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ï,1st øf Autlrore and Fapers Ileferred. to ín the Eent,

l" flaøpary, Þfe HydriJ.lesn"

Fríngnheimte .Tatrrbrl/e:rer I, tB59¡ Fage d4l,

E" ßaspêryo Beure::kusgen ílau* d.ie sshi¿t;ascheide r¿nd d"j.e

ì311d.nn6 f,es fi'cars*çe lrnå d"er Wursel" Fring*hein{r s

.Iahrbllcher lV, 1865 t66, pã{ie l"úIn

õo $anloo lergleichend.e Unt,ersuçhr;ngen llp** die Øusürûîaen*

ñetãHng d.es I'IeLøkåirp*r*" Bøt, Æei.:tung, IE6s.

4o Ëanioo 'Einige Semerkunßcn ín Þetriff meåncr *il**r Cefá1ss-

Ar'¡'n*efxitclung g*áuus"rten AnEi *hten,

3et" .Øe1tung, 18S5¡ Fâße L65o

5r Ffltaer" TIerøer d.ie $chr"ri;aech*id.e der åarrtschen üquisetac€Eno

Pringshelnats ffahrbfcher, lI, l"86? - L868"

6n Ruseorâ¿ lrergJ-eichende un'Lc¡reuçhringen d.qr TJ6itbr.*.ndeL-

Krypt,ega:nen, 3ßJmeires de 1"tA.e¿1,cl¡smie de St" Petersbu:rg,

?e Ser1e, part L9 (6 Avrj.l, }g?L. I

Gasparyo Xltwas lUer e.ie $chuiøsaheid,e,

Eot. Æeitr.rng 1S??u p, l&S,

FaJ.kenberg,, tTi:tersr*ehungen ,íu** den Bau der vogetatj-ens

@rgã,nÐn d.er Ï,frenokøtyled.onen, Stutt,6art, J.8?$"

Saehe, L,ehrbueh, ð'"Ànflage"

KLingg" Yerg3.*ichendç llnter,euchung d.er Gramineen un*

0yper;aeeen Wurse}n, ffdfu. åead.o gt" Fetereþo ?,

7o

8.

9o

10"

&TYI, L8?8ü pc ÊÊ,

Lf'" Sehwend.ener, Sie Sehut,aseheiden uru* åhre Versgíï'tîång€nû

"åþhandr. kgÌ." Akademie der -wfssenseh, Berlinn rggã"

J.Êo ü" ïan ffieøe3-fngh, Þreceedingø Røya]. åcadeuy of $elenËeff,

^&rnsferdaø, $er" ã, Farà å' lg84u

L$' Hrrge de Trå,es" studLen eqer au.i.ryerters-, &r¡aqnd.blað

YSer s[e'tuitrrvetenøohappgn ]'8s6¡ T1€!a n' 
*=r*.or=:.).,:itt:.,.r.r\\.-]]!:!ìr"j::^.ì 

-j::r'.*'.ârl

# 'il;l 1,. ,., . ," ' r' l i
j') l",j i-J i..,i :: i_ ì !.



å.å" pÏå. Y*.r,r Tli+gÏåtpm, lfit nwr.svel **aenipåg d,{å tisgt;l F:,å*xJ.

*fs*:"r::'na1 de "H*t,¡.i":ltåçire o åsfå.

J.5. .1, $. #ch*r,r-ù*. äte #åel-,,1,É * XÏt*s;lie"

îümr:i'rd3"roff o tlrcnång+n {l¡,:tire.råaurûæ }, 1çíiË'

å#, F1'¿. 1r;ç¡r Tii*g1"!,afn. Trq.;{ts rä,¡E B¡si;aanåqtwç" tsasip, .H' -Ër3., åi;3*3,."

1?, Ë*ççaeil:{å ,$tr**k';rrff*rs ,.}r¡g äwt¡¡¡råsciàä Fr'l*wåi.eiwa, ì5" åtlf,}a¿çr;, }#g,i?

3.*, ffiá'hn*1, lJeb*s' ¡:tesn }{*ls"k i¡r'¡rå sç¡rkarki* #*weke #bær3rau;ii.

$å?xian6*he*"å*hå#" Wå+sn, Tranrå ?lio -.q'bt' /.

3ü, Fid. ,$Èru*,sþr;irË,3ï" {J*ker dtl¡t l}atx *¿::r,*å rå;¡.9 Wå€hËËÈ?t$}t

*i¡¡: Z*3åhí1s**-

#{i" ,T. ff&n$t*i,l:l" '¡}îe ffigh*i.È*3.rue3"Igrr4r¿:e 5ru -rie6r:x;ciå+anetrritn?'"u

rîeE Plr.¡snÊr#S;åTft{:n"' Fg;gtffi*.hf. r$"*v: iðågde,rrh.*lr¿i€#l:ren #*¡g.

frrr iiiEt:.¡.rr,rnd. 1'l*f-3krrnd.,*u f S, 3f.ï$åT1 S 3.*S,

#å" S, ï'l¡rur*t,reån" SJlg :ï4ãrgw1#k,ïnng d,*ru Kd#.ir,ltå. rå¡*r T,rå*nøå;ø{}rlu*n

r¡n<l }åÍcs1,:rïÈ'.*H. Tle¡r-*-å*+l.ert r¡ ffi*à" Åþ3î" I, IßTL.

