BOE HMREBELCLABILI>BEEERBREEEGEARIOEL

EREFESE R ERIEC VBN T B EBMENTHED (Arsvoll
1974, Nakajima and Abe 1996, Gaudet and Chen 1987), B4 Z|iIzB W T
IFLFOBEEEFEAEFIED | AMOERIELLAEICE D=L <
BL, R NEGLEE R 2 AR HIE T E X SIS EmT 5 2
EEWOMILE. ZOEREBEEMKICEZEHEOBMMOER %5 Micd
ZrEnTENE, EEFEHEOBBRIO IR EEIbNS.
22T, EEEAAE TECAEKNES OELESH L, EHEE OMK
BRHTS.

1. 1EFMOERIEALAEIC L 2BESHERIBERENIEEIECNRSOEL

IAMOERIBELALEIC X > THALFEHGZOBAEEHILRIEHED
BMMEENRSRVOBRBEEOBEBRERF T2 2 & T, 56 % EITMEHE
OfAERAZ. BEABICIE, PRYCNZEAELTEMECEEL TY
2ZZONDTNAF—Y, FFF—FEHE (BAES 2001), ZKRAH
DHBFBETHD 72NV T I3T7EZTUT—E (PAL) &k &, PAL
BEHELTWBEZEZbNE2 T/ ), U/ EROEHERHNT
5. S5, BREBEMALBICIOBEMT L EVMEIN T B IEMEE
wmAKER GN-ES 1995, ROMBEEEOEEND S EEX 60
L ERER (KW 1990) KO2WTRET 5.

e &k
R ED ORI H B

RBRCEAALFRBEI ) ULF 2L, PAL, WA F—E, FF
F—VYEEEET )=, U CERBROHERT oM BT, EHILA
(X BRBMHMAATOREKEAELZ SCCRELAETIIAE (HRBE)
T3HEMMRBLU,EIENERLEEKAZERL 2. KIRIELLET 2C,
12KMBET, ARCEEDERBENXTZHY, XAaRE B 954
molm?s™' DHEHETITo> /. | BREEEIE/ALEZ T o 2@ 4§ & Q02 E
BIZDODWT, BASHEREOEEZITOERMIC, BEHMNTHLIE I ED
FREANSEI 4Acn DEFZHEM L. S5 1EMOBEBENMKTH
W, AEMEIVES 4cnDEFZ2HFITL /=,

MIEERTOMEZT> MBI, TEREEERKBRBEOTNSAETHEKD
GHTRELZ. MBS 18 EE R E O 2 1T o o 8 A & 2 LB E R
DWT, EEFREOBEEMEZTOEMICE IEEZHERL .
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B 6E BRI REDE O E 3%

BEEERLREFEORER, FL2ETHRELAEFETIT>E. EH
LiE3EICNGL, BASHEKE, B I OFHEXRFE2MAE S
T, 0.5CHBEHFCBWT I AMBREZIT %, BREEE 15C, H
ROELZBEOHIABIIB LTI HABEREEZMUEL /=.

PAL, Z WV hF+—+E, FFIFr—EHEEONEE

PAL i& M @ Ml @&, Nagarathna 5 (1993) D HEZ —HKEL TH- 7=,
Thobt, K1 lg ORGMEZ SMMB- AN AT Ty /) —)VZEE 250M
RUBFT MU LAREKR (pH8.8) HTE®HL, BLPBMLZLiE2BR
WELE. L-Jx2 )WY S5 2RHEELLT, 0CT2REARBIETAH
LU= EKEZ 268nm O WIEE THIEL = (Koukol and Conn 1961, ®JII -
HH 1981). |

TNWhFr—EEHEFFIFr—EFEEDOHEIEIX, Cabello 5 (1994) DO F
Bk frok. Wlg0EGHEZ 200M U > BEHH (pH6.0) P TE
WL, B2008LELEEZEBERRELE. JIV A F—EEH®HITISIFY >
AREELT, TCTI RIS TTERLEZEBLHEZY EF - XY
HBICK OWMELE., FFF—EEREFFOZ2EEELT, 3TC3 KM
KIS/ TERLETINIY I % Reissig & (1955) D AHETHIEL
7.

