HYe4d (Jpn. J. Crop Sci.) 67(3) : 358—365 (1998)

A V75 A FORFIH ) WEWE D eI

B3 % % 1 SRR B2
FSER— - MY - KEHX - RHEE
(REKRF)

B ETORFCHIHENEOHESRICM T 2 MBS EERT T 2720, BEHOA v 7 V< A FERMI

rEEETEMBEEOETEMSELHAL TREL .
S DEROEETH - 7z,
B dCY (A
BEOSVWMIGBREshT:,

RAKIZ S TRYICH
RETHAOFEZMRE TRER S ym fIRO 5 v RV BROBE R WSRO KR
INSORBIEECEMEL, REOBRBEIERL .

2o O I ISR bR 8 oo b

BRO AR ERMI% (RER) oFFL ’%?

BROBEET LA FEZMERE TR, EFEEOSV/NNEOEN L fZer/ Naniy
niz, &, BEFPHOFERHERTR7 I a7 A OEER/NEL L I, Fhi 7R F FOEKHNE

2 INY o

Teo T2AFPRNBEOF IR ERBEREBL T, BFBRECRLETSTAFFOT Y 7RI HEE LS

FHEZL

TUThh, Fi:e7 7 AF FORK»EE

. LLOBEER» S, RFVHLSRFRII S V7 BOWBBETHICTOIAS 2 L, XBEOBRBMOERK
& RER OFES L UHZEO/NIOMIN e BERCEFRL T3

52&, £z, 77 yOHEBREFTH» Bz

WoNd ZENHE»IThoT,

F=TO—F Ay reR, FE EVE, BETEME, BF SIRAFFE,

AT ARETICRER S VN IBETF VRS
CEAMARMTEIEIN TS, ZNETA VTR
ZIZULO T ARHEYOBEF BT 2 EREFERIC OV

TO®REDE {, RFRET2HE3 %0, BTOX
FECHET 2HRE, 7TAF BB 1993), 7774

(Bewley and Black 1994), £ # (Hughes and Swanson
1985), A4 # (Wanner & 1982), #4 X (Harris and
Chrispeels 1980, Herman & 1981, 1% & 1995,
Monma % 1991), b7 3+ (Donaldson and Beevers
1977, 8 1991) 2L OBFEMFIEL, Eiky vz
BOSMERREIC DLW T Thhl:, 20OER, RFEHOET
DWETIREAKIZ & D EFREOEY R LVE >~ DENEL
UTHEFD D &, mRNA L3 V0 BHEEEY
BEHRICEINT 5 2 L SHBALTw 3 (BB 1993). ¥
YNZEIFERE 1~20um OF 287 BRREICERE IR
TRETHERENTWS, ¥ Uo7 BRNIIEFOBAL &
YEAMDO S v 7 BRSEL, BHRAEEAE G
BY 5 RBORKRZEET 5 (Bewley and Black 1994,
Herman % 1981), HFHWHOTECREELREEROL
W bary Y7, HENMIE (RER), BLUZ )
FOV LR EOHB/NBENFEET 2 (Harris and
Chrispeels 1980, fHZE S 1995, 1996 a, b), 7, < 4
BHEMIOFE I EREE, XERETUIHEBTCES
THEWHEFELH S (Whatley 1974, 1977)., T F T
BFORFHIOLTOMRIAMTHLFELZFLE LT
BEVETHo7:, EFRCBI I2EBMEOBEERRC
B o EBFEHRERR, BTRFOFIHE zoBErE
T2 LTRAIRTH D, WERYBEOEHBEOBEIICY
BELTREEZLEEZ6NE, Lrl, BEHCHET
LIRFRILMEF D S THEE L E Vv, F 2 THB

FEISETH (IHES 19%a, b, 1997) rERRCEEETH
e (SEM) L ZEBEFEME (TEM) OBEL2HAT
BIET, AT~ ARFRCBI2HENEDOEER
REIC B 2 AR S R R BT L 72,

ik

1. HREHHOBN

FEEHT1I~12 HERFS A vyt (30
HED 25) AL, BTREFAELZ BV RN SE
B 1~3 HE R, BER~7 B2RFh, 7
PEEEMLUCEEERSHA»SBER 2 HO FEMRE
TERFBRAL L THERLL:., BERHRR—0EFOF
BhiH{hias,» s SEM & TEM BB E810 £ LR
FIABIE T - 72,

