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Studies on the Delayed Germination of Fraxinus mandshurica
var. japonica Seeds (7)
Thermoperiodicity in germination*'

Sumihiko Asakawa*?

Recently Isikawa & ARrak1™ and Brack & WAaREeING® observed the photoperiodic
responses in germination of the seeds of certain herbaceous and woody species. The
writer observed similar periodic responses in relation to temperature in the germination
of Fraxinus mandshuvica var. japonica seeds released from dormancy by compound
stratification. As to the effect of temperature on germination, it is well known that
the germination of the seeds of various species is better affected by alternating
temperatures”'®', so F. mandshurica var. japonica is thought to be also a member
of such a group. WenT'" has proposed the name thermoperiodicity for the phenome-
non ‘comprising stem elongation, fruiting, and root development being significantly
incréased when the night temperature is lowered. Through the experimental results
reported here, we may also observe thermoperiodicity in the meaning proposed by
C WEeNT, in an effect of alternating

temperatures on germination, as

75 the photoperiodicity was observed

in an effect of light on germination.
Materials and Methods

Seeds: Seeds are common to
those described in the 6th report.
The mother trees are called [(N)

8
and (S], respectively. The sign of
I, 1Ly, 1L, or IV means the collection
2 . ) ) ! - on August the 25th, September the
0 3 60 0 20 min 10th, September the 30th, or October
the 20th in 1955 respectively. The
seeds of I[. and Il; are a part of
IT:, but the stratification of I[. was
e = started after the lapse of three
ik :
X /&\/ months, and that of II; was started
G after the lapse of six months from
harvesting.
Fig. 1 Changes of temperature in seed bed Stratification: The method for
under alternating temperatures of 25~8"C. or L L
25~2°C. The figure below the graph shows stratification is” common to that
the method for measuring the change of the described in the 5th report®, but

temperature in seed bed. P: petri dish, G:
gauze, S: seed, SG: slide glass, W: water,
T : thermometer. plies with the 6th report®.

how to express the condition com-

* A part of this study has been reported in Jour. Jap. For. Soc. 38 (7), (1956) p. 269
~372.
*2 Laboratory of Seed Research, Silviculture Divison.
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Germination test: The same method as that in the 6th report was taken. Petri
dishes under alternating temperatures were transferred from one incubator to the other
at intervals of a given time, and the temperature of such dishes rose or fell gradually
to that of the new incubator, unlike the case in the change of light condition. Fig. 1
shows the processes of temperature change taken in these experiments. In consideration
of such processes, petri dishes were kept at 2°C. for the initial thirty minutes and
then at 8°C. for the other time in the case of transferring from 25°C. to 8°C. In the
expression of alternating temperatures, the left number means the temperature held

for 8 hours (day), and the right one means that held for 16 hours (night).

Experimental Results

(1) Thermoperiodicity in germination.

By the 5th report® it was proved that F. mandshurica var. japonica seeds have a
special temperature requirement for germination after compound stratification, and
that their germination is affected variously according to the temperatures used for a
daily fluctuation or the period exposed to each temperature. These facts, especially
the latter, suggest that we should carry out an experiment using various cycles in
Km(

pohedey 0

) 5] )

50|

<

L 9
20 L3

0 8 16 ’
Daiey 8°C=Period (hrs,)
100, 100
(N) 0 (N)
3°C-16hr.day
8°C-8hrday
o e O o)
501 50
) S Oy
K . ~
/ -
/ -~
"’ .
’ Ss
1' ~“'13.
8°C- ) hr.day Rt
n Z Tt Sy A, 0 L L
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(1) Daily germination. (1) Thermoperiodic curves induced from

( I). Solid or dotted line shows germination
percent in two weeks or in one week
respectively, which is common to Fig. 3.
Fig. 2 Effect of 8°C.-length in the cycle of 24 hours on germination. Ordinates
show germination percent, which is common to Fig. 3 and Fig. 4. Materials:
N (DW). Condition for stratification: 25°C. (3)—2°C. (2).
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Table 1 Effect of 8°C.-length in the cycle of 24 hours on germination.
Materials: 1lf. Condition for stratification: 25°C. (3)—2°C. (2).

