& o o®wm  E®
B P
F L ATE ceereereereere e et h et e bbb b e e as 2
B1E Y5 £E02 X ORFCKRLNIRENR X OF OHREIENDBIE -oevereerreeeees 3
1-1. ZHE CTORIERIIEDTEH] +o-veerrerreerrressemsieesitreiitseiiteesses et e saeeeeesnesseessassees 3
B D o 5 = Ty -~ T PP PP PP 4
1-8. WALAKIRE TOIRIEIIEG woveeeeerreresemeeneiiei s 5
14, \WAWAITEBHI T OIEIEIRE «roroveeeeeorrrererermrrtteeammititte et steeite s enans 7
1-5. THEIBEFEET DL DABPEEBIR «ovrerrerrmrrsnrsn 9
1-6. BT X BBHESEERDIEI «-vveeervrerereermeeemnrermmite ettt 12
1-7.  BEEFTISIF DI cveeerrrerrreesm i 12
1-8. FEM B X OCIEBERIG & EBRREDRTEILR -vvvveeeerrerrerrrersime i 14
1-9. TEEMEIS X OERREE DTS covveerererereremmreemreermte ettt 17
1-10. SREERBHEDIRTR «+ooveeeeererermrtrttitiite et 20
- PO 21
OB BT ET DEEMEDIRME -veeeveeerrrerrr i 22
2-1. ZHE TOFFTEDIEH] cveerrrerrerrremreemsireniisesiineraiiteesineessssesenitessiasssessasasssins 22
2-2. FRY BEIRD X R ODIEZFEME oeeeeeee 23
2-3. BTEEIEERID X 1 DFEIEMEME «oovevrerneemmenit e 25
2-4., ESERIERID P -ooeeereee 32
2-5.  BRARBEF ORIEIZ DU TDELREE «oververeereeremremienieeieit st 34
S - S PSP 36
H3E ELEMEDEBIEAD 7 0 — F coreeeerreerstente e 36
3-1. BREOBBIZDNTODIIE TOPFGE rooverrerrrrrrrrermmetranmtii. 36
R D o N = ST T PP PP PP 37
3-3. WK SR — VB RFIBIERIIE veovveererrererenermoteemne st 37
34, BRERNR — s BAARAIRE «oveerererereresrsssrsss s 40

YFAEETEHPLE LIZHRAREFD
FESFH B HHF5E

(1) BEHEEHPHETHESZE - At



— 2 — HERREFERSE 159 5

3-5. EERIGOTEH L L TDOBPEIL oeererrererrrmrersersesissiniiniisienie e st sesssesss e 47

3-6. T DBBIE L - DOTEZE «ovvereerersnerenreresseasmnsesestestes et et b e ebs s ese s 57

37, TE ] ceereereesresreseieirioie ettt b ettt b et 59

T - 60

TL R ceereeeeeeeesenteen ettt Rkt 62

ROSUIME: +++++++evevrrneereereeeeanessasnansmmenetteetaessseasaireeessenaaaanssteteetteeeeeeessesessnesansnmensssnsnnnee 67
¥ X Oh &

WAD 2 712z, BETHOCRVCABEZETSH00%L, FLHBENALHVCHRCREF TS0
THELDTESELVERANIE . 25035 25321I0LK, THLTRFIRD - LOMERCEEL
T, BREENVBWEER IR EWI Z LR, ZOPBOWRICL » TRELBETH- 1, 0D
FEERCIZWAVWAIbORSTONTELS, ThHED - 5D TRIRE V) FbDTOA, TLA
HWEWRESNL BV BATE, L LEF LR bR TV FERAKIR (dormancy) &\ 5 BEXT
DSt B EGCIREIER S & LA SR, BHED 2, 3 OFFEATE LT3 L 5 12®m, 53
ZFDRIR LT B LW 3 BE, F0 232 T CRFESEIEENDLIDIRVEWS Z LZEBRLTH
6:&%%£mot00ib:5v55*u,%%Tétbtébbf@%éhk%#&?*Tao5*
BEDEGEHERF LTV BLUE, AEOEBCHRALIDODELTRIGL TS L E2 5 LNYURTH
BH, ZANBFHCRIFTHH L2, BEOCRELERT 3 -0 ERT 54 H @0 A\ h
BEVDRL - TELAEND, Lnd, 0L 5 KARDESREE SRR T &3, RIRLL
PSR RIRLTVIR & W S RIBEERIC D 5175 2 LIRIELL 7\

Z T, v & ® (Fraxinus mandshurica var. japonica) @ X ZFMFEIFC -2 BETCLDT, X
OO TUFERREERD I D0 b E#HRLE LT, BRFRELVD 1 DORER L » THFNRRBIHT
7% ¥ TOEBRMBERY, BNCERTIHEXHERTLZ L 2BRL W5, BED, 22 0RFCE
BT O0EBELHFTHHZ LIL, TTREBLHDHLLATEH, EFILOBEFENEERIG
L LR BRE—HEORHIGC L » T, BRANCEBRINBERELDOTHS Z LB L1 (1956)D,
ZLTYF £ ED X FDORFICHRLIIRENE (thermoperiodicity) (%, Z DX 5/ BBERGICL - Th
KBERB LD THSD 0 '

LTI, BEHSAEFNOBRTLEDL I b bbh, F@hOfRL roX 5 clEELTHS
DELELNTL, DWTEBEMENRCACHEHAD 2 A ORFCHRD BRI ELbREZ L2 LB L
T, WARETORIRZ BIENCERT 5 E2 728 L, BECEERGICBIR LT 5 &Y b ¥
LT HIHD 2, 3 DRZEEE L, RFCKHTIEBARCOESRLYEX TR,

AR LD FLDDCHI), EHEMBHC CHREY AW R HEER S4I% s L O —
e, L LEHOBEERLET,

ERARELTIE D b T, SHWTERELWAWADIHER W, THERREEES
N#E=ELE, RRRIEREL, MHRFEXEBL, BHRROBEEEL, FaMTEmESEREI U



Y7L EET bl LICHARB T ORFETRCBET5HE GRID — 3 —

BELDOREDT £, Lic L TIHE L S¥EE 5 T E - YRt BREESEER) | ESEBL, TRTH
RERYIRBRER, HRRNL S FIRH KL - RUHEREESF $ ARV LT, O2b
DEFEHLONET,

R, KRBTk 50w, BEEHRE, |, BERAEEERMEREShD, &
D TEBL OF A HHECL - 708, ChbDH 4, L CERB Y, RENBREBEBIARED

Brebol BileBLbTFET,

BlE vYFYEOYXORFICHOIIRBMS LT ORBIEADME

1-1. ChETOREMFITOEN

B B LR EERIC O TORRIZ Ebd TREVA, FRHORE I, HEDREREC K
WIBREDORRED A X ORIEZHE LD OT, RHFCEIFTREOYELYRANCER LIS L L
T RTLLEIT < Tedr o foo WenT (1953)1 1 2HEH O RERICE T TREDOHEC OV TORFD I
T, BFCETHEHEEEY > 2F VT TH0 L 00RZERUIzA, Toore et al. (1956)19 (11X 5
CERER e R L REDBRE MBI Lice fEREFCAVWT 2 RERE, REEE, REEREL V53D
DS —RIT BV HR TV, FRC bbbkl OMER, k5 RREHHORS
BELDTHANL SO TEFLNC LERL TV B0 KB, BADH S FAR Sk idT, wil
BORHTH BFOLDO BEERIZ, WAHALARET, Zrrzr0oRREIC BBLSIETL)
TRFR LT, WHUB L b LBMbATV B, DF ) BEFLWTHREERI, b5
FEORBIOIFEDRBIZOVT, 350 HAREOBEECI UL LHTEEBIDTHS, TNIIK
BEERD I 2 b 2HE LAFRLIE D TER L, MAZHHC LR EOHEL T THE
JII (1957)1D, Grose (1957)*, Stone (1957)%)9D (1958)%), Grose & Zmmmer (1958)*%), STeARNS
& Ovson (1958)°D, Ouson et al. (1959)™, Arten (1960)D 7 E2HIFbhd. ThbOWENRLE D
HELTWBERR2GE LTARS L, 2XORMRENTTINC Lichi- T, BFOHERLR LILRHRE
B ien LW kERE, RERENOL(RBLWIBRELI LN, Zhbr TR
FHODLERINLEEGHOBNROAMNB LS5 Z LN TES,

LIAT, FRADRFCRIEFTHOBEOVLOORTL LT, EROPHEIEHINLOIL 19 i
RO D Th o 72ht, HERERIZOVWTEBEL ODWENRE b TE . £D/HT, HARRINGTON
1(1923)*) & Morinaca (1926)™ DEEIIBELERER LHERL 2 RFOLDIL, LIELEEIHZRA
BREMULDIDTHS, ChOOHEHER DS BT, TECZEBHOEROHESHEI R TN 52,
HLEBAIL, TRIEOREEENVL UL LOBHREZ LTI B LHRA TS, ZRER
B, TTRONNL S I RFEOIDOREEROD & 20 Rl ic T &g 2 22 BRI 20055
i, XFORFRENTTLEONTERCAEVT2EREIBYTH DO THL DM, ¥+ 5ED
BARORFCHFTHBEERYME LT EHR, 20X hBEEEROHEREYHLE LERFLEE
DREREFRANCEBRTELRIENL IV EITE LT

IITCRECKIFTHOEETOWTARB L, 1860 FICTAFRLRIC X 5 RFMECOWTOIL
U TORE™ LIk, BEERICOWTLRA UL buhkk OWENBERINTELN, ThbDidd
A E 2 DRREHFE LIcb DT TE R o 7o —F Funt & McAuster (1935, 1937)' i UE



— 4 — HWERBRENERE F 1595

BRBEEAND T 7 r— 7%, BorTawick & L OHFAWEE L BIC & - T2 S HEMBERCTTH LR, B
LN OBREYLEIICERT B BN LHNIED0O, ZhE X LIt TR oA E Tk
RWELE -5, Brack & Wareve (1954, 1955)'920 Bonnine & FDHFEIHEE - HODORHR
ThbHo PRDHIXFFORFICKHBIER .2 R &, TRADBBERPRRC IV LTHILATW A
ELDTIKMETEIRGTHEZ L 2hELMC Lo 25 LTHRIFL KL OBFRIL, FEHFCT5X
BEE W) R TRIVCERIND X 51Tl o fo ™UDIDIND, X Bz = S T 7 » C, BorTawICcK
—IRiE, HRODE FTRE Lic BFCET 5 RBRIEE BN T 5ERE, 2/h 0BREE THLL,
phytochrome & 7&-3iF 7229, ' .

ET Went (19401 i3, F= FORELFEFCOWTOENHELY L3 LT, EEM (thermo-
periodicity) &\ 5 Heh LWEEREREB L, 2% hhhid, BHORRE B, BECkITs®E
Mo WRECESR AL, BEE., BE EM) SIEE GEHD <2 o0&k AHEE
b3 Litl o TRIBEFER LI, EENILD v F DX F0 BFRIGICH L DIFER
1, phatv3 X RRENEROFELZERL TV A X S IKBbhvich’, TOBROERERL, BEK
R ELIACFET B LETRTIR G et &5 LTRFLEEL OBRD, BFLHOBARLER
CLic, e W) S TeERcERINS 50 L Bhbhs, Went (19419 (3, EiE#>
WTORBDENT, 2 FDRFILEIFTEROHRIBECLOLhD DT, it EREYD
> TV BRIGBENR DD b5 L 5 BRTORBECIXR- IR EDRTW B, HEhbiiks
"X 51, ZiuE HarringTon (1923)4) 22 MoriNnaca (1926)™ BOWERES KIAHCHER Li-f-» s &
bhb, EEFRKEFBROYHENECH bbb TR DV THI T TV B,

1-2. HHR&EAE

4 R ZOBETHDBWe YFLEDE R, 2RI EbLIEVWAED, 10 FOIRTDHIRLL
ADo7edDREY, FRBTE EWThbik 2°C ¥zt 5°C ORBECEE Lic.

1954 €0 x5 JLEEEIERRHEEHRBNTL - 7

1955 0 £ % RBEIGFIELRINCS 2 FHEMRBILREMEO b ©, RAEBKE XX 50
~60 FED 2EKD F VY RIB L 57ze A YKL No.1, No.2 L XU, FhFhoi++ K»nH8H 25 H
(I), 9 10 5 (00, 98 30 A (I, 10 A 20 B (V) D 4EKI- T - R

1958 ED & & JLEREE) | EHRRAEERERA T L » 1

IR R AL B R T 48 BIKEKIC O $ ¥ ii 2 2, BUR LD LIRSS RIRZATSH
PRSI | UG PRY ¢l

—THEFEH LAERTIE, BRRT2L -k 0.5% Fiuk 0.7% EREWEHE 7.5cm O Y —
Mz &2k, i - Thb 50 RO F1xEEDNI, £532EbREbo e MY -, T<
HOWVEIKTIEIC DDA,

R OFE Bk:l2cm DEDOALLMY —IOAICIEBRIATA FHTADS 21, LHbLLr— %
LW RS b ) — R E X .8 ,

—TIkERET 2 KBTI, BELEOTHTORIL S /2 7.5cm 0=+ Y — KR Z kb 0
LB, CHERERKE X5

RFERE: EBUEREELS DT, IORECIDWERELRMERL T L 1°C 0BEEEY L -



v%ﬁ%@?%*@kLtﬁxﬁ?oﬁ%iﬂmﬁ?aﬁ%(ﬁm) — 5 —

rvao:@15tﬁgﬁm%ﬁﬁoﬁﬁﬁﬁmx5%0@&6ﬁ,Eﬁ&@%ﬁ%&mhkﬁﬁﬁo
ﬁgm,—%mfukaﬂcoxﬁkﬁﬁﬁkciféhtoEﬁ%#m ok 2iE 25~8°C 0k 51z
bObTH, ZOHREOKT (25°C) HUERT (8 BERD BONIBET, A (8°C) 2% (16 B

6R 278 ; 6H 288 4 61 29\ /4"
BHOHT2468 10Ji2 46810
40 2?66”1//2463/0'/‘"2458/011246 oM £ :
—

v X X
10 s
L o e e e +
o o
[ e e o e e e e e o o e o o e e e e e e e e - ="
= 1 e Emme=s i S S S SSStsss
et S . . . . S
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E{bo—fl (25~3°C)

An example of automatic changing of incubator

temperature.
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Germination result under various temperature con-
ditions of Fraxinus mandshurica var. Japonica seeds
stratified at 25°C for 4 months followed by 3 months
at 2°C. In the following figures, an ordinate shows
germination percent (%) in case of no special note
(Asakawa 1957'D),
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Fig. 3 BEAEL 5 M eNF £ 2D 25DV AH LA REETCORERE
Germination result under various temperature conditions of F. mandshurica var.
japonica seeds stratified at 25°C for 3 months followed by 3 months at 2°C
(Asakawa 1957'D),
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NESREL B & 5 CBbhb. —F
EREHTEH, TRCHBLEL DR TH
BREL D b0 VBECIRAT D RFT
Bo WTRIC LT RFER B, —F
DBECEL Z LT X » TLEWZRET
THIIORIEA D BB Z &R LHLTH
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NTRFLIILH B, Fdh A

15°C.
25C(2)-2C3): S ~ .
Fig. 4 WAL AR BEBUEINE:
25C.3)-2C(2):$ YFEEDXFRDRERE *
‘Germination result at 25~8°C and
15°C of F. mandshurica var. japo-
nica seeds subjected to different
stratifying conditions. For example,
25°C (3)—2°C (2) shows the
stratification at 25°C  for 3 months
A 25°C)-2T()  25t@)-2t(1)  followed by 2 months at 2°C. S means
0 5 M “—7 the removal of a pericarp before
Time in Days stratification- (Asakawa 19571D),
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Fig. 5 25°C & 8°C #dHLy, 24 By
DT, FRETROBRECS Fig. 6 ¥F&£ =D 23DRFIKTS
B Z WAL ARLZTHBRDO Y+ £ TR R
ED X X ORFFZE _ Thermoperiodic curves induced from
Germination result of F. mandshurica var . Flg' 5. Thick or fine line shows germina-
japonica seeds stratified at 25°C for tion percent in two weeks or in one week,
3 months followed by 2 months at 2°C, respectively (Asakawa 1957'®),

under various combinations of 25°C- and
8°C-lengths in the cycle of 24 hours (Asa-
xAwA 19571®),

FFBERE LD LTS, £ 2 00Ru e s L, BEAEMML RT3 LT - TR
R Clnd B RERD LR 2 Lavbhh b2, DX 5 nRFOIDHOREEROERBMIEFHA X
BEML, Fig.d KXo TEDiT EHEBINDES 5o

1-4. WBWBREBARITORFREG

AT LB LIk 5 EBRERND, WALADOEREHNYF £ D 2 FORFICHRRT Lhtbhr
S T2, ERLIXVCTR L BRIC 8B, KB 16 Bk b DTh - e TIT, DFIC 24 KfF
DIEPT, ENETROBEC I { Bfll% 22 5 2 & 2RAI, 1955 FEOMD % 5%, REXOLTHD
25°C ¢ 3 »J, 2°C T2 ABBAEL, No.l, No.2 oA+ vRFc, b)Y —[UKT - HF
BiE% Fig. 5 © LT, 20X 3eREREY, 24 BED 5 B 8°C KR\WcHEEEENC L - Th &
DX THBE Fig. 6 DX5IB, ZRBH2EDFYRELDAFIE, FhHTILKLEEFREEXL
HLT 5, 8°C EMND BHINA UM LBIZORT, 3R RBFELRLDBIThED, 3R
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25°C.-PERI0D(HRS)
with constant 8 C-PERIOD of 20 Hours

Fig. 7 8°C s Bf%&—E (ORRDIcE

L, 25°C kB A LAITh

ITBADYF L ED X FDRERIG 7

Germination result of stratified F. mand-
shurica var. japonmica seeds under various
25°C-periods (hrs.) with constant 8°C-
period of 20 hours. Painted columns show
germination percent in twelve days in
darkness. A bar above each column shows
the increase of germination percent in the
subsequent ten days, during which the
seeds were exposed to white fluorescent
light. Stratified at 25°C for 3 months
followed by 3.5 months at 2°C. Those notes
are common to Fig. 8 to Fig. 11.
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Fig. 9 25°C & 8°C » 2 DR EI s < By
o e LS L, £hb o Bfrkis
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B

Germination result of stratified F. mand-
shurica var. japomica seeds under four
kinds of thermoperiods, in which the periods
at 25°C and at 8°C were equal. See the
notes of Fig. 7.
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4 3 16
8°C.-PERIOD (HRS)
with constant 25°C-PERIOD of 20 Hours

24 32 40 100

Fig. 8 25°C wis{ Wefl%x —& (20 Bf)
L, 8°C B RHEEHNATH
XIBEDYF £ D 2 F DRERG

Germination result of stratified F. mand-

shurica var. japomica seeds under various

8°C-periocds (hrs.) with constant 25°C-
pericd of 20 hours. See the notes of Fig.7.
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Fig. 10 25°C & 8°C @ 2 oDEEIIC ]k
BEOZEXRA LI L, FRbDEA
B E N TBBRDOYF L EDXFD
FEHERG

Germination result of stratified F. mand-

shurica var. japonica seeds under various

25°C- and 8°C-lengths with the same ratio

of both periods. See the notes of Fig. 7.
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BV, 255 X XNREFET B DI, BRRGICEE L W3 REIBRGERTS & LAhWE
LEbhB, ’

ZCTEBRIBEHZ VAW AEH L IBEADRFRIGE L b1, 1958 £0 & 1%, REEOL
THHERKRICE &0, BEEKMHT 25°C T3»A, 2°C € 3.5 HABBAEL, Thrbo&Do3
ERERFHEOEE, WALAREEHNCIZAMBEFRR YIS /8- 0. 12B BORb h ILERE L b
HLix, 256~8°C DERHHT 25°C DHWHCEN : EXBEXE, $L£ 1,000y 27 2)%HTT
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DHLEFTTHZLRHELNTHD, 22 Thbuietbhicouv ik, EEHMEEERHORS L Z5
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ZLMTE, 8°C (20BFff)—25°C (4B OEEMITLARFETER 2RI, Tehidh 104 T
WD THDo —HELF 20% % 8°C (20 B —25°C ( 40 Bsfd) DEBH T2 3RFET &
NTEB, DEHIALORND, BREEROBECOVGCTHINC O » 2 %% BATTHZ LRNTE
%o

1-5. FRBFEFRET? < LM IEFER

THISRFRED S L TRFTEInh - 250, BELAEY b ok & L8 URETHRIEL T
300, b5ikh3EENL EHEBRENROL DRICIH KRFELEVOIE LB LN, ZOXED
RECBTHRERGE b E LACT B bl BE ks bbhic, #2T15°C & 25°C DERLKMETR
FERBRE T - X%, 22 BEMD 25~8°C IR 5D L Thiz, FDFEEIL Table 1(1) X35 Th5
2%, 25~8°C L5 DL T biL, FLALRENALNES -7 BIRUL D RREREY, R UHOREFE
BENZ LB DT DNTTln - fehd, FDFKEFEE Table 1 (2) DX 5Thb, 8°C, 2°C KLU
8~2°C b 25~8°C i3 D2 LIcbDEDFWT, 5D LBERMETIE, bEVRFELARI -1, &
I 25°C 2B 523N DTHHBLS Lins e THHLDERND, 8°C LV HVWEETRIE TS
Do e X DIENT, HAMERIENEZ 5 12h, H5VEERRIGC L bl - TiA bhDBERNLR
BHORIRINC O bhicZ &2%bhb, £FLTIDX 5 RBIX, O&DS01T 25~8°C ODEBLRHA
IOLTHBERIZRDEDAE V. —F 8°C L HEVEETRIDOX 5 BRI TTERLT, RF
Ulghro e 20L, o b WREELED - LAV EMEZUREE LTuh it T8k,

LIBT, Tk i 25°C b - IfaiT, 2530 TCHERGNRED L 5L 825 EDhA,
Fig. 11 OBERNPOREZEMIND, DFH 25°C TTTir L 5 is SBRIGH 72 BRLE T3 2,
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Table 1.
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2 159 &

TFEED R FORFCE LT TRFREOYE

< PY MUK, () POBFIIL LD b ORREER
Effect of temperature on the germination of stratified F. mandshurica
var. japonica seeds. Germination percent in parentheses shows the total

from the beginning (Asakawa 1957'D),

i3

B

n B & #

Condition for stratification

Temperature

(Time in months)

X CHDORFREE

The first incubating
temperature (°C)

I UDDOEFRET
D 21 HORFE
Germination percent
in 21 days
at the first
temperature (%)

25~8C° 25 oLT
A H21 A O FIFR
Germination percent
in 21 days
after transfer
to 25~8°C (%)

(Time in months)

temperature (%)

» 15 5 2(7)
E 25°C(1)—2°C(4) 25 0 0 (0)

REAOU

} ) 15 38 4 (42)

TWBE R 25°C<2)_2°C(3) 25 6] 0 (O>

. 15 16 0 (16

With 25°C(3)—2°C(2) 25 0 0 E 03
pericarp

15 4 0 (4)

25°C(4)—2°C(1) 25 0 0 (0)

CBERE o | 2500(2)—2°C( 3 15 75 3 (78)

TR x (2)=27CC8) 25 14 © U9
Without 15 60 5 (65
pericarp | 25°C(3)—2°C(2) 25 4 3(7)

(2)
A EERN LUBORFEE | 6 51 ATREE | 2 ool B ORI
E ~ 1 ZUHD D 21 D »H21 B DR
Condition for stratification Germination percent | Germination percent
The first incubating in 21 days in 21 days
Temperature temperature (°C) at the first after transfer

to 25~8°C (%)

25~15 82 1 (83)

BEEHDO 25~2 68 8 (76)

TW5BE % 15~8 82 4 (86)

25°C(3)—2°C(3) 15~2 79 7 (86)

With 8~2 48 46 (94)

pericarp 25 20 0 (20)

8 .70 24 (94)

RBERE S | g500(2)—270(4) 2 50 37 (87)
 Without

pericarp 25°C(3)—2°C(3) 2 64 36(100)

DEDDNT 25~8°C DERFEHEHIL TS, bixebiicd Ebinw X 5 7RBIOL bhb, Tt
FEATREERR, 20X LEHRC X 2HEBES, BR-KRBBAECX - T, b KIRRE
HOEPINI 2R DI ST TRENCR IS b LW L Thh, TDZ ik, Table2 L LOTHR
HOEMBIND, DE D HLHUHERREBAELGE 52 Rk, RT3 25°C ORFRER



YF X BT RPLL LIEMABTFORFERCET 55M%E GEID

Bhrhich e, BR-REREBAUEY 5 Fcd o0y
DERAEHHET, Wb UB L BEMBES I,
Fa VeV <Y ORFICE JTTEBAEORHFCD
W, BE—ERE—EKE 0HAEL, BE—EENHA
BENR LA ERT CIREDREY bbb T2 20%E
FRTVBEID R, ZoriRbhicflicknwTh, &

_—

Fig. 11 25°C i&icd » el LBHEO L b

nicDBEfR
Inhibited germination of stratified F. mand-
shurica var. japomica seeds with the increased
period of incubation at 25°C prior to transfer
to alternating temperatures 25~8°C. See the
notes of Fig, 7.

Table 2.

