
qftiH&Mfe ©j^», Jk'MstĤ l̂k̂ ’̂ Mi JL^a .̂ fc.jflfe' ♦jjpAt ŷfcnM-*i|- iin until aa_ ̂  _̂ A»_ A ;̂ fcO f 1BMI 4C  M ^ l i y M l  IH  p M P liB lI
f iS j^ y y t e w s  <0̂ t isi*# ywHji ^ y * 1̂ ^  $ i$ f * n s  

^tefpFINI t*2? ©C JPlllJUMMSf^|r



UMI Number: DP70281

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

U M I
Dissertation Publishing

UMI DP70281

Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against 

unauthorized copying under Title 17, United States Code

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48 1 0 6 - 1346



o f  I t Wffitl f



A 0 H 0 S t S 0 S I S I l f  8
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I® m m «trt»M I# tomt- o f too omtfly w r t  m® dta* fm Enrsp# dnrtisg; ptrlod  

tot®o®» 1§§© aat to® to^lnataK of to® tamiitotto ooatwy# la ftoot* tot a® p M & *  

nation® wmfcia t o  o o ito flft on t o  ss » to ^  ©C to * $*f&i»®m and ®on*feiMm 

p m e ito lly  oor « ti**o  k a m M & * of to *  oufejMt* On t o  otoor tout n nntoor o f 

nwo mmoM «M  o M o i^ o iw y  *wto®«** to to  In  t& U  ootmtoy maA «fo*o«&# tom® 

in tio a M I to *  Importtn©# o f jmridorm from t o  standpoint o f its  rol® and fmm* 

t-ion * *  a fflrfttot&m  t o l r  mnoXmden® or® t o t  {wrfcdofm m y  * « t  in

to n®  w p *  n « ily *  C l) rotmn&i&g f a p a i t o  ty  n to r lin t lo n  o f

^l»Xlon# it) to^atisg, and sdnfadoing t o  offtmt* of toegmfo&ur* i l n ^ f  mad 
(S) mating; as a tmfiefmr to &m&& lafnotiosL*

Xm roeomt y»*r» only two to-mMcntoro tow n t t o p M  1a iotntato to
wtottoohit* of g**lte«t tam*ti«n»» ttm® to mmtmt 

of ®###lf:t«s Ix foanmtion on to® *toj**t is ^ito ltmttod to m  tooogh it In *ob» 

«14*ywd tool* to n m w m  In cmammi feotn&y* flu©® a ooroful mwreh of tot 
Htotmtar® os gtrldmrm r*vo®3®4 no lltto# It o e m d  dnolctolo to metmad t o

mrk  t e s t  t y  t o  a w t t o  l a  t o n  f ! » l &  I a  t o o t  m  d to y m tx m d #  M  f e a r  

mmdy »to»t t o  poi^ mad tto of origin of t o  prtory g®rtot« and t o  
eortloni mglm i& toimi imooptlon no® flr«t nctfmd* t o  irmtont imn^tl§®tto
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I

A p r ie d  of t in * *  la  Ih e t *eerlar toe hantoe& p o re * *U&m& hotbre 

ftr th e r  ree«r&e4 «*&««&**» wow* rede te  eerk derelejweafc# Xbee© t f p w i  la
Sisfii#1© matte, ( I f )  .la X80Q in p o etica lly  the ©£% priae 

•e im e »%®ri®2 availab le hotiimy* His ^ teerlftl© ns « f «e*fe e trw ta re  *»& 

develepsoP aere s*4e w ith p ir tte ^ a r  xwffereaee be p i® a iy  twm fcfam *

ft® awci «wrk « i  tfeat # f  Somtfk H e lle r {§ )* wfeieh m s p r tlo llg r

1af*n*lafce& by Krwuger i i ) #  h S lle r** detailed «haer*ati«ne 02  *  great weey 

epeeles c€ weedy eta#** i»  *fol«fe he obteopbed b© i«or»X ijse the e 'la e e ifle a tta i 

o f the eerk etnw tw re te r  eewatal wtwl* pasnnm* 4*13*4 bm&mm he Jhrani th a t 

hwrfc tberwidme ew e net ««f£!aJttgfc!y 4 1 *tia e t to  writ* m werhi&le toy 4er 

