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Breeding of a New Wheat Cultivar “Nebarigoshi” with Good Noodle-Making Quality,

*1) Kazuhiro Nakamura*?, Miwako

*4)
y
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io*Y, MTsuguhiro Hosmwe*?, Seiji 10*%, Kouichi IlaTra Shingo L'ancsaxt* ¥,
Yoshinori Taniguain*®, Akiko Sato*% and Hiro NAKAMURA*T

Ahstract ; A new wheat cullivar “Nebarigoshi” was developed at the Tohcku National
Agricultural Experiment Station (Morioka city, Twate Prefecture, Japan) in 2000,
“Nabarigoshi” was selacted from double haploid lines of the cross ol “Kanto
107" /" Chihokukomugi”, aming at a naw cultivar with early maturing, high yiclding, pre-
harvest sprouting resistance, lsaf rust resistance and good nocdle-making quality,- A
promising line was named “Tohoku 2068”7 in the DH6 gcncraﬁon {0 be submitted to local

adaptability trials at various locations. “Tohoku 206" was registered al “Wheat Norin
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152" by the MAFF and named “Nebarigoshi” in 2000. was released in

Aomori Prefecture, Iwate Prefecture, Akita Prefecture and Yamagata Prefecture as a

“Nebarigoshi”

recommended cultivar in 2000.

“Nebarigoshi” is characterized by early maturing, high yielding, good inspection

grade, low amylose content of wheat flour and good noodle-making guality compared

with the leading cultivar “Kitakamikomugi”. In addition, “Nebarigoshi” has

mcderate cold and snow resitance, pre-harvest sprouting resistance, leal rust

resistance and wheat ycllow mosaic resistance. Judging from the characteristics of

“Nebarigoshi”,

it will be adapted to the plains with less than.110 days of continuous

snow cover in the Tohoku and Hokuriku regions of Japan.

Key Words :

New wheat cultivar, Nebarigoshi, Barly maturing, High yvielding, Pre-

harvest sprouting resistance, Leaf rust resistance, Good noodle-making quality
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Breeding of a New Rice Cultivar with Low Amylose Content “Silky-pearl” : Tadashi
Tarima*V, Tadanki Higasur*®, Narifumi Yoxocami*¥, Tomomori Karaoka™®, Hiroshi
Karo*®, Masayuki Yamacuom*®, Yasuaki Tamura*® Hisashi Kowara®®, Zenzo
Ovamana*™, Yoshihiro Stnomara*®

Abstract : "Silky-pearl” is a now rice culfivar with low amylose conteni developed at the
Natiocnal Agricultural Research Center for T'ohoku Region, NARO, and was registered as
“Norin 376" by the Ministry of Agriculture, TForestry and Fishery (MATT) in 2001. This
cultivar was selecled [rom the progenies of a combination of Tankei 2019 Fukel 143.
“Tankei 2019”, onc of the parents, is a strain with low amylose conlent derived from a
mutant developed at the National Institute of Agrobiolegical Resourses and named
“Norin PL14" in 1991. On the other hand, “Fukei 143" is an early nonglutinous strain and
became the cultivar named “Yamauta” ‘in 1991,

The malurity of “Silky-pearl” is almosi the same as that of “Hitomebore”, a
nonglutinous leading cultivar and is classified as a modium group in the Tohoku region.
When it is compared Lo “Hilomebore”, the culm height ig shorier, the number of panicles
are obviously more and lodging resistance is higher. It has a truc resislance gene "Pig” to

blast and the ficld resistance to leaf and panicle blasts are moderate. Cold tolerance at the

x1) I« FEETSEAR (National Institute of Crop Scicnce, Kannondai, Tsukuba, Ibaraki 305-8518 Japan?

*2) Bl o i PIHEEEDIFR £ ¥ — (National Agricultural Rescarch Center for Western Rogion,
Zenlsuji, Kagawa 765-0063 Japan)

*3) BHEBENE L v ¥ — (National Agricultural Research Center for Tohoku Region)

*4) Bl - SERRSHEESME Miyazaki Agricultural Experiment Station; Sadowara, Miyazaki 880- 0212
Japan)

% 5) H - EEEHOKEEDTLY v § —MEET (Okinawa branch of Japan International Research Center for
Agricullural Sciences, Ishigaki, Okinawa 907-0002 Japan)

%6) B EFE--BEER TR+ v ¥ — (Iwate Ichinoseki Agriculture Extention Center, Ichinoseki, Iwate
021-0027 Japan)

*7) W FHEBEMN Ty — (Aomon Processing Center for Agricultural Produclts, Rokunohe,
Aomori 033-0071 Japan)
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reproductive stage 1s moderate and seed dormancy is also moderate.

For grain yields, it is 9 % higher than “Hitomebore” and the 1000 grain weight is
about 21 g. The grains lock slightly white like those of a glhitinous cultivar because of
low amylo'se content which usually amounts to 7 — 9 95. The amylose content varies
with the temperature during the ripening stage about 11 —20 days after heading.

As for eating quality, ‘the taste of warm rice is as good as that of “Hitomebore”
which, like “Koshihikari”, has the best eating quality, while the taste of cold rice is
obviously better than that of “Hitomebore”. It also has better eating quality than

“Snow pearl”, which has low amylose content and was released in 1998, because

unfavorable glutinous smell is weaker. Since “Silky-pearl” has low amylose content |

and good eating quality, it can be used for many purposes such as for mixing with

unsticky rice and for processing instant foods.

Since it has moderate maturity and short stiff culms, 1t is adapted to fertile

lowland areas in the Tohoku region.
Key Words :

region, Glutinous smell
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Varietal Differences, Relative Traits and Inheritances of Crack Formation in Rice :
Tadashi Taxrra™ P

Abstract : In general, crack formation of rice grains, which is a cause of the unfavorable
cracked grains, occurs when rice plants arc subjected to natural weathering in the ficld far
after the maturing stage or when rice grains dry rapidly in the drying machine. In the
present study, varietal differences of the crack formation and Lhe relative traits are
examined. In addition, the inheritance of crack formaticn is also examined.

Crack formaticn occurred more at the top part of panicles than the middle part of
panicles and the varietal differences varied more at the top part of panicles than the middle
part of panicles. Hence the top part is suitable for finding varietal differences.

The significant varietal differences of the crack formation were obviously observed. Af
21 days after maturity, the cracked grains of the susceptible varieties were more than 30%
while the cracked grains of the resistant varicties were very few. Among the varieties in
the Tohoku region, Mutsuhomare and Toyonishiki were very susceplible to crack for-
mation while Kokoromachi and Hatajirushi were resistant.

It is said that thick grains are likely to have crack formation. However thore was no
significant positive correlation between the percentage of cracked grains and grain
thickness in the varieties. In addition, thick and large grain varieties which were used for
sake brewery were examined. Although Hanafubuki had the thickest grains, it showed
very few cracked grains. It seemed that the varieties with slow ripening speed such as the
Hanafubuki were resistant to crack formation. So relationship between the ripening speed
and the crack formaiion were examined. There was significant correlation between them,
Hence it is concluded that rice grains are suscepiible to crack formation when the ripening
spead is higher. As well, crack formation occurs more in years when the temperature is

higher and the ripening speed is higher.

*1) i« eI (National Institute of Crop Science, Kanncondai, Tsukuba, Ibaraki, 305-8518 Japan )
20014 8 Q140 %24, 2001412021 55%#
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Inheritance of resistance to crack formation was examined. In a combination, suscep-

tikle Toyonishiki and resistant Honen-wase, the resistant characleristic was recessive

showing, that most of the individuals were susceptible in the F2 segregation. In the case of

another combination, i.c. resistant indica Yan Xuang 203 and susceplible Japonica TMILd4,

the resistant characteristic was also recessive in the F2 generation. ‘The grains of resistant

individuals were small, short or slender. In Toyonishiki, Honen-wase, there was a

significant correation (r=0.51") between F2 individuals and F3 lines in ¢rack formation.

However thorc was large variation in the percentage of cracked grains among individuals

of a same varicty. Hence it is concluded that F2 selection for crack formation is possibls

but not effective.

Key Words : rice, grain quality, crack formation, cracked grain, variety, inherilance,

factor
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FA~OBESN 6k TH - 720

F—7—F kM, EHMARAE HEE bR, SR

Fate of fertilizer nitrogen and compost nitrogen in long-term experiments on gray lowland
soil in a cool region : Hirokazu Summa ™, Nacto Karo*? and Mizuhiko Nissipa ™V
Ahstract : Recently, the [ate of nitrogen in some organic matler has been studied using
organic matter labeled with “N, however N labeling requires many expenditures and
labor. In a long-lerm experiment, the comparison of nitrogen balance sheets between
composl applied and non-applied plots is useful to eslimate the fale of the applied
. nitrogen. In this report, the fate of applied fertilizer nitrogen and applied compost nitro-
gen during the last nineteen years (1981~199%) ‘was estimated by long-term experiments
with rice straw compost (1868~) and livestock waste compost (1973~) on gray lowland
goil in a cool region (NARCT, Omagari, Akita). The nitrogen balance in the plot with-
out nitrogen application indicated that zbout 3-4kg.10a of nitrogen every year was
supplied through irrigalion water, rainfall and biclogical [ixation. Fertilizer nilrogen
applied at 8keN, 10a as basal and supplement applications scarcely remained in the plow
layer {(topscil), and about 4kgN of that was teken up by rice plants, and about 4kgN
was lost. Nearly 2 kgN of rice straw compost nitrogen applied at kg N 10a was
accumulated in the topsocil. Nearly 3kgN of that was recovered by rice planis and the
remainder (about 6.5kgN) was lost. When the application rate of rice straw compost was
larger than 2t 10a, rice grain yield leveled off (209 higher than without rice straw
compost), and the nitrogen recovery by rice plants decrcased and the nitrogen loss
increased. About 5kgN of the livestock waste compost nitrogen applied at 17kgN,10a
accumulated in the topsoil, about 6keN of that was recovered by rice planis and the
remainder (about 6kgN) was lost.

Key Words : Paddy ficld, Long-term experimenl, Compost, Fertilizer, Nitrogen balance

*1) sbEREWE €~ 2 — (National Agricultural Research Center for Tohokn Region, Omagari, Akita,
_ 014-0102, Japan)
200L4E12 B 108524, 20024723 H26H 551
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b DIBH0.T6 g g TRYGENE T -2, T/,
B4 b 0 EHRE R, 19865 EI81498.4ng
g,wmﬁu%mmm/gfﬁb,wmﬁu%@
HEDRFNLIEIORRITEE £ - TV B,

—J, FESAMNCN, FKHEREERE TEE
IO TH D, 199THEDER, BRGNS R
DOHEMEALRERR & » TRES Wit b D TH A, %
PRI R HERR S AN O HEE S & 7o 12 PR S IR HE T HENE
Ll boTh b, 199084CHE LB M ORI
ek bosLBbh, CoMOLEREERIRS
fig” g Wi E{ES T - T3,

1od5, EUEAEER T O ERECREMET A -
w, 20004FpE ORfb SHUEINTR UEE 5 AHER I >0
T, RHBERAOHE (RKOREESGRE00D) %5
Fiw LT, HRECIEHERIER % 3 ETHER
btoﬁﬁmﬁﬁ&iﬁm DTHa, L0 e
£500nf D )
EARICE D ERTTNMEE S L, RS, ké
FWEIA v v a DR NI F LRy bTAHEL,
# v b _EOBURENSE & K300me T4 #E% L oo
COREEREL, HARSRHE Ui, AL
T EELEORICIROBEE Ty P HERD
TEE R L, —ER 0nd) EFRECENEIR
YL, 3500rpm TS RIELAIME L o T DU
BB AL, MHASE LS Ui, LI S
Y EEA S LT REREYE0.T g WA, 3500rpm
TR05 AT L foe O OFRIRER R SRS L, ki
SRS Lo B ERKEEESTEE L
MR KRR, WHARIRE, KisthEs THO%
Moy i, TR — B KBRS L, 1 v ¥ 72/ —
WIS EDEREAERE L, T/, REHEST

F2 WA ORYIY D OKGRTLERS

&
Fg 4> o HEAD 25 5 AHEE
IE k4 EFRE Ok 4 an®
k e g m/ g g/ 8 mg g
19814 0.700 7.0 0.781 5.1
19824 0.690 6.5  0.805 5.4
1983%F  0.643 9.7 0.847 3.1
19844 0.610 9.4  0.781 4.5
198545 0.541 6.2 0.830 4.0
19864 0.639 1.7 0.790 3.2
19874 - - 0.730 4.3
198842  0.803 - 4.8  0.793 3.1
19894E  0.773 6.5  0.791 4.9
19904 0.7%4 2.6 0.933 2.6
19914 0.766 45  0.785 2.9
19924 0712 . 46  0.832 2.6
19934 0.756 40 0.785 2.3
199441 - - — -
19955 0.645 3.3 0.780 2.7
19964 0.770 38 0721 4.4
19974F 0,735 4.7 0.701 5.7
19984 0.791 4.8 0.8% 6.0
1999%E  0.777 2.6 0.730 4.5
SEH 0,714 57  0.785 4.0
EHEEZE (.07 2.6 0.057 1.2
C.V. 10.6% 451%  73% 29.7%
BRSO 0.803 117 0.933 8.0
Bl 0541 2.6 0.699 2.3
'81-86 '
i 0.637 8.4
PEHE(RSS (0,058 2.2
C.V. 91% 25.8%
'87-99
Nty 0.756 4.9
FEHENE S 0.045 1.1
CV. 6.0% 268%

B L, K200md AN A TR

E. . 19914E, 1993’F i?kﬁ}’“g’ ?fl’l@tlvb g b
aﬁ%iﬂﬁﬁﬂ%@?ﬁmﬁ B%, ®¥E5
AHEIL 32 0 ek E R A T W TER Y
fo b OAERESEEHE L,

Ly — i

2) 1981 ~19864F OFab SHEE 1 SRR L A2 b
D, [BTELIELPEERBE L2 b DTH b,

3 1981 ~19564 D F & 5 AHEI 3 b 5 A HETE,
L9ITELIBERS S A FERICER A L BLALR
LML b D TH B,

oS> TR], A v F7=/-Eickd T
YE=THERFEE %, AQUATEC 5400 Analyzer
(A FIvaEnE) ChYHRESHREEERL
o

2. AREORRTELBETE R UM RE

b o IEE AR 38 i, 19684RI, FRb o



52 HAEETE v ¢ — TR

51005 (2002)

F 3  HESAHME ARG O SRR (ke./'10a)

' AR : ; , , : Sty R E

CHEI » ALERIEED 73-T5 76-81 | 82-85 86-8% 90-99 79,99 81,99
MHEMH - DN 48 3.6 . 6 0 0 2.2 1.5
R - BIE 89.6,144 7.2,10.8 §~13 6,13 6~10 8.6 . 8.0
EHER - £ 19.2075:0) 14.4 5~16 16 12~186 14.1 14.2
361 v «in 48 3.6 6 0 0 2.2 1.5
36+ v« EIE 96144 7.2,10.8 6~8 6 4~6 7.3 6.1
36 F v - £ 19.2075:0; 14.4 5~8 6 §~10 9.1 7.2

I ERRNER, BEECEEOHHRTH L,

HEAM (20 AEMEI0aMAb 4 by, 3k, 2
Py, 1R YRU0FY GEED BALTEL,
TEISASEL (20 1T & B SRS 14102 272 0 8
kegT, 19894 3 TIHEERIE, 19904 LI LRI 6
kgt I A SRR IBIR 2 ke 2 EH L oo FBD G
HEBEAEHE PR i LTI DR 5 G (s
DR GBI TS, | ROERIACTT, 2:8HT
bh, I, 19688 519THEE T V2 Y,
1973FEDIMR b+ 3 = v 2 2R Lo

