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Water absorption by a seed of F. mandshurica var. japonica after the pretreatments,
A (25°C.—90 days, 2°C.—90 days), B (25°C.—180 days),C (2°C.—90 days, 25°C.—
90 days), and D (2“C.—180 days), after bedding. G shows the day when a radicle

showed geotropic curvature.
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Water absorption by a fruit and a seed of F. mandshurica var. japonica after
bedding, transferred to alternating temperatures (8~25°C.) after treating at 25°C.
(90 days) followed by 2°C. (70 days).
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Studies on the Delayed Germination of Fraxinus mandshurica var.
Japonica Seeds. (4) On water absorption.

Sumihiko ASAKAWA

Some attempts to explain the causes of delayed germination of Fraxinus mandshurica
var. japonica seeds have already been reviewed in the first paper?. TAKAT0I and TOYOOKA®
reported that one of them was the difficulty of water absorption by these seeds. In order

to test this hypothesis, the process of water absorption by these seeds has been traced by
means of torsion balance.

Materials and Methods

F. mandshurica var. japonica seeds were collected in Kagura National Forest in Hokkai-
do in October of 1954, and F. japonica seeds in the campus of our station at Meguro, To-
kyo in November of 1954.

Weighed seeds were placed on a gauze spread in a petri dish with glass slide. They
were taken out after a given time, and weighed grain by grain after quickly wiping off
water on the surface of their pericarps or seed coats. The weight was measured in 0.1mg
by means of torsion balance scaled with mg, and its increase expressed in terms of ratio of
absorbed water to the original weight of fruit or seed. The seed, the radicle of which
showed geotropic curvature, was considered as a germinating seed.

As reported in some papers!, these seeds are found not to germinate without treating.
In order to trace water absorption from bedding to germination, pretreatments were necessary.
Their conditions are described in the next section. The hastening effect of such pretreat-

ments on germination will not be touched upon here.

Water Absorption

F. mandshurica var. japonica seeds.

(Experiment I) With regard to four lots, A, B, C, and D, all containing 10 dewinged
seeds, water absorption was traced for about nine months from November 21 in 1954.
Pretreatments, conducted for six months, were as follows: A was treated at 25°C. for three
months followed by 2°C. for the same period, C treated at 2°C. for three months followed
by 25°C. for the same period, and B and D treated all through the period at 25°C. and 2°C.,
respectively. Then each lot was kept under alternating temperatures (25°C. for 8 hours and
8°C. for 16 hours). After being transferred to alternating temperatures, the seeds in A
began to germinate on the third day and ended on the ninth day, but in other lots no seed
germinated within 90 days. The type of water absorption curve in each lot is shown in
Fig. 1.

(Experiment TI) The second test was conducted from February 14 in 1955, in which
the difference between seeds with pericarps and those without them was determined. These
seeds were treated at 25°C. for 90 days followed by 2°C. for 70 days. Maybe as a result,
it took more days for germination than in Experiment I, especially in seeds with
pericarps. Typical curves in both lots are shown in Fig. 2. The earlier stage of such

a curve is shown in Fig. 3 as the average of 10 seeds. Fig. 4 shows the logarithmic curves



— 82— ' RERRIEPIIEE 587 %

rewritten from Fig. 3. From this figure the early parts of both curves—the parts for 20
hours with seeds having pericarps and for 24 hours with those withont them—prove to increase
in a straight line. In éonséquence both curves in Fig. 3 are expressed as the equation
y=ax®, where y is an increase in weight of seed, x is time in minutes, and « and b are
constants. Seeds used in this experiment were half of fruits in weight, and water content
was 9.1 % in fruits, 7.3 % in seeds, and 10.9% in pericarps.

F. japonica seeds.

In the first paper?, the writer explained that Genus Fraxinus was divided into two
groups, I and II, and that the germination manner differred between these groups. Seeds
in group I have completely developed embryos, but those in group II have rudimentary
ones. So it was decided to ascertain whether these groups were dissimilar in the process
of water absorption. This experiment was carried out with two lots each of 10 seeds, one
lot with pericarps and the other without, in an incubator at 25°C. at the same time as the
Experiment 1L of F.mandshurica var. japonicaseeds. All seeds without pericarps germinated
from the 5th to the 12th day, while half of those with pericarps did not germinate even
after 30 days. The type of water absorption curve in each lot is shown in Fig. 5. Seeds
were about 60 per cent of fruits in weight, and water content was 7.9 % in fruits, 6.5 % in

seeds, and 10.2 % in pericarps.

Can the Pigments be Used as an Indicator of Water Absorption?

TaATOT and TOYOOKA® have used the time which methyl violet takes to penetrate
enveloping tissues of seeds as an indicator of water absorption. The velocity of water intake
which they have obtained by this method, is so slow that it may not be a true measure of
water absorption. The following experiments were made in order to clarify this point.

