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Selection of New Check Rice Varieties for Evaluating High
Cold Tolerance and the Development of Breeding Lines
with High Cold Tolerance in the Tohoku Region of Japan

Koji NAKAGOMI*

NARO Tohoku Agricultural Research Center, National Agriculture and Food Research Organization
(NARO) (Daisen, Akita 014-0102, Japan)

Abstract

To select new check rice varieties for evaluating cold tolerance at the booting stage higher than “Very-
tolerant’, precisely, cold tolerance was investigated using a deep-water irrigation system at 7 breeding
stations for 5 years from 2004 to 2008.

Judging from the percentage sterility, new check varieties from pre-existing ‘Very-tolerant’ to ‘Very-
tolerant 9” in the very-early heading group (‘Yumekogane’ class) and from ‘Very-tolerant’ to ‘Very-tol-
erant 11” in the very-early (‘Kakehashi’ class), early, early-to-moderate and moderate heading groups
were selected. Using the new check varieties, new breeding lines with high cold tolerance and good

agronomic traits were developed.

Discipline: Plant breeding
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Introduction

Cold weather damage is a serious problem affect-
ing rice production in the northern regions of Hokkaido
and Tohoku in Japan. Low temperatures below 19T at
the booting stage in particular, from panicle formation to
flowering, severely impact on male sterility and cause a
decline in yield®. Boosting the cold tolerance at the boot-
ing stage is thus one of the key targets in rice breeding.

In most breeding stations in Japan, screening the
breeding lines for cold tolerance is done via a deep-water
irrigation system*. This is an automated system where cold
irrigation water can be maintained at about 19T and at a
depth of about 25cm from panicle initiation to the heading
stages. In this system cold water affects young panicles
and induces spikelet sterility artificially (Fig. 1), whereup-
on the sterility percentages of trial varieties are compared
with those of check varieties.

Cold tolerance at the booting stage is divided into 7
levels from Very-susceptible’ to ‘Very-tolerant’ (Table 1).
The check varieties of Tohoku region are set at each level

and heading stage group, followed by the Japanese rice
breeding liaison conference in 1986%.

After the cold weather disaster in 1993, varieties with
high cold tolerance at the booting stage were cultivated
in the Tohoku region. However, even varieties classed as
‘Very-tolerant’, such as ‘Hitomebore’, had numerous ster-
ile spikelets in some Tohoku areas due to cold weather
damage in 2003. This suggests that even ‘Very-tolerant’
varieties are insufficient to withstand cold weather disas-
ters and cold tolerance should be further improved in the
Tohoku region’.

Recently, new breeding lines with cold tolerance
seemingly superior to ‘Very-tolerant’, have been devel-
oped in most breeding stations in the Tohoku region. How-
ever, levels of cold tolerance superior to ‘Very-tolerant’
cannot be evaluated by pre-existing check varieties. Ac-
cordingly, the development of new check varieties capable
of precisely evaluating the level of cold tolerance exceed-
ing ‘Very-tolerant’ have been requested by breeding sta-
tions in the Tohoku region.

The aim of this study is to select new check varieties
with cold tolerance superior to ‘Very-tolerant’ by liaison
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studies among the Tohoku National Agricultural Research
Center and breeding stations at 6 prefectures in the Tohoku
region for 5 years! (Fig. 2) and to introduce new breeding
lines with high cold tolerance.

1. Screening of New Check Rice Varieties for
Evaluating High Cold Tolerance

Experiments involving cold tolerance at the booting
stage were conducted at 7 breeding stations for 5 years
from 2004 to 2008 (Fig. 2). Heading stage groups, experi-
mental places and the number of trial varieties are shown
in Table 2.

Fig. 1. Cold tolerance experiment by using a deep-water
irrigation system at the Tohoku Agricultural
Research Center and the panicles after treatment in
the ripening stage

A: Cold water is flowing from the near side to the
opposite side at a depth of 20cm and preset tem-
perature of 19.0C. The arrow in figure A indicates
the flow of cold water.

B: Tolerant variety, C: Susceptible variety

Breeding lines with cold tolerance levels seemingly
superior to ‘Very-tolerant’ and pre-existing varieties with
cold tolerance levels superior to ‘Tolerant’, a total of 47
trial varieties, were used for the cold tolerance experi-
ments.

