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IETRODUCTION

The origin and development of the periders in woody
infrequently beoen the sublect of lowvesbigations Some of the early workers

deseribed ninutely the anstorical fenbwres of pepiders tissve, butb 4id
somparatively little work to deternine ite mode of peneration. fven in the fow
somprehesaive warks on plant emabtory extent, the suthors hewve simply desoribed
the mowrrhologiosl identity of poriderwm by claseifying the tlssues of whish it
is compbrusted, Host of the eerly work wes done in Zurope during the peried
botwoon 1860 and the beginnimg of the twentieth senbwry., In fact, thwse publie
cablons remain e oritoris oo the smatomy of the periders and sonsbitule

practically our entire knowledge of the subjects On the obher hend a nwber of
more vecent and corborporary authors, both in this cowdry and abroad, have
inlisated the lmportanse of peridern frum the standpolint of s role amd Dunge

tion as & proteotive tissus. Thely sonelusionsg are st periderm my sot in
throe different ways , samely, (1) retarding eveporstion by subsrization of
riellem, (2) imsulating end mindsdging e sffecte of tesperatuwre chenges, and
{3} meting as a berrier to fungel tnfestion,
in reoeent yoars ouly two lmwestigators have attemplted to detormine the
srviromment relationshits of pariderm lormabion., Thus the awount

of specifie Inforsation on tho subjest is quite limited even though ik is cone
sidered basie to a cowrse in peveral bLotany, Jince s eareful search of the

literature on priders revealed go 11tile, it seomed desirsble to extend the
previous work done by tiw auther in thies fleld in whioh be debermined, in fouwr
woody sboms, the point and time of w&g}ﬁ of tiw primary periders and the

cortioal regien in whish insepiion wams first mobed. The present investigation
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4 lowg peried of time, in foot sourly Ywe hundred years, clapsed belere
furthsr recorded refersrcos wore mde o sovk developments These eppeared in
Kuropean jownals. Jenlets work (17) in 1800 is jreeticelly the only (vize
souree maderial avellable todayve [ls Susoripbions of cork strustwrs and
dewlormerk wore rade with partioulsr reference to mizery periders fsrmation.

The next importart work wes that of Joseph ¥oller (§), whish wes partially
translated Yy Ereuger (8)e Uoller's dobailed oheervebions on a grest sany
species of woody sbems, in which e attempted Yo penerslise the olsssification
of the cork etructuwre for seversl whole gonere, faliled besause he fouwnd that
bark dharacbers weres not suffislently distinet to meke o worlable ey for
fdentificebion. Hisz work, however, resming ez an lnportent gemersl work oo
eortex ensbony. Furtber, he wos the Tirst o recognize thet the formation of
seales and plabes of bark op the ovlslde of u bree is pot zoversed entlrely by
a serdaic sbage of deweloparnt, bub rethor by suvbelle mechaniesl anl physlow
lozieal faockors.

In 1804, Delary (2] sovoliled the then oxlsting information on pepiderm,
inte a wonusental work in whieh bo mede s corvelasblon of the sorparative amabomy
of wascular plants. This was closely followed in 1829 Yy Doullst's (4) ree

searehes on peridern. Almost teurty-Iive ware elapsod befare Hylius (10) im

1518 »ade o comparative sbudy of werdous corbex bicsws.

D Lug She 1920%, the extunsive gontribublons of Priesily and his oo
workers (11-18) Brought So light same ratier alpniffoant debe on the ‘hysiologie
cal azpents of the problem in wilch they debermdoed some of the causal fuctors

in reristen end cork forvablon, perbiioularly in wund tlssue,.

Fithin the last Jecads

two workers bave contyibubed work of move specific
girnifionnse, The {irst wes de Jeeuw (3) who was interveted in the cawsal



fastars in dsep cork furmation, partioularly as influensed by exposure condie
tiong. e portinensy of thiz work s relatively ilmporten

The secund, Trow: (1}, ir o mwelininery study of fowr speoien ropresente
ing the genars, Svowmous, Licutdesbar, Tille and Freximus, cbserved tws

eommon types of cork, sseh of which wes ponerated in & mwusr wlique for the
anl Liguidsmber
while the amuloso-troe wes Mroed in 111& and Frexiraa, In L3

2illa, periderw lormabion wes oarly sssoolabed with stomabal and lenticular

speclies cxusimed. Wing=type cork wae formed in vorsmovs

dowplomment whish In the Jormer wuz espeoially pronounsed. Mellogen was
locallzed benesth wlng cork and of stembtal origin in Dvonymousp it was derived
frow the epllornls anl extended in a rire beveath lesnticels, and lpter swbended

eirewsforantially arownd the sben inm T1lia, while 4% wes derived subespidersmlly
and fomnd unllors anmuloge rings in Traxims, Periderm was cheerved to arise
durine the First yeor in all osses eveont Tilia which deweloped its firad oark

during the ssoond year. In ewvory oase chserwed ounly one layer of phellodern
ad beer forred, It waa chevectorized ae belns the Lumer layer of oells nexb
to the rorenchyms of the cortex and distinguished fror that tiseue by the
radiel srravgement of ibs oelle.

