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A New Soybean Cultivar, “Satonohohoemi”, with High Protein Content, Lodging Resistance, Large
Seed Size and Good Quality : Akio Kikucar*"’, Yuhi Kono*", Shin KaTo*!", Setsuzo YuMoTO*?),
Yoshitake TAkASDA*®, Shinji SHIMADA**, Tetsufumi SAKAT*®, Hisanori SHIMADA*®, Koji TAKAHASHI* ",
Taizan ApacHr*®, Kohsei TaBucHI*® and Shigeki NAKAMURA*'”

Abstract : A new soybean [Glycine max (L.) Merr.] cultivar called “Satonohohoemi” was developed
at the National Agricultural Research Center for the Tohoku Region in 2009. This cultivar was selected
from a cross between “Tohoku 129" and “Kariko 0264MYF;" with the goal of developing a cultivar
with resistance to soybean mosaic virus (SMV), large seed size and good quality.

“Satonohohoemi” is a late maturing variety based on the date of maturity at Kariwano, Akita (latitude

39° 32" N, longitude 140° 22" E). It has white flowers, gray pubescence and brown pods at maturity.

% 1) WALt~ # — (National Agricultural Research Center for Tohoku Region, Kariwano, Daisen, Akita 019-
2112, Japan)

% 2) Bl - B ¥ENIZER ~ ¥ — (National Agricultural Research Center for Tohoku Region, Yotsuya, Daisen, Akita
014-0102, Japan)

% 3) Bl - b EEEEN%E YL ¥ — (National Agricultural Research Center for Western Region, Zentsuji,
Kagawa 765-8508, Japan)

% 4) Bl - rhgLEsER A% ~ % — (National Agricultural Research Center, Tsukuba, Ibaraki 305-8666, Japan)

5) B - UM HEE NS+ ~ % — (National Agricultural Research Center for Kyushu Okinawa Region,
Miyakonojo, Miyazaki 885-0091, Japan)

% 6) Bl - dbiinE AR S WIIE R L R SR ERY; (Hokkaido Research Organization Kitami Agricultural Experiment
Station, Kunneppu, Tokoro, Hokkaido 099-1496, Japan)

*7) B - BEEEEAL & AERY; (Nagano Vegetable and Ornamental Crops Experimental Station, Shiojiri, Nagano
399-6461 Japan)

* 8) JC - FEBSEMKMEREMSEE ¥ — (Deceased, Japan International Research Center for Agricultural Sciences)

*9) JC - MREEREN%EE % — (Retired, National Agricultural Research Center)

*10) JC - TS EDYE EEMZEY ~ ¥ — (Retired, National Agricultural Research Center for Western Region)
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It has a medium stem height with determinate growth and high height of the lowest stem node with

a pod. It is resistant to SMV strains A, B, C and D as well as to both lodging and pod dehiscence.

The seeds of “Satonohohoemi” are large, good, yellowish-white seeds with yellow hila. Since the protein

content of “Satonohohoemi” is high, it is suitable for tofu processing.

“Satonohohoemi” showed high productivity and adaptability in the southern area of the Tohoku

district. “Satonohohoemi” was released as a new recommended cultivar by Yamagata prefecture

in 2009.

Key Words : Soybean, Large seed size, Soybean mosaic virus resistance, Lodging resistance, Protein

content, Tofu processing suitability, New cultivar
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JxAOYYLFHmE [RIE1S] OB

KA wE— e ko R AR

o8 (W15 & A5 T7 9475 AOBENZHLER OERSFEE 2 Y7 2 27 ofFh
A OMBE % MG LR A2 B, AP CHER SN 722 b0y v A5 (x
Festulolium Aschers. et Graebn) D% S FKER L72ENFPO7 = A a7 AGETHL, K
JLEENTEL v & —I2BWTHER S, 20094F 7 H22 B2 B SEHGE %175 720

EREZIE L. FDSEME—ofEmETH S [/N—7 = A b IZHART 34ER 6 T 0T
10%ZINTH %o BHBENRDLINT, FEXRFME & DIEIMET T 205 [N—=7 = A b Ichk~N
TZOREII/N SV, BIHIDSEIR & % 2 IR TIEFIH 2 4F H OBE %O FRAZE L WHEA R 51525,
ZNUNDOHILTIZ 3FEZ R L TH100kg/afEEDOINEAIMHETE 2, HHGIE [N—7 A ] L
RHICTH 5, IR, Rn AR, RORWROSOLRIGEZE, A VT Y54 75 A
B L 7R BIA A2 R 3 AERALIZ BT 2 A L O HRHRIEDUEE [N—T7 22 1] XD HRR%55755
ABCARE v 3t R0 T AL LA O W R LR TSI B I 2o o TFEME. 6 S O9R I OVSEIRS R kPt [N —
Tz AN 0 bEND, R, JEHUEOMIER. BEUEO AR f OV A s ek, BE SR L s
O EERETL (BEAR500mEL |) OfEfEHLHRIC B 2T E L CoE RS RAEIN S,
X—TJ—F:7xA by a, R, EYIGE BHEE. B, B

Breeding of a New Festulolium Cultivar, “Tohoku 1”: Jun-ichi YONEMARU* ", Yasufumi UEYAMA™*?
and Akito KupoTA*#’

Abstract : A new festulolium cultivar, “Tohoku 17, was developed at the National Agricultural
Research Center for the Tohoku Region. We applied for registration of this cultivar in 2009 based on
the Plant Variety Protection and Seed Act. This cultivar was selected from the basic population
consisting of festulolium cultivars bred abroad. The mean value of dry matter yield of this cultivar
was about 10% higher than that of “cv. Barfest” at six cool temperate zone locations in Japan over a
three-year period. Yields of all entries were highest in the first harvest year and then decreased from
year to year. The yield decline of “Tohoku 1” was smaller than that of “Barfest”. A depression in the
summer of the second harvest year was marked in those regions with hot summer conditions, but in
other areas, the yield of “Tohoku 1" of about 100 kg/a was maintained in the third harvest year. The
head emergence date was at the same time as that of “Barfest”. The plant height at the heading
stage, the percentage of awnless individuals and the number of individuals with the fluorescence at
the root were close to those of Italian ryegrass. The winter hardiness and resistance to snow mold
(Typhula spp. and Fusarium nivale) were slightly poorer than those of “Barfest” in the northern
Tohoku region, but the damage was not severe in low altitude areas of northern Tohoku or in the
middle altitude areas of southern Tohoku. “Tohoku 1" showed better wet endurance and resistances
to crown rust (Puccinia coronata) and leaf rot diseases than that of “Barfest”. “Tohoku 1" is adapted
to lowland and grasslands at the low altitude areas of northern Tohoku, the middle altitude regions
of southern Tohoku and the high altitude areas (greater than 500 m) of the Kanto-Tosan region.
Key Words : festulolium, forage production, dry matter yield, wet endurance, winter hardiness,

Tohoku region

* 1) (FR) BEEAMEFEMENT  T305-8602 Zyklto X H &H2-1-2
National Institute of Agrobiological Sciences 2-1-2 Kannondai, Tsukuba, Ibaraki, Japan 305-8602

*2) () 3 - SR EHMTR O AT ZE R L R EMT e 2 ~ & —  T020-0198 & F WM 1 F B 11 72774
National Agricultural Research Center for Tohoku Region 4 Akahira Shimo-kuriyagawa, Morioka, Iwate, Japan
020-0198
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FHEW ORISR SN TV 5, MHEMEICENLS 4
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CLITH 525, &6 - B TIIBARFORE)
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51 SECEIEERSE RO S
o WA R AW LXEH AREE R (kg/a)
AR R @ R B TN R0 K0 BAL E50A
HHESHR 200579/ 9 250 W% - 6.0 20 4 05 0.5 05 13.0 25
HLENE 2005/9/12 200 ESiS 0.3 6.0 30 4 05 0.5 05 10.0 10.0
=& 2005/9/22 200 ESiS 0.3 6.0 36 4 10 20 10 10.0 4.0
&R 200579/ 9 120 W% - 6.3 2.1 4 0.6 0.6 0.6 0 0]
XEt  2005/9/26 250 ESiS 0.3 6.0 - 4 0.8 0] 0 8.0 0]
E#&EHR 2005/9/13 200 ESiS 0.3 6.0 27 4 04 0.8 0.6 10.0 10.0
K2 FZHEISERERBRICBITAMNYEY H L4 6) MimEmE

RGN (kg/a, HEREARIZER <)

. o e AIHCH eI
RUBRRDT %K (A/H) N P05 K20
iR 2006 6/16 7/12 10/ 5 1.35 0.90 0.90
2007 6/ 5 7/17 8/28 10/ 1 210 140 140
2008 6/ 4 7/10 8/22 10/ 2 210 140 140
HLEEBE 2006 6/14 7/12 8/2510/16 270 2.70 2.70
2007 6/12 7/17 8/23 10/18 2.30 2.30 2.30
2008 6/10 7/15 9/ 210/23 1.80 1.80 1.80
I 2006 5/23 6/28 8/11 11/ 1 250 1.25 250
2007 5/22 6/28 8/20 10/25 250 1.25 2.50
2008 5/26 6/26 7/23 10731 2.00 1.00 2.00
I & 2006 5/30 7/ 5 9/ 410/31 1.80 0.90 1.80
2007 6/ 4 7/17 9/ 311/ 2 1.80 0.90 1.80
2008 6/ 27/ 2 8/29 11/ 2 140 0.70 140
K&t 2006 5/30 7/13 8/29 10/20 1.60 040 040
2007 5/24 7/ 6 8/27 10/25 1.60 040 040
FE#HR 2006 5/29 7/11 9/ 910/26 240 0.79 0.79
2007 5/29 7/ 6 8/30 10/31 1.60 3.20 240
2008 6/ 27/ 7 8/28 10/15 1.25 250 1.88
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KAIEA

(WAL 15 ] OFHEEE L TREZ-EL T
B2 D AT CIZAER 4 1l % 7213 3 [IAI ) B
D DAY 2475 720 BRHERIZE T 2 FHiA
FEEIZOWTII21TR Lze T2 Tld, &R
BT ABN=T7 2 A MIHTHIELE LTEL

7 x A by A TR 15 ] OF K 21

720 MIH14H (20065F) OFHIREIZHB T [
15 BETORHT [N=7 A ] L) B
v 2HHUBEORHNIHERSEAL T EMHFRT
[N=T A ] Wk, ZOMOHEFHTIEZNLD
bZWThotzo FIHTEHD [HAL1 5] OBE

£3 BRI (R D OT A ¥ ZHL) 125U 5 BRI OSSN
BT . B (7-94.C)  LH&R (12-3H.7C) MRS H B (H)
BRI T AT AR 2006 2007 2008 “FAEMHY 2006 2007 2008 “PAEAEY 2006 2007 2008 SFAEAEY
WARGA FARRESY 199 203 199 199 -07 11 03 0.1 132 122 110 117
WALEAE A T IR 215 217 215 214 -08 11 02 0.0 89 9 67 58
EWER ERE) 216 221 217 219 04 26 16 16 51 3 10 26
1Y/ Y A S Ty 219 224 221 220 -01 13 07 0.6 108 44 386 90
RELL R 216 221 219 219 12 34 23 2.2 10 3 13 14
FEFER By UL AR 219 226 222 222 02 21 07 0.9 3 18 43 19

a) 1995 — 20044F D 1045 [P35l

&4 ARBITC

B L ERYIGE (kg/a) EN—T7 2 A M&2100& L7-HF

FOIETE (%)

TR Wl Whma WLEN  EmEA &R Fedt  EHaRk 1
1 Bk 17 124.6( 99) 193.6( 99) 188.4(112) 89.1(101) 2425(118) 251.1(111)  (107)
(2006) IN—T A} 1254 196.6 168.0 88.0 205.0 226.9
I N—=Z71)—r 1251(100) 196.1(100) 174.5(104) 88.6(101) 186.3( 91) 217.2( 96) (99)
LSD. (5%) N.S. N.S. NS N.S. 30.9 18.8
9 Bk 15 104.4(112) 171.0(107) 137.4(133) 90.7(106) 143.1(105) 1844(121)  (114)
(2007) IN—T A} 83.1 1594 103.3 85.2 136.9 1525
IN—=71)—r  984(106) 159.6 (100) 111.6(108) 835( 98) 114.1( 83) 166.8(109)  (101)
LSD. (5%) 6.2 N.S. 19.0 N.S. N.S. N.S.
3 Bk 15 1035(111) 1264 (111) 103.6(114) 61.1( 98) - 96.3(149) (117)
(2008) IN—T A} 92.9 113.6 90.8 62.6 - 64.7
IN—71) =  955(103)  1164(102)  851( 94) 65.4(104) - 739(114)  (103)
LSD. (5%) N.S. 10.9 14.3 N.S. - 13.6
Bk 15 332.5(107) 491.0(105) 429.3(119) 240.9(102) 385.6(113) 531.8(120)  (111)
Gt =7z X} 3114 469.6 362.1 2352 3419 4442
IN—271) = 319.0(102) 472.0(101) 371.3(103) 237.5(101) 3004 ( 83) 457.83(103)  (100)
LSD. (5%) 8.3 N.S. 38.8 N.S. 49.1 405
0 T o) O Tonvsmi - ) [ bdn @ - oo SHHLEH
x -
12150 150 =R 2P H
= oA 3 4 1
§ 100 4 100 | I I (2008)
50
3@@?\\ %ﬁ}}/& @g@?‘,ﬁf//\ % 1’5“,1}/& @g ?‘&’{\ . ,k%té%{’%i %%’%g%ﬁ“&%
SR RNt AWt
ﬁﬁ%w

K2 [HAE15] O&X ) HY) REEIZ BT 2eitettt ON—7 2 2 F&2100& L72%)
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HBOBMIGRE, 2RO [N—7 22 M 1
TlR2LZRERL, 1 FENEOANREH ) AR
Rl O FIH1ERHICBITS [Hk1
7] OWEITHERFRA, FALEM L IIEERTIE
T [N=7 =& M| LS ZOMDYHT10% L
EZWCTHo7z (F4). AH2FEHOEHIZHBW
T (W1 5] 1 [N—7 2 A M] RO [ZoN—
F) =] L0 DEWTH o7z LMD %ES - HE
GETH 2 HHRE A AL R T EZ W R ORI o
RS, MRS OB IS R & RIF & TR BIGE
M N=T7 2 AR XD bERETRE P72, F

MR OB (. 200746 A)

FE1

(B [HRIE1Z) A [N=7=27}])

M 34EHIZBW T, BikHEROENIE AT 4
TOR L RS C [N—7 22 ] X0 HEx
272
3) 1RO MAELG K O IR

(L1 7]) o 1 FEOMEELGIE, [N—7 = A
MOEREFABETHY, (2= =] 12k
RpE 1 HBRER,P-7 (BHE1, £5), 2F%H
Do MERE L, BB [N—=7 2 ]
K0 ETHRL BNoRRFERECldMbomfEs &
HICHEIZIZEA LA LN h 572,
4) A& - BUEVE N USRI AR T B

iR - Z2HETH - MM 14EH oL T,
(b1 5] BEHREFATHo 2 REL Y 3% -7
(#£3., %£6), $/o. AETEHAVD DD, RHEY
LEREBEHEATH [HL15] & [N=7=zZ b
XD HRRLLENAEALNZ, L L, FIH 24
HUBR A LAEH &80, Rl 5] e
P TR 2 E TER TV, BARO RN
T [HRAE1 5] & [x=7 =22 ] X0 FIH
LAEHORIRIFCHTH o T (K7),
HBERSBIZB VT RO Sh, FIH
LA HOEME R & REFERISOYHTT [HL 1

&5 1HFEoMEm (HH) SN H) oMY (& 1-%% :9)

1FEo WG (HO)

AR (M6 0 1 - Bi% 1 9)

=}
A TRGA LD ERERA Radt KGR P B A0 el ZmM oo
e 1 5/29 5/24 5/20 5/14 5/20 5/21 6.9 6.4 2.7 16
N—T7xA b 5/29 5/24 5/20 5/13 5/21 5/21 71 72 36 13
IN=7) =V 5/29 5/21 5/19 5/13 5/21 5/20 6.6 6.8 37 11
GHITE SHTE SHIE AT
fii% SHETY 3NEEH 3AEEH 2AEEY 3AEEY RIS UG UG <8
®6 BAYE (FR:1-H:9)
K il TREA  EWEA  IGAR RAOt  REAR T8
1 e 1% 53 - 5.3 78 6.8 6.4
N—Tx A b 7.0 - 55 85 70 70
(2006) IN=7) =V 7.0 - 4.3 8.0 70 6.6
LSD. (5%) 05 - NS NS NS
9 Hle 1% 4.0 6.0 6.0 6.8 75 6.1
(2007) N—Tx A b 4.0 438 6.0 6.5 6.0 5.5
IN=7) =V 4.0 438 6.0 6.0 6.8 5.5
LSD. (5%) - 0.3 - NS NS
3 Hle 1% 5.0 58 25 - 438 45
(2008) /\i 7 J’- A b ) 5.0 45 438 - 45 47
IN=TN) =V 5.0 438 55 - 438 5.0
LSD. (5%) - 1.0 18 - NS
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TlE [IN=7x2Z2 M X350, FH24EHL
BEEBEARTN—7 2 2 b ERREETH 572 (£8)o

E Y ORI B BV Cid, TeBEDSHEA 72F)
2 48 HAE DL o1 3 3 & K3 2k DAL o 5

23

ToIHIEL G & IX—7=A ] X vENT
(9. %£10) L EOKRIE, [2N=71) =]
W2 LT HIRIZFAMRTH o 720

5) JEHHUIE

FAL BB 3517 & oE st T, e 175
DS O RWFEE 1L 3 W AEFHT27L [N—7T
AN ®65& D B, THIAL L 5] & [N—=7

RT BAROEMNEE (FERFTELEN K

W 1-3:9)
A b CHARTHES SR SN (FE1D, 20
TR a EEW WmEw g SRS (R
) ﬁjk 1 % 55 33 44 —ﬁfx = mﬂ‘ﬁ‘a‘ﬁﬁ—(wi rﬁ:“: 1 E‘J Li ’—EPJ i f: Li
(2006) IN—T x A b 5.0 30 40 [RRFg] THY, WmBEHTIE [N—=T7 =AM K
l"'*("”)“/ 53 40 AT UTZN=7Y) =2 | LERASNE Y720 F
LSD. (5% N.S. N.S.
i 50 S W G DT OO SR E R RIEIC O
(20207) T2 AT 33 - 33 Tl [HAL 1 5] 12 3 H4EFEH30T [N—7 = 2
TIN=) =Y 30 - 30 R RO [ZN—=2Y =] OA3KRT4AIE D
LS.D. (5%) N.S. - P = <
. =R ERHL C O S <
T = s < ABERIRILTO b B (U1 5 ) 2708 ¢
(20308) N—T x A b 35 55 45 WhiEr A Sz (F12),
IN—=TY) = 35 6.5 5.0 6) AFERIRZYER K OV R 55
LSD. (5%) NS, 4 ERTAIE, T ROEKIZ BT b &
&8 WHENS FR1-K:9)
R R HHRER AT mEmER UFER | xEdt  BEBER 7Y
1 Wikl = 6.0 4.8 - 5.0 6.5 7.0 59
(2006) IN—7T A b 6.8 6.0 - 6.0 78 7.0 6.7
IN—=T1) = 7.0 55 - 5.0 73 73 6.4
LSD. (5%) 05 0.9 - - N.S. N.S.
9 Wikl = 38 6.5 4.3 53 6.8 - 53
(2007) IN—7T A b 50 55 38 73 6.5 - 5.6
IN—=T1) = 48 6.0 35 6.3 6.0 - 53
LSD. (5%) 10 N.S. N.S. 0.8 N.S. -
3 Wikl = 4.3 - 58 5.0 - - 5.0
IN—7T A b 45 - 4.8 5.0 - - 4.8
(2008) IN—=T1) = 5.0 - 5.0 5.0 - - 5.0
LSD. (5%) 0.6 - N.S. - - -
£9 B (KR 1-8:9)
R R HFHER EIRE R M EWR&R S
1 Wik 15 33 - 6.3 7.0 55
IN—T A} 33 - 6.5 53 5.0
(2006) IN—=T1) — 35 - 6.5 4.0 47
LSD. (5%) N.S. - N.S. 10
9 Wik 15 38 55 33 - 42
IN—T A} 3.0 2.3 4.0 - 3.1
(2007) IN—=T1) — 3.0 3.0 4.0 - 33
LSD. (5%) 0.5 22 N.S. -
3 Wik 15 6.8 2.3 2.8 - 4.0
IN—T A} 6.5 1.0 4.0 - 38
(2008) IN—=T1) — 6.5 1.8 35 - 39
LSD. (5%) N.S. N.S. N.S. -
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THEBBEOON L7z (F13). T/, SRS
WZowcik, [#Hdb1 5l ik (N—=7=2 ] KR
[IN=7Y) =] EHNTHSY Y828 (CP)
Bhrolze Tl BT —Y v Mk (ADF)
AL, MBNEDE (0CC) 239w, F/2
AL PEME (Ob) 23R <L HALPEDS B VW
A b7z (£13),.
7) PRAENE, TREIGEE R ORI N A SR

FLREM T > & — W ge

#1135 (2011)

LT, [HIL1 5] & [N—7 =& b ] 12k
T ROBREROHE, o, LOmEESEgs,
HOWIROENEIEERR E, A3 ) T 54 75 I

oS ORI (I 1 - 0 9) ROV
S ORHRPTEAS A Sl 15 2 fil

3l

BT AR JUE 15 A-72 A 23-7)-7 LSD.(5%)

FEEME 2006 2.3 6.0 5.3 0.5
(9E 15 ] OFRFEVE, IEAIREE L USRI 2 2007 30 70 58 14
IO CHUL IS 350 TR BE & 0 ol % R
BN o7z, CORM, THILL B OIS o e 00O
WX (N=T A M XD IHERID Loz (£ 2007 %58 MR el
14) o MBORMIEBEIL T3, HEAHEIT D 2008 X% 5 5
R0 B (FR:1-R:9)
K B ThGA EBEA BGA  Rwdt  ws 9
1 L1 4.3 - - - 7.3 5.3
N—Tx A b 45 - - - 6.8 5.7
(2006) IN=71) = 45 - - - 6.8 5.7
LSD. (5%) NS - - - NS
9 L1 6.0 5.3 35 13 3.0 49
(2007) N—Tx A b 5.0 38 4.0 2.3 7.0 44
IN=71) = 5.0 4.0 45 2.3 7.3 4.6
LSD. (5%) - 0.9 NS NS 0.5
3 L1 - 33 25 - 7.0 4.3
N—T =z A b - 20 35 - 5.5 37
(2008) IN=71) =Y - 2.8 3.3 - 5.3 4.0
LSD. (5%) - NS 0.8 - 0.9
12 ZOMIERNIERERRRE (R 1-#:9)
ARG Wil W15 S—TJzAF x5-7U—> LSD.(% BB
piEla-2 2006/ 8/24 25 33 35 NS TR
2008/ 8/23 35 70 5.5 17 TEEh
2008/ 9/ 2 4.3 5.3 5.5 NS TEEh
IR 2007/ 5/ 7 1.0 15 13 NS
2007/ 8/20 2.0 5.0 5.5 14
2007/10/25 25 33 30 NS
2008/ 5/26 2.0 25 2.3 NS
2008/ 6/26 45 5.8 5.3 NS Wb
2008/ 7/23 2.3 2.8 2.3 NS TR
2008/10/31 45 6.3 5.5 NS TEEh
&R 2007/10/29 4.3 55 6.3 11
RELt 2007/ 7/ 6 1.0 15 10 NS
2007/ 8/27 7.0 78 85 NS
R¥ER 2006/ 7/11 1.0 2.0 10 NS
2006/ 9/ 9 33 438 6.0 12
2007/ 7/ 6 15 1.0 13 NS
2007/ 8/30 33 75 6.0 0.6
] 30 43 41
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R13 AERMEWE (%, 65FTFY) B XOEET (%, 20074 AL 1 — 4 FHCEI9ME, oAzt

5 e fh i)
A HIEE R (%) RS
o e BYET Y — e g e
v 2006 2007 2008 L AN AY/ Sy b MBS AdAE ST AL T AE A
Jo ) b ¢
B (CP) % (ADF) B (0CC) (OCW) #f (Oa) it (Ob)
15 19.0 206 201 108 33.5 32.7 59.5 9.2 50.3
N—T x A} 189 208 200 12.3 354 29.7 62.6 94 53.2
IN—=71)—> 186 20.2 199 119 35.0 30.0 62.1 9.3 52.8

R4 FETIE KO BEIE
B REEE JLlG N-7zAb 28-7Y-7 LSD.(5%)

R15  MEARER A B0 2 AFHE O FIg Ml &Rt N
LR CPIgfi = ZB B U IR )

FERFIUE 2006 44 9.0 94 1.2
(kg/a) 2007 9.2 129 124 NS
2008 8.2 14.3 104 35

Ty 7.3 12.1 10.7
TR 2006 1943 4003 335.3 1039
(A&/nd) 2008 407.3 6160 5385 162.3
¥y 3008 5082 436.9
Tl 2006 343 31.3 33.1 NS
(cm) 2007 382 33.0 31.6 44
2008 336 319 33.3 NS
Py 334 32.1 32.7

THiE 2006 36 35 37 NS.
(g) 2007 37 34 35 NS.
2008 40 35 38 04
Ty 37 35 37
Fli7-fagzsE

2008 640 74.0 76.0 NS
(%)

BHE2 MY ToRE (Fi. 200646 H)

BT R EE R L7 (BFE 2, £15). [HAL1 5]
DR/, B, ER, EEEOCZORSICHT L%
BIRB L OCRERAEZ, [N=7 22 ] ROV [
W=7 =] LHB L THRFEPR R R S WA
HAHNTzH, e L CToXF— IR #i
PTH o7z,

b ALY AR WAkl A-T7xAb 1A-7Y-y
AL 2007 273+ 40 259+ 48 252+ 39
(5/1=1) 2008 240= 39 224+ 34 225+ 39
B 2007 54 10 54= 08 59% 09
(:1-135¢:9) 2008 57+ 11 63= 09 61% 10
HE 2007 707157 668=140 67.3+13.0
(cm) 2008 825+110 670% 98 683+11.6
R 2007 350+155 321160 333+19.3
(cm) 2008 34.0=154 31.2+236 323%=14.0
T 2007 56+ 10 61= 09 55% 10
(F:1-%:9) 2008 42+ 09 56+ 08 54= 10
R 2007 261=177 286+152 283+150
(cm) 2008 24.1=185 258+150 24.1+144
2R 2007 109+170 104=155 10.6+16.3
(mm) 2008 95180 87%153 87+16.2
ROk 2007  26=167 23+11.7 25=%145
(mm) 2008 20=144 19+121 20=%130
E30) 2007 5.1 08 61= 10 60% 10
(%:1-:9)

R R (%) 2008 89 95.8 83.2
HERE (%) 70.6 70.6 41.8

8) TDMDRRE - Sl & DK
MRl & 72 E DT 2 A ba ) A OFEE
HIoPIcT 5720, [Hikl5] 2887 Abu
VA3, A—Fx—F7FR [F53IFY]
KONA Ty RIALTFA [N 7u—=F | OlL
BORE: 2 LRI T 3 A4 T o 720 ZORER, W
PEIZOVWTR 7oA Y waE [ 38
B Ingu—7 ] LOBICEEAITRED LML
Motz (£16)o FWHBHEEINS TY v FT
A7FA, 7z A M)A, F—=Fx-F7I2R
DMI/AES L, T2 A MY 7 A 3HEMOPE O
flizR L7z 7 A baY Y200 HERT,
A7)y FIA4T7FALFAETHY, F—F¥—F
TIALVENRTY 2, AIH3FEEREMLAZT7 = X
Y)Y AOROBEEIE, A —F ¥ —F 7 IFALD