äg. .äcxi.tsçÏrråft f'r,ír ÌrË.sß*t?#å#þ* Ë{*.lcr*¡*k*påe, ed HÅ.Ir 1#!?1å.



ås far þaek ae ].ESS ßaro¡ra;-.y {1} eþseived. fn üLodea

ûanarl"engi.ç r¡rhatl he ck;Ëcl1iþo$ as:
ü"4. *j-ngle rsr¡¡ øf ceJ.ie, cle,ae-!-y jeined together, which loy

thls arri*n¿¡ement a].ene clifferentiete from the other cr*l-Ls sf the
eortex and. va,çeu,ï¿ir tfesu-e, whi.*h. are not arra.nged regu&arLy in
eloeed. rings" n

$Begidee thieo however, the ceJ.l.s of thie rew ehetv iir rr@f56

seetien on the çentre r¡f their çiete waLt.s a rtra,rk pelnt, ÌIhese

pøinte ¡l¡lnÍsi*'L çf v'er)¡ emaIl., olilong, pit-Iike rnarkings ef, ve_::y

lndi stinc j; sut-L Lneo n

taepa-ry 8ff.Y8 ti:is ri.ng tlr.e nnme Èsehutzsehelfleç or îtfagina

ttrtela.rlsrß becairse, he a<1d9, utlt eierveg te pretect the va,seui.ar

eysf,em of the 3rlan'Lo

In 18t55, hotueyer, -'l:e co:rrectseï håroøe1f " anrl wÈot,e:

rrlhe d"rawf ngs are "righ*r, o but f æra convLnced. that the o:çlanatiøn
is nøt cer::ecto ü

Úthe d.ark peintn¡ ê,Ë shew,n ,by ÈangontiaÌ. seetåone¡ &rê førraed

þy *.waT-J¡ shmpe øf t'he eíde*waLL, sfti.ich shape etaird.e or¿t eep<,.cån3-1y

if tlrs se*ti.ene åre t.reated s¡1th eu3.¡lhurle acÍd,.6r ral;rËi;.Le petaffh*s

$an:io ileï eennected. thie layer qfth the pheneïï,lerren 6f Ëe#6îldery

grørv-t'h, and ea,ll,ed. it *verdiollunffFrlng,r bee&rree he CIought in ÈhñË

l.;r¡rer th.e ørigtn øf the canrþ1r¡ru fer that grewth, IIe reJected the

nems $ehntsseheid.er"laeeaume it ie bro,ken by tlre incrÊÐss in thåeknes#

Hl.storical Tïsviens

&

in *ages ã-Ë the Berbe.x.i.gc

In L865 (+) he feltoweå u$r his
ce}l.s, raarked. by tlreøe d.e:'k pointa,

af ?.feLal"erìs&, imbrf.+aÈa, ta;"11 etenum

tkrat the T¡resßnse ef thle mark wsr..r1_d

a layer ef ceJ"Ls"

*rlti*i.sur Þy showlng that
ale aJ.se f6und. ín the eerkaell"s

ï.*enu.gån+sum and ethers, *s
net ke ÉiÃffieient te ldentåSy



In 186'l &,nd tG8 pfj-tøe:r {5} prrk}ishc:d a the¡:ougir etad.;r of
thtg ].a¿rs¡¡ of ccf.ls ii: ';he Ïilc1lli se T:i¿ceae, 

.

ffils paÏ:er ehowg r¡'eïy inl.s::slsting rlralvii:g* øf the cel_Ls of
thtg 1a3rÈï", prov"irrg th.¿¿t alLialong ii::e r¿lrÎ.j-al- a¡lct ltor:Løontai celL
walle therq: iæ ¿r, een'[ii'l,iorls'lar']wn band. of â suþctiånce \s]Lic].l

resiste the action @f Srrlirhurie Åtirln In tl-riË w¿ì.y it 1u evel1

pen,rikle i.o ¿get pieceø of the slceleten çf tþie L*yer by e:li;lirg

a,wa,y the sursounctln€l tiersi.ie wlth ntong Errlphuric* ller;v lnteres*ing
points arc bro,i¿ght, forlra::d"'by tl:is pa.J?ûr, tB which I sli;¿:.1. ref,er

Ïater oi:t, in centreçtion with rny ewn investigatiens arrcl rorigi-nal

d.ra,r,vingso

Rr:.eson/ (6) stridierl this ::egion in *evcra} p].a;rte &,nd Êlc*

plained the Bpots of 6asFa"ry þy tlre fo-rn¡atlon af a eork*band an

tl: e cell" lvaLlo

He ca1led the tiseue in this p*.rt,i*rr1,ar region generalry
sKriÈeneh¡¡rn* o:" ilËeheådeg1e'lrre.be 

r 
tf wÌrf ch T;.t:r.;r ãr,pl)Êä.r aff 3

I ,gchr"rta'sehr*iq.q"e, conr:i,rtlng ef thln watled *ell-g r,vit^h the
npølnts øf #aspar;y'* tt