%
100

< bY—MR, ¢ ) ADRIFERITLUDHBDOKE
Subsequent behavior of stratified F. mandshurica var. japonica seeds
incubated first at 25°C. Germination percent in parentheses shows the total
from the beginning (Asakawa 1957'1),

~

— 11 —

12

ZU® 25°C DRFBEEC R\ ot F £ ED X FDFDEDOKIG

] _ 25~8°C IS | BIEFLIED 72 | 5 goc w28
manEee | Zoton | Simiid | CRerins Bness
.y . . [=] @ =] D flal . .
Condition for stratification Germination Germination Condition for Ge;;‘:::ittlon
percent percent re-stratifying in 28 days
Temperature in 21 days in 21 days non-germinating at 25~8§C
(Time in months) at 25°C (%) after transfer seeds %
to 25~8°C (%) |(Time in months) o
2°C(5) 0 0 (0) 25°C(2) 75 (75)
B 8°C(5) 0 0 (0) —2°C(2) 87 (87)
TW5B & 3(|25°C(1)—2°C(4) 0 0(0) 12 (12)
With {25°C(2)—2°C(3) 0 0 (0)
pericarp [25°C(3)—2°C(2) 0 0 (0) 12 12
25°C(4)—2°C(1) 0 0(0) 2°C(4) 3 (35
6 (6)
%&& & e} p— (]
tﬂi‘ 2125°C(2)—2°C(3) 14 0 (14) 5 (19)
Wit out o, o,
pericarp 25°C(3)—2°C(2) 4 3(7)____ 8 (15)
: ; DI 5t X FDHE
RCREIR U %%Zl)i’;ig f}f ;{1& 25~8°C TD28HH Remaining seeds
Condition for stratification Ao = DRFER
Condition for the Germination percent| X %5} ﬁ $ Z —
third stratification for| in 28 days WE|PF G IxrgH
Temperature remaining seeds at 25~8°C (yy) %3 f- § E‘l‘g
(Time in months) (Time in months) o 39 | 'ET: A
=i
2°C(5) 16 (91) S 0 4 9
REAOW 8°C(5) 3 (90) 4| ol 6] 10
TWDE A 2500(1)—2°C(4) 54 (66) 24 | 3| 7| 34
With | 2500(2)—2°C (3) 52 (64) 35 | ol 1| 3
pericarp | ysoc(3)—2°C (2) 2°c(2) 72 (75) 21 0| 4| 25
25°C(4)—2°C(1) 57 (63) 31 0 6 37
BBELoR(25°C(2)—2°C(3) 53 (72) 23 2 3| 28
Without | 25°C(3)—2°C(2) 50 (65) 14 0 21 35
pericarp
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UL BEENBETHDnD L,

1-6. {ERICK ZEEEBEDOEE

HiEiT, THARFREC AN X Ohic, BFCHEEBENTREN O OND L2 E b2
L7oAs, 20k 5 iSRRI T HiR b D ThH s Z LA Table 2 DEENLHEEIND, ZO8RY
L2ndb % IobitfTis » e ERIER % Table 3 i LT, ZDKERIL, MECHEBENMERICX - TD
EohB 2 L fEDPDIIEN D TR, ok 5 ieblEBES, 15°C X0 b 25°CTF-20HTLBHL
{FTTLze%u LadbLiz, Table 3 KLUOF LT Table 4 22bbprskiic, HAEBEOER
CIBABZELD TR W T T KEHME2LT, EENEDOL S T Tk K0
Table 4 2L LIHERTH S,

RFECHTBDRBME

-1 #ithshick 51, Went (1948)"9 (X, Morivaca (1926)™, TooLe''V is X UF HARRINGTON
(1923)*® DWFE FIHALT £ 53D BHFC BIIFTTERD PRI DWTRUEE, ZLIZH2% Ok

Table 3. FFISHRFRETYFFED L RO bhilEBRED
ER X HEE
Recovery of the inhibitory processes occurring in stratified F. mandshurica
var. japomica seeds at unfavorable temperatures with the increased period
of cold treatment. Collected date : I (Aug. 25, 1955); IV (Oct. 20,1955)
(Asakawa 195713,

1-7.

; . FFE Linhs o Iz | 25~8°C TD21
o= S b 7 - Lo RFRR A xESID | AMORFR
(FHBtOFEERERHD) B The first germination test 2°C T L7z | Germination
Condition for i NEED) percent in 21
stratification Mother e Period for re- days at
Temperature tree B E £ &% 21&3:‘:1@%?;1% stratifying non- | 25~8°C after
(Time in months) Temperature percent germinating the second
(Collection time) | No- o in 21 days (%) | Siomine) c Strat“}:at“’n
25~8 74 —
No. 1 25 6] 93.5
25°C(3)—2°C(2) 15 19.5 94
3
(1) 25~8 64 —
No. 2 25 0 97.5
15 9.5 100
25~8 68.5 —
No. 1 25 0] 96
25°C(3)—2°C(2) 15 18.5 94
2
) 25~8 78.5 _
No. 2 25 6] 98
15 16 98.5
25~8 76.5 —
No. 1 25 0.5 55
25°C(3)—2°C(3) 15 26 70
1
() 25~8 83.5 —
No. 2 25 1 69.5
15 18 83
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0, BERYERTS 2 X20BRCF K& 2050, Table 4. 25°C iz 10 B\ 7o b\ 7510
3 AT -RHEE
FRRBEROEL L L L T, BRAEY I YrrEosF D b

BEOER (5°C) & X 5[E1E
S CHAEFTH LI HEER L Y LI, BRC BRBNE LM : 25°C(3 R)—
. . 2°C(3 ) BBAE DL T
. DX Th > THRTIRIRNEE b3 =
RIET5DRIBETH > THRTIXILF 73‘5 Z x B> SRR s L .
2o £ LTZOBRRIL, HHORE LB & F— Recovery of the inhibitory pro-
TR ULV DE LTS, L LI DX3 cesses occurring in stratified F. mand-
. . shurica var. japonica seeds during the
RBER 100D, BES RROYEE 5T B 10-day incubation at 25°C with the
DI LHET D L1 B Tiove HE MoRINAGA increased period of cold treatment (5°C).
. e e ) Stratified at 25°C for 3 months followed
(1926 B, RBOBAS T EHOTSH by 3 months at 2°C. Kept in darkness
Bk LI Z L &EDdi LT 528, EEN L from the beginning of stratification to
’ . the end of test. Germination percent
T—EOEREER, & L AHLRFERE CA# in 12 days at 25~8°C just after strati-
BEESERN O s &\ 5 HE (Table 1) 13, B fication : 79.27;.
CX T T . 3T ] 25~8°C To 12 HH
ST L - T "B #BE D FH00ERTIRRL @m?‘if@mﬁﬁ . .ng - )
5 N U S 5 erio Or CO! - ermination percen
THERHE VL RATUBES, ¥EHLXETH treatment (Days) in 12 days at
BT EERLT B0 b LARROZEAYELEE 25~8°C (%)
ChVTHRDLEX B, Fig 11 O X5 ks © ii
10 .
REBRTHLREHETH2, 22Tl “E 20 3.0
B L OREOR, BFCSTIBEOBEYE LT 40 24.8
DEETHB, DE D ZXORHL, HEELODA 80 A

TUWBEBIEVC LT OFBE DB WD TV ATEESEHDTHY, BEORUNCLL—ETH-
Th, BORRANRTHhE 5 bEbIuERFC =513 Th %, '
ZZTHED BRI LWIBERIDVS, ThIEIRBROKRIEDY 2+ 2 ThELLhERED
DTHY, 2L YWEINBEOBEC - THZ LRI T, RUDTEFNORIEITES &
W5 EZ D R, co-factor BERTH I LILL - THRBEMIMEARTE LWL 53 ELXFOIV R Lof L
K UThbo 25 LT, BBERFHEOHEL S THERLTHTHD L THUH1D, BELEDOR)
BT THRONTY 4 2D X3 OFFILH LR A BELBERGIL, Went (1944, 1948)10515 0
W X REECRIGE RS B BS, ThbbRFCKTHEEEOFTETLD LELbNDE, ZDE
DIETHISENICL S, BENEFORFECHELBIETHILL Y BB LOATERY, Zhb
RIEEE L WS RO b LI BRI hARETHBES 5o
LIATHEZTDLIA, YF X ED X XDOEFRKITHEEWER, “2 LinsBERY b -2k
DRIERDH WD AT VAR L 5 ThebIhB” L i BEM R, E&NLHERGORECSNS
ZEREETHLD, CHETCREENHELL 2,3 DERDOWTIREIETSNBM, 22 TIhbD
HERIEEV - 2D TRBARKG L 8305 L, YF £ 2R UHERLGECEIENFRICE B L5z %
DRED “BEN” X, BRI > Thehdbbh, ZOBRINLD 2 XxERFCETIOTIDL
ﬁbhéoBmmmw(ww?”%@&imbxsm,:@ﬁﬁ@%x<®m%&%u,ﬂ*%ﬁﬁm%
DTV O DRBEEN DS Z L EFER LTV 52, L LBRTWA S S 1 DOREADRKILN:
k- THRMS NG bDThhe EDEFCHHICIII D X 5 7 X 5 DI Tit, TREEN Y ) 2E
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RREFNOBBRTHDBIES N, ZOX5 5 EFDED “REN” 1, Isikawa b\ 5 LRGSR, |
WX MUTTRBROKBRIG DD L o Thehd bhb b0 L Bbhs. WIThoklkd, BEaEc
Lo TOBUD LW le 5135 W0™n, BRAENMZV S US Lk LA, $HhdT
O WRETRF LI LD 2EELE 2 bb¥5 L, S 1 DORFE~DRK L E 2 IniFhidic b
Wi Litiglse LndRETH BV 2BIC b LTFRT L 5 RERERN D, hbOREADEE
MBS CHNL LICERRO S 0Tl 2 R BBEINRD 1A 5,

1-8. SRS L VBB R & BRI OHEEBEE

A% T Lad L BHFRROAIAL, Ko\ THICER R (L bl T s » 7085, READ L
BLEPHFRERY LORD LEC b 2BEOHNS., BEELPEY SXFT X5 ik Bbhith-
oo HFHLEBERIE L OBFRE LHLRBILUHTORARL, 25°C KX » T2 b AHEBENL
Lo THEY 55085 hEonTiilehbiic, 25°C IKfb - o= b U —[IKIE, fH 8 Risots
bicx 5K, EFE—REREIIHOE, THREXEEEXREY KIRC Licks k% 1,000 v 7 2D¥%—
Thicx BRES 5, WTRBREA EHRLIHR LD BRI - o
DVCTEBLAEOMONLGOHEL, EFRROMOKLGOHEL LN, 31 AMoERELE
i & REFRBROMIE, FH SHHEEE b2, 20 OERAEMEIT, SEOBFKCE 4 2 M

Table 5. WAWABEBLE LY F £ ED 2 X DORFCEK IFTHOEE
BEBUE O B\ ICIFEREET, BFELM S STEMCHKREX LR
Ul B0 LD, ThEhORFESRMETO 12 AR ORIER
T, () MiZZoRk 10 BiEER 8 Bitx b TTRIFI-IID
Ehibef 22 AMOBRREIFER,

Effect of light on the germination of stratified F. mandshurica var.
japonica seed. The seeds were stratified in darkness, and exposed to red
light just before transfer to germination conditions. The number without
parenthesis shows the germination percent in twelve days at each germina-
tion condition, and that in parenthesis shows the final germination percent
in twenty-two days, during the later ten days of which the seeds were
exposed to white fluorescent light.

% i SFREK R B Ligys eI A L
\ C°ndf‘;lr°n Not R-irradiated R-irradiated : 3 hours
ger““na“°n 25°C 25~8°C 25°C 25~8°C
BT \ o m | BC 0hVE B =
Stratifying = “ XxHTH a
period Darkness Light for 25°C Darkness
at{ oznstig) (13[&3 zft;(s:) % % % (Germination percent)
5 o 0 0 0 0 0
(€D) (0) (0) (0) (o)
s . 0 1.3 5.3 0 3.4
(0) (1.9) (18.9) (0) (6.3)
3 2 0 29.2 74.2 0 50.3
(0) (32.6) (87.6) (0) (51.4)
5 5 0 15.8 — 0 23.6
(0) (23.6) (C) (0) (32.6)
5 5 0 79.2 84.2 1.8 78.4
(0) (84.6) (95.9) (1.8) (86.0)




YF X 2B FERLE LHMABFORFEFCETIHE GRID — 15 —

FIF 100 vy 72 CEIR : BXEEXR OXE 20 55 TIIETTHS. TTREELLI FITD,
CORECEBAE L 2 X DORFEL, KLk TUTELAEEEY S w2 Liibh b,

FITOEDRRE, WHLCAIRELE LT & 5 DRIFICHKIT 5 ORE R 72 Lo Bl fFis »
too BERIC 0.7% DEREZ DDV IEXDOFNT, HHREIHOBELE -1 L ThHD, Z0D
EBRTIL, BERBAEMMXTNTERICCL D, BEFRRIC) o7 L FRBEESRA - BRETOHLTLL
OhIDRIbITee ThLENDORFRREMC 1o T 58RI Table 5 DX 5 Thd, ZOFBRITE
5T, YFEED X FDRFCKEENEET B LB E LTI 1A, THENEED #2535
BT, FFYIBOFXACOWCTHREENALDLNIZ LD TOHTH D, + LTHENILBELE,
X R ERERABREIR A0 TARORTLEWE S bbh, FOBLLCTLEWELIbES, &
TR LIEWIC R E BB K e B DL, BEEN LIEWIZ s E » THIEIR L » Thb 51T
555 LV B 2O0ORBRENBBAEICL bt TED L5 CHERT 52, & LCERIEOHE
BFHERED X 5 b B NEDOV TR, S 2E¥DHTHIND Z LiTT 5,

2 X DRFCIF BHBRIEIC 2\ T, X (1 6,600 A) 2R2FL{BEL, FAX (9 7,300 A)
DRFERIHT A, ARGRLAERRE LB LTHHNCAH D 552 L RN0ALLRATE
FoEOODI0 A2 Y F LD X RCHRWIEINIEERRIGA, B L L5 IerlHiEY - T30 850
ZLON, JjEL Table 5 KL LAEROBAL E - KR UT, EELEHRE (25°C: 42>
A32°C: 22 ) BT TR LD, FHEME (25°C~5°0) 125 DF & FIHMBA L F7s - f
Table 6 I LT X 5 ERERND, Y F £ 2D 2 7 DRFCHTHRBRIGIZ S, REt L FAk
X o TR EEEE T A RERSBER L TW B e b ELDEIL - Tee & 2 TCRERLLR TV BH L
HARTRRZ &85 RiL, TR X - THREXDOBEHRITBRIC ) BT IRV 2 THSH, 20
Z ik, FARKETERH LB ECHR DO HLABEOREDRE & biT, IR ENHMEILE
Frudicbigve FREEENT h= V<Y ORBUE LI £ FITOTHR bk, TOMLED £
F, BBV v 7Y ORFITATBRCAHMNEST LcD T, HRRIBC X - T 5 LiBbhis

Uy

Table 6. FEFXLFARLIVWT BT FFED X FDORERG
Reversal of light effect by repeated alternations of red (R) and far-red
(FR) irradiations in the germination of stratified F. wmandshurica var.
japonica seeds. Stratifying condition : 25°C (3 months) —2°C (2 months).
Irradiations were made just before transfer to germination temperature
(25~5°C). Dark control : 44.0%. Daily white light for 8 hours at 25°C :

93.1%.
@ 5 ﬂé@ s 60 min. firrad. 120 min. firrad.
Irradiation Germination percent in 12 days
R 94.0 89.4
FR 62.2 59.6
R+FR 71.8 66.9
R+FR+R 96.1 96.5
R+FR+R+FR 66.2 62.0

* Asakawa, S. & T. Inokuma: HHREE 43, 10, pp. 331~335 (1961)
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STRBRIGL, TRHEB TRV F L D4 3 2RIFCETILT I LRTERND LV, KaEl
PChic 2 5BBTRINEETLT, FLFFRROI LD L DL BB /TR IO
FOST, BREEE B MTERFCIIG R BV, Ei 3 BREIOKENC X 5 1 ERS, B
BB BAOBEI D13 TR0V, 2RI ub s LWRES AL LI 26, X%
51 E BRIENFEFADBEOIIX CHOWH/MTHE L T T, BBRIGE LB XEWED O T
55T Db KBRREMFEEANDERDILUDOMWHCH S L1, Table 5 O 12 AHEOHIFER

Table 7. FIFRE (25~5°C) 32 LThboRKHORBEL, FaXBcinT2
TF £ EDZ T ORFER G OBIR
Effect of a single red irradiation on the germination of stratified F. mand-

shurica var. japonica seeds at various intervals after transfer to germination
temperature (25~5°C).

(I) R-irrad. : 120 minutes (II) R-irrad. : 30 minutes
Seeds stratified at 25°C for 4 months Seeds stratified at 25°C for 3 months
followed by 2 months at 2°C, followed by 2 months at 5°C.
RFRECS> 2L T RFERECT5OLT ¥ F  ZE
b DR M IZEFEE],@%#$ b DEEE Germination percent
Interval after transfer germination Interval after in
i tot X percent transfer to
germination temperature . ermination
(Days) in 12 days temgerature (Days) 12days 17 days
0 89.4 0 70.7 —
1 89.6 1 90.8 —
2 92.2 2 77.5 —
3 85.3 4 77.4 78.4
4 91.6 8 €0.5 84.6
> 86.6 Dark 1 53.9 64.7
. 1.9 rk contro, . .
Dark control 44.0 The germination percentages in 12 and 17

days were obtained for different lots.

L 22 AEORSERLHB L Chbhd, D% 12 A HUBOXRENL, FRUMCEBRRETILD
NICREBRIGLAEDZ DI ENTERL L, bodd, TOZLIRITLHD 12 HER B2 NAREESRNE
o TRIgBHH, ZHREDOWTIRRETSNBZ LT B, 7tds 25~5°C ORFEET, XBHOD
ENHBLBONEL I DRE LORTHIS, BHERECIO2LTrH8HHEETE, kAL LTLD
{EERHEIH L DB (Table 7),

DX, YFHLEDRXRCHETHHBEEL, b5 » 2 CRERG L bTUorkiFuiic b
WA, TRECRBSM Elsholtzia D& FOWTHEIN TV, ZHIZ LD Li-—EOEREE
iz, KMEFHRGE &8 LTRBI N5 RED, BERIGIHETT 2 cHOMBRAREL LTRZ> T
WHZEEERL TS, EHORIBERG L EEEE L 0b\ X0 BAREREES LoTHEkL 5 HREZ,
FREXDOEREIBHD, WOMCTTIIS 528, 25°C TOL bR AMHEBEYEHEI RS 52 L Thb.

Table 8 DERERIL, 25°C TOMFBREOTTARAL, FEaXick 5L 0 AHEES L OBREL
BHLTVBH, KX HERRYOFEMIR, 25°C TORGENTTHIRI2RTLEWRDT 3,
HHBREU T TASHEBRIL, 1-6 HiToNL I, ERER Z LR L > TDHRD - L b RR
Az, ZOMEBEYDFHFEXDIER, TTRONL I HARFTLLBLTEI-TWAZL
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Table 8.

25°C oK b fEERBROFRENBHT X 5EE

Recovery of the inhibitory processes produced in stratified F. mandshurica
var. japonica seeds at 25°C by the R-irradiation just before transfer to 25~
5°C. R-irradiated immediately after stratification and then transferred to 25~
5°C :89.4%. Dark control : 44.0%. Stratifying condition : 25°C (3 months)-

—2°C (2 months).

25°C T\ oA K Bk B A 12 A DOFEIFH
Time in days of R-irradiation Germination percent
incubation at 25°C (min.) in 12 days
3 0 29.2
120 84.9
5 0 2.4
120 51.4
0 0.6
7 120 4.1

Table 9. 25°C 125 A\ o v F 4 € D & 3 DRI L EBHOBK

Reversibility between R- and FR-effects on the germination of stratified
F. mandshurica var. japonica seeds after 5 days of incubation at 25 °C,
After 5 days at 25°C, irradiations were made just before transfer to
alternating temperatures (25~5°C). Stratifying condition : 25°C (3 months)

—5°C’ (2 months).

— 17 —

0C 1 Gl <Fe BB U7 OREE & Wi F* k3
25°C KBV HE F RS E Germination percent
Incubation at Irradiation in
0 (Time in min.)
25°C (days) or prechilling 12 days 23 days
0 No irradiation 48.5 56.8
R (10) 81.6 —
No irradiation 1.2 9.1
R (10) 12.0 49.7
5 R (60) 13.7 58.9
R (60)+FR (60) 1.9 10.3
Prechilled for
90 days at 5°C 90.9 94.3

1%, Table 9 DEERILHE LI TS,

Uketin T, WG 3 MBRIEI, Bortawick HICX » TRIBIRTU S & 5 RERAOD R
D2 LIRS 0 LT, 34704 & bEIKIC HBY b 5 bOTHBIES 5o X 5 IR
B, bHAREDOREL S & FIOHEERGSHRINCITI 5L 52 b, RBERKGOFTCIILBRIG
L OB HICHE R AT DI EES 3 | |

1-9. BB & USEREONR

¥F £ ED XX ORFCHET HEEERVBELAERECE - Trb2 T L%, TTROR BB D
ERELBLTHELNTEH S WALWARBEMEL 12 FTOWT, ZOX5EELLAEE
2, FRERAECO 05, ERMMEEITHCONT, BHEOSVOREEROIERMEI A
D, Lihts TRARCRERFRLBINT BERSR b, ¥h0k ) b, BELE ki
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Stratification at 25°C. for | Month
00 followed by

1001 2 Months at 2°C. - 4 Months at 2°C

50f i

0 1,

o |
[+] 4 8 (4] 20 24 ] 4 8 1e
Daily 8°C.-Period in Hours
o Stratification at 25°C. for 2 Months
% . followed by o
lw[_ , 2 Months at 2°C. [ 4 Months at 2°C

50 -
0 : A I | N
o 8 16 20 24 ] 4 8
Daily 8°C.-Period in Hours e » o
Stratification at 25°C. for 3 Months
% llowed by -
100, 2 Months at 2°C. _ 4 Months at 2°C

WT -

8 6 2 X 0 4 8 6 20 4
Daily 8°C~Period in Hours

Fig. 12 BRMESFMAC X 5EENE & XEREOHEE
Germination behavior of stratified F. mandshurica var. japonica seeds to various daily
thermoperiods and to light condition. Each column shows the germination percentage
in 12 days. The painted, blank, and shaded column show dark condition, white light
for 8 hours, and red irradiation of 6 hours just before transfer to germination tempe-
rature. Abscissae show the daily 8°C-period in hours, and for the remaining hours
seeds were kept at 25°C.
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3EXCBRAYDFL LT »TT o L3R bbb,

DUTHIBICH & b LIREMER .54 »C, BEESEBAERC L > TEO L S khb b
& LHAR, Aif Table 5 I LS LIERE ¥ » o B UHET, FEBLAERKINT Tk URHHY
CAEER BB X 5L, RABCRFERRET - %o BRERO L DI, WEBLAEETOE ¥ RFLEC
590L, bz 5R0L01%, BHALEIELT, 25°C KA TWARE L% 1,000 4 v 7 A
DX OLlR : BRAELR) 25T, 8°C ObLREBRREC D - 1o —HHREXEHE D boWk,
FFWE 5 OTEMCEEL LKL LT, 6RHREXCLTLOL, SAUBKTIER DDA THE
BEHTH LU,

Table 10. 1BBME LM X 5 EENE L REHEOHR

Germination responses of stratified F. mandshurica var. japonica seeds to
various daily thermoperiods and to light condition. For ten days after the first
counting on the end of the 12th day, all the lots were kept at 25~8°C and
dajly exposed to white light for 8 hours at 25°C. The number in ( ) shows
the total germination percentage for 22 days. Light: Daily white light for
8 hours at 25°C. Red : Red irradiation for 6 hours just before transfer to
germination temperature.

b=l Z ZE = Germination percent in 12 days (in 22 days) (%)
i
Sraiting % B 8C I % \» % B M
period in months Daily 8°C-period (hrs.) in the cycle of 24 hours, and 25°C for
at the remaining hours
0] 4 8 16 20 24
25°C 2°C
Dark Dark Dark Light Dark Light Red Dark Dark
2 (0] 1.1 1.7 11.2 5.4 33.6 18.7 2.4 0]
(1.1) (1.7) | (15.0) (6.6) | (41.4) (20.0) 9.6) | (47.1)
! . 0 6.6 | 11.3 | 31.6 | 33.1 | 42.5 | 88.9 | 39.0 | 14.4
(6.6) | (13.1) | (47.8) | (41.1) | (53.1) | (43.8) | (59.0) | (62.4)
2 0 2.7 11.8 47.9 37.0 74.0 66.2 23.8 1.8
@.7) | (11.8) | (67.1) | (46.8) | (84.3) | (66.2) | (54.8) | (73.6)
2 . 24 | 326 | 405 | 61.0 | 70.0 | 92.5 | 88.0 | 75.6 | 32.1
) (85.7) | (43.9) | (66.2) | (75.3) | (96.4) | (88.0) | (92.4) | (90.1)
2 0.6 10.1 37.6 43.7 35.6 91.3 78.7 55.9 5.2
01 1.3) | (37.6) | (52.5) | (53.2) | (95.7) | (84.9) | (80.5) | (95.2)
3 4 30.9 56.0 - 75.0 90.9 81.9 89.6 87.0 81.8 65.2
: (56.5) | (76.6) | (94.8) | (87.7) | (95.7) | (90.4) | (93.2) | (94.5)

THBDORROFRERGE Fig. 12 KX O° Table 10 iw L, Fig. 12 132 & @K, X&RMED
WEIL> F ) LBLTHED, SHETOHEDD 55 L0f Table 5 DEFENLHELARLSIC, ¥
BEHLIFRE CMRERRBAEDO—HEFTIb bbhich . BREBAECOEOSHWTERRLS
HEDILRL - TR UDTEbbhsEEY, XEEL, ThThoUEMH LR T52hTL
KWie2Xk¥), ZUTHREY LEWRIbES, 22T “IhbEn” 2\ iERE, HILEESR
e, REHEEZERLS LB LWL, 2D ZALDORBE OV TORFETELENROSNB L)
ZEThB. BABC X ARBHEOWRIC OV TIX, T TR EBOHERD 2 5o THEIA T
O™, ¥ Fig, 12 ThEb X I, XBRRGOEERGC X5 RTOEM, & ERE
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BABECY - THEIND L5 Thb, 5 LT 25°C T35 A, 2°C T 4 »ABEBAETS L, 25°C
(8B ~8°C (16 D DRBHD D & TiX, LA EXBOBENRARLHLNEL B ZOBRIC
b, BHOEREREE A U 35 LEROBENEMT B0, T WA, XBERELE
BRIGIMHEC Y 550 Bbhs, DERTIIFEY 6 BHEBH LA, FhTdiEHEH
X Sl X BEOBEI VIO Mot LT, BHTREXOER, BHC OV TS
HIBH L hidin bisy,

BT, BERHFCIOL LI MM EANTRLEHL TLIHEN LT E; L T, KRS
BIRF~OBBOR UHOWATOREETHH L LV Z 2Dz, LiL Table 10 DfEREZAED
&, RBEENTOEE AT TEAHMIL, £ ANBIRERFRERMCI - T 25 T Lhtbh
Bo PE D, KBENHEEL LDIKL o oD, KEEEN LT COREBRETAER LI Wil
HrBbhb, 25°C TEINBREINLENL LB IEORT, NEELEINDB 2 20T 5,

Z5LT, YFAEDXFDRFLIERE - K&l ORI OFD L S CENI NS, ZD & xDRHE
~ORBERIIY, FRBERGR & EBRRCRIBERBERE o b - THEL TV B2, & CRBERGHR
PEENRERIIEL T 3. BERIGIZE LTz U0 5 bIEERGO LR RE LI LTV 503,
ZOBDFEERIGE BEL ) REZRZ LTV 5. ChBRIGROMEREAS &, baHHOEBRBAEC
X o TR T “BHERIGE LoTHRH (thermoperiodic phase)” hidh b hph, O &k
EiBE*ERT 5. ToBHcW513 Eﬁﬁﬁﬁﬁ’k%*?% EaXND, ¥din “HEREEZL
DALV (non-thermopericdic phase)’” 15 0%, Z DEMNT 5 D, e & 33, BEICK BN
BBELTHERETRLREFTH L5002, 0L 5 LRERIEC OV TORERED 520 234 ) I3k
LT, BERECOWTORRRES LW ELT 508, XBHOHRN LS 0R, HEEBATC
O &S EREBAEMMOMTLH Y, ki URREBLEMM W L TERREBAE OB L /s
ARTBHE, KEHEVBEL Licitb,