26 FLREM T > & — W ge

#1135 (2011)

K16 EAY (FE40) KOFEMFEHIE (kg/a) &iE4FMEICBUT MR L o bk (FAL )

R (kg /a)D BRSO G W23 (Oce+0a : %) 9 OB (%)
Brff) Ty 1 2 3 B B B B

(2006) (2007) (2008) (2006)  (2007) 1%%= 2%m 3%& 4%E (2008)
FL #it1% 1936 1710 1264 ab 55 5H27H 322 488 397 468 830
FL N—7zA} 1966 1594 1136 b 50 5H26H 316 463 353 430 830
FL IN—xY—> 191 1596 1164 b 53 5H27H 335 454 363 419 750
HR N 70— 1807 1635 1367 ab 80 5H24H 309 449 397 500 710
0G *#3IFV 1910 1532 1258 ab 23 5HI8H 255 381 347 441 95.0

a) FL=7zA MY YA, HR=NATY Y FIA4 7T, OG=4—F v —FIF A

b) Tukey IEIC X 2L EIE, RIFTHICHEEAD
o) MemrREE (MR 1-4E:9)
d) ATy v 720074

|17 BAROWEARMHE B E (g/md) IZKIT

R ORALRME. 20064F)

Al XX HEKIX KD/ (%)
k1% 641 622 97
N=7x A} 467 0 0
IN=FY—=> 651 622 96
Bapo 72 NA 70y 4 772Xz
ALy i ORBEEZ R L7z,

9) MRtk
AR OBRA % RGE L7l ORI, [HHL

15 E Tmnn—r)—r] &Iz, FITHHREX
WHRDEEBEZ R LD LT, S [N —
7z AN IFHKETHIE L7 (3817),

vV £ =
TZxA MY T AZIE, 7 AZHHITEWD O

59475 AFUTEVLDF T, REBERDPADS
Nb, 6RO Y=V 7 227 2B ET 50
[Kenhy| % [Felinal % &35 4 75 216 H
DA ZHAL, BEHIZH b— V722712
BT 56 f5kmAECTd S (Bucknerd 1977,
Berg® 1979, Cernoch® 2004), OECD 11
A T [Kenhy] & F—=NV7 A2 (Festuca
arundinacea) 2. [Felina] & h—=NV7 A2 &7
A bavy A (x Festulolium spp.) W CHEBL T
BERINTWDS, ZHIIHLT [l 7] 0oF
MFEM ol (7 FAl RO [IZN=71) — ]
T ARBRRTETDH D JBRINIZIE T A 77 AL,
RUVZTNVIATTAXARY 7227 DHRARD
Festulolium loliaceum (Hudson) P. V. Fournier,
FRBAIVT Y IATTAXRARNT 72 A7 Dtk
X @ Festulolium braunii K.AIZ/338 & 1L % fhHERE

TH% (Momotaz et al. 2003), F7z [/8%71) % |
BEAZNVTYIATTAXART T 2 A7 DHRMAT
HDHZEIIRENTWS (Wacker & Kaltfen 1987,
Netzband 1991),

M LTI, 94 79 ZABITEWT = X b
T ASFIERLZT VS A 75 ALASE SR
THY (Caslar 1990), 7 = & 7 FIZFE W FFER +
—F ¥ — N7 7 ANZHARTHLE S S &5
nTws (S 2004, 2006), AREEOKEFET
e A I) RN BB EFAT =T DD S
1 HFHICBU 2EWHREORLBIETE WS, 2
FELUETIE 72 A QY T ANt —F ¥ —=F 75
AL ENMEERR LS LD S, B Lot %
AT aeEzoN 2, TRkl 5] 3o
T A Yy AR LT XD B e R
La M TV RIAT7FA [N, 7u—=F ]| L
SEOBMALERZ R L2205, RENEDLES
54 75 ZHICHE &b 5 EH L L COMMAHILE
b,

—Ji. FA4 75 AFSEVWEE RO 722 b0
) ALY 7 = A 2 IS RS B T BREE A
FL R BN S Z &, BtHgz &
TAEOFES TR T 5 720 113 BANE & B E M
O GBUETH D, T2 ENTEFEESR TV
[WN—=7 A M IS BETERESS L BB
EOREBMERT, T2C, [HIL 15 OoF K
CBWTIE, BAEEBERICERL L LDHIC, R
RV BB CREDR R VIRE N & O R
G5 TAZ LR HEE LT,

RAPEIZBI L Cld, AR O BER AL EE R R
BUITBWT, [HIE 1 5] EEEDPZ B & O
D [N=TF 2 A M ITHRTRRED DD,
FEMEDOHERDONA T v KA 7T Akl [
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A70—F ] XIDENRTED., BVIEEZ R L7,
B, LVENBREYEAT 5 MEOFAEDT S
P> TWDH I ERnD CRALS 2006), 4
HATHRV RS 2 A5 U 72 N PR 7 = A b
0 ARMEOBFERSIRE SN D, Fio, RENE
DRI Z B L 7oA, R 2SR A B I H%
AN e, BEROT7 2 X ) T AR
ORI Z RS 5 720121%, BEEe oo R B8
SEOEKE MR IAT ) LEPH L EEZ BN,
Tz A MY T AOBEMEIZOWTL, EE U
U & OB BEAH N E PS> T
BY CRALS 2004a). ZOHIZEMEECEIKS Lz
i S ORI ICEN S FM S TR 1 5] O
ELTHIM L7z [HAE T 5] O S ORI A
[(N=T 2 ZAM] RO [ZN=7) =] LD
LD BEBRTVL0IE, ZofEELEZ LN
b0 Fzy FEEIIE & Gl 4 ORGP IR
THEPMED A SNT, ThUE, BEMEO®RKIC
X0 FHNIFEA T B BRI S k3 & kPR
WHFREIAT DN TP H D 2R LTH
0. Ak, S O DAL SR L B &
DRI OV T LS 2 LTV L DD
b0 BB, ME (6 -7H) \CHEEAT- RS
AT, S OVRRRRREEICIT & A E R AR
RoNholzl b, 7zA MY TAICIBY
T b HHEHREOFS AR IR R OHFTIC X - TK
ELELT WD D %o

BB, 7z AN AOBEEICIOWTIE, A
VTV IAT T ARG L Lk L KiED
RERCRL Z2RERPHOENTB Y. BIBEFRICIX
TxA AT LAOBEWENA )TV F4 7T A
WCHARTRIFTHZ ZEAHL2IZEN TS CK
5 2004a) 0 TAUE. FKIEFIH O A I AR S
BOBLZ LD SRR R T A b LRI B
N2 A XKD . S HICBRERIC TR ERTRE
EMRCE b EZONL, SHEERES A 7
T ADKFBEED LIk, BEME L BAEOWH O
5250 BETH 05, BEHITO W T, it
2 AR F I 2 BT, F oAk
DWTIEMEN, BE TI2B 5 FEHRE~0HH
P EOFILED, ENEFNRECELG L T30
LEZOLND, LIzS-> T, %07 X b))
LEOFRIIBWT, S HICEN AN BE
P A 5957201203, BRI E S8, B 2\ IdEzE

BB L MBS e & BRBIATK E B 2T
WELHIRYBETIENLETLVWEEZ LR,
RBEVEIZDOWTIE, 2O L 2 28I 34 H 0k
OHEIBWT, [HLl17] 257 A g
YA F—F v — 52XV HLERHASN,
ZORENE LA TG LBRERENE Z 5Nz, T4
bH, BELEMESIERN R L WREL L ORERIX T
A 2 EHOBEHZOTEMEL L, IWEHRAT
LAHSEHICIEAY ¥ FOWREIFEAZZ L h
5. W RIS T A0 E L LT oE M
ARBEICKES B LD LE Z NIz,

ko X, TRkl 5] 3RERE 0T 4 7
5 AMBEFEO R TIE RV BLEZ KT L0
O, BEMHTEBELTE TS TR LS, HE
AL OBEEEE I BT 2R BAHIITE S 2w EE 2
b7z,

AR, EAROEFEFEICL Y. KHICBIT 51
DA OED O#EE R RDONT WD, F72, £
HAEBROm ESBREOREL ZoTwd, ThE
TRE LT, KHFEICBT 2 EREW O 2 M E
FEDHITES N, ZO0DOHMBABSEEL 75T
BY . KHEEHIM TS HEFH T & DRI EER
7ZERHEm AR ST Wb, L L, BEOF
THETHHF—F v — K75 A&, iEE»% -
TEH (WS 2001, KIS 2004b. 2007).
IREHETORRICIES v —FH, 7z A+
Vo A O% Iy THBTEANRIE - B K H
FNERIEAEH O EEEM CTHEA VT V9475
AEAEFETHDLILAREINTWS (Y5 2001,
KIS 2004b)o F7o, [HI1IF] 1 [N—T =
AN DRI B WK G TIZ BT H MUK &
FIZHBREDEFTER L2200, TRk
BRIt s A2 E2 005,

Dhzfeoz &, [l 5] 3, EEihom
TEH R RBE, RIS CE 2 REM ML LT
FHRENZENDOT7 2 A ba )7 AR TH 5L,
FEEMTORELIWE HEE L L CRIK L 7288,
SREMASEME, A, OB OSOLIGHICE
W, JREMERETHEA YT T4 7T AITE
VIR R R TR OEI G AL VHEFITH ) R
FNCHEL =RV =T VT4 7T ANTHE VIR 2R
[N—=T 2 AN R [ZN=71) =] L35k
Rpbmflit ol B, ENTER LTS A
VT ¥ IA YT ARORE R RS EAO T8



28 FLREM T > & — W ge

AMEICENS Z e S, BRI BT AR D
LAERS A 7S ACEEEDL L RE L CORMD
W x5,

VI BRI RUHEE - IR EOBES

ARBE IR H22005 - 064E 20 & 9 4K - 25
CHEBT AR D R L. KRBT O T d
REMMARVERERL D D S S ICLMOBRE%&
e L\ s 7 IS 2 R B 2 L s
FLWZ Enn, BWIOHITIEILRIL O S . IR
JED R Je OSBRI M3 o) v
s (BEA500mbL ) ofEfEH e iR & 3 %,
LR, AR O P EREE D - SIE—F 1977
ha? 1% (1900ha) & fEHE - FH#400ha, PR
FL IR T200ha, 712500ha% Wik, HREE A
Blx, EHIASEIR L 7 5 HAHER < 0 AL P B 22
ETIIAM 2FEEE T 20O T 345
PUhe%d, b, fE, WELETIFRO 5N b
DT, BRI CTIXETEAND)TLLE, &
BICHE L2 E B2 LS B LD 5o

51 A X #

1) Buckner R. C, Burrus I P. B, Bush L.P.(1977)
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Influence of Maceration Using a Screw-Type Threshing
Combine on Roughage Value of Rice Straw in Japanese
Black Cows

Akinori OSHIBE*", Ryuji OTANI*", Tokushi KOMATSU*", Naoki FKUJYU*",
Hidenori KAWAMOTO*", Hiroyuki SEKIYA*" and Osamu TANAKA* "

Abstract : The roughage value of macerated rice straw (MRS) discharged from a combine harvester
equipped with a screw-type threshing mechanism was evaluated. Test diets were prepared containing
approximately 50% MRS or non-treated rice straw. The chewing activity of four Japanese black cows
fed each diet sequentially was measured by behavior observation. The roughage value index (RVI)
was 59.6 = 11.3 min/kg for cows on the MRS diet and 71.2 = 14.2 min/kg for those on the non-
treated rice straw diet. No statistical differences in RVI values and time spent ruminating were
found between the two groups, though the total time spent eating in the MRS group was shorter
(p< 0.05) than that of the control group. The results indicate that the roughage value of MRS is
equivalent to that of typical roughage even with the shortened eating time, when the containing
ratio of MRS in the diet is approximately 50%.

Key Words : Cattle, Macerate, Rice straw, RVI
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I Introduction

In many parts of the world, rice straw is an important source of roughage for ruminants. The Japanese
government has promoted the use of rice straw as forage to increase the country’s self-supplying feed
rate of livestock. However, the rate of rice straw used for forage has remained approximately 10% (Food
Safety and Consumer Affairs Bureau 2009). One of the issues preventing the use of rice straw for forage
may be the difficulty of wilting the straw during harvest (Enishi 2002). Accordingly, to shorten the
wilting period, Otani et al (2009) have developed a method for macerating rice straw using a combine
harvester equipped with a screw-type threshing mechanism. The characteristics of the macerated rice
straw (MRS) such as the roughage value may not be the same as those of conventional rice straw. The
present study attempted to evaluate the roughage value of MRS by comparing it with the roughage

value of conventional rice straw.

I Material and Methods

1 Animals

Four Japanese black cows (mean bodyweight, 413 + 40 kg; mean age, 9 = 4 years) were used. Cows
were housed individually and tied loosely in pens with chains. Animals were handled in accordance with
the Guide for the Care and Use of Experimental Animals (National Agricultural Research Center for
Tohoku Region).

2 Processing of rice straw

The rice variety Akitakomachi was cultivated in a paddy field at the National Agricultural Research
Center for the Tohoku Region (Morioka, Iwate). Two types of rice straw were processed by the two
procedures.

For processing one type of rice straw, the rice was harvested at the full ripe stage using a head-feeding
combine (AR43, Kubota, Osaka, Japan), and rice straw was then discharged onto the paddy field. After
8 days of wilting with tedding by a rotary rake (GA320GM, Kuhn, Saverne, France), the discharged rice
straw was then raked into windrows. The rice straw was then baled and wrapped using a trailer-type
round baler (2210W, IHI STAR Machinery Corporation, Chitose, Japan) and a bale wrapper (WM1550R,
Takakita Co. Ltd,, Nabari, Japan) (non-treated rice straw).

To process the other type of rice straw, the rice was harvested using an axial-flow combine with a screw-
type threshing mechanism (ARH 900, Kubota, Osaka, Japan) with a windrower attached and the straw
cutting unit removed. The rice straw was then macerated by the screw-type thresher of the combine and
discharged onto the paddy field. After 3 days of wilting without tedding, the macerated rice straw (MRS)
was baled and wrapped as described for the non-treated rice straw.

3 Chemical analyses

The moisture content of the rice straw was determined by drying the samples at 70° C for 48 h. The
neutral detergent fiber (NDF) and acid detergent fiber (ADF) contents were determined by conven-
tional methods (Association of Self-supply Feed Evaluation 2001). The organic cell wall (OCW) and
organic cell contents (OCC) were determined using the methods described by Abe et al (1979).

4 Diets and measurement of chewing time

Experimental diets consisted of 1.5 to 1.7 kg (dry matter; DM) of ground unhulled rice, 0.5 to 0.6 kg
(DM) of soybean meal, and either 2.1 to 2.2 kg (DM) of MRS (MRS diet) or 2.0 kg (DM) of non-treated rice

straw (control diet). The DM basis ratio of roughage to concentrate feed in both diets was approximately
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one to one. Half the mixture ration was given twice daily at 0930 and 1600 hours. Cows were given the
MRS diet from days 1 to 12 and the control diet from days 13 to 24.

The behavior of the cows was recorded for 24 h (from 1600 hours) on day 11 and again on day 23. Four
color CCD cameras (WAT-230A, Watec, Tsuruoka, Japan), a switcher (WAT-SWC4, Watec), and a DVD
recorder (DVR-330H, Pioneer Corporation, Tokyo, Japan) were used. Pictures from the CCD cameras set
in front of each cow were captured by the switcher and edited into one picture. The edited picture was
recorded by the DVD recorder. Time spent eating and ruminating for each cow was measured by the
recorded picture. The roughage value index (RVI) was calculated using the following equation: RVI
(min/kg) = time spent chewing (eating + ruminating) /DM intake.

5 Statistical analyses

The student's t-test was performed to test significant differences between the chemical compositions of
MRS and those of non-treated rice straw. The paired student's t-test was performed to test significant

differences between the groups of RVI, total time spent eating, and total time spent ruminating.

I Results

All animals consumed all of the given feed during the experimental period. Total DM intake of the control
group was in the range of 4.0 to 4.3 kg/day, while the total DM intake of the MRS group was in the range
of 4.1 to 4.5 kg/day. No difference was observed between the chemical compositions of MRS and those of

the non-treated rice straw (Table 1).

Table 1 Chemical composition of rice straws

Crude Ether

Moisture . OCW 0OCC NDF ADF Crude ash Silica
protein  extract
(% of FM) (% of DM)
Non-treated rice straw  151+1.0 3704 09+04 65703 175+08 64.0+21 387=+0.1 168+0.7 121+0.7
MRS 86+03 33+04 09+02 660*22 174+18 635+21 386+10 166+03 11.6+07

Values are mean = standard error of three replicates.
DM : Dry matter, FM : Fresh matter, MRS : Macerated rice straw

100
The total time spent eating of the MRS group RVI Time spent Time spent
. 75 I ruminating eating
(192 = 3.2 min/kg) was shorter (p< 0.05) than g 1 .
that of the control group (22.2 = 3.2 min/kg). 50 ! I
.
. . g I .

The total time spent ruminating was 404 +* 95 g 95 —
min/kg for the MRS group and 49.0 £ 13.1

. .. . 0
min/kg for the control group. No statistical dif- Control MRS Control MRS Control MRS
ference was found between the two groups. The group group  group group group group
RVI for the MRS group (596 *+ 11.3 min/kg) Fig. 1 Comparison of RVI, time spent ruminating,
as tended to be smaller than that of the control and time spent eating for the control and
group (712 + 14.2 min/kg), but no statistical macerated rice straw groups
difference was found between the two groups Vertical bar indicates standard error of four replicates.

MRS: Macerated rice straw.
(Fig. 1).
Asterisk represents a significant difference between the
two groups.
*: p< 0.05
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IV Discussion

In the present study, no difference was observed between the chemical compositions of MRS and those of
the non-treated rice straw. The result indicates that maceration does not change the chemical composition
of rice straw. Sudweeks et al (1981) have found that the physical characteristics of feed are quantitatively
reflected in the chewing behavior of ruminants. Accordingly, they devised the RVI to represent the total
chewing time per kilogram of DM. The chewing time consists of eating time and ruminating time. In the
present study, the total time spent eating was shortened in the MRS group. The physical characteristics
of MRS were not measured in the present study, but the change in the physical properties of the rice
straw such as the rigidity that prolongs the eating behavior by maceration could be presumed. Enishi
(2002) has reported that the RVI of rice straw is approximately 90 min/kg in fattening Japanese Black
cattle given rice straw at the rate of 60% of total feed. As compared to his RVI, the RVI values in both
the MRS and control groups of the present study were small. The containing ratios of rice straw in the
MRS and control groups of the present study were approximately 50%. Sudweeks et al (1981) have proposed
that the RVI of mixed feed could be calculated using the RVI of individual feed ingredients and the mixing
ratio. It is most likely that the difference between the RVI reported by Enishi and RVI of the present
study is caused by the difference in the containing ratio of rice straw in the total feed. Furusawa et al
(2004) have reported RVI values of 776 = 12.7 min/kg, 70.7 = 9.1 min/kg, and 635 * 74 min/kg for rice
straw, whole crop rice silage, and timothy given to Japanese black cows at a rate of 35% of total feed.
The present results indicate that the roughage value of MRS is equivalent to that of typical roughage,

even with shortened eating time, when the containing ratio of the MRS in diet is approximately 50%.
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The Ecology and Control of the Naturalized Weeds Barbarea vulgaris R. Br., Anthemis cotula
L., and Matricaria inodora L. in the Northeastern Part of Japan : Masaaki TACHIBANA*"
Abstract : Three naturalized weeds, Barbarea vulgaris R. Br., Anthemis cotula L. and Matricaria
inodora L., that invaded from Europe are widespread in Tohoku, in the northeastern part of Japan.
In this study, a control strategy based on the ecological traits of these naturalized weeds is present-
ed. B. vulgaris alters its major reproductive mode of perennial or annual depending on the nature of
its habitat in levees or wheat fields. The B. vulgaris population in tilled wheat fields is almost entire-
ly maintained by sexual reproduction. In the Tohoku region, A. cotula emerges most frequently in
the fall and spring. The overwintered adult plants arising from the seedlings emerge in the fall and
become a serious problem in the spring in wheat fields. In the wheat fields, the three weed species
were controlled effectively by the application of linuron (1,000 g ai ha™') to the soil immediately
after sowing, the application of ioxynil (600g ai. ha ') in early November, corresponding to the end
of the annual emergence period of these species, and the employment of either inter-row cultivation
or the application of ioxynil (600g ai. ha™!) in early May. The emergence and spread of the three
weed species can be controlled by using a combination of any two of the three methods mentioned
above.

Key Words : Barbarea vulgaris R. Br., Anthemis cotula L., Matricaria inodora L., Naturalized weeds,

Ecology, Wheat, Levee, Weed control, Herbicide
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b Twsb (Kurokawa et al 2003a. b)o < D
R, FEMEICEIE L TV ARO[ F Y, i
AR A L2200 S ORI L Bk E ShT
W% (Kurokawa et al 2003b. HJII  2006), =&
£9 EFEOTE ZLiE, 19908 MBI X % 6
AFPEF ORI A S IRIF SR & BOZRE DO A O E
BB X O RR O L BULREE 5 22 SR~ 0
REOEROMELHHELTWDE (5K 1992).
RIEFEANOMTF DR AICHKT 5 EHEE TIN5
S LM OEIE I, HAO EHTEM oI E 5
G L, WHEWSEEDOMEZINT S, K&
D MATEI A BESELLEOREEZKITLTY
%o TEROWROFNIE, A > FIFEEDO—4FEAFAR
DAFVEIZEB My ETTY (Zea mays L) D
Wodis) (EfES  1994), B 7 2 W EED—
SEATIARDN) ¥ (Amaranthus spinosus L.) 12
b v ETI IRV IVA L (Sorghum bicolor (L.)
Moench) D WIXOFH] (fEjE  2001) . Hb il i
WEMEDLELETARY 3973 HY YY) (Cyperus
esculentus L) \2& % F v ER I Y (fIFES  1995)
DIINDOFF 7 E0ZTF S, IR O L8
FKEREERE LTERONErERE 22550 5
%o PHEWRHEWOMBEKTORRKE LT, 15
Y, 3—uy SEEOBELERD N 5 7%+ X F

#1135 (2011)

(Coronopus didymus (L.) ]J. E. Smith) B X 0%t
T A NEHEDLFLETEARD T VF A (Solanum
carolinense L) RENBTOENDL, 4 F O
WiE25miTE L. REAL L 72 D UHENESE IR
525720 TR fRHIRAL THEOME 2
KFE&2 (FRdE - o 2001, KRS 1994, g
5 2001)e H T 7% F A E. EHLDH20emH» 5
30cm&EKL,. A 7Y T I 4275 A (Lolium mul-
tiflorum Lam.) OAF ZHHIT 5 2 L1k vas,
FR BN RB A OO, B8 5 7% F X F
D|RA L7282 RET 2 & Z DREHIFFEAT
L. 4303, BWROFE AR E 2D, RS
N5 (Sato et al 1996, fE#ES  2001). 7V F A
ik, ke EOWNED~OFHOL &) KRB LT
ERORALILINERTREZIIEREI T
(Nishida et al 1999a. Miyazaki et al. 2005), K&
DRBATHORHE LT, N, TVFRE,
S—ny NHEDOEN—FEFERDOT X ) A F =
7 % 3 (Cirsium vulgare (Savi) Tenore) 7 &%
BFoNbe N ELRERPSHCHEZEL LD
Ty BEAORA L o TEORETTEISHE S 1
% (kg 2001)e 7N AEIR, ERPEOH
Ik rabcoRESMET ER I T
(Nishida et al. 1999a, Miyazaki et al 2005), 7 X
VA F =TT, AIERE O B THREO A FHA
BEBIZRIL, ZOHHVBICL > TREDMEITZ
&2 (E#ES 1981 2@ X ) IZm bR
HADREYDOEFELZET 2 RELRERO—D L
o TWh,

JRBEHZ B U 2 IR ALMER O BRE 1L, i & 205t
RHPLIETH 5o T NREFEANOREAIZ L 2051
M DR AILFREECIE, ED S DR A RED
RE, W~ OHEBENE O Jiti 5 & U35 T DL
DL ODDEBEVHITHN L. Z OREEEDMERTIZ
SnTik, £9. AE2SORAERDILT AHE L
L CHENE Z 5N DA, HARTIEHE O 1| i’Fﬁ
EOMEIZ o T (FK  2002a)0 %72,
HOBREIZH 55 BAL 2 F VLA liﬁ?%ﬁlﬁ
WSEBRRIER L, FR LY TORYOM T
BIFLA LM FICHE 25 2 2wz (5K
1995). ALED 5 DR A DB TOA R 23 Hid 2
Vo RIEFTEHIRA L2HER T3, 509 K&
WIRESNL DS, Rk L7z & 9 ICBRKoMLrEH
TR L 2D Z v (FHhS 1978, &tk



W o WAL T 2B IRV XY < 7T B XU I LEIOERE L Bk 37

1997) 0 WIS FKEHDOHEM A & W5 125 % #E T
BEMEE 50 9 HENRALALEE S, HERRIZHIES 5 &
BET D, £ FE, TVF AL, N ELhk 108
B OMEFAE T1355C T B58MFH £ 721360C T
17WEINE S % L FE# 9 % 729 (Nishida et al.
1999b. 2000). SE#t L 72 HERENE O E R, 35~
DHEDBRAZBIET 2 DIHER R EE 2B, L
AUy EBIIT5EH U7 HEBIE & 15 5 Jid I AR L
THEH., EHMTIIAFTICEHIT60T LD FRER
BEEMERTE V2D, ZLOMERERADE X
PHA~HEH ShCTwb, T2 BICHEBICRA - &
HL. SELTLE -7 bERICIE, Tl
Bt DS h B TH %o
JRAFHLIZEIE L 7R LR D W K D2 DT
S HEDFEL L T b, UMD by ' a v/
Tl A FEIZEHICROS LTRAEL., i1 % A
ThH7zO, A HICHEME L by ER I Y TRAESO
MWNCRA LA FENKRE LR ELZT SRS
(Sato et al. 1994), ZD7= + v EQ I ¥ O
W%z 5 A THE TESETA FEOHEZ ML
Twb (EE 2002), Mo Ew I/ TIENY
LI HRIB 2R ST ICHET 5720, F
7R3 Y ORI & JE ST H Y ¥z ]
TERV, SITRIVEVIILFELTAIYT
YIA LTI AR NYET I Y LB L, )
VaohFEZHH L Twb (Sato et al 1998), 1
FNVT Y IATTARMPTOHN T 7 F A FITHL
T AFNVT Y IATTRAEREERELCH TV
Y+ A FOEFEFAEEDLTICHHL TS
(Sato et al. 1996) . FHHTOHOTIVF A DEFR
Rk, £F0RBICL->TkE->TWVDL 2D
(Nishida et al. 1999a). BEHIIZFEA AL W23,
TIVFACDOEM L TV AIREROTE Tk, B#
HHICB LTS ATMICZ ) Ay — hZRHFL, 7
WFACEFFBRLTWSD (BEKRS 1985). fkbu
DTN F A IR TYIW S 7R S
12— b ERIBE S L 7-OPHRIEREIC X 5 TEPIBRT
EzVAS QI 2000). 7V R EOGEHED
DOMENOBENIKTICE Z 5720, BITHEIEL
PARIBREH] 2 R WA 3 % LRI B BBRTE 5
(Miyazaki et al 2005, =& 2005), 72, bvE
03 Y QiR 4 EE H R OB A S 3L
72TV FACDEFEIID WD, LR
b EOa ViR 48 E ST (Onen

et al. 2006) .