—77, &S AN AR EE L, 197HELRE,
RESAMM (F2) FEEI0a M6t YR
B0 kY (EEHD T LT X e, baeiEEls X B
SRR, D (19864 HMEER), BIERT
ZIED 3 k#ET, TOFKYOHILER 33 ITRL
oo 1 ROTFREREI0ET, BlTH S, wH,
197360 S1981FEE T LA A 4, 10824F7n 51985
M THTEE DY, 19865 5 19884 F T IR BUE
3155, 198944 519954E ¢ T 2 EFIR16%, 19964
BRSO UET, —BLTEIGRE - REE(E
R Lo 2 DUE W, BENDRETHEARE
LTifis T s,

! 3. KIBOERT
| BB DR A O SF TR LR O I L o,
980FELIRT I, S EUBRIK A & TR AR A 5
BLD, 1990FLIRE, BRI OB b KD b1
MEBEAMEL, b o LT TR B LT
foE L, 19854ELI AT CHAERR LR VWT
FoxEMEEE L, EFOFESR, vy -
ST 5 200 3TREE — R LR SRS IR
GBI L 05 - oo

4. fELOEZSHF _
198UEDFER U2000E ORI, b SHEEHER
BB UG 5 AHEI ML B 13385 0 K ERIK &
DPEL AL, Rk /2 v O3St~

bOELEEMTORK & Ui, 181F0ff L 02
WHEISBE vy — ikl X b, 200003 CN o -
¥ — (F+aMT-700) L bR/,

%7, 2000 ORI, Wd SHEERZR L
OERBRKIC BT AT OB S EERTEERD 1,
it B S A5 HLEAE L, AREEER, &R
2HE S 0 ~5cem, 5 ~10cm, 10cn~IIKD%&E
P 100maAR R e & p LIEARECL T, fEL
SROBRHELEH L /.

m HRERRUEER

1. HEIERERIC4k S ERENIEMEDEFELL
ORI, R HHERUR RS & Ak H X O 7k AE I 4
| RRERINEOR, TEbhb, Wi hofb it
EoEHRBNRIC>WVT, b o HEIEE 5 E
D oOREFEELER LD TH 5, FREHSK
FVWOT, IROEFERIHTRIHT, TORIERE
LDERE &1, R Eofid oM o EFRIK
MEO Y — 27 21980 Rk TH b, HLOKHAEDY
FZVRESEEAETT 2 ERSEH - . TOR, R
i EORED SHERP O SRBIE BB T ERS A 5
N5, T, WEHES N cRED SHEIED, 1987HEH]
BTRELRE-TBY (k2), 2FFIEHNA

[ 4 AEHE R — R IE R

SHRBPIEIE (ke 10a)

K & 2 Rt FoMb SHEIPh o B/
I DR

1




fEH B A - BN RHERARED & & (RImE R RN O SR 0T 53

10
= 8 .
TE /
NE L
L N ™ — RN
iﬂpg 4 M -——iRIR
8. s
Mn_n
] e e

o
‘% 78 ‘83 ‘88 93 88
" B

B2 KEic s Rad EORESAREROER

WU f D HERE

. O198BFR IR, $4, WML 19854F B (F 1994
ELIRE, SHEE1985F LI, EESAMIEOE
M 2R OSEREEN R Z 0D
F— NI, '

#4 WooHEEAZRIBOELRELIFHEE

HE M b sk fELEE BHE {12
(7102 1B ¥ cm g cit  t/10a
SRR B OB 16.320.9 1.0310.05 168
Lrv B8 B 165L50.7 0.99+0.01 163
2Fy OB 169209 0.90%£0.02 152
3 by M 178207 0.85:£0,02 147
4by B R 183+1.0 0.86+0.03 157

£5 MHoMlLEARBEEOAELO2ERER
DEAl
O b AR FATRE (/) LSRRG (o/le)
(~10a) HE ¥ 198ER N00EE 19M40 FFE
Lo MEZEER 1450 16D 75 0.39
Mife 2 159 1.67 12.0 0.83
1hy OB 204 223 285 1.50
2 by R 240 2.70 45.0 2.37
k¥ E B 263 3.07 66.0 3.47
4 b O 299 3.53 81.0 4.26
. fFrozmFEE R, B0, 10a & LTEHE
L

£6 TESAMIEERBRIHEORTOLERS

oLt
W M AL Ak
(10a) I ¥}

ferA%HE (/1) fRLOSEREE (g/102)
198145 2000454 194F0 I

A PR 1300 1.2t —135 —0.71
MR O O 143 141 —3.0 —0.16
£ B 172 171 —15 —0.08

A B 194 250 84.0  4.42
36k U 2:06 250 795 418
£ [ 239 283 660 347

B 2000ERICET, MFE L AR, TS
R, -

mg godlng gl FERIC ot T EBKEN
FINEEZ b, LiL, BEKDRD T O
bh M ORI R, 19804FLEH & 198THEL
FCREE—ELRANNE, COT &S,
Lichib TP oERRINER, HAE4 v F
TTEHEAL~IFONEEET I LEL NS,
X2, K1 &EkiS, FKESAHEHEHK &
FAROKRIC LA ERRNBOETH 5 Rt Lk
DRESAMEPOREFRRNRICOVT, EHSA
HENE RS ED 5 OBFEELE R L b O TH B,
Rt EoR&ESARIEDO ERBINE &, 312
~1IEHZPPEVEER L2, 7~ B4EH BB
FREF—EEATED,

2T, Wb oHEERHRERIEBE L FF LS AR
HTHABIZEO ES 6T Bt Eodindh o=

WX AL Lz, 19814EH 519994E & TD194ERT

g & LT, HEIEEEER e B i 2 BRI
EROHLIEE L,

2. HEERCHESFLOLEREEOE(L
2000 A L A SRBRK O L E L AREE
FT4IoR U, ELEE, Wb oEnmEHX ok

. fEroZREERI, (R0 10a & LTEE
) Lo

&, HEPHERIEAS < 1 BV M AERIC &
3. BEERMT, fb SHEMEREHK TR,
HIMBHESS BB ONT/PIES > T,
HMAHRES D OfELT A ET 5 &, SHEBIKLE
bBLEL0~160F ¥ /100 TH b,

~—H, Wb SR UEE S AHIE AR 5
O oEEREEOEIEERS, IR,
Q000FFADHET O REHEE, 19ERTOI981ER
T, Wb o HERLE AR 3 5 I AR RE
ZHTHLRPEE -, FELAMAGHEARRIZ
L5y o0 HEIPAE R R 44 G R BN D PIE N L,
#LC, Fib SHEIMPRESLAMEOEMNR, {F1
DEEREGEEREL RIS,

F 20, JOIPERIC & OREERIEL CIlkE
LichiitE L, T TRELESROME D FE
Ltze #7hB, HATRLALI I, 2000F5K
CREH SHHEAHAHER LB O ZHBX O FLE R B
L FIS0~160F ¥ /10a THBH T En D, 2RBRK
—HIT150 - v 10a & L, 1981FEHEDETR LM
—fd L,

T OFER, Wb SHEEMRERZSOELTH,



54 HALEENTT & v ¥ W3S

MENOAEME K (AbEESE, AR 194 10a 27
D 10kgFiE OFHRHSBEML, WMboME1l » KT
#30kg, 4 b ¥ X T80kgll EDERESHML AEVE
B, L4EM7nTid, F0EFN05keml®E, B
1.5kg, Akeblbo®ins2 (F5). —H, &
SAMEEREBRBREB O T, HEmiEH oL
X T19MEM Iz 10a 2972 0 13ke, EIEX T3 kgD E
EAED L ADIHLT, K& A M6 - i
Bo/DIEK, XK T80k ik @ BHAM L 725!
B, 1EEN D TR, HIEEENTERE R
0.7kg , 0.2kg@FD, F&SAMENIS L AT
dkgll EoEMEL S (R6),
3. HILERASREBICHETEIERNE
1) EHREHMEFTo AT EOFRAP D
SEHREEE
MBI B AERIART, 8K
RUfe, fELoERBNERFR S CRIFLLS T,
Fiid> o HERRAEAE A LR IER O 25 2 EN O Wi
W 5 BRI AT T id,  10a 270 0 AESERS0.4ke
EHEAETN, —F, 19814 519994 D194F
DUKFRIC & A PHERNERII T Th b, £

&7 b oHMHEER 3R B B ERIP

510045 (2002)

TT, RAZERRE (Vkg) 2 OfELOERIEME &
KIRiC & 2 BRINERAZE LWtk 04 % 4
ANORFHERET S &, 10a B pETH-41
kglo i B, SOBANE, R b, EE0e Yk
D4 lkgDERBFAPOELENTWE T LiCi
Bo

K& A A WP AR I 5 A DIEX T,
19864F LI O 1AF I LRI DZE R IR A S R T
WIS, L98LAED 5 19854E ™ 5 AE [ @ SEHRADIEARES
S OERMIIE LAV EEELT,
Fd & REE RS S 0 Rin it LoBRER G
Bl (EB8D () NOKE, ToER, #E
SAMIERARER R TR, Ryl EE10a
3 0kgDEREALET - fo, RHIFLEIER D
MiEE, fERREICEVES B b0, T
FRIERGRIIER—Th o, Lot &irs, &
Vi oD LRSI - Fo pPREK 48 GRRTR Bt
T, EREHRASECKRERNT L, Ay
b, 5100 Yt b 3 ~ A kg DRRIBEL SN B T
MRS EN o, CORMEIE, FHS (20000
DAFRMEN ORI BT, ERBRTER

(kg 10a,yr, ke kgN)

R . HBEANE £+ @&  KiEkL S FHA~D e EROTK
100 TERER e’ e NmmE Nmes Npxs TR T g
M EEEFA 000 0.00 0.39 3.69=0.38 —4.08 954-£99 68.8
MR O B 000 8.00 0.63 7542090 017 53442 70.9
1r>» E JEC 504 8.00 1.50 9.28+0.91 2.76 611+38 £5.8
2 by OJEDY 1107 8.00 2.37 10.37+0.78 6.33 63447 61.1
Iry OB 1661 8.00 3.47 11.43%0.75 9.71 . 63780 55.7
4rv EOPE® 2215 8.00 1,26 12.1241.22 13.76 636560 52.5
T AR & B NIRAEE R OOKRRIR R 1L, 1981~ 19994 4R A + EHER 2T b B,
FAADNIBERK, AN L O NIBRE S Kiic £ 2 NIER AR L TR %,
F8 FESHAWIMHTFEERIZE BT 2RI (kg 10a. yr, kg kgN)
W b B BHANE £ 1. @ Ak s A~ D KRR EFEOTHR
o Bk MO IOk NERE NKEER  NEAER Y-k
bR 0.00 146 _ . 4.31%038 —2.15 302+91 70.1
WEREF (EBE ) (0.00) {0.00) (3785057 (—3.02) (264x45)  (70.9)
- EoOem 0.00 8.01 —0.16 7.98+1.38 0.18 547 +86 68.5
£ 0.00 1423  —0.08 11.28%2.15 3.03 657491 58.2
L I0U)  14.00+2.87 145 pip 10.08EL90 0.95+2.67  616%83 61.1
36b>,{mgi*) {14.00+2.87  (0.60) ’ (9.2710.88) (0.31+2.87) (601£73)  (64.8)
' K 14.00+2.87  6.06 418 11.98%+1.24 3.89+287 675167 56.3
% IO 14.00+2.87  7.18 347 12.87%£1.22 4844287  686+90 53.3

T KR & B NG R B UkFiDUE 1, 1981~ 1999 F oMt RETH 5, -
BA~ONEKES, TANES SFH O NBER L KEI L2 NIEREE C TR,
* o 19864E LI DA 31 BRI IC & 2 NINERICE- SO TERI ERD 72,
1287 KBSAHTNWO7 v 227 ESENIEEBB L LD,



(R A o HENE A R & A fo ALaRR S PR D R OFTTT

AT R ) BRI AR CEB e —EM
MH#EL, #EE TRoERSEOEZ, SHINLA
EXREEE 3T T3,

R LoRA» o oBRE(LE, B PRRAK
DA, RN OEROEMNEE I & 24
5, TE~NOBERPASB~OBEC L 38K E
ZLalWihkboThE, HKCEENLIERIEIB L
Z0.Tmg./ ¢ & h D (A 51992) ©T, K
Bt AHEREARLIS0mS 5 1310a 294 0 1.3keg 28
I x N 2HRBICN S, $£7, HlkoLEESR
130.4kg/ £ TH D ((EME 51990), FVRUim o Bk
AE1500mm > 5 i310a Y72 b Cbkg B S 2 T
Ll b, B EADE L LI, 10a2701.9
kgfs X T WD, BK (1987) &% Lo/ kH
B A ERINZTE, R S MRS S OfHEH
10a 272 0 1.8kg, AKTOEREEM2.0kg, Hif
PEEKIC L SHHP2.0kg, KK~ DBEEEH
4.00kg & REES ST A0, RFHEEE LRERE
AR CHEEME LTV 5,

2 bRkl X A ERIEHESF O R B
DORA~DERIRE

i SHEIESEHER ORIEREE T &, ERMAA R
B L bk, fELomREmREE10a X 0 F5EA
0.6kg £DIswve —F, AKRC L 2ERIFRIETD
kgTh by, FA~OERBRRE, —02kgits 3
(#FT)e =2%0, Wb, {bEAEEC L 2%
MR TS 2 EREN AR s, L
~OEREHIR AN, A LOERNLS
EZiLgladobn) it s,

KE & AHERIAE A OB b ko R T
5 (F8) LIxlL, EHRGIEE4kg 102 DE
O, Brg b SREFER0T90% 10
M4 2 EBEERO ke, 10a HUKFGIC B X 15 55,
o lLicgezod, kg 102 R AH
RLicLHEsh A,

59

IKFRASIRIY L 7o MR DO IR (LOKAEEE
SERRNE) 242 &, fib SHEIEERIEE
FELAHNSARSBEBO XS L0RETE, M
Fresmet HH o BB © i SR IHE ks & [FlBkic &
$, #EF1 kgt D T0kefiiRTH B, THITHLT,
LI T, 58ke keN OT ARz & &% -
foo O OZMERTTE, AFES B IPMILL &R
WS OHREHREBOKE DS LR 5,

3) HEHMS T R i EORA~OER
HEE

b oMiEE X 2IRAEREIIROED TH 5,
F2iwRlek i, fiboHEOERZTEDRKA
(19874 L19944E) %, A UHERBLIRI oftd S
IEDREERER LTS 2 L, 19814 519994
DIGEMOTHERERIMb OHEAH 1 F >4
to05.5ke &t B, THICALERAE I X B EHREE
BAMA 2100 %o ) OFEVERAERER, fib
SHIEL + YR Tid13.5ke, 2 b ¥XTiE19.1kg,
4+ R TI30.2kg k75 B, CORMARERH HE
+TOEHMINE EKFRIC L A ERNERFZ LGV
T, Bt LoRA~OBERBEERZEHES S L,
fib oHEE 1 b v IX Tl M b 2.8ke, 2
bR Td6.3keg, 4 b X TH138kgE LB, 4
b XTI L AIER LD SR~ DIRAR
W\ KRN U 7o B O A EL R S 3 ~
4+ ¥R Ti56~53ke,keN & F L, 2 b ¥R
LTI Sy,