&7z ) -NVEE, VJ/ZOMEE

&7/ —)VEEIX Cahill and McComb (1992) DA EICHE > THlIE %
Ty, 200mg DEFGMEZ 80% LY /) — IV TEBRL, BEO00MLELEE
74—V /7 REE2MAKAEERZ 20mm TRELT, p-I/IEBRICH
BHL/~. UV & 81E Tivama and Wallis (1990) D HEIWICHK > THlE
Bfiolk. &7/ —I)VHHERBEZGZERERE, 5% 7 FI 7071 REER
W 2.6ml, BERBO0.Iml ZMATI0CIKFH#MHZ2Tok. MHEHBHK
0.1ml {2 0.1ml @ 2M7KEE{EF P U T A, 0.02nl D 1.5ME ROF T 53>
ERozoS4 R& nl OFFBEZMNA, 280nm QRHEEZRELTY /=
CERBOHMMEEL Z.

R, B, AR EERE O W E

Al VA MERE, WK, WHMBERE O 4 W Sakurai 5 (1987) D AFEEWEL
Tiiok. §habb, EGMBZ2RAY ) —)VTEHEL, 2OX¥ /J—)
WIEHT2HZ2AY ) — Vel E L. KEMATERL, 2O 08
LCLEBREENoflekBEBELE. BEEZ 7R N T3H, A%/
—J:rzoor7)vs (1) B T3IEBKEL CERLER, 3TCT2HE
Mla7I5—FTUREL, AlBELTL2HE2HBHELE. BREIC 20nM
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BB7Y >E_ULBREZMA, 100CT I oMt zHFw, BT SHE
ERTFUOESELE., TORBICIT.5%5KBILFT N DLBRKRZMAZE
T I8 Rtz WA BALT B EZANI IO —ABRELE. RS
FUOBES, ANIENVO—ABEHIZDOWTEAINNY =V HEBETYO B
2, Jx/) - VHBETHTEEEZERELE. 1T.65KBIAET U Y LB
BT N> O0—ABEAELT, BB THMBEL THERNH2Z
EEL .

PAL ¥& M FH & & o L #
PALIEHOMBRERELTCTFI ) AFT SO A 8 (APP), 73 /4 F
HEEE (AOA) ZMEAL NI - K& 1998), ERIE/ABEITBIT S PAL
DHRITODVWTHRHF Lz, EEIE/LQLEZ L 2@EEIC 10nM OBEFX 2 1
EAHEYZ08 nl, JOIXMATL—2HWTHEEZEL, BXZ 2 BRH%E
HNEWCRETHASERELERE, BAERE2AEL 2.

5

FALAFOBAEERERESEE, ERECLECEOBEMNL A, &
RIEGLEE 2475 a1 & B LT 2°C, 12 B B 48T 1 58 RS 3 IE L0
HEFI LD, MEER0LISLARNVTERIELS o (K 6-1).
COEBIEALEC X ZEPIEOMMIE, 2HMBZ2ERLAETRTOR
BRicBWT, BREISBERINE. '

PAL {EME, BRIECLBE 2T oK, BLERXEDCEREHEOEE
MICHABRETEWE TS 22, BE 1 ERBICHEMNL, ToMmEE
BERECOAER N ELERICERTEECREN>E (B 6-2). F)
hF—VEEE, ERIECL X, SEABK &b BRI R NS I
TLU, EEIECLER N ELERICHBEL TEWEANS > ENEERE
TRAahok (K 6-3). FFF—FiEMEE, ERECOLER, AR
EBHICHEMAIL D DEEB TET U /A, (S5 NEAL L X I3 4808 K i bk
LCETREGNSVEAZRLEN, ABBETEER2 o2 (K 6-4).

PALOHEZEZ TH S A0PP XN AOA Z KB EALEEZ OB R E T
EHICHATSE, FREBRELER EEAZEN LAY, KEBIE/LLE
WEDETEEMOMEN L BEo= (K 6-5). 2DO0MHEROMTIZ
FEREZRDONR N - 2.

7)) - VERFIERIELCOLE CEDBEML, BEBICIZETL AN,
BUBR ELEBRLTCHERCE 272 (B 6-6). 512, UJZCEED
EEIEAABIC L OBML, @M LR | BB EDELMK S BL
THBRED > (K 6-17).
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EEEARIC KD TEER, B ROCMBEEROE{LZR 6-1ITRL

. A = ARG EREKEBIEACLBICLIDRES#EMLE. £z,
KEMERESEKEBEEACOLEIZLXOEMLUZ., BOTOLEINICITES 1g 4k
D 2mg L EHozd, MEBEIFEACALEIZLOEFLIFEHALE. MREEHOSE
B, RVFCEpOUDBREFERE, NI ERIIVDOD—-AELSOY O VE
EHRERE, BV - A LD ICEBIECUER EELABXOBMICHERREN
RO6ENT, 1EBMOKBIEMLCLEIZLSHEOE MM, MEEMOEREZ
BlEE Iz &3 o k.