It is peobably true thad yeeent suthors have drawn leavily upon the wribings
of the sarly worlers, mrticularly those of ganio, ¥oller, and Deiary, in
sorpiling thelr penersl werke on nlamt snatomy. It le martleularly sipnifieant,
ooy, that there Lo a syereiby of Dundamental dnte coreernlpy the development
af periderm tlzsues, Topr s reason, then, an exbension of the work of Srowm

(1] appeared desireblo.



¥ield collsctions begsn in 1845 and contlmed through the spring of 1950,
Sanples were teken monthly which were cunaldered representetive of noermal
growtl, tiwt is, selocbed during 2iiforent perieds of the growlng seuson frem
bwigs whish wore of sversge lntornodal lomsths. Usceslonslly, wnumsuslly lemg
oy shord tbwigs were balwen to deterwine relakive jeriders aetivity. Some spow
siss were collacbed cne vear, some auobhor, and sswe for soveral yeers io
supcescion. Jezments, esel onv serbimetor in lewgihb, wers owb frem susvessive
amxusl grewth inerements snd mubored conssoutively frow ihe apoxe Ilus, 1t
wms possible bo inticabe wild o ressaeble depree of acowrscy, the approximste
loostion ef poriders lsitiatliov.

The stem seyrente were killed and fixed in formalivescebo-slochel (FAA)
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The twig end sten spocinens were aspirated, slloved to stond at lesst

thirty howe in the PAL end weshed for btec howrs in severbty pesrcent alechel.
it wes found that thin mierobome ssetions oould be removed from some seprents
taken direatly oub of the sevenly percent slochols The sec
serially bebween elight asd thirby slorons in thidkmess. The more lirber sige

monts were suocessiully seotiomed by hand while held bebmwen alabs of older
pith, These were Judged to be comparable in size bubl weried individually

sinoe each hand secbion was out on ¢ slant in such o manwer as to oblaln the
thimnest pert of the alge on ene of the outslde edpeas. Those semples whioh



were to be embedded were dehydrated S‘. the standard tertiary butyl aleohol
fechnigue and exbedded in tissuvemat. ,ﬁﬁ_ older exbedded go&. gtess were
 allowed tuv stand in a mixture of hydrofluworic acid, glycerine and alcohol
according to a techniqus psrfected by Poster and 0iffard (6}, to facilitate
cutting. All slides were differentially stained with safranin and fast~
green. Screening methods and experience simplified the selection of segments
in which the periderm origin was shown.

RESULTS

The following descriptions of cork inftiation in twelve species were
cbtained from approximetely eighteen hundred transverse seetions. In
sections prepared from twenty-fiwve additional species insufficlent evidence
was found concerning periderm origin to warrant inglusion in these data. The
twig and bark descripticns were copiled by macruscopic examination of several
twigs of each species and of the trees {rom which they were taken.

ACER NEGUEDU

Twigs. Stout, green to purplish mﬁgwu smooth, polished or often with a
glauvcus bloom which readily rubs off. Lenticels congplicuously absent.

Barke On sacond year and older stems lenticels somewhat w@nmwgg
elongated, appeared as scattered, raised, buff dota. Stems up to three and
four vears remgined green tc purplish green and smooth with occasional thin
grayish patches of cork extending from a lenticel until in the older stems it
becane extensive enough to give a continuous thin, pale gray, or light brom
covering. lLater, the bark developed a light brown color, broken by narrow
rather shallow fissures into narrow, irregular, flat~topped anastomosing ridges



which were further cracied horisonially. Op old trees the burk s more
decply Durrowod.

coprk initlstlion. In the sarly meristesatic stea the epideruis is forwed

of calls socaewhat columnar in shape and covered wiih a bhick cublele (Fige 1)e
A5 bthe teiy olonguibes el enlarges the epidersal celis appear %o elongale
laterally while a few layers of hypodersal cells divide radially o increuse
the cireumference of the wig (Fig. 2).