!4 e & tlfl0 *titin * Hie woefc* tesswmr* tmmdm m  oa i!® p ert« i gi«eimX w s t ee 

eerbez eoetQey* f'urther* he mm the f le e t te  reeogele* th a t the tevwetlea o f 

eeelee and p la te * o f bark m  the eofcslde of a tree  is  oot ^ovorswi e n tire ly  by 

a eortniB etegp e f deweXoprafc* hut mther %  aofeeid# ie»cdmsti*al tM  jiaysio** 

la& laal f a s t e r * #

la  X83§* ? ^ «ry  ( I )  ees^ihsd the hhea ea£l*tl&& on

la te  a work is  ehleh he md® a eoerelatlQ& «£ the ooK^mmti^s Matasy

o f resettler p leate* fh i*  woe elesely felloeed is  iliH  %  S&uilet*a ( i )  sm** 

eeerehee os periderm# Aliens t  peam #1spued before %Xlas (10) in

1^13 s«4e a eoe^eeatWtt ebtaty * *  ***!«« »  eertes

tfcrlag the l$$0#e* the eoteaelae eo&tribwblQMi of M e e tly  and hie eo- 

woxfceee CIX*4i) hreocht to  ligh t t * t  rather elgxxlfloftat date ®ss the itjyeiologl-* 

eel eepeete o f the profcleoi is  efciieh they eo ^  « t th•  eaneal Oeetare

is  nertetess is4 p»rliiiOii,2er€y M  aeaad tieeae#

^ith ije  the lo o t deeadif t w  w rk«r«  heae eeatriim ted aovle of a » «  epeelf&e 

ai(peirSa«nea« fl»  Itw t ' m « 4a So«sr (3 ) aha aae In  the ©esaatl



4

ifceter* Is dm p creek feMtioi* 'ptrttolarly a# laftneneed bar esqpeeure eon&l* 
to n e * the pertinenay of th ie  mrfc I#  re la tiv e ly  4sqpei4MJSb»

tbm m m M 9 B i w  ( X ) *  i »  a  jy o X is & m r y ■ s tu d y  o f  *&<*' e p e e * * *  m jro s s f tb * *  

isn; to ti^doefcer* fill* awl Kiwxlaaie * M u i  toe%r' • .imauo'fdw ■iilto'mwifliw  ■ awBw*»ŵa^rMijBui’ww3»wrw<aMiŵiww«ia»!»>i ■ -<<M»ji>wwwwwm

m&mmm. type* o f ®wtfc* mmh o f efcieh mo gpasretod in  a g ta a r  m X^m  £m  tfee 

epseleo «&uaLSjsod# WXn§*%pt eertr m o fOwiNt In  lyst UL^ttl^tefeiyf

oblle bho oaruitaoo«4̂ p« m o  jfertiid in TtXtn wA, tnzximm* Im M-qt&dhwdMtif and 
fllla# j w idtaftr* fo rm tlm  m i  m rljr  eeeeeiebed witli stoataX sad Itit iim ila r  

wM@fe la tbo femer m s  etfeeJ&Uy s«mw»oi»oA# I%eXXagt». « i  
lom lloed  beamth niag aori: *ad o f sbomteX o rig in  la. jftm pm siti H  m o derived 

t* m  t M  tin t la a ring beamtfe to to e X t*  ®M  la te r  osbooKlod

otoic^ereafcleXly a r o w l  t o  «t«a Is f lM a #  istiIXe i t  m e o toe^ldefm lX y

