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Table 2.1. A demarcation table for varietal differences of germinability at low
temperature
a b Varieties a b Varieties a d Varieties
= 6 | N-58 Tomoemasari 24 | Norin 33
£ (“Norin-28" A-13 (“Chabo”) Teruminori
r;; dwarf ) H-9 Hokusetsu
= 8 | N-45 (m.m.) (brittle culm) Ishikarishiroke
12 | C-19 H-79 (m.m.) Hayaminori
(“Daikoku” long Hokuiku 42 . Chinkobozu 2
empty glumes ) Oibe F; 25 | Norin 11
H-145 (m.m.) Kairyo 34 ; Norin 19
= 74-2 (m.m.) Yachiminori 5 Kanmasari
& Datechikanari Maekawa &= Kitaminort
13 | N-53 (“Furenbozu” Nakamurashiroke Mimasari
dense panicle ) Tamakiwase H-126 (m.m.)
14 | Tokachikuromomi 20 | Eiko Hokkaimochi
15 | N-56 (m.m.) Toyohikari Waseyukimochi
] 16 Wasebozu Nan-ei Hatsutokachi
Shirayuki A-5 (Akamuro ) 26 | Anzaiakage 2
Hashiribozu N-57 (“Kamikawa” Kitamiakage 1
Joiku 107 tillering dwarf) Waseshiroke
E A-107 (m.m.) . Hokkai 121 N-62
: 17 | Horyu 3 Hayamochi (“Yukara” dwarf )
% Himehonami =] Kitanishiki Kurikaramochi
b N-66 21 Shiokari Yamazakimochi
(“Porutogaru”) Yukara ° Anzai 25
Tsugaruwase Hokkai 104 %D 27 | Bozu 6
Akage Shin-ei = 28 | Hayayuki
Kyowa Joiku 364 H-60 (m.m.)
18 | Norin 20 N-4 (long empty H-100 (m.m.)
Sasahonami glumes ) Hokkaiwase
N-60 “ Shinato” Hashirimochi Hokkaiwase 1
dwarf Hokken 22 29 | H-45 (m.m.)
H-69 (m. m.) 22 | Norin 15 Hokkaiakage
Wasekyoso Wasenishiki 30 | Hokuto
= Minakuchiine H-143 (m.m.) 31 | Iburiwase
g Sohomochi Kuromomi 35 | Sakigake
Hokuiku 43 Hashiribozu 2| 37 | Chikanari
. <
Kachihonami 23 | Fukuyuki | 41 | H-123 (m.m.)
19 | Norin 34 Uryu
Shinsetsu Kiyokaze E
Hokkai 116 Hosetsu -
Hokkai 95 H-75 (m.m.)

The letters m. m. in parenthesis are

a > germinability at low temperature

b : germination coefficient

the abbreviation of

‘multiple marker”
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Table 2.2. Sterility index and its coefficient variability
. Number of Sterility Coeff. of variability
Variety . . T
panicle index within plant between plant

Shinetsu 15.9 32 23.0. 7.6
Norin-9 15.8 34 25.4 9.0
A-58 12.5 35 27.1 7.9
Shiokari 13.3 36 20.3 10.3
Akage 13.0 37 20.4 7.2
A-32 8.0 37 14.9 18.4
N-54 7.4 47 19.5 8.5
Yukara 7.1 47 15.8 7.7
N-4 10.9 67 10.4 4.5
Wase-nishiki 22.3 68 23.8 5.3
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Table 3.1. Scaling test for mean days to
germination at 15T
.
P 3.7988 + 1.3833
P, 8. 8455 =+ 2.0889
F, 5.5263 =+ 2.6776
F, 6.1889 * 1. 7340
MP 6.3222 * 1. 5597
A 1. 0587 + 6.4751

A=4F —P —P, —2F,

Vi =16V, +V, +V, +4 Vs
BOFOHPENF I LEETH S Z EARE
Lz, £72Zh b 0BT HEICIEREOMMIZ
otz U bR RIAEMETFRE KDL D,
KiBXUK i3 # M F42.3477 5 & 150.9385 &

