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Fig. 17. Germination of unripe seeds in P.
thunbergii

open . decoated seed, solid | intact seed
circles : 1964, triangles . 1965, inverse
triangles : 1966, squares . 1968(in the
completely continuous dark), diamonds :
1971

Results of 1964 to 1966 in Figs. 17 and
18 were already reported as cumulative
germination curves in Fig. 2 of the pre-
vious paper.z“
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Fig. 19. Germinative speed of un-
ripe seeds(decoated seeds)

open . P. thunbergii, solid . P. den-
siflora
circles : 1964, triangles : 1965,
inverse triangles . 1966, squares
. 1968, diamonds : 1971
Germinative speed refers to mean
number of days which germination
takes place.
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Fig. 18. Germination of unripe seeds in P.
densiflora

open . decoated seed, solid ! intact seed
triangles . 1965, inverse triangles . 1966,
squares : 1968 (in the completely continu-
ous dark}, diamonds - 1971.
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Fig. 21. Distribution of embryo ratio in germinated unripe seeds
(decoated seeds)
left in figure . P. thunbergii, right in figure ! P. densiflora.
H: Aug. 19, I Aug. 31.
Germinated seeds in each embryo ratio are shown as solid columns.
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Fig. 20. Embryo ratio and germination per-
cent of unripe seeds(decoated seeds)
circles . P. thunbergii, triangles . P. densi
flora
open with solid lines : embryo ratio, solid
with dotted lines . germination percent
Dotted lines of germination percent are the
same ones as shown in Fig. 17 and 18.
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Fig. 22. Embryo ratio and germinative speed
in germinated unripe seeds (de-
coated seeds)

A . P. thunbergii, B . P. densiflora
circles . Aug. 19, triangles . Aug. 31,
squares . Sept. 26

Germinative speed is shown by dotted lines
when seeds in certain embryo ratio are
found less than 10 % in frequency.
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Fig. 23. Endosperm, embryo and cotyledon lengths in P. circles : P. thunbergii, triangles
thunbergii and P. densiflora seeds after cold 1 P. densiflora
stratification in unripe cones solid ;seeds after cold stratifica-
A P. thunbergii, B P. densiflora tion in unripe cones, .open: corres-
solid : seeds after cold stratification in unripe cones . ponding seeds in ripening process
from each times of collection to late October, open : Dotted lines show the change of
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Dotted lines represent the develop of corresponding

tissues in ripening process as shown in Figs. 9and10.
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Fig. 25. Distribution of embryo ratio in P. thunbergii seeds after EMBRYO RATIO (*/
) cold stratification in unripe cones

solid lines . seeds after cold stratification in unripe cones,dotted g_zs' f&iﬁﬁﬁﬂ@ Lier 7‘7_7 }E¥®%E‘H:®ﬁ?ﬁ
lines : corresponding seeds in ripening process Fig. 26. Distribution of embryo ratio in P. densiflora seeds after
F:July 22, G: Aug. 5, H:Aug. 19 cold stratification in unripe cones

solid lines . seeds after cold stratification in unripe cones, dotted

lines : corresponding seeds in ripening process

FJuly 22, G: Aug. 5, H: Aug. 19
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Fig. 27. Germination of P. thunbergii seeds
after cold stratification in unripe
cones
open . decoated seed, solid : intact seed
circles : 1964, triangles : 1965, inverse tri-
angles : 1966, squares : 1968 (in the completely
continuous dark), diamonds : 1971
Results of 1964 to 1966 in Figs. 27 and 28
were already reported as cumulative germina-
tion curves in Figs. 4 and 5 of the previous
- paper® Dotted lines show germination .
percent in ripening process as given in Fig.17.
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Fig. 28. Germination of P. densiflora seeds