g

ERFEPIEEEANRTOBRERAL ZOHMOHKITBNTIE, BF
TZBI2EHOEPICEANSTEN, BEFITLD2BH, B, ¥ > 17
BREOnMRSEREIEOHALEZIER T EEZONE (REDS
1944, I 5 1952, Eib 1955). Lo L, SEFEHIEDREFL TW
BNWEHETOHEMERICRALBERZHE T ENS, DRSS T LHIEHD
FEEMLESETE RN, ARBTE, 1AMOKEELECLEIIL B0
FEHEFIEAREEOZRE, BASEFEREEM S EE | AMBITOW
LEENRDOBBERNTE LT, EMOEF & U 0 BEEL THEPTMEH
BIZOWTHRE L Z.

ERIEANEIC LD EHENEM L2 LAFTRPALEENE S (K
6-2), PAL DB #EH Td % AOPP ALE, AOA JLIIT & 0 % M B b AL 22 0 3K 1
WM BEREL o7 (K 6-5). 25D EM”SE, FFLFOHE
BFHRBEREIEICBYTE, PALEREOEMANEERKRE Z2H> TV
LEZONL. PALBEYORIICH TH2EFAMICEEREE Z2R T
ERBHLENMNIEINTED (KA 1990), 512, 2aL5FITBWTKIRIE/
MIEIZ LD PAL @ mRNA M T B ENHFHEINTWS (Gaudet 5
20000). TS5 OME, EEBEIEAICLDEEHEHIME OB INIT PAL &%
DEMNR—DDORERERELTHEHDLDOTWVWSEZEEZRTHDTHS.

KEIELCLEIZLX V27 ) —VEEEUITZVEEVEMNLEZC E
NE, TNOEVWIIEZEDEWMEENDS. 27/ - VEENKERIE
fERBETHMI S EFasFTcdhbHEah TS (0daira 5 1998,
Zagoskina B 2005). £7&, U/ ARKEE T RNV F Y —Fi#E
ETFREEBEACIOBRIZ ZCEAHBEINTIB O (Tronsmo 5
1993), U/ b EELREIHEZREZLTCWZAEENDS. LML, &
RRTEZINEEZTz /) —NVEBEVSZVEROHEMIE, SEFREO
ERiMMrSEC>THY, REEALAEBEXR CTERBREZERICBEINL

61



PALIEMEOBMCEDIIERI SN zEEEZONRY. 272/ — Ve
B, UJZUEEBOHMMT 2HEHEICD W T, KEIE/GOLESEP BT
LSHEEBRCORTOEZHFMIIRTTEIRE, SCITRFTTHIHEND
%,

Ergon 5 (1998) &, A AFITBNVWTL-1,3-Z N AF—F¥, FFF—+¥,
RNWAFTF—E, PR-1a YNV OEGTFHIILAERFEZ2HEET 3 2
ETHLL, MBMEALZEETEREREIEAL TORWEKICERFERE
MENZEEREL TS, £/=, Gaudet 5 (20000) H PAL & & Hic 8
-L,3-TINWhF—¥, FFF—F, RNVFFIF—¥, PR-la I N7 D
BEFLAEETAIIEZRELTNVS. AR TH, KBHEALEIC L5
T NVHF—¥, FFF—FoEENEEsEANBARINED, ELm
KELBLUTHEEBELRZBEMTEREL, TS50 PRYUNIVEBETFOEE
MIBHPHEICBTBIEREIZIONVWTIE, S5BIBRXT—IYE2EHEITHILEND
% . '