FEHAMIE £ A ERBRIGRDED TH 5,
HESARIEOERER L1994 I HIEA 5 5745,
B AR 0 19904F s & 19934 & 19954E O PIHEE RS
BTHIES 2 &, 198140 5 1999 O 19 O
EHREGER, RESAMERYI6F v M 140
kg iz s, ChicdbEiEEC X 2 ERBIEEZNA
P210a M7 b QIR AEREERR, 36 .
B = 1515.5kg, 3.6+ » « BEIMK TI320.1kg, 3.6

9\

&9 20004FEEHENE O B ZE R R

ERERERAE (Nig/ g)

Fi\&

H :
B P AHIE kI ket om0 M| K . -
(H:0) (g 'g) NH.N  NOsN AT KR R a it
L 0.04 (1)~ 0.00 (0) 0.57 (18) 1.60 (51) 0.95 (30) 3.16 (100)
fib oL 80 0775 +0.00 £0.00 4003 +001 =006 +0.03
0.88 (179 0.00 (0) 1.03 (20) 171 (34) 1.45 (29) 5.08 (100)
KRSAML T8 0747 4006 4000 00l £0.10  +004 012
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b BINXTE2.2kg s A, $7z, LT
COBMAZERE» ofELoEREME L kfifick s
ERWEREZLLIVWT, BT LoRA~0%5E
BEREIEST S L, 361+ v « DIEK TR1.0kg,
360 v« EBINKTid39kg, 36k v« ZBRKTR
1.8keCd B,
FELHAHRICr v (BE- 21 Kofito
EHRBINECARC X2 ERNERICOVLTIE,
Lot 3~4 by (B Xoghns52i3EEU
EBTHH, ThiH LT, FA~DHERIINTY
NS TS B, COBHO—D2E LT, EESA
IR & LCHA L SRR EDFMLTnE T &
BEILLOND,
F9IRLZ LS IT, 20005FEE OHEIRIc o WA
WRE TSI ERE 2T ET 5 &, fib GHEMIc
BhkiEEo 7 r2=7REBERERVB EALEETY
BV LT, FRSARICEBLEREDITY%
W7 v ETERERTH -, TORESHAHIED
pH 7.8 DT, 7= 7HEERIRZHE TH#
WL LHTFHsh L, ERT, wRILELxs
OTE, Ao 7 v e s THERERSICEISHEY S
ZEFREMEL L (K1), H2TRHE-LEH
BRI, TEMMESTL-bDEDT, KIRET

F10 2000FERMN ORI L 2 2EREHOD

100 = (2002)

BENTWAT Y E=THEERIHY>VWTR, 29
MIEICEBE I TV L0 B, fh SR
KRTyE=TEBERPELAEGERATVENT
ELREEIDIEV, Ll, EEHLAHEIZ 3L
COTYE-TESEFENZENTED, 2 TR
ML TWE, Ty E-TEREELEOSHER (&7
1) BRELEPREM OB CEAEHECL-T
EpFansg (- (HO1997) 4, T,
200FEORE ARG 7 v E= THEERSEL
THATREHVT, AREBEHEHEEL TS S
&, BESAERESIE L i 16.0kg & 11 2,
COHHEERESWTEANOERIBRBEHEL
folbEOML, 29kglBA 3 (RBDI P w7 ),
4. {ERIEERCHERORRDTE
1) bRl D ER 0T H

it & HEMUMERAES « ABIEEK & [R] « MBI & D%
LEI& [B—A] kb, BEhi boflkiieos
BOFTHEHSE L (F211), 10a 272 b 8.0kg 01k
IEEOERE, Fhicidolkgd d & A FERE
T, AKEG & BN Okg, FANDIHIHI Oke
EFIEEA T, AR & AT IIHS0%TH B,
CoHER, 2FHEE (1981~1989F) &R +B
HE (1990~19994F) #» 5 78 21VER OFEMET H 2
s, RERCBT 3 2REIFOBAOFIRARS 3E
oM THd 2 (EHS1930),

2L 2 OLRIEEL O EEH D Bs i oS, 102 2
HRREOHER, FARMEHER CRAMCE 0 OATRIE250kg KHE & 550kg ZKHE & D3 LT
F 4 g a A r £
i mﬁiﬁiiéﬁfﬁﬁa7$§fkg XZEOBORbDTH BN, ik, FE3A
T (¢]

i o HEAE 140 139 1 HEfE AR IR F— 2 2V, W0al b o
KEHAEE 201 16.1 2 IV Bk #ED X HT250ke, 100kg, BOkglc BT, AbLE
=11 AR CHE b DT DT (kg 10a,yr)
g om woge CEHDT R fiie~o KRk d  FANO KRIRED
D N kBoN NiEsE NINEE NEkE % 1k

B—A 0 8.00 0.24[31  3.85(48]  3.91[49] 254—534

omom o UG 0 656  0.55(8]  3.67[66] - 2.33[35] 302547
I-H 0 6.22 0.08[1]  3.30[53]  2.85[46] 547657

K—J 0 461 —0.24[-5]  1.90[41]1  2.94[64]  616—675

C—B 5.54 0 0.87716]  1.74[31]  2.93[53]  534—6l1

ik ouep DB 11.07 0 1747161  2.83[26]  6.50[59] 534634
A E—-B 16.61 0 2.847177  2.89[23]  9.88[601  534—637
o F—-B 22.15 0 3.63(16]  4.58(21] 13.93[63]  534--636
- J=G 16.87 0  5.13[30] 5.77[34]  5.97[35] 3022616
B S AR e T At aeara] 4890 7 ealsT 547686

. [ IHORER, (LEERE b OEROTIOEMEERT,

* WEORSE, &7, 8LE—THS,



EMiED . HEEEDER RS O S LRI L CHERR QSR OIT A 57
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OXEATE FIE5) Bz y A o0l (P 7) OFEfEEROT, SHARD & HRE 6 » B
(26R) EAHE, SO ERMN LA, Sk 6 » HRIOETNRE, OXEARERU SRS
A MR ORSEEL I & AP EREILE R, FNEN486.0ke, 1,724.0kes, 4,859.%keTH -t WELE—
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TRELECEBD NS -k, SR RO EDEREIMRA GO EQER L NTHERD TR
oo fobt, FABREHECE D, CNSBRELTONETEY S hit, I OFIBNERITOEE 2
BLHEENE, AAEAE SR Y URBOMICE S -k, AERMEREHE 8 B UL
& [RlRE AN E R L e FLAEROELREENE, HARARTHUL, SREI0EE TRLR ¥ A
VLD AEEEEMMEY SRS, FhEBRASBIC ARV IS ONER S, B EORES
5, BENERUEREAETAFLR A vEBID SR WAL E -7 0BT 2 0 &, wALMOET
S HBOTLEREN TR L T EHHL A 1 - 1,

F—0— K HENE, OXREAEE L2454 HEE FIH, L8, Ik

Profiles of Milk Yield and Milk Composition in Lactating Japanese Black and Japanese
Shorthorn Cows : Hiroyuki Smwcu*", Koichi Hopate*?, Shiro Kusmmiki*!, Yasuko
Urna*D, Akira Waranaps* !, and Mitsuto Matsunmoro*? .
Abstract : The profiles of milk yield and milk composition (milk fat, milk protein, and
lactose) milked by a milker for 6 months [26 weeks (wk)] postpartum (PP) in lactating
primiparous 8 Japansse Black (JB : beef type) and 5 Japaness Shorthorn (JS : beef type)
cows were investigated, as compared with those for T lactating Holstein (HS : dairy type)
cows, During the experimental period, the average total milk yield in JB, JS, and HS'
cows was 486.0kg, 1,724.0kg and 4,859.2kg, respectively. JB and JS cows had peak lactation
at 2-3 wk PP, whereas in HS cows dally milk yield reached a peak at 7-8 wk PP. In milk
contents of colostrum, little differences in milk fat (%) were obssrved among the breeds.
- Regardless of breeds, the colostrum on parturition day was composed of higher milk
protein (%) and lower lactose (%), as compared with the milk composition thereafter,
After 2 wk PP, milk fat significantly differed among the breeds 1 JB > JS > HS. After 8
days PP, the change in miik protein was similar to the trend in milk fat. No significant .
differences in Iactose were found between JB and J3 cows. These beef cows tended to have
higher lactose than HS cows till 10 wk PP, thereafier there were no differences in lactose
among the breeds. These results suggest that JB and JS cows have peaks of milk
production at earlier slages of lactalion than HS cows, and that milk composition differs
among the breeds as lactation progressed.
Key Words : Colostrum, Holstein, Japanese Black, Japanese Shorthorn, Milk fat, Milk

protein, Milk yield, Lactoss, Primiparcus cows

x 1) HILEEWSTY v 4 — (National Agricultural Research Centor for Tohoku Region, Moricka, Iwate, 020-
0198, Japan)

*2) H o BEFEMMAR (National Institute of Livestock and Grassland Science, P.O. Box 5, Tsukuba
Norin Kenkyu Danchi, Ibaraki, 305-0901, Japan)
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Table 1

Daily colostrum yield in Japanese Black, Japanese Shorthorn, and Holsteln cows®

2

Colostrum Yield (kg /d)

Days® Japanese Black Japanese Shorthorn Holstein
0 0.25=%0.05¢ 1.650.86™ 4.56+1.39°
1 1.02:£0.50" 5.30£0.73" 14.43+1.41°
2 2.12=x0.51° 7.3511.06° 17.66=1.01°
3 - 2.15x0.61¢ 8.29x1.01° 18.70=£1.26°
4 2.356+0.71° 9.03x1.08 20.13=x0.7T
5 2.51£0.85 9.24+0.92b 20.99%1.07
Nots : 'Data represent the mean * SEM in Japanese Black (n=6), Japanese Shorthorn {n=35), and

Holstein (n=7) cows.

!Values within a row without a common superscript differ significantly {P<0.05).

!postpartum

B A EA LR LAY A vEiclh~, 2R
FIRE T3 L, BASE A R O 3 i3
THERE L 72,

SRtk 6 r B (268 FoRILEE, BEI0ME,
OAREHERC VRS A YETENFNL86.0C
97.0kg, 1,724.0+111.1ke, 4,859.2%163.6kgTH -
fro BEMEILATE 2 — B0 Y — 7 15
L, BUBI0EZE T2 0L ~AEHE L (K1),

-Milk yield g} —8— Japanese Black
40 —&—— Japanese Shorthorm
—O— Holstein

0 2z 4 6 8 10 14 18 22 26
‘Weeks postpartum

Fig. 1. Changes in daily milk yield in Japanese
Black (@)}, Japanese Shorthorn (A),
and Holstein () cows during 26 wk
postpartum. Data represent the mean £
SEM. - Values within a sampling day
without a common letter differ
significantly (P<(0.05).
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Table 2 Milk composition of colostrum in Japanese Black, Japanesse Shorthorn, and Holstein cows™*

Days® Japanese Black Japanese Shorthorn Holstein
Milk Fat (%) '
0 4.52+0.83" 4.00+0.93 8.31+1.39¢
2 4.00+£0.73¢ 4.04+0.41° 5.36£0.42°
o4 5.19+0.30% 5.20+0.49+ 5.67%0.51"
Milk Protein (%)
0 11.40=+1.41¢ 18.20=+1.58" 13.88%1.26™
2 4,794+0,19* 4.58=*0.18¢ 4.2940.17
4 4.78+0.15" 4.02+0.10° 4,15+0.28%
Lactose (%)
0 3.61+0.16 3.16+0.10°" 2.65+0.26°
2 4.3520.10° 4.260.04* 368017
4 4.26+0.13" 4.44+0.03 3.92=x0.11°

Note :
Holstein (n=7) cows.

'Data represent the mean &= SEM in Japanese Black (n=6), Japanese Shorthorn {n="5), and

*Vglues within & rew withoul & common superseript differ significantly (P<{0.053,

*postpartum
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Fig. 2. Changes in the percentage of milk fat in
Japanese Black (@), Japanese Shorthorn
(A), and Holstein () cows during 26
wk postpartum. Data represent the mean
+ SEM. Values within a sampling day
without a common letter  differ
significantly (P'<C0.05).
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Fig. 3. Changes in the percentage of milk protein
in Japanese Black (@), Japanese Short-
horn (A), and Holstein () cows dur-
ing 26 wk postpartum. Data represent the
mean = SEM. Values within a sampling
day without a common letter differ
significantly (P<70.05).
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Fig. 4. Changes in the percentage of lactose in
Japanese Black (@), Japanese Shorthorn
(), and Holstein () cows during 26
wk postpartum. Data represent the mean
+ SEM. Values within a sampling day
without a common letter differ

significantly (P<0.05).
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ERBTICKSh Y MFRODKS, B VNI E
BLUVHEREEDOSHELHEE

ESTIE SUR S S SURYI[E - T
B R0 BE

# 8 hy MROERSENEECERT A10%, BT ERVTIEHETHRES W 34ROk,
My HBLUREHORRESHEICHT T A FEEZHL L, FYILN A3 ICL-THN
o A SR B A & RS ST R S L 2o tk, WEREE EEE A O RER TR & RIS ERER,
fEEkIc L ks, My v Hs X UHIEN SR ST LA SaksrEilt & oMM E#EE L1
BRIV T2~ S Th -1 7o — 28R A LR, ASESERLKSERS
L UMy oo BEAR, FREVSSEREEHTRICZAhZAEVHEN (R =098, P<0.01),
(R*=0.94, P<0.01) & (R*=0.97, P<0.01) 552 LML ENLD, —REKRR~DIE
UMBRETHE EEZ OGN, &5Iz, ERICH T BHRGMS LSS OHBLEY S SR — ¢
Y EHETAMEROFEL I LR, AFEOASHBES G  ENESV LhREht, &
tz, U Fo—ZHaEIcoWTHEE S Wz o — AR OIEH S E & E15cH (BMS No.) OB %EH
Nz A, HEAEVHEB (R*=0.76, P<0.0D) d&sht,

F—0— K W, FYILA AT, B, ) To— R, ROTERHEE

Precise estimation of moisture, crude protein and crude fat content of beef cuts by image
analysis : Junichi Yoxemaru* ), Yasuko Uepa*!, Tokuya Kaware*?, Akira Waranase* !
and Mitsuru SHinona* !

Abstract ; Information about nutritional contents of beefl would prevent consumers from
taking fat in excess and getting fat-related diseases. A new technique using image analysis
was developed to precisely determine the three component weights (moisture, crude
protein and crude fat) in a beef cut of rib, which from the carcass, is classified between
No. 2 and a No. 5 grade by the Japanese beef carcass grading standard. The areas of lean
and fat were calculated from the digital image, then the weights of lean and fat portions
were estimated from these areas, and the whole weights of the sample and specific
gravities of lean and fat tissue were found. The estimated lean weight was highly
correlated with both weights of crude protein (R*=0.94, P<{0.01) and moisture (R}
=(.98,P<0.01) calculated by chemical analysis. The correlation coefficient was also high
(R*=0.97, P<0.01) between the estimated fat weight and the weight of crude fat calculated
by chemical analysis. For the correlation coefficient, the precision of the presented
method was higher than the method hitherto which calculated between the fat area ratio
estimated from the beef image and the percent fat contents. Furthermore, high correlation
(R*=0.76, P<C0.01) was observed between the estimated fat weights and marbling score
(BMS No.) inrib eye samples.

