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Germination result of variously stratified seeds.

Ordinate : germination percent; Abscissa: time

in days. This note is common to Fig. 2~Fig.

9, Fig. 13, and Fig. 14.
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Germination result of variously stratified seeds.
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Table 1. 51 MSEERBROTER Summary of the first test.
o 1EH oGRS LEEHDFFRIR | o mem oo plmn | 2 HEH OFERR s AL
The first germination test HARIIC FE2E L 2 E_EDM—LE% ] i—fﬂfﬂﬁﬁ%%ﬁsbfi 3 B H oAl
. — S Shr it stk | fiBePA2B | S0y 5 | LIh L D28H
@@m&o%ﬁciub@2mmm>%#ﬁﬁjmaﬁ@ o L resdy | HIOFESR OULER o gefh | FIDFEFR
FEHE | JRER | FKIEH . Germination ¢ /a = Germination %
Condition of | The first | Germi- | (U2 Germi. | (onditions of the | o o5~geC. in | Conditions of the | 5y o5 _goC. in
stratification |incubating| nation sequent ' iion | SECOM reatment 42 days after | third treatment 28 days after
tempera- '% in 21 mcubatmg‘% in 21 for non-germina-| oo ong for non-germina- the third
tures i days tempera- 7 ;- O ting seeds in the treatment | ting seeds in the treatment
I § | 9 | tures | T Tfirst test | TSRO second test | TEVEM
| | .
1H—4L 15°C l 5 | 25~8°C | 2 @) 2L ‘ 61 (68)
2H—3L ” 38 \ v 4 (42) 2L | 36 (78)
3H—2L ” |16 ” 0 (16) 2L 39 (55)
4H—I1L v | 4 | ” 0(4) 2L ! 57 (61)
2H-3L -DW s 75 ” 3 (78) 2L | 9 (87)
3H—2L ‘DW v 1 60 ” 5 (65) 2L |20 (85)
5L \ 25°C 0 ‘ 25~8°C | 0 ( 0) 2H—2L ) 75% (75) 2L 16 (91)
5M i % 0 | v 0(0) 2H—2L 87* (87) 2L 3 (90)
1H—4L v o | 2 0 (o) 4L 12% (12) 2L 54 (66)
2H—3L | 7 o ” 0(0) ) 4L 12% (12) 2L 52 (64)
3H—2L ‘ v 0 | ” 0(C0) 4L 3* (3) 2L 72 (75)
4H—I1L ” ¢ ‘ 7 o(Co) 4L 6* (6) 2L 57 (63)
2H-3L-DW 1 ” 14 | ” 0 (14) ! 4L 5% (19) 2L 53 (72)
3H:§L49EL| K 4 L— 7 |3(D 4L 8% (15) 2L 50 (65)
SL " 25~8°C 0 \25~@°C 4(4) 2H—2L L 72% (76) 2L 6 (82)
5M 1 7 4 ” 0 (4) 2H—2L b est (72) 21 1 8 (80)
IH—4L . 2 |+ |3@s)|  2H—2L | 66* (91) 2L 49
2H—3L ” 69 | ” 6 (75) | 1H—I1L 0 (75) (* Germination percem)
3H—2L ” 71| v 3 (74) 2L 0 (74) in 28 days.
AH—1L ’ 43 l ” 3 (46) | 2L 12 (s8)
2H-3L-DW ” 89 | ” 1 (90) 2L | 0 (%0)
SH-2L-DW ” 98 ! ” o@@} 2L 0 (98)

CEEE RO L ED
2 3 DRV
Remaining seeds

N w | |
7B |
g | BRY 1 T o
PRI
. - -
83 At } 5§ |Total
I =N
27 ol 5 | a2
20 0 ) 2 | 22
43 o 2 | 45
37 o] 2 39
13 0| o 13
11 1,3 15
| |
l 0 ‘ 4 i 9
’ 0o 6 10
24 s 7 ’ 34
35 0 1 | 36
21 0 4 25
31 0 6 | 37
23 2 3 28
14 0 | 21 35
6 0 12 18
2 0 18 | 20
4 0 1 5
21 0 4, 25
25 0 1 26
41 0 1 42
8 0 2 10
1 1 0 2