1-10. FEFHWOREK

2 3 DRI BB O\ T, RBAEROBEHA I Z 5 &\ 5 %2 FHt Borawick et al. 2
& o TIEShichy, 0 Warewe'™ { e E 2 Hie b 0T, FFREERAMITHA L,
B /s » C, BorTHwick —JRiY, Y€ #At phytochrome & 73t bh’ BEEOWETHLD, =
MR BT B HBERIGC BEFE LTV 2 BHHRLED, TTRDMPLL ONTELL)
K, TFFEDXFOFFRECI TS, KRS L BREHE L 1 Ab > THWBZ ENHED
DTHBH, ZOBEOKEEMEL, Bortawick BAEZ B L LD TILRLIDT, FEBL
phytochrome 2BE5 LT % D EE L b,

THhETOERBERICL LDVT, Y5402 xDRIFTRT 5 HEEOBEL, kO L5 KRR
X TEMINBIESS,

Tisbb, PTLOTHERCOVTARS L, R UHORE P REBBAEL AT LD T P CFL
FT5R, T P ikEE B Bortawick HDW 5 Pogo iLhcB DT, FEROBHCL-T PR
BlT B0 2D Po BN EEHL Bortawick HD W5 P iIZ b b0 L Ebh, ZDHBEIT L
FTiddbsh, el - T P icd &5, REBELEOHMA LA LIBR, HiexddoERN
LEVCEEYT 55, AR ORIC P 2% P iR LAcieddy, HBVIEE - 7o JIORIEHEE
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(CE i ERD
Ei& TRt
(?)""""*Po — Py P,
FEER - BiE  (Peeo) FAE (Prso)
Eicid
PR - AR
+
X F ok
’ B ER K & B & i,
Xi——X, 2 X -2 X Xs G
€=31) (BB

D, P MLICROBENTTH I ENTER I Cinblcddh, ZHETDLIATRELLLHET
E5 X5 RRERILORTWIR, SHEERIO 2 2OV THLHRATWVWS X 51T, ERAEDHEIF
KEHC L » THTHHEI WKL 2 AR LD L, BEDELTTARETIZS 5%, KAMER I T
LERIZ 5 2T EINC S TRFREEI S RIFLREL, Livd Z OFREXOHENFAKI L » T .
ITHHEINBZ 0D, 22T PP ORIENEE IO EE L,

—7, X5, Xo, X1, Xoe BIO X 13, BHRBCBTH5H5BOEBENREL LDL T Bo XilXvF
FED2ANAYARO LCHBALIEORETHY, ZORBREREBLAEY L BLT X i, 0&D
SERBBAEY L LT Xy RERT 5, BERLY R TRACTHO £ 313 X, oORBICHB b0
T, BlROD LT Xi>Xe ORIENTTH, KOFETTTES P OFEODE LILIT X TT
ATRFETED, XioXe ORIGHMERTH® - < h 33828, X ORENREBERIGE R BO%EIIc
bicH DT, TOREBDF XL, BRFECEIKETT, TTETETCRE P & #lLT X3 Tik
WEERTHRFT S, XooXs ORIGDETCERTR - D TTL. 2D Xz DRENVEBERIGY RS
WEHT, BIRIC) 0T L TERRNREFTE. —T, X, X OREICHB 2 xHERIC B LEEN
TRENS DL b, CORENDEIEI ¥ OIMER T e ) OHFMAE Ll bicvsnb, P
FHOBELERLIIR, ZITHEERT XoeXi<Xe DARNDODRIENEEL DL EL bRB,
COEERHELICTHLDIIL, BREEAHT X 26 LT TERIGOESYLELMCTEZ L,
P2 X BFORIGCED L 3 TS LT A1 EhEbNITT S LNBETHS,

1-11. =& 9

BRLEY 5 v F £ 2D 2 5, BEChc, TEhOTRELBEEERY LH LI, it
REBOBHELLTLOA T A DThHD, LIATHEDER (25°C) LER (8°C) %< bbb
ok 2h, RERSCHE OISR AR LD bhien, ERERR, ThEhoBETHSRIGEA:
b5 ZEEERLI BRTTIURIGEIREIC L » THENRRELZ 252, 20X 3R
iz, &R C0 K EZLELLI-TRLK Y DEPND. ZDXITF4ED2 XD RERGY:
5T, BFED L EFOERICIVTIREOER Y, BHFCRTIEEEL XLz 2icl, TnXdk
ERx b7 bTREESGLEERG L Isddic. —7, vF£ 202 xOREER, EERRE & &k
BRICH B & L2tbhh o Tte CD R FORBRIGICE T, FEIEHIBENT, FAEIBLEIEA
+%7 5, phytochromeXBEBEAKZEIZIALLTH3DLELDBND. LrL, Xihlczb0L¥T
LT, 5V EIXBHCOEDSOTERY LI RIFTIUERTFZRE VbRV, ¥, BRT2L bR
AIHEBEC $, phytochrome 23BEHR L TV A AIREM Rk &\ BERG & ERKIGOBRKIL, BEL
BOHECL - T, WO UTED L 5 AEC L » THEEY 515 2 2 ONIREC L - Thbb b
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DTHB, BEEE, H3HEOBBARODOBLITIZ LD Th bbb, NIRENFEFEAOHTAK T
TOoORTLEWRAED b th, OO % &k, EBERIGCEET 5 ERBLEWIE TS
%0 BEREIEBREOLIOFE LI TWE 0 : Bbhs s, BEMOHRBREOWINCE
VT, LREERREZILL TV, REBECIhE TR L DAEERERICH EDWT, vYF5ED
Z R MFEHFTN D BB RIANTER L

B2 E RFCHTIRBELEOLREME

BIETIE, YFLEDOXIEMBEL LT, FFECHTHFBELRERGE TOHEREYLE T L
2, ZIRERIGE E X5 LD B FNORBRENE L bR 2 &, BRARKBCD &5 LB bhsd
FHEOY H ADHFERICIGUT, WBEE W) SV RIBIR) 52 L2l TOETIE, Z0X5
HEEERII L TEHDOHRARD 2 R b ABRBENE 55, chE TOLHChbbhicfERE, £&
HETIR - T O DD 2 R DOWTORBRIER LY S LI LT, LOERECDWTEL TR,

2-1. CAETOHWROEHN

BIED Il HiThoNLL IR, 2 XFORFENEREEHTHER T vwbhd flik&bd T
B, BRCOWTIL, 3o &) LIEERERERLE D BRI IRTHIRV. do A28 { TV
(1927)% 2%, MR (20°C 7\ L 25°C) OERALMETIR LA EFECHFTH B 1IED 252,
DL NRERETIRZ LA ERFELIRWY, EREL), BFRRCIE K - Th 5 HiHBHLE
(6°C) THLIKHEFETHE 2EDZ XCAHT T B, S TERLIE, RERELER—EHETOBR
(20°C 75\~ L 25°C) B (5°C 7oL L 10°C) k< Z 2 #FHRL TV 5, # 1 ECIRSHEM 0K
o, < AEHEY, N v IFE, WV, AV T, TAFY, eAVlF, ) RER, B 2ECLT
aVEVRY, F=INI, AN, FYFE, RAF, 2 )F, FAVHIT, Y=F, /A4
A7, vvPa, A=FE, 71, PR)aiBVhTws, BEENAERERE, bIhrs v
FOEND kA ) FD, TACDEIV AL AT DT LDHEINTWBRTER . LALITDO3E
DA FEDONTIL, BREELRFOBRIIONT, b bLVERERLYREL T 5,

COWRCIIE, ThEIHEBO R FORIEC VT HREERL, FIECHRELLYF 40
R X EERAZ LD LT WA, Thbb, ¥ YF, st/ F0&x3, SMAE (5°C 7L 10°C)
L Thb 20~24°C (12 KD —3~7°C (12 W) OERKBGHTRFICION - LB LK, Ty
D & FITEHHEE, TCRBEETERYAE L TH S, 20~24°C (9B —5~10°C (15 B O
BEHTRFEIRDIONE - LB IVELTHAE, WThOBARILD, dDLILEREHDLITIE, K
BB BHOb - 2 B0 DOR IV EWS RT—HL TV, & YFRDOWTIZEDLIE, 20°C~
24°C hch - TRIEL A » b DEEREMHITS DL THEL T 52, TOMKEILS 5 EOMEN
TeREERRAEAY, 20~24°C KEhhichVIEIe2L bl L RBERL TV 5. b Lb/AMI (1927) 28,
REROBMULICERBERCDLDVT, 5205 2BbiceT5s, YyFHFEDZRLADR
T X 5 ieED, BECHIAWIBB L LT, »hownE 2802 3k ) —ROCEFETS 0
2 Lhigh. TOEREER (19340 %, [HR (25°C) THEFETH 23, BIRGEC 1 12 FfE, 25°C
12 B TR B 5 F R T B, 2 SOREAMHCOTHEETE BERL, HINC b ¥
LRV, eV, THY RV RODONWT LD LTV BRI T EFR0,
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=75, BOROMARD # A DOWTORELATE, RERT R ECIERFENHIRDOAL LD
AR TWiEn b, ThLOERIID EZA3LEVHELI TRV X 5 B b 5*D, RoumedEr
(1951)8® % Picea excelsa, Pinus silvestris, Larix europaea, Betula verrucosa, Alnus glutinosa ¥ X
O Pseudotsuga menziesii DX R OWT, Kt BE X ¥ TEE (20~30°C, 20~25°C) *EE
(25°C) LHRHBLIco CBOBED £ X, BREUhERKMHTRIFTSL /A— 7 IZWEIITTEH
B0, BRIICHEEINTWAKERCD, WHLBLVLBAWIRGZ LD BRI, ULk D%
B, BROFVEFDL ST, LAY W HOP W ETEND I b 2DFA, D
ENCZBEVI ZEERSGD L ThHD, LN TRABLDZFEDOWTL, BTL D), TDERLD
HFe X, ERCELEBLBERNTTVB0T, BROPRCOWT, —RIGLEREIITC LI1XT
Ehh oo RBEEDOYHREL, KOPRLEBA/MCHIbHI 3B NS E LM E NI, TERE
Orson X Stearns (1958)0), (1959)™ %, Tsuga canadensis D X FDFEEL, HHC Lo B LRE
St & DRI OV T OEEMATFE DI T, 2D X FDOFIFIZEBM: (thermoperiodism) 234 & b by
B L DRI, HRbIL 4°F (=7°C), 53°F (=12°C), 62°F (=17°C), 71°F (=22°C), ¥ X0° 80°F
(=27°C) o5 OOREXEM L KK 2bbe, EBELAEY S F/RVv2RCO0nTE, ER 22°C,
KE 12°C OEERNWH UB L SWERE LI 5, BELE (1~5°CT 10 BH) %5 1Fksx
T, BERC RIS Z0 X 5 IgEENT - bBP T2 L 2B|EL T\ 5. Fic Ulmus americana
D &R T, B tonTHERS, BE (30~20°0) 12X - TOFLRD Z LR LERT WS,

2-2. FRYIABEKROY ROHFHE

ZOBIIE, WHUB LLWRIEBIEY LHTEINEENTHBDT, ThETELEIBEL DR
FEHERE ST E AepDOIWIDTHTMINUD 3551 1k d & X b, Bokic bIREER & F3F L OBk
ZoWTL UL ULHBREERPTERILIE LA Lk o Too T 4IC Stemnsaver (1937)% (3, BEE—
ERBRAEY Ulc Fraxinus nigra D 2 xDRFTH - &b LWIRER, 20°C & 30°C OFREMER
LDORTWBY, ERIL D EZAPRINTVIR, ¥ 7 Nikoraeva (1951)° & Fraxinus Pennsyl-
vanica DX FEDONTHRELTWBED, TOEARFEFNREINBER 2 W TT, BELHLVIR
hhiBL, T hELRIEERE LD LTV BT ERRL,

—FHrF L EDZFLHBRTBIHI, PR Y IBORED &2 F ORFEEMN Y LORELEER, thbd
OHFFMALED ™05 L0 5 X OHBIMSEIC S L DWT, ZOBROBIARY 2 Bchblbhsz b
DRIDON, FD 12X, 2FBED ST EEBTHCRELTVD D (TRWE, bR kDD
DL, YFEFERZDFNTTRTID I A — AT B, ﬂ@@:omf&f b, HEINTWENED
Tk, Bumelioides BN ORI NIZIZB DD L 5 THBHIONWW, fhoy 1D1%, 2 FDEMT
NED oI &, FLEESTAREL TR0 (ME)* T, bt KDY F 4 pUIL B IENIE,
Fraxinus excelsior®®3380 F. nigra®®, F. quadrvangulata 15 & Bumelioides T F L THEEL D
BOXRCDONTZIDZENLONRT VB,

* Proc. Internatl, Seed Testing Assoc. 24, pp. 475~584 (1959)
* EORBOBIE ¢ 5K LTI (embryo ratio) 25 L b TL 525, ool e

1012k » Th L DIER”EY, 2 20HIDOWTL BRTARIEZA, THO Y4 251 95.141.1
ThHHDOTIWLT, DOV F £ 2Tk 71.51£5.3 &\ 5 JIEMN % bz,
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Genus Fraxinus
A
T I
b=———n
| I Section Melioides I
! r————d l__J
‘ L 3
Mediter- ||| F lon% ,‘."-,'f‘;‘i , ||E ‘P'{‘J’,',"‘g!',“ |Epeaansyluanica Fexcelsior ||F mandshurica
Species "'""‘""‘ East Asian FEamericana European v jepenics
_; ’) variation and other variation East ‘9“'
B3GR .,.J"""" : §8 0 North tices variation
€ °
;sin;n s’:c;;s PLpayed 2-Dyn°D 38 RE 2 F
(+xva, 7A9°E)
3rd & 4tk
Ist & 2ad group group 5th group
(Group A) (Group 8) ( Group C)
Fig. 13 1+ Y % 2 ROBOSEEMNMLE & # & OUE DK

Interrelation of seed characteristics and systematic placing of the species
in genus Fraxinus (NikoLAEvA 195879),

AFDORFIEE D, DL RHBIBMC L AR R LAERSL D BV ARHRLRE, ZC
TURDESEMME L S BEESRT, bXY 2[BD 4 F DRHEE LR Ul NixoLasva (1958)™ 0
2 th i LTREST L TH Vv NikoLaeva (%, HSOHE™R, Varasova (1956)™ DFF%E, EED
THOWEDDR L RBRA LT, RFEEOEN DI OEYR 5 BCH e Nixoraeva HRIETL< »
TWBLK, HIBLELE SIVEIBLELAFOL Kb 5HERIL LAOERNRSDOT
HY, EEiX ABC D3FTHIFEINIVEELS (Fig. 13,

WESBTUS » B TENEFNRD 7 A — T ORI E 2B L 2FD L 5 ThHDHo AFD £ AT
BEXDFFEVCTCOESHCRFT B, PEHIALD 2 FDEF LRI L TWHDRRETHE,
FOBER, BLID, LVBOrVLARL - TZ L inh. BED 2 XOKREHL, REOLLLLEL
DbLTRSCREE L. TRBD £ RIE, RFELMHCHL 2L SHMERICIH LTI bl
WAL, FOHIMIL, BICXh, ¥Rl hbOorvAREs T ik, CEOX RO bER, RE
DHBELEIIHbLTEHTRE LD, ZhbD s R, ERTUETHOLIEN ST, b2
HERCEAF U bt 22 Th, BERICERCH T bis ik, Bcxy,
LY BEOBVARL - T LRk, ABEE BEIL, HERHICE » ThiFbh it IRIS ENDD,
ZRETLOLRTWANLED T, CEHRIOBL %, —&KL T35,

LIATREDLDOBERMEL VI ELLATD, 5 X COREIFEOLWEEDEFDL SIS
TEBTEES ThBo Tisbhb ABO 2 3%, BEEOLHE, ERTIERTIREAEHRELLS
KRET B, —RCERDOHBREEIN bbb I, L —8A0 % FIERTRV EREF LV
13 Thd. —HEEYOELRVWBEIL, T LABBOHIEFTHEH, & LICREOMEEFM
DIVADOTIE, BRTRIZLALRELR, BEDZADIL —H53, REEOLTERCKT
i, BREEAEL LERFETE D, —HAEHD £ %1%, EEBELEZLERFHTRIUERFL
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o BBEOCED 2 713, BE—EREBAECY » TR USTERTRFETES L5185, 1L
HOHWIE, 24 KEEHO 5 boRRBCE < B2 ERT 5, 20X 5 nBBLAEOHM %
LTHE, RRCESHHICAWTAERENLIEWC T alis, 2%, LEVWKERTEFT
DEXNEMT B, ZOX SRR FOL FOREERCOVTOMEAR, ZhETIREALHREIR T,
WL, TEREDHERICDOVLTIE, bThRYF LD - THBRTERDT, Thbrd
BOEELEDTLE ) ZLIRLADAATERVD, TRRENIE, COX 5 EEERYELS
EMRTED,

2-3. BIESIEEO Y X ORI

2-1 R 2, 3 DWMEO®OTLHnD L 51T, TEOMIERO & ki, 25°C bad OFERLM
T, HBNASHCRETHZ LN LLR TV %o b COEERHER DO 2 320 Th, HEBRK
FERBERCL LSO TTRBBFINRED, 20°C 7R\ Lid 30°C OEPHIC REDOHE 1155 L3N TE
780, Ui Lich &R, BRAH L ERAGOHBIER YR\ C, BE L BFOBRE RIS
BIENMBTHLDLEZ, XU bbbE¥EL L —EDOHTETERY Z ZHhi,

2-3-1. 7h=V eI u=v

T A=Y DEFIE, 1955 FOKC, BERTOEMEMKEBLAT, 7 r<YDsxRE, BRUHFCK
BRTOKFERBRATL D, WIFRAHEET) FE - ThHHREOFERRICOH ) ¥ TENCRE
Ulco ¥ALERIL 1956 £ 4 Adsb 5 BT CRERKH TRV 5 A 23 AN b—HEFRRET -
1%, BABEOR LHLREFRROEH D ¥ TTNTERKY DV Ioo BHFRBRTI, 3 DOBLE
Kiz2owT, FRERER (25°C) 2 ER (25~15°C) %, ThLORFEERICOWT, ThEhEE
BXCHEK (A 1RBE—EROB AL 25°C bW K—EEChTR) b 5 )i

(i) 7a=v 112 ORFEFHECOWT, 2EMORGHES LD Licds, Fig. 14 (1) Thb, &
DL, ZZTHHWIET ATV DEIH, bEOLNCERFHT —BERCEFTo2221LdLT
WBA, ZOZ LidATnh —RENCV 25 XS cBbhs D, GAEY S e 2 XT0onTl, BER
b bTEEOBEN L LB BIRD, Fig. 14 (I1) %, 44 ARGLE L2 % LELED £ 7
DT, BERORBERBEY LD LT3, Zhick - T, 2 2DRELMFTINTBRIED BA AL
HEDLICEBTE B,

(i) 7m=Y:7H=VOBEELEELLIC, RERBROKEELFig. 15 LT, Fig. 15 (1)
DFERIL, 7 =Y DEFXDORFEN, WHLBH LS EBERGEEL TS 2 E LD LTS, —HR
EEHCOVTR, GLAERDE I PEMTEHS L 5 inAlfe bicx 523, Fig. 15 (II) &5,
IRbTHTES 5, BRAHTORFRBOBLICIIFHED LAV AL S,

2-3-2. ATV en)EI T HZYS =Y

1956 FEDFK, H T =Y D 2 FXEBRTOEBEERBBAT, V% I 0 F XX IUFRTOHFER
FBEAT, 7H=Y <Y 08 x3IEEEAHORFAAFEFTIBERIR T Ehe b, WEET
5E - T HLREDIL UHERICON S ¥ TENCRE Lice BAEIX 1957 F£1 Ahb2fokb)
¥ CREERETHRY, 3A 1B b—HERFRBRETL -7 22T, HAEDIRTHI LLHMH
PR UTERKY DL ice BFRBICIL, 5008 AEROLAEFRICOWT, BRKICIZ4DORE
%M1 25°C OFER 5 25°C (16 BRI ~15°C (8B 5 25°C (8 By ~15°C (16 BHfH]) 5 15°C DER
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% Pinus densiflora (])
100

Fig. 14 7H=YD2XORFILBIIETRELN
DEE

(I) Germination percent in two weeks of Pinus
densiflora seeds stratified at 2°C for 0, 22, and

50+ 44 days. L : exposed to diffused light for 8 hours

every day. D :darkness. C:25°C. A:25°C

for 8 hours and 15°C for 16 hours (AsAkAwA

1959%).

(II) Germination curves of P. densiflora seeds
stratified at 2°C for 0 and 44 days (STR).

0 0 LD LD D LD LD L & D:same as (I).
cC A c A c A
44 22 0
% Pinus densiflora (1)
100 25(L)~15(D):STR

25(L:8hrs):STR 25(L)~15(D)

50
0 5 — 10 ) 1 20
Time in Days

%, BERROWTIRER (25°C) &R (25~15°C) Bl i,

(i) »7=Y  ERELELEEZEDENRFRIZOWT, 25°C & 25~15°C TO 12 ARORKFER
LD LD Fig. 16 (1) Thbo ZOXTHREINEYD, TV DEXDOEFL, 7TH=IV IR
=VDOWTFhEbT righ, KEHETHREFETHIVHUS LOEEE 5 Lo Z0XIDHEFEAD
BEIL, BUBOWMZ LN THI LRI - T, HBHY - b LEMINB, —77, BRIFHCKT
%4 ODBEERMETO 12 AMORERY Fig. 16 (D) LT, ZOXDEMCHRTSZ L 1xTE
D, MAEDH T <Y D223, BREEUTORFCIVW LTERFHT—BEFICREFTH L,
ZOERZ, SUBOHME LN THEORNTHRLD LRI 85 T Lh%bh b, Fig. 16 (I1) ik, 4
ERSIE Lic £ X LIEMED 2 220 T, BERGTORFRBEL LD L bDTHSH, HLEL
RAFEDOWTUL, BREFGTORFRIBRETRLMEOSDE I bEDL S,

) ~VEI:HIT=VDOBALFKRLLILT, Fig. 17(1),(I), (D2 % bk, HELUED -~
VEIDZFATIE, BHOEDEDFF LB 5T, KERGLEROYHENT LA ETBLELHHY 5

* Asakawa, S.: Jour. Japan. Forest. Soc. 41, 11, pp. 430~435 (1959).
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% Pinus  thanberyii (1)

Fig. 15 7 o=V D530 RELCKIIFTEELY
L DY

50 (I) Germination percent in two weeks of Pinus

thunbergii seeds stratified at 2°C for 0, 22,
and 44 days. Notes are common to Fig.14
(Asakawa 1959%).

(II) -Germination curves of P. thunbergii seeds
stratified at 2°C for 0 and 44 days (STR).
Lo
A

(=
>
0o
»>5
Og

%
oo Pinus thunbergii (1) 25(1)~15(D)

so}

0 5 Time loin Da;g 20
BrrELBLTWS (Fig. 17 (I))o 2% W EBFGTINEZBEL TS 2 X208, RRFHTEER
U3 5 b Th b, © o THEATER, ERAETORECI LT, Hrtts LoMSMCIT:
BWTWBI L Thbo bobd, FREREADREER bED VI BECRHLOVTWHRTE
e (Fig. 17 (ID)s LisLZhboWEO VTR, SAEOHMELLSR T2 KohThEDHLHR
575, Fig. 17 (I %, MAED & % Fiid BAEHMO L U 2 RIDOWT, BREGTOR
ERBDOBRNEHRL T,

(i) 7Hr=v=v:12 HEORFRC L -» TRELHEDO BB LI: Fig. 18 (1) 2b, DX XF
DEENIBRIGC DL EE LTV B I ehibnsh, 7 e<wy 2 i Ak, BREFETIERD
B3 0ERRE L ThB. LLIOWHEIZ, SABOHMEZLNLTLBPTHLIC Bbhs,
Fig. 18 (I & LB TRFZA» L b2 LI, Krbicx BaE, 00X RBEFMCLS
BRI AR LD BIIE .
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Fig. 16 »35 =YD & xD FKH
FLETERE L OPH

(I) Germination percent in
12 days of Larix Kaempferi
seeds stratified at 2°C for
0,1,2,4,and 6 weeks. Notes 50
are common to Fig. 14 (Asa-
KAWA 1959%),

(II) Germination curves of L.
Kaempferi seeds stratified at
2°C for 0 and 4 weeks

l00’— - Larix éne‘mp/eri 0]

. o‘
(STR) D LD L0 Lp L0 LD LD LD LD LD
cC A c A cC A c A c A
6 4 2 ] 0
0, .
0l Larix kaempferi (1)

25(L: 8hrs.):STR

25(L: 8hrs)

st

25(1)~15(D) o
0 5 70 5 70 75
Time in Days
%
100 r ) Larix kaempfer;‘ (Im)

() Germination percent in
12 days in darkness of
L. Kaempferi seeds strati-
fied at 2°C for 0,1,2,4,
and 6 weeks. 24, 16, 8, °
and 0 show the time in
hours for 25°C, and the
remaining hours of a day
are for 15°C.
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% Picea polita (])
100,

Fig. 17 ~VEIDXXD EFILF X
ETRE L XOHE
(I) Germination percent in 12 days
L of Picea polita seeds stratified at
2°C for 0,1,2,4, and 6 weeks.
Notes are common to Fig. 14 (Asa-
KAwA 1959%),
(II) Germination curves of P. polita
seeds stratified at 2°C for 0 and
4 weeks (STR).

% Picea polita (1)

T hrs):STR 25(1)~15(D):STR

Time in Days

“;/.‘,’ Picea polita (1)

(II) Germination percent in

J_ 12 days in darkness of
50 P. polita seeds stratified
at 2°C for 0,1,2,4, and
6 weeks, 24, 16, 8, and
0 : same as Fig. 16 (II).

071 13 206" 6 650"
6 4 2 i 0
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% .
lwr Picea geeﬁ‘néb [@))

Fig. 18 7A=YV =Y DX X DFRF
CEIFTTRE L XOHE
(I) Germination percent in 12 days
of Picea glehnii seeds stratified
at 2°C for 0, 1, 2, 4, and 50-
6 weeks. Notes are common to
Fig. 14 (Asagkawa 1959%).

