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                       INTRODUCTION

    ])ifferinsr fron2 seeds in .,(.reneral, tlrie seecl of Cri'nuni (z•si.2z•liL'ix•rn.

(BAi<Ei< i888) has a peculiar character. It is soft and succulent just

lil<e a tuber. t?)N"'otxxrithstandinsr that it has no otlier special floating

tissue than the pareRchyincatolis enclosperni "Tith an air--contEiii)ins}-

interceliulay space, it is Nvidelryr clistributed on the 1)acific coast, and

srenerally accepted to be clispersecl by the ocean currents (I-IEHixTsLEy

i873-i878; A'IosELEy i87s; GoEBEL i88g; Sci-im•ipm< i8qi; Xeqltu<bfitNTG

and G'RAEBNEi< igi8). The occiirrence of it in Cracatau (Doc'rE}is vAN

]'.EEuxvEN ig2r) seeiriits to prove this idea. 'Itt Japan, a var'iety of tliLis

species neuned 1?xPoiizic'2uiii) shoivs a "r'fcle distribtition oii the southern

coast.

    NXarious experinients have been macle by several authors (C.

  I) Cri'izuiia ct.sictticu.7n, wcxr. 7trPonicurin (BtsKER i888) is in its general featLiyes nearly

the sanie as C•:. asiZxtiZ'uvi, only svlth tt slight ditl'eretice in tlie follo"ring 'charaÅët'ctrs, tia"iely:

leaves t}vniey in tcxtuye; pedicels longcr; l{nib a littlu shorter. • '
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DARwkN I8s7, SALTER i8s7, IBii<GEi< igo7) to discover vitality of the

seeds ln sea-water. tYccording to these authors, tlie powers of resist-

aRces of the seecls to sea-xvater differ greettly, eve.n in the varieties of

the same species. Some l<inds of seecls are killed by a short iinmersion,

but others survive several inonths.i)

    As to the seed of Cn'num here dealt <vith, there is also an ex-

perlmental fact discovered by Guppy (igo6), that the seecl oÅí Cri'num

(species not descrlbed) put into sea-water can float without losing" its

germinating' power for a weel< or two. .But the ability to float for

two weeks seems not sufflcient for the wicle dispersal, and inoreover,

the behaviour in question was not observecl in detail,

    The writer examinecl, therefore, the seecl of C•ri:iizt•ii2 asiatzb2tm

var. 7ixPoniLTum carpobiologicaily :2) that is, he endeavourec! to learn

xvhat structure ancl clevelopnient the seecl has, hoNv long it can fioat

aiicl retain tlie power of s,'ermination ii} sea-water and various other

ineclia, ancl xvhat inode of aclaptation it possesses against the environ-

mentai factors, especially tl/ ose of the sancly shore.

    'l"he naaterials usecl for the experiments were collectecl chiefly at

the beach of the Se.to ilNiJIarine Experimental Station, "XVal<ayama Pre--

fectul'e.

      I. MORPHOLOGICAL STUDIES OF THE SEED
                 i) xlfo rP li o lo .o'y of tk t" Se' ed

    The seed of " C•n'n2iifi" lias a nal<ed ovule xvithout integunient

(('x'OEBEL i88g, ScriLiMBtxcH ig24), ancl is bulbiform, it$ outside beinsr

protectecl by a corl<-layer. At fiirst the embryo is in the e'mbryo-sacl<

xvhich is iinbedcled in thc nucellus attachecl to tke placenta as usual,

but the endosperm develops then enormously, growing' out of the

  i)Ior exainple some species of Cruciferac-, Cyperaceae, Chenopodiaceae, Co]npositae,
Umbelliferae, Legmninosae and Caprifoliace,tte etc.

  2) "Carpobio]ogy," a new tevni introduce{l 1)y ULBiucii (Biolo.a.{e ce-r 1ft'Cichte und San)en,

" !<arpebiologie." ig28).

                           '
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nucellus and forming' a large fleshy mass, completely surrounding the

small cylindrical embryo (Fjg. i).

thickness tal<es place chieHy on

        t.

it

   . ... . 1 ,,..t t.,,1.. . / ,/./../.t../... ..1 .. . .. ,,..tt. .,

 Fig. I-A, fruits of Cr?'nuni
       cl"oss-sectioll of

       endosperin; ill nucellus;

chlorenchym-layers (CToEBEL

contrary little by little,

centa, and at last when

trace of it, neither nucellus

a thin protective c,oatmg

(Plate XVI. 6). Thus

endosperm with the
fleshy niass with
protected by the
    The embryo may
cotyledonary sheath

the short axis and the

    XVhen the seed

the radicle is pushecl

of the cotyledon.ary sheath.

This growth of the endosperm in

the outside where we find then

• s,'•••q

                   tS,l ,,,...

                         N--'X '•i
                     fi '(!)
                     i' "'

  the young frtiit; C, carpel; Clt, chaniber;

        E, embryo-sack. ca. 8!3.

          ig2o")• The nucellus

    remains only in the part

     the endosperm becomes

        nor microphyle, can be

  ' of cork is formecl on the

    the ripe seed is simply a

      embryo therejn, '
    all alr-contallllns,'

  cork-1ayer.

     be divided into four pa.rts:

  (RENDLE
    basal sheath) and the radic

  is allowed to germinate at the

   outwards and doxvnwards chiefly

         .TNIoLiscH, (ig26) saw the

(E)

M' kb-'

 .•c

----
ch

--  --- P

                     B

                    I/5; 6', cliagrannnatlc
                      P, placenta; Etl,

                     reduces on the

                 attached to the pla-

                 more corpulent, no

                    seen. Ultimately

                   surface of the seed

                      mass of the
              conslsting of a soft

              intercellular space,

                     the sucl<er, the

igoi), the base of the plumule (including

                  le (Fig. 2).

                    eclf)-e of a desk,

                      by the growth

                      radicle alwtavs
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appearingr through the fiat side of the seed. The writer obsenred,

                  however, that the coty1edonary sheath (inc1ud-

                   ing the radicle) acts positively towards

-'-" S"-"''-

    •----c`-•--..
   1
    -•---B'-------             --
    '"R

   AB
Fig. 2-A, embryo of
  Cri7Zltllt iTl SLII-f,ICe

 view. S, sucker; C,
 cotyledonary shetath;
 B, base of plumule;
 R, radicle ; B, lon.cri-

 tudinal section of the
 embryo. ca. 21i.

Iedonarv sheath

: uccessively

k

    the

upwards.

g-ravitation from an early stage within the
endosperm, ancl breaking through the endosperm

and cork-layer, it mal<e.s its way out and .crrows

downxvards, so that we can see the radicle. emerging

from various sides of the seeds, according to their

previous position (IFig. 3). The elongation of the

cotyledonary. sheath carries the / adic!e doxvnwards,

while the upper part of the cotyledon remains in

the seed to form a swollen sucker by means of

which the nourishment of the endosperm is gradu-

ally absorbed. Aftor the elong.'ation of the coty-

 lateral roots grow out with ca. 2/s divergnyence

    X/Vhen the seedling is exposed in the air, the

                                          ;

                         hf                    - L-. -t kt'                                     y.
                    [

                                                         s
                   et:.1, l.tt ',' ,li
                   ".'.Jl

                Fig. 3-Showing from varions
                          sides

base of the plumule tl]ickens bulbous formr) (Fig. 4, s),
and xvhen the leaf-sheath has been withered by dryness, tho leaf-sheath

covers tig'htly the inner part of the seedling, protectingr it froni xvither-

ing- (Iirig. 6; Plate XJSL'. 2).

,.  t., ... t..,

 /=.i.'t'l: •gr. ' • '"''''

        /./   ''' •' 4tt
     tt   tt        ttt           ttt /t tt

embryos emerging
 of seeds. ca. if3•

 to assume a

     :ri-"J'

.,

 .le,-:.

   i) Strictly speakin.cr,

intcrinediate ])et"'een a

tlle

corln

thicl<eni]].o of the bRse of the pltunule corresponds to

 and a bulb, as T)oth the leaf-bases ancl the ste]n partake
c? o fOl'111

it'
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   Fig.. S-Seedling
     base of the
     sheath thiclcened
     ca. ili.

Dec., ig2s. The

the range being

ii'

iii'i

'

 -
sho"'ing the
cotyledonat'y

l)ulbiformly.

axrera.o-e

I tO 24

ltg'1I.W
s,1]'1g

         t ,.',,-,•,k,kei •tL...fi

 Fig. 6-The leaf-sheath which has been with-
  e    ered cand covers tightly the outer part
    of the seedlin.cr. S, separation layer.
    ca. i12.

   2) Ji 'e l.e-liX a7zd Slge of

           !/l (" .g"e(' al

    The weight and the cliameters

of the seecl "rere measured with seeds

in the resting stage, on the 2nd of

 of 36s sceds was 8.s4Å}o•3g7 .onyMS•,

(.Fi.o-. 7)• The long- and the
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diameters of 33g seeds were 2g.73Å}o.i28 mm. and i7.66Å}o.og4 mm.

respectively. Before the opening of the capsule, the seeds. are found

in acompressed condition so that after the opening of the former the

dimensions of the seecls may increase imm. or so.

