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INTRODUCTION

Differing from seeds in general, the seed of Crinum asiaticin
(Baker 1888) has a peculiar character. It is soft and succulent just
like a tuber. Notwithstanding that it has no other special floating
tissue than the parenchymatous endosperm with an air-containing
intercellular space, it is widely distributed on the TPacific coast, and
generally accepted to be dispersed by the ocean currents (HesxsLiy
1873~1878; MoseLEY 1875 ; GoEBEL 188¢; ScuiMPER 1891 ; WARMING
and Grarsner 1918). The occurrence of it in Cracatau (DOCTERS VAN
T.EEUWEN 1g21) seems to prove this idea. In Japan, a variety of this
species named japornicin” shows a wide distribution on the southern
coast.

Various experiments have been made by several authors (C.

D Crinume astaticun, var. japonicum (BAXerR 1888) is in its general features nearly
the same as C. aszaticuwin, only with a slight difference in the following ‘characters, namely:
leaves firmer in texture; pedicels tonger; limb a little shorter.
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Darwix 1857, SALTER 1857, BIRGER 1907) to discover vitality of the
seeds in sea-water. According to these authors, the powers of resist-
ances of the seeds to sea-water differ greatly, even in the varieties of
the same species. Some kinds of seeds are killed by a short immersion,
but others survive several months.”

As to the seed of Criuum here dealt with, there is also an ex-
perimental fact discovered by Gurepy (1906), that the seed of Criuwm
(species not described) put into sea-water can float without losing its
germinating power for a week or two. But the ability to float for
two weeks seems not sufficient for the wide dispersal, and moreover,
the behaviour in question was not observed in detail.

The writer examined, therefore, the seed of Criwunt asiaticun:
var. japonccumr carpobiologically :® that is, he endeavoured to learn
what structure and development the seed has, how long it can float
and retain the power of germination in sea-water and various other
media, and what mode of adaptation it possesses against the environ-
mental factors, especially those of the sandy shore.

The materials used for the experiments were collected chiefly at
the beach of the Seto Marine Experimental Station, Wakayama Pre-

fecturc.

I. MORPHOLOGICAL STUDIES OF THE SEED
1) Morphology of the Seced

The seed of *“ Crawwn” has a naked ovule without integument
(GoesEL 188g, ScuLiMBACH 1924), and is bulbiform, its outside being
protected by a cork-layer. At first the embryo is in the embryo-sack
which is imbedded in the nucellus attached to the placenta as usual,

but the endosperm develops then enormously, growing out of the

1 For example some species of Cruciferae, Cyperaceae, Chenopodiaceae, Compositae,
Umbelliferae, Ieguminosae and Caprifoliaceace ete.

2 “Carpobiology,” a new term introduced by Urpricit (Biologie der Irichte und Samen,
« Karpobiologie.” 1928).
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nucellus and forming a large fleshy mass, completely surrounding the
small cylindrical embryo (IFig. 1). This g¢rowth of the endosperm in

thickness takes place chiefly on the outside where we find then

Fig. 1—4, fruits of Crenum asiaticum L. var. japonicunt Bak. ca. 1/5; £, diagrammatic

cross-section of the young fruit; C, carpel; €%, chamber; 2, placenta; Zi,
endosperm ; 2V, nucellus; Z, embryo-sack. ca. 8/3.

chlorenchym-layers (GOEBEL 1923). The nucellus reduces on the
contrary little by little, remains only in the part attached to the pla-
centa, and at last when the endosperm becomes more corpulent, no
trace of it, neither nucellus nor microphyle, can be seen. Ultimately
a thin protective coating of cork is formed on the surface of the seed
(Plate XVI. 6). Thus the ripe seed is simply a mass of the
endosperm with the embryo therein, consisting of a soft
fleshy mass with an air-containing intercellular space
protected by the cork-layer.

The embryo may be divided into four parts: the sucker, the
cotyledonary sheath (REXDLE 1go1), the base of the plumule (including
the short axis and the basal sheath) and the radicle (Fig. 2).

When the seed is allowed to germinate at the edge of a desk,
the radicle is pushed outwards and downwards chiefly by the growth

of the cotyledonary sheath. Morwsch, (I1g20) saw the radicle always
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appearing through the flat side of the seed. The writer observed,
however, that the cotyledonary sheath (includ-
ing the radicle) acts positively towards
ogravitation from an early stage within the
endosperm, and breaking through the endosperm
and cork-layer, it makes its way out and grows

downwards, so that we can see the radicle emerging

from various sides of the seeds, according to their
A B previous position (Fig. 3). The elongation of the

Fig. 2—d, embiyo of  ntyledonary sheath carries the radicle downwards,
C7'77?7l7/l m si.u‘face )
view. S, sucker; C, while the upper part of the cotyledon remains in
cotyledonary sheath ;
B, base of plumtile;
R, radicle; 77, longi-  yhjch the nourishment of the endosperm is gradu-
tudinal section of the )
embryo. ca. 2/1. ally absorbed.  After the elongation of the coty-

the seed to form a swollen sucker by means of

ledonary sheath the lateral roots grow out with ca. 2/ 5 divergence

successively upwards. When the seedling is exposed in the air, the

Fig. 3—Showing embryos emerging from various
sides of seeds. ca. 1/3.

base of the plumule thickens to assume a bulbous form® (Fig. 4, 3),
and when the leaf-sheath has been withered by dryness, the leaf-sheath
covers tightly the inner part of the scedling, protecting it from wither-
ing (Fig. 6; Plate XV. 2).

D Strictly speaking, the thickening of the base of the plumule corresponds to a form
intermediate between a corm and a bulb, as both the leaf-bases and the stem partake of it,
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Fig. 4—TLongitudinal section of
the bulb. ca. 10/3.

Fig. 6 —The leaf-sheath which has been with-
ered and covers tightly the outer part
of the seedling. .S, separation layer.
ca. 1]2.

2) Ieight and Size of
the Sced

Fig. 5—-Seedling showing the
base of the cotyledonary The weight and the diameters
sheath thickened bulbiformly.

U of the seed were measured with seeds
ca. #

in the resting stage, on the 2nd of
Dec., 1925. The average weight of 365 sceds was 8.5420.397 gms.,

the range heing 1 to 24 gms. (Fig. 7). The long and the short
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Fig. 7—Weight of the seed. J7, mean.
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diameters of 339 seeds were 29.737%0.128 mm. and 17.66%0.094 mm.
respectively. Before the opening of the capsule, the seeds are found
in a compressed condition so that after the opening of the former the

dimensions of the seeds may increase 1 mm. or so.

3)  Formatlion of the Cork-layer of the Sced

The cork-layer of the seed is formed at so early a stage that the
seed is small (3-To mm. in long diameter) and still covered with the
green carpel. At first the cell division is very rapid at the peripheral
portion of the seed (Plate XVI. 3), and then a cambial layer is formed
on the inner side of the 6th~7th layer from the periphery (Plate XVI.
4,5, 6). And the cells outside of the cambium
thicken gradually and change to a cork-layer
(Plate XVI. 7, 8).

When a part of the endosperm is cut off,

g ; and exposed in the air, there is formed also

Fig. 8—Seed in which a
part of the endosperm
and embryo was removed  and the seed is protected from desiccation and
and a callus was formed N . . _— o
in a part of the coty- infection by microbes (Fig. 8; Plate XV. 3),
ledonary sheath (C'), and
in the endosperm (V).
ca. 2/3. sperm in sea-water or N/ 2 NaCl solution, decay

a cork-layer from the wound-curing cambium

but the seeds, wounded in a part of the endo-

before callusing.

4) Ilater-content and specific Gravity of the Sceds
a) ITater-content of the Seed

The sced is a soft fleshy mass with an air-containing intercellular
space. ScrrnimMbach (1924) measured the water-content of the seed of
Crinum (species not described) and found it to be more than g¢2%.
The author examined it also on the 25th of Dec., 1926, with seeds
of var. japonicum collected 43 days before.

The seeds were divided into three groups according to size (large,

medium and small), and each was chopped up and put into the
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weighing glass tubes, and desiccated in the electric drying oven for 40
hours at ¢8°C. The result of this observation is recorded in the

following table.