(II) Germination curves of P.
glehnii  seeds stratified at 2°C
for 0 and 4 weeks (STR).

v LD LD D L o L Lo LD LD
C A C A C A C A C A
6 4 2 | 0
%
toor Picea glehnii (1)
25(L:8hrs.): STR
25(L)~15(D)
50F
”(L)—IS(D):STR
0 . L ,
5 10 15 . 20

Time in Days

2-3-3, ®I-T7AEYPFF=Y - FF=wY

IO AR, 1955 FEOKEFE T O HERRBERIIERMNT, 74E) PFIYE FFTYDEX
3, 1956FDHIC, THENEIR FEIREABIIN, X ORI RRAY S S
L otze WERBERICON S ¥ Ti%, 2°C Fhoik 6°C ORMEICHE Lico 1AL, 1957 £0
8 Amb 9 AP TR L 1A, BEOLDICKRCS bERT, ThHO 4 XAORFRIBE D X
QeI o tott, FOEBILEF DS OO OREC L » T5 b0k Bbhb, BAEE, 1958
£03 At 5 ACHTTHERAMTIRL, 5 16 Bab—FICRFRBE - o RHFRICE,
2% L B LTERKEY B, RFRBICIL, Table 11 LT L7 22 ODRBER BV, =
DBEDOHEMT, RFERLDF L E 50cm DFFEEC I\ 75 7 v PORBERTHE X,

AT 5 71, BMREFRNROL o id2 ) T, BEFHDOL po DT, 4EMOREFR
C, B L 4 FeonTiE 2 B0 RERT, 22 ORFAMCTTHEREY Fig. 19 25 Fig.
21 kLT, Alic, Bie URKHTREREYZ L ©THHICOWT, Fig. 22 CRFEREL LD T,
ChHOBERNDL, BEED 2 X ORI EOEDL I CENTH LI TE 5,
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Abies firma

GERMINATION % IN 4 WEEKS

Unstratified seeds

— 31 —

Abies firma

GERMINATION % IN 2 WEEKS

Seeds stratified at 6°C. for Zmonths

Fig. 19 % : DX XDORFCH IFTRE L ROBE
Germination behavior of Abies firma seeds under various temperature and light
conditions as shown in Table 11 (Asakawa 1959%),

(i) =®=3:zozxi3, BEX
BT DGR SRR RS %
L& ipv, FENORERIL, ER
Th < b LEMIND,

(i) 74FV FF=Y 1 ZD%
FDORFZBITIL, ERRGLER
FETHLEZOLIRDLRNHRLDD
a. 2F DEROBEKIE, U
DREF UL LD B DRI B,
FhALEROBAEEL I bEb 5,
boltdb k) HEREHEOHE
2, EKBRIEE L b/ 2 LitX»
TIRLHTH bbb s A TIHENT
b5

(i) D& F DR
h, RELESFFITHE X
Bbohan, RABCEKETDINT
b, BENEHEEEZ LD LT3
(Fig.22), L2 Lb bW cRERAF
ZOWTik, KOO £ X532 B
ErLTw5b (Fig. 21,

* 26— OHIEIEE C,
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Table 11. 3 - 7A#EY FF=Y + FF=YD&XX
DORFRBRICE BVWICRE - X4

Germination conditions for Abies firma,
A. mariesii, and A. mayriana seeds.

= = = =
< A Ry <
3 3 8 8
o 0 o o
Aa « 25°C- Light .
b <«25°C-Dark ——« 25°C- Light -
¢ «—25°C-Dark > 25°C.Light ———
e <«25°C-Light —— 25°C-Dark
d 25°C-Dark -
Ba <«13°C-Light —« 25°C- Light —
b <«13°C:Dark —« 25°C-Light —
e <«13°C-Light —« 25°C-Dark —
d <«13°C:Dark —« 25°C-Dark -
Ca <—13°C-Light 25°C-Light ——
c; <—13°C-Light 25°C+Dark ——
¢z <—13°C-Dark 25°C-Light ———
d <—13°C-Dark —> 25°C-Dark ———
Da <«25°C-Light —«— 13°C-Light —
b <«25°C-Dark ——«— 13°C-Light —
e <«25°C-Light ——«— 13°C-Dark —
b <«25°C-Dark — 13°C- Dark —
Ea «— 13°C-Light
b <«13°C-Dark ——«— 13°C-Lght —_—
¢ <—13°C:Dark —->&——13°C-Light —
e <«13°C-Light —«— 13°C-Dark —_
d «— 13°C-Dark. _
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Abies mariesii

Abies mariesii

iN 4 weeks

GERMINATION %

3 s
unstmﬁfl'ed seeds Seeds stratificd at 6°C f" 2Zmonths

Fig. 20 74%® ) F FYY DX XORFCH IEFTRE L LOHE
Germination behavior of Abies mariesii seeds under various temperature and light
conditions as shown in Table 11 (Asakawa 1959%).

Abies -mayriana Abies mayriana

ey

w »
x 2
i g
< ~
= 2
w ®

2= £=
g . §
é 4 &éo g

t 4
0
*

0%
Seeds stratified at 6°C. for Zmonths

Unstratified seeds

Fig. 21 b} F<Y D2 RXORFCKIITTEE L HKOME
Germination behavior of Abies mayriana seeds under various temperature and light
conditions as shown in Table 11 (Asakawa 1959%).

2-4. RBEERO—HRME

TFHEDZFDRFCONTX BIICERIERN D, BERECTVTS 20 2 X ORFERIGICEE
HNRLDONDZ LEhHE LM LicA, & EAEEGOBERRI, BERGEE > T\
RIS, @hDnhbnhissd, ZLCRFECERFELERTS ) hsrk, —RIOCFET 22D
LARWE LR LIce COEDRXUDIFIALILL YT, HRD 2 7ic20Th, BFETHLDIE
BAUHEUEL TS ONEARE L WbRTEEOR b bY, BANLERERIEDDTLE
LU, BREKEEZVELTH LI BVAVAILEFEHLOHBDRIEAEI T LV DT, 22T
R,%ﬁK%§T6I5Eﬂ*KOM1,ﬁgﬁﬁﬂtb?%ﬁEDVﬁ5KEE%$Mt%ﬁﬁ%%L
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5g‘f Abies firma : stratified seeds

25(L)~13(L)

15(|_: 8'!?5.)

13(L)~25(L)

{*13(1-)-'25(0) L 25(L)

25(L) ~13(D)
0 e A N
%
50, Abies mariesii 13(L)~25(L)

stratified seeds

0 5 10 15 0
Time in Da_ys

1005 Abies mayriana
stratified seeds
SOL

) ~25(D)

Time in Days

Fig. 22 BB LICE I « 74EY) FF=Y « b FeYDXXORERE
Germination curves of Abies firma, A. mariesii, and A. mayriana seeds stratified
at 6°C for 2 months, under various germination conditions.

BLlico LrL, ThBDIL HELREERERTOVTRTSH, EEDOH DA, Tith bR
h &0 2 Bbh s M EN, 2L A LOBBORFERBICHL Db, Titbd, HRICIL
EREHTILRETLLEZ LN TOAHERD 2 X TE 2, EREATRBIZRLIEFELIILDIZT
AIhEd, BREFHTORFEED b HIBCRVOE, K OBE, BRIERKHTORE
RribhEbd, COLIBEBRLDTVHBUSL LW DA, ¥F £ €L Fraxinus americana'® %1%
CHVWHhWARIETRET S 2RO THAH, TOX5BRBAKN, TOBBECLNLCEhh, 2ith
—RCHRDND L5 T ik, & FDRFAOBBCEBEREH — R HFET TR TH 5,

R 2 FORFEM L REL LTHETIEAL, BEERCOWTL, TRTRFETIE ERETR
FTHEN, FRABRCOCTUL, KV EE T8, BRTRIERELRVE, ScmBERE
RED, LhIETESRCLF bR TEL, Lrl, ExNEFThehicX i, —RAFERLL Sieiz
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BRFEEOBLNCICD, H—MCEL) BEENLLIITThHS, XBERCOWTIX, T0XikEL
7 & BARRIBIRED T TR I BRI HT ST 5200100100 J3 - szt UciiaBi ey, BEERC -
WF B &R ORI B SRR BT B R ORI TH 515 5 .
2-5. HABFOHKEIC DOV TOBERE
ikﬁ%ﬁ,@ﬁéﬁﬁbfvtvﬁ%mtvhfxﬁﬁm%Bﬁécauﬁ%@&mab,%mto
WTDX Y —RPcEL T, YFLFED 250 RFLELIS BEEROBEC L - T LT LOX
Too BIENDLORTEL—BEORRBRCL - T, TTCRIDIIBRELZINGILLINAT LAELE
L LA, THIR2XOAREY —BEANCERTS 747 L LT, BFEERORREZREN L.
D L5 ieEXTT CTHABT ORIREBRET 5 ¥ 210, chnETicl HR TV ARIROSEIC DV TH
B, HaOHRIEEHDTREG, FREI 2, 3 OHECETERERORH,LAEEESh
T B0 2N HABETAE, BIEOFDL S5 D0RMEHINS,
(1) Mz X 5RIR
(i) ERTACRELTW LI EIZEB 3D,
(i) \WhBIKIRIZ L 5 Do

(2) BRI AKRIR
(i) BEAKELEILVWZERIBHD,
(iv) BEBHATREIEFLTHZLICEBH0,
(v) BEFERIC TN EREB D,

BHBHACOL S AL, KRR TEEE LTELDRBETICL » ThiFic b 0T, EHOH
BIIZ, TR0 5502 DL EXFARCEE LTV BEANT ks L2ATIRAL5DD L
T, LOVBIHEKIRL XIERE 3D ELDTHVEWT, FEML- &0 LWL W nE
TS DTERLNS ZENTES,

XTCLEED L 5 It hETCOSECIW LT, EET, KRR OFDL 3R 20D/ A —F2hbiTs
LERET B, Thbb, '

(1) HEERKIR (IL) HEMKRIR

Thbo COL S BAFRSTIn - RLBEPIT 572w, HENOLEY < bLE\ & * ORI,
S DR EORIET, BEh00A TS MMORER NS & & ThB &1 5 E2 oA Lt
(1) DEBIKIRL L, A bAOEBIRIEOERTICE » THIENPLENS X3 K BOLDT, 20
X 5 i BRRCOETIC L bt - T, £E LTHRORBIENRENDOREE LY TT %, FOHEEKEE >
ATOBEKORELIIhD, 2% Y BFC D, —F (D) OYEIKRIRCE LT3 dDi3, A
LADOYEFMEIC Y - TREFRENBKIRT, £ 5\ 5 HETHEE DDA T3 EEOREL 2 T
LI ERIEC A Iebitv e DE D ZOBOKIREY LdT £ 2D, TOREOEFEMRETE XX
bhOREBERLS D ENTERGE, HDVIREE D04 TWABROREL X TP b, —
HOEBBREYBHT A LN TERDDTHS, KFINEFTHERECIBHKIREEL bR TVIzd
op, b LEZ TV I PENKIRCIZN SR LiZbbAATH D,

AR, —BETIZEE, BEES D TERNLRBIC L > TV B LEX B LN TESN, £
EIEH L v F £ 20 2 X ORERBICOVTORRIL, Z0EOKRYHE—INCEMBET 5 OR&ILD
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KH5 e MARD 2 X DEBPHEII, BEER T YEHD I LEB—RCHLDLRTH B, Fhic
320b b, ZDX 5T R REBRY Lis, TRLIFEOREBIMERZ LTI LiRiHbR
Twbo WEEE LTEENLLRTERLNLDOBDOBEOWT, 5 LRONERRD X EHEA~OHIE
X oT, WhPBEBELICF 2, E0X) EBNBECLS»E LDTLEOFDL 5D, Itk
CRETDELZATIE, TRENOEED % X120\ T, FEBMREC YD L 5 REETIE SO T

Fraxinus Xi Xo X1 Xz Xs G
Jjaponica l

sieboldiana
spaethiana

rhynchophylla <~
americana -— >

ClCIICCIICICI!

mands}mrwa var. japonica S
excelsior

Pinus -

densiflora }
thunbergii

strobus —
lambertiana —s

pumila -—

pentaphylla }

koraiensis

wiv v vl U

Picea

P. p()litﬂ ’ ——
P, glehnii }
P. jezoensis
Larix kaempferi B
Abies
A. firma
A. mariesti )
A. mayriana

Bk LTI LZEFLDTETALNL, Fl@h ORFESE L LERER L, Yok tBfRic
bEPERARTHILIETHLDTHTN L LALIDXIBRELHCIL-T, IR BVEWE
FEDZINTELHMKIROREFC LIS P/ F 2B LMTES LAKIE, LAULARKIRDOH
%, TECHKIRL T EW 2 B2 b T ¥2 3% TH BT, H—NCERTS C2nTELLES
5o

BB, ERVCbYABRIC L BKIRL IN T b D, EBEIKIRE 2SR BECTONTEL
TRz 2 2EF avev=YDRlE L - ThD L, HBUED 2 XORKIE, bEOICBEOIE
CEoTEIXBNED, ZDOZXDEENKEELETILIZ LI THEND, ZOHED BKEE
3, MEOBMRINL X &%, BRONEFHU ECHRASNBKBATS Z L 28I LTWHLDREIS
LLDELDRIEV . ZOFEERD DX, FEROVWHPHBHIC X B KRV LI EREDDTHBIES
50 L LZZCEHENRZ &X, Z0X5 RBROREEYEINCH L TR LR TH, BEAEOLL
T T e RNBEY L L THALERADOBRKNIC X - T, BEOMMMNE X INERIND
LTHBYY, AR BT FFEDOHRITIEADND, Tishb, b5HHORREELEL X
FBE DR LR, TARHTRERIIUDEYD b, ORISR bEVERZR, 3%
724 & AMEENCIIMAE BRI X - T b L Bbhb, B5E, BINERCET BRI H 5 HEEE



— 36 — : HERBRBFRRE - #1595

(mucilaginous layer) ICBHEMENELET S L TR L AHED®Y, BECPCREEIBELLBLELVE
DRICHEDON 5%, & TRMICBELKFCHrEFLLLT, COsXkRI%L 2, 3 BTHLY
DEKEBhBENL, BEFKELFERHEW I LRELLRAVL, ¥FEIETORD L5
BEROER? G, BEIABRERELBLIZAWVLEWI L bEZIRV LL, MYRBREEISLE

QWHER LD E LT, BRI DOL S 25 D0k 5 kEROWES, BHNCYFFEDE50D
RFBIEDOFHRTHH®M L EL Th, BELEOL T TUABRNERY & s L TEELS R
DRENC L » T, ZhbBEOYBHCARILHERRRINEDTHD, i, 2O L5 efle sl
SIEBMRROER LY HRT B eI, & & TER & OABERCER LT 5 A LF R
T, —BEKIEARY L UL B,

2-6. E *

A TH L RFOWBES, MRD 2 X oW TEOBE-RMCHALNE 0 EREI LI, 22T
LBV OWTIL, Y F 2R EVCH TS LWEEESY LOTHIRAR L D bhigh - 7o, BHFED
TR, BERIENRCAOCAL L XLV EBNCHEETHZ 22 LB LTV 5B, TFFEDL X
momf&BhtﬁﬁﬁO%EaQEU;im,:nbmﬂ*oﬁgﬁi%itﬁm?aﬁ,:nboa
AORFAOEES, FETHRE LERRICE - THECERTE 5, = ORKXLHEE LT, ke
HEDOBEYZE X Ig W THARI M TELRRCERN % ba s, ¥ FEEPKIR: HEMKIRE X
AL, 5220ORERRCL - T, EEAKIREZE—NCERTSE 2 TR0,

BIE RARKCOBE~AO7 70—7F

BLIETORL I, FHECHTHEEE, s BEY -2 2Ll LORGROMETBO
BRILIND D LBEbh2D, BECERET, ThoRROEGELLELNCTEZ LXEh®D
THETHD, =2 TR, 1956 FLCREENZ AR TELEROYE, TibbREREOBIFCK
35 2,3077e—FOERELLECLT, BRTELOLNABEOR Y ARSNTHRIZV, 1-9 HiT
HEOLMCLIL 51, BERKG: BREBLECOEFO5L ERBELECY » TXLDHTHLbA
Bo PEN OIS MEBBAEIC X o TE F D2 bhaRER, BEREY bbb THEME LT
REILDThHB, Lichis T, BRBAECY - T2 FOENMCKIAELEELOREZ & h, JREER
ROBfFELEbNT 25 2 EbDTEE TS,

3-1. ZROBRICOVTOIAE TOHRE

EFCE LETERROPEBOBIFECONTL, £5< 2,3 0fintbss, HEE (1932)25[AL T
BLIATIIUE, D 13 Emam (1883) iIT X AN TH D, Tibd, BEIKE b TEE
EEP MBI LD b5 L T5ELNT, FEEF XORFCKTHEROMI, ERTE Lo
bhoT, ZOELHTHHUINILZENBIH -7 £D 212 Zave (1908) DOEEEIHT, ERICL -
T, BROBEHRINALIED E LIcELTTThbDo LD 3L Vakua (1898) »MRIE LI-rERIERIRLT,
BRICE » TRENAO 7 ATHENBENA LD, Uit TRRFEANEIHARE D & LTV %,
Davis (1939 % e I AELH L LD LTWEY, BRICL » THEY 5 F5 00, ¥ A%y
BIE LT\ B EASCH B 2 LTV 55T, Eman OBIC OB S L 2 hhih s, BERANHIL &
0T, ERIL D EZAE LB LTl 84 OFjiid von Liesensere (1884) & - eE X
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T, BREOL VBRI L I ERYED, BROLVIECHEOERICIDLHONE L Litvhd b
ENPTHDo TABRBWTRAERNBAI LWL 5T, BICHTHE 2 WIRTERIDTS
> 7o

BRI TE » T, BonniNg —[JR X OF TooLe & ZOHRAMRELLIL, ERNEMT DS 2c—BL
PHLLWEXHERHL, ZO5BICEKRESE5% L Lic, Bunnme (1956)%1%, fEH&EOFOWA
WARRRIGICARS Y Rahibb 2 EBAL V50, BRICAWTSERE, s x0khtbsb o
L3R XACRGLTERTS, 2 EMZ LDT IO LEX TS, —F Toore bk, R
FErH L OBEREOWTHEELTTH TV B WK, BRC LERE 1 EKCTER (35°C) ki
ERVB LB L SWEEE LI X BT R Lo, 2 LT DX ) REROHRIL, BEREN
WAEWADRIERD T v A H e bic 2 51cdih bbb DA 5 LELZTVBY, LbBHA
IhHDBITY, EERERBCHTHERIGENED L 5ItdDTHAENR2V TSR T L,

#t- Fritu (1957)*%, Sporobolus virginicus ® & 3% 3 bW =FERT, EERIENRFCI-\T
PYHBEAENCEOL K RKEIRI A LTWiW O T, HFEREFEHEO SN 2 DOELFRRNTFEL
TWBEAS L S EFEIRH Lico £ LTI &R, Srron (1959)% (% Typha latifolia ® % 3% %
B TITL » 1R S 2 RRYEE Lico UL FRFEY d b TERM KL (vacuolation)
ZET 5 EBYHE DA L, ERICEIHN TV HWISIRFEIVET LT, R &3 ERY
R, Ll TOFEHERIC S 23hict EIVCFRIERN RS Y, *OBERIMLIBE
B30 LELZ T3,

3-2. o Ft

1-2 SicL® LA 3EEDEMC, 1956 F£OKC, JLEEME)IERRHEEHBRATEL - v F 4
EDEFE DO o0 FRHEBDLDIT O o bR Y 2k v+ D& I, FRFR 1954 4 10 Bic
HERBRBHENT, Tl 1959 FRICHER TREA¥EFBBELHERTL b D TH S,

3-3. BANY =MD RIRBRIR

2 ZORIKKIE, RENDHPEE LDT IV ATATHDZ LA LLRTH D05, EEEOME
BIOEEMY LOIBRNE R LORBEWIENLD, YFXED X FOEKA 4 — v LbRT,

3-3-1. # * '

PR & RO WAIRIENR, BEEFR A bl Tl 4 iidh - @ KkERE 7 r o b LTH LHT. AKEKIL,
XU 105°C T 30 HELTHh b, 70°C 1T 2~4 BiEcd b, —ERK-7ws AT, HEEICHT
BRGDEGELThH LD, ZOMETLENC S BUFo & FOREUL, FE& 200 e\ L 300 K Th -
1oB3, MRRT A TR LR L WHAIX 50 R b buieh - 1.

3-3-2. 4 FxOBKREA

FEEVTI - LEREERD, YFFED, b)Y 3, v ¥OuTho s i b, HOCHBOH
BEOHEHO 2 A THELMIC LD LR UL 5, 3BREOBIKEEL D Z L2 o fo il
b Fx Y 2B X X ORKEEIE, SERO 2 xDOBA L LD AL, §3OBEBETORKENE
1 DBERIL BRTOUBLB LTI Z & THS,

CLIAT, YFLEDXFORKEEDOH LS LWL, 2 DMEENEbD TN, XD

* U COBIRRRL TRV, PR OBRLIBLALERUTH S,
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DEEMBE Y bicz L, COBRBCWIEFTLLEEF > TWABZETHS, BERE LTLLRT,
¥/ 0L, BEAEEY T X5 RAEEY Lnuliz LA LBK Lg%, Y5420
BRI, 2,3 ATHE 10REERbD, COMMOF e+ OWINC bR L, § 2, HIDEWETD
BIIRB T eV, LEAto T, Y F X 2D X FOREFELIVERE, Wb BBEROSHED X

5 1B TIKIC S LB 2 LIXTER , )

BEBAEY 5 1z & 3%, BELETRFC 125 % TORKEEY 2 23 LERHEREDIL, 25°C
EEhh T ik Rirht ey 23D, 8°C LEAN TV BB WS Sx 5 &\ 5 H% L
Bl TOX 5L, BERGLERRSCERLTWARERD 7 v A bt ) Z & 2BERT
B 1D0FEETELDM, THARLTDH, #1x2EF: LTALUBHENTELTHS X 5 wlbhi,

3-3-3. BEOBKINT—> '

EESBAR X RER-KEEBAECY - C, X XOBKIVHEARTSHZ AL BT 59908
WM, YFHLEDXRLDONTUL, COENIL- EFVREDONAE T T TEILY, wVED 2
&Y F L EDE FORKEBICH LN BIFRIS BN DOV TEL Thich o =V EOHE LT, EE
PR LIeF 2 Vv =Y DEZFOEKEEOHHZ DL, CZTHIBAAE 1, 52, 583 0KBEN

A 2-FDREDOLRBH, ZZTHE2 LE3OBREOE
I : . &7, BEEAWERICE » Thh s L ¥ Thb & LIRE
BCfET %, BBARBORKEDHERIE, bEbNIT
#I3BREOBKBEDBNE LThbbhb, V% iR
BaEEE Ll BRCHbh®MNIVWD, £D05HEIER
B 3 B OB T T, ZORE—EKThbh
DRTESLTZ LA LREDT Z LATE T—DRK
BojEfss, BRI X - T 5 & LIXEE S Khddioy,
mﬁ ~VEOF FCX - TREIND X 5 sk < OHER
DEFIE - T, BECHOhDHRTES L) Z 2T,
g 4 R 2 L DOTEIWETBRO DL ERE 3
l %5” BRSO E 5 i £\ 5 KT W ASHROEID
100 G BT UIED S < & LTh, WENE=H—27Th5
2, FOREBHIBRHOTIKITEHY, Favv=Y
D & xOHE, BEABOHROERLMAN, TOX

5 RO TR N & e B & L ThHDHZ LR LnT

Fig. 23 ﬁ%ﬂﬂbkv%{%oﬂ$é BB, LZAHT 332 Thhicekdk, YFLEDX
o o d A ke ss L, LOHARS OBMERL DD

Changes in water content of F. mand- A, COBRETEKEINIERNEDR, Favtv=

shurica var. japt'micfz seeds, after V15 EOBIC R BRTIFEBMCT T DED ¥ F

transfer to germination temperature

(25~8°C) from the stratification at X e DHAIE, BBLEC X > TRKIIDHRIET

25°C for 3 months followed by 3 mon- STWBHE LTS, FOZBERLBAVEHLC L » Tix

ths at 2°C. Seed (®), embryo (@), .
and endosperm with seed coat (O). bhT5 &ikBbhicle &5 LT, BOBK -

G

!
/

o 5

10
Time in Days
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VEBLELIRTHRERII LD, BiA, TF LT EIHOMERL, SIE 1:16 OHE
T¥% (Table 16 BIB),

X UHDOERTIE, 25°C T3IHA, 2°C TI3RABBAE LI 2 RITDOWT, 25~8°C ORFEET
REFC\ b ETO, BEBEAB IV 2 724L LTOGKROBEEY LbNi kv 54 eniH L
BRE b5 Z 21X, HELELTALOGINED D T BB 5 0T, LTTHEHLWIBAE, T
NRCER L S5 DIEHATRL TV %, Fig. 23 13, 4KRICX » TL®» Lz HHFI0 BKERTH
%o WUMERBAEY ) e 2 F 2 EELKMEC KL &, BIARMCEKLIZUD S, —HEHADBKRIT
LA LER R LD LRI, YF A EOBREB O T, BEEAKE R LT 5 2 4 7 HEDD
(suberized membrane)i}, ZDTHEWHIT LA T3 X 5 1ic Bbhiost, EEHILULE 2 HloRKE
BORTHITAETRTHRBKL TN B EHELNIL -0 ELTIDRDIT, #32fk LT
25k, #3BROBKBEOERMENT 8L, B X 388sBARASNHNTLE DT ThHS,

T, 3DOBBAELHOERYL, UEEYRL THEERMY (25°C & 25~8°C) ©52LTHhbHOD
BRIZOWT, BANDOEKEOEE LS, Fig. 24 ZZOEREELHLIEIDTHSY, TR

25°C.(6 months) 2T (6months) BU0Bmos)-2TC3mos)
%
2001 R 3 ]‘ B ,':e
100} - L
™~ 3 4 5 6 1 3 4 5 6 1 3 4 5 6
Time in Months

Fig. 24 BELE (6 2:0) bW, RFRALTIDOLTHLD, YFLFEDX
. Gk (@), iE (o), ME+EKE (0) o&kEO%EL

Changes in water content of F. mandshurica var. japonica seeds (®), embryos

(@), and endosperms with seed coats (O) during stratification and germination

condition. After each pretreatment of 180 days, the seeds were transferred to 25°C

(solid line) and to 25~8°C (broken line).

oW THRB L, 2°C TEBAELILYDDEKENS - L blehnl, RFEANOEHINS - 23T TAT
WBIETD 25°C (32 8)—2°C (32 A) DEBUBELEDLDIE, 25°C (618) DIDLIZLA
bbbt Lsl, 23505 REC b5 2 5% BFEEMH, L ER (25~8°C) w523,

25°C (328)—2°C (3mB) Ko HOBE, ¥ bl @noEKoBEOakEY > bibh, 0% ¥
BRI\ Do & THERLZHEF L, THRERBLABLHCE WX T, RRLERE THEOKK
BENRLELMCI LD I L THD. DBAAT IV HEOBKIZ, ZOBRMETE bin PERBC
b, BREFIVIDRV, It¥s, 25°C (62) KibD s 4%, gl 25°C THRFILLHA
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on 7;!’ nf WATER
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in Days
Fig. 25 BEBAE LicvF 4 ED 2 3%,

SEEORFIRCIDOLILEED,
Z XD TDORDEKFBOEL

Changes in water content of incased
embryos when stratified F. mandshurica
var. japonica seeds were germinated on
three kinds of seed bed at 25°C (solid
line) and at 25~8°C (broken line).
An ordinary petri dish bed with gauzes
on slide glasses was used for the lot “on
top of water”. For the lot “KCN”, an
ordinary petri dish bed containing M/200
solution of potassium cyanide was used.
Circle (O) showsthe water content of
all the embryos including germinating
ones, Stratifying  condition: "25°C
(3 months)-2°C (4 months).