KBIEAAICLS2HEOMMEFTERBIMEICIOWTRES &, | HEOKIR
JEAEAMIBIZ L > THOEMARDO N, ZOHOEMIE, 2 FENNS
WHENREREZZAONDZAY ) — )V AEEBEOEMNAELL, IV &>
ENTENDILEEASNDKBEBOMMIT/NI oz, Gaudet 5
(2000a) &, KBIEACHEN 1 BB TS IN T F NENTEET 2N,
KRIBEAHENEBRZ2EETINIZYCOR, ESGEELDITEMT 5 EM
MNHBHIEZWELTWVWDS., IV EERBERAEOEBRIIDODNT,
HES (1998) 13, WHAEREIE, MEEZEMTIORNL, FER
BHERBRINI Y D 2EBTH 2R, £, 81 EE (1995)
W, FFLF, ALFETBNVWTESTFEOIINI Y CEBIMSHE & BER
5L, BEEINLETINI I DD EELHETTH, MiEZ2 &MU L
WHRE, BETTOHEMKOHFELESROBECHAINS ZE2HE
LT, AEBTH, 1 EMOEBRIELCLBIZX> TEKS FEOHENE
BLTWALETERFEENENLEZZELS, BOTROENER
WO MZS ERIIERIIODWVWTKRFNLE. BAMICEEML =
WESMEEOREE 20, MEESIEEL THEPTESEMYT 2 Wi
WTHRHELULEZHR, 1BMOBKEBIELCABETERIF I A EZ)IO—X,
TN —ZA0EZRREMEIRESNT, CcOoOTEEIEEIhI R ERS
. HOERHESRFEINEOMEBRITDOWVWT, Gaudet 5 (1999) &, £
DBRHEDODPTEBED LAICLZ2HEOMEOME &L &b, EEICHE
THEBTFRAZEZRE I L TWSAEEZEML TWVWS.Zhu s (2007)
HbEBIEA CTEH I IRV ERTFRACEEREREEVWE LR S 2 &
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2L TNWS. F£7=, Ehness 5 (1997) &, Chenopodium rubrum @ ¥
EHREZ2BAWVWENFBLIIBENWT TN OI— XN PAL @ nRNA Z2EmMEI &5 2 &
EREL TV, BRIELICEZHOMMAKR SR ICHET 3 8ET
ODREEZWMSE, SEFEAEZHDO TWDAREENS B2, ZhicD
NWTIRESICRMTEBENRD .

2. 5EMOBEIELCLBEIZLDEARD OEL
BESBHERERECREIREEACLEOZE T 1EM» S HN,
KRMEAHMZ 2 BMU LT LZBAIC, BPERSISITHEMNT 5560
Hhad (B A4E). BEoEMMEEIZ, HO0 LEMICEEKEL TNV
BbHDN, ARICEMTS. 22T, BRIE/ACAELHMZ 5 BRI
LEBEOEPIEOREMEBEET SERANKRD, FriCEEEOR, R X
VCHiRECEEND2 7z 7aN /)14 REDWTRFHAT 5.

MR &
HRED ORI FH B
HEBRICIEI VU LAEZMA VL. WREEZEBR T MUY LTHEL, 15T
THIFELEETFZ, HWESNW L U UVNEEELD) 2807 AF Y
TRy NiZBwEz., FBTichrtEEAERBRBON I AEN (HAH
E, PHKE 1TC) TAEMEFT S 2%, 1EBSB 5 Wi b5 R IE
WME%ﬁotu@ﬁ%mmEMﬁﬁﬁtﬁwﬁmmﬁ%ﬂéﬁﬁbAt
J1C (BRB/HKE, 12EBEMAE) THo k.
AIYEERE, R, WEREER ORI E

VA PR, W, WIRREERE O B L Sakurai B (1987) O AFHEEHEL
EELIODHFERZ, I, JoITBOEBEITOEDIIHEL .
Thbb, EHEMBZE#AY ) —IVTEHEL, ZOXF /) —IVEHTS
WEAY ) — VAl HEEE L. KE2MATERL, BLO0BL TEEIC
BENDHEKEEEELE. BE27 b2 T3H, A¥ /)70
B7x)bA (1:1) WK T3EPNEL TEBELEE, 3TCT2HRMaY 3
S—FIILXOMNEL, AIEMLLTL 5828 & LA, KRB 20nM E8
TOEZDULABHKEMA, 100C1s pMIHZET Y, THRLTLI2HEZ2ER
TYEZULESELZ., TORKREIC 20mM BEEMA, 100CT15 57 Ffl
Hz2TW, AJBEEIT2HZ2BBRESELE. S5, TOEREIC 17.5%K
B> MU LABARZMAZEER 18 BEAMBEZTWABELTSHEE2AI L
ho—2A@Ha el AN O—ABELRBENRL, FEELZNI I
O—2ZX A WHERBEZDZANIELIO—-—XB&ELE. ASEIOo—XZ2HHHL
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EEREZEINO-AESELT, BREBETHAMBRL, PHEBEE2EEL 2. A
& ) — VAl yEERE, KIEMERE, B, Vo —-2AESOE T ) — IV
BETERB L. BB >EZDULESYS, BRES, NI ) O— X BHE
BZOVWTRANMVNY —IVRBETOO B2, 7/ —I)ViiBETHE
WErERLE. BBRESKOW IV IBEEZHABERI/ O NT 57
4 =LV EEL =