Notes 1. %ﬁ&@%@ O V]@%’(i%i %4 Lbfbi) B%@ ¥ if@*‘\“l ’5_' Léb@‘t, ‘Germination percent in () shOWS the total from the begmnmg of test.
e X axnb e LB A r0b O, EELPIC A (B 2#, Fig. 6) 122l
Most of excised embryos from sound seeds became A (in Fig. 6 of the second report) within a week.
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Germination result of variously stratified seeds.
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R o . Germination result of variously stratified seeds.
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2 BRABORELZFRECME: 3MOFKEERRY LKL T, 15°C % 25°C OBELMAL D
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Germination result at various temperatures of stratified seeds (3H—3L).
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Table 2. %2 @]%%ﬁ@ﬁ@%\ﬁ Summary of the second test.
| las~s°Cie 3  HmERbokLrEo
15°CTD OLfﬁgm FE Lok x 4% 2°C i Z 2 DR
WAL E | 218 MO Em@%%$12wﬂkbfﬁb 256~8°C Remaining seeds
D % A Geumination I‘» B X0 35 HMOFEFR xg *
Germina- | oo~ 21 days | Germination % in 35 days . 4. | &8 | P | o
Condition of |tion % in /”ftm t 2YS | 4t 25~8°C. after keeping  ®E | 59 iz» Al
stratification| 21 days afeer. ra{xs I non-germinating seeds at ‘ 4%]3 3. ¢ | Total
at 15°C. rring to [ 2°C. for 2 months. (P | QF | PR [ Tota
25~8°C. | @ | D
Control o | o (@ 66 (66) 16 0| 18| 34
6L 0 o (0) ; 85 (85) 13 0 2 15
2H—4L 45 16 (61) | 31 (92) (I 0 2 8
3H—3L | 65 3 (68) 22 (90) 10 0 0 10
4H—2L | 73 | 4 @7) 11 (88) 1y o 1 12
2H-4L-DW & 84 791) 7 (98) 2 0 0 2
3H-3L-DW | 97 0 (97) 2 (99) ol o 1 1
- RO 1 BRBREY RO L XD 22D
SRREALEL D (T 25~8 C VC(D 42 HIH l Remaining seeds
Condition of Germmatlon 9% in R =
cfrats 2 fexrx | Bokwxx | 7y y 5%k | g
stratification 42 days at 25~8°C. } Soun d Embryoless Decaye 4 ‘ Total
Control* I 0 85 ! 0 ' 15 ‘ 100
61,% ! 1 92 0 4
6M* 2 90 0 ‘ 8 98
2H—41 75 |2l x 0 ’ 4 J
S3H—3L 90 8 0 2
4H—2L 93 5 0 . 2 ‘
2H—4L - DW 96 3 0 | 1 4
3H—3L + DW 98 , 0 1 ‘ 1 ‘ 2
\ 1&2&[@%}:&% : I1§E@§é§ﬁﬁfﬁ@ zﬁa@%ﬁﬁﬁﬁ%ﬁ ko g .
| The first germination test \Fﬁsjk%,}: Lishs ot | FEEHE Ulchs otz ?%E?%ﬁkk
N [ MU Zx%2°Clc2 5 H 5!7\%,&%;720\2 C k
IRiEgE | "25~8°C 1z S RINZ o
: BTHhE 25~8°Chie 2 5 HBLTH S
- 4ZEFEH 5oL Thy - Yo Remaining
D % 4 . T\ fo & X D28H 25~8°C it s\ e & 4
R UDD | DIEE|H28E HID o z5if & D28 H D IR seeds
SRR | % |FE=R 9 i ‘nation % i
. "Germina- Germination % in | Germination % in P
Condition The first Ger ' tion % in 28 days at 25~8°C. 28 days at 25~8°C. %ol | ~
of strati- in cullaas- mjna- 2% da” vs :gfter keeping at | gfter keeping at 'Yv.c‘-‘i\g ,ig ]
o ting tom- | ti00 | “Getap . 12°C. for 2 months2°C. for 2 months|x £(59/ X b O
fication gt % in t £ the non-germina- \ again the non- ¢4 o <5 ; 3]
peratures 42 rans (:r | ting seeds in | germinating seeds|&”|Q =i ‘i\é =
| days i ng:igg (03 the first test i in the second test. psfes) ez
3H—3L | 25~15°C| 82 1 (83) 2 (85) 11 (96) I3 o 1| 4
” 25~2°C | 68 | 8 (76) | 6 (82) 13 (959 | 4] of 1] s
” 15~8°C 82 4 (86) 0 (86) 6 (92) 8| 0| 0| 8
7 15~2°C 79 7 (86) 1 (87) 3 (%0) 9. 0| 1]10
” 8~2°C 48 | 46 (94) 3 (97) [ 0 (97) 3, 0| 0o 3
7 25°C 20% 0 (20) ! 22 (42) \ 48 (90) 8/ 2| 0] 10
7 8°C 70 24 (94) 2 (96) 2 (98) 21 0] 0] 2
2H-4L:DW| 2°C 50 37 (87) o (87) 5 (92) 12, 0| 6| 8
3H-3L DWW 7 64 135 (1oo)|
2H-4L +DW| 25°C 45%1 0%2(45) ! 10 (55) 37 (92) 5| o| 3| 8
3H-3L DWW ” 56*%1 4% (60) 2 (62) 30 (92) 8, 0| ol 8

*#1  Germination percent in 21 days. *3

Table 1 * &7,
B B D XA DHE Z x 05 DR LICEDER LA DD DI, 1EMEA
A igotc,

Except the lots with *3,
became A within a week.