%159 &

Z, BEOEKENHILHEMLTL52Y, ZHIKBEL
BHRERERE OBV B, DF W RFEKH
LTh bR EN S 2 efed & Bbh

—HEHICDOWTERD &, 25°C (62:8) KiZFasz
PO 2RD DL BRTT 5 e bEKEL LD L
T %o EEDOBRITD, BFERMC I OLch KR
FETVWL DHEBESTKT B Lo LLEDOBAWV,
BEOBE L DIREB LB E L,

CDESK, Bk UBBAESY S Tz 2O, B
B4l EREHETHBUB L LB Bk 52—V
LTINS E LTI 2, FORKEECS
FTH B0, Srron (1959)% D3 KHHED BHET
bHhbLRigV LA LEDREDOWTDOL b LW
B, FRICOWCTORBREDORTHLTLS St L
AR

FHROERDIC X - T, DEABESIFRERY L
S TWBHEETH, BESHENSDZENLLAT
fobd, £D X5 kil smoBIK- % —vE LS
eI, DEDL 5 RERY AR, PIOERVIC
X T, M/200 5/ ) R T F £ ED X X DRHFY
FLAETBRCEBELD Z bl o TWeDT, BIF
R(= bV —IUR) DK E <L T, 25°C & 25
~8°C CHEOFKIEEE L <7z, Fig. 25 K LT X
5k Ry D, MRPES R X 2 bhHETE, BR
FHCHL C LI E T, FOBKENL» THEELE
nBHZ EdbhB. &5 LT, BROBEOE HREK
o3, RERCRICD B b —EOALFE MR & BEEcBIR
Chpbol, ¥leiDX 5 e bFRREERES XM
BRSNS HEECBIRL TV 2 Lin E2ihD
BARLTTE,

FEIRIN G — 2 D A Tl i B

3-1 HicoNLIKR, REBHFWT L ERROPR
i, BRICE - THATENRIhARLY, FFERERAN
ENHAREND D THD LT HELTNS BN, &
FRIDRCDWTOED L 5 R FHNERE Z ZAXK
7219, bbb 2 2B KPEB W THEKFER YD, &
DREET 25°C & 25~8°C 1= 3B TH b, HE

3-4.
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DOFFERE (= + ) —[IK) I DLk b, 25°C KEWLicbDiX, FRNKHET 25°C T\ ik
AL b AHEORENT - LB UB Lol —7F 25~8°C KEWzH DX, RLDHL~FY -1
KOCRFELRLHBE LIV IR ATRELRUDITIE, BRIZLAERLURFRICEL, 2E D
BEEER At feiz 3O H W INICd, ERICK & LILX - THEN BEER oL bhisd -
foo Liehtis T, HFRMAEHT 25°C iiieh » LBE——C 5\ ) REETESL & Lo EER T
T——rir o Liedinb, 25°C Kb - o8k o 5 EEERSEEFRCBIR LT 5 2idEbh
R Lk iuE, BREOE—-BMNLHESL, FEAINHACIND LW EXFTHATLIZ Ll
T luniicBbhi, 25 LT—BZ ¥V ERY, FRER X UHEBEREC OV TTE» 7,

3-4-1. A &

(i) REEREOWUE : = OERTH B IBESHE, American Instrument Company, Inc. #O[HES
AV — LTI RESD Refrigerated-Heated Type Th 5.

BT EORES Y 7 A2 & Staniey®™® BRFELENDO 7 5 A a2 AVTHE L, BED
75 2 a DBAIE, Ble UMBHCOWT, CO: HEHBRRIET 5 LSTR85 DT, R.Q. 33!
DOFBHCOWTRIBHCRIGE Lic CO: HEHEBER Db o THEI LA, —J7 Staniey ©7 7 Aakdbic
BAIL, CO; OHEHEL, Lidi-TER RQ B UM OWTE bht, ¥LEBO7 7 A
aDPAIL, K7 T AT 20 KO X FE\hH, Staniey D7 F A 22X 10 KD £ 7% WHTHRIE
L7

COERTIE, TRTREEEOF 3% b BT, &5k 10% D “saniclor” ¥FEK (REHRRE
v — 50 5.25 ERY) I© 20 HOFTHDERATILS BBV, MEHT 7 2 2TARI, HHOTER
B XFBHIS, DL 5 BB LIz RI00WT, 24 BETHIEE 5 b& - iz WEL B - 1#f
$H1,3-3-1 TOREHEIC L > THRESELRIE L. FRERTT, # X OEEC W LTLDT,

(i) BESEFERC X 5 RHFRRK : < 1) — IR EN TR OMERIERY < bilc. ThbOEEKD
BRE(EAIL, HAHROOBICLbE DI Lt - DT, ¥E2 AL LWERE LYk
2o
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57
Time in Hnurs er Bedding

" Fig. 26 EUBOYF L =D 2 FxEBRLICL EDFEREF LU R.Q. DXL
Respiratory changes of non-stratified F. mandshurica var. japomica seeds after bedding.
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3-4-2. PFYEQIXOFRELZOEL

U, BENAE Lig\ 2 5 OEEY, R MY —MRKEWAER? D 4 BRI - TL
b7, Fig. 26 X FORKEEFZ LD LT3, ELAEOVYF L ED 2 HL, BHFRCELNTHLEX
F 10 B CEROSEREBICET S, £0 L&D 0, BRI X% 70 pl/gr./hour T, CO: HEHEIX
¥ L% 80 pljgr./hour Thbo hbOEFRENKBH B SV Ok, B, BH, BROLEOELEC
T BEELTLH LT W B0 b ThD, BE, Euonymus europaea O £ 3% b HL =R X g,
FEEULED S &+ 1/10 OREFE LA L DI\ L, Pinus lambertiana D 2 3 OHFT D, HHD
CO: BEDFXE 1/6 LT EFARVZ LALLATLAE®, TTXLD R.Q NHLB LIBEEVLD
12, BEORIMFEE S ADHEHIZ BRTELNTHAHLDTHY, 2O ik, BKLIEZLDTED
R, EREH DEKIIERADEREI RS B 2 L x Lb LTV %, £ LTERES X £ 100 Rfisl OHIEH

6°C(50 days) 6°C(3 months)
[ ]
ml» ¢ o m[ o
o] o ®
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'S o]
é o 120 o 120
$ ° o] |
é -4.00 1 ® ﬁlm
Q L
" 50 50{- ) g
-~ {050 1080
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S ° - o
1 1060 *
: _ 1
OL C s M 0- 5 56 040
Time in Hours after Transfer to25°C.
100 l— - 6°CA5 months) .
o
L} .
H * ° o
< - . ° 140
1Y [
N 0
R . T‘w
N
S sof ®.
s ° 100 E
E © (0] o) 1 \G_
o (o] ® 6 [0]
S
|8 %m
0t o 3 4 5 7 060

2 6
Time in days ofter tumsfer to 25C.
(I) Seeds stratified at 6°C for various periods.
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(II) Seeds stratified at 25°C for 3 months followed by 2 months at 6°é.

Fig. 27 BRAB LILYFLFE DL 5% 25°C L3O LICL &0 EHER L
' R.Q. OE1fL

Respiratory changes of stratified F. mandshurica var. japonica seeds after

transfer to 25°C.

T RQ 1 XD BREL, BREOKMOBERAE X b LEWE LIE a3 @isS 5, &
b I 5 BRED R.Q. OFELiL, Pinus sylvestris D 2 XDV TZ BN TUWBIEREO L BB &,
WHTB LRHITHS L, ¥ Euonymus curopaea DX FDBEL B Lo TnB™,

OFK, BRABRESIER - VICEDL S BB E LI B, BIOYFFED X FDRIEA
DR 31T B IR 2 & — v OE(LIC DWW TERE T T o8, Fig. 27 X0 Fig. 28 i LT on
ChbOERERTHD.CbDOFERE AR5 L, BEAEOHIM % /eh T 510oh T, BIHEEEE (25°C)
L3 OLTHALD RQ BLIEWEDL (b L, Db 0 BIEH CO. B S bhEbB X5
Cisd Zedbhhnbo TDZ XL, BERE Y CUBENERBLAEDOL ECHEIND L ERERLT
(A

DWTRBLEFEDO BN ERE L TARB L, BHFRET 25°C bbb ItBARIRLENIL- &)
L bivig o as, 25°C (32:0) —6°C (2 8) BnbD £ XD R.Q. D3 5 3220 \»
L5 Thso | o

BRI 25°C (342 A) —6°C (220) BB &% 2o, 25°C (Fig. 27 (D) & 25~6°C
(Fig. 28) TOWEE & — vHE L BRTHIWs WTFhOBAICd RQ. X1 XD J%’%’foméwbi, %
BT LEEWEOBR L FOBRLLELbbES L, YFLTDEINEFOERET DI 5 RRIEH
%, BEBEL LTRAMM THEES 50 25°C DERICR DL, FHRRER LIRS T 5 EH
L Th, 25~6°COEBRMHCE W BATIRI 0L 5 mBEPRabhinv,. 2% b 6°C Tkih
TR HWIITRHEN D UB LT, 25°C TOMFERINGEA R U VLRI
Do =® 25°C HiDOWEEEL, REOCHEME TIZLA LKA LT, RFEOEHE, D) i LsHESP
SHTHROFROISNBIT S Db Thb, RUDTHRLIZUD D, £ LTHENE mm 2otz



ml 0:(0) or COz(e) fgr. /hour

B, L, EEMOEREDORLE 2
ECET B, 20X 5, FHED 5 *
2L LTHRD L, REETIZLAL
WHB LB LW AR LD bR,
BAKRDOBEEZ, BIEHTONTHH L
LV LRI L 2 ELbDb
®pE, TOHBAKD, BEFEEL
TRHLBEOHMNEZ 5003 L
Rige LBLZOREILIDDI
BHiTiL, BREZFDNLLDEE
& BIR LR TORERRE L)
R B\ DT, B &b T
H#Eth b,
Z5LT, R vIRDONT
3, fifficeshiciBiCide, <
VEREDAFEDHLVIERWH TS
Lubainats s & Edvbod o 1 T
thb, < VECX . TREIND X
5 Indsde { DEEMD x X T, BE
RReshbrick - T, SRME
3 DEKIBREINL U E 5090, & Ok
B AR PR L T =+ —
7 ThHO®, 5 LTTERELLD
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Fig. 28 25°C ‘T3 %:H, 6°C T 2 »ABAE LV 5
FEDRF %, 25~6°C 123D Lick & © RRER
U R.Q. %L
Respiratory changes of F.mandshurica var. japonica seeds
stratified at 25°C for 3 months followed by 2 months at
6°C, under 25~6°C, On abscissae, heavy and fine lines
express 25°C and 6°C, respectively. Greek numbers
show the visible stages to germination. I : All the seeds
are just before germinating. IIL : Four of ten seeds have
just germinated. I : Radicles of all the seeds are one to
two mm long. IV : Radicles of all the seeds are five to
ten mm long. ’

LW BB TR 5 REEEC €,
FHEANOLERTR I BB TH BT
Thbo LIANTFHLEDEZIDE
BlTit, TDX ) KERTOERRE
{ba B E THRLDD Z ENTER
Vo Tibb, 83 EBETORKED
WMANT L A LR EDBRIgh > T
BT, 222 LTRSS
HOERECETENEY, AREC

RELIL R LD LNBBHIET, 1ZLA LHMARLD LIRS ko TF 4 TD X FORFADER
EENTE, ~YDFFTHLRD & ) REERGEOEHEEIL, RFLOLDOTHY, Lichis TIOH
A, BRAEOPRS IOCELNCD EDSERODELBREMC S LB LT, BELLYC
TSI HhOEBEL R E L i binb.

3-4-3. FAEELRFICH LETHE
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WERBRR L HE LN THIDOTHH V22 BFRELT, BEHCAVTIREYLOREH
ERLLR TV B, FHNEROERIL, S¥DX 5L 200EEXLELMCLEY, Tibb,
WifRERKl (uncoupler) & LTLBLRTWA 2,4—C=Fr7 2/ —A2%, 107*M OEETCRERELRI %
BIipb, YFLEDLFORFEBBRCK T, £ONFEOEELES I phosphorylation 1235 5 Thu»
HLEEESNI, Fh p-=tr 7 2/~ (107°M) 23REESR LB EinT, FEE» Y (M/200) 23EHE
ERZLHTZ &b, YFFEDX FOREFHMIC KT 5 RMIERTL, Frtr/r—2a-Fbs7 -
LAREEERTETHS b L B,

Table 12. Y5 & €D X XORFH LIFTHEELOHE (1)

Effect of some chemicals on the germination of F. mandshurica var.
japonica seeds stratified at 25°C for 3.5 months followed by 4.5 months at 2°C,

BERCLB | B F B E

+ % % o ﬁ.ﬁ Cermination Germfnation percent in
Kind of medium
for seed bed temperature 4 days 7 days 10days 14 days
Distilled water 25~2°é 1 8 69 94
Distilled water 25°C 9 16 19 19
M/200 Potassium cyanide 25~2°C 0 0 0 o*!
107*M 2, 4-dinitrophenol 25~2°C 0 2 11 26%2
107*M p-nitrophenol 25~2°C 1 6 55 93
107*M p-nitrophenol 25°C 4 7 12 12
M/200 Sodium malonate 25~2°C 1 9 64 87

M/200 KCN for 25°C _ %3
Distilled water for 2°C 25~2°C 0 0 0 0

Distilled water for 25°C T *4
M/200 KCN for 2°C 25~2°C 0 0 ° ¢

107*M 2, 4-dinitrophenol
for 25°C 25~2°C 0 [¢] 22 55
Distilled water for 2°C

Distilled water for 25°C
107*M 2, 4-dinitrophenol 25~2°C 1 2 22 52
for 2°C

2HEBBLE Y23 R : e o
% # Hi ) % K D E ﬁ % %: $ Germlnatlon/o n
Kind of medium to which
seeds were transferred after
two weeks 17 days 20 days 24 days
*1 Distilled water 0 28 73
*2  Distilled water 47 63 66
«s Distilled water 0 32 82
(continued) 0 0 0
4 Distilled water 72 86 92
(continued) 26 38 68
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Table 12 12 L34 2 B H OFLEEEROMETIL, 5 2T ORLCERE LR Lrdiugse, REHOE
BRIG LERKICO\WT, Bbkh 5 BRe bk TV b, M/200 H#g» V) R EHIC $ bl 5841,
BEH & LEEHIEG b T b B e, 205 RIGE LT, BEMCER» ) btk
Kig, BFEEDEYBS<NBHEEL ST LI czBbhin, BHE» ) OBEY, SBRCERL
KAChHED 2 LTS - 7223, S LDFOL S5 HER L 52 LR TEIE, RFEDOHL
MEXT 5 2T BRBLBLNBE 7o B, SO ik, 14 BLUBCER » Vb E™EKC
BELIL FORFRIGICE - THHEEShD, —7, BRACER» )V 2bict b L, RFITBRCK
2xbhd, ThHOEREND, BERREOEELBANS, BEMHVICL - TSLASHELY S Tk
SRR THB L, BIOCERBREHER S VT L - THEY 3 F ARG, %6 IIFREELT
WBZ 2RI NS, ,

H3DORATIL, 2,3 OEBEZEML TEREITIN, 7, FOKEL Table 13 0 X5 Thb, F
Br ) IC X BRFHE, OSVBETIRLALLEbbhV.. —HERH» VICk3X 03T, 20k
WIHEDR, F oty —FOBRRITHDLNI TOBRRIEL, 107°M OBETI . BRENTBLLCEILL
b, ¥l 8- Fesxo /Yy (M200) L€/ 22— FEE (10°M) %, —D % 2D REEREH
EFT %0

Table 13. ¥ FED & FORIFCE T THEZOHE (II)
Effect of some chemicals on the germination of F. mandshurica var.
japonica seeds stratified at 25°C for 8.5 months followed by 4.5months at 2°C.

FIEIRIT b B\ e G ORI BHEE F F R Geir;mnatlon percent
Kind of medium Germination
for seed bed temperature 3 days 6 days 8 days 10 days
- 25~8°C 58 89 93 96
Distilled water 25°C 27 49 56 S8
M/200 Sodium Azide 258°C 1 1 1 1
107*M Sedium Azide 0 o - 1 1
107*M 2,4-dinitrophenol 25~8°C 1 2 2 2
M/200 Sodium fluoride 258°C 42 90 92 92
107*M Scdium fluoride 56 92 93 94
M/200 8-Hydroxyquinoline 25~8°C 22 47 51 51
M/200 Potassium cyanide 25~8°C 3 - 3 4 5
1073M Potassium cyanide 12 83 91 94
107*M Iodoacetic acid 25~.8°C 18 52 64 71
107*M Icdoacetic acid 49 94 94 95

U EPEEERO #RY LD E2HBE, YFFEDX IO FFYO NFERBC T, Rk
phosphorylation AUEBIL T\+% & £7% b ¥ b Th o —HIEREAMIC D/t b BRI ERT
i3, Fr/e—a-F 7 e —2BEERRTHE IO L Bbhs2, WERDHELHEERC X > TH
DENCFFAEN R L DB ND Z 2D, S EERNEEL T52y, b5 ikboRICEERERL
AbBZ LRSI R,
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3-5. BBEREOFEME LTOMREIL

Z DEITI, BEABIC X - TREERLbbhs &L 5 Wi 2BET, 2 X0kl HWEERC
DT, BRI EPLE LERROBRYHET 5. HEAHO H2 L BERGH G #8425 R%
3, ThETDLIAHE >R fFlbR T, 5T, BRLAEDOLVIKEOYEE(LE S DT,
BRI L 37 5 EFEIC DU T OBFFER ¥ b Tis s\ 1 HINININIBINNINT0TE08HINII0DI08), =
ROOWEELEBLT, LTRORSERICEEDLLMA XA - THB L, ETTHREHOBR &,
T L D785 BEOMIA—RRINC R LD BRI TV AN, —HEROL WKLY s ERRIT2HLLE
RTHB90, OB OWTIL, 7 e~YDERTY 8, 771 /-3, xﬁ*ﬂ-—x@#ﬁﬂb
LRTH300, BT H DRIl VBBAEYNELT5F 2 VvV OBRE, BRAEYS
FTHBRUDTAZFA—ANS bbb, b kbl UCAERD Pinus lambertiana O £ 5T,
BAUEDZ FCAZF A - ANREDORT VB, BIRARILIDEFZ, FavevIYyDEREbd
To L AUHWRBEBAET, BFEATHMIEES RS Z Lo Tk,

3-5-1. # %

TI/BOs/a< 57 1 —RDENT, TRTOERE, X REIUSOWTH AT - 1

(i) EBKEOHE :3-3-1 TOXREHELERBL LTS,

(i) RKMYOEE : MEERLIIL - BB, FEKTH B (EWThb, Fig. 29 OBMFEE
W Ulehis T, ¥3AH=— 7 LE¥ERA (RN bt iz, All=— 7 ARERTE, BOBETIIFER
T, BREDBARTIL, Ho b IALTHRL, 30 £ 5 v, O L5 L5z EnL LTHD, Fig. 29
DIEFTHHFL, (1), (2), (3) XU (4) I©DO\\T, ScuaFFErR-SomocYl, DR CEE Lo

(i) ~IkLE—Re EAR—ADFE: ~Itilr—RA (L Preece O FE® L, wile—RiL
Kurscaner & Horrer DHFEIZ Lichi- TEE L.

Gv) D7 e~ 7571 —Fig. 29 WLichis THEE (A) 2B LLbE, SlERHOBAM
BRCTEBALDOE»OREY 2 DOEThb, BbKEL & B LTBROBEDOL oo £ O FRY,
10~20% Ok — #C pH 6.0 KM L T bEEHIR L oo SER bWt £/ — i
HizbboichAlli=— 7 A RNERSOREERICI-VW LT, BOBAITIX 40mg Hich 0.1ml, FHO
BAWIZ 0.2g H7h 0.1ml OEATEEBKREZSbrTehlic. ZOEKKIL 0.01ml %, KE
i No. 50 OIERICDF, n-F %/ —n B : K (4:1:1) OBBIC L - T, EARETHLIE 168
MBE LI 2 LTARFA—R, T7 3/ —R, V¥, FNa—RA, H#57 =X, 757 b—23,
75/ =AD Rf LHEOBRIEEALE, HFRMORBCHI > T, FEOTER L T2D
i, —ERBELCDDERELT, S URRLEETRELL, 7 7= /7 41, KELTHDLN
vFOVRIIVGETLE) & SeLiwanorr DRI (F r— A% HOA Y ITH o H ) V) TREIE, B
OEEL BREDLENBERE L B

(V) 7i/BO7r< 7371 —: Al=—TARERS %, 80% 8/ —1kbb TERT
24 BRSO 3 [EHH L, SROABEL Th ook ERKATFIRL Tr DREEHEL , RECHEERL 2
SERICHbWIERENE 4 2 7 — AR § b A= — 7 TEA O LER 0.2g KW LT,
0.1ml DEATEBKESbLTLnrli. ZOKEKOHEE (2ZRTL/ v= /771 - DLEILE
X% 0.02ml, 1RTDL FiFW L% 0.01ml) %, FEFHK No. 50 DEH2FT, EHAETREL
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Oven dry material

Al — 7L TH
Extracted with petroleum ether (B.P.<50°C.)
in Soxuers extractor

BB —FLAESS

Petroleum ether-soluble

BARAT—-FALTNEES
Petroleum ether-insoluble
80% £ % ) — N T90%5 303l
Extracted with 80% methanol
three times (90 mins. for each)
on a water bath.

[
BAY/—NABES

Hot methanol-soluble
2F)—NEER

Methanol was evaporated
on a water bath,

JFi# Filtrate (A)
PHERERESNIC & B

Tt ok

Treated with saturated
soln. of lead acetate, and’
surplus:lead!was' remov=
ed by sodium oxalate.

P (ER)

Filtrate brought to volume

#BAY ) —VRBEBH
Hot methanol-insoluble
KEKTI05 ¥ 3 BIE kit
Boiled with distilled water
three times (90 mins. for each),

MATEBS

Hot water-soluble

RATEHS # % Condensed

Hot water-insoluble

PR (BR)

Filtrate brought to volume

10m] aliquots were

(1)

used for the SS’

method.
10ml aliquots | —E &% & V) iliEm: (3)__ »
were.used | #0% T67°C T 10 BTENE
for the 8§’ 5 JuER Reducing substances
method. 10ml aliquots were hydrolyzed
with 1ml of conc. HCI at 67°C
for 10 mins., and after -cooled,
neutralized with 10~20% NaOH.
brought
KA & h s (ER)
Hydrolyzed sugar soln. brought to volume
10ml aliquots were used for the SS’ method.

—ERtE &) BEBEMZ T

905 KALFR

10~20m] aliquots were
hydrolyzed with 1~1.5ml of conc.
HC1 for 90 mins.,, and after
cooled, neutralized with 10~
20% NaOH.

MAKABEN-TARE (BR)
Hydrolyzed starch soln.

to volume

10ml aliquots were used for
the SS’ method.

&/ T ¥ (2) (4)
Reducing . JERITHE +BTHE TAH+BTEHEIR
sugars Non-reducing sugars + reducing sugars Starch+reducing substances
1) To analyze petroleum -ether-insoluble fraction, 1 ~2g was used for
endosperm with seed coat and 0.1~0.2g for embryo.
2) The SS’ method means the modified Scuarrer — Somocy's method.

Fig. 29 RK{LHHDOHHTFE:

Procedures for analyzing carbohydrates.
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Fro BRIRICIL, 7 =/ =N 2057 vE=7K (9:1) TAHED 8- FrFoF/ ) viibii™b
DE, n-FTx)—L WG K (15:3:2) 2B,

2RTEZ v= + 75 A1DWTIE, =vEFY) VYD 0.25% 7x + vERVE, 4194FvD0.2% 7x
F VBTV ARIHREL LTh bW, 1KREZ vr< F 27 ARDWTIL, ZORMEIED X S gk
BERMRELHA L, Tibb, a7 7 b—A  KEEEBRY — FRE GRARG: 7A¥=V),
EEE_BmE 22— FH»IVRE (U AF V), Pavey ORE (e RAF V), 0-7Z—ATATE FD 0.2

Yoo
Leucine

' ,mi Phenylalanine
2
. Ovaline
L0
& { Tryptophan() OMethianine
~
. OTyrosiue
‘.Q:) ¥
3 #hminobutyricacid() (O Poline
'g,“# Alanine
<
B

Threonine

E,’T OGlutamic acid O
E LOA‘P‘WHC acid Cp-ferine OHmexyp roline

'2. fﬂatam:‘ne H
< Oftyeine Oﬁrginine
; Afptru,ineO O‘{P‘ine Oﬂistidine

o}

O Cystinc
o 20 30 40 50 60 90 60  90Rf

— Phenol : 0.5% Ammonia Water = 9z 1
Fig. 30 7 3 /@K XIV'7 : FOEERER
Standard chromatogram for amino acids.

%7 VEsH (7Y >v), Euruicrs DRE (M) 77 7 V) Thb, HBIZLCOREBHRICE -
Txbhiz, 2RIEZ r= 275 A kiiBiT57 3 /7 BOBEERBEN% Fig. 30 ©L»7,

3-5-2. WEHEEOXI

BB AE DIEARC O\ TIE 500 KD, REOBRICOWTiL 300 HOPHIEC X » T, KL HEADK
BEROMRYIY > TA5 L, Fig. 31 0L 5 Ths. HRBELEOERT, #3204tk HEND
SR VRETHZENLLRATWADP2, Fig. 31 OfERD, = iT 25°C THRAKHASOHBEL LD
ZATHREERDSFBZ LERL TV, 22T, 20k 3 HEDORE LIBBUEDRFEEDE L OB
WEELTHRD L, TTEAXDENTOERDKREILDONWT, TN RF(TESNR LHEBEL LHI L
LHREELRDS, Fig. 31 OMBEROEL I UL 5 RBERERL TV %0 D% h FHLLEAD
WEOERRIL, 25°C KEVWThHo 2 hWHULBLLV. Lo TZDHRIRD, BEALSHEADHED
BRI, BFENOEMFOIDICUBERARERETSHS L5 LDk, BLAHCERNRIO LA
BRETHBIES I,



— 50 — HERBRBHARE 1595

_ 505 10

i

<

0

s 40} 89

P~ . |8

S = (\/ =

<\ Qi m

s 304 6 s‘

§ {1 <

o Ao 43

'5 R o E

=8 A—M‘é’ Z £

§ f1 Qeeax=citll G <

E 10 22
b
>

NP . , , 1, A

0 3 €6 0 5 10 I5 20
Time in Months Time in Days
Fig. 31 BEAEDOLWKEH LREFEAOBRTAHLNIKE BE (+EK)
DFEEEDOEIL

Changes in oven dry weight of F. mandshurica var. japonica embryo (O,a,0)
and endosperm with seed coat (M, a,®) during stratification and germination.
Stratifying conditions : 25°C. (3 months)-2°C (3 months) (a,a); 25°C (6 months)
(0,®); 2°C (6 months) (O,M). Germination temperatures: 25°C (solid line);
25~8°C (broken line).