Daily 8°C.-period ’7 Germination peltcent in

Mother Tree

‘ ‘
\ 7days ‘ 10days 1 l4days « 17days 21days

| o Uwrs) .
‘ 16 . 0.5 ‘ 14.0 37.5 46.5 50.5
(s3] 8 i 5.5 | 14.5 17.5 19.5 20.0
‘ 0 0 0 0 Il o 0
[ 16 0 ‘ 8.0 29. i 42.0 48.0
(N] ‘ 8 1.5 14.5 21.5 22.5 24.0
l‘ 0 | 0 | 0 0 0 0
[ IR S .
100 100
(S)
S0 50
S b  — ot ;
Daiﬂy 8°C.- Period (hrs) Daiey 8°C.- Period (hrs.)

Fig. 3 Thermoperiodic curves showing the effect of 8°C.-length in the cycle of 24 hours
on germination. Materials: IT; (DW). Condition for stratification: 25°C. (3)—2°C. (3).
Fine solid or dotted line shows germination percent in 10 days or 5 days respectively.

alternation. Here the experiments were carried out with special reference to 25°C. and
8°C.

(i) Effect of 8'C.-length in the cycle of 24 hours on germination: Fig. 2 shows
the experimental results with the seeds of il stratified in seed at 2°C. for 2 months
after 3 months at 25°C. The germination processes under various 8°C.-lengths a day
are shown in (1), from which (II) was induced to see readily the thermoperiodic
tendency. Table 1 shows the result with the seeds of T stratified in fruit likewise,
_Fig. 3 showing the thermoperiodic curves with the seeds of I, stratified in seed at
2°C. for 3 months after 3 months at 25°C.

The seeds from each mother tree have a similar tendency to thermoperiodicity in
their germination. As 8°C.-length is shortened, the early germination speed is faster,
but the subsequent speed falls down. To explain the responses of seed to germination
temperature, the writer has proposed the hypothesis on the internal condition in seed”,
according to which the result shown in Fig. 2 may be explained as follows: The seed,

after-ripening and getting near the ‘‘insensible state to temperature’’, germinates more
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Table 2. Effect of various cycles with the same ratio of 25°C.-period/8°C.-period
on germination.

Collection time !

and Motherl Kind of cycle | Germination percent in
condition for tree | 25°C. [ T8°C. L
stratification ' Chrs) ‘ (hrs) 7days ’lodays‘ 14days‘ 17days |21 days
(NJ { 8 16 | 17.5 | 78.0 @ 90.5 . 92.5 | 92.5
T (DW) { 24 48 30.5 70.5 80.0 ' 81.5 ' 82.0
25°C.(3)—2°C.(2) | .8 16 . 20.0 67.5 85.5 = 86.5 87.5
CSIV" 24 | 48 315 | 680 ¢ 745 1 755 | 76.0
! H | . .
8 ‘ 16 88 | 9 9% | 9% | 9%
() I 20 | 35 95 1100  — —
8 ' 40 . 50 93 95 9% 9%
Iy (DW) 6 80 9 | 9 9% 97
25°C.(3)—2°C.(2) || 8 | 16 s 8 92 94 94
(g3 6 | 8 3 50 58 59 61
| L2 16 \ 20 ' 30 | 34 35 35
‘ T 24 10 2 |23 |2 24
1 8 6 | 80 93 9 | oz oo
[ 24 | 52 68 68 68 68
(N3] 48 24
| with 1 hr. | 43 55 60 60 1. 60
I (DW) I 8°C. break
25°C.(3)—2°C.(4) | 8 . 16 80 91 91 91 91
L4824 ' 48 55 56 58 | 58
(S3¢ 48 | 24
| with 2 hrs. | 52 57 58 - 61 . 6l
. 8°C. break J, |
8 e 37 68 83 8 | 86
‘ L4824 22 29 30 30 30
48 | 24
T NS with 1 b 19 29 31 32 32
25°C.(3)—2°C.(4) \ 8°C.’:,ll)reak :
481 24
| . with 4 hrs. | 23 40 48 49 50
‘ 8°C. break i

quickly under shorter 8°C.-length, while the seed being in the ‘‘sensitive state’” does
not germinate unless it is kept under a cycle such as 25°C. (4 hours) 8°C. (20 hours).
Even in 8°C.—24 hrs. day, however, some of the seeds failed to germinate. The writer
considers them as seeds being in a very sensitive state, too. The result in Table 1
or Fig. 3 may be also discussed nearly in parallel. In Fig. 3, however, ther¢ is an
exception, namely, the result of (N) is markedly different from that of (S), which is
due to the fact that the gefminétion ‘of the seeds of 1[: (S]) was not affe.cted' well
through the same stratification as others, as described in the 6th repbrt"'.