Tz 7N/ A PP BAERFREROERCRETEE

Tz SBEED 7z T anN) A RPIBASREBOBROEEI
FETEEZRS L. BREH ECHIEBEEO 7z TON ) 14 RE
W2 osnl 52, PLICEWEZEROLER D Z I BBXY2HBICEAIL &,
JxzZlh7uan)ARE p-IXIVE, hoxz®, 7zIVo8, >FEY
e L, AROBEF L, 5, 10, 50 x 10°*M & L 7=,

e R
AIYAYERE, WE, MIREROZL
AL ) = )VEIEMERE, KEMEREE, QBEAETIC L TERECL R 1A

MTEEMRAERE TR, KEFEALESEMTAERICEML &
(R 6-2). BT, XF /- VA BAEBEEROEMNEL N>, —F, ¥
MEBZEBIE/MALICXODEAL, UEEHT L T, EEE/ALE 1AM,
5EBTHEZICETUCUEMMICIIENRD SNEh ok, Ml
DNTHDE, RIJFUCIHAETZERY E_ULES, BRES, X
CAIENO—ABOUOCBRICIELUBICISERNAD NN 0.
NI O—ABOHFHEFISEEIECALESEAMTARICHEMLZ. £k,
ANZENO—RAAEEINO—ATHE, EWITHEETE RV, KIBIEL
M SEARCTEMT 3 EmMERL Z.

TS BEROE
EBES>MPSHMBIN TV oBRERER, KBELCLE S AMTHER
WHEmML, LWEFMOBLZ2HBOERICA . BB CEZULABEASK
ONTHRABOFETHUERZTo DN, JzhSBEIRHBE oz,
Tz 7anR) A ROBBERFEROEEIRETEE

Tz 7aN) A ROSE, FCHBEICEEND EEA NS 7
WoBIE, BRASEFEROEEZ2NH TAEARS o~ (K 6-8). 4
HGE 1 ETRE, 10x 107 THRAE, REKLBEEZENTHERCEREN
WHE L, 50x10*M TRELME L. p-7<IVE, >TECED 50x
10M TIRHENESXKEKLUBEEREZCHRENHD L 2.
MEHM2 BOBAICS, AEOEmMZRL, 7o)V IBE, BROE
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EZ2YHLE. RELAESDETHEDEEED | x 10'MUBK TH BAH
REHBLTSRY L RN THEEICELS > /-,

#

MBERPZIESENDI 72NV SBEE20 5 AR OKBIEAAEIZ X D H
b, 5, JzIVoBEIBAEEROEROMHEZAHLL. 20
ZENS, SEMOEEIENLLIEIC X S 6 SF %R EIE KK BEm»
TS BOERBICLVBERIINETREELRDS. RkLV TS
B INVBBEED Tz ) —VbEYRREFEIECEESEL TWa 2 &
Narsnbsn (BHAES 2001), Southerton and Deverall (1990) 13, =
LFOSVOHEB/PIMH T TN IBPEELTWS I EERLE. £z,
lkegawa 5 (1996) 13, 72l SBB 2 DHALEYA T2 TBMT >
NTZOIVHEEHHEICEE T E2R/EL TS, KRR TE, 17
T ITBOEBIITERNSEZDO0, 7V IBNBE AT BHREPIMEIR
B L TWaaEENREINE.

HREW LICBI2 72V SBOBAREENHREZRF T 2L, 40
DHBRIEBVWTEDBKBEETHS 1 x I0'MUETHELROEEOHHIZ
RBR oz, HEYWAEPTEASERNEZET SKICIE, MMERZER
MNEBETS. TORICHIEERICHL 7N ITBIEIEEEM T I2ENDH
D, WHEMEMEE L CHET S TRENS 5. 5EMOERIELLERS
WT, BHFOT IV IBEBITARE 1g 42D 22ug THHH, ik
EROMBMEMHENBDOENLZ 1 x I0*'MELEITHES., AR TES N
TNV TBOEEWE, MIREZ2EAEERELYZVDOETRINTNVSEO
T, WMIBELLSZTTRANE, S5 CERERCRAD TWSEEZILONS.
L, MBEGRO 7 ) SBESMHMBECK, YSE/ —XEHELTW
EEZLENTWVS (Mueller-Harvey & 1986). AR TS, 7z V5B
ERETIE/) —ABFERLOBMICHEBERABDONTHD, #HL LR
TREELTVARVEZEZALNS. MIRELEAEL TVWE 72 IV BN
WWH L TEDEIIRTEALTOVENEND HIZDODWTIH, BEATHS M
e sz EFTERN.

