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Changes of underground temperature at the depth
of 50 cm from autumn to spring.
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Changes in water content of fruits (O), seeds (x),

and pericarps (®) as collection time is delayed.
Ordinates: water content in percentage to dry matter

weight.
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The processes of water absorption by the
seeds collected at the different times.
Ordinates: water intake in percentage to
original weight. Abscissae: time in days
after bedding. @© shows the day when a
radicle showed geotropic curvature.
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Water necessary for germination to dry matter weight.

Ordinate : water

in percentage to dry matter weight. N: (North]); S: (South).
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Germination test started just after collecting.

LU D 3 AR ORIE |
Temperature during
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! . Temperature for the | Germination percent
Mtother | Collection ) 3 months' after ! following 2 months ‘ in 3 weeks at 25~8°C.
ree time bedding i | after 5 months
3 ‘ 2°C | 92
25°C 5 |
I 25°C 0
e o ‘ 2°C w 20
1 25~8°C \ 25~8°C ! 0
\ l 2°C \ 9
25°C 25~§°C 0
I ‘ 25°C 0
3 | 2°C 5
€l ‘ 25~8°C 25°C | 0
(North] ‘ 25~8°C 0
— _ FE
5 2°C 100
i ‘ 25°C 25°C 0
| 2omee 2338%3 L
~ 2°C 97
25°C 5
W \ 25°C | 0
- ° 2°C 13
! 25~8°C 25~8°C \ 0
o 2°C J 96
25°C 25°C (¢}
I
25~8°C 2528eC | '
_ ¢ 2°C 90
(M) 1 25°C 25°C* | 0
(South] ‘ ‘ s
25~8°C 2528C '
- 2°C %
. 25°C 25°C 0
. 2°C 20
25~8°C 25~8°C 0

SRR\ T 5 3.5 2 AHIR 1 2——100 2 DlemT— —FH L,
Only one seed in one hundred germinated after 3.5 months from bedding.
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Table 2. JRIEHFLD H\ 72D X F DI TOREDORLE 1 202 D & KD\ CTONIEIREL
Enlargement of encased embryos of the seeds collected at the different times
during stratifying at 25°C. (3 months)—2°C. (2 months): An average embryo
ratio of 20 seeds.

T AT 2 'V )
*#Tlgﬁg%ﬁég T LA L U o T s D AR
I~ Condition C llea Time in months from the beginning of stratification
Mother\ ondition ollec- ! )
tree for tion 0 l 1 J 2 3| 4 s
B istratlicgti)p time \ B J T *‘v I
R o I ] 64.9 68.4 73.4 74.5 — ‘ 76.6
Cax 1L, ' 68.6 70.6 75.7 81.5 83.9 | 83.8
‘ Seed mol e5.7 69.1 69.4 69.7 74.0 | 74.9
Gk v ’ 64.5 71.7 76.6 79.7 78.4 | 80.9
| I
{(North})—— - — —— — - — ] — |
P IO T | 64.9 64.7 68.7 70.1 — | 724
| F0 xR o, ’ 68.6 69.3 71.9 74.2 75.7 | 74.7
| Fruit jis 65.7 66.7 68.0 68.9 68.9 | 69.7
{ W et 70.7 72.5 74.9 74.9 | 767
| 1 7200 789 | s 87.2 | — I oo
A L ot I, ‘ 72.2  78.8 ' 86.2 88.1 86.0 88.5
| i i 73.8 | 811 84.2 83.0 | 87.3 85.2
" Seed W 785 | 799 | 866 g8.1 | 87.9 | 89.7
el i | 75.0 | 83.1 |,  84.5 88.6 = 87.7 91.2
[South]‘ Iz 771 846 t 83.5 88. 1 ‘ 88.7 | 89.4
f PP T I‘ 2.1 | 73.5 ' 77.7 L 78.9 | — | s4.4
FED AR 01 72.2 77.7 78.9 ) 79.3 ’ 82.2  85.1
‘ . jiis ’ 73.8 75.3 79.7 | 78.6 | 81.7 | 8l.1
Fruit ! |
1 v 785 79.4 | 80.3 ) 82.0 82.9 87.0




FFEED X FOFIERICICOWTOMIE (68 &) — 29 —

L LILRL, Tok T, KT I X B KRGO RER Dl —BIc e b2 2 L3 T L, Lk
T, 2L ZELVEERE O E 2T OERICE UL, BEAO /b OV 2 AN 2 Ik T
Mhb,

6.2 RELEBD DU LEDOEDOKIEIREEDE(L
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Table 3. BIAEOHEOMOMWHEO L £ D 2L TH 55 BHHOWREY LT
Behavior of 20 excised embryos from the seeds collected at the different

times on the 5th day after excising. Upper line: A; lower line: B. A
and B are explained in the second paper.