TaBLE 1
Average weight Average weight Water-content
before desiceation after desiccation ’ (In %)

(In grams) (In grams) °

18.370 1.677 90.8

10.593 I.046 90.1

Average

4.439 0.541 87.8

11.134 1.088 89.6

The water-content of large seeds 'is a little greater than that of
smaller ones.

Further. test was made upon different parts of the seed, namely,
the cork-layer, chlorenchym-layer (endosperm with chlorophyll), white-
layer (endosperm without chlorophyll), embryo, sucker and cotyledonary
sheath. The materials used were in the following conditions: (1)
seeds a little unripe, collected in Sept., 1927, and placed in the store-
room for 2o days, (2) seeds well ripe, collected in Oct., 1927, and
placed in the store-room for 20 days, (3) seeds stored in the store-
room for one year (Oct., 1927-Oct., 1928), (4) seedlings stored in the

store-room for one year (Oct., 1927-Oct., 1928).

TABLE 2
Part of the seed Material No.
(1) (2) (3) (4)
(Water-content in %)

Cotk-l1ayer ...coovviviiiiiiiiiiinninns 0.01 0.01 0.08 0.008
Chlorenchym-layer ............... 93 94 84 88
White-Jayer .ovoviiiiiiiiiiiin 92 93 82 87
EmDryo v 87 86 §6 —
SUCKEE tev v e reeaas — B — 78
Sheath of cotyledon ............... —_ — — 87
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From this data it is scen that the cork-layer contains practically
no water, and the outer part of the endosperm contains more water
or less of the intercellular space than the inner layer, the order being
as follows: chlorenchym-layer > white-layer > embryo.  The water-
content of embryo does not change even if the seed is

exposed in dry air for one year.

b)  The specific Gravily of the Seced

The specific gravity of the seed was measured by the aid of the

hydrostatic balance, and the result is shown in the following table.

TABLE 3

opis Specific gravity of
Materials i the fresh seeds™

Seeds stored in damp cellar (femp. 6°-18°C.) from December 1st 0.822
1925 to July 5fh 1926 {243 days) : ©32
Sceds desiccated in H,SO ~desiccator {rom December Ist 1925 to 0.82
July 5th 1926 (243 days) 023
Sceds floated in N/z NaCl solution from December 1st 1925 to July 1702
sth 1926 (243 days) 0795
Seeds floated in well-water from December 1st 1925 to July  s5th 922
1926 (243 days) 0.932
Seedling floated in sea-water from December 1st 1925 to July s5th "
1926 (243 days) 0.740
Seeds immersed in sea-water from March 25th 1926 to July 5th 8oz
1926 (100 days) : 0-905

Trom this table it may be scen that (1) the difference between
the specific gravity of the seeds stored in the damp cellar and that
of those in the H,SO,-desiccator is only 0.009, (2) the seed floated in
well-water for 243 days shows the greatest specific gravity, and (3)
the decrease of the specific gravity in sca-water is remark-
able, suggesting that it may be convenient for the dis-

persal by the aid of the ocean currents.

1 Though the specific gravity of the fresh seeds has not yet been measured, all of them
float very well without exception.
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II. CHEMICAL STUDIES OF THE SEED
1) Microchemical Investigations of the Seed

Starch grains are not detected at all in the endosperm even at
the dormant stage of the sced, as was reported by Scurivsac (1924).
Even in the chlorenchym-layer, which lies at the inner side of the
cork-layer, the assimilation starch is not detected in the chloroplast,
but in the embryo, especially in the sucker of the cotyledon there
are many large reserve starch
grains (Fig. ¢). It is very
interesting that starch is not
reserved in the endosperm but

only in the embryo (Fig. 10).

Fig. 10-—Tocalization of the starch grains

and reducing sugar in the seed and seed-
ling. 1-2, starch grains (after Iodine-

= ) it potassium iodide); 3-4, reducing sugar
Fig. 9—Starch grains in the (after a-naphthole and Maver’s method) ;
embryo. ca. 850/1. Cs, cotyledonary sheath. ca. 2/3.

Before germination the starch grains distribute themselves uni-
formly in the tissues of the embryo except in the vascular system,
the radicle and the plumule. After germination they become smaller
and crowd together around the vessels, and may be detected as long
as the plumule is living, but soon after the plumule gets a supply of
water, the starch grains can no longer be detected in the sucker.

Reducing sugar was detected everywhere -in the cells of the
endosperm and embryo (Fig. 10), even after the seedling ceased to
grow any more in the seed, but when the seced in this condition got
a supply of water, sugar disappeared in a week or so from the cells

of the seed except in the vessels in the sucker.
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Other substances were examined also with materials in the dor-
mant and germinated condition, and the results are shown in the

following table.

TaBpLE 4
Seed in the resting stage Scedling
Substances Endosperm Embryo | Endosperm 1 Embryo
(ireel_l '\Yhit.e Sucker Radiclcij Gmc\l} | Whit.c Sucker | Radicle
ayer layer i | 1 layer | layer o
Starch + [ s o o 444++ +4+

Reducing sugar | -4 ++++++ 4 | p 3+ A4 FEEEF D R

Dextrinld R R I S A SR B 4 A 4 [P B
Albuminous subst. -+ + ++ 4+ 4+ + + A + -+ 4
Amino acids + + + + 4 + s 4 + 4

Peroxydase® [ o S o S o ol o o S o + + ++ o

It may be mentioned further, that the seed contains no nitrate

or nitrite, instead of which amino acids are detected.

2} Catalase Activity of the Secd

For the detection of catalase activity, a modified form of QvEeEr-
HOLSER’s (1028) modification of Hrmnck®’s (1927) apparatus was used.
The samples usually weighing about one gram were divided into three
parts : the chlorenchym-layer, the white-layer and the embryo. The
activity was measured by the time required to liberate from O to 3o

cubic centimeters of oxygen at 20°C.

D The cell sap gave a reddish brown colour with jodine. The extract of the sap with
water and alcohol of various concentrations, -after precipitation of the reducing sugar by
BeNEDICT's reagent, and hydrolysis by hydrochloric acid, is also positive to BENEDICI S
reaction, which indicates therefore that the sap contains dextrin. As the extracts with
55% and 70% alcohol show a greater amount of precipitation, it may be concluded that
erythro- and achroodextrin form the chief constituents of the dextrin.

D For the detection cf peroxydase, guaiac-alcohol, a-naphthole and benzidine were used,
and the benzidine reaction was the most conspicuous.
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TasLe 3

Catalase activity of the seed of Crenwm

Average time required to liberate from o to 30 cubic centi-
meters of oxygen at 20°C.

Material

Endosperm Embryo
Chlorenchym-layer . ‘White-layer

New seed 13'10" 2625 2'g7"
Old seed : |

Stored one year i 1’ g” h 25" 2'z0"

and germinated !
Old seed .

Stored one year and 17’10 ! many hours 4/20"

Anot yet germinated i

As shown in this table, the catalasec activity of the embryo is
much higher than that of the endosperm, and that of the chlorenchym-
layer is greater than that of the white-layer.

As the seed has the chlorenchym-layer® in its outer portion just
beneath the cork-layer, it seems probable that assimilation may occur,
but even after a long exposure in the sunlight starch is not formed,
though it is not clear whether the chloroplast in question has a

tendency to form starch or not.

3) Respiration Rate of the Sced

When the seeds of  Cravum are covered by vascline on their
surface, or they are laid in boiled airless water covered with liguid
paraffin, they do not germinate cven after a long time.  The writer
examined therefore the respiration rate of the sced.

To determine this a modification of Nisur's (1924) method was
used ; a current of carbon dioxide-frec air was drawn through a vessel
containing the seed and then through an absorption tube containing

N/20 NaOH solution, and the remaining alkali was titrated with N/z20

D The chlorenchym-layer is formed in the seed within the capsule long before it is vipe
(see p. 186).
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H,SO, solution.  For the indicator thymol phthalein was used. As the
materials, both germinated and not yet germinated seeds were used,
twenty in each set at 20°C. The results obtained are given in the
following table.