GERMINATIVE SPEED (days)

after cold stratification in unripe
cones
open : decoated seed, solid . intact seed
triangles’1965, inverse triangles:1966, squares
11968 (in the completely continuous dark),
diamonds : 1971
Dotted lines show germination percent in
ripening process as given in Fig. 18.
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Fig. 29. Germinative speed of decoated seeds
after cold stratification in unripe
cones
open . P. thunbergii, solid . P. densiflora
circles ! 1964, triangles : 1965, inverse tri-
angles | 1966, squares :1968,diamonds : 1971
Dotted lines show germinative speed. in
ripening process as given in Fig. 19.
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Summary

1) Internal structure of P. thunbergii and P. densiflora seeds during the develop-
mental period after ovule growth was observed by making use of X-ray photographs.
On the basis of these observations a process of embryogeny was divided into several
stages aﬁd the duration of each stages was fixed. |

The time of fertilization was at late June in P. thunbergii and mid-June in P.
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densiflora. The duration of early embryogeny in both pines extended for 10 to 15
days and the followion duration of embryonic differentiation for about 50 days. In
the latter stage the differentiation of embryonic tissues progressed for 10 tol5
days and then the growth of cotyledon continued for 35 to 40 days.

2) Germination of unripe seeds in P. thunbergii and P. densiflora was examined
both in decoated and intact seeds, and relation between germinability -and embryo
development was ascertained.

Decoated seeds started to germinate at late August in P. thunbergii and mid-
August in P. densiflora, simultaneously with the end of embryonic differentiation.
The inner parts of seeds in both pines could be possessed of germinability in the
time of morphological perfection of embryo. Intact seeds germinated after mid-
September in P. thunbergii and early September in P. densiflora. The occurrence
of germinability in intact seeds seemed to be late for about 30 days as compared
with many other coniferous seeds. This delay of germination in both pine seeds was
fchought to be largely caused by the delay of embryo development and partly due to
the inhibition of germination by seed coats in unripe pine seeds.

Decoated seéds in both pines attained to high germination percent and germina-
tive speed at the beginning of September when mean embryo ratio rose to full ripe-
ness level. Germination percent, however, differed greatly even in seeds of the same
embryo ratio class by the time of seed -collection. Germinability of unripe seeds in
.the open, therefore, could be hardly estimated by embryo ratio of individual seeds.
Although the morphological perfection of embryo was thbught to be necessary for
germination of unripe seeds in both pines, the physiological activity in embryo and
endosperm with the accumulation of reserves seemed to be required.

3) Germination and embryo development of unripe seeds after cold stratification
in unripe cones during the period from each collection time to late October were
examined.

When unripe cones were cold stratified, germinaﬁon of decoated seeds was
about 20 days fast both in the time of occurrence of germination and attainment to
high germination percent than unripe seeds in the open. And also in intact seeds,
germination occurred at still unripe stages. Cold stratification in unripe cones not
only maintained viability, but promoted germination of unripe seeds.

Endosperm, embryo and cotyledon lengths increased just a little and embryo

ratio rose slightly by cold stratification in unripe seeds during a period of cotyle-
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don growth, but young embryos of P. thunbergii during a period of the differenti-
ation of embryonic tissues degenerated in'a high degree by cold stratification. Cold
stratification in unripe cones hastened germination of unripe seeds,but could hardly
promote the morphological development of embryo and endosperm.

Stratified seeds of both pines germinated always at high rate .independently of
the collection time of seeds, when embryo ratio attained to over 60 percent.. The
germinability of stratified seeds could be estimated by embryo ratio of individual
seeds. In the stage of embryo development of 60 percent in embryo ratio, unripe
seeds of -both pines seemed to be latently possessed of germinability, and cold
stratification was thought to have the effects which convert its latent possibilities

into actual germination.
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P. thunbergii
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I P. densitiora

Photo. 1. Development of P. thunbergii and P. densiflora seeds (Photographs by soft X-ray
apparatus, magnification about 6.5)
A June 16, B: June 24, C:June 29, D:July 8, E:July13, F: July 22, G Aug. 5, H:Aug.
19, I: Aug. 31, J : Oect. 21
To realize the development of embryo cavity and embryo photographs with small letter are
presented.