        3) uZ7oT777ation of llie CoTfe-layer o/llze Seear

    The cork-layer of the seed is formed at so early a stage that the
                                                    iseed is small (s-io mm. in long+ diameter) a.nd still covered with the

green carpel, At first the cell division is very rapid at the peripheral

portion of the seed (Plate XVI. r)), and then acambial layer is formed

on the inner side of. the 6th-7th layer from the periphery (Plate XVI.

               • r 4, s, 6), And the cells outside of the cambium
 ..' '''' """""- C ' thicken gradually and change to a cork-layer

    , ,' (Plate XVI. 7, 8),
  tt    ttt tt tt tt tt tl-tt                          XVhenapart of the endos.perm is cut off,i

 T. -,. .•.. .,/ and exposed in the air, there is formed also
Fi ;blt8-.}geetdh,i]i,."d'.hsi82,.;,i a corl<-layer from the wound-curing cambium

  and embryo was renioved and the seed is protected from desiccation and
  ancl a callns was forrned
  in a part of the coty- iiifection by microbes (Fig. 8; Plate XX'. s),
  Iedonary sheath (C), and                      but the seeds, wounded in a pa. rt of the endo-
  in the endosperni (C').
  ca- 2!3• sperm in sea-water or N/2 NaCl solution, decay
before callusing.

    4) JKale7'-ronlent a•7zni sPeci:17c Graz,i'ty oftlie Seeals

                  a,) JT'alrr-co72!r72t of llie Seeal

    The seed is a soft fleshy mass with an air-containing intercellular

space. ScHuMBAcH (ig24> measured the water-content of the seed of

Cri;mtm (species not described) and found it to be more than g2o/o.

The author exami,ned it also on the 2sth of Dec., ig26, with seeds

of var. 7lrPoi•2i'cum collected 43 days before.

    The seeds were divided into three .crroups according' to size (large,

inedium and small), and each was chopped up and put into the
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tubes, and desiccated in the electrjc

  The result of this observation

TABLE I

drying- oven

is recordecl

for

in
2i[ t

Averafsve

 Avevacre xveioht
     ts         obefore clesiccation
   (In grams)

I8.37o

Io.S93

4•439

II.I34

Ayera.oe weiglit
after clesiccatlon
  (1 n g.ranls)

i.677

i.o46

O.S4I.

r.o88

'XVater-content

  <In %)

go.8

90.I

87.8

8g.6

    'II]he water-content of large seeils is a little ..o.'reater than that of

smaller ones.

    Fiirther. test was macle upon different pi :irts QÅ}' ihe seecl, narnely,

the corl<--layer, chlorencliym-layer (endospenn with chloi"ophyll), white-

layer (enclosperin without chlorophyll), embryo, sucl<er and cotyleclonary

sheath. T.lrte materlals iisecl xxTere iiii the t'olloxvin.o' conditions: (i)

seecls a little. unripe, collectecl in Sept., ig27, ancl placed in the store-

yoom for 2o days, (2) seeds well ripe, collectecl in Oct., ig27, and

placecl in the store-room for 2o days, (3) seeds stored in the store-

room for one year (Oct., ig27-Oct., ig28>, (4) seedlings stored in the

store-room for one. ycar ((.ct,, Ig2-/-Oct., lg28).

                            TABLE 2

].'t'll"t of the seed

Cotk-layer ...,........

Chlorenchym-layev

XXrliite-layer ..••.••.•

Embi'vo ...............

Sticker..................

Sheath of cotvledon

A•Iate't'ia} No.

<i)  (2)
<XXTater-content

(3)

iii %)
(4>

 O.ol

93

92

S7

 O.OI

94

gr)

86

 o.o8

84

82

86

 o.oo8

88

87

7•8

87
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    Iroin this clata it is se.e,n that the (sorl<-iayer contains practically

no water, and ehe outer part of the endosperm contains more water

or less of the intercellular space than the inner layer, the order beiiag

as follows: chlorenchym-layer>white-layer>embryo. The xvater-

content of embryo cloes not change even if the seed is
e: posed in clry air for one year.

              b) Tlie sPeciLZ;c Grarwly of tlie Seeal . .

    rlrhe specific gravity ol the seed xvas ine.asured by the aid of the

hyclrostatic balcknce, and the result is s]'ioxvn in the 1'ollowintg table.

                          TABLE 3

                    Ifat'erials

...th....+-..........ew.t..........--..r..........-.....................................................t..............

 SeSCglS.,it96'e}l.iyn sCltlln,pg,c6elltn,i', 3(tsl::>?,s 60-T8ec•) from Deceml)er i,t

 Seeds clesiccatcd in l'I2SO,-clesiccator Crom .Decembee ist Ig2s to
  July sth Ig26 (243 days)

 S. eeds. floated in axT/2 N'aCl solution froin Decen)ber ist ]g2s to Ju]y
   r,th xg26 (24r) clays>

 Seeds fioatecl in well-water froni Deecmber ist Ig25 to July stli

   I926 (243 days) .
 Seedling fioatecl in sea-watet from Deceniber ist ig2s to July sth
   ig26 (243 days)

 Seecls innnersecl in seca-water froin INIarch 2rtt'h Ig26 to Ju]y sth
   I926 CIoo dnys)

1 spec"le g,,ravity of

i the fresh seedsi)
/

     o.$32

     o.823

     o.79S

     o.93 2•

' o.740
i o.So5

    I?. roni tliis table it inarL.r be seen that (i) the. differeHc.e be.t,xxreon

the specific pgravity of the see.cls storecl iin the danip cellar ancl that

of those in the .Trl' 2SOlj--clesiccator is only o.oog, (2> the seecl fioated in

xvell-wtxter for 243 days sho"rs the greate,st specific g'r?xvity, ancl (3)

the decreac se of the specific grax'ity in sea-water is reniarl<-

able., suggestin.o' that it may bc convenient for the clis--
persal by the aid of tlie ocaan currents.

  i) Though the specific gravity of the fresh seeds has not yet' been ineasiu'e(l, all of then'i

fioat very "rell "rithout exception. • .. . .



grams (Big. g). It is very

interesting that starch is not

reserved in the endosperm but

only in the embryo (Fig. io).

              //.
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         IL CHEMICAL STUDIES OF THE SEED
        i) Uz'croclze77zz'cal ln"tyesli'g'ati'ons o.ftlze Sred

    Starch .o"rains are not detected at al1 in the endosperm even at

the clormant stage of the segd, as was reportecl by ScHLiMBA.cH (ig24)•

Even in the chlorenchym-layer, which lies at the inner .side of the

cork-layer, the aLssimilation starch is not detected in the chloroplast,

but in the embryo, especially in the sucker of the cotyledon thore

are many large reserve starch
   . ". . ...F.ts/.,F..{,::',r"'IC::"":///'":{,t, ...t...

 ,. . ....• ...TL-,'1'•'• •, '' ''=
   Fig. g--Starch grains in the
     embryo. ca. 85oli.

    Before g'ermination the

formly in the tissues of the

the radicle and the pl.umule.

and cr.owd tog'ether around

as the plumule is living, but

w.ater, the starch ..o'rains can

    ReducinsT s.ugar Kvas

enclosperm and embryo (Fig.

gnyrow any more in the seecl,

a supply of xvater, sugar

of the seed except in the

   starch

   embryo
    After

  the vessels,

   soon
   no longer

  detected

     IO),

   but

disappeared

vessels

   ..ftlS." 'Xl,tll,
  '/fi'i " "'l'i'

,,,:.Jst•,.•,

c/;•;.gilllllll••ii-.,•,••:.--•.••.-•.-.....'l;;.";za•L•••••;:,,,.i••/t///i./i'liiiilli//il/11i'Iili'111il'iiili'Iil'.111iilllli'i•'iii"i'iiili'illlil•/l•I/L//L/l{/////l/{/L,//1•i•iL//i,i.

i'i''i•..-II.ll'l,,,.,.ll,ll-;-";'l'il'""""""1'""' 2'i"'is-::-•---zaki•i:•,.,..,.. 4

  Fig. Io--I-.ocalization of the starch grains

   and reduc'ing suL.r,nr in the seed and seed-

   ling. i-2, starch grains (after Iodine-
   potassitun iodide) ; 3-4, reducing sugav
   (after ct-napl]thole and A[.syF:R's niethod) ;

   Cls, cotyledonary sheatli. ca- 213•

   g'rains distribute themselves uni-

    except in the vmscular system,

   .ogermination they become smaller

      and may be detected as long

 after the plumule gets a supply of

      be detected in the sucker.

   evervwhere•in' the cells of the

  even after rhe seedlin.o' ceased to

when the seed in this condition ..cr. ot

    in a week or so from the cells

in the sucker.
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    Other substances were examinecl also with materials in the clor-

mant ancl s.erminatecl condition, and the results are shown tn the

folloxving tabie.