TapLe 6

Respiration rate of the seedD

i [ CO, per hour per gm. of original
- | Fresh weight Dry weight | dry weight
Material N b .’ = D v S OES - LN P
: (in gms.) {in gms.}) ¢ In the dark In the light
\in mgms.) ‘in mgms.)
Sceds, already |
R L i 0. 1.22 0.18 0.40
germinated 94 4
Seeds, not yet
. 9.78 1.35 ! o.lo o.1
germinated o7 39 ‘ 5

III. GERMINATION AND BUOYANCY OF THE
SEED IN VARIOUS CONDITIONS

It is very interesting to know how long the sceds can float in a
living condition in sca-water, fresh water and some artifical media
such as DBRENNER's-, N/2 NaCl-, N/2 NaCl-4+0.3% CaCl, solutions®.
For this purpose, cvery 50 seeds were put into a wide glass vessel of

1 The respiration rate of the sced is comparatively marked, but in the ficld the rate will
be decreased by the winter cold, sca-water or burying. '

2 Diffused light+ Nitra-lamp of 220 V. 120 W, at 0.5 M. distance. Why the respiration
rate in the light is greater than in the dark, is not yet understood.

3) Depression of the freezing-point and pH-value of the media determined by the colori-
metric method of Crarx and Lunus (1923) were as follows :

i

Depression of the

Media freczing point pH-value

Sea-water 2.000 8.3
Well-water 0,013 ‘ 7l
N/2z NaCl soln. 72
3.57% NaCl soln. 2.060

Cell-sap of endosperm . 0.560

N/z2 NaCl soln.-+0.3% CaCl, soln. 1.390 7.3
Brunner’s soln, 1.300 { 8.3

The pH-value however so [ar as their range is concerned, seem to have no significance

with regared to germination, other than the chemical composition itself.
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10 1. capacity, each filled with 5 1. of various liquids, and covered with
¢lass-plates to prevent change in the concentration of the media.
Each medium was replaced every two weeks during the first two
months, by a fresh supply of the same one to prevent the propaga-
tion of microbes. But thereafter the media, often filtered by cotton,
were not renewed.

Other groups of the seeds were stored in the CaCly-, H,SO;,-
desiccator, store-room, damp .cellar and a water-saturated atmosphere,
and the mode of germination was observed. The results of these

examinations are given in the following paragraphs.

1) Germination in Sca-water

The seeds put into the vessel with the sea-water” were all float-
ing and germinated during 73 days, developing a few leaves. In
sca-water, however, the leaves become thick with short blades curved
in dorsoconvex mode and the roots could not grow more than two
mm. When the leaves of the plumule begin to be injured from the
tip downwards by sea-water, there is formed a separation layer in the
upper part of leaf-sheaths and prevents the extension of the injury
further into the sheath-
base. Thus a number
of leat-sheaths come to
fold round the young

part of the seedling and

the latter floats safely

Fig. 11—Seceds germinated in sea-water (after 200
days). ca. 1/2. in the sea-water more

1> The sea-water used during the experiment, had been collected at the Akashi Straits in
the Seto-inland-sca, on the 28th of November, 1925, and filtered twice through a cotton plug
before use. The specific gravity of the sea-water was found to be I1.025 (at 15°C), and the
depression of the freezing-point, 2.000 (3.12 atm. p.) at 15°C.

According to YENDO, the composition of the sea-water at the Bay of Shin-Wakanoura,
near the Seto-inland-sea, is as follows. NaCl 3.20-2.12 gms., KCl 0.13-0.08 gms., MgCl,
0.33-0.38 gms., CaSO, 0.04-0.07 gms, MgSO, 0.23-0.13 gms., specific gravity 1.025 (15°C),

Temperature 10°-27.°5C.



Carpobiological Studies of Crinum asiaticum var. japonicum 197

than two years without being injured further inside, and with fresh
young leaves within (Fig. 11). When the seedlings in such a con-
dition are removed into fresh water or sand, they are able to grow

turther, putting forth again new roots and leaves (Fig. 12).

3

Fig. 12—Seedlings, which, after Fig. 13—Seedlings germinated in sea-water

200 days floating in sea-water, diluted to double volume (after 200 days).
were transferred into fresh
water and grew anew. ca. 1/3. ca. 1/4. )

When the sea-water is diluted to double its volume with distilled
water, the roots grow anew and the leaves show a fresh appearance,
so that the degree of injury seems much slighter (Fig. 13). The

W= ~weight of seeds floating in sea-water
increases during the first one week but
thereafter it decreases very gradually

(see TFig. 19).

2) Germination I’n BRENNER'S

Solution

The seeds in BRENNER’s solution®,
were all foating as long as they were
living, and during 64 days 100% of
them germinated.  The roots attained

the length of ten to fifteen mm., but

then their tips all became a little brown,

e and ceased to grow further. The leaves

Fig. 14—Seeds germinated in
BRENNER’S solution (after 200
days). ca. 1/2. the sea-water, indicating that the seed-

were a little thinner and longer than in

1 BrENNER'S solution: NaCl 1.82 gm., KC] 0.06 gm., MgCl,+6aq. 0.47 gm., MgSO,+
~aq. 0.28 gm., CaCl,+06aq. 0.16 gm., water 100 gm.
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lings are less injured in BRENNER’s solution. The change of weight
of the seeds in this solution was almost the same as in the case of

seca-water as shown in Fig. 14.

3) Germination in Njz NaCl Solution

The seeds in N2 NaCl solution were all floating as long as
they were living, and 100% of them germinated during 79 days.

But when the cotyledonary sheath grew to seven mm. or so, the

Fig. 15—Germination of seed in
N/2z NaCl solution (floated 2o
days). ca. 1/2.
base of the plumule began to
be somewhat transparent, and

about a fortnight atter became

black and decayed by degrees
Fig. 15). But then a callus-
( =] o)

. . ; . Fig. 16—Secedlings germinated ab-
forming cork-cambium, arose in normally in N/2 NaCl solution. ca.
the cotyledonary sheath, and i,

prevented decay. (Plate
XV. 4). In this con-
dition the endosperm and

sucker remained still

alive more than one year,

IFig. 17— Abnormal  germination but the plumule does
of seed. Roots and cotyledo-
nary sheath growing in the not regenerate under
endosperm or under the cork-
layer of the seed. 1 and 3,  \whatever conditions they
diagrammatic longitudinal sec- =
tion; 2, cross-section; .S, sucker; may be removed. The
End, endosperm; R, root. ca.
3/2. weights  of the seeds
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increased during the first week by about 5%, then kept nearly con-
stant until they germinated, and alfter that decreased gradually (see
Fig. 19).

There were, however, a few seeds which germinated abnormally,
namely, only exposing the leaf from the seed, whereas the root and
cotyledonary sheath grew in the endosperm or under the cork-
layer of the seed. In such a condition they were able to exist more

than 200 days after germination (Fig. 16 and 17).

4) Germination n a Solution of N2 NaCl+o03% CaCl,
The seeds in the N/2 NaCl+40.3% CaCl, solution were all float-

ing as long as they were living, and 100% of them germinated
during 75 days (Fig. 18). After germination, their roots hardly grow,
« and the cork-layer is formed
" on their outside.

The roots are not injured
as in the N/2 NaCl solution,

the cotyledonary sheaths exist

long and a few succulent leaves

Fig. 18—Germination of the seed in N/2 with short blades like those
NaCl+o0.3% CaCl, solution (after 200 days). d
caii /2 produced in the sea-water,

L L Il Il

. i 1 ]
10 20 30 40 50 60 70 80 90 loodays

Fig. 19—Change of average weight of the normal seeds in various media. 1, well-water ;
2, sea-water; 3, BRENNER’s solution; 4, N/2 NaCl+0.3% CaCl, solutlon, 5, N/2
NaCl solution.
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were put forth, and they were able to exist more than two years
in this condition without growing. The change of weight of the

seeds in this solution was quite the same as in the N/2 NaCl solution

(Fig. 19).