(ii) Effect of various cycles on germination: In the photoperiodic control of seed
germination, it is known that the absolute length of the dark period plays a deter-
minative rdle”. So the experiments were carried out to determine the effect of various
cycles with various 25YC.-lengths on germination, the result of which is shown in
Table 2.

From this table it was proved that the length of high-temperature (25°C.) period
played a determinative ro6le in the thermoperiodic control, but its réle seemed to be

decreased by increasing the ratio of low-temperaturgpggdr'. The cycle of 24 hours

high-temperature period

with the ratio of 2~5 brings about better germination for the seeds being in such an
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internal condition. Inhibitory effect of high-temperature on germination seems to be
reduced by interrupting high-temperature period with short low-temperature period.
But this reducing effect is not so remarkable as that of light break on dark reaction

in photoperiodic responses®.
(2) Alteration of thermoperiodicity with after-ripening.

It is shown in Fig. 10 of the 5th report® that the temperature requirement for
germination is variable with the composition and period of compound stratification.
Generally expressed, the thermoperiodicity in the germination of F. mandshurica var.
japonica seeds alters with after-ripening. It is known that the photoperiodicity in
germination also alters with after-ripening, while it was proved that the effect of light
and temperature on the germination of Pinus densiflora and P. Thunbergii seeds was
also affected by the degree of after-ripening, and a possible connection among these
factors was suggested®. Thus the information about the relationship between after-
ripening and thermoperiodicity is thought to be the first step towards clarifying the
mechanism of thermoperiodic responses. The hypothesis® on the internal condition in
seed proposed by the writer can be made a working hypothesis for the relationship
between after-ripening and thermoperiodicity, but some supplement seems to be
necessary.

The germination of F. mandshurica var. japonica seeds that reach the ‘‘sensitive
state to temperature’’ through compound stratification takes place under special
thermoperiod, but does not occur if they are kept only under higher or lower tem-
perature. The difference between these two conditions is whether the positive inhibitory
processes proceed or do not. It was described that the property of the metabolic
system subservient to the germination shifts from ‘‘sensitive state’” to ‘‘insensible
state”” to temperature as a seed after-ripens, which means that the special thermoperiod
becomes unnecessary for its germination, but does not mean that the process for
germination proceeds at the equal speed under either higher or lower temperature.
The seed at this stage can proceed along this process under both temperatures, but
more quickly under a higher temperature than under a lower one. From this point of
meaning the germination of the seeds at this stage is affected by temperature, we
must conclude. Thus we had better call these two states ‘‘thermoperiodic phase’ and

‘“‘non-thermoperiodic phase’’.

(8) Effect of cold treatment on the inhibitory processes produced under

unfavorable temperature.

It was described in the fifth paper® that unfavorable temperatures in germination
test produced the reversible inhibitory processes in doubly-stratified seeds, which
were abolished by keeping them at 2°C. Some of the experimental results to ascertain
this point are shown in Table 3.

From this table it was proved that the above-mentioned inhibitory processes
proceeded more positively at 25°C. than at 15°C., which suggests that such an inhibition
to germination is due to positive processes. The effect of cold treatment on the
inhibitive processes shown in this table is more remarkable than those shown in
Table 1 or 2 of the fifth paper®. So such processes vary with material or its

previous history.
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Table 3. Effect of cold treatment on abolishing the inhibitory processes
caused by unfavorable temperatures.

The period
The first germination for which the Germination
Collection time and] ‘ test n.on-germina.- % at 2\‘131~8°C
condition for Mother I . R N ting seeds in oin 21 days ’
stratification | tree the first test after co}lrd
Germination |had been kept| o . t
‘Temperature % in 21 days at 2°C. reatmen
) ‘ B | (months)
\ 25~8°C. 64 —
NeS 25°C. 0 3 97.5
I ‘ 15°C. 9.5 100
25C.°(3)—2°C.(2) | 25~8°C. 74 —
(s3] 25°C. 0 3 93.5
15°C. 19.5 : 94
| !
| 25~8°C. 78.5 i : —_
(N] 25°C. 0 . 2 98
v 15°C. 16 : 98.5
25°C.(3)—2°C.(2) { 25~8°C. 68.5 —
£s3 25°C. 0 : 2 1 96
15°C. : 18.5 i ; 94
25~8°C. 83.5 | —
(N] 25°C. 1 | 1 69.5
v 15°C. 18 i 83
25°C.(3)—=2°C.(3) 25~8"C. 76.5 —
(S) 25°C. 0.5 1 55
‘ 15°C. 26 70

(4) Relationship between alternating temperatures and respiration.
As described in this introduction, the thermoperiodic response is thought to play
an important part in mechanism bringing about the effect of alternating temperatures.