Germination percent in 49 days.
Notes 1.

2.

The same as in Table 1.

most of excised embryos from sound seeds
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Germination result at various temperatures of stratified seeds
(2H—4L-DW, 3H—3L-DW).
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Germination result of variously stratified seeds.
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Germination result at various temperatures of
stratified seeds (4H—3L).
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Comparison of germination percent in a week and two weeks among
voriously stratified seeds. Ordinates: germination percent.
Each column shows germinztion percent in two weeks,

a boundary in it showing that in a week.
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490, KB4 T3 A——D 2 3 7 7 iR LT Y35,

@) THBREFEENZRICEIEFTHE: ROOFHRRER TR ThH O lewic T2k
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TBEMAOL DOk LA T ik, FEHREOMRENY HE LT BdIcBETHS. £IT
Table 1, Table 2 ic Ly X 5 ic, 25~8°C LISDREERI-CIFFHBRE R 2 2k TRTOK %,
HHHMODH 25~8°C 125 DLiz, LaL, ThbNFILHIRTWA LK, 8°C, 2°C kiU
8~2°C LD IDEDE T, S OINLBRERHDOL L THRZ LA LRE Ligh Dt 2D ki3,
8°C X ) 7o WIEFEIET FEFTE ) D X RO, HEDLICH BHERNDL bh, 25~
8°C DEBEMTHLH L2 bz xR LB LTS, —F 8°C L h O WRETIZD X 57
EFISIETT 0L T, DL WRERLEL LT T &, Tihbb 5 WHRETH
SFETEIRDOI X R, 26~8°CI ) DENTHLbEHFMICFEE Ui, TRIMRESRE T2 bhbLsd
b AHERL, ZRESFD 2°C THUHET 2 290K D b L1 AHHNREISTH BB Ly,
L2dErbbd b & 51T, FFKEE TR Z 2EFIGE, $£5H< 15°C Tthbhd 25°C ©For
WBLBLLTTLEDTHA 5. 2°C TOUT X DT, 15°C KD 5 A P2 L izl ZOEND
ffEns, ZT Table 1 Z LHINT 5 HESAHET, ERBFAEY 5 Tulon 2 %
(5L, 5M) %, B UDDFEFRBROD & O 2H-2L 2\ 5 BEMET KRSV FHETHZ L THD, &0
b 25°C O X5l —ERE TR I AN, 7377 RBFEAENC X 0T RIRD BRI i
FODRETT, FRWCEEHSZ0ERCTIO LA RS, 2°C THUHEL Tl kFIET
IV RDDE DL, RO LS L J LD LEEKD 5 2 TF 4L Bl L
DLEERIITLD S, D¥FDOHITORBEFULEID H\ FEOPEDOMH D 4L (Table 3) L4 1A7%d
be B e, HHWEMEMIM Z A~ CHEAKIRD DRI N THBIL, KX LA DDA T BT
FRECRKEE LY 27 VRSO TNDEDTHS 5,

4. BRENIBODNZORDHEHEDOEL

YF X202 xBTS L, X RORNTHROBEY DTN Z E2F 2 CHRE L,
LBLZZTIRZD L 5 IeROMEOE(L L, 2 3FEOWERE & & D 2 T < BERE & DBIHRIZ L b
LDt £ THE2H L 27 Bt UHET, WA LA IR T OMFREOIBE L, \»
ACHIEMET 2 20 b & DR LRBEOKIRD B & < e 5REg%® L b, Fig. 11 K L THRELOE
LBk, chZROBHIOMAD & IELDNTWBDICHE D ZET IR 27, L
FHC X BFEFMUED X 2 L AN Z HbEB L, DEDLI LI LN EITHD. Tihbb, KE
e doxhr 2, BESH2BEEECEFCRELTWAZ LAUMBETSH D, T XCERcksrh
o # F OPUKREINC X 2 LA D> % B L.,
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20 2D X R DWTOEHEEZ LDL T\ 5,
Enlargement of encased embryo during stra-
tifying. Ordinate: embryo ratio = embryo
length/seed lengthx100; Abscissa: time in
months after stratifying. ‘‘Control’’ was kept
at room temperature under dry condition.
Each spot shows the average ratio of 20 seeds.

Hoteh, TR LTHB X EFIRERE—MCMEL QLW iehDfe, Leh2T, b3 L LRIFES

Table 3 BEIUBEOWASWCAHIEENIC 2 25 DL 20 20D 5HED
TE:: B, A, BUI&2# p. 22 i2L®»INT
Wh, EFTo 1~VILiX Fig. 11 i LdTHELRED LS55

BRI, BB A,

LT3,

Behavior on the 5th day after bedding of 20 excised embryos at various

stages of stratification.