2. BYBRHSBOEHREY

SEM BOBERELORENTIE, 3%V -V T LT
ERTARER (0. IMAaYVEEF MY 7 LEEH, pH
7.2, ER) 0. IMya27u—2%2HEMNML THEBEZEL
7. BiBEZOARAEICIZIODO%E (IHES 1995,
1997) 2Bz, 2% =B E 1% A 3 AR
1 BRI X 2 HBAEZZRTITY, 18— VRN &
DEEA L, Bk, t-7% 7 —VicEBf | HZoE %
(EIKO, ID-2) L7:. BHEEELBEEEEE 21TV,
INEZEE 10~15 kv T SEM (JEM-T300) 827,

TEM HOFEFIAST SEM B & BF—O#IEE %17\,
ZOBRIUAAI 7 ABTIZEE 0.2My 2B
U LAEER, pH 7.2, 4°C) BEEL. TOBKES
TR 2%y = VvEBIC 2B E LA L 72, Aty
S —IRINC X BB E T, A SRS mEL:, #

1997 1 A9 BRE, *ERHFTE (T 300-0393 MREIRAAFEFH, fax 0298-88-8552),
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D%, BHEUFIZ6%EREY > v LpiEIc L 2 EFRES
1TV, IEEE 80~100 kv © TEM (JEM-1010) &L
7.

BERgR

1. SEM 8=

FFVADA 7 v~ X FEFMEE T, FB1E30~40
pmOKBEO7 I0 75 AN EEZENS~5um®DS o8
IERNED SN, TIinSIANI—DOOTFERME
OEWEH - D BE~TEEFEEL, BREBHEZZE
Rk THo7: EIK, A). —oo#Miladbi-hD7 i
T2 MVRETFERBORBERT L PLETHE T 3 L BE
HBLUKESCEREIED oG-z, 73In /IR
FOREICWREEY 2 EZEDONTEOLTH 72,
o, 73075 A MNORAIIE, EE0.5~5um DEK
DY N IENPEEL, TEFHRNTESHO Y »o8
BRI TS T wiz,

FIFREAIC L B LER0.5~3um D 37 BRI
BHEIIBA U, £, BIZERETHICER30~40
um D7 I TITAMOEERLBEI LIz, 5 oo BN
ORDHBTD o e FEFRMITITERE 20~40 pm D EF
Ttz &8, FEFMRATIAE KRB -7 (B2
X)), FEMABORBE L FOMITE, FOEMHI0
FHRRERC Y N7 BB L UVREN~40um D7 I o
TIZANPEA UL, REDHOBEER THB IR LS
YR7BEREFEOONT, FERMERIZER 40 pm 7l
OREOERETED SNnfz, fiz, HBEER 7 HAUREOT
EZHIIIEEN~40um DOKRBOT7 2077 A Mtk
LY, RE~20um O/ BO7 077 A M33%
FEvonlk (B3IN), RE10~20yum D7 075X
FOBRIZZ O DBRENEVWCEE L L 3 B TRERT
Hbol: B3IH, A), £/, “HO7 IS5 A MNDOE
HIZIREZRI~2mOlRBOERYBRD T (B3
X, &KED). .

FEHEIAN 5 5 L FEZMBEMNTICIZRZE 5~10 um O
73Iu/7A b RERBBEahZ, RES~10um®
TIa7T7AMNORARIIBEREEO L DOMNE {, TEFME
NER LERICFEEL . (B4R, A), BEE5~10um
D7IuFITAMDIERES pm FiEO/NHOT 207
T A MIREBWEMLI, £/, BEE0umEEOT
075 A ML, BRFERPOBER0BEUED? S BHK
WAL, BEZ LRHEOFEZHER T, EES5um
IO 7 2 u 77 A M EMREAACED Sh, —DOFE
FHBEOBAWE S D 20~30BEEL . b D/
D7 I0FIAMNCREBRBEIVUAESOERIFDSN
otz

2. TEM 5%
REVBCEAD ORI YN 2BEROKNE S FER

0.5~5um Th-o7: (FE5K), ZDIHEEFE3I~5umOD
REIDS o7 FRIE, BER0.5~1ymD/PNRIOD L
7 BN E thR B & BRI BRI NI SRR £ 3 AR
BBl DML (B5K), EE3I~S5um®Dy 7
BN O LI FHFIE» & FBFRHICH 1 TEABICHET