Vb X 51244 “EN RV & L TR
WM S NBMERE OV o2, AFHIICE
VB AR BRI e R BN L. Bons
IR FRICBE BRI SRR E SN TV D, HENLT
A1) Hidgib L7z 2 X (Pueraria lobata (Willd.)
Ohwi) ®F—w v Gk Lzt 4+ 4% K1
(Reynoutria sachalinensis (Fr. Schmidt) Nakai)
(B 1993) o XHic, FLwihHicBEALLRE
ALMERE LT LIRSS 3OS % IR b o
A L7230 TR E I 2 KR st F k% L C
WAHIEA FEH & 3R 5 7 BB T b LA
72, ZD XD BB LREIHAIET o TWd, £
D 7= OIFALHER ORI F R EN B 5 720
TR TE v EHAERICHT 2HHOL %20
LA & R RS HI BT 2121, B L WERBE o
THEMERED L HITEEKR S TV DD h % Gl
IR L. P 2R ERAT L. 2O 3
BHEE O S D o CAEBAERBN MR ERL T,
YRR MRET HUEND L, KWL TR &
% b W 20 B AT S N2 FALAER I35 5 Bl
Bk 2 M3 5 720012, dbiffsd & Hb ) o Z IS
JhA3o T2 3O 2 E TV & L TR
1To72

KSR T 212H 720« KRB RFREERE
A A BRI R A FE R B I T SO I3 3B 7% &
TREL TR EB - 70 F720 KRB RFRERE
A BRI AL AR R B B R — . KT pASE
TICIEARZID T2 DBICH ) AREITHS
ETRBMAETEW ., S ZIWEL BILEHL LT 5,

AWFZEIE19934E £ 1) 4 4RI 72 ) FEfli S iz 2
MK OFERINEGE [ IR O LR 1k B fi
D] B X OHILEENTE £ > & — DR 7ED
WKED—FTH %o MEDFETICH720 . EHAKE
AL BRSO i —E i (DT, wihd
W) BEERAIE SRR AL BT e v 4 — D
VB TEHE R R - Ea SRR AT SRR
JeEENZE L > & —odlt— FENIERICIE T
e TR TH 720 UGS 3B o (13 1E LA
JEE . WS MATEMZEE, WE L, REES
it BEWREE Y 7 — o INFRRE L, TR
W SR, AR, R AR
BRFEE. I, JUNESERE O R A Z
b WRISTE R R, kA, 114 2] S
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JEH . RHERERYS O KR L, b SRR
B o/NNFRB A BRI H A 30 5 700 0F 7 15
KOMFFIRIIIEE K O THOR E TP E 2 THW
720 HALEZEMIEL » ¥ — OEBRE 3R
BT D720 TEHL DR T2, ZZITRLT
EHOBEEET,

I NIWVFXVYTHIOR%

1. 8

INVHFXFXYH T T —ayN\FEOT 755
FoLERETHY), BETHROD 2 EREOESL
2% (EH 1976), HAEZ OEIZIZF A LD
INEWIEEE O EFEICOTS (K1), NVHFF
XYW T UIE, FREMTIEY Iy LTafL &
MDA, ALT AV 7 TIEHEH A S L CE AL
LCTwb (K% 1989). HAIZIZWHAERICHERL
(Fr#s - —ni 1987¢), #HIEshize sh (K
1989) &5 R HHE LRI A4 12 1 AL 3 5 %2 rh i b
THWAELLBEEDRAONDL L) ICh->TwD (M
B 1989)c NAVFFX AT T, ., M,
AL, BEEE R EIZIAAYD . dbiE D S U T
505 & ATARMPEHUILIC S wE shd (F
K 2001). FRHIELTOWFERIZII73ETD 5
(EME 1975)0 NVFFX<H T Vi, HALHI5IC
AWLMo —>T (B 1993). FKHIE AL
T OKHH B L OHERRORIIMIZS ASND,
LA L #5712 380 % BUE O 53 Ai R F L O R B
BB L OEORBTOREOHELR L, EDFE
RBlIIEL D> TRV, NUVFEFXY T VI,

1 Mo VR Y< T T Y
(BREHRRALT Y Y 2, 20064 5 H25H)

#1135 (2011)

R ORI 5 Ly B R /N, B3RS
FEHE LT ORI B O B IKT ZE0BLAIC
IAREDOWEMH 2 ErOMEEZFEREILTWVAS
(MacDonld and Caver 1991, 4% - —#i 1987¢),
FUHHIZ BB TERAESE L 2 ) BB
TEWICHREZ 5.2 2N 0dH b, 2T 7
Y= FRECE DNV RY N T L ORI ERE
ZHIBL, HENISOHBLUI X o TZ OS5 & ik
L. BEOFE L IR B TRAERE & J5 ke
AR L, IO L BREEE L, T2
VXX AT 3 OFEF OIEHE KD B G-25E
ENTTed, KPR L 72T 0 EEIRDIZ D W
THHAL 72

2. MEBLUFHE

1) s3Aidids

NVHFXRX T T T DOHMITONTIE, BAKE
B OREBIEE] w5 e A LR 0 58 B -k o B %€
B BRI 5 7 v — M
DO—HRL LTHMAE L 7zo 1993412 AL M7 D88 7
DREEYRE R 2x 5 L L. 19964E121376 9 /F D
REYRERL -2 RE Ll TV =D
HMEE I, YHOFEXIBIIBIF 2N VXYY
HT T OFREOHE, VERHEY. SR, #ER
BE, BARHB L OFAEFHEE Lz, 1993404
Tl FEZIELLHEET 572012, #0720
REMIFB & R QR OB EL A R L 727 R v & AR
L. 77— Milfse &I Lz 19964E D
RETIRFAEHER L LT [BETH LA kM
(BRI 1994) ] % EA L7z,

20014E L IZ AL T IC BT BV FEF YT Y
DFAERNZ R T 5720, T2 EE % AR
L. FEINCH 725 5 an s 5 ] MaIICHE
MO ERIT - 720

2) BRHEANIEHIRIC BT 5 564 FETE

19944E 3 X U20014E D 5 H TS, NV HFF Y=
i Y D5 T B S B H AT A Al B
WCHERBERZRERKE LT, "R
7 ¥ OFAIRDL L AE T & A L. AR &
1km» 7 v &7 b TlA3MmIZ7#I L., BERY
5 BRI L CHb i B RICEEA L7z B8R
wiE, MANOREHBEHS Y7 ) 1I5E&D EE
M1, 9k i & 14K niz 3], 4 Mk
w5 8k ni%E 2], 1K nid o 3k~
mz (1), &RELZVEER [0) & LTtk
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®2 199348 L 1996FD7 »7r — FiR&IC L 5
HILH S OHHH BALTONVF R Y < H 5
DAL L
@ JEEHY O FEELRL

L7z0 AKHEBOI35MEIZDOWTIE, NV F Y
AT OEFLIE L OWH % v id K
EONBEBRENSL O, EESTE [IE
BB X OCHBEKERE D OKHBERE - #5621, [ 2Ol
OKHRERE - B8 65 ] 1250F, HaRmICRSER L7 1
Wi O TR T OEFELIA D 254 EEH LTl
L 720

3) RHIPRAFE L7 M F o 383
IVHRYIH T T OPYTMER % B D T20, K
CHLT A PR L WL 7 F T o F8 3 2 P4 L 72,
19944% 7 7 4 HIZEKH IR RALT o H L R ET7E & >~
Y —NTHRIE L, JAEZHA 3 7 S L 7 f7
Z19944E10H19H IS w ) OMFLEIC AN THIL
FEM L v 7 — DR KO RKZES0emIZ 720 B
259 H 8 X U731 H RN L 7-F 12 18 52 7
WHRAEE Ny — LV —ICEKL. 15/25C
(12/12hr) OZMTI2RH OB &M T THEL L 14
HHICHEFEFRZRAE L2, BFRBe 3EE L.

K3 FEEETOEBFALICLZ2HEILMBHFIZBIT
BAVEERYH T 04554 (20014F)

G AN i 147 (1303 1 TR
FIR AR
B SR R L 7T (T43050)

1 BAR O k3l 1% % 100KL & L 720

199844 A 8 HITNVH XY~ H T v h5E LT
W 2 B R RAN T O BEME L Z B L 72 FIZK B O A2 HE
L2t (mAi100cm? ¥ X 3cemb) ZHE L.
77 ARy MCANIALCRAE L 720 4 4 730
HICHREE 1) 7 K50%7E 0 2 VTV XY <4
7O EE L2 HEI S (1990) DRI
THHE - XL, KEEL7z. HiT%2 Yy —L—HND
587 J8MICE IR L. 15/25C (12/12hr) 2
DI2REE O ST TEM L12H HIZRF R 2 A
L7z BHF Lo T 2 EIRIOHEZIIH I VY
THITUIW LA & 85 L7co EIED A Tl 1-
TRYBLTTTC (M) 7 2= VT FTV Y T A
a5 4 F) 05%EHZ30C BF B4AE T CT24MF i
BL. REICHE SR 2 EF EHE L7,

3. B8

1) 7 ¥ — M & oAt sR

T v — PRAEO BRI, 19934F 121364.8%.
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KT NUFXYIH T VORERIY (77—

RN E )

FiH 19934F  19964F

il FH 25 15

L gy 50 16

P S 19 0
(TR LR 13 31
1 Bl 13 8

LSl 6 8

Z oAb 38 38

fie 50 16

an¥ 13 8

FyETOY 25 15

VERHED 74X 0 8
(EHMZE) [ig3 6 8
DINZ=) 13 8

TR 6 0

F 0 8

% 6 8

% 19 8

SRR 2l 31 15
& 38 23

87 6 38

& 6 0

PN 6 8

(e 2l 13 0
/N 44 16

13 25 38

1045 LLHT —c 8

10~ 5 4FHi 44 15

CyNC 5~ 34ER 31 31
3~ 14ERi 6 8

LARD 5 0 0

B 31 23

S I RE Pl 63 54
WA 0 0

a) AR 2 I B O (%),
b) Zofiid, EE, R, L & o IRk,
C) _Liéﬁﬁﬁ_fo

19964F121X57.9% T dH - 720 LIRS LTIV
YN T VOFRAEERDIET AL, 19934E
121328.1%. 19964F1213295% Tdh - 720 [ 5% R
D7z L DMIZIZ19934F & 19964F % & o & T3 HT
WNhrbdhoiz (B2). FRIIPDDLT, P
OHMFIZBNTIENEL 2o 720 FEORFTE L
TR D S . ROTHEPRIER, R &
OIEEHH AR - Zof) THho7z (F1)o
NVHERY AT Vi, R EEHIC BT
FEHELTWz, Z"VHFEXRY T IR L Tnwi
Bt O E & LT3R A % (. IRWT 7 E
oay, aAF, YT (Malus pumila Miller

#1135 (2011)

var. domestica Schneider) DNAT®H > 720 FEED
FETE [h~B] %<, BWEORETIE [
~WE] DL H o7z BEAREIIE 3 AERETA S 104FHT &
FTHMENSL , FEEBHREIE, [P LI
(M) LTwd & DREDREH -7,

20014 DBIEH & 2 504 AR Tl RAL &R o0 741
WA CHRAMER SN (K3). FHFE. kH
PR TaH, AP L, FaEhE X o
FHNZ BN THEDVF LD o720 NMNVFERYH T
OEBLINIEE. WIOLFREDEL o7,
T U — MR B WA SR B
HEHTIE, BERMERTE LD o7,

2) BREHEALAL IR B0 B FeE FE R

NV RX AT IIZ1994E 1A L 721431
MO HT1%\2H 72511012 FE L Tniz, %
AR D34% TIIFEAEDRRED [3] 206 [4]) &5
WET, BEEORAM T O XM OR I
Holz (M) "UVFXRY<HT Tk, 2001412
31438 5D 9 B, 90%IZ B 72 5 1290 iz g4 L,
FEAEMBEEIXI9M4E X DMLz LA L., 54k
D [3] 205 [4] OHITIZEEDI5%IHA L
TWz,

FRH VAL G H 38 3K AT B AT T 1 K A5HE
DHIRIZIEA > T Do K HNT 1350 3 4 45
WZBITENVFXFYAT YOAEFEIE LT,
19944F £ 20014F & (I E A B & O HEAK S 2
DOKHBERE - BB L Hr oz (F2)e NVHFFY
<7 AL IR O FE R W) T H 2 FNTIE
HINC D IE L Tndee T, AREMZ 2L -
THEREIC P S M- HBPKBE DK LISV F Y=
WY OFRERER LTz o WEBIED L h o
7o B, B, RBEH, R R R,
ZeXHICHIEAEL Tz,

3) K RAEBR O T D FE

NVFFRYH T OFEF %259 H B K IRAE 3
5L ZOMTORHFRIL631+136% (M%)
L0, T3IIHM OB TIE313£38%TdH - 72,
NVHFFYH T OMlTFO %L b 3ERER
KT 2 BRE L 22D BT TH S,

MAKBOEL 2 SR L2V R < F T 2D
FET- D9 B300%IEFEH L7z 7D DT0%DFET- D
I B5.0%DFETIIFEH L hr o 7225, T OAFEHAR
FOW L TTCTHR A G MM SNz T, i
AR LTS EHEE SN, o T Ko H
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Mg O:33 ®:56 B:17 @:13 @:24

==

HWyuf O:14 ®:72 3:35 @:11 @:11

4 FKHBALIEISIC BT 2NV F XY <5 v oFsA RN

SRR 0:0 1:® 2:0 3:' @ 4@
ARAT R 143 (1M 1 kmD S &2 1)
FAEREOMIZ. AXBH,

&2 KHEANCHIRIZ BT 2 VXY < T v

D E L AEF YT
L AmMIEBB LY ExbAo
. A
AR A JHHEA S 38 JK I -
- AKIHIERE - Beks Bk
19944F 135 85 (63%) 42 (31%)
20014F 135 104 (77%) 57 (42%)
E. D) K4 O E o9 HKHE L O SO W TH
DEF LD/,

2) I3, FAZMER L s (EHEZEE),
3) () Wid, AR T 28 A

WENHET D) H65.0%DHTI3IER L T 5 &
HMr &Nz NUVFERY<H TV, 5 H LAICH
fExtho, 7H PACHTFIRAT 5, 20720,
4 H 8 HICHRI L 228 112 & T T - I3 w4
LXORNCAESNHETLHEEShL0T, Tk
Db 9h AMIHKBIBWTERTLEH
Zbhb,

4. EE

T U — MERP SNV R Y H T 21319934
IR &R TRAELTweEZLLRS,
19934F & 19964F D FE A5 i O KB i (K2).
2001 4E DB A T HREDN TR S N7z D T, NIV
PERY AT Vid, FACREIR IR L, &8 L
TWbEErbh, Tvr— METEADOHRESN

7R Tk, BEREIC L > TR Y
RHTVOFERHRTE LD o7, TNIFTTOH
BT OFA ) B < BAEEAE BT E 2de
Sl EZLNL, NUVFXFYTT VIR, H
AIIEHBRAUIRA & LTk L, BRK
Bt Wbt R i T IS E L T E B
(5% 1989). LA L. 7 ¥ 47— MflAETIE, NV
PFXRY T 1L 3EHI2 S 10EH ORI B L B 46
Wiz DMENS L S, R (1993) 431987
EB19924E T THHIA DR AL 22
L L72NBE—HT 5o FEFIX19934E 2 5 19964F
(O BRI PR o RITIC B W C S IEh 72 i
BRSO DNNVEFEXYH T T OIREEHRLZ. T
7oy BHERRD O OHEEN % i L 7z e v
PFXRYIH T IOFELMHR LI, b0l e
ODAVHEXRY I T E, Mof bR & [ U X
I AR KICRAL (GEKS 1996) .
WL S BB AL ST X - TUAERIN L
TWEHEEZOLND, IHhOREE LTiE. ALK
WIS A L7V XX < AT 3 OFfiF- 535
TR R S OB A IR R & A THROBICR
HFLBATIHELEZOND CH# 1978). 7
= MAETERAVFRY AT ¥ OFAITHM
L CWAMEIICH > 720 20014 OFK AL Mk 12
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B 5 A CIUEE B EESRA M  B0L19944F & 0
LCWwz2s, SAamEEEmL Ty (K4, 2
OHIRIINVEFRYH T VIZEHR L. A EIK
LT3 EEZLNS,
RHIEALILHUE TlE, NV EFR Y~ 75 )i
OHMIZHFEL Tz, T2, O TEIICL
l2r 5 2 W47 B FPEREEM I & o Tl - K
B OB P SR IS VSR <
T UIIFHAE LTz, ZhUE B SHEEFAKIC
IoTEBENDL R E, NUVFXFY<H TV D5F0
PERIIZ KA G L TWB I E 2R LTW5,
NVHEXRX AT L ORI L 7 DT 13K LT
54 H M2 H57HMIZ A3 % & &1 (MacDonld
and Caver 1991). ARHFFETH 2 4 MARHP RS L 72
#%TH SHBEOMFAIRBFNETH o720 D
DAL L BT, A Ld 9h AL ERTNICHA S
N INDINANVTFXRYH T ¥ OELFET-H
FEBRICHARBOR LA SIS Z &id, =
HPEKBEDINVF X< 5 2 OB D—D2T
HBHIERRELTND, B DA O HARIZE
WTNANVTFFYH T T OIEFEROFEMI L CH
STWRWA, NUVFFXIFTT IO L) HK
A L7CIEBEIRIC L D 320 BBV T 5
MRS T0D LHEESNL, KHWFTH S
FRHIEALAE S ClE, AEHNON VXY 7T 2
DRAIED LN VD, NUVFXFXIH T DT
A9 % BERE I BESE 9 2 K AYIC Bindfe S 7z 35 A1
. BERED SRAT ZWEEMEA D D . SR OB
BHEEZET %,

I NVFXYITHZ D OEFRREEETH

1. ¥E

FbH )7 Tl NV YA T LK HHEREAK
FEDHI < ORERER B EE I > T T HBITHA S,
TIAFEBILRAEL TS (S 2002), Hib
WHTIE 5025 9 H ORIz, @,
WEWE (A F 9 % R & BREHE T 3 I S 4 [IX Y L
5 (RS 1997). —h. T AFIE 9 AT
B & phe L2, L. B4E0 7 H L
T5 (BE 1992)0 DX ITHMEE a2 24 X
WU BAESEITRE D TN D) LR 7 & D 570 2 HiELAS
HED, NVFFXIHTINENLDOEFITE
DEHITEIHEL, LD L) LAEGEBEFRFOON, £
DEMTECH s TRV, NUVFEFYIH T ¥

#1135 (2011)

(. ARSI & MR 2 AT ) o AMEBIETIER
ARICHEF 2O, WS 50 NVFXFYIATT Y
DOAFET HHFEIE, AFWIZI > TRRD, 1 %
BHREP B o N 7= RE M TR ARAR D 72 1) 2800 FE
THoHH, HERINLMY 2 T3k 2D
880004 FE TdH % (MacDonld and Caver 1991)-
B SN 7zFETid, BRI X o T S uk
7% — NN 7 2L (Roberts 1986). <
NHPNNVHF R AT 2 OPMER L L TORIO
Fo—>2L S5 (MacDonld and Caver 1991),
=T NVFEFYFT I WS4 AREH
uty FMEOERD AL LM & EEOERK
W SN S Ea¥y oL L - TEEIC
DS % (Klimesova et al. 2008, MacDonld
and Caver 1974). F7:. NUVHF XY= H T VI3,
SRR LA RTREE LTSN TV D, B35
LIzt (IRORH) 0L T 570, kD%
IFMARITLE—EEL LT, FORFMMAIT ELE
L LTHR - %)X 3 5 (Baskin and Baskin 1989),
=iy DN SN D DT AR L EEAIRNS
EEDOIEBIIOHEILH LYy PELIGES
% (Schreiber 1962). XY I Y DG A HAEE
B O EMAERNOGIFRGROLEZ LY . BUE G
POOFEZEMSELBREIA T T VIEO—H
Rorippa palustris {2 b & & 1154 (Klimesova et al
2007)s 7% J (Hypochoeris radicata L.) T b4t
DIEBWIT b L AGEA RN S REBARB LY
Frivety bOREAEIT LT (Hartemink
et al. 2004), MYHLY %0 &D ABHEEN L - T
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VI A IR R A L

a) FERFOAEUISINHER K
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E11 HFARN A R E L IV LERF
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CEZEE. PHEL R WIS IV LERF (199647 H11H)
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FAVBCHEAE L, 7 H Il & w7z,
LM TIE. 7TH OO AFORBIIIE S 3
VVLERFOEENILFEE-THEY (HM11A),
DD TH RS H -7 (K8, HFHF5),
I AFONHERIC 2R L Tl &
XRNYESNH I Y LE FFOEEDSZ M
Bai L, BERICEZHOM o7 Twie (K
11 B)o F720 AYEDY Sz o 2zl i T
BAIVVERFORE BEHIPETL TV, 2
L FINHER LR 2 BEH L 2 B HHE L 2w
WHTIEA IV LEFFORAEIZZWVENIICH -
72 (%8, FH2. 4. 5. 9)o TAXOUHER
THRRE SN LR A MR LMY (£8. &
1. 6. 8) Tk, BETHHIIVLEFFIID
L BRAEL7-BR D BB ¢, R 2R L%
otz TNHLOMBETIZ, IV LEFNFOFRA
3% o7,

HIVLERFOFELTCHZaLFOMYZE A
AR LK OBEREIZIZZEOH IV LE FEH
AFLTW: (£8, FH59). MMiKER S KHIZ
bELAWFEHIS, [ A %2ERET, KEDRPEL
YTl HKEOI A IV LERFORA
MHRD NIz (K8, FHF14) . BFIZV NELER
LW (58, HFH6). AUy EXA[f A%ETIV
FHREE LY (8. 515 BLUOY YA E
B3 T HopERs - L 7z (11C, D, %8\ % /716)
Tk, #IVVERFOREI LD o7, HFIC
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3) 7 3IVLERFOHERDY
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IVLEFRFRE A HRA2r5MEFERRO. 5T
WETHIHE Lz, KFITIZ9 A EWICHEZ KO,
10H b F CHl&fwCizE L7z, B4EICIE4 A Lk
AHS5 A MEIHTTFE LR, 1EHEFOR
AEIE 1T HH 720 RE2004R %2 #8 2 TWizas, H4E
DT L BAEDOFEFITIIN20ARFEETH - 720 T4
HH, BHEIC X BEELD WS TIRAEI 2 [AIH3E
L7z (¥12),

4. EZE

73V UE FFIZI9BFEICHIL SR TRAELTH
D (M10). BN TORAENE o720 B IV L
ERFFERFA L TOATIHRENA VYA T
YOFREL TV L) A%, BERLDE
Mol (F7). 7IVLEFFE3EHHS
LI0ERTOMICHM B -b oo, ZhUF &L
TWhWEHEI S, LaL, 19834FEICh IV L
B FFROIRFEA U 735 BRIV H RS - RS T
(I 1988). 7 » & — b AT b S A DR S 1,
HIVLERFRIZWESALTWDEHEESR
b0 NIVVLVEFRFOMTIZ, AT 2oEASH
72/ AFIRALTEDY (Shimono and Konuma
2007), HHERR X O AGE S B & fi L7z
% o IRITOFRIEI T H 7 3 L E F 30584 13m7E
ENMb, ZOH, ZOHBOH IV LEFFIL,
HFORA L7 AR SR 2 2 RE L, 204
BHEAEIGICHH S NS Z LICX > THIELTW
L eI NG,

#13IY LE FFROFREDNS WEH R ERETRE »
IRIT O SRHINIC 3B\ T19944E 2 5 19964E I 3 D
BERB L BN A B L2 2 A, BEH % iy)
W L CwiRweE 2 S s fR a2 FIUER
WCHBE L 2w & SBLOHM 2B % L A bh
720 BT E R WERIZ, Fh 5 OlRia %
A 5 BRSO 51 OFE O KM% F 7 HiE
&L, MR L U ORI B 2 A AR O lixii
MEPEL TV EDEELLND,

a7 )= MRy PTORBETIE, #IVLEF
Fid, RFLBEFIERACHIET 2L R L2
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THRBICED SN TV D, XVEWO 3 L FHYT
IR 3 DA L 7B DS K & B 2 5 &
22 THN B TIEETII I L7k B
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YO MY T3 o BRI L - T
HIVVERFOREZI Lo/ (K11 C #£
8)o HARLOBFEHIBOEEARRIZB VT, ik
B3 2HEORmWY A XY ¥ 4 EOMEAFIZ,
ZANEM D F & 3 FBs THI 2 MR A WA ¢ 2704
BIFRES N TS (WS - AT 1995). [ERICE
TE OFERFIHE ) e~V FICL o THI VL E
FXiIBREEINnNs7-0, BZELAIVLERFD
BARFEZRA L, A3V LERFOREDID L
{%rblEZONDL, —F, IAFZHEELYE
WKIEA IV VERXFOREDNSL L R 2MEIACH 5
(#£8). Tz, HHAAEHITIZKTITARHMNIZA 3
JLUEREPFELTWZDT (£8), Sk
LA A LEOMMOHAKTIEA I Y LE FFOMT
IR TIEFLTWL EHEESNSE, 20X
KT O BRI B 55 CIUHEA 3 B ASH B) C 72
WA 3 A X 2 MY % % EVEHRRSEY) T
WA ICHIUHEIIIC A I Y L FEDPRAET 5 L HEE
b,

V NS XYITAHTEHIYLEDORRKR

1. ALXEICBTBINVTFXYIHSIIEHR

Y LD

1) #5

VAV 22 the e/ 7 A0 B QN - 10 s AV 11 B L N ARV
HTHY), abF, FFLF, TLVI77NV774%E
WCHERLE A RUTS (A% - —8i 1987¢). F72. A
IVLVERFBIOA XA IV LR O 2
PR o i o N2 HC, BHHRHORE, 7 SR #
AR 2 Ty (ks - —RT 1987a, 17
B —Hi 1987b) e €Dz, MmEIZI NS ITH)
L TUIBREANZ X B B BRAHE S Twnd e NIy
FXYIH T VTIKRET 4 ATy MOT VT 7
V7 7 BB THREANC X 5 BhBRA R ST
B, HRTIAFHE LTRERFEINTVREAN
VEY Y TIZI HR T DL 7kg ai ha 'OALBLIZ X
STNAVTFFXYT T ¥ OMREBIL67%RA L
(Dutt et al 1983), CATTIZ9 A ?d1l kg ai.
ha ' 522kg ai ha 'O TEAICHBRERTW
% (Hastings and Kust 1970)o # IV LE FFT
TR RERBEN O T A FRIIC BV TREEHA
WX BPIBRAHET SN TEBY, HRTIAFHEL
TREEHINTVDLTHRA N V- Ry F I —
7Tk 9 A 0375, 3.75kg ai. ha YWLILT,

CATTIZ9 HHA D05kg ai ha WL, V==
02Tk 9 AP d075kg ai. ha WLEICTAH I v L
EFFFEECHREEIN, TAFFT=VOIAT
) »0.45kg ai. ha YL THI9%FBr S Tw 5
(R 1988), KE T H VD2 o FREYTIEF
TXIYANTAYAF VD4 A s 5 A
27 CTD18g ai ha MLBLCTH I Y L E FF1393%
M H99%Fik S (Kells 1989). 73 ¥ b Yo
IV FYEYETIE6 HLEAOXRY %Y D056kg
al ha LBLCH I Y LE FFIE84%FFR S N Tw
% (Yenish and Eaton 2002). % 72. mecoprop&
TAFTFZNDOREFN LTIV L RS
O EZIM O )L FEHE X 89%LL LRSI Tw b
(Glaser et al. 2006)