Upper row: A; Lower row: B. A and B are

shown at p. 22 of the second report. T ~V[ show the stages when the
embryo ratio in Fig. 11 was measured.

| 1 Im m v v VI
Control 8 ! 8 8 g 8 8
" R T

™ 2 : 3 : }
1H—4L J 13 ’ 2 g Z -
2H—5L | 8 Y 1 1
3H—4L { ? ( 1; 1? 28
L B T
3H—2L - DW non 18 1; 1? —

|
|
|
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Dol L FRHRASEE LR Lo 5D Tl <, HFEZRIERRBFLINO H\ D5 WA T BT
(b 2bT, 1 2OFERMILBRICT ER G EDANZIUT S DL LDhd Litieu,
DECIRBALIED I\ N PEO KR 23D & & e Bilfe% Table 3 12 Lad ., SHIXEFE2|Y L IOk
BT X5, WFAELO WA GASICEIIC 2 205 & D LA, L LB 5 2 TiRET
DRHER L bR DTH DA, OELEED + 0 E L bA>THWR LD TH D, Wllh b5
BT T oM AR OHEfi% & L O X 2EFR LB LTWH D EMANRZBRD, Donsa i1+
VYUY TFAEDART, HbWEEFTICLTEWTE BARAKRAHX SR X HELTWD
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Cross section of the seed of F. mandshurica var. japonica, and a part
of magnified seed coat, suberized membrane, and endosperm. SC:
seed coat; SM: suberized membrane; EN: endosperm; E: embryo.
A shows the seed coat of non-stratified seed, B showing that of
stratified one.

FEEEDY, BB EANC Zh IR TOL BRB LD THS 54, A E B2 & FITERIC A
Ex Nt Pythium, Fusarium, Trichoderma ¥s Y. 08 Coremium™®'7c & BT X D CHREINBEZ L
BH L, W) DU, FEERIC S W TR OB & & Jefe CIRBAY Lic 2 F1T, &5 W) Bt
HUBHLLDPW T W ZRDFERIC, LREELBAREDBRI, WTFhZLTh, BERL®T X5k
HBHEODZ hYDT Y HE—ETRERL, XRCI VWP IDTHR D BADT B, BEH OO
<D i 7HE (suberized membrane) X, <7 &d I HTr D35 L TIX F21L b DOTUie
Ve ZLTH 20X 5 IeHHEOEIE, WAL ATIRMENG X BFEERED F F 2 LIRHEAI B LU,

OB FEE L TR\ TR R s ALY b 5 Lo E T,




YF XD 2 FDOFIERIECOVCT O (538 GR)ID — 81 —

YFHERT 2V HYF XD X XC, FERMCHEEIIMABRL T2 W5 2y ¥ =h 2033 h
TWBW W %, 5 2ok 5 EEEd LT, BRSSO ol FEER ke Tar 2R
bBDo A ZHBENFEFRIECRIENAGH DL LW E W3 H vy =g 2k, 3T CoxXY BT 2V ¥ F
FelgED 2RCDOWTLE D HF TV BD, TITORLNTWS ZOMBOY 277 V2 LD FE % 51\
NBz 2 e,

FTEAR THELIHRLELIIE, YFLeD 2 RIFEFITHBEOKTDIFLALY, BX T 2,
SHODWRERT S S NTELND, a2 ZEERREKEREIZ T2 E W) By FHF=h 2T 1LL
e TR LIHIOWKE BHO T, T LIERICEIN TV B HWRTIFEENTTATY S
B, TORDITIEEIRDTe h OYENH S Zlebh T 2133 Th H, 24 ZEENT 25k B3
ZTWB LI Wy T =h 2hh70D 57crb L,

T35 LTSS, EFELRLETWE 24 2HEOY 27 91k, oMWY 2y >Titb
RTWBEDAN LB\ DR, & IATIO 2L 2HEOEEL o isT 01, HEMCIKERE
WLETH D%, TTRORKCI I, 50 HMEC L 2T ZOMBOMEI B LB LS b5 LilE
Lbhiswinh, $(x 535008 MEHTHS 5. Lo b HoIRITEREEAILE G T8
NDZENTTRbIDTNENL, BERSF2ERML EbDTHISLS D L D ARZ IR BT
Wy ORI S 7o®iiy, CROCKER® 2DRTW5 "HBRONEARIHIDBY i hvi=
B APEETHBLERDL I,

ZDEHIE, MFHO IR RERE (mucilaginous layer) CHEHE 2 RNhbB LI Y F =5
ENBHBDD, THRBIEDONTUEIRDC SIS b2 520 D ThH D,

6. B1IROAFFA

(1) FI3YEVIFRVIDERFTORFE: F3vLy b3V 2 (F. rhyachophylla) \IEEEFEIiO 7
F XS, EFXZOFEFE EOMENSOR LT, D 2325 0H LS LWIESRIE
B2LOTHLDTIRIRWES S LDONKY, +O#H 1954 EICPETE ORI R R FRTH I ENTER

IUU I =
Erﬁ‘]nclmpﬂ‘ylla
W)

0 70 30 0 50
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DW: Ao F e 2k Fi REZSTEED X%,
Germinztion result of F. rhynchophylla szeds in petri dish.
DW : szed without pericarp; F: seed with pericarp.
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Germination result of F. americana seeds in petri dish. s: stratified

seed (at 2°C. for 4 months); us: noun-stratified seed. 25(s) wzs
transferred to 25~8°C. from 25°C. on the 30th day.