9xul fom>& uEdforss aaauXooe rings in  frm &m m * Iteridene mm ^m srm d. bo arise  

imrlac; t o  first y«r la  all moo*- omepb filia 'thieh developed Ite  ftro t eorfc 

duriac t o  eeoesai 3» «  * la evory omoo only one layer o f to ilo ^ w ti

bed bean f m d *  I t  m o tom cberlsed m  being t o  toner layer o f oelXe sent 

to the fmnssitfaa o f t o  eerfeesE end tfletlnpiitflied tem "tot tievee by t o  
twdifcX egYeagSMtafe of .Its mils*

i t  is  iro te b ly  tras th a t svweab e e to re  few# d im *  heavily opa» t o  mtMisge 

o f t o  ©mrty m atero* pnrtiotOerily l l »  o f mmi®* ttS lle ** and BtSsiry, in  

eors>ili*£ toir g « iml iarl» m  aimt emtogr* It Is ptftlsttXarly ftl^&tan&t* 
however* t o t  there !@ a epareity of to rm e n t* ! M s* ocsjacorBiî  t o  demXqpmttb 

o f jeriderss tlo o w t«  For th is  v m *m 9 to rn* an exto o lo tt of t o  m e t o f srom  

(1 ) aOToaredt -tto im blo*
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shleh n@n further horisetii&lljr# v3n o M  trees the tork In aow

deeply XurrsMed#
Oorfc toitfatfon* lit toe early aarletoBiatie stoa toe epidemis is 

#f eaUs saeswha-t ©otowmr to shape and covered wito a thiok. outlela (Mg* I}* 
Att to# toig eleagfttse Aral «itorgas toe «pid«rmi toll# ajppmr to elongate 
laterally ehlle a £ m  layers si hypodeaiMX toll® dlvlda r»4i«X2̂r to increase 
toe e£rst«£areiiGe si fell# twig (Mg# 2)*

All during to# first yaar to# sells adjaeent to toe apSdonals mid for 
several layer® beneath, rsealn larger toan too®# of toe inner eorteau 'Tbami 
sflneetMit larger ©ells assumi a grsnalar apptorams# whieh seeae to be Indies** 
tive of an inctptant cork w a M w  Jteesatlen but none feanati during toe first 

year# During toe aeecmd year fell# ontiel* ermolce* to© hypodernel oells beeouM* 
m m  gew xal& r, end finally divide feimiag several sectors of pbellegen around 
Hie stem (fig #  3 )* toe hygwdenftis a t to la  tins© appears to  have d iv ided  

radially and taxigimtially siaraltsneeusily# this i» to toe conventional
m m m r to ebieh phellegen eee observed to ether atoms, sanely, to tsewiy divided 
sella laid dons to radial ra m * In a* neĵ MBde, further division fonts 1mitieu** 
tor seelitoga ehieh at Hi# mm of toe seeond year say to fowl here end fetor# 

on to# surffeoe (fig# li}* m  tto lentleels beeouis ioore nuearous, patches of 

eork aty to peon eactending frm tonttoel to Xsntical* these patohea correspond 
to toe®# seen upon a superficial exaaiiifttion &£ to# surface of to# stasi# to 

sous esses to© cireunferenee was eheerved to to free of Xantieels eith a half 
dosea 1m$mm of arsmloste eork forced uniformly around the stoe# Jus soon as 
phellege& has fomad, to# adjacent epiciersuil sells baseas© toavily #i*#ria©4 
(F ig * $)$ toil# additional layers- of ptoltei ere laid down* Mien a a neny as 
a heljMoseti layer* of eork have for&ied, the spidered* usually cracks end,
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IX

loss irregularly sbogod soils vlthoufc * thiok outl&lo ifolofe mmis of
shriveling ty t o  #»l of th« first y»**V fl» hypoi#m&* « # ®  dioidoi f©rs£it§ 
tit® i&cXIô og and Xisyt dam phollns vtiieh 'h»mm9M portly os&orlsod (Fig.* 10)* 
tfcaasll.v but am Xnytr of gisllfss ssd am of |is#XX©l«3t is Idnod boaootb tbo 
oyMorsds daris*; to first yo*r« Ji few lostinol#* tawfw# ®»n to otsorood 
hers «&d ttar»« dsoottdt y«mr stoat «t t o  m b* situ©® of grwtfe hsevo formd Urn 
or six layors of ifealloR tMX# tho ®pia@iml€ h&s o&riwlod ««n$»l*tol3r* ft* 
oti&oar olreu&feronoo is smew ©o&spiesos© with %®mk%ml®$ m m g  ®S vMhh show ftnrliig 
Cr%« I f } *