Key Words : image analysis, digital camera, beefl, rib, component weight estimation

*1) dlbB¥msit ~ # — (National Agricultural Research Center for Tohoku Region, Morioka, Iwate,
020-0198, Japan)
20014F 5 H10F1524F, 20014E121 21 0528
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&—3-;1'71'/\‘: (Plantago lanceolata L.) (DHEBEMERSYEREIC
RIZTEEZRH, IBEHBEEFOEZEL bUln_:E‘fJ:E’]"x“

EEIE D= S

B 8 e TR EEYOEEO L EYE S B AIEER ORSERSROONT WD, -
7 (EE) ofHEio—mofkl LTHASRTWE, £0TC, A —7Ths~3+ 453
(Plantago lanceclota 1) 2WT, =a—Y -5 FTHKENZ 2 5 (Ceres Tonic BT
Grasslands Lancelot) &HRIbHUED 1 =2 & 1 72w, E8S 3 MOtk s, $abb, Fl
PSSO FR%HT % Catalpol & Aucubin R CHBLZEOFHAHT 5 Actcoside DEFED
FHigl, HRCRETIRER S EREAORZER CEEORE « © 2 ¢ 1 FHENERERR L,
7 OFER, FHELiIcoWTiE Catalpol (3 Aucubin & Acteoside FILEE L T &HRHUE { Z{bhid
W &, Aucubin & Acteoside BHEHMSREH-BERPERED 2 VWRET L, Aucubin 28 A4
it, Acteoside ZI0A THICEFRMEELEE 52 28k, ALTREEcAHRER (BE HiR)
20T, 18°C &15°C, 10°C & LR, Catalpol & Aucubin GRIFCRBENT, —7H, Acteoside
BERECSREHFTSERLEE -7 Catalpol, Aucubin & Acteoside TRKE TN T 2K
ERRE L EHREN, BEXCEZRBOETRUEERBHIC LY Aucubin & Acteoside
SEHEEEHAFICET T 54, Cartalpol B EAEFELLIEWI &2 M, & 5, Cartalpol,
Aucubin, Acteoside ZERDOMHE - = 27 1 VEINOEBEEEHRKE L, =371 7 Aucubin &
Acteoside HFHEICEN L REBEHORM & L THEREC S EHo R L,

F—T— R ~FAA4ovT, BN, Catalpol. Aucubin, Acteoside, EEZE/L, SiE, L&
ERMAE, Aingeh

Environment_al changes and genetic variation of acenmulation of bioactive compounds in
Plantain (Plantago lanceolata L.). : Yoshifumi TamMura*D _

Absiract : Environmental changes and genetic variations in the concentrations of the
bioactive compounds catalpol, aucubin and acteoside in plantain leaves were investi-
gated using two cultivars and one ecotype. Aucubin concentrations were the highest in mid
fall when air lemperature was around 20°C, whilst acleoside concentrations increased as
the air tenﬁperature declined tc around 10°C in the late fall. There were no clear-cut
seasonal changes in catalpol. The concentrations of aucubin were higher in the plants
grown under 20,718°C day./night temperatures than in the plants grown under 15.710°C,
whilsl actecgide [luctualed in the opposite direclion in relation to these temperature
regimes. ‘The plants grown under high light intensily and low nitrogen application
accumulated more bicactive compounds than those grown under low light intensity and
high nitrogen application. Therefore, plants containing high amounts of bioactive com-.
pounds will be produced by low nitrogen application and harvesting in late fall.
Concentrations of catalpol, rucubin and acteoside displayed large genetic variation within
and belween cullivars and ecotype. Aucubin content in the ecotype was significantly higher
than that in the cultivars. The ecotype used in this study will be useful for breeding
cultivars containing high amount of bioactive compounds,

Key Words : Plantago lanceolata. Dioactive compounds, Catalpol, Aucubin, Actecside,
Seasonal changes, Air temperature, Light intensity, Nitrogen application, Genetic

variation

* 1) BILEEFRFE -+ v # — (National Agricultural Research Center for Tohoku Region, Morioka, Twate,
020-0198, Japan}
20014 6 20 A%}, 200243 20558




% LRI v » — SR 100 5 (2002)

I #®

RATELEAROLRESHES S SWM K b
N, EEEEAAET LS O TTHR A oo AR S A &
o TWa, BReBEc >0 T, EE0RST
e iEiEd o i v 5TV AP ESE LB A
FEEROABRNS~OBREMEN S, FoBR5E2EG
T EHHMARIEIE &7 S TV S, HRoRE S
TR IOEHPEL L, HAYEORE~OEGH
AR icERRE 2L C2BNnAb 20 ¢m 0
19994F 7 AR 2, tnA#E LT 4EEREL

i

TREMBIENTVE, £, RUBFDHOENT

WB H DI WNT & £ OO Ao 5 B
SWTHENEESN AL &> TV 3,

C Dk S REEHOBEICHE LT, YT

DN ARG T ic REER 2 - -2 & L
TIAHE LD 5 2TTHER, LA, 4 U I8
BELHOR HBEFT AN ED o N TV S, &5,
ERPERSOEZRTH S — 7 LM+ 22
W3 “F - AR (allnatural) BPRHERINY" 25
BehTwad (Gill1999), »~— 7 iEHE, FE,
SHRkE L TR S L HPORITH 2, S 51,
KEOHBLHREL, ERGLIEYE ORI A
MET2lEMTEELEELLSND D, EOKEF
DFFFAIEA T WS, Bic, RHETRIN—-T%
R i ES0 U CiAb e oA R AHLA L S BFE .
FIL TV 3,

~F & A 87 (Plantago lanceolata 1) ik <
ZOEFLLTRHSh TV 24 Ao BORYT
&5, ANdlicHd 233 et BFw on, Fic
-y STEBES SV IFRFERE LTRSS
TW4 (Blumenthal 1998, Sticher 1976), # 7,
Sa— V- Y FTEFEEERFCTLLELLN
TWHI L olBHO 2 mENTRs R, FIHS
hTw3 (Rumball et al.. 1997, Stewart 1996),
HKEORERUCAERIGHS L OBk > W TR,
B ARNEPLs 2 ) itk LTH LM
(Fraser and Rowarth 1996, Robertson et al.1995),
g o EelsliaE & AR QDT VR
Ve EHASHITENTWS (Deaker et al. 1984,
Fraser et al. 1996, Katoch et al. 1978), X B i,
W5 (1998) A A NEHICIDFDA v
2 AN EREACEERELTVWE, HEDS
(2001) &, WYHOREBRTED 34, IFEOLHE

alodEc s e s Lelni, i, FE
QUi A BRI > W T BRI S hT W
% (Barry 2001, Gustine et al. 2001),

AT I & HEREYE OARIA & BEREM I DB
DU TR TR TF  OWRDHTHRT
W5 (Chang et al. 1984, JH1988, G2 51982,
Recio et al. 1993, Sticher 1576), Fric A+ N2 8
IS > W TiE, CNE TICE  OFEMIIFRSTT
bh T b, FRIEE, R, PiER{bARH,
EEH, ur v aF—fERSER s hlcx Ty
% (¥ 51998, Marchesan et al. 1998, Murai =t
al. 1995, PHES « &H:1995, FEEES 1998, Bl 5
1991, Toda et al. 1985), ~F A A N2 iL2 VT
HRRIEME B 4 3 Catalpol, MBRIAAELZOIEH %
£52 Aucubin, PIRILPLIEIFEHZE T 5 Acteo-
side BAERT AT LW SPIZESNTVE (FHS -
FIH1995), Catalpel 3AZFERAFCIE I T L
BFHHFICTENLHIKEIO—2TH L, Au-
cubin FIRBOHFRERET s Lo hicEh
TWa (neE1odd), £/, Acteoside 3 HERALTS
BB TEWI ESH LR ENTVWAS (Wang et
al. 1996, Zhou and Zheng 1991), 723, Catalpol
& Actecside &4 W F A FECHME, Acteoside
7 x ST d A FERKCEL, Enghols
BERI g 1o@EHTH S,

o &S B ABEMR OFREED
FERTEEE « $EME B 2T TE V. Ll
WEhoEHEiconwTh, ThEFMAT S LTk
THELEWERF D EFL oh S8tk ERD
TP T BRERE S O IR L A FBIC

HQ W Wy

ox 7} 9 O
HOH;_-C "OGle HOMoC H Oale

 Catalpal: ' Avcubin

OCHZCH';;_OH
A - OH

Acteokide

Fig. 1. The structures of catalpol, aucubin and
acteoside.
Glec : glucosyl, Rha : rahmnosyl
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Fig. 2. High-performance liquid chromatogra-
phy (HPL() chromatograms of catal-
pol and aucubin for standard and a
sample.
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Fig. 3. High-performance liquid chromatcgra-

phy (HPLC) chromatograms of actec-
side for standard and a sample.
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Fig. 4. Changes in mean daily air temperature
during the experimental period, 2001.
Means of 14 days before each harvest
date are shown.
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Fig. 5. Changes in plant height during the
experimental period, 2001. Means of 10
plants. The vertical bars represent

standard deviation of the mean.
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Fig. 6. Changes in dry weight of the reproduec-

tive stalks during the experimental
pericd, 2001,
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Fig. 7. Changes in the concentrations of aucibin
and acteoside in leaves of plantago
lanceolate L. cv Ceres Tonic during the
experimental period, 2001. The vertical
bars represent standard deviation of the
mean.
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Fig. 8. Changes in the concentrations of c¢atal-
pol, aucubin and acteoside in leaves of
plantago lanceolate 1.. cv Grasslands
Lancelot during the experimenial period.
The wvertical bars represent standard
deviation of the mean.
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Table 1 Effect of air temperature on the growth of Plantago lanceolata L.

Cultivars Treatment Plant hight  No. of leaves Top DM wt. Top DM cont. Root DM wt.

e /plant g /plant % g /plant

Grasslands 20°C 14.6 35.5 ' 2.7 23.9 2.0

Lancelot 15°C 15.9 33.3 4.0 31.0 2.3
t-test ok *x

Ceres 2000 24.4 22.3 3.5 21.3 2.9

Tonic 15°C 24.7 22.2 5.5 29.3 2.6
t-test * * %

*% : Signilicant at 1 % level.
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Fig. 9. Effect of air temperature on the accu-
mulation of catalpol, aucubin and acteo-
side in leaves of plantago lanceolate L.

11005 (2002)

B Catalpol
Aucubin
A Acteoside

Concentration{% dry weight)

Controf

shading Contrel  Shading
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Fig. 10, Effect of shading on the accumulation
of catalpcl, aucubin and acteoside in
leaves of plantago lanceclate L.

Table 2 Effect of shading on the growth of Planiago lanceolata L.

Plant hight

Cultivars Treatment No. of leaves Top DM wi. Top DM cont. Root DM wt.

CIn /plant g /plant % g /plant

Grasslands Control 23.3 33.2 2.4 12.7 0.9

Lancelot Shading 28.2 26.6 1.3 6.7 0.4
t-test ¥ % * E3 * %k

Ceres Control 24.4 25.8 2.2 11.3 1.2

Tonic Shading 28.4 20.7 1.0 6.0 0.6

t-test *ok * *k ®ok * %

*  #k ¢ Bignificant at 5% and 1% level, rospectively.
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Table 3 Effect of fertilizer nitrogen application on the growth of Plantago lanceclata l..

. ] Plant hight No. of leaves Top FM wt. Top DM wt. Top DM cont.
Cultivars Treatment - /plant ¢ /plant ¢/ plant o
Grasslands Control 27.0 38.9 21.3 2.4 11.1
Lancelot Nitrogen 274 36.7 31.7 2.8 8.7
t-test B * *
Ceres Control 29.3 32.0 - 254 2.7 10.4
Tonic Nitrogen. 315 32.4 43.1 3.4 7.8
t-test * * # %k
*  ** : Significant at b 24 and 1 % level, respecetively,
8
B Catalpol B o fCo
3 Aucubin :
" @ Acteoside 4, %‘ ﬁ

Conceniration{% dry weight)

Conirol

Nitrogen Control  Nitrogen

Grasstands Lancelot Ceres Tonic

Fig. 11. Effect of fertilizer nitrogen application
on the accumulation of catalpol, au-
cubin and actecside in leaves of plan-
tago lanceolate L.
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Table 4 Yeild characteristics of the cultivars and the ecotype of Plantago lanceoiata L. at June

19.
Plant hight  No. of leaves Dry matter wt. { g /plat)
cm / Plant Leaf Statk

Ceres Average 35.3° 203" 44.6* 14.0®
Tonic 8. D. 4.9 85 19.4 6.8
CV (%) 13.8 42 434 48.8

Grasslands Average 351 420" 55.8° 26.3°
Lancelot 5.D. 5.0 122 10.5 17.1
CV (%) 14.1 29 18.8 65.0

Ecotype Averapge 30.6° 446" 50.4° 11.6°
5.D. 5.2 127 16.3 13.6
CV (%) 17.1 29 32.3 117.1

Note : The average values bearing the different superseript differcd significantly at o % level.
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Table 5 Concentrations of catalpol aucubin and acteoside in leaves of Plantage lanceolata L. at

June 19,
Catalpol  Aucubin Acteoside
%DM %DM %DM
Ceres Average - 0.88* 0.98*
Tonic 5.D. - 0.32 0.27
Cv (%) - 36.1 27.1
Grasslands Average 0.75° 1.35°" 1.54°
Lancelot S.D. 0.35 0.41 0.37
vV %0 45.8 30.5 24,0
Ecotype Average 0.55° 2.08° 1.76°
S.D. 0.24 0.63 0.38
CV (%) 43.9 30.3 21.5
Note : The average values bearing the different superscript differed significantly at 5 % level.
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Fig. 12. Concentrations of catalpol, aucubin and acteoside in leaves of plantage lanceclata L. at
different harvests, 2001. Columns bearing the same letter in each group are not 51gn1f1cant1y

different at 5 % level by Turkey’s t-test.
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Fig. 13. Correlations of catalpol, aucubin and acteoside between harvest detes, 2001.
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Table 6 Correlation coeffecients between bioactive components in leaves of Plantago lanceolata 1.

at different hervests.

Correlation coeffecients

Correlations between

June 19 July 27 Aug. 28 Sept. 25
Ceres Aucubin and Acteoside 0.42 0.59>" 0.36 —0.05
Tonic
Grasslands Catalpol and Aucubin 0.27 0.14 0.46* 0.h2~
Lancelot Catalpol and Acteoside 0.39 —0.02 0.36 0.66*"
Aucubin and Acteoside 0.69 0.38 0.14 0.41
Ecotype Catalpol and Aucubin 0.59* 0.49* —0.26 0.12
Catalpol and Acteoside 0.6z 0.527 —0.31 —0.07
Aucubin and Acteoside 0.41 0.54* 0.2 0.55~

*  *#% : Significant at 0.5 and 1 % level, respectively.
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Note

Rice Breeding at the National Agricultural Research Center
for the Tohoku Region (NARCT) and Rice Varietal

Recommendation Process in Japan

"Tadashi TAKITA*? and Renando O. SOLIS*

Abstract : This report, specifically, aims to introduce the breading methodologies at the
NARCT as much as the varietal recommendation process being used in Japan which is
considerably different from that in other countries. In addition, it aims to provide new
insights through broader experience in rice breeding. Vastly covered by mountains and
[orests, Japan cleared about 3 million hectares for rice cultivation. Despite the scarcity in
arable land and the geographical limitation that allows Japanese farmers to grow a rice
crop only once & year, the couniry has incredibly managed lo stabilize the domestic rice
production and grain supply. This remarkable achievement was largely due to the follow-
ing factors : vast irrigation nciworks, improved rice cultivation Lechniques, efficient
mechanized farming practices, and use of lmproved varieties that are highly suitable to
local growing conditions. In the improvement of rice varicties, long before the advent of
the Green Revolution, Japan already had a long history of rice varictal improvement
through classical breeding. The integrated rice breeding program has been implemented
by the Japanese government since 1903. Complemented by the presence of highly organized
farmers’ cooperative systems and rice distribution channels, backed up with strong
government support through reasonable pricing policy, the country’'s breeding programs
for rice have achieved meaninglul coniribulion lo rice self-sufficiency. At present, there
are 13 paddy rice breeding centers funded by the Ministry of Agriculture, Forestry and
Fisheries (MAFT). Among the breeding centers, the National A.gricultural Research
Center for the Tohoku Region (NARCT) has the oldest history. It started the breeding in
1910 and has developed some popular varieties such as Rikuu 132. The variety Rikuu 132
has become a basic varisty to improve grain quality, giving rise lo other varieties like
Koshihikari. In addition, NARCT contributed to rice breeding works like the hot water
treatment in crossing. Hence, for young breeders, it 1s best to gain knowledge and learn
additional skills in rice breeding at NARCT. Furthermore, to have an understanding of
how Japanese breeders carry out their breeding objectives in response to the problems
faced by the local farmers, lhis repori was made. This report includes the rice cultivation
and the history of rice breeding in the Tohoku region, the breeding targets of rice breeding
at NARCT, the breeding procedure and the screening methods of important traits such as
cold tolerance, resistance to leal blast, resistance to panicle blast, identification of truc
blast resistant genes, eating quality and so on. This report also covers the rice breeding in
prefectures as well as varietal recornmendation process in preflectures. Work sharing for
breeding and related activities at the NARCT are also illustrated. '
Key words : Rice, Variety, Breeding, Tohoku, Japan, English report

%* 1) National Institute of Crop Science (NICS), Kannondai, Tsukuba, Ibaraki, 305-8518, Japan
(T3056-8518 EREL- < ITHEITA2-1-18 fRATFsEm

*2) Philippine Rice Research Institute (PhilRice), Maligaya, Munoz, 3119 Nucva Ecija,. Philippines

Accepted 7 August 2001, Received 21 December.