3-5-3. KECEFOILFERMER

ThETDLZA, 3 Y 2BEIARD & X OEEMERE |E Lo fiXiE &£ A ¥ 7\ Baowin
(1942) WM Z[A LT 5 & Z A L tuf, Krorkewrrscn (1934) (X Fraxinus excelsior O & 3% 20%
DIEFE L LBELTWAED L2, HLTORBTFLEDHICL BRBE WHUB L ER
3-5-1 TOREFERL L - Txbhtk, YF£E, MY 2, U SOKEBFOIEMMARBIL Table 14
DEEYTHB. YFHTDEFDEKEIIEDHDEDILL BRTHHUB LL kb Did, HRLTHE
A BWBETORIZ 1 AR, EREPEREBCI > LTWigh - ekedThA 5,

(i) [EHHeaEER: 2324l LTHRB L, YFFEDII) NIBHEERNTLAV Zhidv 4=
OREADIRIIEFHEN T isnied s, BHIRIEWTZEOEENR DV Wb Thb, &5 THREDT
COWTARD L, [SEREDOYF £ 20K, WHUBLhVIEHaERLY LD T 5,

(il) BRI L RO : Bk, SERIUEZ S DEBEOARRI, 3 Y 3, A0’ M
Bk w, FRIEHEFRNOWHARIE, TY I VYEAREENEEV I ICBbh8, 2T
LBV SHTHETIE, &) 2BOZ FE—RCAVBEDT v 7V LDGATOIRWERE b X o &
O TOL VSRR ST OWEE (R.Q.) e Erbbeb s, 0Ll LERIDLAGRC
Bbhs, ;

BOBEIC OV, Z7r= 257 1 —RIoTOFDL S IckER (Table 17 BfR) &2 Tit
bbb, YFLFEDMCIIT 7 1/ — AL I A I—ANE->ENHRLDONDN, AxFAH—R ¥ 1 FEiX



Table 14.

SEREDO ¥ 5 4%,

FERY =, YA DR FO{LFAMAR

Chemical composition of resting seeds of Fraxinus mandshurica var. japonica, F. japonica,
and F. spaethiana. Percentage to oven dry matter.

. e _ e
v |[Al=—FABAz -] B K . \ N— S
il # 3 7Jt % TR 5 ﬂﬁﬁ?ﬁ“ AR5 *\n\_‘l:):l/ wre—R| F O M *ﬁ(.:ﬁd =] Rlﬁ.djﬁ % ;Eﬁﬁﬁ 15 ve
oisture 0 . rude educing .
Speci Petroleum _ | Hot water- | Hemi- ) reducing
pecies content ether-soluble msglhf;igl soluble cellulose Cellulose |  Others protein sugars sugars Starch
F. mandshurica
var. japomica 11.5 4.8 36.0 12.6 5.9 11.6 29.1 20.3 1.4 6.9 2.0
F. japonica 9.7 6.6 43.8 9.6 5.9 9.5 24.6 21.8 2.1 8.7 1.9
: Rz — 7 BA 27— B K y - = _
R & | po | BRE Tonas | TERS | mams |t o | BER | BEITE O ORETE | o g
Speci Moisture Petroleum Hot Hot water- Crude Reducing reducing
pecies Part content methanol- Others rotein sugars sugars Starch
ether-soluble|  soluble soluble p ga ga
F. mandshurica Embryo 9.3 36.0 38.3 8.4 17.3 21.1 2.6 8.6 2.2
var. japomica | Endosperm-+
Seed coat 11.7 2.8 33.8 12.2 51.2 19.9 1.7 7.8 4.1
P Emdryo 46.3 25.7 48.8 8.8 16.7 17.3 2.9 10.3 2.8
. spaethiana
Endosperm--
Seed coat 52.5 3.9 52.5 7.4 36.2 11.9 2.8 14.5 1.6

AIce) B LHENFFEROLBYWAN T VhBLE > 5 £ 4
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Table 15. SKEREBOYFFERLIV IR Y 204
FCHET HHEHET + o BOBE
Free amino acids in resting seeds of
F. mandshurica var. japonica and F. japo-
nica. A quantitative relation is approxi-
mately shown. Amino acids with a question
mark are not confirmed yet.

\ i S % Fraxinus
™ PECIeS | andshurica
glzj/}fifiture | var. . F. japonica
content é?;rle‘:)lasis) Jjaponica
Amino acids 8\ 11.5 9.7
amides
Leucine
Phenylalanine
Valine + + 4
Methionin
Tryptophan + + 4+
Tyrosine + ++
Proline + 4 +
7-Aminobutyric acid ? ?
Alanine
Threonine
Glutamic acid + ++
Hydroxyproline
Serine ? ?
Aspartic acid + +
Glutamine
Glycine + +
Arginine ? ?
Histidine ? ?
Lysine ? ?
Asparagine + +
Cystine + +

BEALERVD, BBELTHIb
T ThBo—TERHICIE, 77 1/ —
x,vaﬁ,fw:—xﬂ&abén
%o ZHILIWLT, v CORER
FORECIR, 774/ —A, ¥,
Fra—ARi-EhHRED LIRS
B, AgFA—ALbTHEEL,
FRERRIRT 7 4/ — R, Sa—
AEVWHUBLVEDY 2 HEALD
bhde bFY 3TDWTIEE 24k
ELTOERLAEVS, ThIZLS
L5747 —RA, vakh Sra—-=A
XX EDHREDBNBI, AF2FH
—ARBEAEZRED BRIV,
Gi) ##7 1 / BoBE: Y545
=L bA Y a0xF (B EH B
TOWT, 3-5-1(v) TOXRX 5k
BB OBERIGEZ BT, &0
X 5 kR 2 fo(Table 15), Z OFf
BThbhrbXiE, YFL£ELIRY
2 DREFAFECHIET B L S e b U
BL BN, HEEET § 2 BOMEK
ZixHbhish ot ThERDT 3
7 B onT, BRBIRE TS ICRES
TBHZLIXTEED o 1D, YF4E
CrrY) vdEEHLEhbT L,
FRY TV, P T T Y,

FrYYRBEL S EFNRDET Lot CDX S IEEET 3 /7 BOERIZ, LK, FACR

ML bt niEs 3,

(v) HEAZOED: YF£E, Y42, PRV ard, HEACIKVDH LS LHBANEAREDD
higvo A PO BT B HEAOEAMT < VL0, BHCWT2BEEKROEENBEE
7D ThA 5o BBEAZ 7 —ABIVBKC LI THRMCOWTHRB L, FxY =, v+ O TREH
NBEL, YFFETRBRENERE V. TELRREEYHELMCTH DL, & LRTEOHRY

ZENSBRET AREN L B,
3-5-4. EBUMEISRFEADOBRETEC MWREIL

U EDARI L5 e REEFORFENERD, BRAELANTRFC W SBRTEDI 5 5 M
%, Table 16, Table 17, XX Fig. 32 i h F L »TL® T, UTHEHEYDHIT T, chbHoERY



YF X E@ETEPOL LIHARBETORFERCHET 2HE GID — 53 —

B LTHI,

(i) JERED%EAL : Table 16 A= — 57 AT
BALLTLDINTHBHDDOELRD S b, EEE
KRVWT2EE—Ihen hICEWRL L5—K 20
F% 7 ey b L Fig. 32 %, JBRHOMERICOWTD
EFDI e txbELMPTLTVS, ETHIRL, J—
AWRIBEAE DR EAHC 2 2vb 5T, EOl ——

TREWHUB LB L, BREOFTENL B2t | 2°C(6mon ths)
Tho BHELHCSOLTHD L, AN, TIZE 30
RELTORHMT B ERANSLSH, FBC20TRE
BAEAL, RHRECT - Tor ) Efkries. |
2% bh, 25°C (32A) —2°C (31 A) oEBLE ,¢+
% 51T 256~8°C OERIC 5O L icdDTiX, FF "
FTHUELL Wb SRS LIE L2, 0 0 '
25T3mos)-2°C{3mos)
AHBHOEEN S LT\ 5 (Fig. 3DML, 8Fh ,l
TWBIBHEORZ D b DD L Tigvo —FAF]
EFRE (25°C), AHABBLERMHCE D 0}

% 25°C(@months)

Lpaneliets &

DT, @A EELD ZBIL, Table 16 iZL oagy
.S -1 s TS 1o} .

DLV A COFCDONTUR, BHFET B EF ORI """‘“'."‘e
BIENTER - 12B, TRTHRFANOBEC | 4————a :
% B O Ier CIRHE B+ 5 Bk bh 5o WF b et
B2 TOfi (3-4-2) Thehic X510, TOX po g0 wEAED 5 H b EE~ORE
SHENLEX D L, REMOZE/FRAE L L BoRbhlEL B () Dl
CRERED DT B 13 % bhisat, BFE Akl

Changes in oil content (oven dry basis) of
R COBANE, ZORHIDO R.Q 221 L HRRDBVWE  F. mandshurica var. japonica embryo (O,

WEWSEHEIEEL T WS 2 LAkv. i 2, 0) and endosperm with seed coat
(M, &, ®) during stratification and germi-
Table 16 Th»% & 5iC, T € DRIBEFLIC < nation. Stratifying conditions and germina-
BARTWHBLB L B Ehb, #x&fkrLTp  tion temperatures : same as in Fig. 31.
feRsO &L, BREAEDDREF~NOBETLLAMMT 52, ThETLLATWAHEIRE Ligs T
Bo BT FE, HAHBDO P+ ) 2D FEOWT, RE, BREAE, &IURFMchsWEEL
PHREIRTV S0, BELAEOLWIIIZIEHC VB LB LWELIZA LSBT,

(i) HERIUT v 7vORMEL L HROEL : RKIEYOELD, 2L THEIVBLUSBL
RIGWA, BLEDED L5 I O DEALIEHTHZ L2 TE 5. ETHEIR, LWALAIRED
7, BHEZELT, BIOE—27 12— A—@3bTHLrEGERTHRWER D T, BEAEVWHLUS
LWz bR LALEETR, RFERAbbTFMC ML, Z2T75 72 b—2 dibbbh
Do ok, B URHIOKMIIE 77 7 F—anihidbhis,

—HIERTHEC OV, BTHHEATHEERLAENRE DL, TIvbBIETIE, 25°C (37
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Table 16. BBAEDH\ 2 bRFE~DBET
Chemical changes of F. mandshurica var. japonica embryo and
[@D) without parenthesis shows the oven dry weight in mg of ten seeds.
i Embryo
: R R RY F
» &% 0 R B | Wy | #wE (B | BS | &% | #mp | 5 | ®
‘3 ] s = g o & 2
e = S I g E] ]?-é 2 3 1H w0 =
State - o ;‘\\g'é 'i'g g@é 12 &0 g \g
hey ] 2 | .8 3 ’
(No.)  of seed @ 5 |TE5| 15 | B§ § | mg &
g L | 4| 8 - 2 5
98 | @S | E <8 | BE | M~ | K8 | K
g g Z
) & ®m R 24 8.6 9.2 2.0 0.6 2.1 0.5
Resting 9.3) | 36.0) | 38.3) | ©.0| 26| 6.6 ]| 2.2
Stratified 30 8.8 12.6 3.3 0.9 3.1 0.5
(2) at 25°C
for 3 months (158.5) | (29.3) | (42.0) | (11.1) | (3.0) | (10.3) | (1.5)
Stratified at 25°C
3 for 3 months 30 5.3 15.4 3.1 1.1 4.7 0.8
followad by 3
months at 2°C (162.4) | (17.5) | (51.3) | (10.2) | (3.7) | (15.8) | (2.D)
5 days
(ay ater transfer 30 5.5 16.6 2.6 1.0 3.3 0.4
to 25~8°C
from (3) (190.0) | (18.3) | (55.4) | (8.7) | (8.3) | (11.0) | (1.4
10 days
(5 after transfer 31 5.1 17.3 1.6 1.2 3.6 0.7
to 25~8°C !
from (3) (214.3) | (16.3) | (55.7) | (5.0) | (B.9) | (11.6) | (2.2)
6 Tust before 34 5.4 18.4 4.5 1.6 5.1 0.6
germination (236.4) | (16.0) | (54.2) | (13.3) | (4.6) | (14.9) | (1.9
1 Just after 35 5.1 20.1 3.6 1.8 6.1 0.5
germination (266.8) | (14.6) | (57.3) | 10.3) | (5,00 | (17.9) | (1.5)
Germinating seeds 42 6.1 23.3 4.2 2.2 4.9 0.9
(8) Radicles:5~10>
(mm long (345.6) | (14.6) | (55.4) | (9.9 | (5.3) | (11.6) | (2.2)
5 days .
w after transfer 30 5.4 16.4 2.3 0.9 3.6 0.3
to 25°C
from (3) (181.6) | (18.1) | (54.6) | (7.8) | (3.0) | (12.0) | (0.9)
10 days
&) after transfer 33 5.9 18.4 2.0 1.3 3.5 1.3
to 25°C
from (3) (178.6) | (17.9) | (85.8) | (6.2) | (3.9) | (10.5) | (3.9
Stratified 26 : 7.0 11.4 2.5 0.8 2.8 0.5
") at 2°C |
for 6 months (171.9) | (27.0) | (43.9) | (9.6) | (3.1) | (10.7) | (2.1)
Stratified 26 | 4.8 | 12.9 2.8 1.0 3.7 0.7
3) at2°C
for 6 months |(172.5) (18.4) | (49.8) | (10.6) | (3.8) | (14.2) | (2.8)
Stratified 34 6.0 | 23.3 1.4 1.5 4.3 0.9
@) at 25°C
for 6 months (162.3) | (17.7) | (68.4) | (4.1) | (4.4) | (12.6)-| (2.5)
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KB (HEE whbbhichEEt
endosperm with seed coat during stratification and germination. The number
The number in parenthesis shows the percentage to total oven dry matter.
F+fK Endosperm+seed coat -
@ 5| % /8. |% . « 2| B¢ | ® §|e
3 2| ¥ g ¥ g v 2 & 3
' 51K T2 B2 g ! PR 2| g
Bl R o | R B2 T EER| S g | R ¥ € | N §
s} b5 , B Q ' N
2 S|« 3| 2L |- a ® 2| & &£
388 10.9 131.1 47.3 6.6 30.3 15.9
1.7 (2.8) (33.8) 2.2y | . | 7.8 4.1
336 8.1 116.3 36.0 6.4 18.8 12.4
(113.9) 2.9 (G4.6) | (10.7) a9 | G.e | 6.
336 20.8 99.1 | 29.9 4.7 23.9 6.0
|
(120.3) (6.2) - (29.5) | (8.9 1.4 7.1 (1.8)
329 21.4 97.7 ' 39.5 4.9 22.2 7.2
(123.2) (6.5) (29.7) | (12.0) 1.s) 6.7) 2.2
327 24.5 104.3 | 37.9 | 6.2 23.5 7.2
(122.0) .5 GLe | oae { a9 | @2 | @2
327 25.8 99.7 415 1 6.2 25.2 6.5
1.0 | @9 | @5 | a7 a9 | an | @o
326 25.8 101.7 ; 46.9 6.2 24.8 5.2
(123.2) (7.9 @2 | 4.9 1.9 (7.6) 1.6)
311 26.7 93.0 | 40.7 6.2 21.8 6.2
127.1) (8.6) (29.9) 13.1) 2.0) (7.0) (2.0
329 22.4 97.1 36.8 4.9 22.7 6.6
L (124.8) (6.8) (0. | (11.2) 1.5) (6.9) (2.0)
327 26.2 102.4 ' 40.5 6.2 30.7 8.5
(125.6) (8.0) (31.3) (12.4) 1.9 (9.4) (2.6)
36 | 11.0 105.7 | 40.9 I s 29.2 16.7
| a0s.2) G @n | ALy e | 62 | @D
353 ‘ 22.2 19.1 8.1 ; 4.9 26.8 7.8
(107.5) 6.3 (30.9) (10.8) | .9 (7.6) 2.2)
316 14.9 9.1 338 | a7 22.1 6.3
I (132.3) 4.7 (30.1) | ao.ny @ 7.0 | @0
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(2) Appendix Chemical composition of
i Embryo
. R &R
&2 F O R R mlm{%ﬂ ¥e B 2 oo &2 o | £
K] % @,—% K 'g f,_, 5}: g’
) & § |Foo|l® 3 8 |IRGe =
State o | o 353|358 w] | e |R9E| B
g o N -'5"8‘ | &S ]—v = B M = S
of Seed ﬁa 2 11{':-:‘.; ~ 5 F é o @
13} 5 xB -
95 | @3 |=m2 |x B| mE | md &% | w
g &
& B R @ 141 36.2 | 68.8 | 12.4 4.1 14.5 3.9
Resting (46.3) | (25.7) | (48.8) | (8.8) | (2.9 | (10.3) | (2.8
?ﬁ%f BCERBCT | s 352 | 722 | 8.4 | 48 | 187 | 25
4 days after sowing (166.0) | (24.3) | (w9.8) | 5.8) | 3.3 | 12.9) | @.p)
Table 17. BEAEDOH\NIEHHLRIFEANOEERCTHLIICK L B2 (+BE) OE#EROEL

Changes in sugar composition of F. mandshurica var. japomica embryo

and endosperm (+seed coat) during stratification and germination.

This

table shows only an approximate relation among different stages, and the
quantitative relation is shown in Table 16. A comparison is made on

different basis for embryo and endosperm with seed coat. = : trace.
B’ #H+E K
‘ f£  Embryo Endosperm+seed coat
2 X O R & ° P
1773 Q o ) 2} Q ® Q
(No.) State of seed 2 & g = 5 8 & g = 5
n & | @ | O & | & & N °© | =
(1) gﬁﬁiﬂéﬁ% Resztén% . + -+ + 4 + + +
tratified at © or
(2) {3 ratified + |+ | + |+ + |+ | +
Stratified at 25°C for
(3) {3 months followed by + + | ++ | + + + +
3 months at 2°C
10 days after transfer
(5) {2 fays after transfer | 1 | 4 | 4+ | 4 |+ |+
(6) Just before germination| =+ + | ++ | + + + + -+ +
(7) Just after germination + + | ++ | + + + + -+ +
Germinating seeds
(8) {(Radicles : 5~10 mm + + | ++| + + + + + +
long)
’ 0 days after transfer
) {32 fays after tran + o+ || + |+ | =
[Stratified at 2°C for
@) - 3 months + + + + + + +
Stratified at 2°C for
@ 6 months + + + + + + +
Stratified at 25°C for
@ {6 months + + + + + + +
Appendix Sugar composition of F. spaethiana seeds
& B R OB Resting + + + + + ++ +
4 days after sowing at 25°C + |[+++ + + + | ++ | +
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F. spaethiana seeds.

EF,+ R Endosperm+seed coat

& &
it 5 - B % © % g R P Y é ﬂw K
L K] t g2 = = = 8
W = 8|5 22| K L% | w o3 i | Rig 5
Bl % o | R EF |7 Eg S| Ry | B8 | > B
B 3 ] T8 ~ g = o} 3} RO n
g 2y *T | & £ | % F 2 g
g & | @ 2| =& ~ B | ® Woe | i
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Physiological Studies on the Germination of Forest Tree Seeds, with

Special Reference to Fraxinus mandshurica var. japonica Seeds*'.

Sumihiko AsAKAwA
(Résumé)

It has been well known that temperature is one of the most important factors affecting seed
‘germination. In this paper, the writer intends to show the dynamic understanding of physiological
processes to germination by means of seed behavior in response to temperature conditions, with
special reference to the alteration of temperature requirement for germination in Fraxinus mand-
shurica var. japomica seeds. Recently the writer proposed that the germination behavior to
temperature conditions could be interpreted by “thermoperiodicity in germination” (1956). In .
Chapter 1, the alteration of thermoperiodicity in the germination process of ash seeds is explained
systematically in connection with other external factors. In Chapter 2, the dynamic interpre-
tation of dormancy is discussed on the basis that thermoperiodic responses are generally favorable
for the germination of various forest tree seeds. Finally, in Chapter 3, some approaches are
reported to elucidate the physiological processes related to thermoperiodic responses, on which

basis the possible significance of thermoperiodic responses in seed germination is discussed.

1. Thermoperiodicity in the germination of Fraxinus mandshurica
var. japonica seeds and its relation to their light-sensitivity
1.1 Historical review

Although there have been a number of reports on the effect of temperature on seed
germination, most of them describe the germination behavior of seeds of certain physiological ’
condition to certain temperature, and only a few articles deal with the comprehensive understanding
of the temperature effect on seed germination. Minimal, optimal, and maximal temperatures
have usually referred to the temperature requirement for germination, but many research works
indicate that the temperature requirement for germination varies with species, with an intema}l
condition of seeds, and so with various external factors affecting the internal condition of seeds.
In other words, the temperature requirement for germination is dependent on a given internal
condition of a given sample in a given species in relation to other external factors. According
to previous works, the optimal or maximal temperature for germination becomes higher, and
the minimal temperature for it becomes lower with the progress of internal condition of seeds:
that is, the temperature range for germination gets wider.

Since the alternation of temperature was noticed as one of the effects of light on seed
germination, there have been also numerous studies on the effect of alternating temperatures on
germination. Daily alternation of temperature is usually implied, but it is also reported that the
temperature alternation of only once shows a remarkable influence. The requirement of alter-
nating temperatures for germination also decreases gradually with the alteration of internal
condition of seeds. Based on the alteration of temperature requirement for germination, the
writer directed his research to the principle of an inclusive understanding of the relation
between germination and temperature factor.

As to the effect of light on seed germination, there have been also a number of studies.
BorTuwick and his coworkers concentrated their efforts on a photochemical reaction, and recently

*1 Studies were supported in part by an André Maver FAO Research Fellowship.
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succeeded in extracting a pigment participating in the photochemical reactiqn, which was named
“phytochrome"; On the other hand, Isikawa, Wareing, and Bonning claimed individually that
there is a photoperiodicity in seéd germination, which brought about the general understanding
of the relation between germination and the light factor. ’

With tomato plants, the thermopericdicity in growth and fruiting has already been studied
by WenT, who emphasized the important réle of low night temperature on the metabolic processes
in plants. On the basis of the fact that scarified seeds do not require the alternation of temper-
ature for their germination, he has stated an opinion that the effect of alternating temperatures
on germination is different from the real thermoperiodicity as proposed by him, which results
from the alteration of two ‘or more processes with different optﬁnal temperatﬁres. But, the
experimental result with Fraxinus mandshurica var. japonica seeds indicates that in their
germination behavior there is the same kind of thermopericdicity as suggested by WenT, which
will bring about the general understanding of the relation between germination and temperature
factor, just in the same way as in the case of the light factor.

1.2 Materials and methods »

Seeds: Fraxinus mandshurica var. japonica seeds were collected in Kagura National Forest,
Hokkaido, in 1954 and in 1958, and in Suwa Nationa] Forest, Nagano, in 1955. All the
materials were received at the laboratory at the end of the year when the seeds were collected,
and stored in a cold rcom (2°C or 5°C).

Stratification: Seeds or fruits' (seeds with their pericarps) were soaked in tap water at rcom
temperature for two 24 hour-pericds, and then stratified with moistened sphagnum in a deep
petri dish. In the experiments with the controlled light condition, fifty seeds were placed in
each 7.5 cm petri dish containing 0.7% agar, and the dish was covered with two thicknesses of
black paper immediately after sowing.

Germination bed: A moistened cheese-cloth bed on slide glasses in a 12 cm petri dish was
used for the experiments with the non-controlled light condition, while an agar bed ina 7.5 cm
petri dish was used for those with the controlled light condition.

Germination temperature: At first, the alternation of temperature was performed by the
transfer of petri dishes from one incubator to another. The temperature change in this case is
described in the previous paper. Later, the temperature of incubator was automatically changed
from a day temperature to a night one. Fig.1 shows an example of automatic changing of
incubator temperature. To indicate alternating temperatures, the left number means the temper-
ature for 8 hours, and the right number for 16 hours.

Light irradiation: White light was given by daylight fluorescent bulbs installed outside a
glass-incubator (ca. 1000~2000 lux). Red light was given by daylight fluorescent bulbs through two
thicknesses of red cellophane (ca. 4000 lux without a red filter). Far-red light was given by
a 300-watt incandescent flocd lamp through two layers of red and two of blue cellophane and
5~7 centimeters of water (ca. 4000 lux without color filters).

Germination percent: Three to four replicates of 50 seeds were used for each treatment.
Germination results. are ex'préssed by the percentage to sound seeds.

1.3 Germination behavior at various temperature conditions

Results are shown in Figs.2 to 4. The germination behavior at those temperature conditions

is discussed in the previous paper'®,

1.4 Germination behavior at various thermoperiods
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The germination behavior in the cycle of 24 hours is shown in Figs. 5 and 6, the results
of which are discussed in the previous paper'®. Those results indicate that there is a kind of
thermopericdicity in the germination of F. mandshurica var. japonica seeds.

Further experiments were carried out at various thermopericds in darkness. The results
are shown in Figs.7 to 10. From those experimental results, it is clear that in those seeds the
process to germination steps ahead at a certain balance between the high temperature- and low
temperature-reacticns. In this case, the seeds require the low temperature period quintuple as
long as the high temperature pericd. It is certain that the high temperature reaction is a
limiting factor for the germination process of those seeds, and the smaller the ratio of the high
temperature period to the low temperature period is, the shorter the former period should be.
Incidentally, we can discuss what those figures mean. In Fig.7, for example, about thirty
percent of the material can germinate at the thermopericd of 8°C-20 hours and 25°C-8 hours,
and it is only about ten percent of the material that requires the thermoperiod of 8°C-20 hours
and 25°C-4 hours. On the other hand, about twenty percent can germinate even at the thermo-
pericd of 8°C-20 hours and 25°C-40 hours. In other words, by means of those figures the
material could be categoried in reference to the temperature requirement for germination.

1.5 Inhibitory processes produced by unfavorable temperature condition

It is very important to know whether just the same condition as at the end of stratification
still remains, or some kind of inhibitory processes are prcduced in non-germinating seeds at
unfavorable temperature. The result shown in Table 1 indicates that some inhibitory processes
are produced in those non-germinating seeds during the incubaticn at high temperature. That
is, those non-germinating seeds can not germinate even if they are transferred to favorable
alternating temperatures such as 25~8°C, for instance. On the other hand, it seems that only a
little higher temperature or longer time is necessary for the non-germinating seeds at temperatures
lower than 8°C, because those non-germinating seeds were able to germinate soon after transfer
to a subsequent favorable temperature.

Fig. 11 shows that the inhibitory processes mentioned above proceed rapidly with the increased
period of incubation at 25°C. This inhibition could be reversed by subsequent alternating temper-
atures of 25~8°C if the period of incubation be less than 72 hours. It is noticeable that this
inhibition is caused only in the seeds stratified at 25°C for a certain period followed by a certain
pericd at 2°C, which is indicated by the result of Table 2.