BREANC X B BBRICBT 2w o DRI H %
D NNVEFYIHT L EHIYLEFF IR
TFTHIRE LT LTI E oo TB Y. AR
BEUTIEHBLON TRV, T, WEFOH
FERHINCBE§ 2 1 7% < @) 2 BrE A LB
FAI VPP THENZ L —HTH D,

iy AR FIEHZIEZ < OFBREE O T OPLA DT
OHN GEK 1995). 20064124 F ¥ Hh Sl A S
NEHFEILFIZEAIVLEFFOHTFDORAD A
5N TCw5 (Shimono and Konuma 2007) 7 &',
HAREIIC X AW & 3 O RS 7 1 O
AFNTWDH, ZLT IS OMEHT %2 &4
A ST S n 2 & 7 B2 X o THRRMER
IHHPNCRA LT T b ALl Ty g o
BALZA XA IV LT AFIREELT &SRS
LTHY (FH 1981, AR 5MoP T 51
eI T b W ABRIEEEEEZ AL TRAL, HEE
BHZENPTFRENDLZD, IS ORI 35
DBRFARRE LT 5 VDD %o

FIT REITIR. HARTEIC T A FHICRESR
BENTOVBABRIEAIOVWT NAIVFERYIH S ¥,
HIVVERFBIOA XH IV LT 2508 %
g - L, @URBREOY 4 IV 25720
WA IV LVERFFORFRHB IO VRV <7
Z v EH IV LEFFOMBMIBT 5 MEEOH
BAMAE L7z, 35N EZILICHREALIEE X
OHHH X B BREARRZ MG Ly 2 A X281
ABNVHEXRYINT Y, AIVVERFBLUA X
713V L ORI S PBREICOWTERE L
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T7ANVKRy MIFEEL, #IVLEFFF L
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em% RSP L, HHRIVEOHNIVILENFD
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) ¥ (445%FLA). 25% KA. TaxX b))y XY
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A7z BHOMHIEAEICHESERKIITRTER L
L. KA EFAEFHLABGFHEZH T
100L/10a? /K& THAi L 720 HAb gL v ¥
—HNOME T /T ZTHEEL. 1 HIZ 1 REK L 72,
MBBTANHIZH I Y LERFBIOA XA IV L
ZIWEMY, EWELZWE L/, TRAISHLTY
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1RAEE L7z,
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20014E D 7 HICHUIL RZEMFTE £ >~ 7 — N DREREIZ H
AT HEM K VT 2L, G, SRTHEEL
7eRT Rz, 5 H28HIZT 7 AV Ry MK
L7zt RRCO19954F ikl & BRI B 2 AL
L7zo &GN T ANTREIL, 1 HiEIZ#EAK L 72,
MBSO H HISA VXX A5 2 BEMD ,
WEEZWE Lo LIS LT 7RV EY 3
MEMRL, 772 0Ey P 1EE 1 RBEE L

(2) ZEZERLPIRI B EH] OB H

19964F 12 BUIL AT SE &~ & — N DM 12 B W
THREBRA FER L 72, 9 HIGH IV XX < 4T ¥,
HIVVLVERFBIOAXIIVLOMET%2ZN
ZEn1lgdFo (KWNVHFFY<AF T ¥ F50008/ni.
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Yy bOBEE HIem, #IVLERFEA XA
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(45%KA1#). DCMU (785%AKFMIH]) . 71 4 F
Y=V (30%HA) . FT L ANMTE Y AT
(T5% KA . RX¥ &7y (A0%HEH) % FM LK
W a2 IV, AF O IO ERI0ITR
IR % 100L/10ad fifi K= THEIERI L 72, £
7oy TAFHICREESH I TV W2 4-PA Na
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GfE LR E e Lo iR 3 A & L7z,
(3) IAFHEBICBIFAINVEFY AT L
73V LE FFoMEEofi
19924F IS H R B - RITEED A I Y LE R F LK
HE KA EDON VXY~ 7T ¥ & R R ESE
Ly —NOBEBHIEA L7z, EOHBMmMMELz TR L
THRIZHAE T 2 MBS B Tkl g it L 720
1 XomifEx07a & LT, 19954 9 H29 H 2B 71t
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10kg5Hh L7zo BATO I A FIEDS {135 M25cmD
FUNEETH D05, HBORBTOPHI L 20
AR EMETs 5720, ZoRBTIIRT ok
Rk Z BB AN SN D L) IEMEIRLEEL
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21 (50%KFIAL 15%HH]) % THALES %X,
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FEEWHT LXK, LLAOH TS 2K, B
BRI X & e L7z 19954E11H10H. 12H 6 HEB
XU19964E5 A 1 HIZEXNONVHFFY<H T
BLUH IV LE FFOETOMBEE LKL 72,
(4) 2 XXM BIT 5Bk
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R NUVFFRYIAHTI, HIVLERF, A4 X3 VISKHTT 5 TIPSR EH] o %) 3

. YUk, WE (g/Ry M)
W/ Bl (10ad729)  NVFFYIATYY HIVLERFD £ XA 3IvLD

L ER 2034+0154 (100)  0319+0.106 (100)  0.122+0.010 (100)
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RYF4AZY) VA 400ml 0.000+0.000 ( 0) 0005+0009 ( 2) 0.002+0003 ( 1)
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FEOBUE P (3 E) AR EE, () R (%), - FEhEE T,

a) 20024FFRER. BRIEHILEL30 H £ D FR o,

b) 199545 R, BREHILBELTAH 2 ORI &,

c) TAFITHEEEHL L,

R0 NUVHFXIHT Y AIVLERF, A 2 37 VISHT 2 LB EREH] O %) R
. JUSLIES WWE (g/nd)
WAL Bl (10adh7=0) NV FFYIHT Y AIVILERF 4XHA3IVL

QL 214775+45107 (100)  442400+68415 (100) 360.300 =45.328 (100)
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VUKAFTY 3MITEEIIHEIN, F 2
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K11 BIFIL2FMIBIAINVFXFYAT Y, H IV LEFFOMEKOMER
NVEXFY AT Y (/) HIVLEFF (/o)
P 19954 1995%F 19964 1995%F  1995%F  19964F
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IVLERFBIOS XH IV LICEOWRIRZ R
L. BWELTELIEX D 1% TRz, N
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JUKHAINANVFRX N T VR BT L
oo FTVANTOYAFNVAKNFIET bT TV
KFFNEA XA IV L 2B TR D 1%
DUFICHIZ 72 (£10),
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73V LERFFOMEROHER

XX BTV FRY AT V%, 11710
HIZIZ I ndd 72 9 7200k A S 7za%, 12H 6 HIC
1 ndd 72 ) 105MAICH L., BEOHFEFIZLH
7212 L. 5 H 1 HIZIZILH10H kR 3 f5
(18ME/ ) 1275720 U =21 VKA % #fE
P AL L 72 XTI A 10 H A AR R Y g B e
XOPUTER>720 LAL. TOXTIZIIH R
WLREOWIEIZ X V127 6 HICIZERTX & W
DMK 92/ nd) 2k olze F 72V AT
O 2 A F VKA 2 L L 72X TR R IZIz L AL
RO HNT, EERBUSBERR X & AR L 72
SRR IR A IE R & A L, 12
A6 HOMMAEIZITAI0H D12% L % -7z, &TH
XTNAVFEFY<H T VIE3H THORE#RDS 5
A1HETIZEHMELL (FE1D. LrL, £F
WCHIELZAVEFY S Yok v
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IV LERFFE, EEREXTIIIAI0HIZE]
md 72 005K TH - 7225, FNLIRED SAENIC
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WL 72X Cid. 11H10H OERE A IR R X 1
Ylahotze #IYVVERFFEILA MUK
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FT LY ANTE Y AFVKHHIOWITIEA I

LE RRICEHEDRO BN, WE L L LH D12
H6HFETIZEAIVLERFFRIMLL 2D o720
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R12 TAFMIZEELNAIVEFFRYN T TBEIOH IV VHIIHT 5 BREH & ko BREsh 5

pREE (k)

NVHFERYH TV B3IV LM
AL PR ] FEREAR K FRAEAR K
weE 9 AT 10H M 4 A"
T 100 Ml 1L 11H ¥4 5 1 vk 19964F  19974F 19994F 20004F  19964FE 19974F 19994  20004F
— g /m —
EL 16.9 172 21.8 14.1 561.0 5850 3394 425
—  AMEALPRX % ——
1 Li To - To - - 0 - - - 0 -
2 Li To - Th - - 0 - - - 0 -
3 Li To - - - - 0 1 - - 0 1
4 Li Th - To - - 0 - - - 0 -
5 Li Th - - - - 82 58 - - 0 18
6 Li - - To - - 0 - - - 11 -
7 Li - - Th - - 378 - - - 0 -
8 Li - - - 67 - 96 87 5 - 17 115
9 - To - To - 0 0 - - 0 0 -
10 - To - Th - 0 0 - - 0 0 -
11 - To - IT - 3 - - - 0 - -
12 - To - - 109 0 0 1 0 0 3 3
13 - Th - To - - 0 - - - 0 -
14 - Th - - 396 - 183 153 3 - 1 15
15 - - - To 87 15 4 - 62 38 96 -
16 - - - Th 990 69 282 - 25 1 2 -
17 - IT IT To 2 - - 7 0 - -
18 - IT IT Th 48 3 - - 0 0 - -
19 - IT IT IT 34 12 - - 23 13 - -
20 - 1T - To 30 0 - - 11 3 - -
21 - IT - Th 113 6 - - 0 1 - -
22 - IT - IT 6 2 - - 51 44 - -
23 - IT IT - 34 2 - - - 2 - -
24 - IT - - 95 35 - - 49 7 - -
25 - - IT To - 1 - - - 6 - -
26 - - IT Th - 20 - - - 0 - -
27 - - IT IT - 1 - - - 42 - -
28 - - IT - 61 14 - - 71 9 - -
29 - - - 1T 80 35 - - 70 39 - -

{E. 1) Li: U ==2a KAl (200g/10a) L3EMLEL, To: 74 4 F ¥ = )VFAHF (200ml/10a) ZEFEWLE, Th: F7 =~
A7 8y AFIOVKFA (10g/10a) EIFELB, IT : LBEhHE (287 55 BB KF5525 - 1 — % ) $F

268rpm) . — : LI % FEifiE 3,

2) AIVLH  AIVLERFEAL XN IVLOERS

3) Ff - VI (3BUE). Rl ME

Al EEUM T 5% (FI12, WHFES13), @D11H
WCH&MRHEL, BESH EWICF 7y AV TR Y
AFOVIKFIH % RIS 5 5% (K12, WIEFK526)
2BV, WHE MY E DS IE X D1%LL T &
VI =AY B 3PN (B

4) BE

— IS, B TRER I BT B B IE T A F oMk
FAIB A S FIT Tk L T FET 2 (R H
1994, KBS 2002) A% AbHAbibisg TI34ZF IR

FICBEDbONL 20, HMiwIda A T2 512H
TR O E TOWM L @E%D 4 B LEEOHIRH
D2OORHNCHZ TS (BIl - &)1 1956), %
VEDREMIETH B 7 T ALF TR, FOHFR
PRV ETAFORPPRFITFE LD LINTED
(O'Donovan et al. 1985). #H ., FHNUIHZFEL 7
MERFIIRESCEFTL, BATLI2HTEDL 2D,
o, AFLHETLHMOEL 55720, M
EPRKEL LD, LD > T I AFETIIKEIC
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T 2R OP BRABREE O L THETH %,
LA L. dbsdeibisio o2 4 F o 9 A Lwi
LTHTHY., HEHOMEETOMMA2 7 A
53n HERD720. 20H K2 540 H B 05K % 7R
SR TR AL BRI R R 720 TR A ISP T &
vy (IS 2001, H AHE Y 3 5 #00F 28 1 2
1987) 0 ED72%, FNZNOFHED R % 1
BL. bR RN BREE T % L 2hERGIC
MEZBRCcE s LR EINS,

NV Tl_7z & ) ICHEHREOBMToON IV LE
R LA A D A T B % B A% T 2 S ToEs LT
B, HHAEOFKTITHIE L2 K OB AR T 4
FOPHINIRAAT 2 (K11 A)o Zhid, BREH
OFHS LHIL 72T TP R TIER L (R
1) FEHOREIWHR L 2BICHE L2720 TH
590 IV VENFEBYNTHRT 5121%, BT
O MR TR 2 088 LT 5 D /R0 2 B By
B BT B BT AN H D, HIV L
ERNFIFILA EAUREICIZE A EREEET (K1),
—HTI2H O T CTIE IR OB EAEN T
BT HI L LD A0, 117 LA RN % R
BHIO—2TH Do Z ORI KR & OF
TREFHCTE 2w E, R TiZI2H» 53 1
OFREWHICIIBIBRTE R kb, TOHAEF. B
ZAEARDHEREAEF T 2045 H I HREE
MY 2LENH 5,

HFFTDOF Ty ) FINTIE S HITEA Sz v
PEXY AT O FIIEFOMRBIZ X - TRIRIZ
AD . AFOMKIRCTHRIREZ B L, FICHFET2
(MacDonld and Caver 1991), —J4. 4 ¥VU AT
BEICHFRDZ V00, HEFIRI2AZKRL4AT
DOHIZH SN S (Roberts 1986) 7 &, NIV F
XYIAHTIOWMFNY — VIIRBEC L > TEHT
%o RALM T OEFEOL BN LS BETH
B 7D FITREAITRIR L 2w e S h, kRIS
LIERICHFET 2 (R MV FFYHTT VI
HIVLERNFIHRS LA RA»H12H Rao
W B LOEFICEMIFELL (F1D. LarL.,
NVHXRXY T T T OFRHIE, 5 WL
KiR%Z 258523 ) (MacDonld and Caver
1991) . HFFITMF L R IENITHZVE T,
ZOHBFRDINSLS b, TODILFIEIIBLT
BNANVFXFY AT L OBREEMORIIEA I Y L
EFNFLEMBTRVWEEZ OND,

#1135 (2011)

PREGEBIO TR E 72 ZBREAHI ORI, 2B SR
WEFRSI N TV HHEIRIRR R DY = 210 > K
F#l B L OFRA, EFEUERERER O T 4 4+ F 2
ZNVAFNCBW T3 LTE HITE L (£9.
#10), HHETOH IV LE FFITHT PR
BRofEg (e 1988) b IhaXFHFLTwb, L
72h3o T THH DHIZ BREARICHARL DODE
MEEZOND, IIVLVERFLA XA IV LI
ABOP TN 2R ETHDH, #IVLERFT
BAXAIVLED MY TNVTY Y- Tax by v
FLHIB L 0D BNARFOMEIEKL ., F7 22 2
V78 Y AFOVKHIFIT D R R T - 72 (3
9. %£10). X ) WO BREREHNI T 2 Kt
38 50T, FHIBRICH 2o TIPS %
EREICHET 2 LEDNH L. I A FHITITRESH
ENTWRWT MY VARMANT, T e X3
WFET3REE ICHVERERREZR L, BESHO
HBHNTEQCIVEGIIBITAINS ORFEIITA
MTH 5o

FREOAREHIZI00 H LM TRWIHRIIC 72
> THEMI AT % A5 5 LRI O 3 2 F Y
EBFENANNVFXFYNT Y, AIVLEREFBL
OA 29 3V LOBRFEMRREWG Lz, £ ORR,
RRI 2 BRI C b 2 WA . 110 By, B
SHEHDH B, wWihh 2 o0rHICEhEhaE
YNCBREAE A2 3 IUS SHAFIBRCTE 2 2 LA S
Mol (%12, T2 Thoo 3FAFF
I LA OFEEEZOY = 20 v K
ENARHOT A FF ¥ = VA E AL DE ML
MfRR (K12, WHFS 3). HEHVIE@11H B4
DT A FF = NAAE 5 A RAOKMTHEE 721
T AT F T VA MAE DE IR L -
TRiBrT& % (K12, WHFS 9, 1), IAFD
A AREE 12 I3\ I BE 7 S BT R R SR s
B ALFEA OB AR Z TR TE AR FET
Hbo HPHZ L o THEND B VIZFITIE TR ITHE
AR B Wy B\ G EREALBIF) & ML A b 7 LB
FEENTRV, MLED X ) ICHIbH ) o 3 4 FH
PR BWCHER O WIS 2 R & B 2 72 BRkR
DAL & > CHEE R 2R ZPifrc& 22 L
23 - 720

2. 4 X - ALX M EBBERITICH T 205

1) #5

Jedbbig i, I A F2 9 FICHREL. B4ET
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RIS %, D72 0/EW O IS5 A B 25K <
20 MMOEWEIEN LIS K RBDT, TILFD
WAEDHESET A (P 1988, RIS 1980), 4
Ve O AR O LTI L 720 % 3 Dk
FEROMEORMEZME (K- 81 1956), 2
NFEFTBERTEALHICTLAFELGIWEINVFRY
SRHETGVENIVLERFAFEELTCVS (FH
1993, 935 1998, #& S 2002, H&S 2008a)
PR, AR LEOE AR Z £ & LT ideiltde
BN T A XL a b F 2 i O IHER 2%
T3 % 37 MR ENE L S v, ZEBAELSTHE
EoTWD (P 2002) . 37 ERIEHERES OF
2EHPABE T, DUHERT O FIVEY O L BSMIZRD
VEM % 3RS 2720, W2 SHITEW O £ CTo
2HMH»S 1 » HE % BIEIREE T2, 2D720,
HEFOR SRV HEATAREE O & 9 (2 T LB AL R ) % 1)
HAT&%w (&5 2008b), *7-. FEHEMKE
fi U 72800 MRl il 5 X o0 37 B R AR AR (G
2002) ZHW5 & [A—FEBNIEY & G4 L 729k
HEHB & BIVEY D S DAFHEIRASRAET B 720, T 4
FORMELIIRL ZERELEMFVPEL D, ZD72007
ERBHEEEOE L2 T, SEOHINS
JRALKER DB BRI AL T L 7 B0 ARBFFETIZ, 2
WX TF7Y, AIVLVEFFBIOA X3
VL OHIICET 2 MRE/LENT, ¥4 X2
L F N ERMIRFRRE 2B B 3FEO MBEREZ I S
MCTHE L DI, ZRUFAIBRRH] ORI &
2 & % MOk = B L7z

2) MEBXOHE

NWVHFXFXYIHNT I, AIVLVERFRFBLOA X
HIVVLEBAL, EHFLTHRIIEBELTVWSH
JLEEIEL v 7 —ND 4 a0 MESFICB VT, ¥
A XL 3 L F O BHIRHREEORBR % 34EMITH
Teo THEM L7z #H1EHDOF A4 ZKETIEL 2001
E6HSHIWMEE [) 2Ry ] OfT%10ad 72
D40kg5AE L. [M4E10H 9 HIZF A X% UL 72,
F2EHO 3 AFERTTIEL 20014E 9 H26H 124 A
A OFGMERSHR L, W (A Tv] o
Fi¥-%10ad 72 ) 64kgFeik L. 2002457 H 5 HIZ=2
AXENHE L7z, 5 31EH D5 4 AHFETIlE. 2002
6 H25HIZT A FIEY O FM 2 e L, Sl
[Vawdky] OfiT#%10ad 72 ) 54kg 54k L. [
FIOHI8HIZF A X &L 720 HAEHO T LF
BTk, 20024E 9 H26H 124 4 X4 % k58

L. Wil [ AN TV ] OfT%210adh 72 1) 6.4kg
FIEL7z0 8 41EH TR 020034 5 A 14
HOEFREZWAEL THRBREKRT Lz, ¥4 X1k
BIOPaaFEL HEMEZTTeme L, #5
PR OMEZ50cmE L7z A4 AETIEHR L TN :
P:K=3:10:10 (10a® 72 YN : 3kg. P,Os: 10kg.
K.,O:10kg). I A FECTIIWGILLTN:P:K=1:
1:1 (10ad» 7z YN : 10kg. P,Os :10kg. KO :10kg)
DAL 2 i L 72,

FBIEHO Y A X OB LB AT Y
TN Y (445%FH)) & TP 72 20014F
7H2ECHHEL, 7 10 AT BRE 21T,
ZNLIREGC S LM 2 Bk Lze 9 HI0H I
D29 a0FAEXIZBWT 7 A DI HZE L
e 3MoFEAEB LTy MAK, SRR
WL EZBE L7,

HE2EHO I AFEBGIZB TG LT 5 bik
BORAEHEREZICRT 5720, 2001410 H A 52002
FoHETOM, 1EMBEICHAEXNICHIFLA3
TEAREEY , WFRERLEL 72, 1 AKX OTHE
#075mx Im (0.75m) & L., 3X%ZZEL7. 3
TR DI R DA Tl bR 3 Tl o 1R % 3R
L. WFEOWHEEZ Lz 7IVLERFLA X
HIVLVOFERITEINTE L olzlzd, HIV L
FE LTHRN L7, 720 BINCEGER L 72 B3R AL
DWT20024E 5 HI4H ISV HF XY <5 %, [d
6 HITHIZA 24 3y LA MFORITE (aa
FREMERT, WREF15H. 25H. 35H. 45HB LU
F) \ZENETNS MRS WS | e E 2 ik
T EIZE L7z,

B 3ER O & 4 XM Tld20024E 7 H24H & 8 A
SHICHHF LA 7H2HE 8H8H (HHHEH)
BLO8 A22HITHIESN HHWTEF LTz 3l
OMEEELFR L 720 KEZEIT T, 3a OFEX
WIZHEF§ k2 A L 72,

FBAEHO I A FEBFICB W CTHEEH3SHHO
20024E10H31HIZT A A F ¥ = (30%FLAI) 72
EF 7z AVTB Y ATV (TB%KFIFA]) %34
WIS 5 X (BREALEX) B IO (B
FHPX) 2RE L. SHIINSORO—HB%
200345 H 6 HICH#HE L7z (FEFEFHIX). 20034
5 H22HIZIZ 2 TOMIXIZEB WT0.75m X 4 m
(3md) OWMERNIFERF LI VEFXRYH T
EARXN IV VRSP, wWE 2 MRS L2
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E L7 RET3IREE L7,

3) KEBIUOEE

FA X - A FBMIRHEREE O LIEHICH 7
55 A XMSTlE 7 HI0H DIBEICHZE L 72 v %
YW TVBIOHIIVLERF, /A XHIVLD
FAMEORK L T ¥y MAKOEKB X O E
DFUZ 9 AI0H DI T <, 3% fre 7281
HIZ05g/ MU T TH o7z (£13)e T OEHYWENMK
SF L ALEIR) & i EE e EOBREISN AT, EFL
TWAHB T A RIHEEIN /20 EZE2bN5, 4 X
AIV VOB ASN o725 HIVLE
I3 TIEMSIMEF I I L 7 A s h v - AR
L. AROMFZO T,

H2EHO I AFRYLTEINVTFERFY T v,
HIVLERFBLIOA XA IV LIET A XDOYHE
BICHFEZIED 72 (K13). 7 I v LEO W,
T A X ) HREFOAPHER G T A F 2B L

#1135 (2011)

BHEE & 0 37% 4 7% <. FOMK L PRI TIX
IO HPICKRIC—FTHHDIx L. AP T
F10H W2 S511H a2 TS & 7%
L HHEOFEIZL > TRE > Tz (KM13), &
OFERIZ, BHESNLLArTcE CFL, #ilsh
BWEHWICEAEFT LAV IV LERFONHY
(Kay 1971) # XML CWAH X9 THbDH, NIVHFF
YIAT VIE, ARSI B W THHRERG X
19%% < 3 L72A% Lo A2 X - TH3E
ORRIEVIE 2D o7z (M13)o T A XM
40H B (11A5H) MBroRE6H TWETH 3
o WL W O B D26% T Th - 72
(B13) o NVHFFT<H T TIE, PHEIC X BRWIA
OTHADOMHEIZ L - T L H\» (Tachibana et
al 2010) & &, 7 A XM R L 72k
IR 7210 125> Tz Z OBAFEE O R
WAEFRII T AXHEZISHE Q0H11H) 1S3

K13 FA X - I LAFVEMIFERECBILEIEH T AL AWM TONVFXFYH T, #IVILERF

BLOAXHIVLOEH

F4 o€y Mk EIHRSX (LN
Yifd flal R % T A% [ERE W E k% LS WhE RfEL:
/i /md cm g/t /nd cm g/md R AL /o
NVHXRXIHT 0.08 0.61 9.0 0.118 0.00 - - -
AIVVLERF 0.00 0.01 8.0 0.006 0.12 37.2 0.328 0.03
A XHhIVL 0.00 0.07 11.8 0.034 0.00 - - -

TE. 20014 7 H10H DAL H3F L7 fifk 2 9 H10H 12k 2.