94

Contents

Introduction

I.

Rice cultivation in the Tohoku region and
rice breeding at NARCT
1.
2.
3.

HACEREMN -« v 7 —THRERE B 1005 (2002)

HEBF LY Y — LB AMEERLUVAFICEIAMABEYER Y AT AL - A £+ Renand
0. Selis*®?

8. chid, ELEEREAFRTHLATVARILAT Y ¥ - OB LU OXICET S
KRB~ 27 Ao WTHE AT B 00T CHETH b, BRI F koA
730007 ha OARKHEW VRS, ERCFSICIHATE A ET LA KOEREERR LB L, Thid, #
Mo A7 A oRET, FRIEN%E, Bl FaFhotEiol L SEEROKETH 5. BRERRE
SVWTR, HERICBTIBOERLER S, BARBALZRFENCIOMA TEL, €OV AF AL
NAMOREHEE, BN L-TI003ERSEHoh-boThad, REEC s TREPRER
F#l&om I bE TR THBER T L, oRERBEXoBMER o k& (HIRL oo H1E
ERKEE OKTFERI RIS 50, HhTHLRILERE vy —OkFEEREb T OERE b -
Td, £ OEEE10FcEEE o, TERI32S] FoXANEEEA TR, BXEOFEED Y — 5 —
s By L T& i, BAAK TEERERS ) B (aveh )] 0k IWRE - BAEGEOC -2
AR RHETE B, FAEERNE TR BT 2 RBRIERER LI LA TH D, Lo
T, WLEWE Yy ¥~ B AKMTEAMAC L, BEF 7V -V —wFEETHALHbNRSE, &
52, HEOR Y — & — b4 OEEREO =~ E5WIE LTV AMENLE L L BHILE L
Hbhiz, #0007, CowiRED LEESEY S, Hittugc b 2o s pRRRORES, iR
Wty —icBd sMoOBFROE BELDL WHE, #udd, Bodb, L BEEERIERER
F, ARSoEREEOREERESVTHEL L, 0T, Rick 2 0ERR FHROERYRT A
CoWTHRE L fzo B, StED v 4 —oTfdidick g s BENL AT, SEEE L
LA L oG L2 ot mc b Sk Ui

F—"—F . fE RAE TERE, Hk BE EXHE

. Resistance to leaf blast

Lo Do

FHesistance to panicle blast

. Viviparity

Physical grain quality
. Eating quality

Rice cultivation in the Tohoku region Adaptability for direct seeding

History of rice breeding at NARCT

o 00 3 gy O

. Adaptability for multi-location

Present breeding targets and results at IV. Breeding in prefectures and the varietal

NARCT recommendation process

II. Procedure of hybridization, selection and 1. Breeding programs in prefectures

-yield trials at NARCT 2. Process of rice varietal recommendation in
L .

1o o b

. Important traits and the screening methods 2. Related activities and breeding research
at the NARCT
1.

Planning for hybridization and crossing prefectures

method 3. Sead propagation and patents under the
. Generation advance and bulk selection Seeds and Seedlings Law
Pedigree selection and family line selection V. Work sharing for bréeding and related
. Yield trials and selection activities at the NARCT

. Seed storage for advanced lines 1. Work sharing for breeding activities

Cold tolerance Literature Cited

Identification of true blast resistant genes



Takita * Solis : Rice Breeding al NARCT and Rice Recommendatlion Process 95

Introduction

Vastly covered by mountains and forests, Japan cleared about 3 million hectares for rice
cultivation. Despite the scarcity in arable land and the geographical limitation that allows Japanese
farmers to grow a rice crop only once a year, the couniry has incredibly managed to stabilize the
domestic rice production and grain supply. This remarkable achievement was largely due to the fol-
lowing factors : vast irrigation networks, improved rice cultivation technigues, efficient mechanized
Tarming practices, and use of improved varieties that are highly suitable to local growing conditions.

In the improvement of rice varieties, long before the advent of the Green Revolution, Japan already
had a long history of rice varietal improvement through classical breeding. The integrated rice
breeding program has been implemented by the Japanese government since 1903. Consequently, the
rice cultivars developed through this system became widely cultivated then. Further development of
these cultivars led to the introduction of better high-yielding rice varieties.

Complemented by the presence of highly organized farmers’ cooperative systems and rice distri-
bution channels, backed up with strong government support through reasonable pricing policy, the
country’s breeding pregrams for rice have achieved meaningful contribution to rice self-sufficiency.
At present, there are 13 paddy rice breeding centers funded by the Ministry of Agriculture, Forestry
and Fisheries (MAFTF) as shown in Fig.1. In addition, there is one upland rice breeding center also
funded by MAFT located near the National Institute of Crop Science (NIICS). NICS has a role to

coordinate and plan the research for rice breeding. Hence NICS is the center of rice breeding.

Kamikawa

Hokkaido Region

Fujisaka Branch
of Aomori
Tohokue Region

Furukawa

P
Hokuriku Center of NARC

O Fukui:
O Aichi

National Institute
of Crop Science
Western Region ’

Kyushu ®
Region

Mivazaki

Kagoshima

Fig. 1. Rice breeding center funded by the MAFF of Japan.
@Tlanning and coordinating center for rice breeding,
®Nztional Agricultural Research Center (NARC) and
OPrefectural Agricultural Experiment Station (AES)



96 RILEERI - 7 —HIHRE 1005 (2002)

Among the breeding centers, the National Agricultural Research Center for the Tohoku Region
{NARCT) has the oldest history. [t started the breeding in 1910 and has developed some popular
varieties such as Rikuu 132. The variety Rikuu 132 has become a basic variety tc improve grain
quality, giving rise to other varieties like Koshihikari, In addition, NARCT contributed to rice
breeding works like the hot water treatment in crossing. Hence, for young breeders, it is best to gain
knowledge and learn additional skills in rice breeding at NARCT. Furthermore, to have an under-
standing of how Japanese breeders carry out their breeding objectives in response to the problems
faced by the local farmers, this report was made.

This report, specifically, aims to introduce the breeding methodologies at the NARCT as much as
the varietal recommendation process being used in Japan which is considerably different from that in
other countries. In addition, it aims to provide new insights through broader - experience in rice
breeding.

Acknowlegdements : The authors express their sincere thanks to Dr. Fe. A. dela Pena at the
Philippine Rice Research Institute (PhilRice) for her veluable suggestions and assistance in this

report.

I. Rice cultivation in the Tohoku region
and rice breeding at NARCT

1. Rice cultivation in the Tohoku region

Tohoku region is about 200 km north of Tokyo _
. . : Fujisaka Branch of Aomori
and consists of six prefectures (Fig.2). It A
extends almost 200 km from Pacific Ocean on the

east to the Japan Sea on the west. In the south,

Fukushima has relatively warm climate, and NARCT

rice varieties with late maturity like Koshihikari Headquarter

are cultivated. In Acmori, which is more than
400 km to the north and has short summers and

long' cold winters, the early maturing varieties Omagari Campus

. of NARCT
are cultivated.
On the coast of the Pacific Ocean, cold wind Shonai Branch
Yamagata

called Yamase sometimes blows from the north-
east from the Pacific Ocean in summer. This
causes spikelet sterility which is a serious cold
injury in rice. The Quu mountains run through
the center of the Tohoku region from north to

south separating the Pacific Ocgan side from the

O A
Japan Sea side. Since the mountains block the Fukushima
cold wind, the climate of the Japan Sea side is
generally milder in summer. During winter,

/

however, the mountains bloeck the wet wind

blowing from the west from the Japan Sea Fig. 2. Rice breeding laboratories in Tohoku.
. : ] @®Hegion National Institute,
resulting in heavy snow on the Japan Sea side. OPrefectural AES funded by MAFF,

Rainfall in a year is about 1200 mmn on the AOther Prefectural AES
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Pacific Ocean side and about 1800 mm on the .Japan Sea side. This is mainly due to the difference in
winter snow. Since there are vast forests and lots of dams to hold the water from melting snow, and
irrigation canals are completely constructed, drought injuries is unlikely in paddy rice.

Rice is usually transplanted in May and harvested in September. There are more sunshine hours
during the rice season on the .Japan Sea side than on the Pacific Ocean side, thus the yield is obviously
higher and more stable on the Japan Sea side.

However, area planted to rice was decreased gradually from 630,000 ha in 1965 to 433,000 ha in 2000
(Table 1). This is due to the fact that farmers shifted to planting other crops in the 1970°s after
Japan attained self sufficiency in rice in 1970. Although the rice production decreased remarkably, the
Tohoku region contributes about 30% of the total rice production. So the Tohoku regicn is still an
important place as "the rice bowl” of Japan.

The leading rice varieties in 1970 were Sasanishiki, Reimei, Fujimineri and Toyonishiki which have
high yielding ability (Table 2). Nowadays, we have Hitomebore, Alitakomachi, Koshihikari and
Haenuki which have good eating quality (Table 3). Good eating guality of Hitomebore and

Table 1 Total area and production of rice in national Japan and the Tohaku region

Vear Area (x1000ha) Production (x1000t) Yield (tha)
National Toheku National Tohoku National Tohoku
1955 3222 967 12385 2428 3.96 4.31
1960 3308 604 12858 2730 4.01 4.59
1965 3255 630 12409 2864 3.90 4.63
1970 2923 618 12689 3258 4.42 5.35
1975 2764 631 13165 3475 4.81 5.53
1980 2377 571 97bl 2342 4.12 4.10"
1985 2342 572 11662 3302 5.01 5.77
1990 2074 522 10499 - 2046 5.09 : 5.65
1991 2049 520 9604 2583 4.70 4.97*
1992 2106 534 105673 2904 5.04 5.45
1993 2139 545 7834 1654 3.67 3.04*
1994 2212 558 o 11981 3236 5.44 5.81
1995 2118 039 10748 2806 5.09 5.21
1996 1977 503 10344 2807 5.25 5.58
1997 1953 500 10025 2798 5.16 5.60
1998 1801 459 8960 2415 4.99 5.26
1999 1788 458 9175 - 2571 5.15 5.64
2000 1770 454 5490 5.37
2001 1700

Note. 1) Area and production : Total of paddy and upland rice.
2) Yield : Average ol brown rice in paddy rice.
3} * : yield affected by cold injury.

Table 2 Leading rice varieties in Tohoku region and the area planted

1960 1970 1980 1990 1995 2000
Variety Arcal) Varlely Areal) Variety Areald Variety Areal) Variety Areal) Variety Areal®)
Sasashigure 16 Sasanishiki 24 Sasanishiki 32 Sasanishiki 41  Akifakomachi 23  Hitomebore 30

Towada 16  Remei 19  Kiyonishiki* 18  Akitakomachi 15 Hitomebore 23 Akitakomachi 24
Norin 41 12 Fujiminori 15 Akihikari 15 Mutsuhomare 9 Sasanishiki 14 Koshihikari 12
Chokai 7 Toyonishiki* 7 Toyonishiki* 13 Koshihikari 6 Mutsuhomare 9 Haenuki 10

Hatsunishiki* 7  Yoneshiro 6 Sasaminori® 3 Hatsuboshi 4 Koshihikari 9 Teugaruroman 9
* : Variety developed at NARCT.
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Table 3 Characteristics of leading rice varieties in Tohoku region

Culm Lodging Grain Eating Cold ‘Blast resistance
length registance yield quality tolerance Gene Leaf Panicle

Variety Maturity

Alkihikari Very early M @ © AN AN Pia @) O
Akitakomachi  Early ML AN AN @ © Pia, i O FAN
Sasanishiki Moderate ML AN © © AN Pia JAN AN
Kiyonishiki Moderate ML O © QO AN Pia )] O
Toyonishiki Moderate ML O O AN AN Pia ® ®
Hitomebore Moderate ML AN JAN o @ Fu FaN O
Haenuki Late S ® JAN ® @ Pia, i O O
Koshihikari Verylate L AN JAN @ [ ] + AN AN

Note. Culm length, M : moderate, S : short, L : long, ML : between M and L.
® : Best, © : Good, O : Acceptable, /\ : Poor.

Akitakomachi is derived from Koshihikari known for its famous good eating quality (Fig. 4).
However, Hitomebore and Akitakomachi have undesirable characteristics such as weak lodging and

blast resistance.

2. History of rice breeding at NARCT

The Department of Paddy farming research at National Agricultural Research Center for the
Tohoku region (NARCT) is in Omagari city of Akita prefecture while the NARCT headquarters is in
Moricka city of Iwate Prefecture. The Omagari Campus was established in 1896 to develop
technologies to increase the rice production in the Tohoku region. We celebrated the 100th anniversary
in 1996. Tt is suitable to do research for rice cultivation and breeding at the Omagari campus because
the climate represents the Japan Sea side of Tohoku (Fig.3). In addition, the climate is favourahle
for blast disease development which is very serious in the Tohoku region.

Nowadays the Department of Paddy farming comprises six research laboratories. They are rice
breeding, soybean breeding, crop eco-physiology, weed control, disease and pest control and soil
management. The laboratory for soybean breeding is located in Kariwanc town about 10 km west of
the Omagari campus.

The rice breeding started in 1910. The famous varieties developed were Rikuu 132 and Toyonisiki.
These were cultivated not only in the Tohoku region but also in other regions. Rikuu 132 which was
released in 1921 became a representative variety. It was then early maturing, high yielding, with
gaad eating quality, blast resistance and cold tolerance. Tn 1939 it was planted in about 200,000
hectares in the Tohoku region. However around 1963, it was replaced by the introduction of short
culm varisties, But then, most of the leading varieties such as Sasanishiki, Akitakomachi, Hitome-
bore and Koshihikari as shown in Table 2 were offsprings of the Rikuu 132 (Fig 4). On the other
hand, Toyonishiki which was released in 1969 was high yielding and resistant to blast, and with good
physical grain quality (Takble 3). Unfortunately, Toyonishiki had proved to have poor eating quality,
and then the planting area decreased. However it contributed to the improvement of blast resistance
as a parent material. For instance, Chiyonighiki and Manamusume, which are resistant to blast and

have good eating quality, are the offspring of Toyonishiki.