Uz, & >3 7 SR O Wi iz FEFZMIE O B O8RTa
SEtBEh, BN irok (B6X), B
Rfb Uiz g v o BERNE, HWICEE LEFPE o RF
BHE LI TEZRI~40um D RKB OB EZER L 72
(Be6, TH, V). BFFEHORMOBIC ZBEEROY
BRZO oW T HELRRETH -1, AMOBBEOBES
EITL - FEZRERTE, BER05~1gymD¥ /327
RSP T 2L DI RER OREB L UERZE 0.5~2 4m
DETEEOEWNEANSEBRESh Lok (B
8 IX)., BFEEOEWNMIEEEROHE» 55D
h, RFHHEOBRBEHWEBMULEHECERE s T, L
»L, BEFEEORVWIMIRRFEREMC K 2 L AR CEY
Lz, 7%, BFEEOHGW/NROKMEER 0.5~1
pm D F 287 BR OB DD Sl FERMR TR,
HRELI:RERO—F L EE 1~2pum O/ AL BEH L
rEsEEs Nl (B9X, KA. RER &/M@oEFEL
&I, ZUN7BEROBYPEL WFERMRETED S
i, BHERHOA L7 v A TREEINWEFEEDOS
WNEHE, VIR AREFOERBRECERESNWETEE
DFWNE (FHES 1996a) LT3 LERB LUK
EELHIREE—THo, £/, BFEEOEV/IEE
EHREZR3um TR ERLZI bV R TH
FUINVENEES R EB8K, G, HELTKH
bl bar P 7REFHH»BO SN, & {#
EREILOFEFMIAE L U7 v 37 BRIOWKRL A5
UL FEFERTHS B ok, #ERBITOF
EZWTHEEL I P3P Y THED S AEA,
BRRERDILYSVABIVT v A4 OFEZMBET
LEDORTWS (%S 1996a, 1997).

REBRPIC L2 LBETEEDOSMNIZE RER L3 H W
CiEBELLLREBTHEHEBEZEI L E12~13K,
RER), RER LB L 72/ NEREFHROZAIC L b2
STHAEOETEENGFEZRE L - (B13K, &
). #BEZ I~ 12 HEC R LETFEEOS VMR
YL, Rb D IER 1~0.2 um OFZER/NEO B350
L7z (B4R, BZER/NEOREIC ZMEERO DB T
Dohi:, TOMEROMERIEREI~Sum DY 37
BRI LT T 20 TERNOREIICRD S #
HEROEEUL T/, BEERI12HBR 3 L F2
Z/NERERICED & NI BREROWEIZHEA L, MEOH
bR L7z,

FEPHOFEEE 5~6 HHOFEZMIZIC B T,
EES~20um DEBEOT VT URESAE 7 I 075 A
P BIOXK) BIUNBERSAREELEE 3~4um O
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RDHE ,