TABI.E 4

i
l Seed in the resting stag..e Seedling

Substances Eradospe:m F.mbryo

      IlLY,:;]gl-e l.Eil•y•ifwweJww- .l

   o I-++++++l/
l++++++l +-F 111

i'+++++i'ÅÄ++++i

   + i+++I
             t   + -t- -t- I
Ii +++ i++-}- -Fi

l      Il      I/

1 Endosperm Embryo

St:trch

Ikeducin,, sncrar
     bo
Dextrini)

Albuininous subst. I'

Amino acids

l'eroxydase2)

 CTI'eell

 layer

  +
+++

l++++++

  +
  +
  ++

llftdicle i
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    .It inay be mentionecl further, tlitat tliLe. seed conta,ins no nitrate

o.r natJrite, insteacl of. xv-hi(/th anitinc) acicls ti.re cletecte(l.

              2) Ca,la• las(' .•'I cl z'z, i'l' s, o.f X li e .9' (' (' (l

    III-"or tlite detection oÅí catalase activity, a moclifiecl forn/i of OvF..R-

i{oLsEiVs (ig28) moC{ification of IllIEiNcKE's (ig27) apparictus xvas used.

[I)he sainples usutac lly xvei,.o'hin.o' ,about one. .(rrani xx'ere dk'idecl into tl}ree

parts: the chlorenchyni-layer, the xvhitc.-la)rer and the oinbryo. The

activity was measurecl by the time required to liberate frcm O to 3o

cubic centimeters of oxygen at 2oOC.

  i) The cell sap gave a reddish brown colour "'ith iodine. Tlie extract of t]ie sap with
"'ater ancl alcol]ol of various concent'rations, 'aftei' precipitat'ion of tlie ]-educing sugar by

BENEDIc'r's reagent, and hyclrojysis by l]ydrochloric acid, is also positive to BENE.Dic'1"s

reaction, xvhich inclicates therefore that the sap contains clext'riri. fNs the extracts Nvith

S5% and 7o% alcohol slio"r a great'er ainount of precipitation, it niay be concludecl that
erythro- and achroodextriB forni tlie chief constituents of the dextrin.

  2) For the detection cf peroxyclase, guaiac-alcohol, ct-i]aphthole and benzidine were used,

and the benzicline reaction was the inost con$pic{ioiis.
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         TABI..E 5

C.atalase acti.vit'y of the seed of CTri'nttin•

.sc•/[aterial

Average time required to Iil)evate from o to 3o
            meters of oxygen at 2oOC.
                tttttt.t........t.tt.....t.t.....t.tttttt.ttt.tt.tt.......ttt.t/tttttt.t.

F.nclosperm

ctibic centi-

Einbryo

NTew seecl l'"
                 l
Oi

lfi11,geid'e.i,,p,:,i,C,,,\t/t'Ib i'

Old seed. i
 (l,g2iJ;'f,i,OgX.ff..X//,1i:,tXi,id)I•

                 i

91r.le.:..s //i.
;.....l::..:l.rl.:r.i.....f....r.........

              I

    II' S,t

I7tlo't

.XVIilE9r.!`liYSt' ..

  26'27"

  Ih 2s't

niany houvs

2r s7t,

2120tt

4t2oti

    As sl'ioNxrn in this tabte, the catalase activity of the ornbryo is

niuch hig'her than that of the onclosperni, Eind that of tho chlorencl?yni--

layer is greater than that of. the white-layer.

    A.s the seecl has the chlorenchym-tlayeri) in ks outer portion just

beneath the cork-laye.r, it seems proba. bie thcat assiniil.ation mic y occur,

but eve-n aftor a loi3g/r ex- posure in thc s.unlis,ht starch is. not t'crniecl,

though it is not clc.air Nvhothor the chloroplEst jn qtiestion has a

tendency to form starch or no.t.

               .-)) 7N'rsPlra!. /orz 1?al'(' of- Zli.e ,9t'td,

    XVhen the seecls of C•rt>nt'm ai'e ('overed bv v•aseline on their

surface-, or thoy aire jaid in boilecl airless xvater coxreirod xvitl} Jiquicl

parailfin, tl}ey do not gerininate even after -, long tinie. '1"he xvritcir

examinecl therefore the respiration rate of the seed.

    To cleterinine this ca niodification of N'isHi's (ig24) inethocl xvas

usecl ; a cuscrent of. carbon clio. xicle-free air xvas drawn throusrh a veg, sel

c{)ntaining the. seed and then throu.(.rh an absorption tube containing)'

N/2o '..-"a.OIL]1 solution, and the reniaining' alktLli xvas titratecl xvith tt•/2o

  i) The clilovenchym-layev ig. foyniecl in the s. eed "ritthin the cap:"nle Iong before it' is. t'ipe

<see p. i86>.
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I'ILiS04 solution. For the indicator thymol phthalein was used. As the

inaterials, both germinated and not yet gerniinatecl seeds were usecl,

txventy in each set at 2oOC. The results obtained are s,iven in the

follo"ring tetl[)le.

                            TABLE 6
                      'Respiration rate of the seedi)

il'Iaterial

i
l' I;resh xveig,ht

   ({n gms•5

           ll
Seeds, already
 gei'n)iiiated

Seyg//i.ILo,f,,y,et

 e

6.g4

9•78

Dry weiglit
 (ill gll)S.)

[ C02 per hour per gin. of original

i clry weigLht .
   till mgms.) •ill m.ums.)

I.22

I.35

o.i8

O.Io

O.40

o.IS

      III. GERMINATION AND BUOYANCY OF THE
                                                      '             SEED IN VARIOUS CONDITIONS
                                                        '                                              '
    [Il.t is very interest]iBg to 1<no"r l/io"r long the seods can floctt in a

livintg condition in sea-xvater, fresh xvater ancl sonie artifical niedia

sucli as Illi<ENtsTER's-, N/2 IN'aCi-, N/2 NaCl-+o.3o/o CaCl,) solutionsS),

For this purpose, ever.y so seeds xvere put into a wicle glass vessei of

                                                    '
  i) 'L["he respiration rate of the seed is compavatisrÅëIy inarl<ecl, but {n thc l)cld the r;ttc will

be decreased by the xviritei' cold, sca-"'atei' or btJryi!)g.

  2) Dift'used 1{ght+Nitra-]ump of 22o V. 12o XV. at o.s ].YI. distance. NVhy the respiration

rate in the li.oht is greatei; than in the clavk, is not yet tmderstood.

  3) Depression of the freezine.I-point and pT/I-value of the ineclia detennined by the colori-

metyic methecl of Ci.Ai<K and 'LuBus <ig23) were as felEo"'s:

i7VIedia
Depression of the /,
 freezing point l

plif-value

  Se2t-IVIItel'

 'XVe,ll-"'ater

 N12 NiiCl soln.
  3-5;% LN'aCl soln.
  Cell-sap oE endosperm

 N12 'NaCl soln.-Yo.3% CaCl:, soln. i

 BlutNNs;,li's soln. 11                              /y, ' rv""""""'"-Lr"fi'nv"'nv'ww'nv"""mm '"
  'I'he pl'I-value ho"rever so far as their r.uige is

wlth regrarecl L'o L.Termb]ation, other tlian the clien)ical

2• .OOO

o.ol5

2.o6o

o.s6o

E .3 (L}O

[•36o

?;
2

.
7

g[g
coi'icen-necl, seeni to have no sts.fmticance

composition it$el['.
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   Fi.cr. iI--Seeds germinated in sea-water (after 2oo

        days). ca. I,/2.

   t) The sea-"'ater used during thc experiinent, Iuxcl

the Seto-inland-sea, on the28th of Noveml)er, ig25,

before use. The specific gravity of the $ea-watet was

depression of the freezing-point, 2.ooo (3.i2 atin. p.)

  i4S.ccordin.cr to YENDo, the composition of the

near the S.eto-inland-sea, is as follows. NaCl
O.33--o.:3'8 .crms., CaS04 o.o4-o.o7 grns, MgS04

Temperature !oO-27.esC.

Ig6 TAKuJI KosHIMIzv :-
io 1. capacity, each fi11ed with s 1. of various liquids, and covered with

glass-plates to prevent change in the concentration of the media.

Each medium was replaced every txxTo weeks during the first t"ro

months, by a fresh supply of the same one to prevent the propa.cra-

tion of microbes. But thereafter the media, often filtered by cotton,

were not renewed.

    Other g'roups of rhe seeds were stored in the CaC12-, H2S04-

desiccator, store-room, damp •cellar and a water-saturated atmosphere,

and the mode of germination was observed. The results of these
examinations are .criven in the followin.o' paragraphs.

                i) Gcr•m• i7i at i'o ii i •ii 5' ca- zu ale pt

    The seeds put into the vessel with the sea-wateri) were all float-

ing and germinated durinsr 73 days, developing' a few leaves. In

sea-water, however, the leaves become thick xvith short blades curved

in dorsoconvex mode and the roots could not grow more than two

mni. When the leaves of the plumule begin to be injured from the

tip doxvnxvards by sea-water, there is formed a separation layer in the

upper part of leaf-sheaths ancl prevents the extension of the injury

+ r' ' '' '''r''.' - ftirther intd the sheath-
     •.-"-t•• •• ll      '1.•,k. '• •.. I' base. Thusanumber       .'i'1'i.,-.i /,• . i

  sea-"Tater

3.20-2.I2

o.23-O.I3•

 l of leaf-sheaths come to

 : fold round the young
 l
 ; part of the seedling and
 .i
     the latter floats safely

     in the sea-xvater more

been collected at the ;Xkashi •Straits in

and filtered tutice through a cotton p]ug

found to be i.o2s'  (at IsOC), and the
at I5eC.

    at the Bay of Shin-XXrakanoura,
   gmg.., KCI o.i3-o.o8 gms., MgC12
  gms•, specific .crravity I,o2s (IsOC),
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than two years without being injured further inside, and with fresh

young leaves within (Fig. ii). XVhen the seedling-s in such a con-

dition are removed i.nto fresh water or,sand, they are able to grow

further, putting' forth again new roots and leaves ([Fig'. i2).