i r n  ftxiyiFFM

f»Jg§* stea&Br to i^ m h it *tot«fc» light yolla*"grooii with w o- «r low

g M m m  W mm iiiing t o  first owaswr# h#eo*ii»£ ro&Uife brawn* lost**** ®sst
finally gr*y> *■*&•$ with cMMjpiowtKts unsy tat tools durisg t o  f lr»t viator* 

i&fte* Swfe gj®§» « i  st»o%k whan, yimssc with t&ibo spot* m j&  oat

ornate** into *  rogolar aotmfe of M n i  & * *  ri% ts  wfcfah on old trtoko b#* 

eaaos doopty feovoood* broon oad romgh*

cork ilrdfrlafciasu t o  ogtldMrsis of early z?m%h iadgs is  oomod with m 
toot* ©stiele# fho **Us are fhlofcor radially tor* fluty are long osd aro #*lbe 

inwguior Is *in*» t o  eerfeox I® soapc**! et sewxwX layers ** M*XX ©ells on 

ttoe mitoldo elv**& m y  to largor -©olio t o m d  t o  eeotor* X»t«ropmM»i oro 
nwqy olrottlar lntorMUulor spsoiags ifeieh reooafrte o il gl&a&o* M t o  f,r©wi^ 

sm om  progreeoae* t o  op l4m m l «»U » to *# ®  *to *K t»&  and divide w sUelteXKy 

to laereea* t o  olxsNsaltnrmo* fem d  f i t  end of t o  f ir s t  g*wlasg ootuum tbs 

fc^podootsli .ohflon ooll® a t ii^ lorm ls t o  stwes ii ig;» S§}* B urtin l

aroas of tbo oiroissCMPsnoo m  to  im m . Jnntinulsto srms
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Ob ®mh adaroHMOt&oa (20 to 30 raicra thick) out from this region, m  

m sw «* Xlf® to ton raised stomata wore i M m d  (Fig* 32)* light to 
ton behind the apical written urns found the first cork

three or four coll lasers beneath the epideriBts (fig* 33)*
This phellogea was Initiated at asma1 points involving a single cell 
or in sectors involving several cells around the atom during the first 
taro weeks of growth (Fig* 3t§)* This seems to b© the only division 
place in the first year of grcurth* Thu calls which arc out off to the 
outsit become sttbsrlsed by the and of the first two weeks and m s i s  in 
this condition until the growing season bogies the following year*

Whan growth begins the second year, the phellogen forms throe or 
four layers of cork (Fig* 35)* This internal expansion causes a partial 
©xfoliation of the outer hark into papery scales* in each succeeding 
year of stem growth similar layers of cork are added inside that formed 
previously* only one layer of phellodeni was observed in two year old 
s t e m *

s jy a b o is  Q&immmm

u Thick but soft9

Bark* Smooth* dark brown with snail warts.

light brown with & pur-

on old

Cork initiation* In twig 
covered with a thin cuticle* T 
in regular rows while the

the well-defined epidermal cells 
outer two cell layers of the cortex 

consisted of loosely-packed cells
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the first year cork » y .  As the resulting pressure increases almost all 

of the first year cork disappears leaving m lj  rtssnant® her® ansi there 
around the eteau

&X5CU5&XCM

BiniXTKii or m m
Bark. The 'word »barkM is popularly' used to designate all tissues outside 
the vascular eaabluBj the word, when used in this study, applies only to 
the p lm llo g m  and the tissues differentiated by it.
Cork. The word “coric* refers- specifically to phellem. Mature cork is con­
sidered to be several layers of heavily adberised cork which is eoatxreesed 
enough to cause splitting and exfoliation of the epidermis. According to 
Hams and MaeDaniels (S) and confirmed by Brown (1), prim ,uy jm idtara pro* 
duces cork of two types*

■tondoee cork. That mmk which is eoRgMsed o f tMck^»aH©d,- f l l i f e r n  

cells, radially flattened 1© called anoulose. The Xussm of the cells 

is  usually iapregnated with a dark-staining a a te rla l* Ccapre«ste& 

causes the flattening of the cells. The majority of woo% etmm pro­
duce this hype of cork.