å Ët,ef.fr:.ngsgeheild-e; when ¿r,11 cett rr¿¡r,}J.fi it-i:Ê thickrirerÏ evegl;i,
lt

S ffi"iíñcbei.d-e¡ when th.e thi.cJr*ning is irregu.lar, ¿r.nd q¡ften

ä,ppea,rs in ,gr..veral rexüfi of ccllr¡"
In lB?? €aep*r;r¡ (?! defined. ag;iin wliat he means lay Ïiie

ÉSghu,tzschcs.d.enrt eCIi:e*i-aJ.13r :rgainst, a csÍtieleru off ered. Ì+y Ëralkenherg

{8}, that te many d.lfferent tissues thj.s nâ,rirre fs giyenc

0a.spa:r,yts defini.bien r+ad-ã as fol,lows:
It-EË å*t d"1'ej.eng'te sohi*ht, die, e1ne .ãeì.lage diclc, &rif råen

seitlÍehen, @Þer'*n unå unta.ren W¿lnd,en enrß TheiL gewe*l3.t, ateLo

serkorkt {o*er verho}.*tr} ohne ls1løwtsellenr,ifuue, *rntwe6.er d.¿¿¡E

$ystem d.er ;,eitleund.e]. im -üanaen, o¡ler cl.ie ein.selnen, gleichqlel
eþ in Ëtarmtr, ftirae}" @der Blatt o rÀmgi.sto rl



*{g'irin-tt fra,chgt {ç} *ri.t.i.ciøra, th¡,,t the rvord. ,Schutaschsiråe

ËåffÊ Ttßft¡ than Can Ì,¡e ,iustLfi$dr e:nd. ilrat Stra:rgechtside is ¿.À

þetter nãîne¡ t,:s"¡-:e,ry 1*:ring;e rrp, t,Ïiat $achs lrirEsel-f (g, pãrËÈ 35)

Ba';lrË ti=.1et 1n eaee së:;re tís*ue rierve# äs $,Sclrret,ør for rith*-i:n, pcL::t

ef the celÌ çraJ"l.s ís cliairged.:i,-nte eork or cr,itÍö1r,., rElil^e he

ã,n'5vrsrß Ëachet oþj*ctísn that 'bhe v¡orcI $shi"rtøgcheicte i€r &vtÌ]:

lsad.ed. with lãlsehla.utenü with the ;'emark f"l:at th¿¿t vrord. eontalng

the sâ,me ftnottnt ef s/iechLeutenrt e,s t,.'!r.e traile nJi¡.11i.¿s Sc,chË" s

KLtnge (10) Ín 18?8, pu.bt.iøhed a. cf¡rflpå:rative otir"dy. ef Graninsä,e

and. typer,ç"eeae 1n whf eh. he cal"lr t,he pøints of caspargnve::cLickunge*

fal-teo anrL shews that th.oir fo:rmation in dtfferer¡t pLants talree
pLace j.n d.if,ferent tlme,ç ef }lfe, rn s€Ìne r*Ëeß {T,a}lurn

teranl.entrunl , it is not visiÌsl,e ËvËn when the 3irøteph1oer* and.

prøtory}eÍn ]lave been eorn;r]"r:;Ì;e1y differei?ti¿¿teå,

Ïn Erlanthrrs. Bavennae *¡rd. Bula1ti; jårpeníre. he found. in the
celr lvalL *f t?ie thielcened- enif.ede::rnis, "orhlch in that case htl

ealls *fltlítzsch.eiderw pretuþerarr+ee ef *i.1.ic¡.¡.r (Tl.re me thod Ìre
used is +e fø11"9'wg: malie "çr:ctiolrs nq¡t tac¡ thin¡ þol3 in üchuït¿tlrs
nnixtirre {1?, ï). äL.g}; ho,iT. ¿l,.*lEl r¡ash. J.n d.tstfLlec. v+a.i,er; riøxt

ån ataehoL; gtew fCIr 3$ * 4o i:iin, @n slÍrl.e abeve-¡rlatina" izr:rx

exar¡.lne in a d.rop of Tqrd.ro.ehlsr"j.c aeiçL, )

Sehwend.eirer (lLl gå,ve å:r LSEíJ E;rj. eaten¡sÈve sírrd,v* af tlee

,Schrrtsscheid.en, s

åo ,.Anatmrnf ee,l fe;r.ti.¡res ;al'Ê: t.b.e r¡e*ha.ni*a1 polveï of ri:sistanee;
the *ontint¡ftj' of the forii:. of tire rrï@t3s ;*ectj.on and tho r*l¡.,.tive
impermeaþtlft¡¡ of this la;rer,

The pointrç are, eic*t;rrlin¡¿ to Lr.i.m, *hiefJ-y rtr.re 1,o a wii,vii.rg

ef the eid.e walls orrfn64 f,ô a d.ecs'i,.'&ße in tr.¡y:¿ior, trnen the soctiên
iê m;r.rj.e,



ffi" ilio¡wå;Ltisnæ $Ë p,*,*.:¡,1¡l¡a#:iÌri-ty. ,T.ct l*a:qp ;,r]"'*n'b* åj.rq* i-nL1.q*F ,,i.¡:&