 .?.l,:-n'"'""-''"' .'. '•'' "',''./1"'• '1' ' i•1•'' .',• i' •'"•,tl.l//lii///,2,ll,.,T'• ii/-' 'l'1

                                   'i'!''..:.....')./tlily'I'',.'i••-,-,,,.' l.'',. ii'''{''']'''•f''s/:.i'1'"'lr''//''''''"'•ii'lll.llil..-,.,,.,' ,/IY.••'..'I/?t7//,,,,

 Fig. i2-Seedlings, which, after Fig. i3-Seedlings germinated in sea-water
   y2vOeOred[a\iaflnOsiieti.irlegdiMinSte8'Wi.teesih" dilutecl to double volt.m)e (after 2oo days).

   ivater and grew anew. ca. il3. Can if4. '
    XVhen the sea-water is dilutecl to double its volume with distilled

water, the roots ..o"row anevT and the leaves show a fresh appearance,

so that the degree of injury seems much slighter (Fi..cr. i3). The

      , 7.. an.. .w• eight of seeds floatin..o' in sea-water
    -tt.•

    ,t' ' ,. t'-..I.•, . increases during the first one weel< but
  /' ..t',"I.'.. ' A'/'FvatsiRt,'',li./i.'''ll..l...... ' :geeere;k.ge].r iigt),decreases very graduany

  'i''i. `'•il . ',..' •' ' 2) C.re7.71n'71 a.Xlo71 bo BRENNER'S

  .lt  S-"ri•,'"'' ,,. ...,. ,pt. SoluX•i'on.
  . ,s.E -' .. ts Åé'te'
  tt           '   •..•. ' The seeds in BRENNER's

di

"

i

s

'

'

'

!

'

'

'
//,

'

'

 Fig. i4-Seeds g. erminated in
  BRENNER's solution (after 2oo
  days). ca. If2.

  i) Bi"F.NNET"'s solution: N,aCl
7aq. o.28gm., CaCI,,+6ttq. o.I6gin.

                               solutioni),

   xvere all floating" as long" as they w• ere

   living, and durins)' 64 days ioo9/o of

   them germinated. The roots attained

   the length of ten to fifteen mm., but

   then their tips all became a little brown,

   and ceased to gro"r further. The leaves

   were a little thinner and longer than in

   the sea-water, indicating' that the seed-

i.82.crm., KC] o.o6gm., MgC12+6aq. o.47gm., MgSO,+

,ls'21tel' Ioogm. •
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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

sea-water as sh, own in Fi.o". i4.

           r)) Gc f' fiz z7t di ti'o 7i zVi IV/2 .ZVa Cl So lu tz'o ii

    The seeds in N12 N,aCl solution were all floating as long' as

they were living, and iooO/o of them genninated durin.cr 7g days.

But when the cotyledonary sheath g-rew to seven mm. or so, the

     St-' . i.J-'-:"wh' ,-'T'"-""T"-•"rE/m.'-ec•T,-r?msr"'"'y"-'----ny---

             '
          '"• h•':1 .,

              ,,Ti:l . •t'i'

         t ttttt                '
     Fig. is-Germination of seed in
      N12 NaCl solution (floated 2o

      clays). ca. I12. ,,
  base of the plumule beg'an to ll•'

  be somewhat transparent, and

  about a fortnight atter became

  black anct decayed by degrees

  (Fig. is). But then a callus- '
  forming cork-cambium, arose in

  the cotyledonary sheath, and

,i:. .,.. 2 ,,:,.../III/t.iv.s,ti'.i,ki{E/{f:r"':"ti':'i":"'[:';:I;ti.'/';;.:

                        ,/"./E II,'''ti' ll"".istil'IIIilil"""""""' ''v"tc•k•-,<,i,/L.,,.il'111,,ill.lr,,.s,f......,...,,,,.,...1/ilil.i..,,.,,,,••,-i•f••••:•

                  Fig. i7-Abnorrnal '
 3 of seed. Roots and                   nary sheath growi,ng in
       '•-'"/s:.•1"'""t'ri eiidOSPei'm or under the

           li'•--•R

. .ilj'kl-lv,.'

   '
   '

di
                      '                     ,k.'
                                     f'                  ttt tt t
                                      '                             '                  t. t
                    .. •,.. •,,.c.illill•ia, ,,-es .

                  Fig. I6-Seedlings gei'minated ab-
                   nornially in N12 NTaCl solution. ca.
                   If2.
                                           '
                         prevented decay. (Plate
                  "l/lillil.•••R                         XV. 4). In this con-
                   :"'Ei]II/;,gi, dition the endosperm and

                    .,f,lllll                    ,•- sucker remained still

                         alive inore than one year,

              hcre",".]l'yiii,thO.i} but the plumule does

                  c.l]i,S iiOt regenerate under

Jayer of the seed• i and 3, whateverconditionsthev
          lonuitudinal sec- vdiaorammatic  bbtion; 2, cross-section; S, sucker;                         may be removed. The
End, endosperm; 1?, root. ca.

3!2• weights o.f the seeds



      Carpobiological Studies of Crinum asinticum war. iaPonicum igg

increased during the first week by about sO/o, then kept nearly con-

stant until they germinated, and after that decreased gradually (see

Fig. ig)•

    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 2oo days after germination (Fig. i6 and i7).

           '  4) Germinalion z'n a Solzttion of .ZV/2 IVTa Cl+o.3o/o CaCl2

    The seeds in the N/2 NaCl+o.3e/o CaC12 solution were al1 float-

ing as long as they were living, and iooe/o of them germinated

during 7s days (Fig, i8). After germination, their roots hardly grow,

     '                                     and the cork-layer is formed////"{•s;/z'tii',.,.,.-....f.'•r"f;,'''ÅÄ'i/:"g•?;.i/',,,,.i/I/i,'S..ii.11S',/T,/itOI'kdPINr.rli,f.:.eq,1ijlir/iik/

 Fig. i8-Germination of the seed in N12                                     with short blades like those
   NaCI+o.3% CaC12 solution (after 2oo days).

   ca. i12. produced in the sea-water,
           g•
           16

           15
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tJ-  -"------- .-- tt"
,. .-
'

1.:::.
 ".: -= (- "4.
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        .1
     til-)
  ......r

             2

   "N. 3He...
  s...}t;.--...e-"---.e4

      Ns-sX-
         Ts+--           Ax5

               lo 2o 3 4o so 6o 7o so go looaays
Fig. Ig---Change of avet'age weight of the norn.ial seeds in various media. I, well-water;

      2, sea-water; 3, BRENNER's•soluti,on; 4, N12 NaCI+o.3% CaCI2 solutloll, 5, N12
      iNaCl solution.
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   Fig.
     2oo days). ca. i14•

seeds durin.g the first

of the solvent into

the weight dvring' 3o

cates that the time

endosperm through

the seeds show a

the medium. The
solution and N/2

crease in weight,

indicating that the
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were put forth, and they were able to exist more than two years

in this condition without .crrowin.cr. The chang"e of weight of the

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

(Fi.cr. i9)•

               s) Ger77iinalion in J'U6,'ll-waleT

    In well-water the seeds remain floating even after they have

grown to seedlings. The seeds an germinated during 4g days atter

they were put in the vessel and they grew vigorously with normal

roots and leaves (Fig'. 2o). The vLTeight of the seeds increased during

                ' the first one week,t . ., .t ..'...T.  .'  .Tp  .....t.-  .t..-t....v..  . }

' "•,..x ,.. ' :,iig ,S.X.2.Z, tg,er2a,f.tS.r

i ... .. i,,L ...' X . "Ii.'

    tt   ttt t ttt t               '

             '
2o -Seedlings germinated well-water

                     This

            the cork-layers.

                     very
            necessarv for

            the cork-la)'er

          different mode

            seeds sea-water,

          NaCl solution +o

         while those the well-water increase

           growth going

sv .

'

tr'x
   s    N.

v

    ill

week.

days is

    m

      .      In
     it
     1.s

              seeds increaseq con-

    -•a',              tinually.
      •,:

...

..

,,..,,'
",'

.,..