B1~4N FEEBTEMSEC X 28E,

#1 FEVH BEKR2HE) OTFERME. FEZFHRABCIARBEOT I 772 (A) PWEESI S, bar=100
pm,

BN FHIFPH (BER4HE) OTERME FEZHEANTCRIERI~20um O7 2077 A MDY Sz, bar=10
pm,

®3 RS 7T HHOFEZHR, FEZMRAMZIAERO7 2732 N (A) BEDoN:, REFOT I w75 R b

DRI IIZEEY) (RE) »EIES iz, bar=10 gm, :
FAR RIEEH BERIHE) CTERMRENTCED o LRES um HiBRO7 3075 XA+ (A), bar=1um,
EH~U4K FEEBTEMERC L 2EHE,
H58 BER2HEDOY S/ B (pb). bar=5gm, )
$6K BEE 3 HEOTFERMRTRD S WIEOFK, bar=>5 um,
BT BEEIHEBOTFEZMR TR ShRBEOWE (V). bar=10 gm,
EOM FEFtH (BEERSHE) Ry oIy (G), BFEEOEWIME (hv) BLUS bay
um,
FOX FHFTH (BEZR6HHE) KHLCEDSNETIAFF (p) LHZEO/NMNIEEREL 72 RER (KH]), bar= l)urn
E10K RETH BEESHE) CROONLLBOT Y7 UE (sg) 2BAKT IO S A b, bar=10 gm,
F1N BELSHEKEEIWLEZSumiio7 i 075X, bar=1um,
F12 FHEBY EERIVEE) KBTI URE2EL7IAFF, FEL RER Of##E, RER GAEL-ETEE
OFEVNME (hv), bar=1 gm,
B3N HEBH BERI10HE) OTFEZMIGCED sn-hZ20/ME (sv) LiT#7 % RER, bar=0.5um,
BN RIFRY (BEZ12HE) OTFERMICED SNIER0.1~1 gm OFZEZ/MI (KH), bar=1um,
FRA)RREA ’
A:73a”7x %, G: :!}1/712& hv: %?ﬁg@ﬁ‘ﬂd\ﬁﬂ m:3 bIV
V : #RH,

FY7 (m), bar=1

RV 7, sg: 77k, sv:/Ma, RER:#HE/NIE,

O, FBFHBOBBE & b T FEFMBEAIICIER 1
umBEDQT Y U&7 AF K8 L., 7T
A F P OBIMIRAE 30~40 yum DAREO7 2077 A b

S AF ROEEIE m%n%(%9“,w FE&10~20
pm D7 a7 Z R DOREBIZIZERE 3~5 um OEHD
7‘ \/7{‘_[.17 [ &) % 3’L 7:. (% 10 lgla Sg)\. ﬁ?% 10~20

um D7 IaF5A DS BEARTHY, BRBELV
K3 L b SEMBELETIOSFAMDEI~EE
—H L7, HEPHCBAEINIEEI~Mum DT T R
FREZR, NERFVIUREELLDLBES N, %

PEET A3 FEFARCBwTEED ST, T 720
HEIETLTER10~20 um /MBI L7:7 305 X
FOEEL, RIEOFEEIEA R FEFRMMICB W TED
Sz,
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REGHHOEERS~I0BHIC R 2 LEE L umBED
FUTUREED S IAFEBEAL, Rbo TERES
umBIBEOBEO T v 7 A&7 3077 A bAHR
Lz, RERE»SBO N LRESumBitEO7 207
7 A M FTFEZRMIGCLEEIICFEEL, & CHBIAIE
WEHEHERZE I N, RESumFEROT 3077 X MItE
AEOLORE L, NFHCRER1I~2um D7 > 7 H
2 2~3EEATH B1IH, sg). 73u 72 i3
—DOOHIROBREGH D 10~20BELEL ., RIFRH
OEE®RI1IZHEICR S E, TI0 77 A MIRENT
um E DN F > I oRBEBEA LD L (E 12
M, sg), 73075 A NRNEOT v URIZ AL S
S nEER 10 HEE2 > SFICHESET L /2.
FrFUoRBEBEINZT I 075 A MIRBERORE
DHARRICEZE s (B12K), £/, 77X AMH
IR T TR OEEICHE WA A T AR b BEIL
7z, Z0%, TEZRHIENIEICIIER 40~60 gm KE O
BWIRERBRA~SumD 7S AF BB ON, TTAF
FIARBMORROBERCFEEL:, BERZ12HETIRA
7y P UREEEROEEASum DT TAF D
AIBTH SN,

Z =

1. 9N IBHOSEE

AP VR AEFRT Ly o BRI IREE
TEFEL Tv»3% (Agbo and Hosfield 1987, Hughes and
Swanson 1985), ZDH b N7 BREFOEREIZ
RER THER &N, WEB L U RER OFKGHH» 5K &
nLEREERICEXINERI NS, ERs sy o
JBIIEE 1~ m DY N BRREHRT 5 (HES
1995), ZhE TOHRE T, RFHOIA AFEFITBL
T3, WAKE®EPS Y 7 BRNEO S v BRER
WAHBESNTHFEREL 20, Bk 72~120 BiEICE
Z40~80um OXBOERSBERE NS, 41 7 =X
CBLTh, BFYHOBERZ 2 HE» 0ER 5 um At
DF N IBERORNPEBHEZREBER L ZENFED SN
fo. U BERIOFESKEIL, BRACEEINT
WEY N IEOBEMBET TSI Lo THER
n, 7 BERNSRIEHEROME TR SIS LS
o, REROYEIERFHREOEBRIIE > THY LE
fadb Uz, WH U9 oo 7 BhIE, BWICEESEEY
BLUENSXBOBRERERK L, FFERHCIIFERME
NEDO R % HET 2 RBEOWREER L, &2
SR ORI L OB TE s R OWE R, 15
YRARY IR AOBEFOEBECB T, ¥ o8N
OB THAET IR s i RO mE (RES
1996 a, b) L8 TELL Tz,
TEZMEREOS >~ 7 BRI, EE0.5~5um L ERE
BREMPST, A VX e XDY 87 BRITAMOER