3. Present breeding targets and the results at NARCT
There are seven prefectural breeding laboratories funded by the government or MAFIF (Fig.2) and
these are congentrating on the improvement of eating quality {Chapter V). However, at NARCT, we
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Fig. 3. Temperature and rainfall at Omagari during rice growing season.
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Fig. 4. Genealogy of leading rice varieties in Tohoku region.
* - Variety developed at NARCT.
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Table 4 Rice varieties recently developed at NARCT (1993—2001)

Variety . Grain- Eating Cold Rlast resistance
(Year released) Maturity vield quality toleranc Gene Leaf Panicle Others

Asamurasaki (1996) Early A Glutn. A Pie O A  Purplegrain
Okuno-murasaki (2000) Early O O A Pib ? ?  Purple grain
Snow pearl (1998) Farly O @ AN + JAN /A Low amylose
Fukuhibiki (1993) Moderate @ () A Pig, b O (O  High yielding
Okiniiri (1996) Moderate ® @ ® Pia, i © ©  Blast resitance
Ouuu 354 (2001) Moaoderate © ® O  Pia O O Low amylose

Note. @ : Best, © : Good, O : Acceptable, /A : Poor, Glutin. : Glutinous

Table 5 National breeding projects conducted at NARCT

Project Term Fund (yen) in 2001
Breeding for direct seeding 2001 —2004 5,564,000
Breeding for hybrid rice and new characteristics™ 2001 —2005 5,564,000
Breeding for animal food ' 2001 —2003 2,602,000

* : New characteristics include low amylose, colored rice and rice for ornamental.

have five main targets, which are associated with the national projects (Table 5). Blast resistance
and cold tolerance are not included in the projects but are indispensable traits in any breeding targets.
The five main targets of NARCT are the following.

First is direct seeding which is very important as one of the ways for low cost production. In
breeding, resistance to root lodging and seedling establishment are most important. Breeding has
been carried out since 1994, and then some improved strains for root lodging were developed but
seedling establishment is vet to be satisfied so far. The use of DNA markers for the selection is now
on its way.

Second is high yield which is important for animal foods. We developed Fukuhibiki in 1993 which
has an ideal plant type and 10 % higher yield than Akihikari which was once one of the leading
varieties with high vield (Table 2, 3, 4). Fukuhibiki consistently yielded more than 8tons ha of
brown rice. Fukuhibiki even gave 10 tons,~ ha at Aidu valley in Fukushima Prefecture. Breeding effort
is also devoted to develop rice strains with superior yield and biomass as whole crop silage or feed
grains. At NARCT, strains that produce exceptionally large grains have been bred for this purpose.
It is found that their grains are suitable for feed grains because large grains are associated with high
vield, distinguished from ordinary varieties and broken easily.

Third is hybrid rice, which technology has become a very popular approach in many rice-growing
countries to overcome the stagnating yield potential of the current inbred rice varieties. Although the
technology itself has not been of prime interest among Japanese rice breedérs, we have embarked on
the study of hybrid rice and heterosis for generating more basic knowledge. Then we decided to go for
indica-japonica hybrids, Takita et al. (2000} confirmed that yields of the hybrids are more than 20 %
higher than Fukuhibiki. We also found that the japonica-indica hybrid can be high yielding on account
of the effect pyramiding the gobd characteristics from both of the indica and japonica (Table 6). For
instance, japomica is superior in cold tolerance and long ripening period, while indica is superior in
plant type and photosynthetic ability. Luckily, indica-japonica hybrid can possess all of these supe-
rior characteristics. More research on this aspect are currently going on.

Fourth is colored rice, of which the grains seem to beJ good for health because the colored rice
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Table 6 Pyramiding effects of impertant traits in japonica-indica hybrid (Takita et al. 2000)

Tolerance to Plant  Sink Length of Leaf Yielding
Type . o .

low temperature type  size grain ripening Senescence ability
Hybrid(J-T) O tolerant O O O long O late @ stable
Japonica O tolerant JAN JAN O long O late FAN

Indica » susceptible O O X short X early A
© : Very good, O : Good, A ; Moderate, X : Poor. '

grains contain some physical functional matter such as anthocyanin. They have not been improved for
a long time. Sc we developed glutinous Asamurasaki with purple grains in 1996. Since the grains have
the attractive purple fresh color, they are used as natural color materials in the food industry. In
addition we developed the nmonglutinous Okuno-murasaki with purple grains in 2000. Since Okuno-
murasaki has nonglutincus large grains, it can be used as material for colored rice, colored rice wine
and others. The nonglutinous red rice strain Ouu 370 will be released next year. Colored leaves and
panicies are also interesting because they give beautiful scenery. We have already developed some
strains which possess purple panicles or red panicles with conspicuous long awns.

Fifth is low amylose content which is useful for processing. We developed Sﬁow pearl with low
amylose content grains, which has good eating quality in cold rice conditicn and is suitable for
instant food processing. It is also suitable as mixing material for low eating quality rice grains. We
also developed Ouu 354 with low amylose content grains, however its low amylose gene is different

from Snow-pearl. Furthermore, it has short culms,

II. Procedure of hybridization, selection and yield trials at NARCT

1. Planning of hybridization and crossing method

It is very fundamental that plant breeders should have broad knowledge about the materials used in
crossing and generating new populations. The genetic traits of the parental materials, especially the
major resistance genes and the other major traits that they possess, should be properly recorded. This
is to ensure that crossing work results in f.he desired complementation of these traits in the F1
generation, '

New genetic resources such as mutant lines and back-cross inhred lines that have heen developed and
thoroughly characterized in other breeding stations and research institutions are a common source of
novel genetic traits. Generally, hreeders in Japan avoid the use of lines or varieties that have vague
background or origin and lack proper characterization of the traits that they intend to utilize in the
hybridization program. They are practically careful in introducing new traits into their cultivated
germplasm. Also, knowledge on parental backgrounds will provide easier evaluation of the resulting
progeny lines.

A discussion meeting for the cross planning is usually held in March just after the regional winter
conference for rice research, in which new breeding lines are reporied. About 50 combinations are
planned for ordinary targets. But more than 100 combinations are planned for breeding research.

At the NARCT, hybridization work usually starts in late July and can be done continuously until
the end of Angust. Although off-season hybridization is possible inside the greenhouse with a heating
device, it is not efficient due to the unfavorable weather.

Parental materials are planted separately in the field and sometimes are from the observational
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plots. Breeders opt for staggered planting to attain the synchronization of flowering. The main
technique to sterilize the maternal plants prior to crossing makes use of an automated waler bath
that is commercially available.

At 'the heading stage, female plants that have unopened spikelets are potted out in late afternoon
and taken inside a shaded area or cool dark room. This is {o prevent the opening of flowers before
sterilization time the next morning. One of the options is to store the potted plants inside an air-
conditioned room, however this practice may cause difficulty in the opening of sterilized spikelets. On
the other hand, male panicles are also taken in late éfternoon and put in test tubes containing water,
and then they are kept in a warm rcom to enhance the opening of flowers the next morning.
Furthermore, there is another option to induce the opening of flowers in male parents. It is simply to
immerse their panicles in a hot bath at 43 “Cfor 40-50 seconds which is used for sterilization. These
treatments are very efficient for doing the crossing earlier. After the confirmation of spikelet
opening in male panicles, the sterilization of female plants is achieved by immersing the panicles into
the hot bath at 43°C for 5 to 7 minutes. Heal-treated female spikelets are allowed to open soon after
the treatment, and then spikelets that fzil to open are removed using ophthalmology scissors and this
require lots of labor. Then the remaining opened spikelets are cross-pollinated in an isclated area with

male parents as soon .as possible,

2. Generation advance and bulk selection

Most of the F'1 seeds arc sown in a green house in September soon after the cross-pollinated seeds
have ripened. They are usually harvested in February, and then the F. seeds are sent to other stations
for generation advance. F: seeds that are not sown in the green house are grown in a field next
season. Then, the F': seeds either go to generation advance just one year later or to F: bulk selection
the next year, which is not common in Japan,

The majority of the breeding stations in Japan have limited capability for rapid generation advance
because of the unfavorable winter conditions. Through close collaboration with the Japan Inter-
national Research Center for Agricultural Science (JIRCAS) in Okinawa, F: seeds are shuttled from
the NARCT to JIRCAS station for early generation advance by bulk method. Bulked F: and ¥
populations are maintained without selection at JIRCAS, then the ¥, seeds are sent back to NARCT
and planted as bulked populations (Fig.5).

Individual plant selection is usually done for the Fy generation according to breeding objectives. At
this stage, selection is done for plant type, culm length, blast resistance and for highly heritable
traits based on the criteria in the field. Three to four panicles are taken from each selected plant to
constitute an individual line in the next generation. About 50 grain samples are dehulled for visual

inspection of their physical grain quality. Plants that have poor grain quality are discarded.

3. Pedigree selection and family line selection

As illustrated in Fig. b, the selected Fs plants constitute single lines or pedigrees in the Fs. The
singlé lines are planted in 3 m long two-row plots. The distance between hills 15 15 em and the distance
betwesn single lines is 30 em. About 36 seadlings are transplanted per single line. Each line is observed
for maturity, plant type, yielding ability and segregation, and finally each of the single lines is
selected by interests of the breeders. All of the selected lines are then evaluated for viviparity
(tendency for early sprouting). Lines that exhibit a lesser extent of germination or strong dormancy

are selected. Then three to four panicles are taken from sach of the selected five plants in each
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Fig. 6. A model of both ends selection in the segregating line at heading time (Takita 2000).

selected line. The physical grain quality of individual plants is examined from the harvested seeds in
the same way as in bulk selection. As a result, some of the lines are further discarded and finally the
five plants from each line will constitute one family lines in the next I's generation.

Once the single line is selected in Fs, the remaining seeds are collected together, and are used for
the preliminary yield trial (Y trial). Some tests for important traits such as cold tolerance, the
resistance to leaf and panicle blast are concurrently conducted. Consequently, in the next Fe gener-
ation, the selection is not only based on observation of the lines but also yield trial and other tests.
As a result, families are selected first, then each of the superior lines in the selected families is
seleéted in the same way as the single line selection. When the Fs lines are segregated, the breeders
select the most uniform line within a family. After field selection, data on yield, physical grain
quality, grain size, eating quality in the grains are taken, and more undesirable families are
discarded. Finally, only 10-20 % of families are mai.ntained every year,

This progeny selection provides a good system for simultaneous purification of lines during
performance tests. It fu_rther ensures the availability of breeder seeds for subsequent multi-location
trials. At the NARCT, the progeny lines are maintained to achieve accurate purification and coun-
tercheck. Breeders constantly examine the segregation, maturity, plant type, panicle type, resistance
to blast and overall phenotypic acceptability of each progeny line in the field and select for advance
trials. If segregation of heading time or culm lengih are observed within the line or within the single
family lines, breeders g:ene'rally select the type on both ends, that is the earliest type or latest type,
or shortest type which seem to be homozygote genotypes (Fig.6, Takita 2000). It is confirxﬁed that
both end selection is reasonable and efficient to get fixed lines in the next generation. This process of
progeny selection is continued until a line is discarded or stopped to maintain the high purity of

breeder seeds.

4. Yield trials and selection .

Entry lines in the Y trials are normally planted in 4-row piots, 5 m long, 30 cn apart and with 15 cm
distance between hills which makes 19 hills,” nf. Single hill usually contains three to four seedlings.
Fertilizer is applied at the rate of ‘60 ke N ha before transplanting and 30 keN, ha 20 days before

heading time. Planted in one replication, the entries are grouped according to maturity and breeding
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objectives. Observation of the lines is usually done at the tillering stage for evaluation of initial
growth, at heading time for recording the heading date and at maturity for recording the date of
maturation, lodging score and other pertinent information. When the line proved to have undesirable
traits such as weak blast resistance and low yield, it is discarded right in the field and is never
harvested in the yield trial. '

For yield determination, the two-inner rows of 40 plants are harvested from the 1.8 of portion of
the plot, and their total weight and that of the threshed grains are measured on a hectare basis. The
grains are dehulled and screened on a sieve with 1.8 mm mesh, then the yield of brown rice is meastred
at 15% moisture content. It iz standard in Japan to express the grain vield in terms of brown rice
vield per hectare.

After the yield determination, a portion is set aside for evalustion of the physical grain quality
and 1000-grain weight, and the other portion is used to determine the eating quality of cooked rice, as
shown in chapter . Usually conducted in winter, this is a long process and it takes several months
to evaluate all the entries.

All Y entry lines are also planted in the nursery for the evaluation of leaf and panicle blast
resistance, and cold tolerance. A viviparity test using panicles in yield trials is also conducted in
autumn. The results from these tests are integrated with the data from the yield trials tc form the
Basis for elevating the lines to advanced yield trials designated as K trials. In addition, breeders also
take note of the field performance of the corresponding family lines in the pedigree field. When the Y
entries show extreme variation among lines within a family, they may either be discarded or further
purified. Then, only 10-20 % Y eniries remain every year.

At the NARCT, new lines that are to be evaluated in the advanced performance tests bear the Ukel
name and code number (e.g. Ukei 343). Hence about more than 20 new Ukel lines are added every
year. Then the Ukei lines become the candidates for new important lines bearing the Ouu name and
code number subjected to varietal recommendation test (VRT) or multi-location test at the prefec-
tural Agricultural Experiment Station (AES) as shown in chapter IV. In the K yield trials, all of the
Ukei and the Ouu lines are planted together in the same field with two replications. In addition,
another cultivation method such as high- N condition or direct seeding are used to evaluate further
field performances. A the NARCT, randomized complete block design is not adopted in the yield
trials because it is too troublesome to plant and ohserve in the breeding testing lots of lines. Instead,
one or two check varieties are planted in every ten entries to distinguish the difference between the
checks and testing entries. Furthermore, Ukei lines are sent to other AESs to evaluate the local
adaptability. Other treatments are the same as the previous Y trials. _

Tn winter, after integrating all of the data, less than 10 Ukei lines are finally selected. Then only
two or three Ukei lines, which are cbvicusly outstanding in both of the check varieties and old Ouu
lines, are selected and given the new Ouu code {e.g. Ouu 371). Thus, Ouu lines result from final
selection in the breeding laboratories. On the other hand, the other remaining Uksi lines continue to
be evalueted again with the same Ukei number. This must be done before the regional winter

conference because the new Ouu lines are to be reported during the conference.

5. Seed storage for advanced lines
All of the Ouu lines generally must be sent to the prefectural AES for the VRT until they will he
discarded or recommended for new release. In the Oun line stage, the K yield trials and the tests for

important traits are conducted concurrently. In addition, seeds must be propagated to prepare for
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wide multi-location test in prefectures. When one of the Quu lines is recommended for new release by
.prefectures, the breeders seeds or the lines are shared.

After the Ouu lines are finished in VRT, the seeds are stored as gene sources in two places. One is
the breeding laboratory at the NARCT which developed the lines, and the other one is at the National
Institute of Agro-biological Science which manages the research project om gene resources and
possesses large long term seed storage rooms. The seeds are available and free of charge only by

requests from researchers at the National Institute, otherwise they are not free but available.

. Important traits and the screening methods at the NARCT

Japan has a congiderably large breeding network for rice improvement that 1s distributed
threughout the main archipelago stretching along a 2,000 km northeast to southwest axis. The
different agro-ecological regions of Japan reveal some distinct characteristics and striking differences
in climate pattern that necessitate the development of specifically adapted rice varieties. The NARCT
is one of the five regional National Agricultural Research Centers funded by the MAFF to undertake
specific breeding objectives for paddy rice. Among the regional centers, the important traits at the
NARCT have been cold tolerance and blast resistance. The other ones such as viviparity and grain
quality are important throughout the country. To select the superior varieties, breeders have made
efforts to improve the screening method. The following methods are presently used to evaluate the

important traits.