lin g  cork. Cork which form ridges external to the epidermis is called 
wing cork. The cells are- tMs~waXlstd, empty, filiform, and elongated 
radially. This type of cork apparently occurs infrequently, having 
been found in only two out of sixteen species investigated, namely, 

.Hrenyiacmg slats and Idqufdaidbar styraetflua. Bataies and. MacDaniels (5) 
also report Qaercus sober as being of this type-*



ffcrldcrsu the periderm is that t l m m  originating in the cortex of a stem 
and composed of phsXlcgcn* pbellem* and phsillodsrau Boring ©srk formation, 

the phdlcgan prolif erate® pheUem or cork ec&tviitagftlly and phellodsrm
©«trii»tol3y* Mji activity is unilateral rather than of a reciprocal 
nature* in which pttdlwa la generated to &.mch'greatm  -extent than phello- 
derm* In this investigation only one layer of ptollodera m s  observed* 
Anatomically there is little, difference between phelladerB and cortical 
p&mmtepm except that the former exhibits radial arrangement corresponding 
to the phellagsn cells*

While phellogsa or cork cambium Is a secondary* lateral seriates, all 
of the tissue produced by it, which is secondary tissue, say be called 
primary periderm, to distinguish it from .an Inner or secondary periderm 
which may hm differentiated later. A cork c&sMtiis is sisilisr in most 
respects to a veacwler eaafetoa, except that ganmllgr th» tissues differ** 
entiatod from it are less extensive.

kiuaxsm uf n
Hie phellegeit ©r cork eaedatom and its derivative tisanes, phellem or 

cork and phellodsrm, comprise the protective- structure of the stem. It 
appears to arise in consequence of tangential expansion of the stem.
Hie pheHogen may be derived from any one of three tissues, namely, 

the epidermis, the hypodermic or the cortical parenchyma* It originates 
most coaaonly to the hypodermic, frequently appearing first beneath the 
stomata# This may result to the formation of lentlcels, from which it 
spreads laterally to form a cylinder of cork ©aribtom. Repeated tangential
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division of the pbellogen produces an allignuBnt of cells In radial rows. 
Those differentiated to the outside and in greater noofcers usually lose 
their protoplasts, hm om  heavily miberised, and nature as cork. In m m  

Instances layers of pheXXem cells remln fully expended between the phello* 
gen and the outer phelle® layers, which have hecosse thinly tmaprMtsed and 
suberised. In  Phvs copalllna, p!»llogen m s  formed without apparent 
formation of phellem. The action of the phellogen in this case seem to 
be simply that a t flfeKttiagKKff the layers to the outside*

The pbellodersa wm always observed to bo a single layer, and character­

istically paremhym-llke, arrange radially, continuous with the phellegeB*
The phellogen apparently functions for a short part of the growing 

season only, generally in the early spring, for the mjority of stone 
teoffiliied*

In  the initiation of lenticels, jtaellogen m s  first fowl beneath 
stomata in several instances* .In these eocaeplee the lentieel developed, 
instead of typical cork, loosely packed unsubesrised cells known as couple- 
mntary tissue* Interleaving this tissue lateral ra m  of more eonpaet 
cells known as closing layers were formed. Continuing pressure developed 
from the proliferation of additional complementary tissue and closing 
layers which caused the epidermis to bulge outward f©swing the chamcteristi® 
lens shape of iwmture lentieels* In later stages the epidermis broke and 
curled bad? while the eca^lsMntKry tissue and closing cells flared outward*

In Acer negiindo, Instead of periderm, the only protective tissue which 

appears to exist over the first winter Is the epidermis with Its heavy 
cuticle* Iferfce of the eiretnftorenee wore observed thue protected even In 
four year stem.