40

—— NIVHXRY AT VR

35

~Om NLHFYTH T Y RH

30 A
NIA

—A— 7 3 LEHHRER

e ) 3 LEUHHE S

A
f

M3 (ko)

RIAA
10 Afr s

i = AN

-
10/1= 10/8- 10/16-10/22-10/29- 11/5- 11/12-11/19-11/26-
10/7 10/14 10/21 10/28 11/4 11/11 11/18 11/25 12/3

20014

a3 - 7 ¢
/8- 4/15- 4/22- 4/29- ©5/6~ 5/13- $/20- 5/21-6/3-6/96/10- 6/17- 6/24-
4/14 4/21 4/28 5/5 5/12 S/19 5/26 6/2

=4 .4....:\ A

6/16 6/23 6/30

20024

) 2230 1)

13 ¥ A X - 3 AF VBB OH 2/EH O 3 A FMYZB 0 IR LHEEO -y — ¥
AIVVE IV LERFLAL XA IV LOAG



W o WAL T 2B IRV XY < 7T B XU I LEIOERE L Bk 59

L7tk & 3L ER & o7z (K1), T2, 2
L FIRA#35H HICH3E L 72 R0 R EF Bk,
NVHFFXY AT YTl 4 A H IV L Tlagk
Al (R14), REGMEEEZRIZSRhVWEEZ
b7z,
IAFEOHIMPICHZE L, $3EHO 5 1 X
Wl o Tzl EiE, # IV LERFFTIENH
001A/md, 4 X4 3V L TIRHIA/ndE L7k L,
NVHFFXY AT Y TEHLIR/ M ThHo70 Th

K14 FA X - aLFVEBMIFHERICB T 552
EH 2 AFFBBTONVFERYH T LA
XA IV LVOMFER L AR

HZERE W (g/ i)

i ;gg GEE)  BHEE R
AR - 76.34

15HH (10H11H) 1450  21.00

SOV E 25HH (10H21H) 52 672
Y<#5y  3BHHE (0H31H) 145 107
45HHE (11A10H) 023 055

HER 002 006

R = 16676

15HH  (10H11H) 1980 2052

o 25HH (10H21H) 1947 1467
AAAIVV sl ofsin) 460 1211
45HH  (11H10H) - 573

HER 011 ol

. 200149 H26HIC A AFZIFBHL, NV HFFY <

F 13200245 5 H14HIZ, # IV LEFFIE6 11
HIZF4A,

a) BI1MER 7 A4 I,

b) ¥ 5 KO, — AL,

SR DL {1k a AFPHERO 7 4 Z5RBICATE
LCWzAs, 2HOHRHHC & > TRIRG DR S
Tz (£15). ZOKE, B A1EH O I A F OREH
RRCAE L TR0 &z, ~vFSRy<n
73 T1d23g/mi. 7 3V LE FFTIR01g/nd, £ X
HIVLTELlg/meP %L, ¥4 ZXETBWT
INLOFMITMEEL RITS W EEZ bz,
FAEHO I AFBBEONVFEXFY AT I
THBRERIFIE. 7T A 4 F T VAA OFEL L
EEOHHE oA DbETRIEL. 5HTHO
BBV TFFYIHN T VRSN o720 1
273V VICHT BRERRIE, KFEOT A A F T
ZNVHH T TF T AT a v A F OV KNHE B
Z\VIEEN S OBRER L BEFOTR A G DR
BT L RIS X h 3 L oI S
XD 2 %A TH o7z (K16). T D& & LRI
BNOA IV LE FFOMEBEIZ, 41 XAV L&

K15 ¥4 X - A LAFILEHFERIICB T 543
EH ¥ A ZA@BTONVFEFRY ST, H
IVLERFBIMM XA IV LISHT ALY
CARYIE

AEEEE (/o)
Fifl 200247 220 20024E:8 8 200247 8 H22H
(8 Lnkar) - (G 2 Bkl (6 2 B

MARTTHTY 1860 (100) 0413 (22) 0.197 (11)
AIVLVERF 0013 (100) 0007 (50) 0.003 (25)
A X3 0097 (100) 0013 (14) 0.007 ( 7)

1) 200247 H24H & 8 H 8 H il 2 [ Hk % % ftio
2) () 7A2HOMEEBIHT I (%)o

®16 FA X - A AFVBMFEBIT BT 2HAEH AL FMTONVFXFYT T EL XA IV LI

xFg % BREH B & OO R R

AL

EHE (epE)Y

e L

KT A F % ¥ = VLA LEE)

KZET A 4 % 3 Z VELALEL + Rk

KEEF 7 2 v AN 78 v A F )V KHIF LED)
KFEF7 2 v 2070 v X F VRAFILEL + 7k
Rk

B + F R

VAV 20k g iV AXHA3IVL
— o/ —

65.1052.42 (100) 51.06 £47.62 (100)
349+ 471 (5) 005+ 005 ( 0)
000+ 000 ( 0) 016+ 023 ( 0)
4272 +46.76 ( 66) 062+ 067 (1)
223+ 086 ( 3) 042+ 031 (1)
6.03+ 357 ( 9) 632+ 707 (12)
135+ 116 ( 2) 420+ 252 ( 8)

OBl P (3R AU () LBt (%),
a) 20024-10H 31 HIZ#E5200ml/10a. #iAiZK 100 1/10a CTHIEULH,
b) 200241031 H 23 &10g/10a. #AiZK#100 1/10a THEIEALEL,

c) FKZFEHHHE20024E10H 31 H. HFFHHHI20034:5 H 6 HIZ 3Ny 7 F IS KF5525 T — % UHF (268rpm).

d) 20034 5 H 22 H R,
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D IEEICA o7,

Dl kHiz, BFE0 &AL 2Tt 3 i
EdF D FAET. T A FERICHE L TRBBRE
WZAEET MK D 74 kSO PN X ) BikRT
E7zo AFOILFETIE, HIEZ PR L2
STHIVLERFEAL XN IV LOMENREL &
B7z®, WEEL D b IR G O ATE) R
WTHb, F7z2v T AFOWEMEI0H H AR 3
T LHEDORARID L EDEF R /NS VD,
ILAFHAETOREER (S  2008a) &R
R EHNIRE TR O1LH LIS 2 O
WY CTH Do NVFFRY<HT Tl BifERICH
F LR E ARSI TICAET T 205 744
XV VAR OKFEONI L BFEO R ZHAED
®72MHRTHIBRTE %,

Vi BEEE

AR, AR A L7z R bR, AR
REBHEEZRIZLTBY., #ELZRABICHZ S
72, JALHERL I B R 2 IR AR D STV
5o MEE 2 2 UMEOREEEZ 59 2T F
LWAFRBICBIT 2408 % O fElIC R
L. 205 DOHRIEED W TR IS KL 72T2
DV S RN TR LT EEEZEZ 6N, Tk
bhH, EEOWLELLIELE- T, #TL2Fhr#E
MU, ZORpREAE L. WIS %815 % T 5
LIS TEDOHMITER SN,

1. SRR ERERREOIEE

S O E & AT IR ORI, EIN~ DR
ABEOIREZ LR T 5 72DICUHTH Y, ThHo
T 5 S HILR O T E N2 IR BT 5177 &
PR L. WIROBRMU LR L2 BT 5, NIV
YIHTTEAIVLERFIE, WS DRI
LIZRATIREL, NUVEFY<H T VI3
RN FMMEKHBEREZ EI2AEF L, #IVLEFRN
FIHEIRL T AFMAR EIL AT LT (M
2. K3, 10, #£1. £7)., 72, 3HFEOMHE
EHFT v — PRATE, ORI Y
BHEIML22H0), #IVLERFRIEDL VD
WA B o 720 FRALMERIZIE, ZEIIIZIAA S
TWh A FERNY B, TFAEHLRHIC
KROENBTAYAF 2 TYH (Sida spinosa L) =
2" IN4 F XF (Thlaspi arvense L.) ¥ T4 7
A 5 (K 1995)c —MIZIAHIRIZ i L

#1135 (2011)

BSPICRAT B L ERDE LS L, I
TR PATT RSO W TR R 2 B0 Tz
FTLUENRD L, NVFEFXHTEHNIVLE
FFiE, B I2B0 5 05 % B3 2 Hl & R X
No, #IVLEFRIPHIIE AL, NVH
FXIH T NIHHO AT ST IR b FEET
LDT, ENENOBIIIG U K a5 0%
W bo NVFERX<H T VITHHBNOARTHIBL
THHADOPKIEPIETE VDT, KHEEREZ &
THVibrEAMD BULENDH B, NVFFYHT Y
EHARIZIEIRARAU RS & LTk Lz e &
(BE 1989). H 3IY LE R UERIZEHN
ICHERR ST WD (K - —Hi 1987a). L L.
SCHEK (PSR 1988, JEH 1993) %7 v — Mk
OFEHE (F1. £7) #ADEMBEOFREITML
H 2 BIRD 72 D 1%, 19804F 2> & 19904F tH & HE e S 1,
COMNE, A F % EDORALMRE S CRE L
e =B 5 (K 1992). F 7z, FEMENE
R L2 SR YT eIV LE
FXFDOBERALNDL DT, MHDR AT A F
Y e &L A A SN OO A X 5 Ll
EEND, MEOHHA~DOH 72 BRAZBIET 512
. BICHEE & 3ot B B, MR & 41
RS ELNEDRH D, 2D XD LR D5
R & Fs A EROIIRIX. BiRROBELIEA 2Pk o
SRET LY WIS L. RARKOHEE RS HD
FEAERO TN M Sl e T %,

2. BEBH TOERENRICDIEE

JE A H T O IR LHEE O A RE I SUG DO AER A &
E EREEOMERR I B S A 2 AN S 2
ENTED, NVFXFXI AT VIFKEGIE < DK
BEREICZ <AL (M4, %£2). oMk
PER L, NUVFFY< AT VI3KRICE - T
LTwa et ahi, bEte LTH NS
YFFTVAZRXATYTHMNO LR TOLFEDOHIC
THAETAIEHLTWDE ESR 2002a), Zhbd
OE VL3 S RN ¥ - AXDLIIN: | & il e e
& ARRAE & AR LB & L CliD T B AN
DOHEFTFORATEWNT 5 5 EOREIFLETH
%o L ACHARDKHIA Tl AKEIEHEO HIRIC
RYDIHINTBY, KKK o T b O
FAYEE LR L KO 72 L1120k - TKREED
O T ASHERELC FF S, & SIS bR DS E A T
5ZLbHB (F2), BEHIAFTHRELT A
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FHDEER B ALZZHEB O LS (Fab
2007) KHZMICHRIET 2 & BEH S 2 RERED S
JHE S NI AL AR SR A L S IES 2 WM D &
D EREIZIEAE L Qv B I EIRLHER IR BR DX 4
EFRETHD, N IVLEFFIE, FLHICHIE
T2 RFOFHRPNEZIRTA (KM12), HHRILE
o RT3 2 Y TR HSE L 22k ok H
BOPRE CHREEZRIZL T2, —F, BEYO
Tx A4 EEE TR, FFICHF LT (M1,
PEW) DFEFETECFFA L CAEIGBRZ ST 501k, &
W 2 BELICEIS T 2R OTEEEZ ONS,
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Analysis of Factors Related to Enhanced Sterility Due to
Coolness at the Young Microspore Stage under High
Nitrogen Supply in Rice (Oryza sativa L.).

Takami HAYASHI* "

Abstract : Effects of high nitrogen (High-N) supply combined with cooling on increased sterility in
rice plant were examined. High-N enhanced the suppression of pollen germination caused by cooling
and the results of comparative proteome analysis and gene expression analysis revealed that a num-
ber of expansins (EXPs) were downregulated by High-N plus cooling (High-N-cooling). EXPs act
on cell wall loosening and are involved in pollen tube penetration. As many EXPs were repressed
under High-N-cooling, it appears that these EXPs may be involved in the enhanced damages on
pollen grains, and, consequently, the enhanced sterility. It is concluded these findings about the
effects of High-N on cool-temperature damages in rice plants will contribute to forming a physiologi-
cal basis for future research on the prevention of such damage under various nutrient conditions and
to the development of damage reduction technologies.

Key Words : Anther, Expansin, Gene expression, High nitrogen, Pollen germination, Proteome, Rice,
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I Introduction

Rice is one of humankind's major sources of carbohydrates. In 2007, world cereal production
was 2.2% 10°, of which rice accounted for 30%, 6 x 10°t (overseas statistical information,
http://www.toukei.maff.go.jp/world/index.html). In the same year, rice production in Japan was
8.7 % 10%, of which 3.7 % 10°% was produced in the Tohoku region (Statistics of Agriculture, Forestry and
Fisheries; http://www.maff.go.jp/j/tokei/index.html). This large amount of rice production in the
Tohoku region is associated with the long day length in the summer season and the large diurnal range
of temperature (Uchijima, T. 1983), and the highly improved cultivation technique, breeding and farm-
ing technology (Nishiyama, 1985).

One drawback of the Tohoku region is the high risk of cool summer temperatures, mainly caused by
cool air from high pressure systems originating in the Sea of Okhotsk (Bokura, 2001). Rice farming in
the Tohoku region was advanced by the 16th century (Uchiyamada and Watanabe, 1996). In Japan, a
famine year was recorded 64 times from 1600 to 1867, meaning that cool temperature reduces crop pro-
duction once every 4.1 years during this period (Nishiyama, 1985). In Iwate Prefecture, it was 59 times
from 1611 to 1817 (Seki, 1986).

In 1993, Japan was hit by a historically cool summer, which reduced rice production nationwide. Yield
losses in northern Japan were particularly catastrophic. The Japanese Government thus urgently import-
ed 2.6x10% of rice (Statistics Bureau, http://www.stat.go.jp/data/getujidb/index.htm), which was
equivalent to a quarter of Japan's average annual rice production. Research by the Tohoku National
Agricultural Experiment Station and the prefectural governments to record and analyze this event
showed that the extraordinary yield reduction was a result of sterility, caused by continuous cool tem-
peratures from the end of July to the middle of August (Mayumi, 1994), a period that extended across
the booting stage, when the rice plant is most sensitive to cool temperature. These studies also showed
that the larger nitrogen supply in 1993 reduced the yield under cool weather (Kodama, 1994; Miyamori,
1994; Takeda, 1994; Tamagawa, 1994).

Nitrogen is one of the most important elements for living organisms. About 90% of the dry weight of
plants consists of carbon and oxygen, and only about 3% consists of nitrogen (Tadano, 2002) ; however,
nitrogen is involved in all physiological processes of plant development, proliferation and differentiation,
and is a major limiting factor in plant growth (Yoneyama, 2002). Historical research has shown that
Japan's capacity for rice production was 1 t ha-1 to 1.5 t ha! until the mid 18th century. It was in the
1960s that rice production began to increase dramatically due to the application of chemical nitrogen fer-

tilizer (Nishio, 2005). Nitrogen improves rice growth and yield (Shiga, 1984; Goto et al, 2006;
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Fukushima, 2007). Paradoxically, if sufficient amount of nitrogen is used based on normal weather pat-
terns, it severely decreases yield in unexpected cool summer because of sterile spikelets (Sasaki and
Wada, 1975; Amano and Moriwaki, 1984; Satake et al, 1987; Watanabe and Takeichi, 1991). The amount
of nitrogen supply tends to decreasing in 1990's because the taste of rice deteriorates when nitrogen lev-
els of plants are high (Ishima et al, 1974, Yamashita and Fujimoto, 1974). The fact that, however, cool-
temperature damage still occurred in 1993 indicates that much remains to be learned about the effects of
nitrogen on cool-temperature damage.

Cool-temperature damages in rice plants are categorized into two types: damage due to delayed
growth and damage due to floral impotency (Nishiyama, 1985). Like the case in 1993, floral impotency
causes irreparable damage, and much research has been done on floral impotency caused by cool weather.

Cool weather at the booting stage causes pollen abortion. The young microspore stage, tetrad stage
and early microspore stage just after the microspores are released from the tetrad, in particular, are the
stages when rice is most sensitive to cool temperature (Hayase et al, 1969; Satake and Hayase, 1970).
Cool temperature during these critical stages severely represses pollen development, and the decrease in
the number of engorged pollen grains is thought to be a major factor in sterility (Nishiyama, 1982;
Satake et al, 1988; Satake, 1991).

Satake and Shibata (1992) proposed four factors involved in sterility caused by cool-temperature dam-
age: 1, the number of differentiated microspores; 2, the percentage of developed pollen grains; 3, the per-
centage of shed pollen grains; 4, the fertilization efficiency of shed pollen grains. Among these, they noted
that the number of pollen grains is the major factor. When the nitrogen supply intensifies cool-tempera-
ture damage, the repression of pollen development is considered to be an important factor in sterility.

In this study, the combined effects of high nitrogen and cooling on the factors that affect fertility were
examined, such as the numbers of microspores, engorged pollen grains, pollen grains shed on the stigma
and germinated pollen grains on the stigma (Chapter II). To clarify the physiological aspects of the
damage to anthers caused by High-N-cooling, protein expression patterns were observed by comparative
proteome analysis (Chapter II) and gene expression analysis (Chapter VI).

I wish to express my sincere gratitude to Professor Setsuo Koike, National Agricultural Research
Center for Tohoku Region (NARCT), for his courteous guidance and encouragement, and to Professor
Yoshihito Takahata, Iwate University, Professor Shuichi Sugiyama, Hirosaki University, Professor
Toshinori Abe, Yamagata University, and Dr. Tomoya Yamaguchi, NARCT, for their continuous support
and invaluable suggestions and discussions. I also wish to express my deep gratitude to Dr. Setsuko
Komatsu, National Institute of Agrobiological Sciences (NIAS), presently at the National Institute of
Crop Science and Dr. Mika Fujita, NIAS, presently at National Institute of Advanced Industrial Science
and Technology, for their special guidance and advice on proteome analysis. I am indebted to Dr. Patricia
Vrinten, National Agricultural Research Center for Tohoku Region, presently Bioriginal Food and Science
Corporation, Saskatchewan, Canada, for her useful suggestions on my research and excellent English
coaching. I wish to thank my collaborators, Mr. Katsuhiro Nakayama, Mr. Akira Tanifuji, Mr. Eisaku
Kumagai, Mr. Akio Yoshida, Mr. Kazuhiro Hayasaka, Mr. Kunihiko Tamura, Mr. Yuichi Otsubo, Mr.
Nobuyuki Yoshizawa, Mr. Toshihiko Fujisawa, Ms. Keiko Iwabuchi, Ms. Hiromi Suzaki and Ms. Akemi
Tagiri, NARCT, for their skillful technical assistance. I also wish to express my thanks to the staff of
NARCT for their courteous support and encouragement throughout my research. This research was pre-
viously published as a series of original papers (Hayashi et al 2000, Hayashi et al 2006, Hayashi et al.
2009), and in its present form is a revision of my dissertation for the doctoral degree at Iwate

University.



70 FALEEERT T £ >~ & —RFJEdis  113% (2011)

I Effects of high nitrogen supply and cooling at the young microspore stage on factors
related to sterility

A sufficient supply of nitrogen is necessary for optimal plant growth and yield in rice (Shiga, 1984;
Kobayashi and Horie, 1994; Goto et al, 2006; Fukushima, 2007). In cooler-than-average summers, howev-
er, higher numbers of sterile spikelets are found in rice plants grown under sufficient nitrogen conditions,
resulting in a decrease in yield. This yield decrease is a major problem in rice production, and the physio-
logical mechanisms of the increased sterility are still uncertain.

The young microspore stage is the time during the reproductive period when rice is most sensitive to
cool temperatures (Hayase et al, 1969; Satake and Hayase, 1970). Cool temperature at this stage
decreases the numbers of microspores and engorged pollen grains (Nishiyama, 1982; Satake et al, 1988,
Satake, 1991), and the numbers of engorged pollen grains are highly correlated with fertility
(Nishiyama, 1982; Satake et al, 1988).

Satake et al (1987) clearly showed that High-N from the spikelet differentiation stage to the young
microspore stage greatly increased sensitivity to coolness at the young microspore stage. Tatsuta (1999)
reported that High-N decreased anther length and numbers of engorged pollen grains, but did not exam-
ine the effects of cooling. Lee (1990) showed that cool temperature decreases the number of engorged
pollen grains as the nitrogen level increases.

From these results, researchers have concluded that the sterility caused by cool temperature at the
critical stage is mainly due to a decrease in the numbers of engorged pollen grains. With High-N, the
decrease in pollen grain numbers is also thought to be a major factor in increasing sterility.

Shading causes a decrease in fertility (Shimazaki, et al, 1964; Wada et al, 1972) ; however, the effects
of shading vary among rice cultivars (Wada et al, 1972). Since cool summer weather is often accompa-
nied by some degree of low insolation, the effects of shading on the cool-temperature damage should be
clarified. Therefore, in this study, the combined effects of High-N, cooling and shading on the factors that
affect fertility, such as anther length, and also the numbers of microspores, engorged pollen grains, pollen

grains shed on the stigma and germinated pollen grains on the stigma were investigated.

Materials and Methods
Experiment 1 Effects of High-N and cooling on flower components

An early-maturing rice variety (Oryza sativa L. japonica cv. Hayayuki) from Hokkaido was used in
this experiment. Twenty seeds were sown in a circular pattern on vermiculite in plastic sieves in pots 18
cm in diameter and 20 cm in height, following the methods of Satake et al (1969) and Satake and Koike
(1983) (Fig. 1). Plants were grown using tap water until the third leaf stage, after which a culture solu-
tion (Satake and Koike, 1983) including a standard level of nitrogen (Standard-N: 10 ppm of N) was
used. The culture solution was changed once every 2 to 3 days. Plants were grown in an artificially lit
chamber (Plant Growth Chamber, Conviron, Winnipeg, Manitoba, Canada) under an illumination of 300

2

umol photons m™* s™! just above the plants for a 14-hour day length and with a day/night temperature
regime of 24/19°C until the young microspore stage. Tillers were removed as they appeared. Stages were
checked using a microscope. To obtain uniform samples, the third to the fifth spikelets from the top on
the first and the second primary branches of the main stem were examined following the methods of
Satake and Hayase (1970) and Satake et al (1987) (Fig. 2). From the spikelet differentiation stage to
the date when the specified spikelets were at the young microspore stage, half the pots were grown

under High-N (80 ppm of N) conditions. Thereafter, all plants were grown under Standard-N conditions.
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Fig. 1 Twenty plants in a circular pattern grown Fig. 2 Spikelets at the uniform stage on a panicle.

with water culture. To obtain uniform samples, the third to the fifth

Water culture was used to control nitrogen level. Plants spikelets from the top on the first and the second pri-
were grown under standard-N (10 ppm) until the mary branches pf the main stem (gray circles) were
spikelet differentiation stage when half the plants were examined following the methods of Satake and Hayase
grown under High-N until the young microspore stage, (1970) and Satake et al. (1987).

after which all plants were grown under standard-N.
Nitrogen supply was stopped at the end of flowering.

At the young microspore stage, plants that were to undergo cool-temperature treatment were trans-
ferred to a cool chamber (12/12°C) for 4 days, and then transferred back to the 24/19°C chamber. The
nutrient solution supply was discontinued after the end of flowering.

To determine the number of microspores per anther, spikelets from 5 to 7 panicles were fixed with
50% (v/v) ethanol at the young microspore stage, or, for cooled plants, at 1 day after the end of the cool
treatment. One day after heading, spikelets were fixed with 50% (v/v) ethanol to determine the num-
bers of pollen grains.

Anthers were excised from all of the fixed spikelets, and the number of microspores per anther was
determined from an average of 8 to 10 anthers randomly selected from the excised anthers. The number
of pollen grains per anther was determined from an average of 20 to 25 anthers. Each anther was dis-
sected and stained with iodine/potassium iodide solution (Satake et al, 1988), and microspores and fully
stained engorged pollen grains were counted. To determine average anther length, 30 anthers were

measured per treatment. Fertility was determined by spikelets sampled from 20 to 30 panicles.

Experiment 2 Combined effects of High-N, shading and cooling on flower components

For shading treatments, Hayayuki plants were grown under the same conditions as in experiment 1

2

except for light conditions, which in this experiment were 419 instead of 300 umol photons m™* s™. Two

days after the start of the High-N treatment, half the pots from both Standard-N and High-N plants were
shaded with white mesh cloth until the start of cooling. The light condition under shading was 107 umol

2 o1

photons m~* s™!, which was 74% lower than the unshaded condition. At the young microspore stage,

plants were cooled for 3 days with a temperature regime of 12/12°C, and then transferred back to the
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24/19°C chamber. The nutrient solution supply was discontinued after the end of flowering. Flower com-
ponents were observed as in experiment 1.

Stigmas were removed from the closed spikelets about 4 hours after flowering to determine the num-
bers of engorged pollen grains and germinated pollen grains on the stigma. Nine to 19 stigmas from 8 to
10 panicles were placed on slide glasses. After adding 50% (v/v) ethanol, stigmas were stained with ace-
tocarmine solution (Nacalai Tesque, Kyoto, Japan), and the numbers of fully stained pollen grains and
germinated pollen grains with elongated pollen tubes were counted under a microscope (BX40;

Olympus, Tokyo, Japan).

Experiment 3 In vivo and in vitro pollen germination

For microscopic observation of in vivo and in vitro pollen germination, Hayayuki were grown under
the same conditions as in experiment 1. At the young microspore stage, plants for cooling were trans-
ferred to a chamber where they were cooled (12/12C) for 3 days, and then transferred back to the
24/19C chamber. The nutrient solution supply was discontinued after the end of flowering.

Stigmas for pollen tube observation were fixed and immersed in 50% (v/v) ethanol, and callose walls
of pollen tubes were stained with 0.05% (w/v) aniline blue (Carland et al, 1999). Ten or more stigmas
from each treatment were observed with a fluorescence microscope (BX60 with filter set BP 330 385,
DM 400, BA 420; Olympus, Tokyo, Japan).

Pollen germination on an agar plate was observed so that the effects of stigma conditions could be
eliminated. As soon as the flowers began to open, 8 or more spikelets were removed and gently shaken
above a medium containing 1% (w/v) agar, 20% (w/v) sucrose and 20 ppm K.B,O; (Kariya, 1989) in
petri dishes (35 mm ¢ ). After incubating for
20 min at 20C and staining with iodine/potassi-
um iodide solution (Fig. 3), total numbers of
fully stained pollen grains and germinated .
pollen grains were counted under a microscope
(BX50; Olympus, Tokyo, Japan).

Results

Experiment 1 Effects of High-N and cooling

on flower components

®

e
Without cooling, fertilities were close to 100%, N =
regardless of the nitrogen conditions. After cool- engorged ¥
ing, fertility declined and was much lower %
under High-N (11%) than under Standard-N %
(41%). High-N decreased microspore numbers et
by 23%. Cooling further decreased these num- S0um @ @

bers, resulting in a total decrease of 34%, but =

3 0,
cooling alone caused only a 9% decrease under Fig. 3 In vitro pollen germination on agar plates.

Standard-N. High-N' decreased engorged pollen Anthers were removed from the spikelets when the

grain numbers, but this decrease did not result spikelets began to open. Pollen grains were sprinkled on
. . . the agar plate containing 1% agar, 20% sucrose and 20
in low fertility. After cooling, engorged pollen ppm K.BO, (Kariya, 1989) and incubated at 20C for

20 min. The pollen germination was observed under a
microscope. Engorged pollen grains and germinated
Standard-N and by 83% under High-N (Fig. 4). pollen grains (arrows) were counted.

grain numbers decreased by 66% under
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Experiment 2 Combined effects of High-N,
shading and cooling on flower components

Shading decreased numbers of microspores
under both Standard-N and High-N conditions.
High-N decreased microspore numbers as in
experiment 1, which were lowest under High-N
plus shading (Fig. 5).

Without cooling, High-N decreased engorged
pollen grain numbers more than did shading. The
ratio of numbers of engorged pollen grains to
numbers of microspores was smallest under High-
N plus shading. Cooling decreased engorged
pollen grain numbers by 29% under Standard-N,
and the numbers were further decreased under
High-N for a total decrease of 40%. Shading
decreased these numbers by only 13% under
Standard-N, while shading plus cooling decreased
these numbers by 39%. High-N enhanced the

decrease caused by shading plus cooling, resulting
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Numbers of microspores in cooled plants were not counted.
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Table 1 Effects of nitrogen level, light conditions and cooling treatment on anther length.

Anther length (mm)

Light Nitrogen Experiment 1 Experiment 2
conditions conditions not cooled cooled not cooled cooled
(12C /4days) (12°C /3days)
unshading Standard-N 2.09+0.02 1.97+0.05 228 £0.02 2.09+0.02
High-N 1.98 £0.02 1.67+£0.06 227+0.02 1.97+0.02
shading Standard-N 2.15+0.02 1.98+0.03
High-N 2.00+0.02 1.88+0.03

Values are shown as means * standard error. Standard-N ; 10 ppmof N. High-N ; 80 ppm of N.

Table 2 Effects of nitrogen level, light conditions and cooling treatment on the number of pollen grains on
stigma in experiment 2.

Number of pollen grains

Light Nitrogen Temperature - Germinated
conditions conditions treatment (/stigma) /Shed (%)
Shed Germinated
unshading Standard-N not cooled 272+33 30+3 12+2
cooled 245+ 38 204 101
High-N not cooled 132+21 14+3 11+£2
cooled 97 +20 3x1 4=x1
shading Standard-N not cooled 191+21 132 7x1
cooled 13325 9+3 5+1
High-N not cooled 219+38 22+4 12+£2
cooled 11520 5+1 5+1

Values are shown as means * standard error. The cooling treatment was started at the young microspore stage and
treated at 12C for 3days. Standard-N ; 10 ppm of N. High-N ; 80 ppm of N.

in a 62% decrease. Fertility was nearly 100% under Standard-N and over 90% under High-N, even in
shaded uncooled plants. Cooling decreased fertility by 36% under Standard-N and by 42% under High-N,
whereas cooling plus shading decreased fertility by 45% under Standard-N and by 64% under High-N
(Fig. 5).

High-N and cooling decreased anther length, which is a parameter of pollen grain number. In experi-
ment 1, High-N decreased anther length by 5% and cooling further decreased it by 16% (Table 1) ; the
decreases in anther length were smaller than the decreases in engorged pollen grain numbers. Without
shading, High-N did not change anther length, whereas High-N-cooling resulted in a 13% decrease.
Shading decreased anther length by 6% under Standard-N and by 12% under High-N (Table 1).