1. Cold tolerance

In the Tohoku region, tolerance to cool temperature is one of the most important traits that have
to be incorporated into the lines of rice. Irrigation water coming from the mountains is supplied to
the paddy at a temperature of about 15 to 18 °C from May t¢ June. The low water temperature
during this stage causes the typical yellowing of leaves and sometimes death of non-tolerant seedlings.
In this tolerance, indica is very susceptible while japonica is very tolerant. Low temperature during
the vegetative growth causes delayed heading due to growth retardation, resulting in yield decrease
- associated with incomplete grain ripening. However, the damage caused by delayed growth is no
longer serious nowadays because farmers use the early maturing varieties. '

The damage at the reproductive stage about 12 days before heading is most serious because it causes
the yield decrease directly. Such severe cold injury caused by cold wind called Yamase occurred six
times during the past 30 years (1971, 1976, 1980, 1981, 1988 and 1993). The damage in 1993 was the
most serious with more than 50 % yield decrease in three prefectures (Aomori, Iwate and Miyagl) in
the Tohoku region. Hence we are concentrating on the tolerance at the reproductive stage (Takita
1994) |

Spikelet sterility is a result of cold damage during the reprcductive stage. Researchers generally
believe that the meiotic stage of pollen formation is most sensitive to low temperature. Abnormal
growth of pollen mother cells and incomgplete separation of tetrad microspores have been commonly
observed as direct effects of ccld damage. The genetics of cold tolerance has been intensively studied
in Japan. On the other hand, some reports suggest that the damage at heading time is also associated
with sterility. However, the evaluation has not been conducted in breeding.

In most breeding stations in Tohoku, scresning the breeding lines for cold tolerance is done by

means of an automated system where cold irrigation water at a temperature of 19—19.5 °C can be
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Table 7 Check varieties for cold tolerance in Tohoku region

Maturity Tolerance level

2(very tolerant) 3—14 5(moderate) 67 8(very susceptible)
Very early Hamayutaka Cyubo 36 Kitaou Hayanishiki
Early ' Hananomai Yamauta Reime1 Akihikari Hideko-mochi
Moderate Todoroki-wase Koganehikari  Akihomare  Toyonishiki
Late Koghihikari Qgora Norin 21
(landraces} — (imroved varieties) - {present varieties )
Aikoku* Ginbozu-nakate* Norin 8 Norin 22*
T ‘—|~Koshihikari* —ETodorokiwase*
Rikuu 20* Rikuu 132 — Norin 1 Hitomebore*
Shinriki Kinai-ban 33 Norin 24*
Kinai-nakate 4* — Fujisaka 1 —— Hakkoda*

Taichu 65*

Fig. 7. Genealogy of cold tolerance in Japanse rice varieties.
*indicates tolerance (Sasaki and Matsunaga 1985).

maintained in the nursery. The facility makes use of thermo-sensors installed at several points in the
nursery that are connected to the electronically controlled water pump unit. When the temperature in
the nursery goes up, the pump automatically draws cold water from the well and supplies it to the
nursery to maintain the screening temperature. The cold water is maintained at 20 cm depth from
panicle initiation to the heading stage. '

There are check varieties in each maturity group (Table 7). The evaluation is done together with
the same maturity group. The degree of spikelet sterility is generally used to evaluate the tolerance of
the entries with the scale 1 : 10% to 9 : 90 9. For instance, 8 to 9 will be scored in susceptible
varieties such as Akihikari and Sasanishiki, and only 2 to 3 in more tolerant varieties such as
Koshihikari and Hitomebore. By this method, tolerant lines can be separated from the non-tolerant
ones by evaluating only five plants per entry.

In addition, breeding lines bearing the Ukel name or Ouu name are sent to several stations such as
Furukawa where there are cold tolerance testing fields to evaluate the spikelet sterility. This
evaluating system is very effective because breeders can have a general conclusion through the tests.
Moreover, the data can be used directly when the breeder failed the test at their station. The same
system is also being used in leaf and panicle blast tests.

Breeders take advantage of the high additive effect of the cold telerance genes that allows them to
pyramid these genes into the new varieties to increase their tolerance. For instance the most tolerant
Hatajirushi (old name Jodeki) was released in 1997 and it showed a normal yield in the year 1993
when the most severe cold damage occurred. Since the tolerance was more than both of the parents,
its tolerance is then the result of pyramiding effect. Sasaki and Matsunaga (1985) found that the

cold tolerance is obviously inherited from the parents by descendants (Fig.T).

2. Resistance to leaf blast
Rice blast caused by the fungal organism, Pyricularia orvzae, is the most serious disease in the
region. The relatively high humidity during the growing season is very adaptable for blast disease

development. Incidentally, the most popular varieties that are grown in Japan, such as Koshihikari
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and Sasanishild, are very susceptible to blast, so many farmers resort to extensive use of fungicides
to control the disease.

In breeding for blast resistance, rice breeders emphasize the importance of field or partial resistance
over true or complete resistance. Partial resistance has qﬁantitative inheritance that 1s governed by
polygenes with additive effect. On the other hand, complete fesistance is qualitatively inherited and
conferred by single genes with major effect. The latter is based on the ability of a pathogen race to
infect a specific range of hosts. Massive deployment of complete resistance in the field is believed to
result in rapid breakdown of the resistance when the pathogen evolves into a more virulent strain,
thus giving rise to an endless arms race between the host and the pathogen, Partial resistance appears
1o be more stable against the changes in the pathogenicity of the blast fungus.

In 1963 and 1964, a well-known and massive outbreak of blast disease occurred in three prefectures
of the Kanto region north of Tokyo. Tt resulted from the breakdown of the blast resistant gene Fik in
Japanese cultivar Kusabue and this cccurred just two years after its release. Since this was the first
breakdown after the first use of complete resistant genes, breeders were shocked seriously. Subsequent
introduction of the other major resistant genes showed similar patterns, i.e. they lasted for only a
few years. This prompted rice breeders to utilize partial resistance as a strategy to develop varieties
that are more durable to the blast disease. In this sense, Tovonishiki with strong partial resistance
has illustrated a geed example in durable resistance (Table 2, 3). Complete resistance should be
combined with partial resistance, or used in the development of multi line varieties. There are now
some multi-line varieties but only the Sasamishiki multi line 1s presently cultivated. However, it is
likely that a breakdown of all of the resistant genes in the Sasanishiki multi-line may ocecur in the
near future.

Breeding mmaterials are rated for blast resistance according to a standard scoring system (to be
described later) with scales from 1 (strongest) to 9 {most susceptible). Breeders normally. recom-
mend varieties with a partial resistance score of 3 tc 4, that is resistant to moderately resistant, but
a-score of 5 to 6 is also acceptable when the variety possesses other excellent traits. Breeders never
give the highest score of 1 because they always leave room for improvement. The partial resistance of
breeding lines is also evaluated in different stations such as Fujisaka in the same way as the
evaluation for cold tolerance.

For screening the lines for partial resistance to leaf blast, seedlings are raised in the nursery under
upland conditions. The entries and check varieties are laid out in half-meter furrows. The susceptible
spreader variety is sown on the border and along the middle of the one-meter-row plots. In the
beginning of June, more than 2000 entries including the check varieties are sown to evaluate the
resistance against blast race 037.3 at the NARCT. This blast sirain is compatible with plants having
the true resistant genes Pii, Pia, Pik, Pib, Piks, Pikp and FPikm. The susceptible variety Inzbawase 1s
used as the spreader. Check varieties that exhibit known reactions to the blast strain are planted in
every 50 entries. Three weeks after sowing, when the seedlings reach the 4 to b leaf stage, inoculation
of the susceptible border plants is done by spraying with spore suspension taken from pure culture of
the blast fungus. The nursery is isolated from the other plots by putting a net fence around the area.
The net also serves as a wind break tc promote formation of dew on the leaves, which is favorable
for rapid growth of the blast fungus. The humidity during the rainy season from June to July is also
effective. The rate of development of blast lesions generally depends on the humidity in the area. The
Inabawase plants that show susceptible lesions one week after the inoculation are pruned and the

leaves are scattered all over the nursery to spread the disease through the spreader plants.
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Table 8 Scale for blast evaluation (Asaga 1981)

Scale General description " Diseased leaf area
0 No susceptible blast lesions 0%
1 Few susceptible blast lesions 1%
2 A few susceptible lesions 2%
3 Intermediate number of susceptible lesions 5%
4 Many susceptible lesions 10%
5 A great many susceptible lesions and few dead leaves 20%
6 A few dead leaves _ 40%
7 Intermediate number of dead leaves 60%4
8 Many dead leaves B0%
9 Extensive dead ieaves 90%
10 Majority of plants are dead 100%

Table 9 Check varietiss for partial leaf blast resistance in Tohoku region

Resistance Partial resistance level

gene 2(very strong) 3—4 5(moderate) 6—17 8(very susceptible)
+ or Pia Cyubu 32 Kiyonishiki Norin 41 Sasanishiki Koshihikari
Pii or Pia, 1 Todoroki-wase Fujisaka 5 Inba-wase
Pik Himeno-mochi  Mangetsu-mochi Kusabue

About 5 weeks after sowing, the entries begin to exhibit the susceptible lesions and scoring of all
entries is done every three days using the Asaga scale (Table 8). The average of three consecutive
readings is computed for assessment of partial resistance. There are check varieties in each group of
true resistant genes (Table 9). The final evaluation is done by comparing the data with check

varieties,

3. Resistance to panicle blast

Breeding emphasizes resistance to panicle blast because it causes severe damage to yield and no
chemical control is available. At the NARCT, evaluation for resistance to leaf and panicle blast
disease is being done in separate nurseries. For panicle blast evaluation, the nursery must be situated
in more humid condition to achieve a higher infection rate. When the air condition is dry, the
incidence of panicle blast may be very low to allow accurate evaluation of susceptibility level and
selection of resistant lines. An. option to increase the humidity, particularly the amount of dew on
the panicles in the morning, is to install water sprinklers around the nursery and sprinkle in the
evening or to put a net fence around it for a wind break.

At the NARCT, test entries are planted in two adjacent rows like the pedigrees. The whole plot is
surroundsd by the susceptible spreader variety Inabawase, planted at both ends of the rows. Check
varieties are also planted at regular intervals. Evaluation is dene when the grains are half-matured
{about 20 to 30 days after heading) to easily distinguish the blast-damaged panicles. The entries are
gscored for resistance using the modified Asaga scale (from 0 to 9), which is based on the percentage
of blast-damaged spikelets. This scoring system is good enough for the evaluation of susceptibility

level although the evaluation is done only by observation.

4. Identification of true blast resistant genes

The majority of the rice varieties that are cultivated in Japan possess true resistant genes either Pii
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or Pia. A few varieties contain Pik, Pita-2 or Pib genes. When exposed to the blast fungi that are
compatible with the resistant genes, some varieties would exhibit Sﬁsceptible or resistance reaction at
varying degrees due to the partial resistance, Before a promising line is to be recommended as a
variety, breeders are normally required to submit information about the partial resistant and the
complete resistant genes in the line.

On the other hand, prior to the evaluation of partial resistance of the breeding lines, 1t is an
important prerequisite to identify the true resistant genes that they possess. It would be impossible
to evaluate partial resistance of the lines without knowledge of the true resistant genes that they '
possess, and it could be extremely difficult when the lines possess so many true resistant genes. In
Japanese varieties, only one or two major genes are normally maintained. .

At the NARCT, pure cultures of the important blast races are maintained in the laboratory of
disease and pest control for pathogenicity testing. Blast lesions taken from the differential cultivars
are used for single spore isolation. The blast isolates are purified from single colonies and maintained
in test tubes containing potate dextrose agar (PDA) medium, When inoculation is to be conducted,
the fungi are serially propagated in oatmeal agar medium until they produce spores. The spores are
harvested by brushing and then mixed with water to produce the inoculum. Incculation is dene by
spraying the spore Suspension on the test plants. True resistance is identified by determining the

compatibility of the lines with a set of blast races through the pathogenicity test.

5. Viviparity

Viviparity (tendency for early sprouting) is an important trait that affects grain quality and
storability. There is a rainy season from August to September when rice reaches the harvesting time
{(Fig.3). In a spell of rainy days, grains of Japansse varieties have the tendency to sprout due to
enough moisture and temperature.
. For the test, three panicles are taken from each entry or plot or line with check varieties, and then
they are kept in a moisture chamber at 30 °C for one week. The entries are scored for the germination
rate from 0 : no germination to 9 : 90% germination and then avaluated by comparing them with

the check varieties.

6. Physical grain quality

With the oversupply of rice in Japan, along with the declining rate in rice consumption, breeding
efforts have given more importance to the generally preferred physical guality of grains and eating
quality of cocked rice. The overall quality of rice is related to a number of factors like those of
storability, nutrition value, eating quality and processing characteristics. However, at the present
situation, breeding procedures for new rice cultivars give primary importance to the physical
appearance of brown rice which is associated with milling recovery. The grains with large white belly
or white core are not favorable. Grains susceptible to cracks are out of the question. Small grains are
neither favorable because they are likely to fall down through the sieve.

During selection of individuals and the progenies in the subsequent generations, breeders at the
NARCT evaluate the physical appearance of the grains according to their established scoring system
for quality inspection (scale of 1: best to 9 : worst). Generally, lines that have high frequency of
white belly, white core, milky-white, white back and cracked grains are discarded during the
evaluation. The glossiness of the grains is also considered in selection. Advanced lines in the yield

trials are also subjected to grain quality inspection. When the advanced Ouu lines are sent tc the
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varietal recommendation test, confirmation is done at the different stations for grain guality of the

entries by comparing them with a given control variety using the same criteria.

7. Eating quality

Eating quality is believed to be the most important trait in rice as far as Japanese consumers ars
concerned. Eating quality greatly affects the market value. Competition for eating quality in the
market has triggered the development and production of new varieties with excellent grain appearance
and taste. High demand for such varieties has led to the development of new cultivars in Tohoku such
as Akitakomachi and Hitomebore. These varieties have earned high reputation in the market and
became the leading varieties now in the region owing to their quality that is comparable with that of
the popular Koshihikari and Sasanishiki. Generally, in the high-quality rice varieties, an average
wholesale price is more than 300 yen, kg of brown rice.

The amylose content of the grain starch has been regarded as a major factor that determines the
starch quality thus, eating gquality of cooked rice, although it is believed that other factors may
affect the overall palatability. Recently, the auto-analyzer system specified for starch analysis of
rice grains, particularly amylose content, has been adopted for rapid evaluation. Most japonica
cultivars have amylose content of about 20 %. Koshihikari and Sasanishiki, which are highly
preferred by Japanese consumers, have relatively low amylose content of 16% to 18%. They have
sticky and glossy appearance when cooked. The prevalent temperature during the grain ripening period
affects the amvlose content of rice varieties, thus, the amylose content of rice grains produced in
colder places like Hokkaido tends to be higher.

Although most breeding stations have the capability to quantify the amylose content, breeders rely
mainly on sensory evaluation for selection. The reason is simply that there are no instruments which
can compete with human senses. In addition, once the eating quality test is established, it 1s not
laborious. ‘

At the NARCT and other breeding stations, sensory evaluation of cooked rice is based on three
criteria : physical appearance (whiteness and glossiness), stickiness and overall taste. Among the
criteria, stickiness and glossiness are obvicusly associated with the overall taste. Since stickiness and
glossiness are evaluated without eating, the overall taste is evaluated without much difficulty.