Egr.?,'k.i:sSll,P,ldi,lieili,l?pa,il'-

    (after an increases aboutsO/o

              over that of the fresh

  is probably due to the penetration

      After that time the change of

   little in all the media. This indi-

  the media to penetrate into the

  is coinparatively long. Thereafter

 of change in weight accordingny to

       N/2 ]NTaCl solution, BRENNER's

   ,30/o CaC12 solution gradually de-

                    on the contrary,

   on normally.
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        6) Ge7'Jz•nitaation of..9eeas laial on Sanal ana

                buptz'eal zn Santl resPeclz'"delv •

    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 g'roup 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-

                 e

        ,,,,,,.,I,llli,..,,i,,,,,be,,,,..,.,i'7 '',>'.-••.•.'''''''"i':s//•' '1111

 Fig. 2i-Seed]ings germinated on sand (npper row), and in sand (lower row). They
       were sowed at the same time btit the growth of the former was delayed because
       their radicles took much tinae to penetrate into the salld. ca. i14.

rate into the sand easily (Fig. 2i). It is conceivable therefore

that it is hard for seeds brought to a dune or sandy p, lace

to .crrow after .crermination unless thev are buried in the

sand by wjnd or ot,her agencles. But if they are covered
to a depth of over ten times their diameters, they lose the ability to

expose the plurnules on the sand,

           '
          7) Germlnalion of Seeds in a PVater-
                   salz"'ated AlmosP liepte

    The seeds, which were suspended with twine in a glass cylincler

wrapped inside with blottingny paper wetted with a constant supply of
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  '
      tt

 atmosphere.

      up

  after the

   of five

  seen gradually

   22).

  seedlings

    ed water

    their

again, especially

  distilled

8) G(iTniz'nali'on

    seeds

     lived

   in this

 the non-o'erminated

  still living

  able to crermmate.

 short

    and

  but they

      is

      Fig. 23-Seedlings cultivated in water.
       A...seedling cmltivated in KNop's soln.,
       B...seedlings cLiltivated in distillecl
       water. ca. I!4.

 (Fig. 2o").

    2Vi llie Desz'ccator

  were stored in the H2SOt-desiccator

     than one year, and about 4oO/o of

     durin.cr 27s days• IE• ven the seeds

     condition in the desiccator during

 when they were removed into fresh-

       The leaves in the desiccator are

rolled inwards and the sheath of the
   by a thicl< epiderinis. (IFig. 24, 2s)•

    grow more than one or two mni.,

    with a thick cork-layer just
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like a velamen.

.A {.•
vr  '•L   " t' .t. .i . i"'   '  . . .4
   '

B)
st

   .tl'lV•,1

"e"e
{gm ", ges

    eebee
e ,aeest , fllk} ut

         P e .,pt'by.. "E:2i$."'$tpt,

Fior.. 24-Germination of the seed in the desiccater. A), lar.cre-sized seed; B), left half
      "rithoat cork-lay'er and cot-k-can}biuin ; right half ivithout cork-layer. C), srnall-

      sized seed ; D), m'idclle-sized seed. ca. I!4.

t/t

  t-
.•  ",/

:tt tx

t J•          't.  t .tt.t  tt. t. -t  tt  ' 'twt
  .,."s•;- r• '

   ' .2••

        /. ,.,.. ,.. /tl t.,. .,,i,t.,.t./,.../,1.,tt t./1 .t t.

Fig. 25-CTermination of the seed in the desiccatot ca. 2!3.
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          20 40 60 80 100 120 140 160 180 200 220 240 260
                     ,Lapse ot days
Fig. 26-NVeight change of the seecls w!th or without cerk-]ayer ander various conditions.
      trt, H2SO,-desicccator ; b, store-room ; c, CaCl-p-d.esiccator (s/Tit'ho"t cork-layer) ;

      tl, H2S04-desiccator '(iirith6ttt cork-layer); e, CaC]2-clesiccator (without cork

      Iayer hnd Åëorl{-carnbitun). • • •
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    The seeds in the desiccator decrease in weight very gradually,

as shown in Fi..cr. 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 "iell shown.

             g) Ge7'f7zination in Xlze Slopte-7'oonz

    The seeds laid in the store-room, decreased in weight very
graduallyjustlike the seeds placed in the H2S04-desiccator (Fig. 27).

                                       From this fact, we know

 Fig, 27-Delayed germination of seed in the
   store-room. ca. il'2.

wetl-x?vater, 3.s7 e/o NaCl solution and saturated

they were placed in the same green house (Fig.

     ,ljR 4o
     .s

     8
     8
     ca 30, 11
     8

     P}     es 't     st :N     'g 2o, :t/ Xx

     O J' S-     hD t '--L              Jt N..S     g-l - -s     o:x     :l.; iO' ,.:/ ,W X'x.... .-./hxie: mll

          Jt--- --I----P---     E     E

that the cork-layer works

very effectively for the re-

tention of x?ixat.er. The .o'er-

mination of seeds both in

the H2S04-desiccator and

the store-room was delayed,

probably by the want of
water, much more than that

of the ones in sea-water,

  atmosphere, ex'en though

     28 and Supplementary

       20 40 60 80 100 120 140 160
                      lapse of da:vs
28-Number of germinated seeds in various media
   soln.; s, sea-water; w, wel]-water ; e, exposed

<-"--x.-

Fig.

 180 200 220 240 260

and conditions. n, 3•75%
in air; lz, H2S04--desiccator.

NaCl
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table 3). The percentage of seeds that germinatecl d.uriRg one year

in'the store-room xvas about 4s o/b,but the others in the non-.o.'erminated

condition were stili al1 alive, thoug'h they had de.creased niore in

"reight than the g'erniinatecl ones. '
          io) IN'r51e Pla•.:,cd l];v tlzc Co7'1.'-la,yr7' 7'7z tltc

                   l) 2t 7j a- b i'li7• .a, of t li c Se e. ds

      a) Sesd•s d•cPri"t,fd qf t/iei7' Cof'le-lop,e7` m f,a7'2.o7ts Med7.'a•

    XVhen seeds dcprivecl of their cork-•layer are im;•nersed in liquid

nieclia, an increasc. ot' xveight occurs in xvell-xvater, xvhile in sea-"rater

i""3' or NaCl-solution ehe wei.(rht
                                       decreases marl<cclly during
              ..-.e----za-....12                      -"'N         '...-.-et.     r--" N"''`'s•y. the first two days, then in--
iL . / creases gradually (Fi..O'• 29)•
   /iO ><f ..".....-.---.----...-...2 But in all these cases the

   N .i"
'

,

ii

s.'sA"N- Nvt/ 3

     2 4 6 8 10 12 14 16 aays
 Fig. 2g-XXreight-changes of the seecls without
   cork-layer in three inedia. .i, ivell-wat'ei';
   2, sea-"rater; 3, NT!2 NaCl solution.

cork-layer serves a,s a .o'ood protective

seed in the liquid media ag'ainst

    That the seeds in the sea-water
markedlY decrease in wei.o.'ht ancl then

attributed to the fact tha.t the liquid substances

o,smotically into the media and theR

       b) Tlie 1?"i'a.tzo7z bel7cte"n llie

                   • l/li.'a.ler-co7z.lent qf Zlie

    The seeds were stored duri'ng two

and stoye-room to observe the relation

     seeds clecay sooner or later,

     probably owing to the ex-

     osmosis of nutrient sub-
     stances and to infection by

     microbes (Suppiementary
     table i). From this fact

     we 1<now too, that the
       ' 'covering' for the
 exosmosis and infe.ction.
    and NaCl solution at first

   increa,se graduaily, niay be
          of the s6eds ooze out

seeds beg'in to decay.

  Ge7v7izbzalzbn-Po7c,e7' a:7id

     .S"(tealrs

  years in the lil2SOi-de/giccator

between their .ogermination-power.
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and water-content. After two years most of the seects germinated,

aJid even those which g'erminated in the desiccator could live for a

iong time, and their weight decreased relatively little. The non-

germinated seeds also germinatec! after removal into fresh
xxrater and there xxrer,e oniy a Åíew which desiccated to death.

                            TABLE 7
                    The results in the I-T2S04-desiccator

conditions of seedsl

  and secxilings

 Germinated and
still alive

 Germinated but
withered afterwards

 ax'on-germinated
but still alive

 Non-gein]inated
and died

Total
  (In

nuniber
%>

ii

I xxTeight of tlie

 seed before exp.
   (In graiiis)

3.o2

2.6g

3•S2

I•34

XXreight of the
seed after exp.
 (Ill gllft1)IS)

LSI

O.90

l.88

o.48

Averaore decrease
    ts of the Nveight
   (In %)

i,

The

  TABLE
results in the

8

stove-room

Conditions of seeds[

  and seediings.

 Genninated and
still alive

 Genninated but
ivithered after"rards

 Non-genninated
btit sti]l aliv•e

anilLTOdi]Egderminated

Total
  <In

ntnnbei
%)

1,

XXTeioht of the
   tsseed before exp.
  (In gi'ams)

4,28

3,ol

4-43

2.0I

XXreight of the
seed after exp.
  (!n gra]ns)

2•3!

o•97

3•i7

I.o2

Average decrease
 of the weioht
        b   (Iii %)

    As shown in the ft. bove tables, the average decreases in the weight

of the seeds in the Iil2SOsdesiccator are Rot very different from those

in the store-roQm, anC[ the mimber of t;ie seeds that did not .crerminate

or died in the Åíormer is less than that in the latter. • -.
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    But when the seeds, de.prived of' the cork-layer, are laid in the

I{2SO,--clesiccators, the water-cont.ent decreases rapidly. They decrdase

dur.ing -?o days to 8sO/o of the fresh weight, while the intact ones

lose only 440/o during' 266 clays in the same ctesiccator (Eig'. 26).