Table 2 shows the numbers of engorged pollen grains and germinated pollen grains on the stigma.
High-N under unshaded conditions decreased the numbers of both pollen grains and germinated pollen
grains shed on the stigma. Cooling enhanced these decreases. Pollen grain numbers on the stigma were
over 90, even under High-N combined with cooling and shading, but very few germinated pollen grains
were observed. Without cooling, the ratio of germinated pollen grain numbers to pollen grain numbers
shed on the stigma was around 10%, while after cooling, this ratio was around 5%, except for under
Standard-N. Plants of High-N plus shading conditions showed a smaller decrease in the numbers of pollen
grains shed on the stigma and germinated pollen grains than did plants subjected to High-N without
shading.
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were stained by aniline blue (green fluorescence). cooling, few pollen grains germinated and pollen
Cooling at the young microspore stage suppressed

pollen germination and pollen tube elongation. tubes were stunted (Fig. 6).

A reduction in the pollen germination ratio
by cooling was also observed in the experiment
with agar plates. After cooling, the pollen germi-

nation ratio was 51% in plants grown under Standard-N and 25% in plants grown under High-N, decreas-
ing to half of that under Standard-N (Fig. 7).

Discussion about the combined effects of High-N, cooling and shading on the factors that affect
fertility

High-N has been reported to reduce engorged pollen grain numbers and anther lengths (Tatsuta,
1999; Gunawardena et al, 2003) and to increase numbers of sterile spikelets (Yamada and Kono, 1976;
Gunawardena et al, 2003). Pollen grain numbers are limited by the number of differentiated
microspores, and environmental conditions affect microspore formation. For example, microspore num-
bers increase as water temperature increases (Satake, 1989), and they decrease with High-N applica-
tion (Lee, 1990). In the variety Sangpung, a 3% reduction in microspore numbers was observed under
High-N (Lee, 1990). In this study, the decrease in microspore numbers as a result of High-N ranged
from 23% (experiment 1) to 13-14% (experiment 2). Along with the reduction in microspore numbers,

anther length, numbers of engorged pollen grains and germinated pollen grains on the stigma (Tables 1,
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2) were also decreased. However, these decreases in microspore numbers did not appear to be large
enough to affect percentage fertility, which was close to 100% without cooling (Figs. 4, 5), in agreement
with the results of Lee (1990).

In contrast, High-N-cooling had a greater effect on pollen grain development than that of High-N alone.
The decrease in engorged pollen grain numbers was accompanied by a large decrease in fertility (Figs.
4,5).

In experiments using the variety Sangpung, Lee (1990) showed that a 3-day treatment at 12°C
reduced fertility by 13% under Standard-N and 19% under High-N, while the same temperature regime
in the present experiment led to 36% and 42% decreases, respectively (Fig. 5). Cooling for 4
days had a much greater effect on fertility, reducing it by 58% under Standard-N and by 88% under
High-N (Fig. 4).

Cool summer weather is often accompanied by low intensity of sunlight. Kiyosawa and Aimi (1959)
noted no effect of shading on the reduction of fertility owing to cooling, while Wada et al (1972) showed
that the effects of shading on cool injury differed among genotypes. In the case of "Hayayuki', shading
alone did not decrease percentage fertility, though it decreased the numbers of microspores and of
engorged pollen grains per anther. Shading plus cooling caused larger decreases in engorged pollen grain
numbers, resulting in lower fertility (Fig. 5). These results suggest that study of the microspore devel-
opment under shading in varied cultivars is important to clarify the combined effects of shading and cool-
ing.

It is interesting to consider the similarity between the male sterility caused by cooling and the cyto-
plasmic male sterility (CMS) used for plant breeding. Based on the results of a reciprocal crossing
experiment, the cool tolerance of Hayayuki has been thought to exist in the nucleus (Sawada 1978). In
Norin-PL8, a highly cool-tolerant breeding line developed by the cross Silewah/Hokkai241, the cytoplasm
is not associated with cold tolerance (Saito, 2006). Hokkai241 was developed by the cross Norin-
22/Hayayuki. From these observations, it appears likely that the sterility caused by cooling in Hayayuki
is generated by a different mechanism from that of CMS.

Nishiyama (1983) reported that 143 engorged pollen grains per anther were necessary to obtain 10%
fertility, 392/anther for 50% fertility and 640/anther for 90% fertility. Using the rice cultivars Hayayuki
and Norin 20, Satake (1991) estimated that 360 engorged pollen grains per anther were necessary for
50% fertility and 650/anther for 90% fertility. In this study, in the absence of cooling, spikelets showed
over 90% fertility and had over 800 engorged pollen grains per anther, corresponding to the results of
Satake (1991) and Nishiyama (1983). With cooling, the relationship between percentage fertility and
engorged pollen grain numbers observed in experiment 1 was similar to the results of Satake (1991)
and Nishiyama (1983). However, in experiment 2, percentage fertility was lower than that estimated by
engorged pollen grain numbers, indicating that these numbers alone are not sufficient to estimate per-
centage fertility.

Moriwaki (1959) found that sterility and pollen grain numbers on the stigma were correlated. Satake
and Shibata (1992) reported that more than 40 grains were shed on the stigma when fertility was high-
er than 90%. In this study, pollen grain numbers shed on the stigma were near or over 100 in all cases.
These numbers were much larger than those reported by Satake and Shibata (1992).

It is interesting to note that, even in the plants with similar pollen grain numbers shed on the stigma,
fertility was lower in cooled plants, and was much lower in plants under High-N-cooling. Satake (1989)
also showed that when pollen grain numbers shed on the stigma were almost the same, fertility of cooled

plants was lower than that of uncooled plants. These results suggest that pollen grains in cooled plants,



Hayashi : Enhanced Sterility under High-nitrogen-cooling in Rice 77

which seemed to be normal, might have lower activity.

In summary, High-N starting from the spikelet differentiation stage and continuing to the young
microspore stage decreased microspore and engorged pollen grain numbers, and shading caused further
decreases. Cooling under both Standard-N and High-N slightly decreased microspore numbers but
notably decreased engorged pollen grain numbers in the anthers of High-N plants. Further, High-N-cool-
ing conspicuously suppressed pollen germination and pollen tube elongation. These results suggest that
the reduction in fertility under High-N is the result of a reduction in engorged pollen grain numbers and

pollen viability.

Il Proteome analysis of rice mature anthers

At anthesis, the number of pollen grains on the stigma is an important factor in fertility, and about 40
grains are enough for fertilization (Satake and Shibata, 1992). In cooled plants, however, the fertility of
plants grown under High-N was lower than that of plants grown under Standard-N, even though they
had almost the same numbers of pollen grains on the stigma (Table 2). This result suggested that
High-N affected the activity of mature pollen of normal appearance. In this chapter, to investigate the
physiological changes caused by cooling under High-N, comparative proteome analysis was performed on

mature anthers and searched for proteins that might reduce the ability of pollen to germinate.

Materials and Methods
Plant materials

The plant materials and the growing conditions were the same as in experiment 1 in Chapter II. On
the assumption that physiological changes brought about by High-N and by High-N-cooling at the young
microspore stage are involved in enhanced sterility of rice plants, three treatments were set as follows:
1) Standard-N (10 ppm of N), 2) High-N (80 ppm of N) and 3) High-N-cooling. To obtain uniform
samples, the third to the fifth spikelets from the top on the first and the second primary branches of the
main culms were used. When the spikelets mentioned above were at the young microspore stage, plants
for cooling were transferred to a cool chamber (12/12°C) for the High-N-cooling treatment. The cooling
treatment lasted for 3 days in the pollen germination experiment. For proteome analysis, cooling lasted
for 5 days to enhance the changes in proteins. After cooling, pots were transferred back to the 24/19C

chamber. The nutrient solution supply was discontinued when flowering ended.

Proteome analysis

Spikelets were detached from plants about 2 hours before flowering, and then mature anthers from
which filaments had been carefully removed were collected and kept at —80C (Fig. 8-1). One hundred
to 150 anthers were homogenized in lysis buffer containing 8 M urea, 2% (v/v) NP-40, 4% (v/v)
ampholine (pH 35-10 and pH 5-8; equal volumes), 5% (v/v) mercaptoethanol and 5% (v/v) PVP-40,
and then centrifuged twice at 13,000 g for 5 min. The supernatant was used for two-dimensional poly-
acrylamide gel electrophoresis (2-DE). Protein extraction and 2-DE were carried out based on the pro-
tocol of Rakwal and Komatsu (2000). The proteins on preparative gels were stained with coomassie
brilliant blue (CBB) solution. The protein spots whose density was changed by High-N or High-N-cool-
ing were examined (Fig. 8-2). At least 3 gels from the different experimental sets were compared.
Proteins were identified using the Rice Proteome Database (http://gene64.dna.affrc.go.jp/RPD/) or by

peptide mass fingerprinting (PMF) analysis (Mascot Search, Matrix Science, http://www.matrix-
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About 2 hours before flowering, Protein spots changed by treatments were cut out. After the digestion by
mature anthers from which filaments trypsin, partially degraded proteins were analyzed by MALDI-TOF MS.

were carefully removed were
collected and kept at —80C.

Fig. 8 Uniform anthers and peptide mass fingerprinting analysis

8-1. Anthers were removed from the spikelets about 2 hours before flowering. 8-2. Protein spots that were changed by
High-N or High-N-cooling were picked up and partially degraded, then the protein mass spectrum analyzed by
MALDI-TOF MS (Voyager DE-PRO, Applied Biosystems). Proteins were identified from the mass spectrum data by
PMF analysis.

science.com/home.html) from mass spectra from matrix-assisted laser desorption/ionization-time of flight
mass spectrometry (MALDI-TOF MS) (Voyager DE-PRO, Applied Biosystems, Carlsbad, CA, USA).

Results

Over 1000 protein spots were detected on 2-DE gel images (Fig. 9), and 11 spots whose densities
changed under High-N and High-N-cooling treatments were found. Nine of the 11 protein spots (spots
732, 761, 783, 442, 839, 912, 722, 634 and 802) were identified by a database search, but 2 protein spots
(spots 505 and 545) did not have matched protein data. Among the 9 proteins identified, 7 were catego-
rized into 3 groups: those involved in 1) cell elongation (spots 732, 761 and 783), 2) stress responses
(spots 442, 839 and 912) and 3) sugar metabolism (spot 722) (Table 3).

The 3 protein spots involved in cell elongation were identified as expansins (EXPs). All of these were
upregulated under High-N, whereas under High-N-cooling, spot 783, identified as f -expansin 13
(EXPB13), was upregulated, spot 732, identified as a -expansin 18 (EXPA18), was downregulated, and
spot 761, identified as EXPBI, was not changed (Table 3, Fig. 12).

The 3 spots involved with stress response were also upregulated under High-N, and 2 of them, spot
442 and spot 912, were downregulated by High-N-cooling. Spot 442 was identified as calcium-dependent
protein kinase isoform 11 (CDPK11), and spot 912 was identified as heat shock protein 82 (HSP82).
Spot 839, which was not changed by High-N-cooling, was identified as putative aldehyde dehydrogenase
(ALDH) (Table 3, Figs. 9, 10, 11). Spot 722, identified as fructokinase II (FKII), was not changed
under High-N and was increased by High-N-cooling (Table 3, Fig. 9).
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Fig. 9 2-DE image of rice mature anther proteins.

Over 1,000 protein spots were separated. Protein spots changed by treatments were circled and numbered based
on the rice proteome database (http://gene64.dna.affrc.gojp/RPD/). A to C indicated areas described in Figure 10
to 12.

Table 3 Changes in anther proteins caused by high nitrogen and cooling treatments.

Spot - Standard ., High N Accession Matched Protein Organism
No. -N -cooling No.
Cell elongation
732% + + + AF394453 a-expansin 18 (EXPA18) Oryza sativa
761 - + + QILDO1 f-expansin 1 (EXPB1) Oryza sativa
783 * + + + AF391106 [-expansin 13 (EXPB13) Oryza sativa
Stress responses
442 + + + P53684 calcium-dependent protein kinase, isoform 11 (CDPK1l) Oryza sativa
839%* + + + AF148877 putative aldehyde dehydrogenase (putative ALDH) Oryza sativa
912 + + + 715018 heat shock protein 82 (HSP82) Oryza sativa
Sugar metabolism
722 + + + Q944F5 fructokinase II (FKII) Oryza sativa
Others
505 + + + not identified
545 - - + not identified
634 * + - + ACl1454 protein gpl8 from bacteriophage A118 homolog  Listeria innocua
802* +HH+ + + P31417 fatty acid binding protein 2 Manduca sexta

Protein spots were numbered based on the rice proteome database (http://gene64.dna.affrc.go.jp/RPD/main.html).
Proteins were identified by PFM analysis, but protein spots with asterisks were identified with the rice anther gel
image of the rice proteome database. Standard-N ; 10 ppm of N, High-N ; 80 ppm of N, High-N-cooling ; High-N and
treated at 12°C for 5 days. "-" indicated that the protein spot was absent, + : weak, + : present, + ; large, ++ ; larger.
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Fig. 10 Comparison of some of the proteins in the area A in Fig. 9 that were differentially displayed by
treatments (circled).

Protein spots were numbered based on the rice proteome database (http://gene64.dna.affrc.go.jp/RPD/).
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Fig. 11 Comparison of some of the proteins in the area B in Fig. 9 that were differentially displayed by
treatments (circled).

Protein spots were numbered based on the rice proteome database (http://gene64.dna.affrc.go.jp/RPD/).

Discussion of the combined effects of High-N and cooling on the protein expression patterns in
mature anthers

Numbers of engorged pollen grains per anther are highly correlated with fertility (Nishiyama, 1982),
and the decrease in numbers of engorged pollen grains caused by cooling is the major factor in floral
impotency. High-N supply decreases anther length and engorged pollen grain numbers (Lee, 1990;
Tatsuta, 1999), and High-N strongly enhanced the decrease in engorged pollen grain numbers caused
by cooling (Figs. 4, 5). Interestingly, even in plants with almost the same pollen grain numbers on the
stigma, fertility was lower in cooled plants and became much lower with High-N-cooling (Table 2).
High-N-cooling strongly reduced the germination ratio of pollen grains (Fig. 7). These results suggest
that High-N enhances pollen grain damage caused by cool temperature at the young microspore stage
and that High-N induces changes in the physiological conditions of pollen grains and additional cooling
damages to pollen germination.

It is necessary to identify the proteins which are changed by treatments to clarify the physiology of
what occurs under High-N-cooling. Proteome analysis of mature anthers was used to clarify the changes

in the protein expression patterns with 2-DE and to identify separated proteins by N-terminal amino acid
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Fig. 12 Comparison of some of the proteins in the area C in Fig9 that were differentially displayed by
treatments (circled).

Protein spots were numbered based on the rice proteome database (http://gene64.dna.affrc.go.jp/RPD/).

sequencing and PMF analysis. Comprehensive 2-DE analysis of mature anthers was performed for plants
grown under Standard-N, High-N and High-N-cooling. Over 1000 protein spots were detected on the 2-DE
gels, but the treatments changed an extremely small number of protein spots (0.1% of total protein
spots). Changes in protein spots involved in nitrogen metabolism were not observed, but changes in
protein spots involved in cell elongation (EXPs), stress responses (CDPK11, putative ALDH, HSP82)
and sugar metabolism (FKII) were detected.

EXPBI1 (spot 761) was not detected under Standard-N, but large EXPBI1 spots were found in anthers
under both High-N and High-N-cooling. There were no differences in intensity of EXPBI spots between
cooled and uncooled plants. This result is in good agreement with that of Imin et al (2004).

These are first evidences on changes in expression of EXPA18 and EXPBI13 protein in rice anthers by
stress conditions. It was reported neither of proteins are expressed in vegetative tissues (Lee and
Kende, 2001; Lee and Kende, 2002). High-N-cooling decreased EXPA18 but increased EXPBI13. These
results support the idea that EXPA18 might be related to pollen germination.

CDPK, HSP and ALDH are categorized to proteins that are associated with stress responses.
OsCDPKI11 protein has been reported to accumulate in spikelets (Frattini et al, 1999). In the present
study, changes in CDPK11 protein in anthers were observed for the first time. CDPKs are involved in
signal transductions in response to stimuli. Rice has 29 genes encoding CDPKs that are classified into 4
groups (Asano, 2005), and OsCDPKI11 is classified into group I, whose gene expression is upregulated
by a low temperature, salt stress and gibberellins, as in OsCDPK7 and OsCDPK13 (Saijo et al, 2000;
Yang et al, 2003; Abbasi et al, 2004). Both OsCDPK7 and OsCDPK13 are involved in cold tolerance in
rice seedlings (Saijo et al, 2000; Yang et al, 2003). The increase in CDPK11 under High-N suggests that
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High-N itself may be a kind of stress stimulus and that CDPKI11 acts as a stress response factor. The
decrease in CDPKI11 after cooling indicates that CDPK11 may also act as a stress response factor not
only in the very short term but also in the long term in plant tissues. HSPs were found as proteins
induced by high temperature stress. Recently, HSPs were revealed as chaperones that play a role in pro-
tein folding (Vierling, 1991). Small molecular HSPs participate in stress resistance (Sabehat et al, 1998).
The role of HSP82, which was decreased by cooling in this study, remains to be clarified. Plants have
many ALDH genes, some of which are induced by stresses such as osmotic stress, low temperature and
anaerobic conditions (Nakazono et al, 2000; Kirch et al, 2004). The increase in these proteins, which are
related to stress responses, suggests that High-N itself might induce some stress responses in rice
anthers. CDPK11 and HSP82 were downregulated in cooled anthers, indicating that the decreases of
these proteins might be related to cooling damage.

FK is an important enzyme involved in energy production and also in sugar storage (Pego and
Smeekens, 2000). Sink organs receive sucrose transported from source organs, and then sucrose is used
for their development or is converted into starch (Schaffer and Petreikov, 1997). The amount of FK
protein is highest several days before anthesis and decreases at anthesis (Kerim et al, 2003), suggest-
ing a role for this enzyme in the production of starch grains in pollen. Our observation that a small
amount of FKII exists in uncooled anthers is consistent with the results of Kerim et al (2003). On the
other hand, higher amounts of FKII protein were observed in cooled anthers which contained a smaller
number of engorged pollen grains. The increase in FKII may indicate that cooling treatments changed
the sugar or starch metabolism in mature anthers, which may be related to pollen grain damage in
cooled anthers.

In summary, the proteins participating in cooling damage were analyzed using the proteome method.
Eleven spots on 2-DE gels were found to be changed by High-N and High-N-cooling, 7 of which were
identified as proteins involved in cell elongation, stress responses or sugar metabolism. Taken together,
these results indicate that cell elongation and sugar metabolism may be involved in the lower pollen ger-
mination ability after cooling at the young microspore stage. The increases in proteins related to stress
responses suggest that High-N itself might be a stress condition, and the stress responses caused by

High-N may enhance cool-temperature damage.

IV Gene expression analysis in rice mature anthers

Experiments reported in Chapter II showed that High-N-cooling at the young microspore stage strong-
ly reduced the pollen germination ratio and that the number of engorged pollen grains was notably low.
Because High-N alone did not decrease the pollen germination ratio, it is possible that the changes in
metabolism under High-N, which do not affect pollen germination under normal temperature, enhance
cooling damage and reduce pollen viability.

In Chapter III, changes in proteins under High-N and/or High-N-cooling, and changes in 11 proteins
involved in cell elongation, stress responses and sugar metabolism were examined by proteome analysis
of rice mature anthers. It is noteworthy that 3 of these 11 proteins were identified as EXPs, which are
involved in cell elongation by loosening cell walls (Cosgrove, 2000). The hypothetical action of EXPs is
a transient release of a short segment of matrix glycans attached to cellulose microfibrils, and, in conse-
quence, the sliding of cellulose and matrix polymers occurs (Cosgrove, 1998). In maize, pollen allergen
protein Zea m 1, which consists of at least 4 beta-expansins (EXPBs), functions by loosening the silk

cell wall and is assumed to play a role in pollen tube elongation (Cosgrove et al, 1997; Wu et al, 2001; Li
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et al, 2003; Wei et al, 2004). In addition, an EXP-like protein is present on the wall of the pollen tube tip
(Suen et al, 2003). It is therefore speculated that EXPs may play similar roles also in rice plants.

In this chapter, besides candidate genes found in proteome analysis, the gene expression patterns of
almost all rice alpha-expansin genes (EXPAs) and EXPBs in the mature anthers were analyzed by
semiquantitative reverse transcription polymerase chain reaction (RT-PCR) with gene-specific primers,
focusing on the changes under High-N and High-N-cooling. In total, 18 EXPAs and 6 EXPBs were down-
regulated under High-N-cooling, and EXPAI and EXPBI were upregulated under High-N and High-N-
cooling. Molecular phylogenetic characteristics of these EXPs and their involvement in enhanced sterility

of rice plants are discussed.

Materials and Methods
Plant Materials

Plant materials and the growing conditions were the same as in experiment 1 in Chapter II. Genes
whose expressions were changed by High-N and by High-N-cooling were assumed to be involved in
enhanced sterility of the rice plant. On this basis, 3 treatments were set up: 1) Standard-N (10 ppm of N),
2) High-N (80 ppm of N) and 3) High-N-cooling. Plants were cooled at the young microspore stage for 3
days at 12 C. Spikelets were detached from the plants about 2 hours before flowering, and the mature
anthers from which filaments had been carefully removed were immediately frozen in liquid nitrogen

and kept at —80C until analysis.

Semiquantitative RT-PCR

Total RNA was extracted from 100 u g fresh weight of frozen samples of the anthers with an RNeasy
Plant Mini Kit (Qiagen, Tokyo, Japan) according to the manufacturer’s protocol. The first strands of the
c¢DNA mixture were generated from 1.0 u g of total RNA and 10 pmol Oligo d (T) 20 primer. Reverse
transcription was done for 30 min at 42C using ReverTra Ace — a — (Toyobo, Osaka, Japan). The
resulting ¢cDNA solution was then diluted 10-fold with TE (10 mM Tris-HC1, pH 80, 1 mM EDTA).
The PCR reaction mixture (20 ul) contained 1.0 x L of diluted reverse transcribed first strands of
¢DNA in 15 mM Tris-HCl (pH 8.0), 50 mM KCl, 0.2 M each of two primers, 200 u« M dNTPs mixture
(Applied Biosystems, Foster City, CA, USA) and 0.04 units of AmpliTag Gold DNA polymerase
(Applied Biosystems, Foster City, CA, USA).

Genes for RT-PCR were selected based on proteome analysis of rice mature anthers (Table 3). Gene
expressions of calcium dependent protein kinase 11 (CDPKII), heat shock protein 82 (HSP82), puta-
tive ALDH, fructokinase II (FKII) and EXPs were analyzed. Genes encoding these proteins were
searched through BLAST program on DDBJ] (Sugawara et al, 2008) with deduced amino acid
sequences. Gene-specific primer sets are shown in Table 4. For EXPs, 26 EXPAs and 16 EXPBs were
examined. Primer sequences of EXPs that are not shown in Table 4 were taken from Lee and Kende
(2001) and Lee and Kende (2002). The primer sets of actin (Actl; AB047313) were from Yamaguchi
et al. (2002). The temperature cycling parameters were: 95C for 10 min; 30-35 cycles of 94C for 1 min,
52-55C for 1 min, 72C for 12 min. The number of amplification cycles and temperature conditions are
shown in Table 4. The PCR conditions for all EXPs were fixed to 35 cycles of 55C except for 30 cycles of
55C for EXPBI. To confirm the uniformity of cDNA synthesis, cDNAs for actin were amplified at 27
cycles of 55C. PCR products were separated by electrophoresis in 1.5% agarose gel, stained with ethidi-
um bromide and visualized with the BioDoc-It System (UVP, Upland, CA, USA).
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Table 4 Gene-specific primer sets used for the RT-PCR amplifications.

Product Accession No. RT-PCR
Gene Name Primer Sequence 5' to 3' Size Genomic temp.
bp cDNA DNA °C cycle

CDPK11 CACCTGCTGGCAGCTTTTAC 215 X81393 52 32
GTAAAAGCTGCCGCAGGTGC

HSP82 GTTTATGGAGGCACTGGCTG 334 711920 55 30
TCTCAGTGGTCTTCTCAGTCC

putative ALDH GGAGCGAAATGGTCTACTTGTGC 352 AF148877 52 30
ATCCCCATCTTGTACTCGTCCC

FK II CGCCAACGACGAGAAGAACG 360 AF429947 55 30
CTTGGTGGTGCAGATGGCTC

EXPAS5 CATCGTCGTGGTAGTTGCAGT 425 AF247162 55 35
GTTCATAAGCAGCACACAGG

EXPA6 CTTCGAGGGCAGGCAGTTCTAG 378 AF247163 55 35
GGAGTGAGTAGCAAACAAGC

EXPA7 TGCAGGAAGAAGGGAGGGGTT 464 AF247164 55 35
TGCAGGAAGAAGGGAGGGGTT

EXPAI0 GGCAAAACATACACTGGCAAGC 256 AF247165 55 35
CATCAAGCCTCTGTAGTGC

EXPBI5 TTCTCCATCCGCCTCACGTC 68 AF391108 55 35
CCTCTGCATCTCGCCGTTATTA

EXPBI17 TACACCTCGCGCCTCAACTTC 331 AF391110 55 35
AACGCTCTCTTCTCCTTCGG

EXPBI8 CGACGGTGAACTACTAATGATCGC 214 050520246300 55 35

TGGTAAATCATCTGCGCCTCC

Primer sets for EXPs which were not shown in this table were adopted from Lee and Kende (2001) and Lee and
Kende (2002). RT-PCR conditions : 35 cycles of 55C for EXPs but 30 cycles of 55C for EXPBI. 27 cycles of 55C for
Actl.

Phylogenetic analysis

The sequences of EXPs examined by RT-PCR were taken from the database of Expansin central
(http://www.bio.psu.edu/expansins/) and RAP-DB (Rice Annotation Project, 2008; The Rice Annotation
Project, 2007). Multiple alignment of deduced amino acid sequences of EXPs from rice and Arabidopsis
were done by the ClustalW ver. 1.83 program on DDBJ (Sugawara et al, 2008; Thompson et al, 1994),
and the results were displayed using the TreeView program ver. 1.6.6 (Page, 1996).

Results
Gene expression analysis of EXPs

In the previous proteome analysis of rice mature anthers from plants grown under High-N and High-N-
cooling, changes in the following proteins were observed: EXPA18, EXPBI1 and EXPB13, HSP82, CDPK11,
putative ALDH and FKII (Table 3). For these candidate genes found by proteome analysis, gene
expression patterns in mature anthers were analyzed by semiquantitative RT-PCR with gene specific
primers. All semiquantitative RT-PCR experiments were carried out at least 3 times for each gene, and
one series of data is shown in Figs. 13, 14 and 15. Gene expression of EXPA18 was repressed under High-
N-cooling. EXPBI, putative ALDH and FKII were upregulated under High-N, and EXPBI and FKII were
intensified under High-N-cooling. On the other hand, gene expression of EXPBI3 CDPKI1 and HSP82
was not changed under High-N or under High-N-cooling (Fig. 13).

The rice genome contains 33 EXPAs and 18 EXPBs (http://www.bio.psu.edu/expansins/). From
these EXPs, gene expression of 26 EXPAs and 16 EXPBs in the anthers were examined (Figs. 14, 15).
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Fig. 13 Semiquantitative RT-PCR analysis of genes selected based on proteome analysis of rice mature
anther.