TJxINWSBE 7z 7TanN) A RO—D2ThY, JxZ)b7a/)x/) A4
REROEEEHFE LT PAL IHEEL TR EEZ5NS (BN - HH,
1981). ARXBR T, PALEMHOREZERLIaho/z, AE | T1H
MOBEBIELALEZTOZZBO PALERICDOWTHRF LEZER, HO#RE
glcHEmrBEKEInL. Mo ABB TR 1IBARMOKEBIEAECLEIT XK
TPALEMNEMT A2HEEDBRESNT WS Z EN5, PAL IEHE O #2340
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JOEGRO 7z )V SBOEMICEBRL TS AEEND 3.

B NELEE 5 B TAI BNV O—XABOHREERAFEICHEMNL &, &
7, NI Oo—R A BIO—AbFEEE LSRN, KEIEL
Mz 5 EBTO I ETHEMTsEMmMEZRLUZ. RBFEALE 1EMTD
ANIENVO—A, ElhO—2AR3EMIs2EAEZRLTB0, EEEELIZX
STHIRERNEBL TWARZENEAONS. ERICEBEIEALEIC L
LEHGOMBMENEI RBZILENTIALFTFEHGTHEINTBED
(Griffith and Brown 1982), {KENEAL T & 2 AT BE D BB 28 F & Js #E 1
PENEMTEIERO =D > TWAHAEEND S.
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#b-1 AALFEEDRAY /) —)V SRS, RIS, B9,
AN EERHC B S KRB R AL O R 28

LIRS (IR B L L2

ALY =)Vl EtERE  me/f f.w.) 2.99 £ 0.34 6.20 £ 1.10 *
TR IR 3.01 =+ 0.05 4.17 £ 0.23 #x
Bk 9.43 + 0.34 0.18 =+ 0.09 #*%
R F AN 7 0.538 + 0.072 0.538 = 0.037 n.s.

e 0.893 =+ 0.207 0.903 £ 0.178 n.s.
ANIRO—R vorig .72 + 0.12 2.02 £+ 0.29 n.s.

rp 7.48 + 0.31 8.27 + 0.29 n.s.
b o— 2% 14.4 =+ 1.9 17.8 =+ 1.4 n.s.

TROBFIIEETE (0=3), n.s. BAEBENRE, +, 8 TEhTh
5%, 1% LX)V TR &AKRIFEARORICHBENH 5 T 2R .

R6-2 GEEMLALE, (SENEAEC XD A% ) — ) uISER, AuERE. e, i
WMo meg/g f.vw.) MOBRBESTOT o)V SBER (ne/g f.v.) DR

SEALEE I NEA AL EE IR R AL AL 3 5 R R

A& ) — )V Al 7.92 +0.59 a 9.76 +£0.01 a 26.88 =+ 3.66 b

TR VAP 1.40 + 0.12 a 1.34 +0.09 a 2.13 £ 0.12 b

WKy 1.40 +0.10 b 0.10 +0.03 a 0.29 =+ 0.17 a
By EZws Oz 0.15 £ 0.02 0.15 =+ 0.02 0.14 £ 0.00 n.s
rp 0.24 =+ 0.01 0.20 =+ 0.05 0.23 =+ 0.01 n.s
& oY 0.15 4+ 0.04 0.15 =+ 0.02 0.14 + 0.0l n.s
rp s 0.55 =+ 0.09 0.55 = 0.07 0.65 =+ 0.03 n.s
AZIENE—ZAB o 0.55 + 0.03 0.61 =+ 0.11 0.68 =+ 0.06 n.s

e 4.49 + 0.77 a 4.93 +£0.88 a T7.43 £ 0.74 b
AIEIO—RA 0.90. + 0.08 0.88 =+ 0.11 1.46 =+ 0.44 n.s.
EIo—2x 14.81 =+ 1.33 13.74 + 0.86 16.49 + 0.18 n.s.

7 )V S5 11.24 + 1.53 a 12.19 +2.92 a 21.83 =+ 1.04 b

TROMFRIRERE 0=3), n.s. BUEMICEREN WL &, R—=7I 77Xy MIH
B Z&IZTukeyDHFEIC KOSV RV THBENIRNWT E&RT. '
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Summary
Mechanisms of snow tolerance and resistance to Pythium snow rot in winter barley
Yoshiaki Watanabe

1. Introduction

Snow damage has been a very serious problem for winter barley in the northern part of Japan.
The main causes of snow damage are snow mold disease and growth inhibition under cold, dark and
wet conditions. Among the species of snow mold disease, Pythium snow rot (Pythium paddicum)
mainly occurs on barley in upland fields converted from paddy fields. To prevent barley from
suffering snow damage, it is essential to clarify the mechanism of resistance to Pythium snow rot.
Therefore, I first developed a method for assessing resistance to Pythium snow rot, and clarified the

factors affecting this resistance. Then I studied the resistance mechanisms.