'IIrhe efflciency of the corl<-layer creg'ainst the loss of water

is thereÅíore clearly shoxxrn. The results of the experiment are

shown in the followin.o' table.

                            T. ABLE 9
         Decrease in the average syeight of the seeds, without cor]"layre

                          in the desiccat'or .                                        t tt                                           '
                      . (In granis)
                                           'XDesicc:atioLIPSe gl..//.r.rs I

l o I 3 I7 20 rl7 230

In CaClo-clesiccator

In }I2S04-desiccator

9•29

9,S2

8.6o 7.48

7.87 6.6g

TABLE IO
      the nornial
  the store-rooni

  (In .c.)ralns>

2.o6

2.03

 seeds in

r.63

i.s6

 the

   I.I6

   L27

desiccgtor

•LIS

r.26

Decvease iii the avera..o.e weight of

and

c.l,L'it;..l apse ?1..1 .:t' ..II

-

o 3 5 6 I2 18 24 43 i52 2o3 266

In store-roem

In I-I2SO,-desiccator

6.84

7.5I

6.5S

7•39

6.s2

7•34

6.sl

7.3I

6.45

7.2I

6.3 7•

7.I2

6.3o

7•04

6.o9

6.so

S•I2

5•79

4•74

S•o7

4-IS

4•I4

the

   IV. SEEDLINGS IN VARIOUS CONDITIONS
           i) Scedli'n.o's in "ua7'lo2ts nfedla . -

The influence of various Iiquid medla on the seedling is riearly

same cas that on the seed! itself (Fi.cr. 3o). In well-water, the
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roots' and

in wei.ght.

          tt
,gi

 ll ."'

 io

      ,

             Zl"Al<uJI I<OSI-IIMIZU :-

leaves grow very rapi.d!y, the se.edling's gradttallzr increase

 But in se.ic-xxTater they at first decrease in wNxreig'ht, then

                                 relllaill col)st.clllt {n xx• rei.o.'llt,

                                 flOcltillS.)' colllparatively

    •a ' t free from harm iiiore                  ------J-----
                --f
..•""""'

b-'--'"'"-"'  than one year, anc! theifr
'

                                 roots or loaves 'can not

      c groxv as in the. case oÅ}'.
                                 xvell-xvateir. fNs soon as
                       '

                      " will

however mto tke. sucl<er o 30
                         ca
xvhich is buried in t!ie g.- 2o

endosperms, forMillg'  cl :co lo

callus in the cotyledo- g
                         z
nary sh.ecftth.

    Anotherex.perlme.nt Fig•

was carriecl out in con-

iTrection N?LTIth plzunul{its

.?N<T/2 )NLraCl solution or

Nv.ith wc.II-vTater grexv ve/ >,r

solution were coinp!etely

xvith sea-xvater xvere iniured '

brown ..o'radually (Fig. 32).

fclCt tll at C7' Z'7Z 2f 77Z ..O' 1` OWS

distance froi-n the beach

                          '      6 8 10 ],2 14 l. 18 .20days
 Fic.r.• 3o-XVei.cht-changcs of tlie seecllings iR three
   media. rt, sea-Nvater; b, well-"Tater; n,•NT/2 NraCl
   solution.

too, become thicl< and grow very slox/rly.

    I[n the N/2 IS'aCi so!ution the weight

de.creas.es, ancl their radicles are lnjured

mentary Table 4). 'l'he co
injury nevef penetrates fi 4
                         6         .o a

  the roots appear they

  be, covered b.y the thicl<

  epiderniis and can not
  f'>'ro"r inoi'e. [L"lLe leave.s,

 of tha s.ee.dlings ..o.'raclually

(ISi.s`."• 30, 3i, ai:id Sul)ple-

    b

            lo' 2o 3o 4o so 6g
                  Lapse Qf days •
       3I-ITumbev of the seedlinsTs iRjuvecl in LX'!2 NTaCI
     solution. ct, slight]y injured ; b, coniplel'ely injLired.

 pl-cntecl in pots, ancl soal<ed xvith well-xvater,

sea-xvate.r txvice a clay. The plumules socal<ed

     we!1, but the ones soicl<ecl with N/2 N'aCl

    injurecl after 2o days, and the ones soal<ecl

      in their root-tips and their leaves become

        This experinaent aluciclates clear'ly the

     usually on the sandy soil at sonie
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          . , .t'... . . •. ,'3
 Fi.cr. 32-I'lumules soaked with sen-"'ater (A): N12 NaCI solution (B); well-water
       CC). ca. i16.

               2) SeedlXn.o's r'n a da.mP Crllnv'

    The seedlings were hc id in a damp ee.llar for two years to obserxre

hox?sr much they werc able. to grow with only their own nutriment,

preserved in their seeds. During' i8 months they g'rew abotit 8 cms.

in len.o'th, and had thr.ee or f.our leaves and three or five very short

ro6ts. From that time they became weak ancl stopped growing', :s

if the.y lacked nutriment (Fi.cr• 33)•

:

i

!.I$liii,•ii.•-

2

Cf,

,

l

".t

sized

•"

        Fig. 33-Germination of seed in dcamp celJar. ca.•1/3.

The small-sizecl seeds became x;veak rather earlier than

 ones. Many creases appeared on the surface of the

the large-

seeds. as
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if their preservecl nutriment were all absorbed bv their. plumules. Then

the seeds Nvere examined microchemically, and quite unexpectedly, i't

was found there were still great quantities of su.crar and starch. XVhen

the seedlings in such a condition were put into water, the residua of

sugar and starch disappeared in a few days and the seedlings beg'an

to grow again. From this fact it is clear that a supply of water

is indispensable to enable the se.edling to make adeqtiate
use of its nutriment at the time of g-ermination.

      V. SOME CHARACTERISTICS OF THE ROOT
                       AND PEDUNCLE

       i) .Pa•ssa.g(' Crll a•7id• I-rla•7nr77•-li'l'n cprl'.1, La.7ri'

    The ro.ot of C'n'mim has no root hair, but in place of it there is

a passaLcr.e cell which is 1<nown to fulfi1 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

   l,"itpS.fdt r,','lfep,2,"'V"1,.it.'t,O, ?.::iig,.S".8i,d. with the corky layer was compared

   ca• i!2• with a usual one, and it was found
that the corky'layer is very effective against desiccation, as shown



in the
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 Åíollowing table (I'"ig. 3s).

   g.
  0.6
  o.5•
                 ----' Root with corky !ayer.

  o.4 ' ROOt WithOut corky iayer.
      N  o.3 N. ... ,          "'X.N.N

  O.2 s•......
                   'Nk..                      "s......."
                             -------------  O.1
                                    --------"----------------

                                           --         2 4 6 8 ZO 12 14 16 18 20 22diays
          Fig. 3s-XXTeight-chtftnge of the root in the air.

                       L"ABLE II
  XXTeight'-chang,e of roots with and ivithout the cor]<y layer iii the air

                        (In grains)

2tl

iNtlatecial

Lapse of days

[['he root "rith corky layer

The usual root

02 4 6 8 IO I2 I4 I6 I8

O•3S O.29 O.24 O.I9

o•54 o.26 o,I8 o.I3

o.15 O.I3

o.Io O.09

O.II

O.Ol

                  t/.) Coiitracllllty oftlie k'oot .

    It has been alretvdy meikioned that the cotyledonary

the root of Cri'7zu-m can hardly enter into sand by their

unless they are buried pas.sively in the sand by wind

cies. The fact that the oriental Cri:n?im is distributed

shores, may be explained by this.

    As. an instr.uctive case a C7]z)i2gm consociation on

T6.ii, Izu Peninsula niay be iinentioned. The sand dtme

along"side of a loam hM, and though the conditions along their

are the same except the soii texture, C7'ibzzewi sto61<s'

on the sandy soii even close to the loam (Fig. 36).

   o.og o.e7 o.o6

" o.o6 o.os oto4

      '

     sheath ancl

    own power,
 or other agen-

 only on $andy

  tt      '
ca sand dune at

     is situatecl

      boltndary
 are lound only



2I2

N

TAKuJI I<osHmmzv :-

 --'`-.--.L--"-" :';-:.:."

,--
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ii.i,-//il{xi/-xxti.tKxX,X,..lx)i<x.i.ix.i..x..i.

                    I
             Dia.bace PorphJrite

        of Crivzum on a
        ]oam;

        attributed to the

         penetration of
             of the seed's

:•' 1"'

:

s
G

 lr

i'

1',i

(----•

                                        i
        {        s!        -1        -d       soa L'
 [Fig. 36--Lccalization

       found on the

    This may be fact that the
too hard for the the root
is almost no chance being
      -agencles.
    After entering into the sand, the root shows

on its outer cortex, whereby shorrening' folloxvs

With this shortening the plant is

Fig. 37-Contractile root' of

 ca. 3/I.