The cold tolerance of these varieties was evaluated
within each heading stage group using a deep-water irriga-
tion system. Cold water was maintained at a constant tem-
perature between from 18.0 to 19.6C, and at a constant
depth between 17 and 30cm from panicle initiation to the
heading stage. The heading date was investigated and the
percentage sterility and culm length were measured at the
maturing stage.

Aomori Prefectural Industrial
Technology Research Center
(Towada, Aomori)

Akita Agricultural Experiment

Station (Akita, Akita) . Iwate Agricultural Research Center
. (Kitakami , Iwate)
Tohoku Agricultural Research .
Center (Daisen, Akita) .
[
Yamagata Integrated .
Agricultural Research Center

(Tsuruoka, Yamagata)
Miyagi Prefectural Furukawa Agricultural
Experiment Station
(Osaki, Miyagi)

Fukushima Agricultural Technology
Center (Souma, Fukushima)

Fig. 2. Location of seven breeding stations in the Tohoku
region where cold tolerance experiments were
practiced

Table 1. A list of cold tolerance levels at the booting stage

Level Very- Susceptible Slightly- Moderate Slightly- Tolerant Very-tolerant
susceptible susceptible tolerant
UPOV? level 2 3 4 5 6 7 8

D UPOV : The International Union for the Protection of New Varieties of Plants.
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Table 2. A list of heading stage groups, experimental places and the number of trial varieties

Heading stage Experimental place ~ Aomori Iwate Miyagi Akita ~ Yamagata Fukushima Tohoku No. of
group Pref. Ind.  Agric. Pref. Agric.  Integrated  Agric. Agric. trial
Tech.  Res.Cent. Furukawa Exp.Sta.  Agric. Tech.  Res. Cent. varieties
Res. Cent. Agric. Exp. Res. Cent. Cent.
Sta.
Very-Early Yumekogane class * - - - - - * 2
Very-Early Kakehashi class * * - - - - * 4
Early Mutsuhomare class * * * * - * * 9
Early-to-Moderate ~Akitakomachi class * * * * * * * 12
Moderate Hitomebore class - * * * * - * 14
Late Koshihikari class - - * - * - * 6
Total 47

* shows the experimental site of each heading stage group.

Culm length affects the evaluation of cold tolerance
since long culm could escape young panicle from cold irri-
gation water. Trial varieties at 7 breeding stations indicate
no extremely long culm (Table 3), suggesting that young
panicles were completely treated by cold water.

Evaluations of check varieties arranged in 1986* and
check varieties for early and very-early maturity groups
in the Tohoku region® remained unchanged in the liaison
studies. In addition, varieties for which the heading stage
and percentage sterility were unstable over the years or
experimental places were excluded from candidates for
new check varieties, and check varieties were selected
by choosing a maximum of two varieties in each heading
group at each level.

The levels of cold tolerance exceeding ‘Very-toler-
ant” were named ‘Very-tolerant 9°, ‘Very-tolerant 10, and
‘Very-tolerant 11 in order, because the levels of cold toler-
ance were determined as ‘Very-susceptible’; 2, ‘Medium’;
5, ‘Very-tolerant’; 8 in UPOV (The International Union
for the Protection of New Varieties of Plants) (Table 1).

Judging from the differences in percentage sterility
between the varieties in each heading stage group, check
varieties were selected at each level from pre-existing
‘Very-tolerant’ to “Very-tolerant 9’ in the very-early head-
ing group (‘Yumekogane’ class), from ‘Very-tolerant’ to
‘Very-tolerant 11° which is 3 levels exceeding ‘Very-tol-
erant’ in very-early (‘Kakehashi’ class), early, early-to-
moderate and moderate heading stage groups (Tables 3
and 4), and with a total of 31 varieties selected.

Varietal differences in the sterility percentages be-
tween each level exceeding ‘Very-tolerant 9° were more
obvious under the condition of lower water temperature
treatment (Table 3). Severe conditions such as water tem-
peratures from 18.0 to 18.6°C might be better for screen-

ing varieties with cold tolerance exceeding ‘Very-tolerant
9.

After this liaison study, new breeding lines were se-
lected using these new check varieties in the Tohoku re-
gion.

2. Development of Breeding Lines with High
Cold Tolerance

The development of rice varieties with high cold
tolerance is important to reduce cold weather damage.
Varieties with the “Very-tolerant 11° classification, like
‘Tohoku PL 3°, are estimated to decrease spikelet steril-
ity to 9.0% when cultivated in areas where ‘Very-tolerant’
varieties like ‘Hitomebore’ show 65.9% sterile spikelets
by cold disaster (Table 3).

