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—Breeding for cold tolerance —
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ABSTRACT

Highly cold tolerant varieties are requested not only at high latitute cool area but also tropical high elevated
areas, and the required tolerance is different from location to location. IRRI identified 6 different types of
cold tolerance required in the world for breeding purpose; a) Hokkaido type, b) Suweon type, ¢) Taipei 1st
season type, d) Taipei 2nd season type, ) Tropical alpine type and, f) Bangladesh type.

The cold tolerance requested in Korea is more eargent in Tongil group cultivars and their required tolerance
is the one.such as the physiological activities at low temperature are as active as in Japonica group cultivars
at least during young seedling stage and reproduction stage.

With conventional Japonica cultivars, such cold tolerant characters are requested as short growth duration
but stable basic vegetative growth, less sensitive to high temperature and less prolonged growth duration at
low temperature.

The methods screening for cold tolerance were developed rapidly after the Tongil cultivar was reliesed.
The facilities of screening for cold tolerance, such as, low temperature incubator, cold water tank, growth
cabinet, phytotron, cold water nursery in Chuncheon, breeding nursery located in Jinbu, Unbong and Young-
duk, are well established. Foreign facilities such as, cold water tank with the rapid generation advancement
facilities, cold nurseries located in Banaue, Kathmandu and Kashimir may be available for the screening of
some limitted breeding materials. For the reference, screening methods applied at different growth stages
in Japan are introduced.

The component characters of cold tolerance are not well identified, but the varietal differences in a) ger-
minability, b) young seedling growth, ¢) rooting, d) tillering, e) discolation, f) nutrition uptake, g) photosyn-
thesis rate, h) delay in heading, i) pollen sterility, and j) grain fertility at low temperature are reported to
be distinguishable. Iielationships among those traits are not consistent.

Reported studies on the inheritance of cold tolerance are summarized. Four or more genes are controlling
low temperature germinability, one or several genes are controlling seedling tolerance, and four or more
genes are responsible for the pollen fertility of the rice treated with cold air or grown in the cold water nur-
sery. But most of those data indicate that the results may come out in different way if those were tested at

different temperature.
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Many cold tolerant parents among Japonicas, Indicas and Javanicas were identified as the ‘results of the
improvement of cold tolerance screening techniques and IRTP efforts and they are ready to be utilized.

Considering a) diversification of germ plasm, b) integration of resistances to diseases and insects, ¢) identi-
fication of adaptability of recommending cultivars and, d) systematic control of recommending cultivars,
breeding strategies for short term and long term are suggested.

For short term, efforts will be concentrated mainly to the conventional cultivar group. Domestic cul-
tivars will be used as foundation stock and ecologically different foreign introductions such as from Hok-
kaido, China or from Taiwah, will be used as cross parents for the adjustment of growth durations and syn-
thsize the prototype of tolerances. While at the other side, extreme early waxy Japonicas will be crossed with
the Indica parents which are identified for their resistances to the diseases and insects. Through the back
corsses to waxy Japonicas, those Indica resistances will be transfered to the Japonicas and these will be utilized
tb the crosses for the improvement of resistances of prototype.

For the long térm, efforts will be payed to synthsize all the available tolerances identified any from Japo-
nicas, Indicas and Javanicas to diversify the germ plasm. The tolerant cultivars newly synthsized, should be
stable and affected minimum. to the low temperature at all the growing stages. The resistances to the diseases
and insects should be integrated also.

The rapid generation advancement, pollen cuiture and international cooperations were emphasized to

maxkimize the breeding efficiency.
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Table 1. Screening facilities in Korea.
Growth stage

Facilities

Germination Cabinet, Phytotron,
Seedling Cabinet, Phytotron,
Cold water nursery,
Tillering Cold water nursery,
Cold tolerance B. S.,
Booting Cold water nursery,
Cold tolerance B.S.,
Heading Cold water nursery,
Cold tolerance B.S.,
Maturation Cold water nursery,

Cdd tolerance B. S.,
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Table 2. Screening facilities available at out
of the co:mtry.

it clor

Institute Area Location

IRRI Banaue 16°N. 1,000 m alt
(Philippines)

IRTP Pacet 7°S. 1,000m alt
(Indonesia)
Kathmandu 28°N. 1,300m alt
(Nepal)
Palung 28°N 1,700m alt
(Nepat)
Daman 28°N. 2,100m alt
(Nepal)
Kashimir 34°N 1,300m alt
(India)
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Fig. 2. Varietal difference of sterility caused by
coolness at the booting stage(1966, Satake),
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Fig. 3. Spikelet sterility of 4 rice varieties treated
with 17°C air temperature for 4 days at
different growth stages( 1981, Oh),

¥ %ol REME R A £ESEY ®
BEo 2 KR o HEEERE 2303495459
ML BES QEs00O [FRo BE B
TEEHE ol MEE Qo7 {BE 5 2423.46,5,65.600)
BE, BHREES doslt EREELS0.A5L0D 5
diEcl wtet S £ don, = FBEC wi o
T WAEREMY EHMEEE —EiA ¥t o
=2 q&.aﬂ 314_5,9_15,39,44,45)