I~Sum Dy R ENE, NIOER)S~1ym DS
YR ERIIRBIE RS, ZDIBRBOS >0 N
i, NBID Y oSy BR L BT B L BRI N A
IR L it L, Wik Uiy o BBRIIR R
WIZEIERBYIRL, REOERANEFREL:, FX7
R o RAIOBRBEAOREZERA V7 AEFERV
FZES (1996b), Whatley (1974) OBETHHE SN T
W5, ¥ o R OBRRLI TEFEROFLEMIO
FHlE» SR sh, EFHHEOEBIHEVRBHEOFH
RN EHBLT, £, —OOTFERMIENE T3, Hiig
OFLETED # o 7 RS R ERILL, Z0%’A
FICBE LY v SERD G, BMEREVELR
e REOBHMETRR LY, 20Xz FEFHIENET
134 > 8 7 RO EIRAL B LR D 8 o8 T KPS
BEEL 728 v o R ARECHRT 2 e n, T
SNz BENOERLR FERMREET-RITOhE0T
F7 L, ERITLTRIME LS o s BBRIDSREE T 2 BE
DY BEROEIEERLUENSETLLZEEZ 5N
7z,

2. $UNRIBHBOEEL RER

4 7= XORFE» S HEFEF i T, RE
Dy 7 BEROBRACVEECRD sz, BFERE»
SRFHAOTEZMIZ TR/ D 8 > 7 R OB
DD STz, INBID Y 87 BRI FIFR D S BRI
7% & RER LB L - KEECTHIE S 117z, RER B
FHOHIR/NSRE EBRICRAR N 2EFHFEO S VWML
BERBE I, v ARHEMOBEF CHESh2ETE
Eogw/hgix, 7> 7 Brbs2WiEEBEEBTH S
(Bewley and Black 1994, Harris and Chrispeels 1980,
AU AIBWTERESNLETFEEOS I,
Sy AEARTA ATEREBESNIBER LIRS EELL
BETEETDHY, BROSHRBICI ENBERICEEZE SR
el k, BREIOY 5 < A RER BIIZBWTY /87
BrEEECSUCRBRLEFEEOR W NESEREI N
ZE, VITATREINLS 7/ BEERBL UK
ZIUEENTEDONLLI E, SHRXEBEREHOA VT
YRATEDON Y N EERER LI NMIE OMICE
FEEOENTED SNV LR E»6, IFEEH TR
TR EAREZBIIEG/NMNETH B LHTE N, §
7EEREDETEEOBWNMILZ, KEOSF V78RO
WML ET L FEZMEB L UORBOBRTLHDO
nRTEZMETHREs AL, ETEEOFRWNESEHES
N FEFHRCE L ym BiERONO S > o8 7 N EUD
Micdeotz, Fit, FEL RER OFIEHRCIBETHEE
DENE, IO S 0 BRI E L UNERDI 2R RE
Lo EE0.1~1 pm O/NEB L HFES 57z, RER
HEFEEOEWNIZERD BHORETERES L, —E#i
HAEWIGERB LT 2HVBEIN, A4 ABFORF
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MBI AFEL 72 RER O#4H12 Wanner 5 (1982) 2
o TREIN TV, EFHOXA HOET TIRIEEE
& RER BEFEICHEE L 2o lBEOMREOEITT A2 &
VEHLDIZR - TWE, A7 <X T, NIOY 3
IBNBORY L ETFFEEOR WINIOEINSER I E
Fliczy, EFEEOEV/IMIEZID BATRER 2%
ELZE, RFEEHOFEZEL 72 RER O AU 1z H2E
#ANEREHEED SNl Z &, RER OFKERIR & H2Z8 7/
fNELE L -BEHEIBEa It Ehs, BEE
0.5~1um ONBD S V7 BRFDS VN7 BOHE
124k, REROFEZ2BES»HEESN S, T4bb, RER
BABIOS X7 B 2B BRI L THEZEL, RER
D—& &y 37 BN L EEHERE S ¢ ERANEICER L7
PRI BEGMELER L EEZOND, TORBR, %
FRINCED o e NE P ZE R /NEE, NOY >3
BRANLCER L2 V0 BOBEBEIT LB, ¥
YRIBENOABOAPBRELZ D EEZ SN, Th
FTO®HRSICED, REROFEEZ L ERREEM &5
HoBEBEROEES L VETNEOITESY > N\ EEEE
DETIREZABICET T RN ERHahTE
(Bewley and Black 1994, Hi& 1993). L L, R
Mz o7 B REROBFR2 L o 2 RE 13D %