Crrilletlll.

 d"//'i':':-:,,/ s-;"

'

'

ig21'E't

            oam

sand dune at T6ji, Izu Peninsula. NTo stock is

   loam is not only
 b ut also th at th ere

buried by external

 transversal wrinklings

(Fig. 37 Plate XV. 3).

 drawn into the sand

more or less, and the

exposure of its root on

the sand by rain or

xvind is avoided, just

as in the case of

Fig. 38:r-Pnetimathode of the root.

.d, ili; B, 511,
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.i[?hae(lmnassa chioracm, HERB, (Amaryllidaceae), which was studied

by RiMBAcH (i8g8) in the tropica] Andes.

                      3) -Pnezvmatkode

    When the plumule of Crinztnz 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 pneumathodes

          csrnoe

           ilo:,,5i.gN/k'gli/:

                                   .
 3
Ficr.

 e
 57
39- The

•' x,nt.iN•l(ii-

••

,I,lilt:$ti,7

Fig. 4o-IE'eduncle which has
 fal]en on the ground.

  9 ll 13 ls 17 :9days
mode of growth of the peduncle.

(Fig. 38, Plate XV i).

                   '        4) Tlze Gro7vlk of lke

              .Pealzincle

    The growth of the peduncle is basi-

petal and at first very rapid but after

flowerin.cr it becomes gradually slow, and

ceases in a few days (Figny. ,n)g). 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. 4o). 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.
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   VL'CONSIDERATION ON THE DISTRIBUTION OF
                    CI?L l/VU!lt ASIA '-ICI7M

    It is an interestin.o.' fact that the genus Cn'nztri includes both

inlanct and littoral species, and the former seems, as in the case of

Amaryllidaceae' ln general, to be the older habitat of the .crenus. If

the distribution of CTI7zum throu,.crhout the w• orld is considered, the

following Clata are to be seen froi/n the worl<s by BAKER (i877, i888)i

BENTHAM (i86i), BoLDiNGi{ (igog). CAsTiLLo (i886), Botanical nonaen--

clature (China) (igi7); CooKE (igo8), DuNN and TuTci{Ei< (igi2),

Dui<AND (igoi), IEtsTGLER-G'iLG (ig2o), IE[AyATA (igo6), HiLLEBRAixrD

(i888), Index Kewensis (i8g3-igis), I<ooRDERs (igii, ig23), ILoi<EN'rz

(igog), MAKiNo and NEMo'ro (ig2s), xF)v.IARTius (i87i), MERRmL (igi2,

'igi7), .IX(ilguEL (i862)] RmLEy (igo7), RoBERT (i8s3), ScHuMAtsrN

(i90i-ig05), SM.NLL (i9i3), THISELTON-DYER (i8i8). WIGHT (i8s3)

    The total number of enumerated species is i6i, i6 amoRg them

being lnland plants, 4 marsh or stream-side, and the others all littoral

ones, distributed from the tropical to the temperate re.crions (see

supplementary table 2).

    As shown in the table, more than a half of these specles, both

inland and littoral, occur in Africa, like the majority of other closely

related genera. It ls highly probable, therefore, that the

birthplace of CTinum. was the inland parts of tropical
Africa, and that from there it has been distributed to
other regions.
    Whether all species of CriYz?t•m. have tlae seeds with bulbiform

endosperm containiRg 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 re.o'ions with a dry season. As

to the root, so far as C7'iimtm aszlr•lz'czt•n2. is concerned, on account of

the light weight of the seed and the short cotyledonary. sheath, it is

not able to penetrate into hard soii at the g'ermination. Even on the
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sandy shore it is diflicult for it to settle without the aid of. the wincl,

by which the seed is buried in the sand. Most of the littoral species,

inasmuch ag' their seed is li.ght, seem also to prefer sancly soil, such

as the dry becls of rivers or the seashore. There remains, then,

only the durability in sea-water, by which the seed could

be distributecl across thesea. "
    From these features just mentioned, it'may be considered, that

the ancestor of C•n:iz2tm was at first an inland plant'), probably grow-

ing" on sandy soil. Various species derived from it have been carried

to the inarshes at stream-sicles and to littoral regions suited to its

s,radual growth an.d further on, by the aid of ocean currents they

have bee,n distributecl as littoral plants wi,dely tliroughout the world

(Fig. 4i).
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      Ficr.. 4i-A•fap showing the distribution of Cr?'num asiatz'c7tni L.:ili8o.ooo.ooo

                                      '                                               'N                                 '
     i) C. Ion.o'2;1`;ob:tni TE{uNB. ar!d C. .o'7:.o'anteit•m ANDR., inlancl p]ants, are distributed in

  very dist.ftnt places: the former in India, Africa and Jamaica., ancl the latter in Africa and

  the Hawaiian Is. It is not clear "'hetlier this fact is attributed to transplantation, different

  species, Ocean currents or partly to NXrEGNEi<'s "Verschiebungstheorie." •
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    In Japan, Cnbz?t•t'7z. oszlvlz'c7tri I... var. ylrf5oniicum. BAz<. spreads

on sancly shores swept directly or indirectly by the warm Pacific Black

Current from Okinawa to I-Iata Island' o'ff the B6s6 IPeninsula (about

lat. 3s02it N. ancl long. uo08t E.), while it is never found on the

coast facing the Japan Sea, except in the southern parts of Nacgato

(IIIi.cr. 42). .tUso it has not yet been founcl in the peninsula of Corea.

    In Formosa there is no C. a•sialib2tm l'.. var. 7'aPonz'cum Bal<er.

but only C. a•si.?7,tlc7t.m I... var. si-iz.iZr?tm. Roxb, which spreads wiclely

ln China. This fact is consiclered to be clue, to tlie fact, that in For-

mosa most of the e.astern coast consists of precipitous cl{ffs, and there

is no place suitable for the clistribution of this pl&nt.
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 Fi.cr. 42-lfi.p sliowing the localizatlon of Ci'iVi7t7n asi'at7'citnt T., var. .7}r25onie?tin• Balc. in

      japan. !12o.ooo.ooo.
       . ......?lace of occin'rence.

      -E.3'6 •••t••Directions ftt nd speeds of current (in knots per clay). "

    Froin all these evidlences lt is fair!y certain tliat Cf2'7z-7t;7n.

in' Japan has been broiight ln recent g-eolo.crical times by
the ocean current, probably after tlie cold period, if such a
perlod rcsiclly existccl in the Ple.lstocene of Japan. The migration, of

                                                           tt
                               '
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                              'this plant may tal<e place in future more widely to sandy shores

having' suitable factors both edaphic and climatic.

                       VIL SUMMARY

                      x•,1. S6rea Clia•racle•rs

     i. The seed of C'ri'nvtm ls slmply a mass composed of tlae
endosperiin wkh the eiiBbryo therein, consisting oÅí a soÅít fieshy mass

with an air-contailting intercelk}lar space, protected by the cork-layer.

The cork-layer is formed at an early stage still coverect with the greet?

carpel•

     2. The averagre weig'ht of the seeds is 8.s4Å}o.3g7 gms., the rang'e

being i to 24gms. The long ancl short cliameters are 2g.73!o.i28

mm. and i7.66Å}o,og4 nm?. respectively.

    3, The cotyledonary sheath (iricluding the radicle) acts posltively

towarcls .o.'ravitation, from an early st.ag'e wi#hin the endosperm.

    4. The outer part of the endospertn coneains moye water or less

intercellular spcace than tl)e lnner, and the water-content of the embryo

does not chaikg'e even lf the seed is exposed in tlae dry air for a

year. .    s• The spegific g.ravity of tlie seed is always less than one, in

whatever medium the seed may be immersed. And the speclfic
gravity of seec!s stored in a damp ceilar and that of those in an H2SOg-

desiccator show no remEtrkable difference.

    6. g79!o of the see•cl.s storecl in the H..SO.i-desiccator livect more

than one year, their wgight clecreasing very sloxvly.

    7. The g'ermination of tlte seeds in desiccator or store-room is

clelayed ve•ry inuc.h inot-o than that of tl}ose in liquid inedic't.

                    B, Cliemi'c(bl7aa.kt•ires

    8. The endosperm contains as its main carbohyclrate source

clextrin, and starch is found oniy in the embryo.
                                                              '
    g. Reducing- sugar xvas detected cvetryxvhere iR the cells of the
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enclosperm ancl embiyo, even after the seedling cea,secl to srroxv i'ii

air, but when the seecllinsr in tliis conclitioti .oJot a.sul)pty of Nvater,

sug'ar disappeared in a few days from the cells oir the seecl, except in

the vascular bunclies of the sucl<er ot' the cotyleclon.

    io. Tl}e catalase activity of the einbryo is inucli his,hcr than

that of the enclosperni, and that ot' the chlorenclnyni-layer is srreate'r

than that of the wlrite-layer. '

    ii. F.ven after a longr exposure in the sunlig-ht starch is not

formed in the chlorenchym-!ayer of the seed.

    i2. The respiration rate of the seecl is comparatively remarl<able

especially when the seecl is in tl}e light.