2. MAMKE HEMo R
£ 3o0A 2 vhe} o] ¥ oW REY WHHRE
B SHRe] mel HHENe s e £Ryue
ole SESe REMEM WEtEE AHe ¥
Holl uhe} BESI il mel theA Jehdoan
AZRRP Li2 s} ol 7l &BUEES S A
I EED il ot & 4olA B uleh o]
Hol mat 37344 KB Sk oo} vay &
R HINA BEL REPANAE & 4 20y @
RYRE MEMY MK X5 HRSAE 2
g A 1 —®me B HRT ¢ A 5B
T wh JERe) HEers MBictol WA HEE of
A A o2 FAY shrkn 4 RSO
BRAA HEY 244 B detd  HEEE
Bl o8 gk EESMEEN 98 K
s B9 HHBe] AP, EE ¥ HEEER
Bt FBERE & EAMo U1, BESHEES)
HREERE ST ol Mol Yo Rigks} iy
Rt EIEMC] At ST (B0 o T

Table 3. The differences of injury reaction
under the low temperature treatment
at each growth stage of rice plants.
(Choi and Lee, 1976)

Germi-- Seedl- Root- Reduc- Head-
Varjety  nation ing ing 3191_1 ]

stage stage stage sgéi“m stage
Tongil L L M L HM
S 258 L M H-M L

L
J. Tongil M M M M H-M
Akibare M H-M M M M
Shimokita M H M-L H-M L
Chualwon M-L H M L M

Remarks ; L=Low, M=Medium, H =high

Table 4, Correlation coefficients among cold
Tolerances at different Growth stage.
(Li, 1981)

ES SS TS PD FS MS

ES 1 .493% —092 —269 —073 .372%
SS 1 —.004 185 —037 .328%*
TS 1 —.010 .326* .043
PD 1 —-153 .297
FS 1 .180
MS 1

ES = germination stage, FS =flowering stage,
SS =seedling stage, MS = maturing stage,
TS = transplanting stage,

PD = panicle development stage,

Table 5. Correlation coefficients among different
character scores at Chunceon cold water
Nursery (1981).
L] H| Hz Ha Tl Tz TS

L, (2.56) —627 —452 —330 —297 .255 — 468
H (6.25) —.753 —.449 —095 —334 .230

H, (6.87) —.246 —.171 —103 .226
H; (7.02) —073 —300 .657
Ty (282) 268 .524
Tz (215) (25.29)
Ts

L, =leaf discoloration, H, = plant height at inlet,
H, =plant height at ocutlet, H,=H,-H,, T,=tiller
number at inlet, T, =tiller number at outlet,
T=T/T,.
fa(discoloration) B} RLEK o KRl A
Bol gt st om® PMAESH @RI+ Lk
#HBgel ckn Wek® mpdko o ey EE
Jhe 8RBl itie BEE Ak
ol o} o] mEEol wet, EFRRA met A2 o
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Fig. 4, Frequency distribution of gerrnination date
in each population(1974, Sasaki),
P, : Iburiwase P, : Hokkai 95
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Fig, 5. Theoretical and observed frequency dis-
tribution of sterile index(1966, Futsuhara
et al.).
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Table 6. Cultivars being utilized as cold tolerant
source by natiomal programs - Japonicas.

Cultivar Origin  Cultivar Origin
Gaebyeo Korea Chikwung #60 China
Hwanghaedo Korea Hang 7 China
Kujungdo Korea Han#9 China
Hayayuki Japan Huoching#20 China
Horyu Japan Pioneer 320 USSR
Ishikarishiroke  Japan Russiag 95 USSR
Kitakogane Japan Stejaree 45 USSR
Nangei Japan Ch 242 Taiwan
Norin# 11 Japan Taichung 65 Taiwan
Somewake Japan Taipei 308 Taiwan
Dohokumochi 18 Japan IR 800 IRRI
Onnemochi Japan Giza Egypt
Tatsumimochi Japan Naunox solano Spein
Changpai # 6 China Precosus F. A. Argentina
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Table 7. Cultivars being utilized as cold tolerant source by national programs (Indicas).

Cultivar Origin Cultivar Origin

ACT1 India K 333 India
Adil Indonesia K39-96-1 India
Ar-Den -1 -shi- shing China Larbeoul India
Barber India Lumut Indonesia
Barkat India L 12 India
China 978 China L 46 India
China 988 China L 56 India
China 1007 China L 62 India
China 1039 China L100 India
Chung - Tao 345 China L105 India

- Gadis Jambi Indonesia L107 India
Gemar Indonesia Madew India
HR1619-6 -2-2 Korea Makmur Indonesia
HR1619~-6-3-1 Korea Nurbeout India
HR1619-6-5-2 Korea Sabah secanting Indonesia
Jerak Indonesia Shang - hang - ta - tung China
Kencana Bali Indonesia Sica India
Khuch India Sirendra Merah Indonesi
Kn- b1-361 Indonesia SR 3055-129-3 Korea
Kuning Galung Indonesia Yu -mang-tsao 10 China
Kwa —shu -tao Chim Yung - Chung - sha-tiao -tzu China
K 332 India
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Table 8. Grain fertility and quality of some IRRI identified cold tderant cultivars.

Designation Spikelet Anthesis at Quality*
Steril(%)  21C(%)  Amyl(%) Alkali  Gel temp. Gel cons (mm)
C21 25 100 21 5.5 1/L 48
Dourado Agullia 11 80 23 5.0 I 55
Jumali 21 70 21 5.8 I/L 32
Lambayque 1 14 90 22 45 H./L 50
Lengkwang 27 70 24 5.6 I1/L 30
Mitak 29 90 21 5.0 I 40
Padi Lambau Alumbis 11 70 21 4.0 H /L 52
Padi Sasahal 29 100 27.2 7.0 L 30
Pratao 8 100 20 4.5 I 65
Silewah 13 100 20.6 4.6 I 32
Thangone 9 80 15 5.7 Hi /L 63
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