{, RERPERKS ¥ X/VBOHEBEET o5 »
BAHTH -7, ZRTHE SN RER L/ RID Y o<
CBROFESBFRERTRIE, BELRZRER 2 28
JEOHBCEBRMICES T, I L 2HMITBLTVS
Zzo605,

UEDX 312, BHEHOA V¥ o< ABFICBIT25 Y
NI BEDOMER, BEVHCEREI~SumORBO S >~
NI BRDEITUCERILT 22 itk > THBEh, B
FERHICEZE 0.5~ um O/NBID & >3 7 R O SR
RER L ERCHbL Y B #TT 2 I LB HIIE >
fe, 7z, X7 BROERILE RER 051z, B3
BRI -BEORZ 25 7B (HES 199
a) BREFHRISHTHLHEAR PRI T2 I E2RL
fo., B, DEEINTS R BERRESOBEITFEL
7ZRER 2y b7 =212k > TiThbhd L E L5077,

3. TrTUOHEBE L EEE

REFHC BT LT X OEEBRICET 2RI, 2
NETT VY ORBEEEOTETHE7 35— ¥iEHED
R, 7I7-COFIBEBLUT VI ONBEIIES
TERENZEYRLE BT 23S (L0 1993) A
HLT, PREREFNREEOREIID 0, BER EOIFE
HBTHREINZ T 7 U RREr oGS N TJBED
PEEDS, 73Iu7 7R PABTHRT V7 E L TERERS
NEBERRICEB L bDTHE, 7Iu77 X MNREBICKE
BMENET 7 U RRBHEYOBEIC L > TRREER D,
KESHRE10~100 um ¥ TEIEV, < ARMEMOBETF

TEHEINA7I077 A MOREFIZ~80m Db D
»%<, ¥4 X (Monma 5 1991) ®F v /¥4 DFEE,
REEF10~30um, 7XF, A5 r<x, T Fwig
EDFE, REIN0~80umIicET 3, Z0hd= A5
EMOEFOBEVIF OEERES T3 %L, TEM&EE
IIHRETH > 72,