20, HRETH KIS k= 25 4.7002
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Table 3.2. Estimates of variance components for the geminability at low temperature

Item Variance component Observed Expected Deviations

Ve, to+tu+E 5. 2846 4.9933 0.2931

Vi, D+ H+E, 1.8628 1.8625 0.0003

7., TD+EH+E 2.9199 3.5066 —0.5867
E, 3.1687 3.4621 —0.2634

Non-heritable components § E. 0. 4639 0. 4632 0. 0007
E, 3.3290 2.7402 0. 5868
D 2.7122 + 2.5349
H 0. 6904 + 4.6937

Estimate of each componentsy E, 3.4621 + 0.6223
E., 0. 4632 + 0. 6560
E, 2.7422 + 0.5081
Voo +Ve. Ve +Vs Voo +V.
= E,=——"7 =
Es 2 ’ 2 : 2



Table 3.3. List of the linkage testers and marker genes used
Tester ‘ Marker genes" (linkage group)
A— 5§ ¢ (1), Pr (1), A-Rd (), Re (IV), I-Bf (V)
A— 26 ¢ (1), d (W), Prx (1), 4% (W)
A— 83 cre (1), pr (1)
A —107 cee (1), Pr (1), A-Rd (Il), Rc (IV)
A—134 cr (L), A« ()
Cc— 19 g (W), & (V)
H— ¢ d: (1), be (XI)
H— 21 Re (), sh (M), bh (X)
H— 45 C* (1), we (L), lg (1), Pn-A(Il)
H— 60 c® (1), wa (1), Prg (1), A< ()
H— 69 ct (1), A (D), fs (M), ni (IX)
H— 79 ct (1), lg-d, (1), A* (), la(VD), bc(XI)
H—100 cre (1), PO (1), A ), d& (IV), g (XI)
H-—126 ce (1), Pl (), A(), d (), Hg (X)
H —143 c (1), gw-gh (V)
H —145 ds dy (V), gw (V1) , be (XI)
H —230 cr (1), A, fs-Ur (M), »t (IX)
H —242 cr (1), AW, 4 (W), fs(VM), Dn (M)
H —309 Cwx (1), AC(), & (IV), fs (M), Hg (XI)
N— 4 c* (1), PIL (L), A< (M), g (V)
N— 45 cre (1), PL(Il), A (), d (IV)
N— 58 dy (XI)
N— 60 dy (1)
N— 62 cr (1), A2 (), d. (*)

* Linkage group are not decided yet.
1)
(1968).
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As to the character expression of these genes, refer to Takahashi and Kinoshita’s paper
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Table 3.4. Genetic associations between markers and germinability at low temperature

Linkage group

Cross 1

T

BN OCO R

combination

Genes

de |PI Re ¢

v
B

S
Ed
Y

lg Pr d

d

d, | I.Bf |[gw gh di |fs Dn Ur |lash |nl |bli|bc dy gl Hg

H-100 X A-83 - - -
H-143 X A-107
H-143 X A-5
N-45 X N-62 -
N-58 X N-62
H-143 X N-62
H-45 X N-66 - - +
5 X H-126 - - - -

9 XA-26 #
1 X N-62 -
9 X N-62 + +
X A-134 + - +

4
1
2
6!

60
58
19
60
45
14

X Hayayuki
X Hokuto -
X Shirayuki | — - -t
X Iburiwase
6 X Sakigake - -
H-5 X Shinsetsu +
H-145 Norin-33
Datechik X H-79 | — + *
H-45 X Wasebozu | — + -
N-60 X Hashiribozul +

H-
C-
H-
H-
H-
N-
C-
H-
N-
H-

A-5 XN-4 # - I
A-5 X H-143
H-69 X H-79

H-100 X A-5 - - -
H-100 X H-69 -
A-5 XH-230 - |
H-242 X A-5 -
H-309 X A-5 -+ t* - -

+
#

+

!
[
1

+, # significant. difference between dominant and recessive types, at 5% and 1% levcl, recspectively.