æt:'Ì;*t' 'l;l,r;¿.;r:rtt*"*1. ur;iåj.* ;:,-i:'ç *ì.*:¿r r:eåår;åe;**pu ¿nd ftei *i.1Jrj t"jrrl ]ii¿qtåilå

E{$*l-åÆ r..vl"t1r il:le egr}'<?J'.riiçrr ¿:f ;:1. mlnp;Le Þ;i*,:i çf, *r¡,¡i.k,

å3"ti:r*çgh rr:ierg*l:l+¡n:i,.uilå i"¿ïrå*'L;l6t;g t].w ru*i:" *?rerL r*riy ååght-

läBËfi r¿l:.¡* ?Jtyri¡i.*;+]- :tr$iiriÌJfj,;'le¡ ef il:l* lir¡:ribr.';¡æei#$ 'rrt,å1"1 wiisp åÌrr3

g3r¿.råtit -i* fli-1"1" gr6i#Ít* i.:i; ^i* -i.{*'}3íå p*it;t*i*"- ir* *ìi;,¡1,¡t :ù},î+* ey'rili.J.;,;r;?i' t"å¡g#¿:sg"

fl*}:"t+'*n*^srìTT{3r nËÀ,råe r+:4Jrsf,;i¡:1en'rlu tråj;h. ,:t gmlì"i.tiiclR t*f I*åifi¡i*
VahiçÏt eca]"$i;rI. t?d. 'çirr* Éc**¿,ifgh ¿¡-{' *l:l *r,}:rti}:,-: ån fT:å.**asaah€4 af Tr:lt:l*tæf

:r*Ì3(]??ñ* ümnv+,"tJ.n;.'å¡r" r*i+j;i,1å* ;*-:i'i, üt"i.r';::r"t* råp;hå elqcç¡, bi+'i; $(*ã1#;,yl+[ed.

on3",.r ¡;,Í.'{"+r #ëyí.+':'¡:,î 3t*liÍ.¡¡ r;-:.a -¡,Jr* eiJ.r*;*Th ;i_l:it}. .i;.?:të in*i.ãg t "lt*;*r¿*,

-å se,1'"Àii+n çf tlænin :ln å}_ie s*s¡¿el_a +lf, ã;r:å*: g+ls.:n;;.:ri*æ

)ì:rü'frrrr*,;$^ tÏt* l¡ort lr*:jrjti+n :ì.r¿ i;j:* iiralif s Ì.å*¡5:r* ¡ þ,¡l¡Ë n¡¡t í.ti *lte*

ee ."'Lç:E"

l$" Tn m*ge ÐiÊ,N*,ß* vïhe.:',* i3'rrr *eäi.y{ *f, 'íhs gie*al}r l*rei^r3 B'r}r}r Ír,$À*h

t}.J-#kr*;rrtq'L* Fiç:ïrtgËftq1.r,:;tr¡;.¡: f*r-itrrl .1,,,rïìiÌähl-s i;;:ì*,ftS:,¡åfgl+jt¡¡t **L3.i,l* vrllri*Ïf

h¡¡-r/t: Li::i,å¿l:: ff"tl i.r3, r:ri.L'i):. ii:ç¡ +:cl¡*liiåct: +f ïÏåg +4*.jli{ þa:i,*. ir

lri::tgii';rill¿,:,3" ,tri*l*j.*rt'¡t$ i3ill;r *+:¡ynr;1år*¡¡t* å?,i);ïß;j, j.:ij;*;¿ jtç'fr gf- e"Lær$;]";¿U

f T:"-l rt a,) /€''r,:-; Ci?") *.:' iiti.i;f i+* i,i.i"^r:i:,t1$¿.ir5, i;ïì :5 r?{.},1Íti.i"trt"eÊiiÍj .T:fllt{t, {j**m;arf.{,}.:efxt\ .-.. '.. *

i:lì¡'3f; jr:rrlil', j ",f:t i*Ìt j"i'r ,gü,:ìiiÈ dr¡;.iï¿J*i i;l f::Sr.æt ti * l-ii f¡,- I"j¡ Lf¡¡;¡'

{ #-yp:" :[ ï: ç úirrr¿ y#r,?T,\"Èt].,1]É, ]

Ïn ;"çOr¿sT ,i¡f, Lvtfr ¡ir:"i'l:...r,r:ic;i r¡ir'ã I:""i"rd f1.e::r*ittit'lli* ¿¿nli ef
i)c¡.n=¡;.,.J.-i"l¡.,'ri'J.;'." îïr;.i-"i;¿1,:i.e ìtc f*i¡ïr,-l¡ r.:i-L¡;:: i,;,i:å;:.ðî ùrÍï;:ùJ" ti.r-$ æ:.*;¡sí{årt

*r'a:i:tr9ir, "r?li,'t *:-h,J.U¿-*:ainß-*j$i1:Lr"iü ili:Í1{':};f*¡;*¿i i* r}åii y*i3ltr;1g l;,fi*jr"

x,bci,lå ]!"å- h:rr. , 'tvi'ri]"+l 'íJr;¡ r:,*J".i¡; *:f i;l:* ;xjri+;+ih .ì. i"s¡gl"f riicÈ iiçí mL:ç¡*r