5) Germination in Well-water

In well-water the seeds remain floating even after they have
grown to seedlings. The seeds all germinated during 49 days after
they were put in the vessel and they grew vigorously with normal
roots and leaves (Fig. 20). The weight of the seeds increased during
the first one week,
and ecven thereafter
the weight of these
seeds increased con-
tinually. ‘

As shown in these
paragraphs the weight
of all the seeds immers-

ed in liquid media

Fig. 20 —Seedlings germinated in well-water (after all increases about 5 %

200 days). ca. 1/4.
over that of the fresh
seeds during the first week. This is probably due to the penetration
of the solvent into the cork-layers. After that time the change of
the weight during 30 days is very little in all the media. This indi-
cates that the time necessary for the media to penetrate into the
endosperm through the cork-layer is comparatively long. Thereafter
the seeds show a different mode of change in weight according to
the medium. The seeds in sea-water, N/2 NaCl solution, BRENNER’S
solution and N/2 NaCl solution +0.3% CaCl, solution gradually de-

crease in weight, while those in the well-water increase on the contrary,

indicating that the growth is going on normally.
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6) Germination of Seeds laid on Sand and
buried tn Sand respectively
The seeds were divided into two groupes, those of the first group
were laid on washed sand and the others were buried in sand at a
depth of two cms. All these seeds germinated at the same time, and
the seedlings of the latter group developed very well, while those of
the former grew slowly after germination. This is attributed to the

fact that neither the sheath of the cotyledon nor the roots can penet-

‘ = BB

Fig. 21—Seedlings germinated on sand (upper row), and in sand (lower row). They
were sowed at the same time but the growth of the former was delayed because
their radicles took much time fo penetrate into the sand. ca. 1/4.

A *

A

rate into the sand easily (Fig. 21). It is conceivable therefore
that it is hard for seeds brought to a dune or sandy place
to grow after germination unless they are buried in the
sand by wind or other agencies. But if they are covered
to a depth of over ten times their diameters, they lose the ability to

expose the plumules on the sand.

7) Germination of Sceds in a Water-
saturated Atmosphere
The seeds, which were suspended with twine in a glass cylinder

wrapped inside with blotting paper wetted with a constant supply of
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-
o
.

Fig. 22-—-Germination of the seed in
the saturated atmosphere. ca.
/3.

water and covered up with a
¢lass plate, germinated in the
usual mode, but after the roots
attained a length of five cms,,
their tips were seen gradually

withering. (Fig. 22).

But if the seedlings are

Fig. 23—Seedlings cultivated in water.
A...seedling cultivated in KNor's soln.,

Kxor’s solution, their roots £...seedlings cultivated in  distilled
water. ca. 1/4.

cultivated in distilled water or

grew rapidly again, especially

markedly in the distilled water (Fig. 23).

8) Germinalion in the Desiccator

97% of the seeds which were stored in the 14,SO,—desiccator
in the greenhouse lived for more than one year, and about 40% of
them germinated in this desiccator during 273 days. Even the seeds
which were in the non-germinated condition in the desiccator during
two years, were still living and when they were removed into fresh-
water they were able to germinate. The leaves in the desiccator are
succulent with short blades rolled inwards and the sheath of the
cotyledon is short and protected by a thick epidermis. (Fig. 24, 25).
Roots come out but they can not grow more than one or two mm.,

and their surface is covered with a thick cork-layer just



Carpobiological Studies of Crinum asiaticum var. japonicum

%)

03
like a velamen.

e
e T

5D g veg .Q..ﬁA
DL ARB O s> h
BDD N

Fig. 24— Germination of the seed in the desiccater.

A), large-sized seed; 7), left half
withoat cork-layer and cork-cambium ; right half without cork-layer. ), small-
sized seed; 2), middle-sized seed. ca. 1/4.

Fig. 25—Germination of the seed in the desiccator. ca. 2/3.

Weight

20 40 60 80 100
Lapse of days

Fig. 26—Weight change of the seeds with or without cerk-Jayer under various conditions
a, H,S0,-desiccator ; &, store-room; ¢, CaCly-desiccator
d, H,SO,-desiccator (without cork

(without cork-layer) ;
layer and cork-cambium).

-layer); e, CaCl,-desiccator (without cork
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The seeds in the desiccator decrease in weight very gradually,
as shown in Fig. 26, but if the cork-layer is removed, the
decrease of weight is very rapid, so that the protective

action of the cork-layer is well shown.

0) Germmation in the Store-room

The seeds laid in the store-room, decreased in weight very

gradually just like the seeds placed in the H,SO,~desiccator (Fig. 27).
From this fact, we know

that the cork-layer works
very effectively for the re-
tention of water. The ger-
mination of seeds both in
the H,SO,—desiccator and
the store-room was delayed,

probably by the want of

Fig. 27—Delayed germination of seed in the water, much more than that
store-room. ca. I/2. s
of the ones in sea-water,

well-water, 3.57% NaCl solution and saturated atmosphere, even though

they were placed in the same green house (Fig. 28 and Supplementary

wf-/ /i ~

b / S T

= 2‘0 4"""—,'— I I LD ! ! ) ! !

0 60 80 100 120 140 160 180 200 220 240 260
Lapse of days

Ay 4

a 0

e

w

Lo

I5)

1)

u 301 i

|-d “

3 A

o

§ \

= 20}

5] % .
%0 /’ s \
& W e h
)

Q

£

=

2

Fig. 28—Number of germinated seeds in various media and conditions. 7, 3.75% NaCl
soln.; s, sea-water ; w, well-water; e, exposed in air; %, H,SO,~desiccator.
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table 3). The percentage of seeds that germinated during one year
in the store-room was about 45%, but the others in the non-germinated
condition were still all alive, though they had decreased more in

weight than the germinated ones.
10) Réle plaved by tie Cork-laver in the
Durability of the Sceds
a) Secds deprived of thewr Cork-laver i varous Media

When seeds deprived of their cork-layer are immersed in liquid

media, an increase of weight occurs in well-water, while in sea-water

3

or NaCl-solution the weight

i
pa— decreases markedly during
12 T T
,,//e ~~a the first two days, then in-
o : .
i creases gradually (Fig. 29).
of / .
or But in all these cases the
\/’ S '
9T, P seeds decay sooner or later,
\ a7
LN robably owing to the ex-
8 - p y 2
»
3 . .
7\/,// osmosis of nutrient sub-
L stances and to infection by

.
2 4 6 8 10 1416 gays .
12 Y microbes  (Supplementary

Fig. 29—Weight-changes of the seeds without . o f
cork-layer in three media. 1, well-water; table 1). From this fact

2, sea-water; 3, N/2 NaCl solution. we know  too, that the
cork-layer serves as a good protective covering for the
seed in the liquid media against exosmosis and infection.
That the seeds in the sca-water and NaCl solution at first
markedly decrease in weight and then increase gradually, may be
attributed to the fact that the liquid substances of the seeds ooze out

osmotically into the media and then seeds begin to decay.

b) The Reiation between the Germanation-power and
IVater-content of the Seeds
The seeds wore stored during two years in the H,SO,~desiccator

and store-room to observe the relation between their germination-power
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and water-content. After two years most of the seeds germinated,
and even those which germinated in the desiccator could live for a
long time, and their weight decreased relatively little. The non-
germinated seeds also germinated after removal into fresh

water and there were only a few which desiccated to death.

TaBLE 7
The results in the H,SO,-desiccator
" . i Weight of the | Weight of the | Average decrease
Cogﬁglzgzdloii:se cds Totalnné}mbm seed before exp. | sced after exp. of the weight
. > 6) (In grams) (In grams) (In 9%)
Germinated and
still alive 28 3.02 151 49
Germinated but 2.6 66
withered afterwards 32 259 0.90
Non-germinated
but sti]i> alive 34 3.52 1.88 46
Non-germinated
and dicd 6 1.34 048 64
TaBrLE 8
The results in the store-room
s Weight of the | Weight of the | Average decrease
Cogg:]tl?el:dﬁfwsseeds TOt(‘}l n;mlbex seed Eefore exp, | sced after exp. of the weight
R = n %) (In grams) (In grams) (In %)
Germinated and
still alive 26 4.28 2.31 46
Germinated but . "
withered afterwards 19 .01 0.97 71
Non-germinated .
but still alive 40 _ 443 317 28
Jon-oerminate
ang cg}c%enmnaud 13 2.01 102 49

As shown in the above tables, the average decreases in the weight
of the seeds in the H;SO,~desiccator are not very different from those
in the store-room, and the number of the seeds that did not germinate

or died in the former is less than that in the latter.
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But when the seeds, deprived of the cork-layer, are laid in the
H,SO,~desiccators, the water-content decreases rapidly. They decréase
during 20 days to 85% of the fresh weight, while the intact ones
lose only 449% during 266 days in the same desiccator (Fig. 26).
The efficiency of the cork-layer against the loss of water
is therefore clearly shown. The results of the experiment are
shown in the following table.