On the other hand it is said that the effect results from increased respiration through

Table 4. Effect of soaking on germination. Materials: (1) I (DW), Condition for
stratification: 25°C. (3)—2°C. (2); (2) W—[N], Conditon for stratification:
25°C. (3)—2°C. (3).

Material Condit_ion-for - Germination percent in
germination 5days <‘ 7days ' 10days. l4days ‘ 17 days’Zldays
25~8°C. ‘ 6 ‘ 64.5 ‘ 91.5 94 ‘ 94 | 94
[N] , 25~80C. ; ! | !
after soaking for 3  © Y 74 92 " 93 93
) | weeks at 25~8°C. ‘ : : ‘
; 25~8°C. . 0.5 4.5 24.5 36 41.5 © 44.5
£(S] 25~8°C.
after soaking for 3 ' O .0 C12 | 34 | 39 41
weeks at 25~8°C. i ‘ ‘
| 25~8°C. 8 38 69.5 ‘ 79.5 81.5 83.5
25~8°C.
after soaking for 3 2 31 . 61 .77 82 84
weeks at 25~8°C. ' !
(2) . 25~8OC. ‘ i
. after soaking for 3 0 ‘ 0 o ' o o0 0
weeks at 25°C. '
. 25~8°C. | ‘
| after soaking for 2 | 0 | O 3 14 21 23
| months at 25~8°C. ‘
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alternating temperatures'”. So this led to a very interesting investigation to clarify
the relation of thermoperiodic responses to respiration. The experiment conducted for
this purpose is as follows:

Each triangle flask of 50 m/ with 50 doubly-stratified seeds was filled with tap
water ‘and stoppered. - The flask was kept under various temperature conditions for a
given period in the same way as in petri dish. Then the seeds were taken out and
germinated in an ordinary seed bed. They failed to germinate during submergence.
Table 4 shows the duplicate results of this experiment.

After submerging at 25~8°C. for three weeks, the first germination speed is rather
slower, but the final germination percent in three weeks is nearly equal to that of the
seeds without submerging. This fact suggests that stopping an aerobic respiration
for three weeks did not bring about the inhibitive processes under daily fluctuation
of 25~8°C. So it was proved that the metabolic pattern under these conditions is
different from that under an aerobic condition at 25°C., which brings about an inhibition.
And from this fact the writer supposes that the inhibition under an aerobic condition
at 25°C has no—at least, direct—relation to respiration. In other words, the opinion
that the first essential effect of alternating temperatures on seed germination is due
to an increase of respiration is very questionable. The result shown in Table 4 (2)
confirms the write’s supposition mentioned above. The inhibition at 25°C. seems to be
much stronger under an anaerobic condition than under an aerobic condition, because
about twenty per cent of the seeds under the former had decayed by the end of the
first germination test, and the reversibility of the inhibitive processes caused by the
former was much smaller. That is, only 17.5% of the seeds, kept under an anaerobic
condition at 25°C., germinated in three weeks after placing at 2°C. for a month, while
about 70% of the seeds kept under an aerobic condition at 25°C. germinated in three
weeks after placing at 2°C. for a month. Of the remaining seeds in the former, 83.5%
did not germinate even after replacing at 2°C. for three months. On the other hand,
23% of the seeds germinated even after two months under an anaerobic condition if
they had been soaked under the daily fluctuation of 25~8°C. But even under this
temperature the unfavorable condition seems to have been gradually caused during
two months, because about ten per cent of the seeds had decayed by the end of the
first germination test, and only 42.5% of the remaining seeds germinated after three
months at 2°C. These facts may be summarized as follows: a daily fluctuation of
temperature is the better condition for the seed of F. mandshurica var. japonica, even
when it owes energy to anaerobic respiration, and the inhibitory processes caused at
25°C. seem to be reversible under an aerobic condition, but to be irreversible under
an anaerobic condition.

(5) Effect of some chemicals on germination.