She results of this investigation indicate that periderm apparently 
varies la its mode of formation with each species* Thus, no particular 
tmlforisiiy appears to racist mmmg the specimens observed, which can be 
associated phylcgenetteally*. This is in complete accord with the findings 
of iHller {9)» The ©t«w studied differentiate cork in varying amount* during 
the first, year as follows none In Rhus copalliimi one or two layers in Fagm

(fables 1 and H)* ftrem this it can be- soon that no uniformity mists as to 
the extent of cork formation* ftm complete iwr»tigati©n barings out additional 
significant points coyjsceming periderm formation m  follcwat first, the period 
of the prissy phellogen activity is strikingly brief, probably lasting fear 
no more than three weeks in most cases* Secondly, phaHodorm m s  never ob­
served to be more than one cell-layer thick* third, the phellogen was formed 
in the hypodemis in the majority of cases and infrequently in the cortical 
par«usipm and epidermis*

graaftlfell*, frtrnus virgini&na and Kerens falcatei two t© four layers in 
 Idriedendk^ tulipifera aad Platanus _ about six layers in Plmas

eight or mre layers in Alnua oeritiaa,
and in lenticular areas in Acer negunde and Acer ruhrum



S0MMARX

The origin of the periderm in the twigs examined in this investigation 
was, with one exception, always in the hypodermis* In the exception, Rhus 
copallina, the origin was three layers beneath the epidermis. (the prelim­
inary investigation disclosed one species, Liquldambar styrmciflnm, showing 
epidermal origin of the periderm). The mode of formation varied with the 
species examined and no phylogenetic relationships could be determined•
In. those stew which formed a complete ring ©f cork .initially, it appeared as
though lenticular development was delayed until after the ring cork: was laid

down. Representatives of this type include Alnus maritime, Fagus grand!folia, 
Qnereus falcate, Rhus copallina, Sambueus canadensis, and lllaus amerlcana* 

Several species developed annulose cork from lenticular cork* Among 

those in this category were, Acer negundo, Acer rubrum, Fiosporos virginlana 
and Platanus occidentalism In only two of these, Acer rubrum and Fiatanus 
occidental!®, was the origin, observed first beneath stomata farmer developing 
into lenticels, and eventually spreading to for® annulose or ring cork*

With few exception®, cork formation sm m  to be m  early spring phenom­
enon of the twig* If cork formation is delayed the first year then it
forms in early spring of the second year {e*g*, Acer negundo)*

Lirjodendron tullplfera was the only species observed which formed cork 
toward, the end of the growing season.

The time of mature cork formation varies from early the first year to 
the sixth year in the stems investigated*

Fhellodera was never found to be more than one layer thick in the stems 
observed, while phelltsa was generated in patches or continuous layers varying 
from one to a dosen or more layers in thickness*



tmm x
HAHif mmm or 

m m ijm s i
oy

BSIJM
Acasr aegm is f^odsraals

Acer rubfm H&oder&d#
- bsns&tit 
wfecm| develops 
into Xeniiesl

In patches 
» not i»&i£tai

In pstehss
~ m% m i  font
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Figure 1 

figure 2

figure J«

figure it. 

Figure 5«

Meristenatic sten with colusnsr cell* 
and thick cuticle* x ItJO*
Epidermal cells elongated laterally* 
Subepidersal cells dividing radially 
at a point 1$ centimeters hack of 
apex* x h30*
FbeXlegsa of hypodeimal origin in a 
second year steeu lots breaks in 
cuticle* x liJO*
Lenticel formed in two year old Sion* 
x h30*
Suberised epidermal cells after pfcelXogen 
has generated a few layers of phellen*
X 210*
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Fig. 2

Fig. 3>



Figur« 6*

Figure 7.

Figure Cl* 

figure 9*

futb i i  Acm  a m m

Meritttm*ntX& stm* Spicier*! surface 
1 rrc alar# Cuticle im4®wlap@d* x i*30*
deristurtle stcfe*# i4»t* r stage of 
grcsth shewing ef Merisi cells radially
olospates and itlth hosv̂  cuticle# x !30.
Bifided hyix*d©i*iais beneath irtoaa near 
%hm apex# x u30#
Ldrge leaticei developed JJrcua divided 
l^oden^a tassmth stcsut# x ItJO#

Figure 10# LenticelB cd©ttsj « the surface of 
first year stera# x 210#
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Fig* 6

Fig. 8

Pig. 10
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Figure 11

Figure 12 

Figure 13

Figure XU

,* Hypoderml eells divided near a stasaa 
in tteristeaatic staa, six centimeters 
fros. the apex* x U30*

* pheHogen and cork in long layers in 
first pear ate®. x 1*30.