1.6 Reversion of the inhibitory processes at low temperature

According to Table 2, it is obvious that the inhibitory processes mentioned above are
reversible. The result shown in Table 3 reveals that this inhibition could be reversed gradually
at low temperature, and that the inhibitory processes are prcduced more heavily at -25°C than
at 15°C. Table 4 shows the reversion of this inhibition with the increased pericd ‘of cold
treatment.

1.7 Thermoperiodicity in germination

As described in the historical review, WENT has formed an opinion that the response of
seeds to alternating temperatures is not due to the thermoperiodicity as proposed by him. From
a series of experimental results, especially the finding that the inhibitory prccesses are produéed
at unfavorable temperature conditions, however, it is more probable that an embryo, but not a
seed coat, is affected under alternating temperatures. From this point of view, the writer deduces

that in F. mandshurica var. japonica seeds there is the thermopericdicity in germination, by
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which the germination behavior of seeds as affected favorably under alternating temperatures
should be reexamined. The thermoperiodicity in germination seems to be also'dependent on the
balance between two metabolic processes with different optimal temperatures, which here will
be called “thermoperiodic responses”. Probably, the physiological activity of embryo in the seed
as affected favorably under alternating temperatures is increased through the thermoperiodic
responses. Consequently, the embryo can resume its active growth, and then the germination
is attained.

BorTHWICK has suggested that in seeds there might be various pathways Iéading to germination.
As is known well, one of other pathways to germination includes a photochemical reaction. In
those seeds as affected by light, a light-sensitive process should be a main pathway to germination.
In this case, the physiological activity of their embryos is probably increased through the photo-
chemical reaction—photoperiodic responses. In general, either the temperature requirement or
the light requirement for germination becomes less specific with the increased period of prechilling
or stratification, and finally it sometimes happens that the seeds stratified long enough get ready to
germinate even at a low temperature like 2°C. Therefore, here should also be another pathway
to germination. These pathways leading to germination seem to be closely connected with
each other, as shown by the following experimental results.

1.8 Light-sensitivity and the relation between the thermoperiodic and light-sensitive
responses

The first attempt was carried out to ascertain whether the inhibitory processes mentioned
above would be affected by light irradiation, but the result was negative. So the germination
behavior of those seeds was examined with light irradiation during stratification or during
germination test. As reported already!?,’ there is no significant effect of light on the germination
of seeds stratified at 25°C for 3 months followed by 2 months at 2°C.

Then, the seeds were stratified in darkness for various periods, and exposed to certain light
condition prior to or during germination test. The germination result is shown in Table 5, which
indicates that there is a light-sensitivity in the germination of F. mandshurica var. japonica
seeds. This light-sensitivity increases and then decreases with the increased period of stratifi-
cation, especially a cold one. In this case, the reason why the light-sensitivity decreases gradually
is that the thermoperiodicity increases gradually and can be substituted for the former.

It is well konwn that seed germination is stimulated by red light (ca. 660 mg), and inhibited
by far-red light (ca. 730 mu), and that the effect of the former is reversed by the latter. An
experiment was run in regard to the light-sensitivity of those seeds. The seeds stratified in
darkness were exposed to light prior to germination test. From the result shown in Table 6,
it is obvious that the stimulating effect of red light is reversed by far-red irradiation immediately
following the former, although not completely. It should also be noticed that far-red irradiation
brings about some stimulation. From the experimental result with Pinus thunbergii seeds, the

writer does not think that the result obtained here is due to technical faults.

It is quite evident that in those seeds their germination can not be attained by a light-sensi-
tive process :alone. Alternating temperatures following light irradiation or with light irradiation
are required for their germination. A single short red irradiation shows remarkable stimulation
although the effect is less than that by daily exposure to white light, which suggests that
irradiation is probably effective only at the earlier 'stage of the germination process. This is

also suggested by the comparison between the germination percentages in 12 days and in 22
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days, as shown in Table 5. But, the duration during which a photochemical system remains
reactive varies with temperature condition, which will be discussed again in the following section.
Table 7 shows the effect of red irradiation at various intervals after transfer to the germination
temperature of 25~5°C. The result indicates that the light-sensitive mechanism still remains
active after eight days at this germination temperature.

As mentioned above, the photochemical reaction in those seeds should be connected with
thermoperiodic responses ir\x some way. From the experimental results, it seems to the writer
that the physiological condition of seeds at the light-sensitive stage gets ready for thermoperiodic
responses through the photochemical reaction. Another interesting relation is revealed between
the thermoperiodic responses and photochemical reaction. That is, the inhibitory processes
produced by the incubation at 25°C are partially reversed by a single red irradiation prior to
transfer to subsequent alternating temperatures. As shown in Table 8, this effect of red irra-
diation decreases rather rapidly with the increased period of incubation at 25°C. From the result
in Table 9, it is also obvious that the phytochrome as proposed by BorTuwick and his coworkers
participates in this reversion. Therefore, the writer supposes that the above-mentioned inhibitory
processes result from the photochemical reaction being, at least secondarily, affected.

1.9 Alteration of thermoperiodicity and light-sensitivity

- In Fraxinus mandshurica var. japonica seeds, the temperature requirement for germination
varies with stratifying condition. The alteration of temperature requirement has already been
reported with the seeds stratified for various periods'?’'®, and experimental results indicate that
the temperature requirement for germination becomes less specific with the increased period of
cold stratification following a warm one, and that a final germination percentage also increases.
The removal of pericarps prior to stratification greatly promotes the above-mentioned effects of
stratification.

Here the alteration of thermoperiodicity and light-sensitivity was studied with the seeds
stratified in darkness for various periods. The experimental result is shown in Fig. 12 and Table
10. As described in the previous papers!®'P1® and shown in Table 5, neither thermoperiodicity
nor light-sensitivity appears either through warm or cold stratification. With the warm stratification
for a certain period followed by cold stratification for a certain period, those phenomena appear,
increase, and then decrease with the increased period of stratification. In other words, the
temperature or light requirement for germination is very specific at first, and then becomes
less specific.

As described in Section 1.8, the thermoperiodic responses could be substituted for the light-
sensitive reaction, and the tendency of substitution is favored especially by cold stratification.
For example, the germination at 25~8°C of seeds stratified at 25°C for 3 months followed
by 4 months at 2°C is not significantly affected by light, but the effect of light on those seeds
increases with the decreased daily incubation at 8°C.

In the previous section, 1.8, the writer supposed that irradiation was probably effective
only at the earlier stage of the germination process. The result shown in Table 10 indicates
that the duration during which the light-sensitive system remains reactive varies with germination
temperature. The reason why irradiation becomes ineffective is, probably, that the light-sensitive
system is inactivated at unfavorable temperature condition.

Finally, the temperature and light requirement for the germination of F. mandshurica var.

japonica seeds is outlined as follows: In those seeds, there are two pathways to germination
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including thermoperiodic responses and photochemical reaction, respectively. Those two pathways
are closely connected with each other, but the former takes a leading réle and the latter may
take a supporting réle. At first, the thermoperiodic responses should be preceded by the photo-
chemical reaction, and later could be favored by the latter. Considering the response of those
seeds to external factors, the seeds first become thermoperiodic with the stratification for a
certain period—"“thermoperiodic phase”. At the earlier part of this phase, they require an
especially specific thermoperiod, but at the later part they show less requirement for the low
temperature reaction. Then they become non-thermoperiodic—*“non-thermoperiodic phase”.
The seeds of this phase can germinate more quickly with the increased daily incubation at
high temperature. In parallel with the alteration of response to temperature, the response of
those seeds to light also varies. At the earlier part of the thermoperiodic phase, the seeds are
very sensitive to light, but at the later part they become insensitive to light—in other words,
the seeds of this stage can germinate without light.
1.10 Schematic hypothesis for germination process

BorTHwWIck and his coworkers have proposed the scheme for the germination process
including a photochemical reaction, which recently proved to be operated by the pigment named
as “phytochrome”. The same kind of schematic interpretation is described by WaReiNG. As
discussed in the previous sections, the thermoperiodic and light-sensitive pathways are elaborately
connected with each other in the germination process of F. mandshurica var. japonica seeds,
where it might be also the phytochrome that participates in the light-sensitive pathway.

Based on the experimental results obtained so far, the germination process in those seeds
could be interpreted in the following scheme.

(or Low Temp.)
Low Temp. Red

[} 1 2
Dark-High Temp. (Pggo) Far-red  (Py3)
or
Dark-High Temp.
+
Alter. Temp. Alter. Temp.
or or
High Temp. Low Temp. x Low Temp. Low Temp. High Temp.

— Xy s

1 2
(High Temp.) (High Temp.)

G
U

In this scheme, the light-sensitive pathway is shown by P, to P;. The original Py is con-
verted}to P, through a certain pericd of cold stratification, and then P; is converted to P; by
the irradiation of red light. Here P, and P; probably correspond to two forms of the pigment,
Pgso and Pyg, as revealed by Bortawick and his coworkers. In this case, P: is also reversed
by far-red irradiation although partially. With the increased period of stratification, the light
requirement for germination decreases gradually, for which there are two possible interpretations.
One of those is that P; is converted to P, during stratification, and then further germination
process may prcceed without light. Another is that some different pathway steps ahead, and
then further prccess to germination may prcceed without the aid of photochemical system. So
far, there is no definite result to determine which is correct. However, the writer supposes
the interconversion of P; to P, from the findings that the germination of seeds incubated at
25°C for three to five days could be hastened by red irradiation just before transfer to .subse-
quent alternating temperatures, and that the effect of this red irradiation is also reversed by

far-red irradiation immediately after the former. With coniferous seeds, it is known that the



T F A2 WFLHPLE LHABTORSFERCET 5HE GID — 73 —

hastening effect of cold stratification is not affected by far-red irradiation, so the converted P;
may have been bound with some substances by the end of stratification.

The letters of Xi to X;-stand for various physiological conditions in the prccess to germination.
Xi indicates the physiological condition of the so-called mature seed. During warm stratification,
Xi is converted to Xy, and then to X; during subsequent cold stratification. The condition of
X, corresponds to the earlier part of the thermoperiodic phase. In the seed of this stage, X, is
converted to X, under alternating temperatures, and X, is converted to X3 with the aid of P,
which has been changed by light irradiation. So the seed germinates at alternating temperatures
after irradiation. The prccess of X;—X; also prcceeds slowly at low temperature, and the
condition of X; corresponds to the later part of the thermopericdic phase. In the:seed of this
stage; X is converted to X; with the aid of Pz which has also been changed at low temperature.
So the seed germinates at alternating temperatures in darkness. The prccess X;—Xj3 also
proceeds slowly at low temperature, and the condition of X3 corresponds to the non-thermopericdic
phase. The seed of this stage germinates even at constant high temperature. On the other
hand, if the seed at the condition of X; or X; is incubated at constant high temperature, some
inhibitory prccesses are prcduced in it. As this inhibiticn could be reversed slowly by cold
treatment, it is probable that the prccess of Xo—X;<X, takes place at constant high temperature,
just as in the case of the light-sensitive system. It is necessary to elucidate the actual status of
each of Xi to X3, but it is also very important to know where and hcw those two pathways
are linked.

2. Germination behavior in the seeds of several forest tree

species and dynamic understanding of seed dormancy

In this chapter, the writer intends to ascertain whether there are thermopericdic responses
in the germination of various forest tree seeds, and to intrcduce the dynamic understanding
of seed dormancy, based on the alteration of temperature requirement for their germination.
2.1 Historical review

Kovama (1927) has divided forest tree species into two groups with reference to the temper-
ature requirement for the germination of their seeds; one of them is the group including the
species most seeds of which germinate at a constant high temperature (20°C-25°C), and the
other is the group including the species the seeds of which require alternating temperatures, or
prechilling at 5°C for a certain pericd before germination test. He shows detailed experimental
results only with Zelkowa serrata, Magnolia obovata, and Rhus vernicifiua, which indicate that
those seeds show the temperature requirement for germination similar to that of F. mandshurica
var. japonmica seeds. His result with Zelkowa serrata seeds also suggests that some inhibitory
processes were produced in those prechilled seeds at a constant temperature of 20°C to 24°C.
The same kind of classification has been reported by Tazove (1934), but he shows less exper-
imental data.

In the international rules for seed testing*!, alternating temperatures are recommended for
the germination test of various tree seeds, but it dces not seem that there are many papers in
which germination behavicr at a ccnstant temperature is compared with germination at alter-
nating temperatures. With the seeds of several coniferous and broad-leaved species, ROHMEDER
(1951) found no remarkable difference in germination behavior between at 25°C and at alter-

*1 Prcc. Internatl. Seed Testing Asscc. 24, (1959) p. 475~584
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nating temperatures of 20°C and 30°C or 20°C and 25°C, although it is mnoticeable that
alternating temperatures were more favorable, especially for the germination of the seeds the
viability of which had been affected by unsuitable handling, than a constant high temperature.
He also found that the effect of alternating temperatures could partially be substituted for that
of light irradiation. The same kind of finding is also reported with Ulmus americana seeds.

On the other hand, OLsoN & Stearns (1958) (1959) studied the germination behavior of
Tsuga canadensis seeds with reference to light and temperature conditions. Based on detailed
experimental results, they report that there is a thermoperiodism in their germination, and
that their behavior to temperature condition becomes less specific through cold stratification.
2.2 Germination behavior of seeds in Fraxinus

Genus Fraxinus includes the species the seeds of which show remarkably delayed germination,
and so there have been a number of articles on the delayed germination of Fraxinus seeds.
However, only a few of them deal with the germination behavior of those seeds with special
reference to temperature.

The writer presumed that Genus Fraxinus could be divided into two groups, based on
morphological features of seeds of several species in this genus. Type I includes all the Japan-
ese species, the seeds of which have completely developed embryos, excluding F. mandshurica
var. japonica. Type II includes F. mandshurica var. japonica, probably all the species in
Subsection Bumelioides, the seeds of which have rudimentary embryos. '

As to germination behavior, there is also an interesting difference in correspondence with
morphological features. NikoLaeva (1958) has discussed the interrelation of seed biology and
systematic placing in Genus Fraxinus (Fig. 13), on the basis of her own studies and others.
She divides this genus into five groups with reference to seed characteristics. However, the
writer thinks that the grouping into three, A, B, and C, is better, because the difference in
germination behavior between the Ist and 2nd groups, and between the 3rd and 4th groups is

more or less continuous.

Most seeds of the species in Group A germinate without any pre-treatment unless they have
their pericarps. In this case, it is the pericarp that inhibits seed germination, although the
inhibition may be variable with species, seed sample, or handling prior to germination test.
Most seeds of the species in Group B do not germinate easily unless they are pre-treated, even
if their pericarps are removed. Those seeds should be prechilled for a certain period, which may
also be variable with species, seed sample, or handling. Most seeds of the species in Group C
also do not germinate easily even if their pericarps are removed. Those seeds should be strat-
ified at high temperature before cold stratification. The period for each stratification may
also be variable with species, seed sample, or handling. According to the information obtained
so far, Groups A and B are included into Type I, while Group C is included into Type II.
Those three groups mentioned above show the following characteristics in the temperature require-
ment for germination. Most seeds of the species in Group A germinate either at a constant
high temperature or at alternating temperatures if their pericarps are removed, although some
seem to germinate only at alternating temperatures. Those seeds with pericarps germinate
better at alternating temperatures. Most seeds of the species in Group B require alternating
temperatures for germination, even after cold stratification, although some germinate at alter-
nating temperatures without cold stratification. The seeds of the species in Group C germinate

at alternating temperatures only after warm stratification followed by cold stratification. Then
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the seeds germinating at a constant high témperature increase gradually with the increased
period of stratification. Although there are only limited results with reference to the germina-
tion behavior to temperature, the interrelation mentioned above could probably be suggested
for Genus Fraxinus.
2.3 Germination behavior in several coniferous seeds

Generally speaking, most of coniferous seeds germinate rather easily at a constant temper-
ature around 25°C, and it is reported that the optimal temperature for germination ranges
usually from 20°C to 30°C for tHe seeds of major coniferous species in Japan. In this section,
the writer endeavors to show the germination behavior of several coniferous seeds, with special
reference to temperature and light conditions *!.
2.3.1 Pinus densiflora and P. thunbergii seeds

Experimental results are shown in Figs. 14 and 15. The result in Fig. 14 indicates that
alternating temperatures are favorable for the germination of P. densiflora seeds. On the other
hand, the germination of P. thunbergii seeds is greatly dependent on a photochemical reaction,
and not significantly affected by temperature condition.
2.3.2 Larix kaempferi, Picea polita, and P. glehnii seeds

The results are shown in Figs. 16, 17, and 18. In Larix kaempferi seeds, their germina-
tion in darkness is a little favored by alternating temperatures, and this tendency decreases
with the increased period of prechilling. In non-prechilled P. polita seeds, the effect of alter-
nating temperatures could be substituted for that of light. In other words, those seeds require
light for their germination at a constant temperature, while most of them germinate in darkness
at alternating temperatures. This tendency also decreases with the increased period of prechilling.
The germination of P. glehnii seeds is also greatly dependent on a photochemical reaction, and
in darkness it is favored by alternating temperatures.
2.3.3 Abies firma, A. mariesii, and A. mayriana seeds

Experimental results are shown in Figs. 19 to 22. A. firma seeds show no specific germination
response to temperature or light condition, so far as investigated here. Their germination is
favorably affected only by prechilling. The germination of A. mariesii seeds is also favored
by alternating temperatures, but in this case the effect of alternating temperatures seems to be
attained with the aim of a photochemical reaction. A. mayriana seeds germinate better at alter-
nating temperatures, but most of them require light for germination at the temperature condi-
tions as used here.
2.4 Possible thermoperiodic tendency in the germination of various tree seeds

Experimental results described in Chapter 1 indicated that there was a thermoperiodicity in
the germination of F. mandshurica var. japonica seeds. And its alteration with the increased
period of stratification suggested that there might be the same kind of thermoperiodic tendency
in the seeds of various tree species, especially in the seeds requiring alternating temperatures
for their germination. The results shown above, although not abundant, indicate that there is
the thermoperiodic tendency in the germination behavior of seeds of most species. In other
words, even coniferous seeds germinating usually at a constant temperature attain better final
germination at alternating temperatureé in many cases.

In classifying seeds with regard to their germination behavior, the seeds have usually been

*! Most of the results described here are reported in Jour. Japan. Forest. Scc. 41, 11,
© (1959) p. 430~435. '
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grouped discontinuously. Concerning their response to temperature, for example, the group the
seeds of which germinate easily at a constant temperature is distinguished from the group the
seeds of which germinate better at alternating temperatures, Concerning the response to light,
on the other hand, they have been divided into the group the seeds of which require light for
germination, the group the seeds of which require darkness for germination, and the group the
seeds of which germinate regardless of light condition.

However, there should be some principle for better understanding of seed behavior to exter-
nal factors, and in regard to the -light factor this kind of principle has recently been established.
The thermoperiodicity in germination proposed by the writer might be the principle for inclusive
undérstanding of seed behavior to the temperature factor.

2.5 Dynamic understanding of seed dormancy in forest tree species

As mentioned in the preface, the writer endeavors to arrive at a dynamic understanding
of dormancy in forest tree seeds, according to their responses to external factors. Based on
the alteration of temperature or light requirement for germination, the physiological process to
germination has already been shown schematically for F. mandshurica var. faponica seeds, and
this scheme will be helpful to reexamine the seed dormancy of forest tree species.

As to seed dormancy, there have been numerous research works, which are summarized in
several articles. Looking through them, one gathers that seed dormancy has been classified
into the following five types: (1) Dormancy due to embryo—( i ) due to rudimentary embryo
and (ii) due to dormant embryo, and (2) dormancy due to seed coat—(iii) due to the imperme-
ability of seed coat to water, (iv) due to the impermeability of seed coat to gases, and (v)
due to the mechanical resistance of seed coat. Actually, however, more than two of those
types are connected in many cases. Of those types, the dormancy due to dormant embryo is
especially indeterminate, and it may be said that most of the cases in which no cause is found
have been put into this type of dormancy.

Based on his experimental results obtained so far, the writer proposes the following two
types for seed dormancy:

(I) Physiological dormancy
(II) Physical dormancy

For better understanding of this classification, it should be noticed that the germination
of seed having received no physical pretreatment is the emergence of its embryo from the enve-
loping tissues at its better or best physiological condition. The physiological dormancy is the
type in which dormancy could be overcome through certain physiological processes, with the
advance of which the internal condition of seed approaches germination. On the other hand,
the physical dormancy is the type in which dormancy could be overcome only by some physical
treatment, by which the features of enveloping tissues are affected, an active growth is resumed,
and then germination takes place. In other words, an incased embryo in this type of dormancy
can not resume its active growth at all, or it can not break through its enveloping tissues even
at its best physiological condition, unless they are physically treated in some way. Inciden-
tally, it should be noticed that the dormancy due to seed coat in the former classification is
not always put into the physical dormancy mentioned above.

Generally speaking, the physiological dormancy is probably due to the physiological imma-
turity of embryo or including endosperm, and consequently the scheme for the pathway to
germination with Fraxinus mandshurica var. japomica seeds should be helpful to understand this
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type of dormancy. It is well known that there is a great variation in the physiological feature
of seeds of a certain tree species, but it is also noticed that beyond this much of variation
there is a certain genetic feature characteristic of a given species. To correspond to the X.
pathway in the above-mentioned scheme for the process to germination (p. 72), the so-called
“mature” seeds of several tree species could be arranged as shown on page 35, with regard
to their physiological condition. So far, it is very difficult to indicate how those seeds are
scattered over a certain range, and also difficult to suggest how this X pathway is linked with
other pathways to germination like the light-sensitive pathway as expressed by P in the scheme.
This idea, however, might be the first step not only to approach the real mechanism of embryo
dormancy, but also to establish the inclusive understandihg for various types of seed dormancy.

Fi’nally, the writer intends to discuss the example in which the dormancy having been
considered to be due to seed coat in the former sense, should be regarded as the physiological
dormancy. With Pinus koraiensis, for example, the water absorption by non-stratified seed is
apparently inhibited by its seed coat. It is quite obvious that the seed coat is permeable to
water, and so it should be the mechanical resistance of the seed coat that does not allow the endo-
sperm to absorb water and expand beyond the volume surrounded by the seed coat. In this
sense, this type of dormancy has been considered t;‘i:')e due to seed coat. However, it should
be noted that the physiological processes occurring in those seeds during stratification allow the
endosperm to absorb much more water and then to overcome the mechanical resistance of seed
coat, even if the physical properties of seed coat are not changed.

With F. wmandshurica var. japonica seeds, there is also a similar phenomenon. As an
excised embryo from the seed stratified at 25°C for a certain period starts growing very soon, it
is probable that the delayed germination of the seed at this stage is, at least indirectly, due.to
enveloping tissues. Actually, there are papers reporting the presence of some inhibitors in the endo-
sperm or mucilaginous layer surrounding the embryo or the restriction of oxygen supply to embryo
by seed coat or pericarp. Here, for example, the seed coat will be considered. As the water
absorption of the first stage by a seed is certainly completed within a few days, it is not proba-
ble that the seed coat is impermeable to water. From the result of respiratory experiments,
it is also not probable that the seed coat is impermeable to oxygen. Even if the seed coat is
impermeable to oxygen, and the delayed germination of those seeds is caused by the physical
features of seed coat including its mechanical resistance, the physiological processes occurring
in the seed during stratification allow the enibryo to resume growing, and then to overcome those

unfavorable physical features of seed coat.

More clearly to understand the physiological dormancy, more biochemical information needs

to be obtained about the physiological processes occurring in seed during stratification.

3. Some approaches to the mechanism of thermoperiodic responses

In Chapter 1, it has been described that the thermoperiodicity in germination results from
the interaction of two or more biochemical systems with different optimal temperatures, At
present, it is very difficult to refer to the features of those biochemical systems in detail, but
some experimental results will be discussed with reference to the effect of alternating tempe-
ratures. With Fraxinus mandshurica var. japonica, as stated already, thermoperiodic responses
take place only in the seeds exposed to warm stratification followed by a cold one. In other
words, the internal condition of those seeds becomes ready to respond to thermoperiodic treatment
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after this kind of stratification. To elucidate the mechanism of thermoperiodic responses,
therefore, it is very important to investigate the changes occurring in seeds during stratification.
3.1 Historical review on the effect of alternating temperatures

According to Konpo,; there are a few classical hypotheses to interpret the effect of alterna-
ting temperatures. One of them is Erpam’s (1883) that a seed coat is physically affected by
alternating temperatures and most of the cases in which the germination is favored by temper-
ature alternation have been interpreted by this hypothesis. The second is Zape’s (1908) that
the enzymes are activated by alternating temperatures. The third is Va¥ua’s (1898) that the
increased gas exchange under alternating temperatures results in better respiration. A similar
idea to the third has been suggested by Davis, who supposes that a seed coat to restrict gas
exchange is affected by alternating temperatures. The fourth is Liesenserc’s (1884) that the
substrates having become movable at high temperature could be utilized at low temperature for
the growth of embryo. None of them, however, has been verified by experimental data.

Recently, TooLe and his associates, and Bonnine and his coworkers have proposed more
possible hypotheses on the basis of their experimental results, and have made some important
contribution to the field concerned. In the course of studying the effect of light on germination,
TooLe and his associates found that the germination of some seeds is femarkably favored by
alternating temperatures or by a single shift to higher temperature (35°C), and consequently
suggest that the effect of alternating temperatures might result from some favorable balance of
the various processes that lead to germination. BtnNing (1956) claims, on the other hand, that
there is a kind of endogenous rhythm with reference to various processes in plants, and that
the requirement for low temperature varies periodically according to this kind of endogenous
rhythm in seeds. With the seeds of Sporobolus virginicus, Frita (1957) has also concluded
that two biochemical systems with different optimal temperatures could be supposed because
the physical factors inhibitory for germination are not affected by alternating temperatures. Very
recently, Sirron (1959) found the effect of alternating temperatures to be due to promotion of
vacuolation, which results from the clearing away of the respiratory products during the time at
low temperature, and consequently from the increased respiration at subsequent high temper-
ature.