"

B) BOBLEDRFDOIHROME: % XD Y 700 FHAWIHEEY, BOLWETEDL T
LRI DRELRY, HFH2HY TLLRL, L, ZOHMENT TN T, X ULDIEH) LD
Tl h Y I =5 ZPRIE LT T e hvbholc. Tihbh, RKEXERED Y H 2 L5 —D2DMH



FFXED X FDFEEEIECOWTORGE (55537 GE)ID — 83 —

BLOTHBE, 25°CTLLFEFETAMWHEE D, 25°C TR L A LFF LT 25~8°C OFEETX
FEET AR L1, 1 20T 20TV BRSO TIARE—Z LD TH B LHANZ,
ENHDOERDHCIEDOMEZ DT HE VDAL Ok, LOHLYFLXE0 X ROFEFDOL ED
BEFLRY, WIMURORERC XD TREAREADHDOTNL I LR, Fa3 Y2y FRY) aRT 2 Y hod
0L eI RO Y LT D055 2 Lk, FADKBOBLHKIED > 2%, \WHWAH
< e LI B UROBDT——DH W OMEC W THR LA hdle bt e 2 L)
Lz,
ZITINETRLLAL F32Y 2BOCOWT, FHHEECTOREERL, R0 ZoEFERY
LDEELDBLOEDIHICICE,

FERY = & T HIALE R VB Lig\ T A XD xR 25°C TL YT 5

TIFTA X “ ”

FITEY FRY = ” B D XKL 25°CTHFT D0, L
L0 # RTEREYERT S

vEAY ” 1ZLAED 2L 25°C TR FEHFT D

TRY BT AT IR A VL 5 FELDZFIERYERT S

I E 737V elRBIE ST 5 ”

FYYTYFAE ” ”

(T2YBYTFHx 7 ” )

WA BT 20 B LRV A 2 W L, ThEhoBo VW TkhkE—FLTwse8dbbhs,
BAHABITMNCIE, YFXERT 2V B d o0 ZRORMCSBELIEL 5 375 THRETZLO0D
D, FlLbRY 2RF 2T LY FERY 20 SBENEE 5 T HKFETELVLONH B, LT
AVFEFC I WL TOREERY, FFEIRBLEITOMN VT Y S A B XTI DT bS. Zh
LOWTOIRDE D LEERERE Y F X2l 20T L bR TR, 1350 Z ROV ThH KK
WX ESThb, COFYRBCIWTAEROY Y Y 5 7 v &2 —RRINC 2, 1R UDIEEY Ky
L, BARABERTLI L2027/ itd, Loz hil, FEEDILTorbh b —HofLHITE,
MRBRC X o THHBTSRIE 2 HREAKA "RECHEEI NI\ RIE” hbb, i, PRy =
D EREI BT PAROOIE BT TR MEECEEIRVIREE” KoL TnhaE, YFXED X &
RHBHEHO 7 s 7V BB Lo T, X5 VRECHIBAIRE” s T ER, 0k
D ADZIUE, WHLUD L B3 bbb RO MD, 7RBIEN LS BIh THRERIC
BB EDANZ D ZERTELES S,

ZDMFEDS\NE, DD 2R BTG BIRIBHENIgESEE, B4 IENEE, ERr o
EoOTHTR el I8, 7B ONC ¥ 3% 2 B IS D\ Tl IR fe 7o) | RIS MR T S ek
BH, MERENEEERON 4, FHRFAUEEREHOZIIRINT, AEE GO/ NAFEE B LA
LEHEDd 5 LoET,

*OSHE, ) EHRE PSR« 5




— 84 — MESRBRENI RS H 5 E

7. ®» b % L

WBWATIBBALID Rl A blc 2 To b F 2D % 7%, WHWGAHIBIETHKEI IR ERLIZL
T, O XFOFFRIG MR LI 2, 3 OMEE N AN LI
(1) ZoxxiE, FFRCHOTEDLD THbORREERY LT,

(2) FoRFEERE, WMEAEOEENR X RO > 7 Lo Thb 5.

