that four varieties were evaluated to be inserted
in the class “very high”, i. e. very high in their germination percentage and speed. Three
of them are local varieties, while the rest one is a strain true for the use of fundamental
genetical studies.

4. The removal treatment in the so-called phase A of water absorption and dehulling
treatment of unhulled rice promoted the seed germinability at low temperature, and the
increment in this respect was remarkably large at the latter treatment. However, the varietal
differences, viz. the order, in the germinability at low temperature were not affected by
both treatments. There were not significant relations between the germinability at low
temperature and two morphological characters, the apiculous color and the awnedness.

§. The seed germination was greatly influenced by different cultivated conditions under
which the parent plants were grown, but this effect did not affect, but a little, to the varietal
differences in the germinability at low temperature. The high germinability and repeatability
values were obtained in each cultivated conditions.

g. There were significant positive correlation between the germinability at low temperature
and the initial seedling growth which included plant height, length of leaf blade, leaf index
and dry matter weight of seedling in the condition of direct sowing in flooded paddy field.

7. The positive correlation was found between the germinabiliy at low temperature and
the root development at earlier stage of growth under low water temperature condition, but
this correlation was regarded as the “derivative ” action through the varietal differences of
the plant height at initial seedling growth.

8. Regarding the relation between the germinability at low temperature and * establishment
percentage ” of seedling under the conditions of direct sowing in flooded paddy field, significant
positive correlation was observed, and the varieties having high * establishment percentage "
of seedling showed excellent growth both of top, viz. stems and leaves, and root at initial
growth of seedling.

g. Based on above mentioned results, it is indicated that the possibility of breeding of
varieties with high germinability at low temperature may be realized with breeding varieties
with high ability at initial growth of seedling.

10. Regarding the genotypic correlation between the germinability at low temperature and
many practical agronomic characters such as the initial growth of seedling, heading date,
yield components and grain characters, significant correlation was found out only in two
characters, the plant height at initial growth of seedling under flooded paddy field condition
and the 1,000 kernels weight. In F; lines of progeny from Sasahonami x Rikuto Hokkaiwase 1,
the similar results mentioned above were obtained, with an exception that the significant
negative correlation was in existance between the germinability at low temperature and the
weight of 1,000 kernels. It was estimated that this discrepancy may partly be due to the
fact that in these lines a variety of upland rice was used as a cross parent.

11. Frequency distribution of the germinability at low temperature in populations of F,

generation showed continuous variations and it was confirmed that this character gave a
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normal distribution without exception. And therefore the germinability at low temperature
is quantitative. Average number of days to germination after seeding were fairly lower
than the mid-parents and inclined toward the parental varieties with high germinability at
low temperature,

12. In F, populations of the cross combination involving varieties with low germinability
at low temperature as hybrid parents, it was found that some segregates lay out the range
of both parents, with respect to the manifestative of the saids character.

13. In the reciprocal crosses, two types of F, populations did not differ significantly from
each other, suggesting that there is no cytoplasmic control. '

14. Parent-offspring correlation in F, seeds-F, strains was high, and the outstanding effect
of selection on the F, seeds was showed.

15. The removal treatment in Phase A of water absorption and dehulling treatment of
unhulled rice in F, generation promoted the seed germinability at low temperature, particularly
in the dehulling treatment. However, these treatments hardly affected the order of the
varietal differences. This result agree with the results mentioned in 4.

18. Parent-offspring correlation related to the average number of days to germination
after seeding were highly significant in FyF, and F,-F,. With respect to the relationship
bstween the germinability at low temperature from F, to F, generation and some practical
agronomic characters, the following relationships were observed, i. e., there was highly signi-
ficant positive correlation with 100 graines weight and with heading date but only in F,
generation. No significant correlation was observed with plant height and number of tillers
at early stage of growth in transplanting cultivation, culm length, panicle length and number
of panicles,

17. The germinability at low temperature represented by the average number of days to
germination after seeding was analyzed according to MATHER's method using F, seeds and
F, lines. In this procedure it was considered that this character was quantitative and the
genetic behavior was predicted and no interaction between non-allelic arrays were seen, in-
dicating dominant in the case of higher germinability and recessive in the lower germinability
at low temperature. Number of effective factors controlling in embryo was estimated to be
about five.

18. Linkage analysis between the germinability at low temperature and major genes was
conducted by using tweleve linkage groups of Japonica rice. There were very high correlation
with markers of four linkage groups (], [, V., V). These results were in fairly good
accordance with the estimate that the number of effective factors are five or so. There
were significant negative correlations with many dwarf genes, however, it was uncertain
whether this means the true linkage or a kind of pleiotropism of the dwarf genes.

19. Selection by kernel width showed an outstanding effect on the selection of individual
plant with high germinability. And the pleiotropy and linkage of gene between grain weight
and number of panicles were estimated. Here, it was pointed out that long culm and panicle
weight type plants were decline to select much. But, genotypic correlation between the

germinability at low temperature and culm length was not so strong that breeding of erect
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and “ panicle-number ” type varieties with high germinability at low temperature was possible
to make provided that this relation can be broken without difficulty.

20. Significant and positive correlation between the germinability at low temperature and
growth of plant height, of root at initial growth of seedling in F, and F, seeds were con-
firmed. [t was also examined that the selection of plants with high germinability at low
temperature connected with the selection of plants with high ability at initial seedling
growth in the hybrid populations in early generations.

21. Effectiveness of selection for the high germinability at low temperature, by employing
the high ability at initial growth of seedling under low water temperature condition as a
criterion, was investigated. This was successful, but the influence of this selection gave an
unfavorable correlated response to some practical agronomic characters. For example, the
tendencies of increase of long culm plants were resulted. This is undesirable situation in
the prevention of lodging. But, by dealing with the large scale of populations we may yield
the desired gene combinations connected with the composed character expressions of short
culms, high germinability and high ability at initial seedling growth, at low temperature.

22. Throughout these experiments of the writer, it may be concluded that it is theoretically
and experimentally possible to breed varieties characterized with high ability in germinability
and initial seedling growth at low temperature, as well as with some practical agronomic
characters suitable for direct sowing in flooded paddy field.