(i) Viable seeds without pericarps, (ii) viable seeds with seed coats peeled off partially,
and (iii) killed seeds without pericarps were soaked in daily fresh 0.1% solutions of methyl
violet, neutral red, acid fuchsin, and congo red in distilled water. The endosperms of
viable intact seeds (i) could not be dyed at all. In the case of methyl violet, neutral red,
and acid fuchsin, according to microscopic cbservation, the causes for this could be the
impermeability to these pigments of suberized membrane®, and consequently pigments are
deposited by seed coat. In the case of congo red, it could be the impermeability to this
pigment of the outer membrane of seed coat, where pigment is hardly deposited. In the
seeds of (ii), methyl violet and neutral red permeated slowly into endosperm and embryo
from a section. On the other hand, acid fuchsin and congo red dyed only a section and
did not permeate inside it. Even in the killed seeds (iii), the penetration of all pigments
to endosperm was disturbed by the suberized membrane during a few days. Other pigments
than congo red, however, did soon penetrate through this membrane. So the impermeability
to the pigments of the suberized membrane seems to be lost by losing viability.

Accordingly it is concluded that the penetration of such pigments cannot be utilized as
an indicator of water absorption, and that the possible penetration of pigments after a long
time may result from the disappearance of selective absorptive power of the suberized

membrane by degeneration.

Discussion

From Figures 1 and 2, the curve of water absorption by F. mandshurica var. japonica
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seed is also divided into three parts as described with Pinus Thunbergii, -P. densiflora,
Cryptomeria japonica®, and Larix Kaempferi seeds. In this case, however, it is characteristic
that a period of the second phase is very long and seems to be semipermanent under cons-
tant high temperature (25°C.). Rhus succedanea seed, known as ‘‘hard-coated seed’’, cannot
absorb water without a special treatment”, but the first phase of water absorption by F.
mandshurica var. japonica seeds ends in a few days after bedding and the increase of weight
in this phase is far larger than that in the second phase. Accordingly these seeds cannot
be classed as ‘“‘hard’’ and their delayed germination is independent of the difficulty of water
absorption. The early velocity of water absorption was not affected by the dryness after
harvesting. Seeds dried after harvesting, however, absorbed water even in the second phase.
So the dryness may make seeds a little dull in their reaction to favorable conditions. The
absorption velocity at low temperature (2°C.) is lower than that at high temperature (25°C.),
and at low temperature less water seems to be absorbed. Such facts show that the water
absorption in the first phase and in the beginning of the second one is a phys?cal pheno-
menon. Though the ratio of water absorption to original weight in C (2°C.~25°C.) was
equal to that in A (25°C.~2°C.) at the end of pretreatment, the seeds in the former did
not germinate at all. This fact also shows that the causes for the delayed germination of
these seeds must be besides water absorption. A decrease after the 30th day after bedding
of weight in seeds with pericarps may be partially explained by a leaching of water-soluble
substances from pericarps.

YANAGISAWA® and Goo*® have given equations expressing the process of water absorption.
With Pinus Thunbergii seeds, Goo® has described that the equation y=ax?, where each
symbol is common to that at p. 82, applies to the part of the first phase of an absorption
curve, and this is also the case with F. mandshurica var. japonica seeds.

In the first report! the writer stated that F. mandshurica var. japonica seeds showed a
peculiar delayed germination among all the Japanese species in Fraxinus. So the process
of water absorption by F. japonica seeds was traced in order to ascertain’ whether there is
a difference between F. mandshurica var. japonica and other species or not. Fig.5 shows
that the process of water absorption by F. japonica seeds resembles that by F. mandshurica
var. japonmica seeds with the difference in the length of the second phase. Accordingly the
difference of germination requirement between the two cannot be explained by water

absorption.

The writer expresses his sincere thanks to Dr. Lela V. BArRTON of Boyce Thompson
Institute for Plant Research, Inc., who kindly and with interest read through his English
manuscript and revised it, and to Mr. T. YANAGIsAwA for encouraging the writer during
this study.

Summary

To clarify the causes for the delayed germination of F. mandshurica var. japonica seeds,
the process of water absorption by these seeds was traced. Absorption by the seeds without
pericarps is divided into the following three phases:

I Quick increase during a few days after bedding,

I Slow increase, and

Tl Second quick increase, but its amount is more slight than that in I. As far as is
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known at present, a movement from the second phase to the third one can be
brought about only by the ‘‘25°C.~2°C.”’ pretreatment followed by daily alternating
temperatures (25°C.~8°C.).

The weight of seeds with pericarps decreased slowly during the second phase, and at
the third phase repeated an increase followed by a decrease until their germination. Seeds
with or without pericarps have absorbed most of water necessary for germination in the
first phase, which suggests that the delayed germination of these seeds is not caused by

the difficulty of water absorption.