         C. B?t oya z.i cry a n. (l Vi'a bi li'Xy of lli e Sew tls z'ii

                        z, a •r z'o u• s 2}fe all'(l

    i3. "I"he. seecls ln sea-water, Bi<EixTNm<'s solutioti ttnd.N/2 ]N4TaCl

+o.30/o CaCl,, solution a!1 tloatecl ttncl gennii}atecl, a{]cl xvhelt the

se,edlins,s iTnder such conditions xvorc reinovecl intg t'resh xvater or

se,a-xvatc'Jr cT,i!uted to clouble its voltime, tl}ey xxrere able to s.roxv further

even after inore thEn t"ro years. The seecls in Nl'2 l)<i'aCl solution

all germinated, but as soQn as the cotyledonary sl'ieatk grexv, the

bac se of the plumule was injured.

    i4. The orcler ol' the injurious actions of the nieclia on tl]e,

seecllins,'s xvas i/2 ctilutecl sea-xxrater < BRENNER's soliltiolt < sea-xvatet'

<IN4T/2 NTaCl soln. -{- o.3f76 CaCl,) soln. < NT/2 NaCl soiution.

    is. The. seeds iininersed in the liquicl inedia all beconie heavier

than the f'resh seecls, during the first one weel<, but after that ti!ne

tlie cliicng'e in the weight duiring' 3o clays is very little, in all the

inedia. 'Vhereat'ter the seecls sl}oxv cliffc'mrences in the change of "'ei.(rht

accorclins,- to the nieclia.

          D. 7?oAle Pla,y(r(l• b.v l!te C'orl.'-la],er ln tlt•e

                   1) ii 7'ab i, ll!. Jv o./ l lt e .S'e dv1, s

    i6. 'llJho corls'.'-layor` sorvci/s not only as a protection ag'ainst tho
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loss oÅí water {n the air, but also acts as a g'ood protective covering'

against the exosmosis and infection in the water. XNhen the seeds

deprived of the corl<-Iayer .'tre immersed in licluid meClia, they clecay

sooney or later. •

         E Some Clia.ractcrisllds of tlie Scedlin.crs

     i7. XVhen the seedling' is e•xposed in the air without substratum,

the basal portion of the plmnule thicl<ens to assume a bu!bous form,

aRd the witherecl leaf-sheaths act as a protection for the seedling

against witliering.

    i8. The seeds brought to a diine or sicncly plcace can hardly

g'row after germination unless they are buriecl in tlie sand by other

as,encies. But if they cxre covered to a clepth of ten times their dia-

meter, they lose the ability to expose the plumules on the sand.

    ig. The root of the seeclling grows marl<edly in distilled water,

but in a water-saturated atmospliere its tip is seen graclually

withering. •    2o. The root has no root hair, but a passage cell in place of it,

and wlien the plumule ls laid on the sancl the corl<y layer is formed

on the surface. After entering' lnto t13e sand, the root skows, trans-

versal wrinl<ling,'s on its outer cortex. '

     tt

                 .E Di'sXrib2t•li'o7i of Ci2'zn2b'ni

    2i. The genus Cribttt•m includes both inland ancl littoral species,

and tlie former seems, as in the case of Amaryllid.ftceae in general,

to be the older habitat oÅí the genus. Ancl it is hig-hly probable,

that the birthplace of Cnn?tm. was the inlancl parts of tropical .ajfrica,

and tiiat froin there it IQas been distrib"tecl to othe,r r6g-io.ns.

    22. C'n-nu,m in Japan seenas to have been byotig,ht in recent

freolog,'ical tinies by the oc'ean current, probably afte.r t}}e cold periocl

of the Pleistocene..
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                APPENDIX

         SU!)pLE)IENa'Apxy 'IL"ABLE

'XXTeight-chaiige of the seeds deprived of

            ip. vtu'ious n)edia (iR .eqns.

 I
their

)

cork-laye:

Å~ Lapse of days
   xx... in the
       'xx media
 Meaia X::Ix.s..

Nf2 NaCl soln.

Average

Sea-"ratev

2X.Vel-EtcrLi

    ts

'Si,Vell-water

Avera(re
    b

o 2 4 9 II I6 23 63 S5 7I 8I

8.I8 6.8!

6.38 S•74

7•5o 5•5o
8.86 7•54

8.3I 7.23

7.84 6.56

6.go

5•97

s•84

7•7o

7x58

6.81

Decayed
6.86 6.73

6.66 6.6s

8.[y3 8.6o

8.22 8.2-/

752 7.56

Decayed
D ecay ctl

     Decityecl
s.6o becayed

io.7I 8.67

Io.27 8.27

 7.27 6.og

Ii.Io 8.84

 7•74 6.i5

 9.42 6.6e

9•35

8.65

Stink

6.6I

Sunk

9•39

6.s6

8.15

Io.5g Io;56 IO.35

 g•8I g•g7 g•g6

Floatecl a.aln
        b
 7.I3 7•I3 7.II
I?loatecl acrain
        b
Io.3g Io.58 Io.43

 7•42 7•47 7•43
 9,07 9S5 9.e6

Decayed

     Decayed

     Deeayecl

     Dec,ayed

     Decayed

Io.64 IS•9S

 9•99 12•93

 7•rt9 9•29

 6.so 8.so

 7•05 9•79
 8.35 ll.28

i6.7o

I3.27

 9•Sil

8.stt

Io.27

11.71

i7.3o i6.77

i3.8o I3.89 Itt.25

 9•92 9.92 Io.22

 9.o2 C).02 9.2r)

Io.85 Io.9o II.4S

12.10 ll.29 ll.29

Decayed

IDecayed

i4•57 Decttyet:1
Io.2I l)ecayed

Decayed
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     SUPPLEMENTARy 'l-ABm 2
Distvibtition of Ci?'nuin tlirotighout the world

 -llaPonzcum 22I

Loca}ity

Tropieal Aft"iaa .....................

South Africa ,.......................

111adagascar Is. .........,...........

Coast of tbe Red Sea
                    '
Indian Ocean...............,....••.•

India ."."."......."."...."."."

I-Iimalaya Mts. ..........,..........

]NIalay ]?eninstzla ..................

Burllla.".H"."..".H."-..."."'"

Cochin-China............,...........

China ...."."."."....-•".-••••••

Ii"orniosa ...............••....•.•••••••

Japan proper........................

Stlmatra ..........,.,.................

Iava....................................

Borneo ."-..H,......"."."•".••

I'lxilippine Is.........................

Ne"r-Gninea and surrouudin(r Is.
                    e
Norfolk Is............................

..• Xustralia...•••.•-••••••••••••••••••••'

I'{:ixvaii Is. ..........•••--••••••••}•••

Jtunaica ls............................

iLVest Indies ...•...-•,•-•••.••••••••

South tXinerica .....................

Numberof species

Littoral sp.

i

ii

lli

l

1i

Inland sp.

    7

    3

    r)

   I

   4

   2

l

1

 rvIarsh oy
streamside sp.

    i

    i

l

I

r-x?cg
11

1:\s

ilil

ii
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ii
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p, pasi tr ,1[.i'e ic'elll'tiecl:liill[i[ISe;. fOiMeCl Oii tlie Surface of a ioot of crfnum cultzv.ated in water.

     Fig. :. Sepavation Iayer of theleaf-sheath. 'l'he distal portion has beeR withered and

covers tightly tb.e outer part of the seedlin,tr.. S, separation layer. cti. 3ooli. '

     l;ig. 3. Transversal "rrinkling on the otiter cortex of the root. 2, passage cel]; T'I•;

xvrinl{le; ZIP, epiclermis, already withered. ct}. 35o!i•

     ];ig. t. Callus-forn]ing cork-cainbiun), avisen in the cotyTeclonary sheath of a seecl

which was in N12 NaCl so}tition. C, cos'l<-layer; E, endosperm; .g, cotyledonary slieath ;

Ce, callus-forining cork-cainbitun. ca. 2soll.

     Fig. s. Formotion of callus in the injured surface of the endosperm. E, endosperm;

TI: withered tissue of the endosperin ; C, callus-forining cainbittm. ca. 35o!I.

                                  ?late XVI

     Fig. r. Cross-section of yonng frnits of Crinitm- as2'alit7tm• I., var. 7'aLz5onie2t7n BAi<.

e, carpel; Clt, chamber; jP, placenta; E(l, endosperm; Al nticellus; E, embryo-saÅë1<. ca,

20/I.
  '
     If".ig. 2. its. portion of the surface of contact of the endospet-ni and thcenibryo. F"nd,

endospevm;Emb, embryo. ca. 25oll• -
     Fig. 3-8 [.I'he developmenk of the corl"-layer in the seed. 3, cross-section of thc

enclosperan, showiRg the cell clivision at the periphery cells, ca. 2oo!i ; 4, S, 6, the cambitini

formation is j'ust in advance of the 6th-7th Iayer froin the peripliery, ca. 2ooIi; 7, the

cell ",all of the cork-layer is thicl<ened, ca, 2oo/i; 8, the cork fovination is conipleted. ca.
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