TGO L X (U AL
AR | o xxokE :
Mother') Condition Collec- )

RURAZ T DT 5D A%

Time in months from the beginning of stratification

for tion I I [
tree . stratification time ! 0 ! 2 . 8 4 | >
f I 0 0 1 0 . 16
i 0 0 o 4 1
COREE O I 0 5 5 13 20 20
Coxx ' 0 4 2 3 0 0
| <
‘ 0 1 3 5 17 20
1 Seed o 0 2 15 4 2 0
\ 0 1 3 13 20 20
el v
[North]g;—‘_*—_,. SR ° o - ¢ : 0 0
. 0 0 1 3 o 20
- 0 0 2 6 0
RE A D o 0 0 4 5 17 20
EED xR ! 0 0 1 2 0 0
. ) 0 0 3 7 19 20
| Fruit I 0 0 10 7 I 0
0 0 5 7 13 20
E w 0 3 2 0 4 0
! . 0 o | 2 7 17
| 0 1 5 : 2
| " 0 1 ) 10 10 20 20
i ! 0 o 3 2 0 0
' R w o - | 0 | 1 12 15 19 17
% i o | 2 3 i 3 1 2
0 8 12 15 t 20 20
|
Seed w 0 8 3 i 5 0 0
It 0 12 } 14 18 | 2 ) 20
(F) 2 0 5 3 1 ; 0 0
(South) T, | 0 6 | 9 15 2 ’ 18
3‘ 0 ; 7 ‘ 5 3 ‘ 0 1
| _ 0 l 0 } 2 7 ’ - 20
| : 0 ' o 3 7 0
 REEOG Hl’ 0 o 1 3 ’ s 1o 20
CgEo i o o | 2 2 2 0
. 0 ' 0 1 4 14 18
| Fruit o i o | 0 ' 4 3 5 1
0 0 1 6 | 9 20
v \ 0 o | 3 5 1 \ 0
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AoKE I REEZOZNTH LA L 23 0 _ - gy s
The effect of the compound stratification (25°C. FEAERPEHRL DL L LHTE
(3 months)—2°C. (2 months)) on the germination T e 3 L, B5HY TH .
of tl.me seeds colle.ctefi at different tjmes. Rk 50C, FEChbhd o ibo
Ordinates: germination percent. Temperature

condition for germination: 25 (25°C.); A(25°C. MENZ D 2 R DOFEERICH SR
(8 hrs.)~8°C.(16 hrs.)); 15 (15°C.). White column:
stratified with pericarps. Black column: stra-
tified without pericarps. HIERL TUb,
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INETLEDRL BIRUAETERBLIMLIITY, ThThORERAC I,

7.1 RFEDOBHTDOEDRKEE KIRREDTL

6.1 KXV 6.2 L& X5 LT Table 43X Table 5%x7, ZhbOFERBL, X%

DI TORD HELHRIERIEED BT H T2 200 R ISERCIE, 25°C X0 15°C B Uik 25~

Table 4. WAL AHILIBAYEHEETO X 2D TORDORE 202 D 2 i
DT ORI

Enlargement of encased embryos at the different temperature conditions

during stratification: An average embryo ratio of 20 seeds.

B AL o | MRS b T B H

Temperature condition Time in months from the beginning of stratification
during stratification

o o 2 i 3 4 S5

25°C(3)—8"C(2) i ] ‘ — | 94.4
‘ I 79.9 | 80.3 | !

25°C(3)—2°C(2) \ ! 81.5 83.2
. |

15°C(3)—8°C(2) ‘ ‘ — 98.8
‘ 64.5 | 74.1 88.1 96.3

15°C(3)—2°C(2) ‘ } i 95.1 95.9

8°C(3)—2°C(2) | — - — | — 85.9

(25~8°C1(3) —2°C(2) ‘

Table 5. \WAWAREECEEBAEI IR X 20 bE D 2 LICEOWEDO (L !