EXPA; alpha-expansin, EXPB; beta-expansin, ALDH; aldehyde dehydrogenase, FK; fructokinase, CDPK; calcium
dependent protein kinase, HSP; heat shock protein.The first strand of the ¢cDNA mixtures were generated from the
total RNA of mature anther. The PCR products were electrophoresed in agarose gel and visualized with the ethidium
bromide. The template cDNA are the anthers about two hours before glumes opening. Standard-N; 10 ppm, High-N; 80
ppm, High-N-cooling; High-N and 12C for 3 days at the young microspore stage.

The RT-PCR images of EXPA18, EXPBI, EXPBI13 and Actl were identical to those in Fig. 13.

For EXPAs, gene expressions of all EXPAs except EXPAIZ in the anthers were observed (Fig. 14).
High-N did not change gene expressions of most of EXPAs, but EXPAI was upregulated. High-N-cooling
did not change gene expressions of EXPAI, EXPAZ EXPA4, EXPA5 EXPA6, EXPA7 or EXPAIOQ. It is
noteworthy that 18 of 26 expressed EXPAs (EXPA3 EXPAS8 EXPAY, EXPAIl, EXPAI3 EXPAl4,
EXPAI5 EXPAIl6, EXPA17, EXPA18, EXPAI19, EXPAZ20, EXPA21, EXPAZ22, EXPA23, EXPA24,
EXPA25, EXPA26) were repressed under High-N-cooling (Fig. 14).

All EXPBs examined were expressed in the anthers (Fig. 15). Similar to the expression patterns of
EXPAs, High-N did not change gene expressions of EXPBs except EXPBI and EXPB5, which were
upregulated under High-N. High-N-cooling repressed 6 EXPBs (EXPB5, EXPB7 EXPBIl1, EXPBI2,
EXPBI4 and EXPBI7) (Fig. 15).

Phylogenetic analysis of EXPs

Including EXPAI1S8, EXPBI and EXPBI3, a total of 25 EXPAs out of 26 EXPAs and 16 EXPBs were
also expressed in the anthers. Among these genes, 18 EXPAs and 6 EXPBs were repressed under High-
N-cooling. To infer the evolutionary relationship among these EXPs, phylogenetic analysis were under-
gone based on the deduced amino acid sequences of rice EXPAs and EXPBs. The phylogenetic tree
showed that these EXPs were divided into 3 groups for EXPAs and 4 groups for EXPBs (Fig. 16).
Group Al contains 15 EXPAs including EXPA18, and 13 EXPs in this group were downregulated under
High-N-cooling. In group Al, EXPA1S, EXPA19 and EXPA20 were clustered in the same clade, and these
3 EXPAs were all downregulated under High-N-cooling. As expressions of a large number of EXPAs in
group Al were downregulated by High-N-cooling, phylogenetic analysis was executed between rice
EXPAs in group Al and 26 fully assigned Arabidopsis EXPAs. Only Arabidopsis EXPA1l (AtEXPAIL)
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Fig. 14 Semiquantitative RT-PCR analysis of rice EXPA.

The RT-PCR image of EXPAIS8 and Actl was identical to that in Fig. 13, respectively. Standard-N; 10 ppm, High-N; 80
ppm, High-N-cooling; High-N and 12C for 3 days at the young microspore stage.
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Fig. 15 Semiquantitative RT-PCR analysis of rice EXPB.

The RT-PCR image of EXPBI, EXPBI3 and Act was identical to that in Fig. 13, respectively. Standard-N; 10 ppm,
High-N; 80 ppm, High-N-cooling; High-N and 12°C for 3 days at the young microspore stage.
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Fig. 16 Phylogenetic tree of rice EXPs.

A; EXPA, B; EXPB. AtEXPA11; Arabidopsis EXPA1l. White letters in the black background indicated EXPs down-
regulated under High-N-cooling. EXP family was divided into 3 groups of EXPAs and 4 groups of EXPBs. The
sequences of EXPs were adopted from the Expansin Central (http://www.bio.psu.edu/expansins/), and RAP-DB
(Rice Annotation Project 2008; Itoh et al, 2007).

A multiple sequence alignment was performed with ClustalW ver. 1.83 program (Sugawara et al, 2008) and the
results were displayed using the TreeView program (Page, 1996). Scale bar; 0.1 amino acids substitutions per site.

was phylogenetically linked to group Al among 26 AtEXPAs (data not shown). According to the phy-
logenetic analysis of group Al between rice and Arabidopsis, AtEXPA1l was more closely related to
EXPA1 and EXPAI2 than to EXPA18 (Fig. 16).

Discussion of the combined effects of High-N and cooling on the gene expression in mature anthers

High-N enhances the repression of pollen development and pollen viability by cooling at the young
microspore stage (Chapter II). To clarify the physiological aspects involved in this enhancing effect of
High-N, a comparative proteome analysis of the mature anthers was undertaken. Eleven proteins in the
anthers altered under High-N and/or High-N-cooling were observed (Chapter III).

Because of the similarity between the expression patterns of protein and genes, changes in EXPAIS,
EXPBI, putative ALDH and FKII proteins in the anthers are assumed to be regulated at the transcrip-
tional level. However, the gene expression patterns of EXPBI3 CDPKI1 and HSP82 were not similar to
the pattern of proteins, suggesting the possible post-transcriptional modulation of these genes, such as
the regulation of translation, protein maturation and protein turnover.

At flowering, pollen grains swell rapidly for anther dehiscence (Matsui et al, 1999), and pollen grains
shed on the stigma start to germinate and elongate pollen tubes. It is assumed that EXPs might be

involved in these events, because cell wall loosening is thought to be essential for pollen grain swelling,
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germination and pollen tube elongation. At the time of pollen tube penetration, glucanase and xylanase in
the pollen coat are thought to break down the stigma wall, and an EXP-like protein is reported to be
present on the wall of the pollen tube tip in maize (Suen et al, 2003).

As described in the introduction, Zea m 1 protein, which is abundant in maize pollen grains and con-
sists of at least 4 EXPBs, is assumed to play a role in pollen tube elongation by loosening silk cell walls
(Cosgrove et al, 1997; Wu et al, 2001; Li et al, 2003; Wei et al, 2004). Based on the abundance of EXPBI
protein in mature anthers (Table 3, Fig. 12) and the close similarity between the amino acid sequences
of EXPBI1, EXPBI13 and Zea m 1, it is likely that rice EXPB1 and EXPB13 have similar functions to those
of Zea m 1 and may be related to decreased fertility. Protein and gene expression of EXPB1 was, howev-
er, upregulated by High-N and was not downregulated by High-N-cooling in the present study. Imin et al
(2004) observed partially degraded EXPBI proteins in trinucleate stage anthers after cooling at the
young microspore stage and suggested protein abnormality. These results suggest that EXPBI1 is highly
expressed under High-N-cooling, but the partially degraded EXPBI1 protein caused by cooling might have
some inhibitory effects on loosening of stigma cell walls and subsequent pollen tube elongation.

Different members of the large EXP gene family in rice have been observed to be expressed in differ-
ent tissues. EXPAI, EXPA4, EXPAS5, EXPA10, EXPA13 and EXPAI6 are expressed both in leaves and
roots (Cosgrove, 2000; Lee and Kende, 2001; Shin et al, 2005), whereas EXPA5, EXPAI0, EXPAIS and
EXPAZ26 are expressed in anthers (Kerim et al, 2003; Shin et al, 2005; Dai et al, 2007) and EXPA26 is
considered as anther specific (Shin et al, 2005). EXPB2 EXPB3, EXPB4 and EXPB6 are expressed in
both above-ground tissues and roots, while EXPBI1 and EXPBIZ2 are expressed only in above-ground tis-
sues (Lee and Kende, 2002). These results, however, were obtained under normal conditions, and the
changes in gene expression under stress conditions are not well known. Therefore, expression patterns
of members of the EXP gene family in the anthers under High-N and High-N-cooling were examined.

Comprehensive gene expression analysis showed that all EXPAs examined (EXPAI to EXPAZ26)
except for EXPAI2 were expressed in anthers, and High-N-cooling repressed 18 EXPAs (Fig. 14). As
mentioned above, EXPA5, EXPAI10, EXPAI8 and EXPA26 are expressed in rice anthers (Shin et al,
2005). Among these 4 EXPs, High-N-cooling downregulated EXPA18 and EXPA26. Gene expression of
EXPBs in anthers has not been well studied. In this study, 16 EXPBs were expressed, and High-N-cooling
repressed 6 of them (Fig. 15).

High-N-cooling repressed a total of 18 EXPAs and 6 EXPBs but upregulated EXPB1. The downregula-
tion of large numbers of EXPs by High-N-cooling indicates that these EXPs may be involved in decreases
in pollen germination and fertilization. Under High-N-cooling, HSP82 and CDPK11 were downregulated
(Table 3, Figs. 10, 12). Arabidopsis AtHSP8I, which belongs to the same HSP90-family as rice HSP82, is
expressed in pollen grains (Yabe et al, 1994). CDPK is transcribed in both mature and germinating
pollen. It is required for pollen germination (Taylor, 1997) and has been shown to participate in cold
stress signaling (Abbasi et al, 2004). These properties of HSP and CDPK suggest that HSP82 and
CDPK11 may be involved in the downregulation of EXPs in rice anthers under cooling stress.

To infer the evolutionary relationship among these EXPs, a phylogenetic analysis was undergone. The
generated phylogenetic tree was divided into 3 groups for EXPAs and 4 groups for EXPBs. As High-N-
cooling repressed most EXPAs in group Al, including EXPAIS, a phylogenetic analysis was executed
between rice EXPAs in group Al and Arabidopsis EXPAs, and only AtEXPA1l was phylogenetically
linked to group Al. AtEXPA1l was similar to rice EXPA18 (61% identity) ; however, AtEXPA1l had
much stronger similarities to EXPA1 (79% identity), whose gene expression was increased by High-N-

cooling and EXPA12 (73% identity), whose gene expression was not detected in the anthers, indicating
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that AtEXPA11 is functionally not orthologous to EXPA18 (Fig. 16).

The rice EXP genes examined in this study are located on all chromosomes except chromosomes 9 and
11. Chromosome 3 harbors the largest number of EXPs, 10 EXPAs including EXPA18, EXPA19, EXPA20
and 7 EXPBs (Expansin Central; http://www.bio.psu.edu/expansins/). Especially, EXPA18, EXPA19
and EXPAZ0 are arranged in tandem on the long arm of chromosome 3 and showed high similarity to
each other. In addition to these sequence similarities and gene arrangements, High-N-cooling repressed
gene expression of all 3 of these EXPs and downregulated EXPA18 protein. Therefore, it is hypothesized
that EXPA18, EXPA19 and EXPA20 form a distinct subfamily that may be similarly regulated by envi-
ronmental conditions in rice and play a crucial role in responding to the repression of pollen germination
under High-N-cooling. It is also possible that monocotyledonous plants, including rice, have diversified
group Al-type EXPs from a common ancestor of monocotyledons and dicotyledons, to adapt to environ-
mental stresses such as cool temperature during anther development and pollen germination under dif-
ferent nitrogen conditions.

In summary, when gene expression patterns of rice anther genes in relation to the effects of High-N on
cool-temperature damage were analyzed, a total of 25 EXPAs and 16 EXPBs were expressed in the
anthers. EXPAI and EXPBI were upregulated under High-N, and 18 EXPASs, including EXPAIS, and 6
EXPBs were downregulated under High-N-cooling. As High-N-cooling repressed numbers of EXPs, it
appears that these EXPs may be involved in the enhanced decreases in the pollen germination ratio

under High-N-cooling.

V Discussion

Conquering the cool-temperature damages caused by frequent cool weather in the summer season has
been a big challenge for rice cultivation in northern Japan. In 1993, Japan experienced the coolest weath-
er it had had in a century, which caused a catastrophic decrease in the rice yield, especially on the
Pacific Ocean side of northern Japan, because of spikelet sterility. In the special research following this
extraordinary event, it was concluded that the yield reduction was a result of the sterility caused by the
continuous cooling during the booting stage, which is the stage most sensitive to coolness (Mayumi,
1994). Study results also confirmed that the decrease in the yield caused by cool weather correlated
with the increase in nitrogen level (Kodama, 1994; Miyamori, 1994; Takeda, 1994; Tamagawa, 1994).

Satake et al (1987) clearly demonstrated that High-N supply from the spikelet differentiation stage to
the young microspore stage increased the sensitivity to coolness at the critical stage. The anther length
and the number of pollen grains decrease under High-N conditions (Lee, 1990; Tatsuta, 1999). As the
nitrogen level increases, the number of engorged pollen grains in cooled plants decreases (Lee, 1990). A
variety of studies showed that cool temperature at the young microspore stage is the period most harm-
ful to rice reproduction and causes a decrease in the number of engorged pollen gains, resulting in
increased sterility (Hayase et al, 1969; Satake and Hayase, 1970; Nishiyama, 1982; Satake et al, 1988;
Satake, 1991; Satake and Shibata, 1992). From these reports, it is speculated that the decrease in the
suppression of pollen development is a major factor in increased sterility also in the case of High-N.

Often cool summer weather is accompanied by a low amount of solar radiation; however, the effects of
shading vary among rice cultivars (Shimazaki, et al, 1964; Wada et al, 1972). In the present study, the
influence that both High-N and shading exerted on the cool-temperature damage was examined focusing

on pollen development.
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1 Effects of high nitrogen supply and cooling at the young microspore stage on factors related to
sterility

The effects of High-N-cooling at the young microspore stage on the factors involved in sterility, such as
the numbers of microspores, engorged pollen grains and pollen grains on the stigma as well as the pollen
germination ratio were analyzed with Hayayuki, an early-maturing japonica rice variety that has been
used for research on cool-temperature damage. The number of microspores is the limiting factor for the
number of pollen grains and cool tolerance increases as the microspore increases (Satake, 1989). It was
reported that High-N decreases the number of microspores (Lee, 1990). In the present study, the num-
ber of microspores was reduced by High-N and/or shading, and it was strongly reduced by High-N plus
shading even under normal temperatures. These results suggest that the pollen production ability is low-
ered by High-N and shading by decreasing the number of microspores.

The number of engorged pollen grains was markedly decreased by cooling at the young microspore
stage. These decreases were enhanced by High-N and shading. The decreases in the number of
engorged pollen grains were more notable than the decreases in the number of microspores. As the num-
ber of engorged pollen grains was decreased, the fertility declined.

Cooling decreased both the number of engorged pollen grains shed on the stigma and the number of
germinated pollen grains on the stigma. High-N caused further decreases. The number of engorged
pollen grains on one stigma was close to 100 even under High-N-cooling plus shading, and this was
enough pollen for setting a seed. Even in plants with similar numbers of pollen grains shed on the stig-
ma, the fertility in cooled plants was lower, and it was much lower under High-N and shading. These
results suggest that pollen grains in cooled plants, which seemed to be normal, might have lower activity.

After gaining these results, the viability of pollen grains in plants grown under High-N and High-N-
cooling conditions was solely focused on. Pollen germination and pollen tube elongation were notably sup-
pressed by High-N-cooling. To exclude the effect of the stigma and to quantify the pollen viability, the
pollen germination was tested on an agar plate, and conspicuous suppression of pollen germination by
High-N-cooling was observed.

Taken together, the enhanced suppression of pollen development and pollen viability are likely to be
involved in the intensified reduction in fertility under High-N-cooling. The suppression of pollen germina-

tion by High-N-cooling was notable and may have a direct effect on sterility.

2 Proteome analysis and gene expression analysis

Recently, the map-based sequencing of the rice genome was completed, and about 37,000 genes were
detected (Rice Genome Sequencing Project, 2005). From the gene expression analysis, we can identify
genes that may contribute to physiological phenomena. Because the transcript levels of genes are, how-
ever, sometimes inconsistent with the levels of translated proteins (Hirano, 2001), it is desirable to
examine of both gene expression and protein expression in the tissue. Proteome analysis is a powerful
tool and has been remarkably developed in the last 10 years. In proteome analysis, a large number of
proteins are analyzed by separation and purification of proteins and identification of protein by protein or
genome database (Hirano, et al, 2004).

To clarify the changes in physiological aspects of the damages on pollen grains caused by High-N-cool-
ing, protein expression patterns in mature anthers were observed by comparative proteome analysis. In
mature anthers, only 11 spots whose densities were changed by High-N and High-N-cooling treatments
were observed, and 7 out of 11 protein spots were identified as known rice proteins. Three proteins were
expansins (EXPs) that are involved in cell elongation. Alpha-EXP18 (EXPA18) and beta-EXP1 (EXPB1)
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were increased by High-N. EXPA18 was decreased and EXPBI13 was increased by High-N-cooling. Three
other proteins involved in stress responses, namely, calcium-dependent protein kinase 11 (CDPK11),
putative aldehyde dehydrogenase (ALDH) and heat shock protein 82 (HSP82), were increased by
High-N. Although CDPK11 and HSP82 were decreased by High-N-cooling, Fructokinase II (FKII),
which is involved in sugar metabolism, was increased by the same treatment. These results indicate that
these proteins might be associated with a repression in the pollen activity.

As noted above, the level of protein expression is not always consistent with the level of gene expres-
sion, so the gene expression patterns of those candidate genes detected from the proteome analysis were
analyzed. From the similarities between the patterns of gene expression and protein expression, the
changes in EXPA18, EXPBI, putative ALDH and FKII proteins in the anthers are assumed to be regulat-
ed at the transcriptional level. Gene expression of EXPB13, CDPK11 and HSP82 were not changed by
High-N or High-N-cooling. This may suggest the post-transcriptional modulation of these genes, such as
the regulation of translation, protein maturation and protein turnover. Taken together, changes in cell
elongation and sugar metabolism might be involved in damages to pollen grains. Since these 3 proteins
known to be involved in stress responses were increased by High-N, it is also speculated that High-N
itself might act as a kind of stressor.

It is interesting to note that 3 out of 7 changed proteins were EXPs. As EXPs have cell wall loosening
activity, it seems likely that EXPs are involved in pollen grain swelling, germination and pollen tube elon-
gation. Since the cell wall loosening is thought to be essential for these processes, expression patterns of
members of the EXP gene family, 26 EXPAs and 16 EXPBs, in the anthers under High-N and High-N-
cooling were examined. All 26 EXPAs and 16 EXPBs examined were expressed in the anthers, except
EXPAI2 and 18 EXPAs and 6 EXPBs were found to be repressed under High-N-cooling.

The downregulation of large numbers of EXPs by High-N-cooling suggest that these EXPs might be
involved in the decreases in pollen germination and fertilization. In addition, HSP82 and CDPKI11 were
downregulated by High-N-cooling. Arabidopsis AtHSP8I, which belongs to the same HSP90 family as rice
HSP82, is expressed in pollen grains (Yabe et al, 1994). CDPK is reported to be transcribed in both
mature and germinating pollens and to be required for germination (Taylor, 1997). It is also reported to
participate in cold stress signaling (Abbasi et al, 2004). These properties of HSP and CDPK suggest
that HSP82 and CDPK11 may be involved in the downregulation of EXPs in rice anthers under cooling
stress. Among these downregulated EXPs, EXPAIS EXPAI9 and EXP20 had high similarities in the
deduced amino acid sequences, suggesting that these three genes may constitute a distinct functional
gene subfamily related to the decrease in the pollen germination ability caused by High-N-cooling.

In this study, the effects of High-N and High-N-cooling on increased sterility in rice plants were exam-
ined, and it was revealed that a number of EXPs were downregulated by High-N-cooling. It appeared
that these EXPs might be involved in the enhanced decreases in pollen germination ratio, and conse-
quently, cool-temperature damage under High-N-cooling. These results were obtained using mature
anther samples, including various sporophytic anther tissues such as anther walls and vascular bundles,
and gametophytic pollen grains. These individual tissues have a diverse range of transcriptional activity.
Studies on the expression patterns and localization of transcripts and products of these genes in the ger-
minated and/or sterile pollen grains are needed to clarify the role of EXPs, CDPK11 and HSP82 in rice
pollen grains. Further studies on EXPs may contribute to improving the fertility potential of rice plants.

As the world population is increasing rapidly, food production must increase, which includes the pro-
duction of rice, a major food crop. To improve the productivity of rice, it is of great importance to

improve the cultivating technology in various environments. Even in tropical and subtropical areas, the
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double-cropping of rice is occasionally difficult because of the cool temperature during the dry season

(Farrell, 2006; Nishiyama, 1985). The early cropping of rice can also be subjected to cool weather in

spring (Nishiyama, 1985). Nitrogen application systems must be renovated to guarantee both high yield

and less damaging effects due to unpredictable cool weather. The findings obtained in the present study

regarding the effects of High-N on cool-temperature damages in rice plants will form an important basis

for future research to improve rice tolerance against cool weather in various soil conditions, as well as

providing useful information for other areas of plant reproduction science.
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Improvement in the Bread-making Qualities of Breads from Blends of Wheat Cultivars and
Lines with Different Flour Qualities : Ryo YosHIkAwWA*!", Kazuhiro NAKAMURA*#* and Miwako IT0* "
Abstract : We examined the improved effects of the dough-mixing properties and bread-making
qualities (sponge and dough method) of wheat flour blends between bread wheat cultivars with the
presence or absence of the high-molecular-weight glutenin subunit 5+10 (HMW-GS 5+10), between

a bread wheat cultivar with extra strong flour and a normal bread wheat cultivar, between a

Japanese noodle wheat cultivar with low amylose content and a bread wheat cultivar with normal

amylose content, and between a waxy wheat cultivar and a nonwaxy bread wheat cultivar.

1. In the flour blend (blend ratio 50% : 50%) between two bread wheat cultivars, the improved
effect of the dough-mixing properties and bread-making qualities was high in the blends for which
at least one cultivar had HMW-GS 5+10, Also, the blend performance of the cultivars with HMW-GS
5+10 was high. In contrast, those improved effects were low in the blend between cultivars that
did not have HMW-GS 5+10.

2. The flour blend (blend ratio 50% : 50%) between a bread wheat line "Tohoku 221" with extra-
strong flour and a bread cultivar with normal strong flour was indicated to have very strong
dough-mixing properties and good bread-making qualities.

3. In the flour blend (blend ratio 50% : 50%) between a Japanese noodle wheat cultivar with low
amylose content and a bread wheat cultivar or a patent strong flour with normal amylose content

and HMW-GS 5+10, the loaf volume was large, the loaf crumb was soft, the bread taste was good,

*1) B deilEE ¥ SE L ~ ¥ — (National Agricultural Research Center for Hokkaido Region, Memuro, Hokkaido,
082-0081, Japan)

%2) Bl - HAbEEMIZEE ~ # — (National Agricultural Research Center for Tohoku Region, Morioka, Iwate, 020-0198,
Japan)
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and the sensory evaluation was improved.

#1135 (2011)

4. In the flour blend (waxy blend ratio 10-20%) of a waxy wheat cultivar and a nonwaxy wheat

bread cultivar , the blends that used the nonwaxy cultivars with HMW-GS 5+10 showed improved

bread-making qualities. On the other hand, the improved effects were low in the blend of nonwaxy

cultivars without HMW-GS 5+10. Moreover, in the flour blend between a waxy elite line and the

bread wheat cultivar "Haruibuki", the bread-making qualities were the highest with a waxy blend

ratio of 30%.

Key Words : Wheat cultivar, Flour, Blend, Bread-making quality, Sponge and dough method, High

molecular weight glutenin subunit 5+10, Extra strong, Low amylose content, Waxy, Frarinogram
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Diallel Analysis for Pre-harvest Sprouting Resistance in the Red-grained Wheat Varieties in the
Tohoku Region of Japan : Ryo YosHIKAWA* ! and Kazuhiro NAKAMURA* 2

Abstract : Diallel cross analysis for pre-harvest sprouting resistance was conducted in wheat (T.
aestivum). We used 49 F, lines derived from complete diallel crosses between 7 red-grained parental
varieties for analysis. A pre-harvest sprouting test was carried out using 5-6 spikes of F, plants (F,
seeds) and parental varieties. Artificial wetting treatment (AWT) for 11 days using a rainfall simu-
lator was carried out starting 1 day and 6 days after maturity time, and we investigated the reverse
sine transform value of the percentage of sprouted grain (PSG) in intact spikes. In diallel analyses
for PSG following AWT at 6 days after maturing time and an average PSG of ATW at 1 day and 6
days after maturing time, we obtained similar results, as follows: In analysis of variance, the additive
effect (a) and dominance effect (b) were significant at the 1% level, but the reciprocal effect (c)
and specific reciprocal effect (d) were not significant. The (Vr, Wr) graph indicated that the slope
of the regression line of Wr on Vr was close to 1, indicating that the simple additive-dominance
genetic model was adequate and that the effect of the maternal effect and non-allelic interaction
(epistasis) were absent. Though additive variance was larger than dominance variance, environmen-
tal variance was small in the genetic variance, and the pre-harvest sprouting resistance was con-
trolled by both the additive effect and the dominance effect. The average degree of dominance
showed incomplete dominance. Pre-harvest sprouting resistance was mainly controlled by dominant
genes, and we estimated that the parental varieties with strong pre-harvest sprouting resistance had
the same dominant resistance genes. The heritabilities in a broad sense were high (0.874-0.923), but
the heritabilities in a narrow sense were moderate (0517-0.564). The general combining ability and

specific combining ability of PSG (reverse sine transform value) were significant.

% 1) Bl - dvig fL2ERfse Y >~ # — (National Agricultural Research Center for Hokkaido Region, Memuro, Hokkaido,
082-0081, Japan)

% 2) Hl - BILEENSE Y ~ ¥ — (National Agricultural Research Center for Tohoku Region, Morioka, Iwate, 020-0198,
Japan)
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Table 1 Pedigree, pre-harvest sprouting resistance and other characteristics of the parental varieties.

. L. Year of Pre-harvest Maturing  Grain Kernel .
Varieties Cross combinations . . . . Main end use
rearing sprouting resistance time color hardness
Nebarigoshi Kanto 107V / Chihokukomugi?’ 2000 Resistant Early Red Soft  Japanese noodle
Shyun-yo  Tohoku 148%/ Tosan 10% 1995 Resistant Early-Medium Red Soft  Japanese noodle
Tohoku 195 Tohoku 157/ Tosan 126 1988 Moderately resistant Early Red Hard Japanese noodle

Koyukikomugi Tohoku 126 (Hanagasakomugi) "8 /Yukichabo? 1988
Akitakko  Tohoku 143(Wakamatsukomugi)¥'/ Tohoku 1441V 1992
Tohoku 168 Tohoku 1352/ Tohoku 129'3 1980
Tohoku 185 Tohoku 144!V / Yukichabo? 1985

Intermediate Medium Red Hard Bread

Moderately susceptible Medium  Red Hard Japanese noodle
Susceptible Medium Red Soft  Japanese noodle
Susceptible Medium Red Hard Japanese noodle

Note. Pre-harvest sprouting resistance : 1) Resistant (Yoshikawa et al. 2002), 2) Moderately susceptible (Yoshikawa
et al. 2002), 3) Very resistant (Tanosaki 1991), 4) Resistant (Ushiyama et al. 1998), 5) Resistant (Tanosaki

1991), 6) Unknown, 7) Resistant (Tanosaki 1991), &)

Moderately susceptible (Hoshino et al 1990), 9) Moder-

ately susceptible (Hoshino et al. 1990), 10) Moderately susceptible (Hoshino et al. 1993), 11) Susceptible
(Hoshino et al. 1993), 12) Susceptible (Tanosaki 1991), 13) Moderately susceptible (Tanosaki 1991).
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Table 2 Diallel table for the mean values of percentage of sprouted grain by artificial wetting treatment

at 1 day and 6 days after maturing time in F; progeny (Fs seed) and their parental varieties of

wheat.
Time of 3
. . Female P1 P2 P3 P4 P5 P6 P7 | Mean
artificial wetting |
treatment after :
maturing time Male 3
% i
lday P1 Nebarigoshi 00 0.0 1.7 0.6 0.7 38 15 : 12
P2 Shyun-yo 0.5 0.0 0.2 0.0 0.2 0.9 11 ¢ 04
P3 Tohoku 195 02 0.6 09 0.7 1.7 31 30 1 14
P4  Koyukikomugi 15 08 20 05 15 89 52 1 29
P5 Akitakko 36 0.5 0.3 1.8 34 324 119 77
P6 Tohoku 168 27 14 29 34 209 228 452 1 142
P7 Tohoku 185 14 0.7 36 1.8 128 34.8 322 1 125
S Mean 14 06 16 12 59 1562 143 | 57
6days P1 Nebarigoshi 02 0.8 0.0 3.7 22.9 186 7.0 ‘ 7.6
P2 Shyun-yo 02 0.0 31 6.1 29.2 28.0 142 1 115
P3 Tohoku 195 24 74 65 22.3 336 26.8 38 | 146
P4 Koyukikomugi 84 85 9.7 83 11.3 10.2 285 3 12.1
P5 Akitakko 11.0 212 21.3 122 67.2 66.1 629 | 374
P6 Tohoku 168 10.1 233 29.0 36.9 724 884 661 | 466
P7 Tohoku 185 6.3 6.8 5.0 271 59.5 75.2 401 1 314
] Mean 55 97 106 166 423 447 318 | 230
Mean P1 Nebarigoshi 0.1 0.4 0.9 21 118 112 42 7 44
P2 Shyun-yo 0.3 0.0 1.7 3.0 147 144 77 60
P3 Tohoku 195 1.3 39 37 115 177 149 34 1 80
P4  Koyukikomugi 50 47 59 44 65 96 168 | 75
P5 Akitakko 7.3 108 108 7.0 353 492 374 1 225
P6 Tohoku 168 6.3 123 159 20.2 46.7 55.6 557 1 304
P7 Tohoku 185 39 38 43 145 36.2 55.0 362 1 220
] Mean 34 51 61 89 241 300 230 | 144

Note.