However, most new check varieties, derived from
native varieties in Japan, China or elsewhere lack good
agronomic traits such as high yield, palatability, and grain
appearance quality. The next target is thus to develop vari-
eties with not only cold tolerance but also good agronomic
traits.

The ‘Ouu 415’ breeding line developed at the Tohoku
Agricultural Research Center had both high cold tolerance
and improved agronomic characteristics. ‘Ouu 415’ was
developed with the aim of introducing high cold tolerance
from the Chinese variety ‘Lijiangxintuanheigu’ into the
leading variety ‘Hitomebore’, with good palatability and
grain appearance quality. ‘Ouu-PL 4°, a new check variety
of “Very-tolerant 10’, is a breeding line before selecting
‘Ouu 415’ (Fig. 3).

The grain yield, grain quality, and palatability of
‘Ouu-PL 4’ are obviously lower than those of ‘Hitome-
bore’ (Table 5). However, the grain yield of Ouu 415 is



K. Nakagomi

'sdnoi3 1oyjo ur 159} s Aaxn T, pue dnoid oFe)s Suipeoy AlIeH-AID A AU UT 1593} £q [9AJ] G(°() Y} I8 A[JUBOIUSIS JOJJIP JOU OP SI}I] dWLS Y} AQ PIMO[[0F SIN[BA UBIIA (¢

‘B1g dxg -oudy emeynin,

‘JoI 1SRATIA 941 PUB JU)) "SAY YOI [, "PU] ‘JoIJ LIOWOY oY) “Jud)) "s9Y LSy moyo [ dy} 18 ), 9°8[ 03 ('g ] Wody a1nerdduwe) 1o1em 19sa1d yim SUOIBUILIEXS WOIJ PIJOBIIXS IOM SIN[BA (,
"£00T Ul “JUd)) Sy O3y NYOYO [, 9y} 18 WdISAS uonesLur 10jem-dodp ayp ur o5e)s SuLmnjew 9y) Je PaINSLIW Sem [IFud] winy) (