A preliminary experiment was carried out to clarify the metabolic pattern in the
seed of F. mandshurica var. japonica. The seed beds were supplied with the solutions
of four specific inhibitors to energize metabolism. The experimental results using
such seed beds are shown in Table 5. As an uncoupler, 2,4-dinitrophenol, inhibits
the germination of these seeds, they are thought to owe most of the energy for germi-

nation to phosphorylation. Moreover, p-nitrophenol does not inhibit, but potassium

cyanide does inhibit their germination. So it is supposed that their terminal oxidase
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Table 5. Effect of some chemicals on germination. Material: TL; (DW)—(S]. Condition
for stratification: 25°C. (3)—2°C. (2). Temperature for germination test: 25~8°C.

Germination percent
Chemical Conc. = - | | S [
4 5 6 7 8 9 10 11" 12 13 14 16 18 21

2,4-dinitrophenol M/10' 0 0 1.5 2.5 4.5 8.512*% 14 16 19.521.526 30.538
p-nitrophenol M/10' 0.5 6 24 40 53.564.570.5 74 80.581.581.582 82.583.5
Potassium cyanideM/200 0 0  1.515.530 44 60.5%62 '63.563.564.577.579.583.5
-Sodium malonate M/200, 2 8 120.532 48 54.560.5 64 70 71.572.075.576 78
Distilled water — 1 1.513.521.538 44 51.557.5 64 ‘68.5§70.573.5;75.576 176
b \ I b
The sign * shows the day when chemical solutions were renewed.

is the cytochrome-cytochrome oxidase system.

(6) 'Thermoperiodicity and suberized membrane.

It was supposed that an embryo given greater growing pressure through cold
stratification breaks through its subsrized membrane to germination®. Though it is
very difficult to verify this hypothesis, the writer will discuss which tissues in this
seed take part in the thermoperiodicity, based on the visible changes from sowing to
germination, and the behavior on seed bed of the seed without the parts of its suberized
membrane and endosperm enveloping its radicle.

A suberized membrane seems to be rather elastic. When the seed released from
dormancy through compound stratification is exposed to the favorable condition for
germination, its embryo begins to enlarge in it. An embryo in this stage enlarges in
the direction of its radicle, while an embryo in the stage ‘‘pre-germination” does so
in the direction of its cotyledons!. At the early stage of this embryo enlargement its

suberized membrane is stretched out over its radicle. If the embryo goes on enlarging,

Table 6. Effect of removing a part of the tissues, enveloping embryo at the end
of radicle, on germination. Material: II; (DW)—(S). Temperature condition:
25°C. A and B are shown at p. 22 of the sscond report. Treatment was
made under non-aseptic condition.

Zthgo%er?fc:el‘;egtf‘ Jlj)lflr;l;):g Days from the beginning of test
months at 250C.‘Klnd of treatment; or ‘ , .
(months) | embryo 2 7 10
. ., A5 AI12A 13
o {Removmg a part 50 { 0O B: 6 B:8 B: 4B 5
Excising 20 { B:3 B:13 Bi'5 At
. Al 4 All6 A:I26 A .29 A3l
1 {Remo‘”“g a part 50 { B:15 B:l14 B: 8 B: 7 B. 6
. A1 A6 L
Excising 20 { B 16 B 4 A 20
. .21 142 .45 .
, {Removmg a part 50 { ‘g ‘o3 g ‘3 % ) A 146 A:4ewrE
Excising 20 {%;égAns‘%:‘? AI19 A 19

* All the seeds had decayed in 12 days.
** Most of the seeds had decayed in 12 days, but in a fcw seeds their cotyledons
had appeared and they germinated normally.
*#% More than half of the seeds had decayed in 12 days, but about one third had
germinated normally. The germination percent of the intact seeds from this
stage was 76% under 25~8°C. in three weeks.
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it breaks through its suberized membrane which has been stretched fully and makes
its appearance. On the contrary, if such a seed is exposed to an unfavorale condition
for germination, its embryo stops enlarging at the state that its suberized membrane
has been stretched out somewhat, even if it has once begun to enlarge. Under such
a condition the growing pressure of the embro is thought to have been unable to
overcome the mechanical resistance of its suberized membrane. In such a case,
however, the embryo seems to go on fattening within a certain limit. Accordingly,
the writer supposes that if it is an embryo that is affected by the thermoperiod, its
enlargement should be affected.