(8) BRI 2785 F AR E L ) OZNE, AMEHME R UL T3 2 8 TE S,

@) Z 27V eBEAROBIY, BEAOFNIBEC6 A, TOEEOHAT T W AR NLEL T
%o
(5) RRGMLIEE 5 ) fo & F R IFRBCE S &, Z AR DAL D bhb,
ZOEENL 2°C Itk L@ WD EIND,

6) AL TWBH\EOBEDEN, His{tid, =0 % x0FEHMEoss 1 OJFHEY, EIREFAL
I IoTRSbNBMDKIRTHB Z L2 LB LT 5,

(1) BoEBEILLE LR & OFEERIEE, Ha DDA TV AR T 6 (1% =4 7 FIEO g7
YIFRIDOTHDEL LV L LIDX 5 ethiRE 25500 12 DINRRBEAMID +x 2%, =21
THBEOMWHEE DX D EDANRZLD L DL, BLARDOEKENRIADDE EANZIUETI NIEL ST
H5,

(B) Fa vy Ry 2D xpI LT T BN, KE (25~8"C) DIF 528 25°C X Db L
Fxhicz b '

(9) MRBBAEAY 5377 29 940D 2xb %, FHEChloTyF F el cBEERY L
bode IS

1) ZHETOVPEDFHELD, HLHIXVHUS L bS5 X 31Tk b b FIEEEOMM:L, &
B b5 b DTN Z L& U 1,



YF A D xR ORERIESOVTOWIE HES5H) R — 85 —

X ik

1) AsAKAWA, S.: Bull. Govt. For. Expt. Sta. 83, (1956) p- 1~18.

2) ——————: Ibid. 83, (1956) p. 19~28.

3) ——— ~—: Ibid. 87, (1956) p. 75~84.

4) ———————: Jour. Jap. For. Soc. 38, 1, (1956) p. 1~4.
5) Ibid. 37, 11, (1955) p. 508~509.

6) Barpwin, H. I.: Forest Tree Seed. Waltham (1942) p. 115~1186.

7) BarrTox, L. V.: Contr. Boyce Thompson Inst. 6, (1934) p. 69~89.

8) ———— ——, and W. Crocker: Twenty Years of Seed Research. London (1948) p.
70~75.

9) Cox, L. G.: A Physiological Study of Embryo Dormancy in the Seed of Native
Hardwoods and Iris. Cornell Uuiv. (1942) p. 186~211.

10) Crockikr, W.: Growth of Plants. New York (195)) p. 105~112.

11) Dorya, N. I.: Dokl. Acad. Nauk SSSR 88, 4, (1953) p. 729~732. (For. Abstr. 14, 4,
(1953))

-12) FERENCzY,:L.: Acta Biol. Szeged 1.1/4 (1955) p. 17~24.

13) FremroN, F.: Amer. Jour. Bot. 24, (1937) p. 734.

14) Grierssaci, J. and L. V. BarTox: Contr. Boyce Thompson Inst. 4, (1932) p. 27~37.

15) Hrerr, C. E.: Notes on Forest Investigations 14, (1938).

16) KawAMURA, M. and T. SkNo: Hopp6-Ringyd 1, (1943) p. 20~30.

17) KoyvyAma, M.: Jour. Jap. For. Soc. 9, 3, (1927) p. 41.

18) NyworM, I.: Tidsskrift for Planteavl 58, (1953) p. 684~701.

19) STEINBAUER, G. P.: Plant Physiol. 12, (1937) p. 813~824.

20) Taxaror, I. and H. Toyooka: Trans. Hokkaido Branch Jap. For. Soc. 1, (1952) p.
1~5.

21) Woody Plant Seed Manuzl. Washington (1948) p. 38.

22) YaNAGIsAwA, T.: Forest Tree Seed (Ikurin-Séten, edited by K. Hasrcawa). Tokyo
(1955) p- 189.



— 8 — MEERBIENIIERY 955

Studies on the Delayed Germination of Fraxinus mandshurica

var. japonica Seeds. (5)

Effect of the compound stratification on germination.

Sumihiko ASAKAWA

(Résumé)

The seeds of the trees, which ripen from the end of summer to the beginning of
autumn, are exposed to the cold of winter after absorbing water by dispersion on the
ground and then experiencing a period of warm weather. It is known that the seeds of
many such species do not germinate normally until a succession of similar conditions has
been experienced by fall sowing and so on.2! 22 It is the ¢ compound stratification’’*’ ®
or ‘““warm followed by cold stratification’’*®’ that was designed to give the seeds similar
conditions during a shorter period in order to hasten the germination of such seeds.
There have been a number of works on the effect of the compound stratification, for
example, those with the seeds of Crataegus spp.'®’'®’, Halesia carolina'’, Prunus serotina®, -
Tilia americana®, Taxus cuspidata®, and five-leaved pines?’ ® in addition to those with
Fraxinus seeds cited in the first report.”’ So it is quite probable that further tests will
show it to be useful for many more species.?’” BALDWIN® explained that a high tempera-
ture period disposes of a resistant coat, and then a cold one after-ripens dormant embryo.
This explanation may hold true, however, only for limited instances. The differences in
their physiological properties and chemical components suggest that the mechanism of
stratifying effect cannot be discussed without discrimination. Nevertheless, a possible
clue to clarify the physiological basis of seed after-ripening will be found in studying
this mechanism. Here is reported how the seeds of F. mandshurica var. japonica are

affected by compound stratification.