• Developing ionticel with nuaaroua 
layers of pholleu heavily auberlsed* 
x U3'*i •

.* Mature lanhlcel burst from pressure of 
phellen 'beneath showing typical flare* 
x u30.
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Fig* 22

Fig* 23

fig* 2k
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FigUP« l$m

Figure 16* 

Figure I? .

Hypodermis d ivid ing  la  stem tip  etoieh 
appears incom pletely d ifferen tia ted .* 
x 1*30.
Several layers o f phmllem composed o f 
irre g u la rly  shaped c e lls * x  100*

Hiellogen sharply delineated f©rising 
a closed rin g  arormd the stem* x  li30*
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Fig. 13>

Fig. 16

Fig. 17
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Fig. 18 Fig. 19

Fig. 20

Fig. 21
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glgara 26*

x ith  th lft m a tio lB * Hypodom l* x l t i i
m*$T̂  H"#gnXsi* Hi®

e«Ua« m 1*30.

Itoalp&ttsfe Xaatleal f o m d  beneath, m
a»d wSM^m flw eatttiwtai?® of 

%to» ap&x* m li£Q*
I^iioal fmtmd earli shoeing jUrge 
w eaaXatftd c e lls  a t cd.g6s. % 1*30*

p̂di©®!. 1»ta in M M f
1dtSsout l&arga © all®  a t ® lgaa* at 1*30*
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Fig. 2h

F ig .  25>

F ig .  26
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H & um  27* 

28*

IlgHT* 2?*

figaro 30. 

WUpam 31.

w i r e  vxRoxsxm

d iv te id  to  £ w m  *  long aoeter
of phoXlogon at about tei eeatteotaani
b®kia& apex* x IiJO*
fMLtai formed on m o o d  jraar ©test at 
aim tiaw» pbellogati is goMrated in tea 
tetg# x itJ0»

QtlSSISIS K&LCfcSt

tffî ŷstossti© otax abosfiÊ  ourlT' diff 
tieted tgrpodanulft* x 1i30*
mUli*4m£isjted pfa®M&gm ten contiueter*
%x\ Imok of apex* x IjJO*
S «w M l l« 3 W i o f pb@iXi» la  la te  f i w t  7u *r growth* note tapty ea llff naxt to
ph@llQgm* x Ja30»
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Fig. 27

Fig. 29

Fig. 28

Fig. 30

Fig. 31
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Figure 32 

Figure 33 

Hipr© 

Ftgur* 35

* .liaised ®%ona oos#rrsd m
mriMtemtic tMigs* x U30«

* Fhel&egea generated three cell layer# 
bmmtk tin® ef&terni#* x U30#

• Gaatixmoue sector of j>ti€diagi® fomaed 
i11 the certloel pareash^®* x i$JO*

• Cork £mm®& ctariiig second year
heavily euheerleecl sells £rm&

f ir s t  year cortex* x l*3d*



PLATE VIII

Fig. 33Fig. 32

Fig. 3h

Fig. 35
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Fitmro 3d*

?l«pm

Figure liO.

OS1&I3WS

|tl®Il#g®aa. tmm gviKxi^mls in sftgLas of 
ttm apex, x 430*

Flared lontlcel with pheHiigeii deeply 
cut tut# Mi# oorteac* x 430*

i s m s jMnaoofc

dfcrliMU **#11*
sficw^jig th in  c u tic le  in
twig® about fiv e  cen iiao iar# behind
the ape*# x 430b
UMBllsgpi' forced, in wici# Just
behind the point of Initiation*
m 430*
Cork i'omed a t Mi# baa# o f tsUs* f»© 
eutor 1#|W® heavily etitoerlstd cutting
off tli# x 430*
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Fig* 36

Fig. 37 Fig. 39

Fig. 4O
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