— non-significant difference.
Tz,
Pi (N-4»3K), P, (%9 5m3[K),
Fi(3K), F: (9IX), By (2[X), Bp (2
X), Fef# (50X), 45t72 X
WRKOENFLHIIE 7 HS HA S 8 A 20 Hiz
WELHTHY, BERIIENTHRSIEETE
M3°C, BRIERETCEF I ENMET & % » T
5. MEHBEFEAPEIZ Y o TIZBEE D{EIE R3F
HDEELEL (, BERTRTLARERED
L&y @ L GERILEESH 2R L T
WEDT, KNP XBOBNHETHS L&
% L, MATHER 81z & 2 50805 O 58547 7%
bz, EnzHIZi F TR > xR ER
ErR AT, TRETEDHELSRM, T70bH
L sinYABETE » 5155071 2 ORISR
PIEHOREE L THWEBAIZ, F08IET
RMREMENC LD LB 7 TER, Hizk
HRDOFEHABIEHKIZIEL - 1o TH 2,
T O IRER D & iR BRI E

HREH KD &, %: % LN, e

» linkage group are not decided yet.

Table 4.1. Population mean of steriljty
indices in each generation
sin”! Sty % S. E.
P, = 59.0096 + 3. 3525
P, = 28.0291 =+ 3.1169
F, = 41.7500 + 4. 2846
F, = 39.6453 + 5. 2988
Be, = 49.6190 + 5. 3041
Be, = 30.3235 + 3.4351
MP = 43.519%4 + 2.6535

EOF DGO FIH LIS E T2 238D 5
N, FLINSEETHERICEBII -0
ThHod, ROTEHMEATHEERD B &, K, =2.
102, K:=0.768 X %), = = TEETH M 9 &

. , _ 3Ky L.
RIRET 2 LT & k=gt b k=

4.993 L7425, TbbLitETEESOAKE T
5N EHEZ NS,
4 - 2, BT E
[REFFUEDBHEIZHEL T 2 CLRG N
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Table 4.2. List of cross combinations and linkage markers involved

Narkor genes (kg e
1 N-4 x Norin-9 F, -F, C* (), g (V)
2 Norin-9 x H-68 F. F, ri (X, dl (X)
3 Norin-9 x H-126 F, -F, Cer (1), d; (I\N), Hg (XI)
4  A-58 x Wasenishiki F, F, Ce (I), we (I), Pr (I, A (M), Pn (M)
5 A-58 x Toyonishiki F, -F, Pr (I, A (), Pn (ID
6 H-153 x Toyonishiki F, - F, Dn (), bc (XD
7 H-69x Wasenishiki F, -F, o, I
8 Toyohikari x H-75 F, -F, Cs (1), Re (IV), g (VD
9 Kanmasari x H-69 J nl (X)),
10 Kanmasari x N-4 F, Cq (1), g (IV
11 Kanmasari x H-126 F, cs (D), Pl (I, d, (IV), He (WD
12 Toyohikari x A-32 F, Cs (), Ur O
13 A-5 x Toyohikari F, 1- I-Bf* (V)

Table 4.3. Association between marker genes and cool tolerance.

L. Group 1 Jif il N \ Vi | a X X |

Cross Combi. O Me™keT ¢ wx | Pr Pl | A Pn| g Redo |IBf|gh | Urfs Dn|la | nl ri |gl | be

+ -
N-4X NORIN-9 +4 -
++ -

NORIN-9XH-68 — +

NORIN-9XH-126 - +

A-58X WASENISHIKI - -

A-58 X TOYOHIKARI

H-158 X TOYOHIKARI

H-89 X WASENISHIKI - -

TOYOHIKARI X H-75

KANMASARI X H-69 -

KANMASARI X N-4 - -

KANMASARI X H-126 - - +

TOYOHIKARI X A-32 - -

A-5X TOYOHIKARI —

TORIYAMA’s - + + - = - - + - + — +

Notes) “L. Group” and “G. Marker” stand for Linkage group and Marker gene, respectively.
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Breeding Research on Cool Weather Damage of Rice,
with Special References to Genetic Properties of
Cool Tolerance at Germination and Reproductive