The seeds without the parts of their suberized membranes and endosperms envelop-
ing their radicles were germinated on the moistened gauze spread over glass slides
in petri dish at three stages of stratification. Table 6 shows the result with that of
the behavior of excised embryos" at the same stages. The seeds from each stage
should germinate easily by such a treatment if the delayed germination overcome by
cold stratification is due to the mechanical resistance of suberized membrane. But
normally germinating seeds increase with an increased period of cold stratification
after a given warm stratification, which suggests that the delayed germination at this
stage could be not explained only by the presence of suberized membrane. With the
seeds of Fraxinus excelsior, Ferenczy® found that the inhibiting activities in the
mucilaginous layer disappeared through cold stratification, which may be one of its
important effects.

(7) Process of water absorption under alternating temperatures.

The change in weight of the seed stratified doubly was traced on the seed bed
under alternating temperatures. The result in Fig. 4 shows the following tendency:
In general, the weight decreases at 25°C. while it increases at 8°C. Such an apparent
change in its weight will be the outcome resulting from various metabolic changes.
The above-mentioned difference in tendency suggests that at least the quantitative balan-

ce among these metabn'ic changes seems to be variable between 25°C.- and 8°C.-period.

707
ol  _ewm
T N e NID
—_—————
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35 36 3.7 3.8 39 3.10 3.1 3.12

Fig. 4 The process of water absorption by the seed, pretreated
for 3 months at 25°C. followed by 2 months at 2°C., under
daily fluctuation of 25~8“C. Thick or fine line shows
the period kept at 25°C. or 8°C. The sign ® shows the
time when the seed has germinated. Ordinate: water
intake in percentage to original weight. Abscissa: date.
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(8) Effect of light on germination.

The experiments were designed to clarify whether the special temperature require-
ment for germination is affected by the exposure to light or not. In a pleliminary
test it was proved that-the inhibitory processes caused by 25°C. seemed to be affected
neither by the exposure to diffused light for 8 hours a day nor to the continuous
illumination of about 200 lux. So in the further experiment the effect of light condi-
tion during stratification and germination test was investigated. Agar bed of 0.4%
was used for this experiment. Each petri dish had 50 seeds, and in the case of the
dark lot they were covered doubly with thick black paper just after sowing. During
warm stratification (1 in Fig. 5) and 100

germination test (3 in Fig. 5), petri H T O ]
dishes in the light lot were exposed B
to diffused light for 8 hours a day,

but during cold stratification (2 in

50 m
Fig. 5) those were illuminated by ﬂ-

about 100 lux for 20 minutes twice a
day. On the 10th day of germination
test, the petri dishes of the dark lot

were taken out from their black 0

covers for counting germinating see-

U(
-
{i
- W

ds, so the ere exposed to diffused
yv xPp Fig. 5 Effect of light on germination. D:

light for 8 hours a day during the dark; L: light. Temperature condition for

remaining four days. 1, 2, or 3 is 25°C. (3 months), 2°C. (2 mon-
From Fig. 5, it was proved that ths), or 25~8°C.(the period for germination
the germination of these seeds under test), respectively. The top, upper boun-

dary, or lower boundary in each column
shows the germination percent in 14 days,
10 days, or 7 days respectively. Material:
cation or germination test, but seemed T, (S].

25~8°C. was hardly affected by the

light condition during warm stratifi-

to be affected rather unfavorably by that during cold stratification, though the latter
is uncertain on account of the inadequacy of experimental method. In short, the

conclusion is that light plays no important réle in the germination of these seeds.
General Discussion