REVHAICED SN REN~40um DT S0 7F5 A
M, REFFHCOUTEECRI L, b T FEEE
FRAICIERZE15~20um IO 7 S 075 2 b 3FED
snt:, REFHORF I5~20umiEOT 2075 R
M3, BRE0~40um D7 30752 FOFVBICED
SNl Edd, 73075 VABOEELT V7LV D
HECHSIBRREE 2 sz, Whatley (1974, 1977) i
HRFHOA V¥ = ADTZAF ROBEL L7 IS
TAMDPSDOBITREER®REL, YI7AFFNRTFT AN
EHBLAT ISR Mo SREBYIEL, NESH
FERTTITRAFEANERBTLURREL, BICTFIAF I
HEREZITORBERCHFS TS L#E L, Monma 5
(1991) W7 > 7> OBBECIIBERE, YSAF B LU
RER " ##® 5 T2 Z LI8RL, 7V 7V SBEDO
X3 RERBBES T2 L 2HELS, ARTHES
NIRFVRO7 S a2 A NREOT > 7o DOEE
iX, Whatley (1974, 1977) BEBEL R LIZIZRET
Hotz, Lrl, BFPHE» S FTEZFRANLCEES N
P27 AF FEOBEREIME, Whatley (1977) #3#5§5
LIESREBTDFIAF RMT I 07T R LS EHAM
WIZAE LB SN Li3E 212w, BF 30~40 um
D7Ia7T7ANERBA~G M DTS AF FHBEREL
RFEXMRAEETL L, 7307572 VASIISE
DTV T URBROBN, FIAF R EHET 2 EHNER
BELLERETHLI L, T 7 HOMBSETLR
7Iuo7ZA NI, BEOEBEERLEFAY IV LHE
KBWELEL:ZZE, 73073206075 AF FD4
HGPBEBEI NI ERERLS, BXO7Ia7F R b
DEFI/NEL, HE2VRTIOSIA LS T T RAF
FOORURFRIPCED S NI ERO TS A F N 2R
L7-AREE BV E L o023, - T, BFIHE» 8
BEINLT7AFFOBIME7 3075 A~ & 3RICELE
LI 77 AF EboERsnztE o0, 79AFFR
BFEFFHL S ST EHINT 2 o RBFRHOTEE
MR 7S AF FPOFET 2 LEES NS, BFFHO
FEEHE2EHEL - FE6~TRIZ, HIEEVEETHD
TIAFE, T harFU7BLURER BLEHICLK
BEanr, BFEFHO 75 2 F FiduTFh b NERE
RETHVNEOYODBELNELRETHLZ L, 75
AF RORBEBRDONZCI LB EDS, TTAFE
DFARIEE 6~THTHEL - RFEFH LD L RFYHIZ
fTONAREMLE W, Fe, 75 A F FORBESREY]
iz fToN A aEER L 3Bz, BFOBREIC TS AF R
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BERENETFORKE ¥ HICREL, HEFHHICHIRL
TeOJREME D R E NS, Liz4Hi-> T, Whatley (1977) @
BELLT7AFPOSEBBS I UVABEREFES LT
FAFRRT7IOSTAMLSBITLALLOTIEEL, &
FHIC B THLCER SN 772 F F2EHE L7
BEMEATE L,
REMOTEIFENEO MR L 2EMER 21T &
FEFCRIE LR EITS ., Z0RoREFTFHO7 o7
FANETTAFROBELLEER, 77 YOHEY
BABRTIO0Z5A P ENERETI S IAF N EEREL
lrborEZoNL, RFHICELs LTI SZ AL
75 AF R IELMN CRHEENARICELT Ao EEic D
WTIRTBLZELZ ELICHBNE2ET 5, &8, What-
ley (1977) DEFHIEBEEL 77 AF F £ RER £ D&
BR, BIRAD77AF O AZDIEGR, 7 AF
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Electron Microscopy of the Reserves Mobilization in Germinating Common Bean (Phaseolus vulgaris L. ) Seeds
Kouichi Kastiwasa, Toshiaki MATsuDA*, Hideo OisHI and Nobuo CBONAN (Stheo!l of Agric. Ibaraki Univ. Ami 300-0393,
Japan)

Abstract : The ultrastructure of the reserves mobilization in common bean cotyledon parenchyma cells during germination was
investigated using scanning and transmission electron microscopes. At the first germination stage, the ultrastructural changes
in cotyledon parenchyma cells were observed with the formation of small vacuoles from the protein bodies (about 5 ym in
diameter) . These vacuoles developed to large vacuoles by fusing with each other. Large vacuoles were surrounded by developed
rough endoplasmic reticalum (RER) and high electron-dense vesicles. During the middle germination stage, most of the
parenchyma cells were filled with large vacuoles, and these cells had numerous high electron-dense vesicles and small vesicles.
By observation with a transmission electron microscope, starch grain breakdown rapidly proceeded in amyloplasts from the
middle germination stage. Additionally, the young plastids had small starch grains, and few inner membranes were observed
during the middle germination stage. By the last germination stage, starch grains became smaller and eventually disappeared,
and the young plastids progressed into mature chloroplasts. From the observations by scanning and transmission electron
microscopes, the developed RER system, developed large vacuoles and numerous small vesicles seem to be closely related to
the protein breakdown during the germination of common bean seed. In addition, starch breakdown proceeded to the last from
the middle germination stage. The newly formed plastids with developed inner membranes were observed in the cotyledon with
starch breakdown.

Key words : Common bean, Cotyledon, Electron microscopy, Germination, Plastid, Reserves mobilization.
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