In the sensory evaluation, the samples taken from the yield trials are milled using a portable miller
and boiled in electric rice cookers. Three entries are usually evaluated with two check varieties at one
time. The two checks are usually one with good eating quality and the other one with poor eating
quality. The scoring system has scales of +1 to +3 as better, 0 as equal, and —1 to —3 as poorer

than the good check., The average score for each entry is calculated and used.

8. Adaptability for direct seeding

The declining price of rice in the Japanese market compels many farmers to expand their area of
cultivation. Despite the remarkahle increase in the rate of farm mechanization in Japan, problems
such as the rapid ageing of the farmers and the diminishing amount of labor force in the field have
confronted rice agriculture. On the average, the cost of rice production amounts to about 1.2 million
yen per hectare, more than 10 % of which accounts for the cost of raising and transplanting the
seedlings. These important concerns are being addressed by rice breeders through approaches that
reduce the amount of labor required for rice cuilivation, and one of them is direct seeding technology.

In Japan, direct seeding is mainly divided into two methods i.e. dry seeding and water seeding.
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Dry seeding was carried out a long time ago and is still carried out in some special places. However,
since puddling and leveling are not conducted in dry seeding, it was found that there are problems for
seedling establishment and weed control due to rapid water percolation. In addition, dry seeding tends
to be considerably late in seedling emergence and therefore considerably late in heading time. Hence,
we concentrate on water seeding which is being practiced in mechanized ways such as broadcast
seeding {on the surface of flooded soil) and anaerobic drill seeding (under the surface of flooded
s0il). Farmers commonly facilitate the practice of anaerobic seeding by coating the pre-germinated
seeds with oxygen-releasing chemical Calper (calcium peroxide) because it is effective for stabilizing
seedling establishment and root lodging. However, since the coating technology requires additional
labor and costs, many farmers demand varisties that can establish well in anaerobic condition upon
sowing without any chemical treatment. More breeding effort is deemed necessary to improve the
performance of rice varieties under this condition. However it is likely that it will take time to
improve such characteristics. .

On the other hand, rooct lodging is a serious problem when rice is seeded on a soil surface by an
ordinary broadcast method. Shorter stature, stronger culms and greater root anchorage confer higher
tolerance to root lodging. Aside from its importance in direct seeding, lodging tolerance is a valuable
trait for mechanized harvesting and for maintaining good grain guality. Breeders have been trying to
incorporate thick, non-bending culm and vigorous rooting characteristics from different sources into
japonica varieties in order to impart better root lodging tolerance. Since there are some Japanese
varieties with strong resistance to root lodging it is likely that the improvement will be achieved
soon.

At the NARCT, the adaptability to direct seeding is mainly evaluated in the yield trials by water
seeding. In the test, chemical Calper is not used. Germinated seeds are sown on a soil surface in five
rows using the drill seeding method, and then water is supplied until it is 10 cm deep. The other
method is almost the same as in yield trials by transplanting. In the test, seedling emergence is fast
and good because the water contains enough oxygen and gets warm by the sun. The problems are
lodging in the seedling stage and ripening stage. The lines showing good resistance to lodgings and

high yields are selected.

9. Adaptability for multi-location

At the NARCT, a local adaptability test is necessary to evaluate the wide adaptability of each Ukei
lines which are the candidates for new Ouu lines. Breeders consider that the performance in other
places are very important in the selection of outstanding lines. Japanese breeders are convinced that
the outstanding performance of a line should not be site specific. Therefore local adaptability trials
are being conducted in Japan.

The NARCT has eight prefectural Agricultural Experiment Stations (AES) to do the local adapt-
ability tests which are supported by the MAFF. In addition, the NARCT has five more AESs where
breeders themselves exchange materials with each other. Thus, the NARCT has a total of 135 entries
at 13 pl.aces. Each line is usually sent to two or three places. Since each place has a different
environment, lines should be sent to the places suitable for evaluation of the line specific traii, e. g.

blast resistant lines, for places suitable to evaluate the disease.
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IV. Breeding in prefectures and the rice varietal recommendation process

1. Breeding programs in prefectures )

Rice is normally grown in Japan from April to October, but growing conditions vary from the
Northern to the Southern parts of the country. Even within a region or within a given prefecture,
growing environments for rice may have considerable variation. Temperature regime, paddy soil
condition, topography and rainfall distribution are some of the factors that contribute significantly
to this variation. Therefore, specific rice varieties adapted to the prevalent conditions in the region
or prefecture must be developed to attain stable rice production.

On the other hand, the highly localized approach to varietal development has evolved as a resuit of
demands from local farmers’ cooperatives. The largest farmers’ cooperative system in Japan is the
Japan Agriculture (JA). This organization has many functions, and one of them is to provide an
effective channel through which farmers can send their produce to wholesale markets. Within a
prefecture, there are several JA district units that purchase the brown rice produced by farmers in the
district and transfer it to the prefectural JA connected with the nationwide JA. More than 70 % of
the collected rice is distributed to wholesale markets throughout the country where the price of rice is
decided by a bidding system or negotiations between selling and purchasing parties. About 20 %6 is
bought directly by the government at a subsidized price in order to achieve stability in prices and
demand. In the market, where competition is high, rice varisties that have excellent qualities are
generally sold at higher prices. So, it is very important among the local producers and the JA to have
a choice of varieties that are highly adapted in their locality and at the same time command higher
price in the market.

The prefectural government responds to these demands of farmers by setting up localized breeding
programs to develop locally adapted varieties that have greater competitive ability in the market.
Many prefectural AES have developed their own flagship varieties through this system, such as
Akitakomachi for the Akita Prefecture and Hitomebore in Miyagl Prefecture. Thus, each of the six
prefectures that comprise the Tohoku region namely : Aomori, Akita, Iwate, . Miyagi;, Yamagata and
Fukushima, has at least one established AES that undertakes a breeding program for rice and other
important crops in the locality. The prefectural breeding is either funded by the prefecture or by the
MAFF.

2. Process of rice varietal recommendation in prefectures _

In Japan, the prefecture has a role to release new varieties and to supply the seeds to farmers, Seed
commitiees for rice are designated under a law by the MAFF. Hence sach. prefecturs has its own seed
committee for rice. The committee members are usually leaders of the AES, JA, extension offices
end administrative office in charge of rice. The set of the tests 1o release new varieties is called the
varietal recommendation test (VRT), which is carried out independently from the breeding in each
prefecture and is administered partly by the MAFF fund. Since the tests are conducted in most of the
prefectures concurrently it 1s also called the multi-location test.

In the VRT, most of the newly released advanced lines are tested. Advanced lines produced in each
breeding laboratory in Japan bear the sach characteristic local line name instead of a lengthy pedigree
number for the purpose of identification {eg. Ouu ### for lines bred at the NARCT, Akita HHF
for the Akita AES lines, etc.). Most of them are sent to the prefectural AES and evaluated in the

VRT. The local line information in the test is maintained by systematic recording and computerized
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data base management. This system makes the identification of the lines and the evaluation of
important traits more simple using data base analysis. '

The tests to release the new varieties start from the VRT in the prefectural AES. In the first year,
the AES selects the promising lines from those sent by the breeding laboratories. And this includes
the breeding lines developed at their own AES. The lines that have shown outstanding performance or
useful characteristics are elevated as promising lines. This is called preliminary yield trial in the
VRT. The method of this test is almost the same as the yield trial in the breeding.

In the second year, selected lines are planted under two cultivations condition such as standard
nitrogen (N) level and high N level. In addition, a few special outstanding lines, which are the
candidates for new release, are planted at the various places in the prefecture. The latter is called te
local adaptability test in the VRT and is carried out by extension officers and farmers in each
district. Since the extension officers observe the growth and report the data about yield and grain
quality in the district, they also have the responsibility to release new varieties. Then the same test
must be continued for one more year. These sets of tests are called advanced yield trials in the VRT.

As the results over more than three vears, in the prefecture where & line has shown consistent
performance, or special characteristics that satisfy the preferences and demands of the local farmers
and consumers, the line is recommended to the seed committee with all of the data including the VRT
and the breeding. When the seed committes approves the line, it can be a variety for new release. The
newly recommended line tends to be that developed in its cwn prefecture. But the recommended line
can rarely be from other prefectural or national institutes. Hence, it is considered that the VRT is
fairly conducted. '

Once the recommendations have been made and approved by the corhmittee, the prefectural AES
starts to propagate the seeds. In addition, the breeders submit the reports to the regional conference
in winter which is organized by the NARCT, and also submit the form with the new name to the
MAFF for the registration of new varieties under the Seeds and Seedlings Law. If the prefectursl
breeding line was funded by the prefecture, the new name is given by the prefecture. If it was funded
by the MAFF, the name is given by the naming committee under the MAFF, and the new name is
published with a Norin number which certifies the excellent variety developed by the MAFF. In the
committee, one of the names which breeders recommend is usually selected.

The function of the prefectural AES in the VRT is not only to evaluate and recommend new lines
but to monitor the performance of previously released varieties. When a variety is proven to have
deteriorated and lest its value in local pfoduction, the committee will have to revoke the
recommendation that was previously granted and remove the variety from the pipeline. In this way,
farmers maintain a reasonable number of recommendahle varieties to choose from.

In the VRT, a group of breeders from different stations can monitor the performance of the entries
that are being evaluated in the different AKSs. During the field visit in autumn, breeders have the
chance to observe the consistency of performance of the local name lines that they have developed.
Maturity, crop stand, field resistance to blast and lodging tolerance are noted. The monitoring tour
usually culminates in the regional breeding forum in autumn. This is participated in by all coop-
erators and breeders from the different prefectures to discuss the current results of the regional test
as well as the recommendations that have to be made. Issues concerning the trends in rice production

in the region and other matters are also discussed in the meeting.
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3. Seed propagation and patents under the Seeds and Seedlings Law

The prefectural AES is also responsible for maintaining the breeder seeds of the released varieties,
and ensuring enough supply of certified seeds for the farmers. The seed committee organizes a
network of seed growers. The JA and extensicn officers are the members of this network that produce
the certified seeds. Farmers usually order the seeds two years in advance through the JA. Then ths
sead committee wili prepare the seeds the following year according to the demand. The planis are
checked &t heading time to eliminate the off-iype planis and then the harvested seeds are again
checked by the seed committee organized by extension officers. The seed price is two times higher than
the brown rice in the market. Nowadays most of the farmers prefer the certificated seeds because it is
laborious to produce pure seeds by themselves. When a variety is newly released, it is common that
there are not enough seeds in the first year.

Under the Seeds and Seedlings Law, the seed commities must pay the patent to the prefectures or
the National Agricultural Research Center which developed the variety. The patent is usually 0.16—
0.32 % of the seed price which farmers buy. The patent term is 15 years in Japan.

V. Work sharing for breeding and related activities at the NARCT

1. Work sharing for breeding activities

In the breeding laboratory at the NARCT, there are four breeders and four field workers. In

Table 10 Work assignments at the rice breeding laboratory of NARCT

Assignment : Number of entries Area .Breeder
(a) in charge

1. Selection

1) Crossing 50 combinations b B

2) F. plants 50 combinations 5 B

3) Generation advancement 50 combinations 0 B

4) Individual selection 50 combinations 40 A B, C D

5) Line selection 3000 lines 40 A, B, C D
2, Yield trial

1) Preliminary test 150 plots 15 C

2) Advanced test 200 plots 20 A

3) Local adaptability test 60 plots 5 A

4) Direct seeding test 150 plots 10 D
3. Evaluation of physiological traits '

1) Cold tolerance 600 plots 10 C

2) Leaf blast 2000 plots 5 B

3) Panicle blast 1000 plots 20 B

4) Determination of true resistance gene 200 plots ' 0 D

5) Viviparity 300 plots ] D

6) Amylose content 50 plots ) C

T) Protein content® 0

8) Eating quality 150 plots 0 D
4, Seed storage and propagation

1) Varieties for genetic resources 200 varieties 5 B

2) Propagation of important lines 20 lines 20 D
5. Breeding research 40 A, B, C D
6. Exhibition etc. ' 20 C

* : New trait which will be evaluated after introduction of the instrument.
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addition, the laboratory employs two or three part time workers for assistance.

There are many work assignments at the breeding laboratory (Table 10). They are divided into
four groups, namely : selections, vield trials, evaluations of physiological characteristics and seed
propagation. The selections include crossing, checking of F. plants, generation advancement of Fi
and Fs, individual selection, line selection and the evaluation of physical grain quality of harvested
grains, Yield trials include preliminary tests, advanced tests, direct-seeding test, the other purpose
yield trials, and evaluation at pre-harvesting and post harvesting. The traits recorded in the tests are
heading time, lodging scors, culm height, panicle length, panicle number, total weight, grain weight,
1000-grain weight and grain appearance. In addition, resistance to panicle blast must be scored when
the blast disease is observed in the yield trial field. Evaluatioﬁ.of physiological characteristics
includes tests for cold tolerance, leaf blast, panicle blast, identification of true resistant gen-es,
viviparity, amylose content, protein content and eating quality. Seed propagation includes storage of
many varieties for genetic resources and propagation of purified breeders seed for new release or
varietal recommendation test. A total area of 2.6 ha is needed for all thess breeding activities.

Japanese breeders generally do not rely on other laboratories. To evaluate important traits, all
these are done by themselves. Assignments are fairly shared among them at th NARCT. But due to
the bulk of work among breeders, the total lines are usually less than 3000 and total plots of yield
trials are less than 600.

Table 11 Related activities and breeding research at NARCT

Assignment Researcher in charge
1. Breeding activities
1) Publishing
Contribution of new varieties to Bulletin of NARCT
Information on new Ouu lines
Yearly breeding results
2) Reporting on breeding projects
Direct seeding
Hybrid rice and new characteristic rice
Animal Food
Gene resources
3) Management of breeding
Arrangement of field work:
Administration of research budget
Control and distribution of seeds
2. Regional cooperation
1) Organization of conference and forum ‘
Winter conference - A, B, C D
Autumn forum A
2) Construction of data base for varietal recommendation test D
3) Consultation reparding varieties and breeding activities A
3. Breeding research '
1) Analysis for varietal difference on crack formation
2) Gene analysis for partial blast resistance by QTL
3) Introduction of useful genes from wild rice
4) Utilization of DNA marker for selection of seedling growth

Note. A : Chief breeder, B : Senior breeder, C : Junior breeder, I3 : Fresh breeder.
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2. Related activities and breeding research

Since breeders have the responsibility to rice varieties which not only farmers but also others are
interested in, they have additional assignments (Table 11). These activities also should be carried
out efficiently like those breeding assignments and are divided into three groups as follows :

First is the activity to conduct the breeding itseif. This includes publication, reports for projects
and management of the main breeding activities. The publication contains three copies about new
release varieties, new Ouu lines and yearly bréeding results. The reports for projects contain the
report of annual results and the attendance of annual meetings for each of the four projects shown in
Chapter T. The management of the main breeding activities includes the use of the research budget,
arrangement of field work and efficient seed management.

Second is activity about regional cooperation and consultation. Cocperation includes crganizing the
forum in autumn for cbservation of rice performances in varietal recommendation test and the
conference in winter for exchange of yearly results, and construction of a data base for varietal
recommendation test. Consultation is mainly to give advice on the questions and needs of farmers
and others.

Third is breeding research conducted by each breeder. This is analysis for varietal differences on
crack formation in rice grains, gene analysis for blast resistance by QTL, introduction of useful genes
from wild rice, and utilization of DNA markers for selection of seedling growth. With the bulk of
breeding activities being handled by the four breeders at the NARCT, breeding research could no

longer be accommodated, unfortunately.
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