Tasre o

Decrease in the average weight of the seeds, without cork-layre
in the desiccator

(In grams)

h Lapse of days |
) o I 3 17 20 Iy 230
Desiceation R
In CaCly~desiccator 9.29 8.60 7.48 2.06 1.63 - 1.16 11§
In H,S0,-desiccator 9.52 7.87 6.69 2.03 1.56 1.27 1.26
|
TABLE 10
Decrease in the average weight of the normal seeds in the desiccator
and the store-room
(In grams)
i - Lapse of days
0 3 5 6 12 18 24 43 152 203 =266
Condition
\_,‘ - e o _
In store-room 6.84 6.55 6.52 6.51 6.45 6.37 6.30 6.09 512 4.74 4.15
In H,SO,~desiccator 7.51 7.39 7.3¢ 7.31 7.21 7.12 7.04 650 5.79 5.07 4.14

IV. SEEDLINGS IN VARIOUS CONDITIONS
1) Scedlings in varions Media

The influence of various liquid media on the seedling is nearly

the same as that on the sced itself (Fig. 30). In well-water, the
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roots  and leaves grow very rapidly, the seedlings gradually increase
in weight. But in sea-water they at first decrease in weight, then
remain constant in weight,
foating comparatively
free from harm more
than one year, and their
roots or leaves can not

grow as in the case of

well-water. As soon as

il k1 A L 1 1 | L

6 8 10 127 14 16 18 20days
Fig. 30—Weight-changes of the seedlings in three
media. @, sea-water; &, well-water; »,- N/2z NaCl
solution.

the roots appear they will
be covered by the thick
cpidermis and can not
grow more. The leaves,
too, become thick and grow very slowly.

In the N/2 NaCl solution the weight of the seedlings gradually
decreases, and their radicles are injured (Fig. 30, 31, and Supple-

mentary Table 4). The

-8
2
i

injury never penetrates

o
i~
i

however into the sucker
which is buried in the

endosperms, forming a

et
(=1
!

callus in the cotyledo-

Number of seedling
=
i

IV L ) | |

10 20 30 40 50 60
Lapse of days

Another experiment  Fig. 31—Number of the seedlings injured in N/z NaCl

solution. @, slightly injured : 0, completely injured.

nary sheath.

was carried out in con-
nection with plumules planted in pots, and soaked with well-water,
N/z NaCl solution -or sea-water twice a day. The plumules soaked
with well-water grew very well, but the ones soaked with N/2 NaCl
solution were completely injured -after 20 days, and the ones soaked
with sea-water were injured in their root-tips and their leaves become
brown gradually (Fig. 32). This experiment elucidates clearly the
fact that Crinum grows usually on the sandy soil at some

distance from the beach.
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Fig. 32—Plumules soaked with sea-water (4): N/z2 NaCl solation (B); well-water
(€)." ca. 1/6.

2) Secedlings in a damp Cellar

The seedlings were laid in a damp cellar for two years to observe
how much they were able to grow with only their own nutriment,
preserved in their seeds. During 18 months they grew about 8 cms.
in length, and had three or four leaves and three or five very short

roots. Ifrom that time they became weak and stopped growing, as
if they lacked nutriment (Fig. 33).

Fig. 33--Germination of seed in damp cellar. ca. 1/3.

The small-sized seeds became weak rather earlier than the large-

sized ones. Many creases appeared on the surface of the seeds, as
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if their preserved nutriment were all absorbed by their plumules. Then
the seeds were examined microchemically, and quite unexpectedly, it
was found there were still great quantities of sugar and starch. When
the seedlings in such a condition were put into water, the residua of
sugar and starch disappeared in a few days and the seedlings began
to grow again. From this fact it is clear that a supply of water
is indispensable to enable the seedling to make adequate

use of its nutriment at the time of germination.

V. SOME CHARACTERISTICS OF THE ROOT
AND PEDUNCLE

1) Passagc Ccll and Velamen-like corky Layer

The root of Crinzum: has no root hair, but in place of it there is
a passage cell which is known to fulfil the same function as the root
hair (Plate XV. 3). In addition to
this, when the plumule is laid on
sand or removed into dry sand, there
is formed on the surface of the roots, a
corky layer which resembles in appe-
arance the velamen of Orchidaceac,
though with some histochemical
difference (Fig. 34). The corky layer
of the root of Crizum is coloured
yellow with potassium hydroxide
solution, and red with Sudan III while
that of the orchid (Dendrobium) is
not dyed with them. To find out

the efficiency of this corky layer

N g .
. against the loss of water, a root
Fig. 34—Plumule dried on dry sand, = s ’

bat after removal into humid sand with the corky layer was compared
it produced new roots and leaves.

ca. 1/2. with a usual one, and it was found

that the corky layer is very effective against desiccation, as shown
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in the following table (Fig. 33).

Lo
0.6[‘
0.5

i = Root with corky layer.
0.ak . —— Root without corky layer,

2 4 6 8 10 12 14 16 18 20 22days

Fig., 35—Woeight-change of the root in the air.

TABLE 11
‘Weight-change of roots with and without the corky layer ‘in the air

(In grams)

Lapse of days

Material

The root with corky layer| 0.35 0.29 o0.24 0.9 o0.15 0.I3 0.II 0.09. 007 000

The usual root 0.54 0.26 018 0.13 0.10 009 0.07 0006 005 0,04

2) Contractility of the Root

It has been already mentioned that the cotyledonary sheath and
the root of Crieee can hardly enter into sand by their own power,
unless they are buried passiVely in the sand by wind or other agen-
cies. The fact that the oriental Crenen is distributed only on sandy
shores, may be explained by this.

As an instructive case a Cyenunz consociation on a sand dune at
T6ji, Izu Peninsula may be mentioned. The sand dune is situated
alongside of a loam hill, and though the conditions along their boundary
are the same except the soil texture, Crazum stocks are found only

on the sandy soil even close to the loam (Fig. 36).
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Sea Dia bace Porphyrite  Loam Sand
Fig. 36—Lccalization of Crznum on a sand dune at T6ji, Izu Peninsula. No stock is
found on the loam:

This may be attributed to the fact that the loam is not only
too hard for the penetration of the root but also that there
is almost no chance of the seed’s being buried by external
agencies.

After entering into the sand, the root shows transversal wrinklings
on its outer cortex, whereby shortening follows (Fig. 37 Plate XV. 3).

With this shortening the plant is drawn into the sand

more or less, and the
exposure of its root on
the sand by rain or

wind is avoided, just

as in the case of

Fig. 37—Contractile root of Crirnuin. Fig. 38—Pneumathode of the root.
ca. 3/1. 4, 1]15 B, 5/1.
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LPhaedranassa chloracra, Hers. (Amaryllidaceae), which was studied
by RimBacu (1898) in the tropical Andes.

3) Prneumathode

When the plumule of Crizum is cultivated in water, pneumathodes
are formed on the surface of their roots along two vertical lines, and

as a rule the lateral roots are produced through these pnewmathodes

cime
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Fig. 39~ The mode of growth of the peduncle.
(Fig. 38, Plate XV 1).

4) The Growth of the
Peduncle

The growth of the peduncle is basi-
petal and at first very rapid but after
flowering it becomes gradually slow, and
ceases in a few days (Fig. 39). Three or
five days after the blooming of the last
flower the peduncle begins to fall on the
ground, and the capsule and seeds ripen
in this condition (Fig. 40). The fall of
the peduncle makes it just like a
stolon and is very convenient for

propagation ot the seeds around

the stock at some distance from it.