åÈ,1?,T #f¡3ç:l 1.i,,:." :1'l I iln'

s*l:i*¡sn$*i:le:' d.trsbw# Jri",.i] r*rl1*l-l.r;+J,+¡r ths,í t,h+ r**:*,{ïürit :trsl,
?ri¡.:ri: rtl'iÌ;Í:rj"*å,ky t1t.*l;t: ïg:¡;r¡:,:iri-r-r+l.nrr il¿Ìi-i,Ë;

fi,-¡is gÍnr1 daø g3*i*]rsç¡l d.ir* ¿afferi*n fi&åt,$]1r3ì3!¿l-eii.:;;*n *1i:*s
irlu::"j.**r¡3iÅnffff's]¡n'i,:Ìtqîå1 +tåe råL=fis,r,:Í; iÌI*.ri,¡:åarJ.':ìj:Tt çi.j.* ¡{S&Êã5€ll};;*fí'*m*

:î:;mgi rcÍilr, s
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4n l¡le*hani.eû.l strengÉ.hening of the sheathç The auther then

d^iscu,sses the élfferent ways iR vrl'ich the sheath rcay be

strengtltened.S

â,c by thlckening of the ee].l walls of the sheath oe}le es

ef nelghbei,rring layers (Fernm, );

þo þy a ce¡rbånation of thr:se twe $,r.rles (0arex curfl¿l"d.lå

@s þy a neparaí:e ring ef t,?¿ick waÏ.led seLls, ¡:arled. frem

the sheath 'oy a lqyer of orcliirary eertçx e€}}s, å er 4

cells ln thlesEnees {*Areid.eaeu Raphid.o1¡hara}.

5" 'Ihe fer'matien øf eork en the memþranes ef 'bh.e end,ørlerr*lg

ceLls fraru al rneehnnie¿ì,I point of view.o

The 6eneral epånien leeing, that mem.branes, provid,ed. with
çsrk hi¿d. an Íncr"eaged e1::uf,ticityu $el.rwonrlener corites 'l;e tire

ceirelu*lon, that el-ther,the qualitåe* change Þy tir.e uee ef re-
eigentoo ðr there is nç inereaserL etasii"cit;rn On the eerrtrary,

theve is rtere stiffnens in the sid.e wal}"

I



that 1s also ,the reason of the ,wavlng of the elastic wal.l ae soon aÊ

the turgor of the ceLl ceases, a phenomenon increased by the use of

caustic or etrong sulphuric.
6. Re.!g$_-i_on 

_ to Climat q a¡rd._ I_n¡q1i_r,on¡ngn-t 
",,

rn plante, growing on rocks, warrs, etc., which have to provid.e

agalnst tong period,s of d,rought, the sheaths are strong (*spten¡.¡m

ruta murarLa, scolopend.rlr.rn offlcinariun, carex rupestrie, e. a, )
In plants growing in places that are continually moist the sheath
has weak, thin 

3e11 
walLs (Asptenir¡m filia femina, Osmund.a regalis,

llfarslJ.la, Typha, etc. )

Others, whlch take a position between the exüremes, have the.celL
walLs of the sheaths more or J.ess strengthened, (Carex, Juncus, etc. )

7. ¡eggfglqelg.

Schwend.ener gÍ-ves d,lfferent ways in which the sheath ma¡r d@-

veLop, either from i.. true cambir¡m (Juncaceae, cyperacaea), a pro-
cambiaL tlssue (Convallaria), a cortióal parenclrynra of w¡ich the
inner cell forms the sheatrr or, as in the roots of Equlsetun, the
innermost but oflê¡

His coneluslon is, that'a naturaL,d.ivisi.on of the tissues d.epen¿s
only upon their constructíon and. function, and. not upon the variable
ontogeneticaL relatlons.
van T[isselingh (12) mad,e a very careful study of the structure of
the tangential and. cross walLs and found that the corkband, exfEts
in the younger stages f n all Phanerogâïns. He found. , t1tat, the point
of Caspary is not only due to waving of tlre walls, but tlnat there
ls also a dtfferent refractlon of the J.ight.

(e)

fn rad.laL sections the band on the croçs waLls

narrow yeLlow line, becauoe these walls are not
fact that it ls stiil vlsibte, shows that it 1e

undulation as argued. by gome authors.

is only v1fllbl.e as a

undulated, br¡t the

not onJ.y d.ue to
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In the cell walls there 1s one part tina,t is not changed into cork,

the eo-called niddle la¡aelLa, the remnant of the primary cell wall.
This ne'rubrane can be nade vislble by Hðhnelrs reactlon (t8, p.632)

v¡hlch conslsts of heatlng the sectlons v¡1th potassiumchlo ratø and

nitric acid.. Thie Loosqns the secondary corlrraem'b ra,ne and leaveg

the la¡sella vislble. On further heattng yellov¡ balls of suberl.c

acld uay be observeê.