2. Method for assessing resistance to spread of Pythium snow rot in barley using leaf blade

I developed a new method for assessing resistance to the spread of Pythium snow rot in barley.
With this method, the level of resistance is expressed quantitatively as the lesion length extending in
the basal direction from an inoculation point on a leaf blade. This method can evaluate resistance
more quickly than the conventional snow mold chamber method. Using this method, I determined
varietal differences in the resistance of barley, which is consistent with the result determined by the
snow mold chamber method. Furthermore this method was useful for estimating the resistance of

wheat, rye, and oats to Pythium snow rot.

3. Effects of plant age on development of resistance to snow damage in barley
1) Effect of sowing time on snow damage to barley

The effect of sowing time on snow damage to barley with long periods of snow cover was
investigated in upland fields converted from paddy fields. ‘Minorimugi’ barley was sown at
three-day intervals from September 15 to November 8. Early sown barley, namely barley sown
before October 12, had no snow damage. The snow damage increased with later sowing dates. The
amount of snow damage depended on the size of the barley, and there was a close relationship
between the snow tolerance of the barley and the top dry weight just before the onset of snow cover.
2) Effects of plant age on resistance to three snow mold diseases in barley and wheat

The relationship between plant age and resistance to Pythium snow rot (P. paddicum, and P.
iwayamai), and speckled snow mold (Typhula incarnata) in ‘Minorimugi’ barley and “Yukichabo’

wheat was studied by the snow mold chamber method. On the three types of snow mold disease, Llsg
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(the number of incubation days when 50 % of the stem are killed) value of barley increased with
plant age. Accofdingly, the aged plants had greater resistance to the snow mold disease. In wheat,
the larger plants also had greater resistance to P. iwayamai. On the other hand, the effect on the
resistance of wheat to P. paddicum and T. incarnata was unclear, because these snow mold diseases
exhibited little virulence.
3) Effects of plant age on development of resistance to penetration and spread of Pythium snow
rot and viability in cold, dark and wet conditions

I studied the effects of plant age on resistance to the spread and penetration of Pythium snow rot
and viability in cold, dark and wet conditions in ‘Minorimugi’ barley. The resistance of plants in the
third-leaf unfolded stage to Pythium snow rot, which was measured by the snow mold chamber
method, was higher than that of plants in the first- or second-leaf unfolded stage. Resistance to the
spread of Pythium snow rot on the third leaf of third-leaf unfolded stage plants, which was measured
with the proposed method, was higher than that of the first leaf of first-leaf unfolded stage plants.
The resistance of the young leaf blades of old plants to penetration, which was measured by
undertaking observations with an optical microscope, was also greater than that of young plants.
High resistance to the spread and penetration on young leaves is the reason for the high resistance
observed in old plants. Similarly, the viability of third-leaf unfolded stage plants under cold, dark
and wet conditions was higher than that of first- or second-leaf unfolded stage plants. These results
demonstrate that both resistance to snow mold disease and viability under cold, dark, and wet

conditions are causes for changes in resistance to snow damage with plant age.

4, Effects of cold acclimation factors on Pythium snow rot resistance of barley

1 studied the effects of cold acclimation and dehardening conditions on the resistance to the
spread of Pythium snow rot in barley. The duration of the cold acclimation significantly affected the
development of resistance. The greatest increase in the resistance was observed following 7 days of
cold acclimation treatment. The resistance was further improved by 14 days of cold acclimation, but
no further improvement resulted from prolonging the cold acclimation period from 14 to 28 days.
During 7 days of cold acclimation, light was needed to increase the resistance, although the light
intensity and color had no influence. On the other hand, 14 days of dehardening (15 C, dark) or 28
days of cold and dark conditions (0.5 C, dark) after cold acclimation reduced the resistance to the

spread of Pythium snow rot that had developed after 7 days of cold acclimation treatment.

5. Effects of plant hormones on Pythium snow rot resistance of barley
I studied the effects of the foliar application of plant hormones on resistance to the spread of
Pythium snow rot in barley. Abscisic acid (ABA) and salicylic acid (SA) increased the resistance,

although jasmonic acid, ethephon, gibberellic acid, naphthyl acetic acid, and benzyladenine did not.
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The application of phenylalanine ammonia-lyase inhibitors, a-aminooxyacetic acid, nullified the
resistance-increasing effect of both ABA and SA. These results suggest that ABA and SA affect the

resistance, possibly through phenylpropanoid metabolism.