1. Material and Methods

Seeds: F. mandshurica var. japonica seeds were collected in Kagura National Forest
in Hokkaid6 in October of 1954.

Stratification: After being soaked in tap water at room temperature for 48 hours,
seeds were kept in moistened sphagnum in a deep petri dish. Stratification condition, at
25°C. (H) for m months followed by 2°C. (L) for n months, is represented by ‘‘mH-nL”’,
and dewinging before stratifying represented by “ mH-nL.-DW’’. Moreover, M shows
8°C.

Seed bed: Germination test was carried out at the least in duplicate in a 12 cm petri
dish with moistened gauze spread over glass slides, having 50 seeds.

Incubating temperatures: Three incubators and a refrigerator were regulated at 25+
1°C., 15+1°C., 84+1°C., and 2+1°C., respectively. Petri dishes under alternating tempera-
tures were transferred from one incubator to the other at intervals of a given time. In
the expression of alternating temperatures, the left number means the temperature held for
8 hours (day), and the right one indicates that held for 16 hours (night). The lots under

daily alternation were kept at lower temperature when they could not be unavoidably
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alternated.

2. Germination Results

All the seeds were stratified from November the 20th in 1954. The first germination
test wzs carried out from April the 22nd, the second test from May the 19th, and the
third test from June the 22nd in 1955.

(1) Results of the first test: Shown in Fig. 1, Fig. 2, and Table 1.

(2) Results of the second test: Shown in Fig. 3 to Fig. 6, and Table 2.

(3) Results of the third test: Shown in Fig. 7, Fig. 8, and Fig. 9.

3. Discussion

(1) Temperature-sensitivity against germination: From the results obtained in
these experiments, it was proved that stratified seeds of F.mandshurica var. japonica show
special temperature requirement for germinztion; that is, most of these seeds do not
germinate at the constant temperature of 25°C., but germinate well at a daily zlternation
of 25°C. (day) and 8°C. (night). Moreover, Fig. 5 shows thzt the higher or lower
temperature has its optimal, respectively. These seeds also germinate better at lower
constant temperature (15°C.) than at 25°C. constzant, though less than at 25~8°C. Thus
the curves of the germination process show that some process unfzvorakble for germination
is produced under counstant temperatures.

(2) Alteration of temperature-sensitivity by stratification: As reported already"’,
these seeds kept under dry condition after harvesting, fail to germinate without special
treatment. Also, these seeds do not germinate even after only a warm (25°C.) stratificztion
or a cold (2°C. or 8°C.) one. These seeds must experience a period of warm temperature
before they are kept at cold temperature. Moreover, the hastening effect is iaffected by
the length of a period at each temperature. ‘

The following problemé evolve from Fig. 10 showing this relationship.

(i) Temperature-sensitivity for germination becomes faint as the period of low-
temperature is lengthened afier an optimal period of high-temperature.

(ii) The effect of the subsequent low-temperature period is markedly increased by
lengthening a period of high-temperature.

(iii) Dewinging before stratification shortens the period for it, which suggests the
possible relationship between pre-germination and the hastening effect, and the possible
réle of pericarp in the delayed germination.

(iv) To hasten completely the germination of these seeds with little temperature-
sensitivity, it takes six months in dewinged seeds, and seven mounths of compound
stratification in fruits.

(3) Conceivable changes occurring in the seeds subjected to unfavorable tempe-
rature for germination: To clarify the mechanism of temperature-sensitivity, it should
be known whether the non-germinating seeds under unfavorable temperature are at the same
state as that of doubly-stratified seeds, or are suppressed by an inhibitory process produced
under such a temperature. The results in Tables 1 and 2 suggest the presence of the
positive inhibitory process in such seeds, and the reversibility of this process during a
long period of 2°C. Such a process advancing under 25°C. does not seem always to be

inhibitory to the interlocking system subservient to the germination of these seeds.
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Because the longer the period of warm stratification is made, the shorter that of the cold
one can be made. Moreover, this is also verified by the hehavior of the seeds stratified

under only low temperature.