Fig. 40—Peduncle which has
fallen on the ground.
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VI. CONSIDERATION ON THE DISTRIBUTION OF
CRINUM ASIATICUM

It is an interesting fact that the genus Crumn includes both
inland andlittoral species, and the former seems, as in the case of
Amaryllidaceae in general, to be the older habitat of the genus. If
the distribution of Crimzm throughout the world is considered, the
following data are to be seen from the works by Baker (1877, 1888),
Bentram (1861), Borpinen (1909). Casrirro (1886), Botanical nomen-
clature (China) (1917), CooxEe (1908), Dusn and Turcmer (1912),
Duranp (1go1), ExcLEr-GinG (1920), IHavara (1906), HILLEBRAND
(1888), Index Kewensis (1893-1915), KOORDERS (1911, 1923), LORENTZ
(190g), Makino and Nemoro (1925), MarTius (1871), MERRILL (1912,
1917), Miguer (1862), RipLEY (1go7), RoBErT (1853), ScHUMANN
(1901-1905), Swmarr (1913), TmisELTon-Dver (1818). Wicur (1853)
cte. '

The total number of enumerated species is 161, 16 among them
being inland plants, 4 marsh or stream-side, and the others all littoral
ones, distributed from the tropical to the temperate regions (see
supplementary table 2).

As shown in the table, more than a half of these species, both
inland and littoral, occur in Africa, like the majority of other closely
related genera. It is highly probable, therefore, that the
birthplace of Crinzum was the inland parts of tropical
Africa, and that from therc it has been distributed to
other regions.

Whether all species of Crinesmn have the sceds with bulbiform
endosperm containing much water and air, and whether they are
protected by the thick cork-layer, are not yet known, but these
characters seem to be very useful in regions with a dry season. As
to the root, so far as Crieume astaticuin is concerned, on account of
the light weight of the seed and the short cotyledonary sheath, it is

net able to penetrate into hard soil at the germination. Even on the
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sandy shore it is difficult for it to settle without the aid of the wind,
by which the seed is buried in the sand. Most of the littoral species,
inasmuch as their seed is light, seem also to prefer sandy soil, such
as the dry beds of rivers or the seashore. There remains, then,
only the durability in sea-water, by which the seed could
be distributed across the sea.

From these features just mentioned, it may be considered, that
the ancestor of Crzzze was at first an inland plant®, probably grow-
ing on sandy soil. Various species derived from it have been carried
to the marshes at stream-sides and to littoral regions suited to its
gradual growth and further on, by the aid of ocean currents they

have been distributed as littoral plants widely throughout the world
(Fig. 41).
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Fig. 41—Map showing the distribution of Cr7nam asiatzcun: 1.71]180.000.000

Y C. longifolium Tuuns. and C. giganteum ANDR., inland plants, are distributed in
very distant places: the former in India, Africa and Jamaica., and the latter in Africa and
the Hawaiian Ts. It is not clear whether this fact is attributed to transplantation, different
species, Ocean currents or partly to WEGNER’s ¢ Verschiebungstheorie,”
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In Japan, Crazum aswaticum 1. var. japonccwm DBak. spreads
on sandy shores swept directly or indirectly by the warm Pacific Black
Current from Okinawa to Hata Island off the Bosd Peninsula (about
lat. 35°21” N. and long. 14078 E.), while it is never found on the
coast facing the Japan Sea, except in the southern parts of Nagato
(Flg 42). Also it has not yet been found in the peninsula of Corea.

In Formosa there is no C. asiaticunr 1. var. japonicun: Daker.
but only C. aswaticone L. var. swucie Roxb. which spreads widely
in China. This fact is considered to be duc to the fact, thatV in For-
mosa most of the castern coast consists of precipitous cliffs, and there

is no place suitable for the distribution of this plant.

lat. 49,
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Fig. 42—Map showing the localization of Crinzm asiaticum L. var. japonicun Bak. in
Japan. 1/20.000.000.
..Place of occwrrence.

= Directions and speeds of current (in knots per day).
From all these cvidences it is fairly certain that Crinzum
in Japan has been brought in recent geological times by

the ocean current, probably after the cold period, if such a

period really existed in the Pleistocene of Japan. The migration of
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this plant may take place in future more widely to sandy shores

having suitable factors both edaphic and climatic.

Vil. SUMMARY
A Seed Characters

1. The seced of Criuwn is simply a mass composed of the
endosperm with the embryo therein, consisting of a soft fleshy mass
with an air-containing intercellular space, protected by the cork-layer.
The cork-layer is formed at an early stage still covered with the green
carpel.

2. The average weight of the seeds is 8.54=+0.397 gms.,, the range
being 1 to 24 gms. The long and short diameters are 29.73zt0.128
mm. and 17.66=%0.094 mm. respectively.

3. The cotyledonary sheath (including the radicle) acts positively
towards gravitation, from an early stage within the endosperm.

4. The outer part of the endosperm contains more water or less
intercellular space than the inner, and the water-content of the embryo
does not change even if the seed is exposed in the dry air for a
year.

5. The specific gravity of the seed is always less than one, in
whatever mediunﬁ the seed may be immersed. And the specific
gravity of seeds stored in a damp cellar and that of those in an HySO,-
desiccator show no remarkable difference.

6. 97% of the seeds stored in the H.SO,-desiccator lived more
than one year, their weight decreasing very slowly.

7. The germination of the seeds in desiccator or store-room is

delayed very much more than that of thosc in liquid media.

B Chemical Features

8. The endosperm contains as its main carbohydrate source

dextrin, and starch is found only in the embryo.

g. Reducing sugar was detected everywhere in the cells of the
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endospermn and embryo, even after the secedling ceased to grow in
air, but when the seedling in this condition got a suppty of water,
sugar disappeared in a few days {rom the cells of the seed, except in
the vascular bundles of the sucker of the cotyledon.

10. The catalase activity of the embryo is much higher than
that of the endosperm, and that of the chlorenchym-layer is greater
than that of the white-layer.

11. Even after a long exposure in the sunlight starch is not
formed in the chlorenchym-layer of the sced.

12. The respiration rate of the seed is comparatively remarkable

especially when the seed is in the light.

C. Buoyancy and Viability of the Sceds in

various Media

13. The sceds in sca-water, Brenner’s solution and N/z NaCl
+0.3% CaCly solution all floated and germinated, and when the
seedlings under such conditions were removed into fresh water or
sca-water diluted to double its volume, they were able to grow further
cven after more than two years. The sceds in N/2 NaCl solution
all germinated, but as soon as the cotyledonary sheath grew, the
base of the plumule was injured.

14. The order of the injurious actions of the media on the
scedlings was 1/2 diluted sca-water < BRENNER’s solution < sea-water
<N/z NaCl soln. 4+ 0.3% CaCl, soln. < N/2z NaCl solution.

15. The seeds immersed in the liquid media all become heavier
than the fresh seeds, during the first one week, but after that time
the change in the weight during 30 days is very little in all the
media. Thereafter the sceds show differences in the change of weight

according to the media.

D. Réle played by e Cork-layer tun the
Durability of the Sceds

16, The cork-layer serves not only as a protection against the
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loss of water in the air, but also acts as a good protective covering
against the exosmosis and infection in the water. When the seeds
deprived of the cork-layer are immersed in liquid media, they decay

sooner or later.

L Sowme Characteristics of the Scedlings

17. When the seedling is exposed in the air without substratum,
the basal portion of the plumule thickens to assume a bulbous form,
and the withered leaf-sheaths act as a protection for the seedling
against withering.

18. The sceds brought to a dune or sandy place can hardly
grow after germination unless they are buried in the sand by other
agencies. But if they are covered to a depth of ten times their dia-
meter, they lose the ability to expose the plumules on the sand.

19. The root of the seedling grows markedly in distilled water,
but in a water-saturated atmosphere its tip is seen gradually
withering.

20. The root has no root hair, but a passage cell in place of it,
and when the plumule is laid on the sand the corky layer is formed
on the surface. After entering into the sand, the root shows, trans-

versal wrinklings on its outer cortex.

F Distribution of Crenwm

21. The genus Crrnemn includes both inland and littoral species,
and the former seems, as in the case of Amaryllidace%te in general,
to be the older habitat of the genus. And it is highly probable,
that the birthplace of Creunz was the inland parts of tropical Africa,
and that from therc it has been distributed to other regions.

22, Crinaum in Japan scems to have been brought in recent
geological times by the ocean current, probably after the cold period

of the Pleistocene.
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APPENDIX

SurPLEMENTARY TABLE 1

Weight-change of the seeds deprived of their cork-layer

in various media (in gms.)