L1l during the first year the cells adjacent Lo the epiderais and for
seversl lsyers beneath, ressin larger than those of the inner cortex. These
sonewhat larger gells asswme a pgremular appearsnce which seoms to be indicaw
tive of an incipient courk cawbiue formation but none lorus dzm‘mg the first
years During the second yesr the oulticle cracks, the hypodersal oells hecose
wore prenular, and finally divide foraing several secbors of phellogen around
the stexn (PMlg. 3)e The hypoderais sd this time appesrs to have divided
radially axd tangentially sisultsneously. This is conteary 1o the conventional
asanner in whieh phellogen wes observed in olher stems, nanely, in newly divided
cells laid down in redisl rows. In &s negundo, further division forus lenticu-
lar swellings which at the end of the segond ysar sey be found here auxi there
on the surface (Pige L). 43 the lenticels becose sore nuserous, pobohes of
cork may be seen extending fros lenticel to lecticel. These patches correspond
%0 those seen upon a superficial examination of the surfuce of the stem. In
sume cases the circusference was observed to be free of lenticels with & half
dogen layers of ammwulose cork formed uniforsdy around the siem. A8 soon as
vheliogen hay forued, the adjscent epiderasl cells becows nwavily suberized
(Fige 5), while additional layers of phellea sre lald down. ¥hen as uany as

a half-dozen layers of cork have forsed, the eplderasis usually cracks and,



toruther with the outicles, sloughs of'fs Omly one lsyer of phellsdern forms
a% any tims during this period,

The ape at whieh the sien bosomes somplebsly ringed wilh cerk varles lor

diflerent euvivornmants. Jome gspecimens wore obwarved whieh appeared to Be
somplebely coversd early in the gecond yoar while sbhers still showed groen
patohsg in fsureyear-old gloms, A% no Llme wag wore ther one layer of

rhalledern obsorvedls

ACER RIBRUNM

Zwigss Slender, mmooth, % or dexk red, luwsbtrous with sparee dowy
hair in early twiges ard covered with nurerous consplowsus lentioels, |

Bark. Smooth and light grsy oo young brawies, gg%%ﬁ%
trunies, roughemed inte long mervow vidges, occcasiooally sooewint shapey and
separating in long plabes by shallow flsswres. In some localities the berk
reralns amcoth unkll the trunk iz a fbob or more in Alsweber,

Cork initiation. In the reristersitie sben the epidermis is lrregular on
the marinos (Fige 6), the cells soon becenming redially elongated and esvered
with & beavy cuticle (Fige T)s The subspldermal oells divide radially as the

twip expande lateorally, while the hypodeymis may be soen divided bveneath
stomste (Figs 8), 12 varicus sectlons within e shork distanes of the ternd

budse Toward the latbor part o« dw First yeer, the divided nypodersis cxn e
seen where soabtlered stomats hmve developed into rather larpe lenticels (Figs 9)a
This 1o repeated wrder wopreby stambia and cork is wolifereted rapidly as the
lentivel expands. Leterally the cork cerbium extenis %o Joln ¢hat from ascther
lenticsl and the smrface is sraduslly dotted with small aresg of cork (Pige 10)e
ixfolimtion of the young bark tissue from the lentloel orenings forms irrveruler



ralsed places ou the swiace which plves the twlp a spockled appoarancs., Cork
on gecoml year smd older sters inoreases until the third to the sixth year dew
poxxiing upon the sovirensent, wher 1t mey bo observed extended around the ene
tire perlawier of the atenmy Urdil this phase is resched tho twir has » dooidede
1y greenish appesrance wikh asly pray snd brown patehos of cork,.

ALNUS BARITINA

Iwigs, Hathwr slender, more or I8ss sigeag, Tinely downy, light green at
first, very lustrous, marked with ocecasiomal swall erangee-solored lentisels and
minube slanduler dobs during the Cirst swswe, besonlng dull light orange or
reddish brows in the winter and tuwranlny ashy gray, ofben siisd®ly Linged with
rod, the follawing soasct

Barke Thim, smooth, Light brewn o brown binged with grey.