4. Quantitative and Qualitative Development of Embryos during

Compound Stratification

It has been already reported in the second paper® that the encased embryos of these
seeds enlarge, znd they are gradually released from dormancy during warm stratification.
So here quantitative and qualitative development of these embryos was studied in connection
with the hastening effect of compound stratification. Fig. 11 shows the process of the
quantitative one—that is, pre-germination®’, and Table 3 indicates that of the qualitative
one. Though the result in Fig. 11 suggests the possible relationship betwezn pre-germi-
nation and the hastening effect, it may be appropriate to think that the pre-germination
was brought about as the result of the complicated qualitative changes during warm
stratification. Because, by means of cutting them, the germinating seeds proved to have
not always fully enlarged embryos. The embryos of these seeds are gradually released
from their dormancy during warm stratification, while such processes do not proceed
during a cold one. These processes also do not proceed under dry condition, contrary to
the result of DorngaA't. In short, it is certain that the delayed germination of these seeds

is primarily caused by their embryo dormancy, which is broken through warm stratification.
5. Erosion of Seed Coats by Stratification

The effect of compound stratification on germination is thought to be partially brought
about by the disposition of seed coats during the warm period.”’ 8’ 12 And the seed coats
of F. mandshurica var. japonica seeds also show a little change during stratification (Fig.
12). Seed coats softened by swelling seem to be broken down mechanically, but a similar
coundition also seems to result from the destruction by fungi, like Pythinm, Fusarium,
Trichoderma, and Coremium, which were found on the surface of seed coats at the end of
stratification. Such a change of seed coats seems, however, to have no connection with
the hastening effect on germination. Because the germinstion of these seeds cannot be
hastened by only warm stratification.?” So it should be somsthing else that inhibits further
development of the embryo released from dormancy. Thus the suberized membrane
interior of seed coat comes into question. How would this membrane delay the germina-
tion of this seed? CoXx® gave weight to the impermezbility of this membrane. On the
contrary, the writer here takes up its mechanical resistance from certzin reasons.”” This
membrane suffers, however, no change externally during compound stratification. Accor-
dingly, it may be an embryo that is affected during the subsequent cold period. This
influence may be favorably explained by the assumption that some changes occurring in

seeds give embryos greater growing pressure, as CROCKER'® described.
6. Supplement to the First Report!

On the seeds of the following species, their germination manners were investigated.
F. rhynchophylla seeds (collected in Korea in 1954): This species belongs to Sub-

section Ornaster of Section Ornus. As expected, these seeds do not require stratification
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and special temperature for germination (Fig. 13). But they have a little temperature-
seusitivity, especially those with pericarps.

F. americana seeds (collected in the Tokyo University Forest at Yamabe in Hokkaido
in 1954) : These seeds resemble those of F. mandshurica var. japonica closely in tempera-
ture-sensitivity against germination (Fig. 14). Temperature requirement for stratification
is, however, different between two species; that is, the latter requires warm followed by
cold strctification, while the former needs only a cold one.

Discussion on seed characteristics among various species: From the results
described in this paper it is shown that a typs of seed dormancy or germination manner
should be discussed in the reciprocity among the species—at least, within the same genus.
For example, the difference in the temperature requirement for germination seems to he
not so essential as it looks. That is to say, in the seeds of F. mandshurica var. japonica the
property of the metabolic system subservient to the germination shifts from ‘‘sensitive
state” to ‘‘insensible state’ to temperature as after-ripening proceeds. On the other
hand that in the seeds of F. japonica, etc., has been already at the ¢‘ insensible state’”
when they have ripened apparently. Moreover, the temperature requirement for strati-
fication may also be taken as another example. Most of F. mandshurica var. japonica
seeds require warm followed by cold stratification, while most of F. americana seeds
need only cold stratification for the conversion into ‘¢ insensible state.”” From this point
of view, the various factors for pretreatment and garmination may be investigated reci-

procally and systematically.

Summary

(1) F. mandshurica var. japonica seeds hzve special temperature requirement for
germination.

(2) Such a temperature requirement is variable with the composition and period of
warm followed by cold stratification.

(3) The period for stratification can be shortened by means of dewinging prior to it.

(4) Stratification for hastening the germination of these seeds requires six mounths
in dewinged seeds, and seven months in intact fruits.

(5) Unfavorable temperatures in germination test produce the reversible inhibitory
processes in doubly-stratified seeds, which are abolished by keeping them at 2°C.

(6) Quantitative and qualitative development of these embryos during stratification
shows that the delayed germination of these seeds is primarily caused by the embryo
dormancy,' which is broken down through warm stratification.

(7) After its embryo dormancy has been abolished, the germination of this seed
seems to be delzyed by the mechanical resistance of enveloping tissues—maybe, a suberized
membrane. The effect of the subsequent cold period should be rather in giving its
embryo greater growing pressure than in changing the property of this membrane.

(8) The seeds of F. rhynchophylla do not require special stratification for germination.
But better results are obtained at 25~8°C. than at 25°C., especially in the case of intact
fruits.

(9) F.americana szeds, subjectad to cold stratification, also have similar temperature

requirement for germination, zs those of F. mandshurica var. japonica.



=90 — PEERBIIIERY 4955

(10) The results obtained suggest that the difference in the temperature requirement

for germination is not so essential as it looks.