6661 Ul U2 "SAY YO, ‘Pu[ ‘JoId LIOWOY 3} J& PAJOJ[AS SINALIBA YD) (.

‘9861 UL Pa139[aS SANOLIBA JO3Y] (

(8) ueI2]0)-A10 A - - - - - - - - 2 ¢Ly 87/8 €L 00T  (MeyIIysoy|
(1) yueId[o], - - - - - - - - q 19L 0¢/8 19 00T (1oIoH
(L) erpoL - - - - - - - - € 979 v/8 29 ¥00T  SWNSNWIYIO aye]
[1IUBIR[0-ADA P §'6 L1/8 P 06 91/8 P 06 91/8 p T8 S1/8 - - YL S00T € Id-mjoyoL
[1IUBR[O}ADA P €G] L1/8 p LIl 91/8 p 6¢€l S1/8 p €Tl v1/8 - - 0L S00T T Id-mjoyor
01 JUBI[OI-AIDA P [LS 91/8 o vpE L1/8 2 69 91/8 ° 7€t 91/8 5 8¢T 91/8 0L 00T § 1d-mnQ
6IeR[0-AIA 0 L'L¥ 07/8 - - 2 00¢ 61/8 - - - - 89 900¢ L8T MOYo,
6UBIR[0}-AIDA O L6F 7T/ o T8y T8 °q 0'1¢€ 07/8 2 9°LT 07/8 - - 09 S00¢ [ 1d-BV
(8) ueI2[01-A10A 99 659 17/8 q 659 07/8 qQ ¥y 61/8 q ¢'8¢ 81/8 q 1'6¢ 81/8 9 00T 010qAWONH
(8) Jueso[0)-A19A QB 889 7T/ q 899 T8 q ¢€¢ey 0T/8 q 66 07/8 q L6 0Z/8 ¥9 00T BnueeH
(el ' €78 61/8 e L€8 81/8 e 049 L1/8 e 919 91/8 € 079 91/8 89 00T Lo
(L) we0L, € 988 61/8 e 6L8 81/8 e L L1/8 e /9 L1/8 € 899 L1/8 79 00T (HONQ  QJBIOPOIN
11 Juer[03-K10A - - P 961 91/8 - - p 791 81/8 - - 99 S00T [ Id-mjoyoL
01 JUBIS[O}-KIDA - - ° 9Lg T8 - - 2 6'8C T8 - - 89 S00¢ ¥ 1d-nnQ
6 JUeIO[0)-KIO A - - q ¥'19 01/8 - - q L6 11/8 2 6'6¢ 01/8 €9 ¥00T GST mjoyo,
(8) ueIo[0)-A10 A - - q 1'89 T8 - - q 7o €1/8 q 8T T8 9 00T 1snitfeje
(8) yueIo[03-A10 A - - q 00L 11/8 - - q €9 T8 q e 11/8 9 00T 781 mjoyo,
(L) erdpoL, - - e 868 01/8 - - e €¢9 11/8 e 866 01/8 29 ¥00T  ITYOBWOIONOY  SJEIOPOIN
(L) yuerdqo], - - ® 978 v1/8 - - e I$9 v1/8 e 479 v1/8 €9 ¥00T qosempnq  -0)-Ajrey
[1IUeR[01-ADA  § 6'8T L/8 - - ° L'€T 8/3 - - - - 09 9002 S Td-1ng
01 JUBI[O);-AIDA  J §'6€ 6/3 o ¢'8¢ 6/3 P 0¥E 01/8 p €0¢ 01/8 p T8C 6/3 29 00T ¥ 1d-19vng
6 JueR[01-I0A 0 GG L/8 P 0¥ L/8 o ¢ep L/8 o Tov 9/8 - - 6 $00¢ 09 BNy
6 JUeIS[01-KIDA 3P 9'19 01/8 P 709 01/8 2 Ggy 11/3 2 TIY 01/8 o gLE 01/8 6S 00T € Td-1ng
(8) Juer[0)-A10A PO LTL 9/3 2 9CL 9/8 q 6°SS L/3 q 8¢S 9/8 q 9IS 9/8 8¢ ¥00¢ aT 1d-1nd
(8) ueId[01-A10A 99 €9/ 11/8 2% 6°SL 01/8 qQ 86S 11/8 q 95 01/8 q 9°¢S 01/8 ¥9 00T oxpjereM]
(L)ue0l,  qe /8 8/8 qe 93 8/8 eyl 8/3 € 619 3/3 e €69 L/8 19 00T TELWOUBWO ]
(L) el ® 706 L/3 e /3 L/8 e [yl 8/8 e 69 L/8 e 7.9 L/8 8¢ 00T RELULIO] Apreg
(8) yueI2[0)-A10 A\ - - q e 8 - - - - q €t 8 09 v00T  Eendewey Apreg
(L) yuerdroL - - B gGL 67/L - - - - € 699 0¢/L 8¢ 00T Tyseyoyes] -K10A
6 JueIo[0)-KIO A - - q S'€e 9Z/L - - - - q 60 9T/L 19 002 [ T1d-1o9ng Ajreg
(8) JueI0[0}-A10A - - e 60 STL - - - - e Ge LTL 9¢ ¥007  (Puesoydwn g -K10A
(%) (p/u) (%) (p/u) (%) (p/u) (%) (p/u) (%) (p/u)

ANuos jo  oyep Auos jo  orep Auosjo  oyep ANuols jo  dyep ANuos jo  dyep
J3eju0010d Sulpedy 93ejud010d SuIpedy  93ejudo1dd Surpedy  o3ejudordd Suipedy  o8ejuoordd Suipedy

(wo) dnoi3
(19491 AOdN) 8002-900¢ 8002-S00C 8002-900¢ 8002-500T 800Z-1700C PSuS  1eak oSS
uonen[eAg (;SUOTPUOD I0JEM-P[0D DIOAJS JO 0SBIOAY sjuowLIodxa [[e JO 95BIOAY wmn)  Jes sonoLeA  Sulpeoy

s[eLId)eW JO Y)SUud] Wnd pue A[LIAIS 93e)uddiad 9yep Suipedy ¢ dqel

JARQ 47 (1) 2013



Hitomebore
Lijiangxintuanheigu Ouu-PL 4
Hitomebore Hitomebore
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New Check Rice Varieties for Evaluating High Cold Tolerance

only 6% lower than that of ‘Hitomebore’ and the grain
quality and palatability of ‘Ouu 415° are equivalent to
those of ‘Hitomebore’.