Cork initistlone. Soon afber the groving season beging, nussreus sbozmia
cbserved close Lo the terminal bud.,. Within s ehwrt distarce of wany

ean be
sboiba, about five or six centimeters beblind the apex, hypoderssl cells can
be found divided formday piellogen (Figs 11}s This staze is quickly followed
by more extensiw division of the plellogen to form lorg layors of cork which
Join emeh other sround e etonm (Fig. 12). 42 many ss for or twelve layers of
gork wore sbserved in flrst year twigs. hMeiher graliferation is indieated by
Jazred openings In Ww lentlcel eress shiol cesur esrly In the first year,
approximately eleven sonblveters iu bask of the twip apex, "wring e second
war, lentioular developnl is sarked by awerous layers of phollem which bow
oome heavily suberised and bulge oulward st the cenber {(Virs 13)e As mors and
eore pholles iz lwid down the lentlesl bursbs apin giving the typlosl flaye ab
its sides (rigs léje The Dirst year sork wes observed to resaln inbeet in
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1l

oas irvepularly shaped ocells without a $hick cubicle whiech ghows slgns of
shlveling Ty the end of the Dirst yoars The hypodoruis eoon divides forming

the shellogen and lays dewn phelles which besoses perbly cuberised (Fig. 18}
Upually bub one layer of phellex and e of phelloders iz formed beneatil the
epidernls aﬁwi% the flrst yeare 4 few lextloels, bowever, cas be observed

here and there. Second year stems ab Lhe sawe stepe of srowth have {ormed ive
or six layors of phellem while the epidermis lms sbriveled completely. The

moe is now consplousus with lentisels, many of whish show flaring

m'ﬂ" ﬁém~ palors
ﬁﬁi&t 1&};

LINIODMDROE TULIPIFCIA

Dwipse Slender bo sowesimi sboub, 1ight yellowsgreen wilth wore or iw&
glauour Yiooe Juring the firet swoer, becosing reddish brown, lustrous and
Pinally sray, marked wilh corspleusus pray lenbicels W e {irst winber.

Bark, Derk green and svooth whan young with whibe spots besamling dark snd
erackeod into & regulsr zebwork of shallor, flre ridges which on 6ld trunks bew
cones deuply furrewsd, brom and roughs

cork Initiation. The epldermis of oarly srowth twigs 1o ocovered with s

thick outicles Tho colls arc tileker radinlly thes they are leng and ere gulte
irregular in sige. The coritex i composed of sewveral lsyors of small ocells on
e oulslde giving way %o lercer cells toward the center. Inlerspersed are
many olroular imtorosllular openimgs which reserble oil glamis. As the prowing
HRAS0N roLiesses, Uhe opldermsl cells Yesum: clopgabed and divide astislimelly
o inorease e elrousforcuos. Towsrd the end of the firet prowing season the

ows Givided oells et intervals arsund the sbtem (Vipe £0)e lardisl

kyrpodernis sh

areas of e chbrouwslorenss expund v W phellem fans lonticulabe sross sow
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FUNUE VIRGINIANA

Twigs. GSwmooth, slender reddish to grayish brown with nuserous,
. rather conapicuous but pale lenticels, slightly elongated longitudinally
the first year and becoming dark red-brom in thelir second year,

Bark, Smooth but slightly roughened with red-brown dots formed
bty enlarged lenticels, becoming rough wlth persistent dark reddish brown
scales which can be peeled in thin papery layers exposing green bark
belowe

Cork initiation. Very young stems show epidermal cells which tend
t0 be square with a thin cuticle., The adjacent cortical cells were
observed to be two or three times the sise of other cells in the cortex
and were without regular srrangement, Unly three or four centimeters

behind the terminal bud the cuticle increasad in thickmsss and the hypo~
dermal cclls were found in more orderly alignment bensath the epidermis.
The hypodermis was frequently found divided to form long sectors of
phellogen (Fig. 27), commepeing ten to fifteen centimeters behind the
apex and in subsequent first year prowth. These sectors often joinad to
form longer and more continuocus layers of phellem, scme of which developed
into lenticels and formed scurfy sectlons of the twig. Hot more than two
layers of phellem and one layer of phelloderm were cbserwed during the
first year of growth. At the same time on second year stems, as many as
eight or ten cell layers of phellem were cbserved with still only one
cell layer of phelloderm (Fige 28).
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in each micro-section (20 to 30 micra thick) cut from this region, as
many as {ive to ten ralsed stomata were observed (Fig. 32). HRight to
teon centimeters behind the apical meriatem was found the first cork
carbium three or four cell layers beneath the epidermis (¥ig. 33).

This phellogen was initlated at several points involving a single cell
or in sectors involving several cells around the stem during the first
two weoks of growth {Fig. 34). This sesms to be the only division taking
place in the first year of growth. The cells which are cut off to the
outside become subsriszed Ly the end of the first two weeks and remain in
thiz condition until the growing ssason begins the following year.

When growth begins the second year, the phellogen forms three or
four layers of cork (Fig. 35). This internal expansion causes a partial
exfoliation of the outer bark intc papery scalss. In sash succeeding
year of stem groswth similar lsyers of cork are added inside that formed
previcusly. Only one layer of phelloderm was cbserved in twoe year old
stens.