LORELTHEL5 HEORER LD T
Behavior of 20 excised embryos from the seeds stratified at the different
temperature condltxons on the :;th day after exmsmg (see Table 3.)

L’E Fg o R OPE AZJLI_ﬂiif&:LL&b‘tﬁ LD A

Temperature condition Time in months from the beginning of stratification
diurl,r,lg, stratification 0 o 2 | 3 [7 4 5
|
25°C(3)—8°C(2) ‘ | 3 — 28
8 10 | 12 -
5 3 | 5 5
25"C(3)—2°C(2) ' | 'S %
| i -
|
15°C(3)—8°C(2) ; — 28
0 ‘ 6 19 } 20
0 3 0 0 - o
15°C(3)-2°C(2) | | | - o
| \
8°C(3)—2°C(2) ‘ ‘ — — | _ _ 1§
(25~8°CY(3)~2°C(2) | | g 13’ R 9
|
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TOLDIL BRTTDOL S & S HEERE RO T T, ¥76.2 TONE, O LUERINCEETR
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7.2 BEFEREDOHHR

IRBAUMEFED 51 (13, Table 61 LT L5 AL AREESHEL LD L. TiebbEE

DEEL LT 25°CH bk ¥, 15°
Table 6. WAHWAHRBETIRFAMS A LI 0 95~8°Che b HUKSHA L D b7l F
25~8°C "TDIELERER
Germination results at 25~8°C of the seeds

EREDMEER 2 7, TS bbb

stratified at the different temperature con- DYt & T ot BRI S D, L

ditions. IO TIHED S\ W IRCHR I HIMEE S L5
ROW MM & M 3B 0 % H & CEEETETUILLIROR, HEHY
Temperature (months) Gernilrxlngt;?élegsercent ) WLENIC X ST X ED X AR5 T
25°C(8)~8°C(2) 76 DY, BRI KRS P S h 5
25°C(3)—2°C(2) 94 S S
25°C(2)—2°C(2) 100 L, FDdH r OWRINCIEO KES D e h o
15°C(3) —8°C(2) 35 bR BEED 2 BT hb e £ RDEDT
15°C(3)—2°C(2) 51 DIEDRER L D 1 ERTHHO K ER
15°C(2) —2°C(2) 45 . .
, 7 1 L 7 VDR
8°C(3)—2°C(2) " i, TR L1 OB A LD
[25~8°CI(3)—2°C(2) 38 FTELOTNLIRED 5, Iz kE

Fix, ThBO BT S 2 BN AT
HTERLWIeE LB LTS,

EEOBEEEN B UBEIE, 5 L1 AINEMIOERENO W id 5 2R Rk & {, ¥ {KEH
i 2°Cle B, TR 8°C LB TInR I OHENRL LD BN, 8°ChDH L 2°C T T
AL ISEWIRIZ L A ERED R LD beh 2l Die—3 2k &, HENRB S H LRI b
RBZLIETERD,

WERIZLTH Table 612 LB THREEIL, 1 ONRLEGHN SLbOh i R E O R o T
DEEDD vy H =T ZEEHFLTND I3 Cksbbhd, REEHD oo 11 Ld Ihtw bR
HERBE, BHE ORI BN, 9 ADEb D ICARFEFRN LV LD T B0, ShaidsEy 5
W, 5 20 X5 Tl RO TRIA T & e 7D,

7.3 LABLWBICBBMBLAEZFZNDE W ELEZROEAR~DRE

5 b OWEITHIDTLD LI WA WA ERMEAE S, A H\ B0 ied T3
BIOEEKCOWTUL, VBB LAET I I VAL Tt Wb % 2w, TR
HLEAVNERED X RSB WTWHIEBHEY, CoOMEY X LTV 5 20—20EY L L
T\b, —F ZeLINKoVA et al.'™P3, F U v FX DML F 2D 62 D LkliE, &0
LT bLIEBL DHWIEEEEH T THREREII LD I, TOHE %5 FEMTLI LR IDT
HIRE CERETRERDS, COMBERCIYEL MRS 5 ETH 5.