. Lapse of days
. in the . .
~_ medial © 2 4 9 Iz 16 23 36 53 71 81

Media =
8.18 6.81 6.90 Decayed
6.38 574 5.97 686 6.73  Decayed

N/z NaCl soln. | 750 550 5.84 6.66 665  Decayed
8.86 7.5¢ 7.70 8.43 8.60 Decayed
831 7.23 7.58 822 827 8.6o Dccaycd

Average | 7.84 6.56 681 7.52 7.56
1071 8.67 9.35 I0.59 10:56 I10.35 Decayed
10.27 8.27 8.65 9.81 9.97 9.96 Decayed
Sunk Tloated again
Sea-water 7.27 6.09 661 .13 7.13 7.1I Decayed
Sunk Floated again
1.0 8.84 9.39 10.39 10.38 10.43 Decayed
754 6.15 6.36 742 7.47 7.43 Decayed
Average | 942 6.60 8.13 9.07 9.05 9.06

10.64 15.95 16.70 17.30 16.77 Decayed
9.99 12.93 13.27 13.80 13.89 14.25 14.57 Decayed

Well-water 759 9.29 9.54 0.92 0.92 10.22 T0.21 Decayed
6.50 8.50 8.534 902 902 9.25 Decayed
7.05 079 10.27 10.85 10.90 11.45 Decayed

Average | 835 11.28 11.71 12.10 11.29 11.29
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SurpLEMENTARY TABLE 2

Distribution of Crinun: throughout the world

[
[

1

Number of species

Foeality Littoral sp. | Inland sp. SulNeI:i]SSl:dg ép. Slii'ngcgﬁr-
Tropical Africa vovveervererseraneens 59 7 66
South Africa «oeeeviererevnnrinnnnies 24 3 I 28
Madagascar Is. .cooeivevieinniienn 2 3 5
Coast of the Red Sea 10 10
Indian Ocean....cvvvveviennrueraeens 8 I 1 1o
India ovvveviriiiiiiininee e 16 4 20
Himalaya Mts. .oooeniiniiiniennnn 2 2
Malay Peninsula .ovevreninrannns 4 4
Burma oo cviiniiiiiniinineens 4 4
Cochin-China....ccooeverivinnennnee 4 4
China .oovevivimeiniriniseeernnenes .2 2
Formosa «uveeniiiinieneiiiininne e I I
Japan proper....ccvvvivenenenenns 1 1
SUMALIR tevveeneenrerenernrenranennens 3 3
Tavaii i 1 1
Borneo coeveciiiiiiineiines 3 1 4
Philippine Isocoiivieiieiiicinnene 6 [
New-Guinea and surrounding Is. 7 7
Norfolk Tsiioiiiiiiniiiiiiiiin. 1 1
AUSIAlA evvervenininne e 12 12
Hawail Ts. coviiiiinneennicinnninne. 2 1 3
Jamaica Is..oooiiiiiiiniiiiniiinn, 3 1 4
West Indics .oovviiininiinniennns 1 I
South America «oovvvviieninineenen 14 1 i 16




- - =- -1}t =1=1—=1=1p9 — 19 — | bt |~ ] = 1 W ! !
— — — — — — — — — - — — — 1 — — — 9 9 144
— - - - - - — — 9 - - — - - 9 - xl - 9 4
- - - - - - - . - — 9 - - 9 9 z - 9 z 4
— — - — —— — — — — — —_ — —_— — J— — —_ — €1 —_
— — z — — — z — z — + z e 9 9 — 11 — — 9
— 9 — b —— Q — €1 — — b e z — — S1 — - — —
9 z — 4 z —_ - 9 — ¥ — — — 4 — — or — — —
€or | oor | L6 6 16 93 Sg zg 62 94 194 o/ L9 9 19 8s 5 4 6% ob

Takuy KOSHIMIZU :—

P

" . - _ . . . o “ « upos f[nen w

L LI 9 9 9 %€0+ID¥N /N
A t1 Lo = 9e —_ —_ — — 9 — — — “ “ “UI0S S MANNTN
—_ 9z 1 L — V1 — t1 — e — — — «“ “ ‘ujos 19BN Z/N
4 4 b1 — oz — L - - — — - — “ “ JDJEM-TOG
L oz b1 12 €1 €1 — — — 9 — — — |9z, 1dag 5192, "1dV "[I9e TOJCM-[[O AN
— — — — — — — — — — - — —_ “ “ 10720015p-Y OSP LT
_ _ — - . - . _ . - - _ _ « « (1u001-91013) v

ae ut posodxzp
33 - — — — l1 — — - — — z — “ “ ‘ujos 1eN 9%:5°C
6z J— — . — 11 — z —_ —_ — —_ — “ “ Iayem-uag
of —_ — —_ — or —_— 9 — — —_— — — {9z, 3dog 151~z *a0N "yI0€ ToTeA-{[ AN
134 ol € € 1€ gz Sz zz 61 91 €1 o1 4 up 30 vsdey ard SUOHIPUOD PUT VPSP

(%) pojeuiundd spass O JequuuNy

TIPOWI SNOLIZA UL $PIds 2y} JO UOTLUIULIDY)

¢ AIav], AUVININIILANG



Continued

Number of sceds germinated (%)

Carpobiological Studies of Crinum asiaticum

Spaas paAuoap
JO JoquunN

var. japonicum

Lo

™

I8

o
[

Spaas SuIAl]
JO Taqun)N

40

195

190

(Burar)
SBuI[pods
Jo IquuuN

[ e

100
87
2

100

100

60

(patayais
Yjeays
Areuopa1£100)
sdunpoas
JO BqUINN

o

40

185

poreuIuIDd
Spaas
10 Joquun N

100
Ioo
100
29
31

100

100

100

Ioo

100

I

spoos Jo
wqunu 20T,

HHHHHHH

100

100

100

175

170

165

160

150

140

130

120

115

II

109

R

106

w .
~
) i

I~

o

265

260

e

255

250

b

Number of seeds germinated (%)
5

o




I
|
l
|
l
l
!
l
|
]
!
I
|
l
l
i
i
!
I
l
i
{

&

I
!
!
l

Taruy Kosmimizu :

I:

— e e ] — e e e e e e o | — e e | e = | e | — | OT | — | ] - | —
o1z| Soz| coz| $61] 061| Sg1| ogil SL1) ol1 oS1| Sgjog | SL | el |69 99| €9 |og| LS| b5 |15 |@gb|Sh|eh|6E]gf|EE
(%) poanfur sSuipess jo TequInNy
—_—— = =] == == — panfur Apjerdwos s3urpoa
pasmiy ARt o £HHIpoas 9z, ‘381 3dag-Sz ‘o€ A0N 12JeM-BOG
—_— === === poanfur APYSis sHuUIpaag
—_— == == == — ] — paanfuy £pjojdwoo s3uijpoeg oS
: 451 3dag— ‘pgz ady . {
—|—loz|objoz | —|—|—|— painfur Anysls s3ulpaag vow\ ! 5792 19 M HouD %E0+H1DUN /N
el28 ) — | —f—|—|—]—=]— oanfur Apyo1dwod sSuifposs;
9 pamfur 412991 c 1pa9g gz, ‘181 3dog-Sz, ‘ot "aoN ufos [DEN % .S°€
— = = —=1—1—1 oco1} — paanfur £[YSHs sdulpsog
z | t1 |6z L — == mflur £jp1e1dwod s3
ge v be ¢ pamin Al PSS 9z, 9s1 “1dag-gz, ‘Yigz 1dy ‘0108 1DBN 2/ N
~— t— 1101 joz}{of|— |0 | —|— poanfur Apusts sSuippeag
/%szm J0 9auSa(T o
le|bzl1z|gr|Stlex |6 |9 |€ 1 | uonennuied - ae(q CIPOIY
1033w séep jo ommﬁ/
(9) peanfur sSuiposs jo Ioquunyy

S3UIPaas 93 U0 TIPAW 9] Jo uompdr snornfuy

Y AIgvV], ANVINENETIING



Carpobiological Studies of Crinum asiaticum var. japonicum 223

LITERATURE CITED

" ABER. A., Monocotyledon. 1925.

BAKER, J. G., Amaryllidea. 1883,

——, Flora of Mauritium and the Seychelles. 1877.