Van Wisselingh explalns the und.ulatlon of the secondary wall
by the lncreaso in volune, due to cutieularisation, and ehange into
cork, which sa&e question ie brought up by 3d. strasburger (te, p, 1146

199, ¿LOl

Developruent.

In ¡roung etages the spot of Caspary ie a yellowiah Line along

the ta,npentlal a.nd. erose v¡alls, and aleo a llttle spot on the ineide

and outeide corners to whieh the cell.contents attach themselves, anÖ

luhlch ¡¿re reotstent to sulphuric acld

Grad.rr¿llly the cork-¡aembrane sprea,de over the whole cell wall.
The spot of Caspary is at tlnis stage not vlsible wlthout reagents but

is colored brorrrn Ltpon application of fodine and strong sulphurl.c acLð..

Thd nf.ddle la,mella ie not ouberifled, but shov¡s ltself ae a, very

tÍ.ny colorless lÍne, visible only vrith hlgh power.

In stiLl older etageo sqcondä.ry la,yero are formed, whieh shotr

the lignlne ra'¿,c'tlon vuith phloroglyclne-hyd.rochloric acid (tt, pagel5?

Hugo de Vriee (fgl'published Ín 1886 a study on the eourÊe of water

i.n roote o

1. The Endodenni.e a,s Pressure li.ne in Roots.

4. Physiological.

The materåal ueed were prlncipally rooto of lrig poeudacorlrs.

Ðe Vrles cbnnected long piecee of roots, the end.s of which were cut

off about 1e. tB. from the vegetatlon point, with a tnercurial mano-

meter and. founti linat airbubbles passed. out at 3 c. m. mercurial pres-

Êure.

Thls proved that the preßsure ih the perrenchyma, of young roote d.oes

not dÍffer rnuch frorn I ¡-¿tmosph€re.
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3y strong pf¡eBsure or1 the root, thlB pressure ie transmitted. from the

old.er parts to the youngest ends wlthout soirsid'erabLe losg. Thls

conclusjion ls ind.epend.ent from tlr.e questlon in which part of the root

this PregÉure is Prod-uced'

The top of a root of IriE, 12 c. rn. long, wast subjecteù to a preseure

of 55 c. m. of mercug1. The epid'ermie apd. exod'exmis at' ?'iå'n c' fu'

from tþe Vegetatlolr point Were cut awalr, but no water came 'tlrrougþ

the sid.e.

Bvery quarter of an hour another tangent:i.al Sectioll was talcen off and'

examined. und.er the rnicroscope, but oply at the 6tlt' sectiolr a d'rop of

water appeared. through the endod'ermis'

As soon aE the whole top was cut, water appeared. from all the vegsels

Roots of þ1cotyLed.ons (Ðlpsacus syLvestris) and stalks gave the Êame

reSt:.Lts, n. 1. that even by large d'ifference in preËÊure the Ïva'r'er is

not forced. fro the vessels into the intercellular õpaces of tire

parencllrma"

Anatomi ca]..

The mesh work of caspary is always found. in the-'end'od.ermie,

the real clraracteristic of that Blreath' The eells of this layer

have a very Large turgor. (ln sectiong that are not too thin, some

cells may not have Ìreen touc'hed., while the neigh'boring celle are aLL

cut. The cèl1s that are intact assume in that ease a spherlcal

form, owiug to t]:e couùrt.erpregsure being taken away. ) fne proto-

plaEts cleave strongly to the band.s of oork, and. so prevent tho pass-

age of water.

Against So¡wend.enerts statement that the endod.ermis d'id' not prevont,

the passage of hio reagents, Ðe Vries submits that the fornier alwa¡¡E

used. polsone, suoh as tannic acld., iod'ine, otc., which kiLled the

protop}asts. 3y r¡slng eoslne, Ðe vrlea got the opposlte restrltg.



2n The Course of Water in Roots"

If the water fron tire roothairs and. parencÌgrma of the cortox
passes into the stel.e Ìry actioh of the Llving protoplast on3.y, there

must be the ad.dltionaL evidence of protopLasma*currents,

De Vries actuall;,r observed. these ciffrents in rad,ial sections of

Tea Î,fais, Typha e.a. at from 2-6 c.m. from the vegetation polnt,

Higher upr where the corkJ.ayer i,s formed. this current lessena,

but was still vislbl-e a d.lstance of õ0 G,mo upward,s,

Van Tieghem (16) gives a full theory of the d.ivision of the

prtmary tissrres in Ïptd.ermie, Cortex and. Stele, and. calls the inner
layer of the cortex, the End.od.ermis, which is formed in roots as the

Sclrutzscheld.e, iil stalks as the Schultzscheid.e or as Starkoecheld.e

with their different variations.
Ag;ainst crlticis¡os from d.ifferent Eources he says, however, in

1891 (f¿) trÏl faut Be gard.er de faire entrer 1r exis'r,ence du cadre

suberise on J.lgnifie et des plissements quril porte, d.ans La defenl-
tion metne d.e lf end.od.erme. rl

It endod.erme nrest lras un tlgsue partlculler, pllsse on antre;
crest rrne region anatornique. rt

schoute (15) contenda that if the dívislon of the primary

tissues by Van Tieghem shall have its full vaLue, the d.ivision into
the three timeE. must be proved. by the embryoJ.ogy.