T TEHEY, Zevinkova et al. DEROERY 2R T, (D) MICHHBML A 25, (i) SRR
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EoRIEEHE L, (1) OB OWTIEB X% Zetinkova ef al. DHREC LA, HoHHUD
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KR LSS LD 5 2IckE, 20°C bWtk d biadt bHEEE (100 W« 50cem) % HTh, &
BILIe DT B LIE B DX, BdHHnitv —2 (ZRMBDH WK LA FH A RHRLEDD
Rigw) BRI EY M2 5DLen, O&ES>SEEEEYH TRES B L% 20°CI e 2k, (i) i
7.1 Table 5D 3% AHOBE kb oclic, 6 HE2 bR X% 20°C TEEEESHT, 5HLTH
LB E\ IRy M5 oL T () 3l UMW, B D LThb13HE (48
16 H) i@, (), (i) L3 RY rOFFF FALERLEL, 221 TARNTHB5 A 16 HITHliC
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Studies on the Delayed Germination of Fraxinus mandshurica var.
Japonica Seeds (6) The experiments with special reference

to the effect of burying-storage on germination

Sumihiko Asakawa

1. Introduction

It has been said that F. mandshurica var. japonica seeds show a germination
percentage of about fifty in the first spring if they be sown at about the beginning
of September just after harvesting, but they do not germinate till the second spring
after ripening. And the cause of such a phenomenon has been thought to be their
dormancy deepened by drying up with the advance of ripening or after harvesting.'V
There has been no experiment, however, to confirm this thought.

Though there have been some studies on the basis of which such a thought was
introduced, burying-storage, or fall-sowing has been taken for hastening germination
in them, which is unreasonable. Temperature condition during stratification has
been proved to be an important factor affecting the hastening effect on germina-
tion®, so the effect of burying-storage, or fall-sowing must be also due to under-
ground or ground temperature, which is changeable. Accordingly, even from only
this point of view, it is natural that the effect varies with the time to start burying-
storage, or fall-sowing. For example, an underground temperature at the depth of
50 ¢cm changes as shown in Fig. 1 from autumn to spring. Though the writer has
not determined the temperature range for a high- or a low-temperature period in
compound stratification, the result of the fifth paper® and Fig. 1 suggest that the
effect of burying-storage from the beginning of September seems to be due to the
period above 10°C.—15°C. followed by winter.

Thus the writer set up the working hypothesis that “substantially ripened seeds
of F. mandshurica var. japonica are equally affected by the same pretreatment”. And
based on this hypothesis, the difference among the germination results of the seeds
collected and buried at the different times is thought to be due not to the difference
of dormancy among them, but to the changing of underground temperature at the
place where they were buried. So this experiment was designed to clarify firstly
whether seed dormancy is affected by collection time or drying up after harvesting,
and secondly how wide the range of temperature is for the high- or low-temperature
period.

2. Materials

F. mandshurica var. japonica seeds were collected separately from two mother
trees, about 50 to 60 years old, in Suwa National Forest in Nagano Prefecture. The
mother trees are called (North) and (South], respectively. The collection on August
the 25th (1), September the 10th (IL.), September the 30th (W), and October the
20th (Iv) in 1955, was followed by a series of the experiments in 3 to 6 just after

collecting. Using the seeds (IT:), the similar experiments were done on December
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the 10th (II:) in 1955 (after the lapse of three months), and on March the 10th (IIs)

in 1956 (after the lapse of six months).
3. Change of Water Content

The change of water content due to ripening is shown in Fig. 2, in which the
course along which it decreases proved to be nearly similar between two mother
trees.

4. Process of Water Absorption by Seed

Fig. 3 shows the process of water absorption from bedding to germinating by
the seed, that of which is the nearest to the average water intake ratio of 20 seeds.
It is understood from this figure that these seeds can absorb most of the water
necessary for germination in a few days after bedding irrespective of collection
time, and that the delayed germination of these seeds is not caused by the difficulty
of water absorption.