Based on some experimental results mentioned above, the writer supposes the
presence of thermoperiodicity in the germination of F. mandshurica var. japonica seeds
stratified doubly. WenT!® reported that the effect of alternating temperatures on seed
germination does not seem to be a case of thermoperiodicity in the sense that processes
with different optimal temperatures have to alternate to cause germination, and that
the seat of response to alternating temperatures seems to be in the seed coat and not
in the embryo. His view is based on the experiments of Morinaca'®, Toore', and
HarrineTON”, Who found that the oﬁtimal germination of the seeds requiring alternating
temperatures for germination is made possible without alternation of temperature
through scarification. But it would be premature to think the seed coat as the part
affected by alternating temperatures on the basis of only such an experiment. The
germination in an intact seed can be defined the phenomenon that the growing pressure
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of an embryo does overcome the resistance of its enveloping tissues in its best condi-
tion, and if so the germination will be determined by the balance between the growing
pressure of the embryo and the resistance of enveloping tissues. Thus the other
thought can be deducted from the same experiment cited above. That is to say, it
follows that what is affected by alternatihg temperatures is not a seed coat but an
embryo, the increased growing pressure of which breaks down the balance and brings
about its germination. Such a growing pressure of embryo is thought to be raised
through thermoperiodic responses in the seeds sensitive to alternating temperétures,
and raised presumably through photoperiodic responses in the light-favored seeds.
The experimental result on excised embryos by Brack & Wareing® can be explained
well by this thought. Morinaca!® has also suggested the possible effects of alternating
temperatures on the embryos. Thus the relationship between germination and alter-
nating temperatures may be also included in the concept of thermoperiodicity proposed
by WenT'®. But the fact remains to be not accounted for that not the actual tempera-
tures employed, but the alternation of temperatures as such determine germination®.

In the preparation of this paper, the writer found some very interesting studies
on a similar problem with the seeds of certain herbaceous species. One of them is
the work by BunninG and his co-workers”, and the other is that by Toore and his
co-workers'®. BunnNiNG ef al. have supposed the presence of endogenous rhythms in
plants, in connection with which they carried out interesting experiments about
thermoperiodism in germination. On the other hand TooLe et al. found that the
germination of the seeds of some species is greatly increased by the exposure to higher
temperature for a short time, in the course of studying the relationship between
germination and light. And they have explained such an effect of alternating tempera-
tures based on the opinion that the balance of various metabolic steps is affected by
temperature condition. These studies are thought to confirm the writer’s supposition
that it is an embryo that is affected by alternating temperatures.

On the basis of the information obtained up to the present, the process the seed
of F. mandshurica var. japonica follows to germination is summarized as follows: It
consists of the dormancy broken down thréugh a warm stratification and that broken
down through a cold one. In the first process an embryo becomes non-dormant. In
the second process it is given greater growing pressure, and on the other hand the
inhibiting activities disappear in the mucilaginous layer or endosperm enveloping it.
During the course that the growing pressure of an embryo is made greater, the
‘“thermoperiodic phase’’ appears. Thermoperiodic treatment raises abruptly the growing
pressure in the embryo of the seed at this phase, and the seed, the growing pressure in
the embryo of which has been raised enough to overcome the mechanical resistance
of its suberized membrane, germinates. On the other hand, if the period for cold
stratification is lengthened, during this period the growing pressure in an embryo is
raised enough to break through a suberized membrane—that is, an embryo reaches
the ‘‘non-thermoperiodic phase’’. So the seed at this phase does not require special
thermoperiodic treatment, and germinates rather more quickly under higher tempera-
ture. The inhibiting system in pericarp® seems to have some effect on one, at least,
of the two stages mentioned above,
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Summary

Some experiments were carried out in relation to the special temperature condi-
tion the doubly-stratified seeds of Fraxinus mandshurica var. japonica require for
germination. The results obtained are as follows:

(1) Using a daily fluctuation of 25°C. and 8°C., 8°C.-16~20 hrs. day results in the
best percentage of germination. As the length of 8°C.-period is decreased, the first
germination speed is faster, but the final percentage of germination is decreased. On
the contrary, if it is increased, the final percentage of germination is nearly equal, but
the germination speed is slower.

(2) From the facts mentioned above, it is supposed that the special temperature
requirement these seeds stratified doubly show in germination, is due to their thermo-
periodicity.

(3) By means of warm followed by cold stratification, the seed gradually reaches
the ‘“‘non-thermoperiodic phase’’ through the ‘‘thermoperiodic phase’’.

(4) Even under an anaerobic condition, alternating temperatures are more con-
venient for these seeds. So it is very difficult to think that the first essential effect
of alternating temperatures is due to the increased aerobic respiration.

(5) Some information was obtained about the metabolic pattern of these seeds.

(6) The delayed germination of the seed stratified doubly seems to be also due
to smaller growing pressure in its embryo, rather than to the mechanical resistance
of its suberized membrane. Alternating temperatures are thought to raise the growing
pressure through thermoperiodic responses and lead to germination.

(7) The process of water absorption under alternating temperatures suggests
that the balance of the various metabolic changes is different between two temperature
conditions.

(8) Light does not play an important role in the germination of these seeds.
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