He inveotigates verJ carefully and. fu].ly wbeiher th.e d,iviÊion
into Dermaiogen, Perlblem and. G1erom 1cy Hanstein agrees wÍth this
d.ivÍslon in the full grown tissues.

(I have not been able to see the original paperÊ of Hanstein,
mentioned. und.er nr.¡mbers 20 and. pl, but raight refer to schoute (15)

and. Strasburger (fZ¡ as to Hansteinrs d.lvislon. )

( r¿)
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Schoute comes to the conclusion (ts, page 163) that in a few cases

ln wh.icb Hanstelnf s d.ivlsion ia very clear, the mortstematic layers
cLo not aLways agree with the priuary tiesues of van Tieghem, and.

further that lfanstelnrs division cannot claim morphologûcal signifi-
cance.

In the second. Bart of his
Anatomy, rt Sctroute glves a
and. Dicotyled.ono ln whlclr

himeelf or recorded in the

His concluslons are:
nThat the division ,between Cortex and. Tentral cylind.er in etaÌk and.

root ls d.lstlnctly marked by the generaL presence of a special.ry

constrr-rcted. Endod.ermis, n and. further
ttrhat in stark and root of vascular pS.ants there is qnLy one iype

of Stele, n. L. rflfionoste].1e. rl

Observatione of the End.od.ermis in Equißetaceae.

The Equisetaceae form a very clear and. instructive materia]. for the

stud.y of lhe endod.er^¡lis.

In some species (E' limostror, E. debi].e) tnere is an end.od.ermig round,

each stel,e, ln others (Etalk of E. filonale) we finä a d.ouble end.o-

d.ermle suffound,Íng the ríng of fibto-vâ.BcüIas bundl.€s, Equieetum

hiemale is of Barticu}ar lnterest in the study of the meaning of the
end.od.ermlgr becauee Ín this eBecies we flnd in the stem a d.ouble

collective sheathr but in the rhizorna a separate sheath round each

stele,

The point of lnterest 1n this ease ls tlre spot in which rhlzoma and.

stem meet, because lf the end.odermis ls of physicologicaL value, and,,

as we surmlse from the literature guoted so far, nqq be the region
which keeps the water from lea^king mechanicalLy f,rom etele to cortex,
tb.ere must be ðome arrangement fsr the transltlon from a collectÍve
sheath to the separate sheaths.

study rrThe SteLar-theory and. Comparative

full 11st of Gymnosperms, trfionocotyled.ons

an endod.ermic has been elther found. by

llterature op th.e subject,



The drawlng which I sulcmit irerewlth are all mad.e with the aid. of the

I,eitz d.rawing-eyepieee d.escribed ià (22) , which enalcLes the oTrserver

to make a very accurate pictr.rre of what is seen und.er the microscope.

The sections rvere mad.e by hand. with an ord.in ary ra,zoî.

The band.e on the wall of the end.od.ermis cells are dístinctly visible
expecially by the phlor o glycine-hyd.ro chto ri c aci d.-me thod. me nt i oned.

above, r,vhich gives the seconclary llgnlfled. layers in fresh eections

a ìoright red color.

I'ig.I shotvs the general arrangement of the tlssues in the stalk of
Equisetum hlemale, 1n cross section, magnified. BO tlmes. Going

from the outsid.e inward u¡e find first a veuy strong epid.ermis (ep).

Underneath this epidermls are radii of tirick walled sclerencfryma (sct

alternatlng with broad. layers of palisade parencÏ¡¡ma (pa1), each of
which touches in two places the ppidernis. In these two spots the

stornata are found, to connect the palisad.e tissue with -r,he outer at-
mosphere. Under the palisad.e tissue we observe large'airspaces,
call-ed. valecu1ar spaces (val), alternating lvith ord.inar¡r thinwalled
parencli¡rrna (pa:r. ) containing a greai d.eal of starch.
i[ext follows the dor-ible end.ode:lmis, one curving rouncl each stele and.

one on the inside (e, and. e), between which two sheaths the vasci;.lar

tissue is found..

trnside tþe inner end.oderm:ls we find a J,ayer of flattened. cel}s suï: ,

rorind.ihg the large aß space of the holl.ow staLk.

I.ig.II gives an enlarged vlew of a steLe (200 tlrnes), showing the in-
ner (e) and. outer(6)r end.od.ermis, another airspace (carlnal Êpace c)

frotn which two rows of Ìignifiecl veesels (x) extend. between the

other vascular tlssue.

Fig.III is a cross-section of the rhizom¡, 2.b m.. )rì.. from the point
in whlch it connects with' the sta].lr, and. enJ.arged. 62o times.

We see that the end.od.ennis of each steLe, which in the rhizom, Eür-

rounded !.t, tend"s to rneet that of its neighbor, wh.ile 1n ihe centre
!Íe flnd. the cross-sêctlon of a sort of pouch(p) wirich d.oes not co¡-
tain any vessels.

( 14)
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the interesting cells 1n thlñ case are (a) and. (b), which instead. of

2 band.s have a thirtl one on their corunon wall, forming the transition
stage toward.s connection wlth the encl.od.ermis ceLl.s of the stele and.