An unexpected fact in Fig. 3 is that the water absorption curve of I 1is above
that of II: which caused the writer to think that the amount of water necessary for
germination inclusive of water in seed itself before bedding is not always constant
according to collection time. This supposition was ascertained by Fig. 4 derived
from Fig. 2 and Fig. 3. That is to say, the water necessary for germination in
percentage to dry matter weight is more in I than in the others. The difference
may possibly be caused by that in ripeness of seed.

5. Germination Test just after Collecting

Germination tests were carried out at 25°C. and at the alternating temperatures
of 25°C. (8 hrs.)~8°C. (16 hrs.)——to be denoted as 25~8°C. hereafter——just after
collecting. As expected from previous works, however, only one seed germinated
exceptionally in a series of the tests after three and a half months.

6. Effect of Stratification

Fruits and seeds began to be stratified just after collecting, separately. In 1.
and IIs;, however, only seeds were stratified.

6.1 Development of encased embryos during stratification

Development of encased embryos is shown as an increase of embryo ratio in
Table 2. From this table it was proved that the pericarps delay the development
of encased embryos irrespective of collection time. On the other hand, this develop-
ment during stratification seems to be independent of collection time or drying up
after harvesting. But the result shown in this table is not always regular, one of
the causes for which may be the faultiness in stratifying method.

6. 2 Decrease of embryo dormancy during stratification

Table 3 shows the behavior of excised embryos at the different times of stratifi-
cation. Like the development of encased embryos, the decreasing process of embryo
dormancy seems also to be independent of collection time or drying up after
harvesting. But the inhibitive effect of the pericarps on this decreasing process
could not be found in the material of T.

Though the writer assumed two metabolic processes?, the one proceeding under
high temperature and the other proceeding under low temperature, in the hastening

mechanism of the compound stratification on germination, the results shown in
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Tables 2 and 3 suggest that the ‘“high temperature process” continues to proceed
even at a subsequent low-temperature period once it is induced.

6.3 Effect of stratification on germination

The seeds stratified at 25°C. for three months followed by two months at 2°C.
were germinated at 25°C., at 25~8°C., and at 15°C., without their pericarps. Fig. 5
shows the result of the germination test. Like two phenomena in 6.1 and 6.2, the
hastening effect on germination also does not vary with collection time or drying
up after harvesting. Thus these experiments verified the working hypothesis de-
scribed in 1 and with the result in 3 denied the assumption that ripening or drying
up deepens the dormancy of these seeds. In this case, also, one can detect irregular
results, and the result of Il of (South) is curious above all. The writer can not
reason out the possible cause for the latter at all. Moreover, no correlation is
noticed between the hastening effect and the apparent growth and the change in
dormancy of encased embryos, which suggests no significant relation of such changes
occurring in embryos to the delayed germination of these seeds.

7. Effect of Stratification under Various Temperature Conditions

Though the second problem induced from the working hypothesis was to study
the temperature condition for stratification in detail, we could arrange only four
grades of 25°C., 15°., 8°C., and 2°C. The material for this experiment was the seeds
of (North]) in IV, and stratification was begun from December the 16th in 1955 after
dewinging.

7.1 Development of encased embryos and change in embryo dormancy during

stratification under various conditions

Table 4 and Table 5 were arranged like Table 2 and Table 3, respectively. From
these tables it was proved that the ‘high temperature process” taking part in the
apparent growth and the change in embryo dormancy proceeds better at 15°C. or
25~8°C. than at 25°C. In fact, the excised embryos from the seeds stratified at 15°
C. or 25~8°C. were thicker and more yellowish than those stratified at 25°C. On

the other hand, the induced ‘“high temperature process’ continues to proceed better
at 8°C. than at 2°C.

7.2 Hastening effect of various stratification on germination

The difference in temperature condition for stratification brought about various
hastening effects as shown in Table 6. As can be seen, the highest effect was
obtained when 25°C. was used for the high temperature period. This is contrary
to the temperature effect in the apparent growth and the change in embryo dormancy.
Thus the attempt to ascertain to what extent ‘‘high temperature process’ takes
part in the hastening mechanism of compound stratification runs into a difficulty.
Moreover, the compound stratification of 8°C. (three months)—2°C. (two months)
showed relatively higher hastening effect, so the fall itself of temperature may be
involved in such an effect.

At any rate, the result in Table 6 supports the writer’s idea about the effect of
“burying-storage’” on germination, which was derived from his working hypothesis.