3.2 Materials

In addition to the: materials described in Section 1.2, another sample of Fraxinus mandshurica
var. japonica seeds was collected in Kagura National Forest, Hokkaido, in 1956.. F. japonica seeds
were collected on the campus of the Experiment Station in 1954, and F. spaethiana seeds
collected in Tokyo University Forest, Titibu, Saitama, in 1959.
3.3 Pattern of water absorption
3.3.1 Method

The process of water absorption by an embryo or endosperm with seed coat is shown by the
water content of each part. The water content was determined as follows: Materials were kept at
105°C for 30 minutes, and then dried up at 70°C until the weight became constant, usually
for 2 to 4 days. The water content is expressed by the percentage of water to oven dry
weight. For each measurement, 200 or 300 individuals ‘were usually used, although only 50
individuals in unavoidable cases.
3.3.2 Pattern of water absorption by a single seed of F. mandshurica var. japonica

In the previous paper, the writer revealed that the pattern of water absorption by a single
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seed of Fraxinus species also consisted of three phases as shown with various coniferous seeds,
and the only difference from coniferous seeds was that the former absorbed much less water
in the third phase (before germination) in comparison with the first phase. In the water ab-
sorption pattern by a seed of F. mandshurica var. japonica, the prolonged second phase is very
characteristic, and the seed does stay in the second phase unless exposed to a certain temperature
condition. Although Rhus succedanea seed hardly absorbs water without the pretreatment to
break its seed coat, F. mandshurica var. japonica seed can absorb water for the first phase
in a few days. Therefore, the cause for the delayed germination of the latter cannot be
attributed to the difficulty of water absorption. For this reason it seemed to the writer that
it was not justifiable to trace the water absorption process by a total seed.
3.3.3 Water absorption pattern by embryo

It has been reported that the water absorption power of a seed increases through a low
temperature- or compound-stratification. With Pinus koraiensis seed, the increased absorption
of water after stratification is apparently for the third phase, and it is no doubt that in this stage
water is absorbed mainly by endosperm. In pine seeds, the cracking along the raphe of seed
coat is an important stage in the meaning that it results from expanding of endosperm, and
brings about the water absorption in the third phase essential for physiological processes to
germination. In P. koraiensis seeds, it is quite probable that one of the important effects of

stratification might be to increase the water absorbing power of endosperm.

In F. mandshurica var. japonica seeds, on the contrary, it is very difficult to attribute
the increased water absorption power mainly to endosperm. Then the attempt was started to
elucidate the water absorption pattern by embryo. Incidentally, the dry weight of the embryo is
just about one-sixteenth of that of its endosperm with seed coat. As it was difficult to remove
a seed coat from its endosperm, “endosperm” means the endosperm with seed coat in this
paper.

As shown in Fig. 23, the embryo in the seed stratified properly absorbs water abruptly after
transfer to alternating temperatures, while there is little increase in the water content of endo-
sperm. Namely, the endosperm has almost fully absorbed water by the end of the second
phase, and consequently the water to be absorbed in the third phase is not so appreciable as
a whole seed. Therefore, the abrupt absorption of water in the third phase by an embryo

could not be recognized.

To compare the water content of seeds among three kinds of stratifying condition, there is
no significant difference in the water content of embryo (Fig.24). After transfer to alternating
temperatures, however, the embryos in the seeds stratified at 25°C for 3 months followed
by 3 months at 2°C absorb much more water than the others, and come to germination. It
should be noted that even the embryos in the seeds stratified ineffectively absorb more water at
alternating temperatures than at constant temperature, although those seeds do not come to
germination. On the other hand, the endosperms also absorb more water at alternating temper-
atures than at constant temperature. The difference between two temperature conditions, how-
ever, is much less in the endosperms than in the embryos.

Then, the water absorption pattefn by an incased embryo was examined under anaerobic
conditions, in which the embryos absorb rather less water at alternating temperatures (Fig. 25).
This fact indicates that the thermoperiodic responses have a close connection with a series of

biochemical processeé including a respiratory cycle, which play an important réle in the mecha-
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nism for absorbing water.
3.4 Respiratory pattern

From the result of a preliminary experiment, it seemed to the writer-that the primary effect
of alternating temperatures was not on respiratory activity, because the favorable effect of alter-
nating temperatures on those seeds was found even under an anaerobic condition.

3.4.1 Method

Respiratory measurement: Gross respiration was measured using an ordinary flask or a
special flask with the refrigerated-heated type of WarBurG manometer. With the ordinary
flask, CO; output and R.Q. were calculated on the basis of O; uptake by different material.
With the latter, however, those could be calculated on the same material. The seeds without
their pericarps were sterilized in a 10 % solution of ‘“‘Saniclor” (active ingredient: sodium hypo-
chlorite 5.25 % by weight) for twenty minutes, rinsed with sterile water several times, and then
put into a manometric flask. Twenty seeds were usually used for each ordinary flask and
ten seeds for each special flask. To keep the sterilized material from contamination, each mea-
surement was ended after 24 hours. A respiratory intensity is expressed on the basis of oven
dry weight of material.

Germination test with the solution of inhibiting substances: The seeds were germinated on
a petri dish bed containing the solution of inhibiting substances, which were renewed every
other day.

3.4.2 Respiratory changes

First, the respiratory change of unstratified seeds was traced for four days (Fig.26). After
placing unstratified seeds on the seed bed, their respiratory intensity attained almost the same
level as that of stratified seeds just before germination, which coincides with Jones’ resﬁlt. At
this time, the oxygen uptake by intact unstratified seeds is about 70 ul/g/hour, while the carbon
dioxide output by those seeds is about 80 ul/g/hour. The reason why the respiratory intensity
is comparatively low is that it is expressed by the value to a total dry weight of embryo, endo-
sperm, and seed coat. In fact, it is well known that the respiratory intensity of endosperm is
much less than that of embryo. In the earlier stage, the R.Q. value is very high because of
the delayed oxygen uptake as compared with carbon dioxide output, which indicates that there
is an alteration from anaerobic to aerobic respiration just after absorbing water. Within one
hundred hours after bedding, the R.Q. value is a little higher than 1.0, and it seems to be
gradually approaching 1.0 with the increased period after bedding. The alteration of R.Q.
value like this is quite peculiar as compared with the result of Pinus sylvestris seeds, and it
is also different from that of Euonymus europaea seeds.

Then, the effect of stratification on respiratory pattern was studied with various stratifying
conditions. The results are shown in Figs. 27 and 28. With the increased period of stratification,
the R.Q. value is getting lower after transfer to germination temperature (25°C), which means
the oxygen uptake is getting more than the carbon dioxide output. This fact suggests that
the mechanism to incorporate oxygen might be activated during stratification.

With the seeds stratified at 25°C for 3 months followed by 2 months at 6°C, their respira-
tory pattern was compared between two germination temperatures of 25°C and 25~6°C. At
25°C, the respiratory intensity decreases gradually, while at the alternating temperatures of
25~6°C it does not decrease. Although the respiratory intensity during the 6°C-period is

very low, that during the 25°C-period is maintained almost at the same level until germination.
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Just after germination, when the tip of radicle comes out from a suberized membrane, the latter
begins to increase, and at the stage when the radicle becomes several millimeters long, it gets
about twice as much as the respiratory intensity before germination. As a whole seed, as de-
scribed above, there is no appreciable increase of the respiratory intensity until germination.
Just as in the case of water absorption, it might happen that there is some appreciable increase
in the respiration of embryos. But it is very difficult to determine the respiratory intensity of
incased embryos.

Thus, about the respiratory pattern there is also a significant difference between ash and
pine seeds. With pine seeds, as described already, the visible third phase of water absorption
comes just after breaking of seed coat, and this time is also an important stage in respect to
their respiration. The metabolic processes proceeding under the environmental conditions caused
by breaking of seed coat should be essential for their germination. With ash seeds, however,
there is no appreciable change until germination, with regard to environmental factors. In the
germination process of ash seeds, the turning-point for environmental conditions should be the
time of germination, unlike pine seeds. Therefore, the effect of stratification or alternating
temperatures could be to activate the mechanism of incorporating oxygen if it should be attrib-
uted to the oxygen factor.

3.4.3 Effect of specific inhibitors on germination

From the preliminary experiments, it seemed that in ash seeds phosphorylation should be
connected closely with respiratory processes, and that the terminal oxidase system until germin-
ation might be cytochrome-cytochrome oxidase system.

Further experiments with specific inhibitors ascertained the findings described above, and
also showed some interesting evidence on the difference between the high temperature- and low
temperature-processes (Table 12). If the seeds are exposed to the medium containing M/200
potassium cyanide only for the low temperature period, no appreciable inhibition is observed
although their germination is a little delayed. If they are exposed to the same medium for the
high temperature period, on the contrary, their germination is inhibited almost completely. It
is probable, therefore, that the major processes proceeding during the low temperature period
are not affected by potassium cyanide, but those proceeding during the high temperature period
are inhibited by potassium cyanide——probably, respiratory processes. This is also estimated
by their germination behavior to other specific inhibitors (Table 13).

3.5 Chemical changes

“The historical review about the chemical changes during after-ripening including stratification
is outlined as follows for the convenience of understanding the following experimental results.
During after-ripening, there is generally some increase of sugars with a decrease of stored
fatty substances, although there are papers reporting the decrease of sucrose.

3.5.1 Method _

All the analyses were done for excised embryos and for endosperms with seed coats except
the chromatographic analyses for amino acids.

Measurement of moisture content: Moisture content was determined in the same way as
described 'in 3.3.1.

Quantitative determination of carbohydrates: Oven dry materials were roughly ground with
a mortar, and extracted with petroleum ether. For embryos, petroleum ether insoluble materi-

als were ground with a mortar, and for ‘endosperms by a ball-mill to pass through a sieve of
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30 meshes. Then, those materials were analyzed by the modified ScHAFFER-SomocyI 's method
according to the sequence as shown in Fig. 29.

Hemicellulose and cellulose: Hemicellulose was determined by Prerce’s method, and ce-
llulose by Kurscuner & Horrer’s method.

Chromatographic analysis of sugars: The filtrate (A) prepared in the sequence of Fig.29
was purified with a saturated solution of lead scetate, and surplus lead was removed by hydro-
gen sulfide. Then the filtrate was adjusted to pH 6.0 with 10 to 20 % solution of sodium hy-
droxide, and dried up under vacuum. The material spotted on TOyo6 filter paper No. 50 was
chromatographed with #-butanol:acetic acid: water (4: 1: 1) by the ascending method usually
for 16 hours. Horrock’s benzidine and SeLiwaNorr’s reagents were used for detection of sugars.

Chromatographic analysis of amino acids: Petroleum ether insoluble fraction of material
was extracted three times with 80 % methanol at room temperature for 24 hours each, and the
combined extracts were concentrated under reduced pressure and finally dried up under vacuum.
The material spotted on T6y6 filter paper No. 50 was chromatographed with phenol: 0.5 %
ammonia water (9 : 1) added a small quantity of 8-hydroxyquinoline and with #-butanol:formic
acid:water (15:3:2). Two dimensional chromatograms were sprayed with 0.25 % ninhydrine
solution in acetone and 0.2 % isatine solution in acetone (Fig. 30), while one dimensional chromato-
grams were sprayed or immersed with the following specific reagents: e-naphthol : scdium
hypochlorite (SakacucHr reaction) for arginine; tetraplatinic chloride: potassium iodide for cystine;
Paury’s reagent for histidine; 0.2 % o-phthalic aldehyde in acetone for glycine; and EnrLicu’s
reagent for tryptophan.

3.5.2 Changes of oven dry material

The change of oven dry material was traced with 500 seeds during stratification and with 300
seeds during germination. It was reported that an incased embryo elongated slowly during
warm stratification®!®, The result in Fig.31 also shows that at 25°C an incased embryo keeps
growing to utilize the substrates from its endosperm. However, it was proved that there was
no correlation between the embryo enlargement and the effect of stratification on hastening
germination!®. There is also no correlation between the change of dry matter and the effect
of stratification. It is more probable, therefore, that the translocation of constituents from
endosperms to embryos is not essential for germination, but rather consequent.

3.5.3 Chemical composition of resting seeds

Oil content: The content of petroleum ether soluble fraction is expressed in percentage of
oven dry weight (Table 14). As a whole seed, - Fraxinus mandshurica var. japonica seeds
contain less oil than the seeds of the other two species, because the endosperms of the former
contain less oil and the ratio of embryo to endosperm is less in the former. The embryos of resting
seeds of F. mandshurica var. japomica contain much more oil than those of the other two species.

Content of carbohydrates and kind of sugars: The content of sugars including reducing and
non-reducing sugars is a little less in F. mandshurica var. japonica seeds than in those of the
other two species (Table 14). Usually the seeds containing less oil contain more starch, but in
Fraxinus seeds only a small quantity of starch was found with the analytical method used in
this experiment, which seems to be rather curious considered with the presence of low content
of oily substances and respiratory quotient.

By chromatographic analyses, an appreciable quantity of raffinose and glucose, and little
sucrose and stachyose were detected in F. mandshurica var. japonica embryos, while raf-
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finose, sucrose, and glucose were detected in endosperms of the same species (Table 17). On
the contrary, raffinose, sucrose, glucose, and a small quantity of stachyose were found in Fraxi-
nus Spaethiana embryos, while raffinose, glucose, and a large quantity of sucrose were found
in endosperms of the same species. In Fraxinus japonica seeds, raffinose, sucrose, glucose,
and little stachyose were detected.

Kind of free amino acids: With F. mandshurica var. japonica and F. japonica seeds, the
composition of free amino acids was compared by various specific reactions (Table 15). The
result shows no significant difference between those two species. Although a quantitative com-
parison was not exactly done, F. mandshurica var. japonica seeds contain more proline, while
F. japonica seeds have more valine, tryptophan, and tyrosine. Further analyses need to be
done for embryo and for endosperm.

Crude protein and others: There is no significant difference in the content of crude protein
among the seeds of three species in Fraxinus. F. mandshurica var. japonica seeds contain more hot
water soluble substances, whereas F. spaethiana and F. japonica seeds contain more hot methanol
soluble substances. Further analyses need te be done on the composition of those fractions.
3.5.4 Chemical changes during stratification to germination

Oil content: The oil content in percentage to dry matter decreases very much in embryos,
but it increases a little in endosperms, irrespective of stratifying temperatures (Table 16 & Fig.
32). After transfer to germination condition, it still increases a little in endosperms, while that in
embryos varies with temperature conditions. With the seeds stratified at 25°C for 3 months followed
by 3 months at 2°C, the oil content decreases again just prior to germination under the alter-
nating temperatures of 25~8°C. In this case, however, the real quantity of oil does not de-
crease because of the increased dry matter of embryo. On the contrary, no significant
change is observed in the seeds stratified under unfavorable conditions or in the seeds trans-
ferred to a constant temperature after proper stratification. With F. spaethiana seeds, the oil
content in their embryos seems also to decrease prior to germination. Based on the change of
oil content, it is not probable that oily substances are mainly used as respiratory substrates
during the germination stage. But, its decrease just before germination might be related to the
fact that the R.Q. value during this stage is a little lower than 1.00. As described before, the
ratio of embryo to endosperm in F. mandshurica var. japonica seed is very small, and so the
oil content of a whole seed increases a little during stratification to germination, which is differ-
ent from the examples known before. Recently some chemical changes were studied during
maturation, stratification, and germination with the seeds of some Fraxinus species, where no
appreciable change in the oil content was observed during stratification.

Quantitative and qualitative change of sugars and starch: As a whole, the change of carbo-
hydrates is not so remarkable either, but there are some tendencies to be noticed (Tables 16
& 17). Both embryos and endosperms have a small quantity of reducing sugar—glucose—until the
time just before germination, when some increase of reducing sugars were found and fructose
appeared in embryos. The endosperms at this stage also contain some quantity of fructose.

As to non-reducing sugars, on the other hand, there are the following changes. Non-re-
ducing sugars in embryos increase twofold during the stratification at 25°C for 3 months
followed by 3 months at 2°C. The result in Table 17 indicates that the increase in this stage
is dependent mainly on sucrose. Non-reducing sugars in embryos decrease for a while after

transfer to the germination temperature (25~8°C), but those sugars start to increase again
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just before germination. At the end of stratification, stachyose is clearly detected, and then seems
to disappear after transfer to germination condition. Non-reducing sugars in endosperms decrease
during warm stratification, while those increase during cold stratification. After transfer to the
germination temperature of 25~8°C, those sugars decrease a little, increase for a while around
the time of germination, and decrease again with the elongation of radicles. In the case of
incubating the seeds stratified in the same way at the germination temperature of 25°C, non-
reducing sugars seem to accumulate as compared with the case of incubating those seeds at 25
~8°C. This accumulation of non-reducing sugars might result from the inactivatio.n of metabolic
processes to utilize those sugars for respiration, because the respiratory intensity decreases
gradually under the germination temperature of 25°C.

There is no significant change in the content of starch.

3.6 Mechanism of thermoperiodic responses and their possible rdle in seed germination

So far as we know, non-stratified seeds of F. mandshurica var. japonica cannot germinate
for a short pericd even under any special temperature or light condition, which is not affected
either by the time when the seeds are collected or by dry storage after collecting!®. The excised
embryo from non-stratified seed usually show deep dormancy, and hardly grow without a cer-
tain treatment, This dormancy could be overcome either under the continuous light of high
intensity!® or by 0.5 % aqueous soluticn of thiourea, which had proved to be effective in over-
coming the embryo dormancy of Fraxinus.excelsior. During warm stratification, the embryos
grow in seeds slowly and are getting physiologically active; that is, the excised embryos from the
seeds stratified at 25°C for a certain period grow quickly at 25°C. The growth and physiological
change of incased embryos are delayed more or less in the presence of their pericarps®!®.
So far, the seeds stratified only at 25°C cannot germinate for a short period under any special
temperature or light condition. Those seeds stratified at 25°C become ready to germinate
through a certain period of subsequent cold stratification, although only under very limited
temperature or light condition. At this stage their germination is affected by light; that is, those
seeds are light-sensitive. The seeds of this stage also require specific temperature conditions
—alternating temperatures. In other words, those seeds are thermoperiodic. With the increased
period of cold stratification, those seeds first become non-light-sensitive, and then non-thermo-
periodic. Finally they become ready to germinate at 25°C in darkness.

So far, several trials as described in this chapter failed to get any special changes for under-
standing the thermoperiodic phase of seeds. It seems to the writer that the impertant thing is
not the condition of seeds at the end of stratification, but their responses to germination conditions,
which has been suggested by KosLer. Of course, different responses of the seeds stratified
variously to the same germination condition indicate that there should be some difference in the
internal condition of stratified seeds among various stratifying conditions. Recently ViLLiers &
WaRreiNG reported an interesting work on the alteration of growth-promoters and -inhibitors during
stratification, which is one of the successful wcrks to apprcach the problem mentioned above.

The experimental results obtained here reveal some interesting facts about the thermopericdic
responses occurring in seeds under alternating temperatures. Those findings give us some sug-
gestions on the mechanism of thermopericdic responses. From the experimental result on water
absorption pattern, it is the water absorption by an incased embryo that should be noticed; that
is, the water ‘absorption in the third phase is mainly due to an embryo. Regardless of stmtifﬁng

condition, an incased embryo absorbs much more water at 25~8°C than at 25°C. The
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difference in the quantity of water to be absorbed between at 25~8°C and at 25°C is the
greatest for the incased embryo of seed stratified at 25°C for 3 months followed by 3 months
at 2°C. Therefore, it is quite probable that thermoperiodic resopnses are closely connected with
biochemical processes to absorb water, in which the respiratory system seems to take an impor-
tant role. '

From the limited results obtained so far, it is very difficult to deduce the overall scheme of
those processes, but in addition to the findings that there is no appreciable increase in respira-
tory intensity until just before germination, and that alternating temperatures are favorable for those
seeds even under anaerobic condition, the experimental result with specific inhibitors might suggest
that biochemical processes involved in thermoperiodic responses include the metabolic pathway
to incorporate oxygen and that distant from the former, and the germination of those seeds is
dependent on the balance between both pathways. Probably the metabolic pathway to incorporate
oxygen could be called the high temperature reaction, and the latter could be called the low
temperature reaction.

Finally, the possible r6le of thermopericdic responses in the germination behavior of seeds
is discussed on the basis of experimental results obtained so far and previous works. It could
be defined that the germination of seed means the protrusion of embryo (radicle) from enveloping
tissues at its best physiological condition. The external factors as required for the germination
of seeds are necessary for its embryo to reach its best physiological condition. In the seed
requiring light for germination, for example, the embryo gets ready for its final physiological
condition through photochemical processes. In the seed requiring alternating temperatures for
germination, just in the same way, the embryo gets ready for its final physiological condition
through thermoperiodic responses. It should be a seed coat or an endosperm that protects an embryo
not ready for its final physiological condition. In this case, the growth of embryo is controlled by
the mechanical resistance of enveloping tissues, by their impermeability to water or gases, cr by
the germination inhibitors in them or in an embryo itself. From this point of view, it seems that
various external factors favorable for germination affect the physiological activity of embryo
to overcome the inhibiting mechanism of enveloping tissues, although those factors might also
give some effect to the inhibiting mechanism itself. This is supported by the reports in which
the formation of promoters and no decrease of inhibitors were observed during stratification.

With Betula pubescens seeds, it has been suggested that oxygen might have some influence
on the inactivation of inhibitors, because those seeds can germinate even under the presence of
inhibitors if they are scarified or exposed to the increased pressure of oxygen. However, it is
reasonable to suppose that the embryos are activated physiologically rather than to suppose that
oxygen supply is greatly favored by stratification or photoperiodic treatment. This physio-
logical activation may be the decreased requirement of oxygen for germination as GRiesBAcH
suggested, or the activation of the metabolic pathway to incorporate oxygen.

Abstract

When speaking of the effect of temperature on seed germination, it has been very common
that the seeds requiring constant temperature for germination are distinguished from those requiring
temperature alternation for germination. Because of the great variability of the temperature
requirement within a species or even within a sample, however, this sort of grouping is not
thought to be satisfactory. The difference in the temperature requirement for germination should

be due to the difference in the response of certain biochemical systems to external conditions.
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With Fraxinus mandshurica var. japonica seeds, their germination behavior was observed
in detail after a certain period of stratification, with special reference to germination temperature.
Even after the same stratification, their germination behavior varies with the combination of
incubation temperature and the period for each temperature. Generally speaking, at a high
constant temperature some of the seeds germinate much more quickly, but most of them do not
germinate, while at a constant lower temperature the seeds germinate slowly, but over a longer
period. This tendency will clearly be indicated by the germination curves at alternating temper-
atures with various ratios of a high temperature-period to a low temperature-period. To explain
this tendency, there will be the following idea in reference to an individual seed. The seed
ready to germinate through stratification will germinate much more quickly at a high temper-
ature, while the seed on the way to the readiness will not germinate without the alternation of
high and low temperatures. If the latter is kept at a constant high temperature, some processes
inhibitory for germination will be created in it. Consequently it is unable to germinate even
under the subsequent alternating temperatures. The inhibitory processes are gradually reduced
with the increased period of chilling at 2°C. Based on the experimental results mentioned above,
the presence of thermoperiodicity is claimed in the germination of stmﬁﬁed F. mandshurica var.
japonica seeds. The well-known response of seeds to alternating temperatures might be a part
of the thermoperiodicity in germination.

The thermoperiodicity in the germination of F. mandshurica var. japonica seeds is related
closely to théir light-sensitivity. In the light-senistivity of those seeds, there is also a reversi-
bility between red and far-red actions, which indicates that the phytochrome participates in the
photochemical reaction of those seeds. It is noticeable, however, that those seeds should be
exposed to alternating temperatures after light irradiation or during germination test with daily
light condition. Some other experimental results suggest that the phytochrome is also related
to the inhibitory processes as produced in seeds at a constant high temperature. A single red
irradiation of three hours is almost enough to cause their successful germination, which indicates
that the reaction to require light is at an earlier stage of a series of biochemical processes to
germination. In other words, it seems that the photochemical reaction should be followed by
the thermoperiodic responses. The thermoperiodicity of those seeds varies with their internal
conditions as affected through stratification; that is, it increases with the increased period of
cold stratifiction subsequént to warm stratification. This stage of physiological condition may be
called the “thermoperiodic phase”. With more increased period of cold stratification, the internal
condition of seed finally goes on to the “non-thermoperiodic phase”. The seed germinating quickly
at a constant high temperature should be at this stage. The physiological stage of seed when the
photochemical reaction should be followed by the thermperiodic responses is the earlier part of the
“thermoperiodic phase”, whereas the seed at the later part of the “thermoperiodic phase” can
germinate through thermoperiodic responses alone—in darkness. Based on the experimental
results obtained so far, the germination process of F. mandshurica var. japonica seeds is
schematically interpreted.

The possible generality of the thermoperiodicity in germination is examined with the seeds
of several tree species. None of the species studied here shows such a remarkable thermo-
periodicity as F. mandshurica var. japonica does. By comparing the germination curves at differ-
ent temperature conditions, however, a similar thermoperiodic tendency will be seen in the

seeds of most species. Considering those results in connection with the previous papers on the
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effect of temperature on seed germination, the “thermoperiodicity” will be a general principle
for better understanding of the germination behavior of seeds to temperature. So far, seed
dormancy has been classified mainly according to the factors causing dormancy, but there has
not been discussion convincing enough to favor the reciprocal understanding of dormancy. In
this paper, the “physiological dormancy” and “physical dormancy” are divided, the former of
which is explained on the basis of the scheme proposed for the germination process of F. mand-
shurica var. japonica seeds.

To approach the mechanism of thermoperiodic responses, some attempts have been made in
regard to the effect of alternating temperatures—actuélly, alternation of 25°C (8 hours) and
8°C or 2°C (16 hours)—on some physiological and biochemical conditions in F. mandshurica var.
japonica seeds. The water absorption pattern by a whole seed is not affected so much by tempera-
ture condition until germination takes place. In the pattern of an embryo itself, however, thereisa
tremendous difference according to incubation temperature after stratification. An incased embryo
absorbs much more water at alternating temperatures than at a constant high temperature, which
suggests that the thermoperiodic responses are certainly related to the mechanism of water ab-
sorption in an embryo. Under anaerobic conditions, on the other hand, the water absorption by
an incased embryo is restricted at alternating temperatures rather than at a constant high temper-
ature. Thus it is quite probable that some biochemical system to transfer oxygen plays an
important réle in the mechanism controlling water absorption through thermoperiodic responses.
There is an elaborate mechanism controlling the progress of biochemical processes to germination
in response to external oxygen supply. This may also be seen in the experimental results with
specific inhibitors, and the oxidative processes through some terminal oxidase system—maybe,
cytochrome-cytochrome oxidase system—seem to proceed mainly during a high temperature period.

The respiratory intensity of a whole seed is not so variable with temperature condition.
The respiratory intensity at 25°C decreases gradually if seeds are incubated at a constant 25°C,
while it does not decrease at alternating temperatures (25~6°C) although there is also no
significant increase before germination. The respiratory quotient of non-stratified seeds is a
little higher than 1.00, whereas that of stratified seeds is a little lower than 1.00. Here, at a
constant temperature and at alternating temperatures, no significant difference in R. Q. is found
between them. Chemical changes occurring in seeds during stratification to germination are not
particularly remarkable so far as investigated here, but some are noticed as to fat and non-re-
ducing sugars. Especially noticeable changes are the significant decrease of fat, and the
quantitative increase and qualitative change of non-reducing sugars in an embryo.

In the last section, the possible significance of thermoperiodic responses in seed germination
is discussed in relation to the mechanisms regulating germinaﬁon, which are the mechanical
resistance of seed coat, the impermeability of enveloping tissues to water or to gases, and
the presence of inhibitors in the enveloping tissues or in an embryo itself. Various processes
occurring in seeds during stratification, under photoperiodic treatment, or under thermoperiodic
treatment, result probably in an activation of their internal biochemical condition in some way,
and consequently let their embryos overcome those regulating mechanisms primarily in seeds.

In some case, those responses should be interchangeable in activating the biochemical processes to
germination.
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