6. Effects of cold acclimation on Pythium snow rot resistance, phenylalanine ammonia-lyase
activity, and phenol, lignin and sugar content of barley leaves
1) Effects of one week of cold acclimation treatment

I studied the relationship between the increases in resistance to the spread of Pythium snow rot
by cold acclimation treatment and changes in phenylalanine ammonia-lyase (PAL) activity. The
PAL activity of leaf blades increased after the penetration of Pythium snow rot. The increase in the
PAL activity in plants that underwent cold acclimation treatment was greater than that of untreated
control plants. The increase in the resistance induced by the cold acclimation treatment was inhibited
‘when PAL activity was suppressed by using a-aminooxy-B-phenylpropionic acid or a-aminooxy
acetic acid. These results suggest that PAL plays an important role in the resistance induced by cold
acclimation. Additionally, I investigated changes in the total phenol, lignin and sugar content in leaf
blades induced by cold acclimation. The total phenol and lignin content was higher with the cold
acclimation treatment than for the untreated control. The cold acclimation treatment increased the
methanol and water-soluble sugar content, however the cell wall sugar content remained unchanged.
2) Effects of five weeks of cold acclimation treatment

1 investigated the effects of five weeks of cold acclimation treatment on the resisténce to the
spread of Pythium snow rot, and the sugar and phenylpropanoid content. The methanol and
water-soluble sugar content increased after five weeks of cold acclimation treatment. Also, the
normal sugar content in hemi-cellulose and ferulic acid linked with hemi-cellulose sugar increased,
but other cell wall sugars remained unchanged. Ferulic acid solution inhibited the growth of Pythium
snow rot hypha on an agar plate. Therefore, the increase in ferulic acid within hemi-cellulose may be

a reason for the increase in resistance to snow mold disease with cold acclimation.

7. Differences in resistance to spread of Pythium snow rot, phenylalanine ammonia-lyase
activity, and sugar content with barley leaf position in stem and leaf blade position '
Differences in the resistance to the spread of Pythium snow rot, PAL activity and sugar
content were investigated in relation to leaf position. The resistance of the basal part of a leaf blade
was higher than at the top part of the fifth leaf blade and both parts of the third leaf of fifth-leaf
unfolded stage plants. The PAL activity and methanol soluble sugar content of the basal part of the
fifth leaf were also higher than the other parts of the fifth and third leaves. These results suggested
that the PAL activity and methanol soluble sugar content might influence resistance to the spread of

Pythium snow rot.
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8. Role of methanol soluble sugar in resistance to Pythium snow rot
I studied the effects of methanol soluble sugar on resistance to the spread of Pythium snow rot in
barley leaf blades. A significant coefficient of correlation between the resistance to the spread of
Pythium snow rot and the methanol soluble sugar content was observed. An increase in sugar
content induced by dipping the cut end of a leaf blade in sucrose solution increased the resistance
and osmotic pressure of the leaf blade. There was a clear correlation between resistance and osmotic
pressure. However, dipping a leaf blade in glucose solution increased the osmotic pressure, but it did
not increase the resistance. Therefore the increase in the resistance caused by dipping the leaf blade
in sugar solution cannot be explained by the increase in osmotic pressure. By contrast, we obtained a
result showing that the increase in the resistance was not attributed to the increase in the leaf blade
sugar content. The protein inhibitor, cycloheximide, did not stop the increase in sugar content
induced by the cold acclimation treatment, but stopped the increase in the resistance to the spread of
Pythium snow rot. This result showed that there was no relationship between resistance and

methanol soluble sugar content.

9. Conclusion _

1 studied the factors affecting the snow tolerance of barley, especially the resistance to the spread
of Pythium snow rot. Plant age, cold acclimation, and plant hormone affected the resistance. Old
plants had higher resistance than young plants. The result was that the young leaves of old plants had
higher resistance than the young leaves of young plants. The resistance was also increased by the
cold acclimation. The increase in the resistance was observed following 7 days of cold acclimation.
Light was necessary during these 7 days of cold acclimation, but the intensity and color of the light
had no influence. Additionally, plant hormones ABA and SA increased the resistance.

I also studied the mechanisms of the resistance to the spread of Pythium snow rot. PAL activity
in the leaf blades of barley influenced the resistance. The increase in the PAL activity of plants that
had undergone cold acclimation treatment was greater than that of untreated plants. The total phenol
and lignin content, which was controlled by PAL, were higher than that of the untreated plant. The
increase in the resistance was inhibited when PAL activity was suppressed with PAL inhibitor. The
increase in methanol soluble sugar, which was observed with the cold acclimation treatment, is not a

direct cause of the resistance.
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