Percentage of sprouted grain : 100 X number of visual germinated grains/number of total grains.

Mean : Mean of percentage of sprouted grain following artificial wetting treatment at 1 day and 6 days after

matuirng time in each F1 and parental varieties.

Matuirng time : Time at loss of green color from the spikes in the field.

EHERICH o720 LEDZ 05, 6 days
MeanTld. 4 7 LVt ORE G2 L C
Wa EHIES N, TEZ Y YR GERLEE o
MEMEH) OB < M- BT 7 IVISES
35 EHE SN,

—7i. 1 dayTid, Um0 23R ik <
PEREFE D OO, ARAH0776T 1 L hLw
DT, TERY Y ADFEEDSFEDNIZ, £ T,
Fig. 1o GRS & LIl [HE/zo 2]
@%W%ﬁ%?»»%#%%é 6X6EIZATL
NEEH R LT 8O 247572 (Table
4)o TOME. aE., b, bJHIFVTND 1 %KiHE
THETH-72. T2 (Ve Wr) X bR
K IEWr=1013Vr+0.009& 7 0 . AEAUIIT 118

{7y, Wrt R 23 H#E0.01012 30,009 % 7R L
L2 b PR EATR=0.978 & & b T  IEHRBIR
o7 (Fig 2o D, [HEo2] DR
&G 01 dayd. TERY Y ZADEEIE
el M- B\EEFVICEAT S EHE SR,
1 dayld. TE R ¥ ADHELEIRIEENT [H
&2l | ORI EERVZ6 5 - R 6 daysd
Meanid 7 @ffi - REOKF A 7 LV KRBT HD
&, Hayman (1954b) (2L 2% 4 7 L VAHIZ &
0 g L 72 SRR AR S % Table 5 (2R T o dtfnsr
E, 1 dayTi&, Mg (D) &, B #H,
LD RR LA, BRSNS EFD 572,
—7J7. 6 days® MeanTiZ. #nsix (D) H»EN:
Sk (Hn H) LD RRKRED-72, BEiGH (B)
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FWFNORERTH /NS oo PIENEE
(W H,/D) & 1dayTIiZ1.129& 1 2L ECRENEL
RL720 =75y 6 days®DPIHEMEE 130912, Mean
130932 WITN B I T TAEEELZ R L7, #
RIS BT 2 BB IETFOEEG (p- D) & 1day
H30.776. 6 days$°0.649. Mean’*0.571& 05Lh |- T

Table 3 Analysis of variance for percentage of
sprouted grain in diallel crosses of wheat.

TtemD) Degree of Mean square
freedom 1 day 6 day Mean
a 6 03751 **  1.1982 ** 06724 **
21 0.0335** 00573 ** 00312 **
b; 1 0.0142 0.0375 0.0107
by 6 0.0138 0.0227 0.0056
bs 14 0.0433 ** 00736 **  0.0436 **
c 6 0.0072 0.0138 0.0035
d 15 0.0041 0.0130 0.0041
Block 1 0.0057 0.0111 0.0002
Error 48 0.0063 0.0147 0.0054
Note. 1) a: Additive effect, b : Dominance effect, bi :

Mean dominance effect, b2: Additional dominance
effect, b3 : Residual dominance effect, ¢ : Recipro-
cal effect, d : Specific reciprocal effect.
MS of error was estimated from a pooled block
mean square.

2) See Table 2 for 1 day, 6 days and Mean. As for
these abbreviation,following Table 4-6 and Fig.
1-2 are also similar.

3) ** *Sjgnificant at the 1% and 5% levels,
respectively.

Table 4 Analysis of variance for percentage of
sprouted grain in a set of 6 X6 subdiallel
cross after exclusion of "Akitakko" array at
1 day after maturing time.

Ttem!) Degree of freedom Meansquare
lday

a 5 0.1771 **

b 15 0.0162 **
b, 1 0.0177

b 5 0.0292 **
bs 9 0.0089
c 5 0.0089
d 10 0.0025
Block 1 0.0034
Error 35 0.0054

Note. 1) See Table 3.
2) **Sjgnificant at the 1%.

#1135 (2011)

BHolDT, WTNOBERN b BEEE T OHG
PHEUERIZT LD G LTwie, BHEETO
SE¥REM S (h) &, 1 dayAdd—0215. 6 days
23—=0.377. Mean?®—0.237 & WIFNORERI T
BAER L7722 L, BRBFERIMME LR, %
HHRSEFMED RN T 2R L7ze IR ILEIR

0.07
1 day
0.06 F
Wr2 = 0.062Vr P7
0.05 F
0.04 F
—
=
0.03 F
00z, " Wr = 0776Vr + 0011
001 ’ R? = 0,987
" p2eiP1 Wr = 1.0Vr + 0.007 (dotted line)
000 — e,
—-0.01 000 001 002 003 004 005 006 007
Vr
0.18
6 days
016 |
014 | 2 - 7% pg
Wr2 = 0.238Vr g
012 ~ P5
_ 010} P2
=008l Pl
006 Z8P3
Wr = 1.079Vr + 0.040
0.04 F
e P4 R2= 0943
0.02 | Wr = 1.0Vr + 0.044 (dotted line)
0.00 : : : : : '
0.00 0.02 0.04 0.06 0.08 0.10 012
Vr
0.10 ¢
Mean
008 WrZ =0116Vr P7
P5 P6
0.06 -
—
=
0.04 +
) Wr = 1.0Vr + 0.022
R2 = 0978
0.02 .
Wr = 1.0Vr + 0.022(dotted line)
0.00 S
0.00 001 002 003 004 005 006 007 0.08
Vr
Fig. 1 (Vr, Wr) graphs for percentage of sprouted

grain in wheat.

Note. The numbers correspond to parental varieties in
Table 2.
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To#El4 (uv) &, 1 day$30.146. 6 days30.225.
Mean#%0.261 & . 6 days& Mean T 1IF 37 @ {5 T
LA EIE T OBEN SR T TEHE L WO
K025 VEE TR L7zo RFDBIZSE (h%) B
LU FEo@IEE (B) 1220w TR, 1dayTldZ
210773, 0.381. 6 days TlxZ N <£10.874. 0517,

0.06 -
1 day
0.05 - z
Wr2 = 0.060Vr P7
004 -
= 003 » P6
002 »
P3 P47 Wr = 1013Vr + 0009
0.01 “ R2=0978
8PPl wy = 10Vr + 0010(dotted line)
000 o P2 , , , ! ‘
-001 000 001 002 003 004 005
Vr

Fig. 2 (Vr, Wr)graphs for percentage of sprouted
grain at 1 day after maturing time in 6 X6 sub-
diallel cross after exclusion of "Akitakko" array.

Note. The numbers correspond to parental varieties in
Table 2.

Table 5 Genetic parameters estimated by the the meth-
ods of Hayman (1954) and Jinks (1956) for

percentage of sprouted grain in wheat.

1 day* 6 day Mean

Components?) Estimate Standard Estimate Standard Estimate Standard
error error

D 0.055 0.017 0.224 0.035 0.111 0.002
H; 0.067 0.009 0.185 0.004 0.099 0.043
H> 0.038 0.012 0.166 0.004 0.101 0.037
F 0.066 0.003 0.122 0.039 0.030 0.012
E 0005 - 0015 - 0005 -
vH1/D 1.129 0.253 0.912 0.061 0932 0.197
p*D 0.776 0.040 0.649 0.035 0571 0.013
h -0215 0003 —0.377 0059 —0.237 0.022
uv 0.146 0.064 0.225 0.010 0.261 0.019
h% 0.773 0.028 0.874 0.001 0.923 0.008
hn 0.381 0.048 0517 0.013 0.564 0.088
Note. 1) %A set of 6 X6 subdiallel cross after exclusion

of "Akitakko" array.

2) D: Additive variance, H; and H : Dominance
variance, F ! Indication of the relative frequen-
cies of dominant and recessive alleles, E:
Environmental variance, v H;/D : Average degree
of dominance, p ‘D : Proportion of dominant
genes, h: Average direction of dominance,
uv : Balance of positive and negative alleles,
hZg : Heritability in a broad sence, h2y :
Heritability in a narrow sence.

Z LT MeanTIZZNZ10923. 0564, »Th
DIERE b RO BRI E Do 723, FEDE
23131 day T <. 6 days& MeanTlxH
Tholz,

(Pr. Vr+Wr) BUICE ). BokisiFEs (Pr)
& Vr+ Wro 4% % Fig. 3127795 1 day. 6 days®B

0.10 ¢
1 day* e P7
0.08

0.06

Wr + Vr

0.04

0.02

0.30
0.25
0.20

0.15

Wr + Vr

0.10

005 - r = 0818*

0.00 : : :
0.0 0.5 1.0 1.5

0.20 -
Mean

015t ® P7

0.10

Wr + Vr

0.05 *

0.00 ‘ : : : :
00 02 04 06 08 10

Pr

Fig. 3 (Pr, Wr+ Vr) graphs for percentage of
sprouted grain in wheat.

%A set of 6x6 subdiallel after exclusion of

"Akitakko" array.

2) The numbers correspond to parental varieties
in Table 2.

3) sk, % Significant at the 1% and 5% levels,

respectively.

Note. 1)
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X OMean® W TN OBERHI TS WZOMICIE
0.818~0990D H W IEDOHF HE 2 MR KE R L7z,
oo, BIEFMEOBERAFIIHEFEE
AOFENZ, T % b HEEFEF MWL H N 7 A
HL7z

KIS, TXTOFAT VIVERIZBIT 2 R583FEHE
DO— AL (LT, GCA) B XU EME
BEES) (LLF. SCA) O4r#mhrkif% . Table 6
IR L7260 1day. 6 days®B £ U'Mean® W Lo
ERFHITH . GCAB L USCAIZAEETH » 720%
IEWi2e e 7% (Reciprocal) A Th Ao 72,

F7o, BEFERIZONT, £HNE - ZFEO
GCAB X UL XRAMAEDSCA & IF ¥ 53 Bl &h 5
(LLUF. RE) oZzhZhzdfE L, Table 7TI3mR L
720 ROF AR EIZGCAZ, AL D LIZSCA,
ZLTHAMEY TIFREZE L., WIhdIEHH

FLREM T > & — W ge

#1135 (2011)

GEBLU T Y 7 2RI LI EHETR L,
GCA® il - R 221X, 1 dayTlx — 0136~
0179& /N E Do 7275, 6 daysTld —0.226~0257&
K& <. MeanlZMiE o H o —0176~0.210 & 7
2720 1 day®GCAIE [HIL168%5 | > [IIL185

Table 6 Analysis of variance in combining ability
analysis for percentage of sprouted grain
in 7 X7 diallel crosses of wheat.

Degree of Mean square
Sources
freedom 1day 6days Mean
General combining ability (GCA) 6 0.1388** 0.3918** 0.2278**
Specific combining ability (SCA) 14 0.0233** 0.0426** 0.0237**
Reciprocal 21 0.0050  0.0133  0.0039
Error 42 00619  0.1542  0.0863

Note. **, *Significant at the 1% and 5% levels, respectively.

Table? General combining ability (GCA), specific combining ability (SCA) and reciprocal effect (RE)
for percentage of sprouted grain by artificial wetting treatment at 1 day and 6 days after ma-
turing time in wheat.

Time of

artificial wetting

Parents P1 P2 P3 P4 P5 P6 pP7
treatment after
maturing time
lday P1 Nebarigoshi —0.085 0.078 0.052 0061 —-0010 -0.088 —0.093
P2 Shyun-yo 0024 —0.136 0.084 0046 -0043 -0104 —0.060
P3 Tohoku 195 —-0.030 0010 —0.073 0062 -0065 —0108 —0.025
P4 Koyukikomugi 0.024 0.032 0028 —-0.046 —-0050 —0057 —0.063
P5 Akitakko 0.064 0010 -0.044 -0.001 0.049 0.142 0.026
P6 Tohoku 168 -0.013 0012 -0.009 -0059 -0.067 0.179 0.215
P7 Tohoku 185 -0.016 —0.023 0.008  —0.053 0.006  —0.064 0.111

LSD (5%) GCA=0.039, SCA=0.068, RE=0.055

6days Pl Nebarigoshi -0226 0005 -—0077 0083 0040 0013 —0064
P2 Shyunvyo -0026 —0116 —0011 0036 0003 0018 —0049

P3  Tohoku 195 0075 0052 =0.126 0278 0056 0003 —0.249

P4 Koyukikomugi 0047 0017 —0087 —0091 —0249 -0243 0095

P5  Akitakko -0081 -0045 -0070 0005 0257 0045 0105

P6  Tohoku 168 -0062 -0026 0014 0149 0032 0172 0163

P7  Tohoku 185 -0021 -0072 0021 -0006 -0016 0100 0.3

”””””” LSD(5%)  GCA=0052 SCA=0.100,RE=0.07

Mean Pl Nebarigoshi -0176 0016 0026 0083 0008 —0071 —0062
P2 Shyunvyo -0008 —0127 0053 0046 0009 -0043 0081

P3  Tohoku 195 0022 003 —0096 0094 0023 -0043 —0174

P4 Koyukikomugi 0039 0019 -0050 —0058 —0160 -0109 0026

P5  Akitakko -0039 -0028 -0050 0005 0145 0076 0069

P6  Tohoku 168 -0043 -0015 0009 0062 -0013 0210 0194

P7  Tohoku 185 -0008 -0052 0014 -0016 -0007 -0044 0102

LSD (5%)

GCA=0.026, SCA=0.063, RE=0.062

Note. GCA=Values on diagonal (gothis font with underline), SCA=Values above diagonal, RE=Values below diagonal.

Overall mean of reciprocal crossings and blocks.
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Tl > [H&7s] > [aaFasF] > [Hi
1955 > AN Ty >[LwAk)] Oligs
Trolze —Ji, 6 daysB X 'Mean®DGCAZ, Wi
b [Hde168% ] > [HIL18 | > [H&7zo
> TaaFaras] > (#1955 > Le
AEST > TAN)VTV] DL o720 F720 %
Bk & b, THe168% ). [HAk185% ] B LU
(B &725 2] @3l - R#IEIEMEZR L7225
fazxxasF], (#1955, [LeAak)] Bk
O [ANY TV ] o408 - RfEAEMEZRL7
Pl R 6, BRIFMED T ~5ho Sl - Rl
EREBARIHVLZ LX), —RICHIEERE
KD 205, WIZHH~WEGO % v 5 & —# IR
FHRPEE DT LAY L7

SCAIZBWTIE, 1 dayTld—0.108~0215& FHA
THIZKE L ERNALN, CGAX ) KX A5
TRASERD bz, T72. 6 daysB & FMeanT D .
ZFRZFN -0249~0.163, —0174~0.194% KX <,
CGAL IZIZMFDOKE L ERIFENRD LTz,
SCADHMixHEA0.1 & ) REWHARIE, 1 dayT
2, AEEZRLGHAEEOT TR, [LwA L) X
HAK168%5 | (-0104) & [HIL195% x H k1687
(—0.108) \ IEfi T HAL168%5 x HAK185% 1 (0.142)
EdH &> xHEI1ISF ] (0215) THho7zo %
72, 6 daysiZBWVCiE, fafEix [H6195% x 4k
185% ] (—0249), [a2FIAFxH &2
(=0.249) BXU [axFasFxHd168% ]
(-0243). IEMETIE [HIL195% x 2 2.F% 3 A F |
0278) [ & 7= x Hdk185% | (0.105) B L
[HAL1687% x HL185% | (0.163) THh-o7zo £ L
TMeanlZ BV Cid, HAfEIE [HIL195% x HAL185
71 (=0174) & [a3aFarFxh&Eizo ]
(—0.160) \ IEfETIE[HAL168 5 x HAL185% 1 (0.194)
Thotzo U EDORER, SCAKE faAMZRL
7oA, BRSSP T ~ R o S - R
MTHole — i SCABKREVIEEOMARED
T AL WBE DRI FmEAES T 721355 T
Hol,

REIZGCA. SCAIZHART—FITEHEENE
Molze ZOHTHIITHE WM Z R L7-MAE
iy TdayTiE AN T xH &5 (0064).
(& & 7o 2 x L1685 ] (-0.067), [HIL185
7 x k1685 ] (0.064). 6 daysTix [22F a4
Fx k168751 (0.149). [H L1685 x H L1857 |

(0.100). MeanTlt [T 2% 2 2 F x HIL168% |
0.062) D6HMAEETH o720

v % £

INE DRSO BRI Z R T 5720,
DIPEA T 7 ) KD HREE D 7 DO OBkl - Rt
EHVWTREETA 7 VIV ZITW, IR
WTHFA T LIV &7 o 720

B#W o1 H#E (1day). 6 H#: (6 days) (2HE
FEHMOE L 7Rk, ke R & b SRR A2 1300
LY. AR - R ZEIIHR TH o 70 B -
AR DRI HF L] dayhi85%. 6 daysT i
301% T, 5 HMTH20%¥EM L7z Kuwabara et
al. (1996) 1%, FEZSIFSRATHAMNI 1 A OB IZE
WUSHIN L, e O PIgREFE 313 2 D20 % 840
FTHZEZWOMPIILTWVD, ARETD FEEZ K
REAEHNTz,

BLnH - R B T 2RI I, 1 day. 6
daysOME 2 B & 312, FSSSEMPER O [ AN
NIy ETLwAL) JIEEbDOTERVOIZH L.
500 [HAE168%5 1 & [HAL185% | dmWvEZ R L
2o 2 RREO [HE72-2 11 1dayTid
Ao 7205 6 daysTlEE A > 720 /N (1988) 1
RFEH AL (RIS A) DR D S/l Z |
74 7O : RIS UEREIRERIOI»5mL 25
A5 BB R — R IR 9 2 R A 5
i ([B3%99% |, [Gamenyal). % 1 7@ : BAfEtR
30H F TIHMEL . ZDHT70~80% F THid 7 5 il
(TEM617 ], [ FasFx] %), 4470 :
FATEA30H F TIHK <. FD1R40~50% F TR &
LihfE ([haRanF) [Eravyass] s,
D3IDODE A TITHF LT b, HWREFMMELY
A TONEG ¥4 TV, 54 T@OIMHETH %o
AGRERCIIAER ORI ROERITHAE L T
o2t OGBS & RIEFME O
(AN ay] & TLewAL) | 354 70F 711
@, MiHEASE W [HIE168% | & [HE185 Y | 1k
A TOIHEND EEZ LN D, RRBIZHW
7ol - SRR FENIC T A 20121, Sk 2
LITHIFEH RO RENLIETH 5,

ISR~ [AN)TV] [LwAk
I 1 [HAE195 %] BLO [aaF a2 F | o4fmtd
3. FubB X OIS RIE S IR & B EN R <
AT VNGO (Vi Wr) (Fig. 1) B
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(Pr. Wr+Vr) (Fig. 2) IZBWVT, WTFhoMM
FERHITH IS 4 FEFLETICERLTwE I L
Mo, TS 4 ahiEE I LTI RS R O
BEETF RO LGRS, — T B
Fi kg o [HAL168%5 ] B LT [HIL185%5 ] 13,
(Vre Wr) B X (Pr. Wr+Vr) RIZBWTZ
o 2 WHAH LICHEL TWD 2 b, g
S OLHRIZFEFEOLEZOND,

FATVVGHO (Vi Wr) KUZBIT 2 EHRE
JFRIZ. 1 dayllBWTIZAE A1 L <L,
IUYRY Y ADFENEDNIZ, TOWEIE, [
EARD DRFICHEN - BRI T L 2B L <. ®l 5
A T7VUNVEEREY, ZRICESHTE A 7 LIVSHTE
ERDVHET I EITbNSE (Dwivedi et al 1980,
#Bf 2002b), 2T [H&E/o ] ORFNER
W26 X6RITA T LLVRIZOWTHES A T LIV
M RAT o T2k, MR EM O AL0E %% 5 T
IYRY Y ADEETRLRY, M- #EkeT v
WCHEETAHEHB SNz, £72. 6 daysB X U
Meand (Vr. Wr) R2HIY¥ R ¥ ¥ ADFEEI
el M- BHEEFVICGEST S KBS Nz,
DEDZ RS, WTFhoBEr <L R%EED
AT VNV - #EEETVICEG L7720
Ty ARG HAIAHINAY R & R R oW ) THIAT
E5LEZ26N%, 1dayTldk [HE/oZ] D%
Wk T2y ¥ A0WE 2P c S MM - 8
PEEFIVIES L2 8id, [HE 2o 2 IH o
FEHFMPERR AU O BT HE & AR &2 56> 2
LERIRETHEEZOND, [HETo 2] ORF
FAZ] day TR S AT TR AL & KAED v
A, 6 days TR 25 &), IKIRERE D EH
WCHEDRFRN R NETH 5. 0 &) BIRIREESE
PATERY P RAEGERITERICE > TWDHT
REMED D B DT, 514 HITHETT 2 LEDSH 5o

AT VNVGHIZ & o THERE L 72 @555 80E, 1
day TIIBEMG#C (H) 2 (D) )=
KEDo72205 6 days& MeanTIEH M58 (D)
DT DR (H) & ) R K& 2> 72 (Table 5).
CORER NEOBIEFWENE, T OBUER
TS AINRY R & BRI R O ME A FALEE G L
TWwbEEZEZbND,

1 day. 6 daysB & 'Mean® W § N OMERIC
b BRSO B BART I AS 50 J5 AR
L7z &n 5 (Fig 2). FEFEIF Mk 0E 331

#1135 (2011)

fEFICXVHIEMEhTwbEELONE, 72, #
ERICBY 2EEREZTOHE (p- D) & WY
NHEEEE T ORGP HERET I VL BG L
TWw/eZ ki (Table 4). BOHIIIBEFE MR
DBIZTFHFFO M - REAL N L EREL TV
Lb0LEZBND,

BIEHICE LT, 1 day. 6 days®B & O'Mean&
DA T DO BEEFIX0773~0923L B b O D, Jk
FDBIEF120.381~0564 LK~ TH -7z (Table
4) o BRFOBEEPEBEOBRBHNEOBIETH L0
Ty W N ORMER T b RIS F IO BB R
w7z EELEREIN S,

19954F BELARE, BUILEESEWITE & > & — LB b JE
ST, BEFERE IR (F,~F,) TIid6
days® 1 Rl &, R R (FLUE) o
FEFESFME (IAAER & WAk D1 day &6 daysd 2 I
BNCAT W, BER IO IREE & A TR O ALEE H Hu
ARARBREM UL CEMLTE R, &b, HEFHN
HHH EARRBROBEIR SR TII R, MIEFHE

136 daysORFEF AL, HEHHEAIZL dayDl
FEHALEE L6 days DRSS R D PIGMHICIED & 4T
STCEe ARBOY A4 7 LIVHHTIE, 6 daysé
MeanlZ Ak Z 2% 5, REOEEZFE D] day
LD ENZ LR S, RIS T RE IR
WhETHo7bEZ LN, BB, RABOH
BIFRCIMEIL1T~18C TIT - 7275, HIFEFFIT—
e \THoE IR\ & 2 ) AR SRR RS H
FLZERHEEINRTWS (Oda et al. 1993,
Osanai et al. 1993) DT, 4#1%10~15T DR 5
PR BWTHHREFMEZ TV, ¥4 T L%
TIVEND S,

FEFEHMED ¥ 4 7 LIV AT ICB L Tid. Xiao
and Xu (1993) 1£5 x 5 D454 7 L VRO
FEATAG R & BEFSEMPEIZARIN B X OB O #
EFICHBEN TS LA L TWa 25, ThidA
REORBRE LK L7

T 72, FARIRED 57 4 7 LV GHTIicowTid
Amano and Tsuchiya (1993) &, BB O TR
RECOWTHMS A 7 L VRR L 2D %E v
T, 10T B L 025C D 2 D OIS TR3FMA L
FIHFRDFTA T VIV 24T o 7244 25C D50 H
57THB X UT0HD & A 7 LIV 12T DS mig 1
FEZe AR - BT T VISHE S L. 50H. 57HIZAHM
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1 7% PR OBEERETFICHE S 555, 70H TiE%
PREFICEDHIBSINEZ L2 MEL TS, F
72. Miura et al. (1997) &, #IHBEEESMFEOT T
WAL E726 X 6 4 7 L VKR S OF B L UF,
OFEFRIRVE D BIZZ T, B X OEEER)
ROWMFIGER L TB Y RIS B ST 12
FoTHIMSIND ZL2HEL TS, Do
T LT pUE, HFRIRVE AN - BT
AT Ly B LIS < o BIERIRYE R 235
HRIEFICEVHBEINLZZETHD, TNHIE,
ARHRBOBIFEF MO R L —FH L7zo T, #FEHF
TP FIKRIREER TG L TWwb EE 2 S
N5,

Reitan (1980) (&, BEFEHFMVEATSE % 2 F/N KM
& 7R FARIRE S 4 7 LVt o (Vi Wr)
M5, iz 3 2OWER 7V —TI251 5 2 &
WTEDHEHRELTVE, ARBIZBWTIE, %
FMHEE Ty AT LV (Ve Wr) H2 STPER & 55
D2ODTN—=TIZRELGFUTHIELENPTE
(Fig. o

FEFESF R E & BAARDSTR W1 IRIRPE A58 il &
G5\ AR IEW S MEOF M- 0 J 3 1%, REBLCAR
RPED TR A2 F V723813, S5z v 7z
Pty & VARV O T F BT O RIREE IS I REBLOREEE
Mt h L ORI ET 5 Z LB RESN T D
(Noll et al. 1982, Yanagisawa et al 1996, Miura
et al 1997) —Jiv ARRBIZB W TIIFAEWIZHE -
TFAET 2 ANTBE Y 5B Of R 5 IR
MHZEZET cH, dHPAE TR, o720 T, B
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