Growth Stage (Genetical studies on Rice Plant, LXV)

Man-emon Takahashi

(Plant Breeding Institute, Faculty of Agriculture
Hokkaido University)

Resume

Germinability at low temperature:-

This is an indispensable character to be incorporated with actual procedure in breeding of varieties
suitable for direct seeding practice in flooded paddy field of cool{or low) temperature region such as Hokkaido,
the northern island of Japan. From this angle a series of examination which includes the following theme have
carried out by the present author and his co-workers.

a ) The varietal differences of germination ability (ab. to germinability ) at low temperature. b ) Analysis of
genic constitution of this character by means of MATHER's method as well as by the use of linkage testers.
¢ )Relationship betwoon germinability and initial growth of direct seeding of flooded paddy field. The resuits
obtained are briefly summarized as follows:

i ) The varietal differences in the germinability at low temperature were found distinctly by the test at
13°C-15°C germination temperature for a period of ten days after seeding. The degree of germinability was
represented by the germination coefficient abvocated by GASSNAR.

ii )In employing about 80 and then 106 varieties there were significant varietal differences in this character,
and it was pointed out that four varieties were evaluated to be very high in their germination percentage and
speed.

iii Y The germinability at low temperature was analyzed according to MATHER's method using seeds of F; and
F, hybrid generation. In this procedure it was considered that this character was quantitative and the number
of effective factor was estimated to be about five.

iv) Crosses were made between linkage markers and varieties with several degree of germinability at low
temperature, and their hybrid populations were assorted with their genotypes of marker genes and with the
degree of germinability. There were very high associations with markers of four linkage groups, I, II, N and
V. These results were fairly good accordance with the estimate that the number of effective factors was five
or so. '

v ) There were positive correlations among the germinability, the initial seedling growth and the root de-
velopment, under the condition flooded with cool water.

Sterile-type cool injury:-

Unlike the other characteristics, the cool tolerance at time of panicle formation, viz. reproductive growth
stage, does not appear under the normal climatic condition. Therefore, it is emphasized that testing methods
for the evaluation of cool tolerance are highly important. Sterility through cool weather damage is usually
induced when panicles above the level of irrigation water are exposed to low air temperature. However, it
becomes possible to test the degree of cool tolerance from the decrement of seed fertility caused by the
irrigation of cool water. By employing this method a series of experiments has been carried out and the
following results were obtained.

i )In the examination mentioned below, degree of cool tolerance is represented by the sterile index which is
transcribed from the percentage of sterility, as follows:



Sterile index = sin~¥sterility percentage
ii ) As to the sterility percentage, there were significant varietal differences of the variance among panicles.
In other words, even in the varieties which have the similar sterile indices,lthe variance of some varieties is
large while that of others small. However, generally speaking, the sterility index of a plant can be estimated by
dealing with the larger three or five panicles including the longest one, in a cése where quick treatment is
required.
iii )Genetic association between this characacter and linkage testers was conducted by using linkage markers,
and it was revealed that the cool tolerance at reproductive stage was correlated with seven marker genes of
five linkage groups, I, II, I, N and X. And it may also be suggested that different varieties possess
different genes for this character.
iv) Thus at least five linkage groups are connected with the cool tolerance, and this result is fairly well
consistent with the result obtained from MATHER’s procedure which is capable of an estimation of the
number of effective factor in this respect.
v )The main action or influence of low temperature on plants during their reproductive stage was considered
to prevent the development of microspores and to lose the function of the anther dehiscence.
vi) The correlation coefficient between pollen number and seed fertility was significantly high and equaled
about 0.9. Further, it was noticed that to accomplish fertilization a threshold exists in pollen fertility, and there
are some differences among varieties regarding this value.
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