7.3 Saplings grown from the excised embryos

The experimental results obtained previous to those of this paper yield no im-

portant clue to the process essential for hastening mechanism, proceeding in embryo
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during stratification. The writer thinks, however, that this problem may be solved
by introducing ‘“embryo transferring technique”!®. In this connection, the writer is
greatly interested in the study by Zerinkova et al.’’, in which they succeeded in
obtaining saplings from the excised embryos of F. excelsior by exposing those from
non-stratified seeds to continuous light.

Here the excised embryos from (i) non-stratified seeds, (ii) only warm stratified
seeds, and (iii) doubly stratified seeds were grown partly to ascertain the results
obtained in the experiment by Zerinkova et al.**. The embryos of (i), excised after
soaking in tap water for 48 Ars. and placed on moistened cotton wool in petri
dish, were exposed to continuous light (100 W bulb : 50c¢m) at 20°C. The embryos,
which became green and developed slightly, were transplanted into pots containing
loam or sand and exposed to continuous light in succession. Those of (ii) and (iii)
were diverted from the observation in 7.1 when it had finished up....that is, on the
6th day after excising. They were also exposed to continuous light for five days
and transplanted into pots on the 11th day after excising. The embryos of (i) and
(ii) were excised on March the 16th, in pots transported into glass-house on April
the 16th, and then transplanted into open beds on May the 16th in 1956. Those of
(iii) were excised on May the 16th, in pots transported out-doors on June the 5th,
and then transplanted into open beds on June the 15th in 1956.

The photographs in Plates 1 and 2 show the growth of excised embryos to saplings.
Thus it was ascertained that the excised embryos from non-stratified seeds can be
grown to saplings as reported by Zerinkova ef al.**’, though they grow more slowly
and produce more dwarfs than those from stratified seeds. On the other hand, no
significant difference could be found between (ii) and (iii).

Such an observation suggests that the dormant embryos in these seeds have
perfect systems for constructive metabolism, and that most of them are released
from their dormant state through working such systems powerfully. Recently Fre-
Mmion® reported similar experimental result with peach seedlings, and further, Bar-
ToN'' has found gibberellic acid to promote the growth of physiologic dwarfs pro-
duced from nonafter-ripened embryos of Malus Awnoldiana. It will not be long
before the studies on the dormancy mechanism are developed from such standpoints.

In conclusion the method obtaining saplings from the excised embryos is recom-
mended for scientific purposes and so on.

Summary

Experiments were carried out on the relationship between seed dormancy and
collection time or drying up after collecting, and on the temperature condition
during compound stratification.

(1) Water content of seeds or pericarps decreased rapidly after September the
10th.

(2) The type of water absorption curve was not affected by collection time or
drying up after collecting.

(3) Water to dry matter weight necessary for germination was nearly constant
except in the seeds collected on August the 25th.

(4) The growth of encased embryos, the decreasing process in embryo dormancy,

and the hastening effect by the same stratification were not affected by collection
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time or drying up after collecting. )

(5) For a high temperature period, 15°C. was better for the growth of encased
embryos and the decreasing process in embryo dormancy, while 25°C. was better for
the hastening effect on germination. On the other hand, 2°C. was better than 8°C.
for a low temperature period. So 25°C.—2°C. is recommended in the compound
stratification for the purpose of hastening germination.

(6) Though excised embryos from non-stratified seeds could also be grown to
saplings, those from stratified seeds at high temperature—15°C. was the best—could

be grown more forcibly and surely.

Explanation of plates
Plate 1.

A~D1. Showing the process of development of the excised embryos from the seeds
(ii)—A': on the 2nd day, B: on the 5th day, C: on the 10th day, and DI:
on the 60th day. The embryos in 1, 2, and 3 are those from the seeds
stratified at 25~8°C., at 15°C., and at 25°C. for three months, respectively.

D2. Showing the development of the excised embryos from the seeds (i) on the
60th day. Scale is not equal to that of DI1.
Plate 2.

E. Examples of the saplings grown from excised embryos, photographed on
September the 2nd in 1956. The saplings in CONTROL and 25(3) are those
from D2 and 3 in DI, respectively, and those in 25(3)—8(2) and 15(3)—8(2)
are those grown from the excised embryos of (iii).
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