BentTHAM, G., Flora Hongkongensis. 1861.

BIRGER, S., Uber den Einﬁus‘s des Meerwassers auf die Keimfihigkeit der Samen. Beihefte
zum Botanischen Centralblatt. Band 21. 1907.

BovrpingH, L, The Flora of the Dutch west Indian Islands. 1909,

Botanical Register, Vol. 1. 1815; Vol. 2. 1816; Vol. 3. 1817; Vol. 8. 18225 Vol. 13.
1827.

BRENNER, W.,-Uber die Wirkung von Neatralsalzen auf die Siureresistenz, Permeabilitit und
Lebensdauer der Protoplasten. Ber. Bot. Ges. Bd., 38, 1920.

CastiLLo, E. D. D., Illustrations florae Insularum Maris Pacific. 1886,

Crark, W, M., The determination of hydrogen ions. 1923.

Commercial Press, Ltd., Botanical nomenclature (China). 1917.

Cooks, T., Flora of the presidency of Botany. 19o8.

Curtiss Botanical Magazine, Vol. 18. 1791; Vol. 23. 1796; Vol. 27. 1800; Vol. 29. 1802;
Vol. 30, 1803; Vol. 31. 1804; Vol. 30. 1812; Vol. 47. 1820; Vol. 48. 1821; Vol
49. 1822; Vol. 50. 1823; Vol. 51. 1824 ; Vol. 52, 1825; Vol. 53. 1826; Vol. 356.
1829; Vol. 97. 1871; Vol. 100. 1874; Vol. 104. 1878; Vol. 106, 1830; Vol. 107.
1881; Vol. 109. 1883; Vol. 110, 1884. '

Darwin, C., On the action of sea-water on the germination of seeds. Jour. of Linn.
Society. 1857.

Docrers van LEEUWEN, W. M., The flora and the fauna of the island of the Krakatan
group in 1919. Ann. d. Jard. Bot. de Buitenzorg. Vol. 31. 1921.

Dunn, S. T. and Turcaer, W. J., Flora of Kwangtung and Hongkong. 1912,

Duranp, T., Sylloge Florae Congolanae. 1901.

ENGLER-GILG, Syllabus der Pflanzenfamilien. 1020

Gorsrr, K., Orgahographie der Pllanzen. 1923,

— Pﬂ:mzcnbiologisché Schildemngen. 1. 1889.

Gurry, H. B., Observations of a Naturalist in the Pacific. 1906.

HAUSTEEN, B., Uber das Verhalten der Kulturpfanzen zn den Bodensalzen, 1. 11. Jahrh.
f. w. Bot. Bd. 47, 1910

HavATA, B., Enumeration Plantarum Formosanarum. 1906.

HennsLey, V. B., On the dispersal of plants by oceanic currents and birds. (Reported on
the scientific result of the voyage of M. M. Cuariencer, during the year 1873-1878.
Botany, Vol. 1. Appendix).

Hemvickr, A, T., Catalase activity in dormant apple twigs: its relation to the condition of



226 Taxuj KosHiMizu

the tissuc, respiration and other factors. Coroncll Univ. Agr. Expt. Stat. Bull. 399.
1927.

FirLERRAND, W. F., Flora of the Hawaiian Island. 1888.

Hooxrr and JACKsON, Index Kewensis. 1893 -1915.

Kisser, T., Uber das Verhalten von Wurzeln in feuchter Luft. Jahrb. f. w. Bot. Bd. 64,
1925.

Koorpers, S. H., Exkursfonsﬂora von Java. Band 1. 1911; Band 5. 1923.

LorRENTZ, H. A., Nova Ginea Vol. 8. 1909.

Maxkino and NEMOTO, Flora of Japan. 1925.

Martius, C. F. P. De., Flora Brasiliensis. 1871.

MerRrILL, E. D., A flora of Manila. 1912,

~—, An Interpretation of Rumphius’s herbarium Abionense. 1gry.

Miquern, F. A. 'W., Sumatra Zijne Plantenwereld en Hare Voortbrengsclen. 1862,

Moriscu, H., Mikrochemie der Pflanze. 1923.

, Pflanzenbiologie in Japan. Jena 1926.

MoseLEY, N. H., Notes on plants collected and observed at the Admirality Islands. Proceed-
ings of the Linnean society. Vol. 15. 1875.

Nismr, S., A revised titrimetric method of estimating CO, in small amouant. 1924.

Onoca, I., A study of the ancent but still viable fruit of the Indian Lotus found in peat
bed near Punlantien, South Manchuria. 1927.

OVERITOLSER, E. L., A study of the catalase of the fruits of pear varieties. Am. Jour. of
Bot. Vol. 15. 1928.

PriMMer, R, H. A., Practical organic and biochemistry. 1920,

RenpLe, A. B., The bulbiform sceds of certain Amaryllideae. The journal of botany. Vol.
39. I90I.

Riprey, H. N., Flora of the Malayan Peninsula. 1907.

Rimpacir, A, Dic kontraktilen Wurzeln und ihre Thitigkeit.  Beitr. z. Wiss. Bot, 1II.
1898.

Rorery, W., Icones Plantarum Indian Orientalis or Figures of Indian Plants. 1853.

Sarrorp, \W. E., The usefal plants of the inland of Guam. Contributions from United States
national herbarium. Vol. 9. 1905.

SALTER, J., On tne vitality of seeds after prolonged submersion in the sea. Jour. of Linn,
Society. 1857.

Scrramsact, H., Flora. Bd. 117, Heft 1-2. 1924,

ScriMreer, A. I. 'W., Die indo-malayische Strandflora. 1891,

ScituMann, K. und Lanrersaci, I, Die Flora der Deutschen Schutzgebicte in der Siidsce.
190I-1903.

SmarL, J. K., Flora of the southeastern United States. 1913.  The hydrographic department’s

current chart. 1910-1921.



Carpobiological Studies of Crinum asiaticum var. japonicum

[
v
~1

TiseLroN-Dyer, \W. 1., Flora of Tropical Africa. Vol. 7. 1818,

TuNMaNN, O., Mikrochemie der Pflanze. 1913.

Ursrict, E., Biologie der Friichte und Samen, * Karpobiologie . 1928,

\WARMING, Eug.,, und Gragsner, P., Lehrbuch dec ékologischen Pflanzengeograpie. 1918.
\WWEGNER, A., The origin of continents and oceans. 1924.

Wieurt, R, Figures of Indian Plants. Vol. 6. 1853.

EXPLANATION OF PLATES
Plate XV

Fig. 1. Pncumatode, formed on the surface of a root of Crinum cultivated in water.
P, passage cell. ca. 300/1.

Fig. 2. Separation layer of the leaf-sheath. The distal portion has been withered and
covers tightly the outer part of the seedling. S, separation layer. ca. 300/1.

Fig. 3. Transversal wrinkling on the outer cortex of the root. /2, passage cell; JI,
wrinkle; Zp, epidermis, already withered. ca. 350/ 1.

Fig. 4. Callus-forming cork-cambium, arisen in the cotyledonary sheath of a seed
which was in N/z NaCl solution. C, cork-layer; /7, endosperm; S, cotyledonary sheath;
Ce, callus-forming cork-cambium. ca. 250/1.

Fig. 5. Formotion of callus in the injured surface of the endosperm. /2, endosperm ;

117, withered tissue of the endosperm; G, callus-forming cambium. ca. 350/1I.

Plate XVI

TFig. 1. Cross-scction of young fruits of Crinum asiaticum 1. var. japonicum BAX.
C, carpel ; Ch, chamber; P, placenta; Zd, endosperm; 2V, nucellus; Z, embryo-sack. ca.
20/1.

LFig. 2. A portion of the surface of contact of the endosperm and the embryo. IEnd,
endosperm ; Emb, embryo. ca. 250/1.

Fig. 3—8 The development of the cork-layer in the seed. 3, cross-section of the
endosperm, showing the cell division at the periphery cells, ca. 200/1; 4, 5, 6, the cambium
formation is just in advance of the 6th—7th layer from the periphery, ca. 200/1; 7, the
cell wall of the cork-layer is thickened, ca. 200/1; 8, the cork formation is completed. ca.

230/ 1. -
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