'bhose of the pouch.

The ceLl (c) contains 4 band.s, L and 2 belonging to the pouch, 3 and.

4 to the other stele.
31g. 4 sholr¡s another section at a d.istance of 2,5 m. fl., enlarged.

260 tlmes. Here again we see a transition ce1l Qc) with 4 band.s, a

smal.ler pouch, and extensions fron the stele on ei'.,her side.

3ig. 5 represents a sectlon at, a dlstance of 3. 5 m, ffi. ¡ enlarged. 260

tlmes, The endodermis from both sid.es are here separated only by a

c,eIì. with 4 band.s (c),

ïn fig. 6, showing â, cross-sectlon ? m. 1rr. from the joint¡ w€ see a

oeparate end.od.ermis A, and. outside of it, in ihe lntermed.iate tissue

a, cell (a) of which alt the ceI} wa].le are corerecl with cork and se-

conil-ary woocl layers. This cell is the terminal ceLl of one of the

pouches, The e:çlanation of these cr:oFs-ß€ctions will be readily
seen in the d.iagram of f Íg. 7.

Conring up from the rhlzon as single sheatho, the endod.ermis of each

ste].e api:roaches that of its nelghbor, whlle here and. there the. inter
-med.iate tlssue forms pouches to hasten the joining to a collective
sheath, Thess poucheu are closed. at the botton by ceLls such as,

sh.olvn in flg. 6 (a), resulting in. a perfectLy c].osed. transition from

single sheaths to colLectlve oneË,

(15)

Sunrnary.

In strrlrolng up the d.lfferent observations I mr.ret state that, owing

to the absenee of compLete S.ibraries, sueh as one may have acceõõ to

in the old.er countrles, I d.o not claim to give an e:rhaustive study of
the subjedt.

I uereLy give an outllne of the work d.one by different very careful
observero, many of whose ex¡lerlr:oents I have been able to repeat in
lhe laboratories of the Univereities of Amsterda¡n an¿ Groningen(Netherland.s),
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Emlcryology.

In this connection it has been conclusively shorrn by Schou';e (fS)

that there ls practically no connection betrveen Hanstelnts d.ivlsion

in the vegetation polnt (2a, 2f) and. Van Tieghemr s division of

primary tissues(fO).

Root and. $tem.

The long Lists glven by Schoute (15) conflrm itre õrd. concJ.uslon to

which he comes, n.1.. that':
nThe d.ivlslon between Oortex and Central Cylinder in stalk and root

is distinctly rnarked. by the general presence of a special.ly bullt
End.od.ermls, n

Anatoinlca]. Characteri gtics,

In yor.l-ng"" o"gan" the cells of the end.od.ermis are characteriaed. by

âc regulariiy of form of the csoss-sgction;

bo conplete absence of intercell.ular spaces;

co tire irreËence of a banct of cork on the iangential and. crosÊ-wal1s;

do an exceed.ingly hlgh turgor, which makes the cells cloee fir¡a-ly

togEtherr õo that wat,er can pass only through the 1iv14g protoplast.

In old.er ceLls second.ary lignifiecl layers strengthen the cork band.s

while ln many cases where lnof,e strength ls requlred. the end.od.ermis

d.evelops lnto trsteifungsscheiáen and. n Stutzscheld.eff of Russow and.

Schwend.enor.

Particular Cases.

Of particuLar interest ate the tranemisslon cells mentloned" by

Schwend.ener, whlch show that a certaln d.egree of corrrnunlcation

must exlst, but even there the cork layer is present, whlch points

to physiol.ogocal slgnificance,

ïn the case of Ïlquisetum hlemale tt is anatomlcal oLear, that part-
icular care ls taken to form the transitlon from slngle to colLective

sheathso At every polnt the bro¡rn band.s ale present, while the ter-
minal ce3.l-s of the pouches make the mesh work complete.



(1? )

Physiological Characteri stics.
Impermeabllity. The experÍments macle by De Vries show, that mechan-

lcaL .oa,essirre wilt not force water through the end.od.ertris, unless,

as in the case of Schwend.enerrs experiments we use poisona, and. k111

the protoplast.

The llving protoplast adheres strongly to the cork band, and. receives

addltional strength from the extraordLnary turgor.

This turgor preËÊ€s the two adjoining cells sE tightly together, tltat

the mldd.le J.ameJ.La, as rvas shown by Van TÍisselingh, can on1;v be Ëeen

wÍth the aid. of strong reagents and hlgh powerr

The presence of thís arrangement in the transmission cell's of

Schwend.ener showg that these cells are not rroffene Seitenechleugenrl

as he concludes, but real. locks that wíII transmlt liqulds at the

command. of the living protoplast on1y,

This physiological characteristic also explains the otherwise coÍr-

plicated.-looklng arrangement which we have seen in Equisetr.un hiemale,

Adaption. ßecond.arily we have seen that the end.odermis und.ergoes

in man¡r cases changes due to adaption to environment and. climate

sLrch as rnentioned. in our revi.erv of Sehuend.enerfs work, ln Jqicus

Care*, etco