The cold tolerance level of ‘Ouu 415 was evaluated

Ouu 415

Fig. 3. Genealogy of 'Ouu 415'

as ‘Very-tolerant 10°, because the percentage sterility of
‘Ouu 415’ was almost equivalent to ‘Ouu-PL 5°, which is
a new check variety of ‘Very-tolerant 10’ in the moderate
heading group, using a deep-water irrigation system at the
Tohoku Agricultural Research Center and Iwate Agricul-
tural Research Center in 2010 and 2011 (Table 6).

Table 4. A list of new check varieties with a level exceeding “Very-tolerant (8)” in the Tohoku region

Heading Level Pre-existing level New level
stage (UPOV level)
group Tolerant Very-tolerant ~ Very-tolerant 9  Very-tolerant 10 Very-tolerant 11
(7 (3) ) ) )
Very-Early Yumekogane class - Yumekogane? Fukei-PL 1 - -
Kakehashi class Kakehashi Hamayutaka? - - -
Koihime Fukei-PL 2V Fukei-PL 3 . .
Early Mutsuhomare class . . Fukei-PL 4 Fukei-PL 5
Komanomai Iwatekko Akita 60
. . Kokoromachi Tohoku 182
Early-to-Moderate ~Akitakomachi class . . . Tohoku 155 Ouu-PL 4 Tohoku-PL 1
Ibukiwase" Hatajirushi
. Ohtori" Hitomebore Akita-PL 1 Tohoku-PL 2
Moderate Hitomebore class . . Ouu-PL 5
Okiniiri Haenuki Tohoku 187 Tohoku-PL 3
L Mochimusume .
Late Koshihikari class . Koshihikari" - - -
Hourei!
D Check varieties selected in 1986.
Y Check varieties selected at the Aomori Pref. Ind. Tech. Res. Cent. in 1999.
Table 5. Agronomic characteristics of ‘Ouu 415’
Line Year Heading Maturing Culm Panicle No.of Hulled Yield Lodging  1,000- Grain  Eating
date date  length length panicles riceyield ratio degree" grain quality?  quality®
(m/d) (m/d)  (em) (cm) (No./m?) (kg/a) (%) (0-5)  weight(g) (1-9)  (-3~+3)
Tohoku Agricultural Research Center, Daisen, Akita, Japan?
Ouu 415 2010  8/3 9/10 96 19.9 469 63.1 95 3.0 23.9 3.9 0.20
2011 8/4 9/23 87 19.1 444 61.9 93 3.5 23.7 43 -0.04
Average  8/4 9/16 92 19.5 457 62.5 94 33 23.8 4.1 0.08
Hitomebore 2010  8/3 9/10 93 19.3 470 66.2 100 3.0 23.4 43 0.00
2011 8/4 9/23 83 19.5 464 66.4 100 2.5 23.6 4.7 0.00
Average  8/4 9/16 88 19.4 467 66.3 100 2.8 23.5 4.5 0.00
Ouu-PL 4 2010  7/28 8/31 95 19.4 458 50.0 76 1.5 21.7 4.9 -1.47%*
2011 7/29 9/10 87 19.0 419 46.6 70 0.0 22.5 42 -
Average 7/29 9/5 91 19.2 439 48.3 73 0.8 22.1 4.6 -1.47%*

Y Lodging degree was classified into six degrees (0: standing to 5: lodged).
2 Grain quality was estimated in comparison with ordinary rice varieties and classified into nine grades (1: excellent to 9: especially

bad) based on appearance.

% Palatability shows aggregate evaluation and was classified into seven degrees (3: excellent to -3: especially bad). Hitomebore was
used as the standard variety. ** shows significant difference at the 1% level by sign test.
4 Sowing date: 22 April, 2010, 21 April, 2011; Transplanting date: 19 May, 2010, 2011, respectively.
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‘Ouu415’ is now used as a parent of crosses to im-
prove the cold tolerance of other varieties, and as a mate-
rial to further boost the cold tolerance of rice.

In other breeding stations in the Tohoku region,
breeding lines with high cold tolerance and improved ag-
ronomic characteristics, such as ‘Iwate 100’ (‘Very-tol-
erant 97), “Tohoku 207" (‘Very-tolerant 11’), have been
developed.

However, it is not obvious how these varieties with
high cold tolerance can decrease actual cold weather dam-
age. Cold tolerance of these varieties should be confirmed
in farmers’ fields prone to cold weather damage. More cul-
tivation data and further improvement of agronomic char-
acteristics are expected to see these breeding lines emerge
as commercial varieties.
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