SAHBUCUS CANADEBRSIS

Twigs. Thick but soft, greenish, becoming light brown with s pur—
plish tinge.

Bark. Gmooth, dark brown with small warts, becoming scaly on old
stems.

Cork initiation. In twig meristems the well-dafined epidermal cells

are coversd with a thin cuticle. 7The outer two cell layers of the cortex
vare in regular rows while the remainder consisted of loosely-packed oells



showing frequent intercellular spaces. Damediately behind the terminal

bud the hypodermis divides to form phellogen (Fig. 36)e Division continues
untll at & distance of eight or ten centimeters in back of the terminal bud,
ten or more ¢ell layers of phellem forme. In this region the epidermis
coupletely disappears. Occasional flared lenticels were seen in the developing
vorky sharply cub inte the cortex (Fige 37)e Only one layer of phellodern

wag observed.

VLIBIS AMERICARA

Iwigs. Glender, green, smooth or sometiues downy, soon becouing light
red-broun, often tinged with yellow and marked by scatiored inconspieusus
lanticels.

Burke Dark gray, divided by irregular longitudinal fissures into resd
flatetopped ridges, rather {irm though sometimes in very old trees coming off
in flakes. Bark internally stratified by thick conspleuously whitish
layers alternating with layers of a dark browm.

gark initiation, Meristematic twigs show aboubl three layers of wniformly

shaped cells around the oculeide, The epiderais forms but 1ittle cuticle uwp
untdl the tiame phellogen iz first differentisted five or six centimeters
behind the terminal bud (Fiz. 30)e Fhellogen incresses within ten centi-
moters of the apical meristen during the first two weeoks of growth (Fig. 39).
&% the base of the twig the phellogen cube off about a half-dosen layers

of cork during thoe ressinder of the growing season, the two oag%a of
waich becowe heavily subserised and cut off the epidermis completely (Fige LO)e
¥hen the apring growth begins the second year, the old phellogen again
becomes active and lays down ancther half-clomen layers of phellem, pushing
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the {irst vear cork sway. As the resulting pressure increases almost all
of the first year cork disappears leaving only rexmants here and there
around the gtem.

nISCussIOoN
DEFINITION OF TS

Barke The word "bark® is popularly used to designate all tissues outside
the vascular casbium; the word, when used in this study, applies only to
the phellogen and the tissues differentiated by it.
Cork. The word "ecork" refers specifically to phellem. ature cork is con-
gldered to be several layers of heavily suberized cork which is compressed
enough to cause aplitting and exfollation of the epidermis. According to
Tames and MacDariels (5) and confirmed by Brown (1), primary periderm pro-
duces cork of two types:

Aunnulose cork. That cork which is econposed of thickewalled, filiform

ecells, radially flattened is called armulose. The lumen of the cells
is usually impregnated with a darke-staining moterial. Compression
causes the flattening of the cells. The majority of woody stems pro=-
duce this type of cork.

Wing corke Cork which forms ridges external to the epidermis is called
wing corke. The cells are thinewalled, empty, filiform, and elongated
radially. This type of cork spparently occurs infrequently, having
been found in cnly two out of sixteen species investigated, namely,
Bronynous alata and Ligquidambar styraciflua. Fames and ¥acDaniels (5)

also report Juercus suber as heing of this type.




b 1

Poriderme The periderm is that tissue originating in the cortex of a stem

and composed of phellogen, phellem, and phallodern. Duwring cork formation,
the phellogen proliferates phellem or cork centrifugally and phelloders
centripetally. This activity 2z unilateral rather than of a reciprocal
nature, in which phellen is generated tc a wyuch greater extent than phello=
derm. In this investi gaticn amly one layer of phelloderm was observed.
Amtumeally there is 1little difference ’bamrﬁ phelleoderm and cortieal
parenchyma sxcept thet the former exhiblts radial arrangerent corresponding
{0 the phellogen cells. |

Yhile phellogen or cork cawbium is a secundery lateral meristem, all
of the tissue produced by it, which ls secondary tissue, may be called
primery periderm, to distinguish it from an inner or secundary periderm
which may be differentiated later. A cork camblum is similar in nmost
respects to & vascular carbium, except that generslly the tissues differe
entiated from it ave less extensive.

AMALYGIS UF DATA

The phellogen or cork cambium and its derivative tissues, phellem or
cork and phellodesrm, comprise the protective structure of the stem. It
appears to arise in conseguence of tangential expansion of the stem.

The phellogen may be derived from any cne of three tissues, namely,

the epidermis, the hypodermis or the cortical parenchyms. It criginates
most commonly in the hypoderwmis, frequently appearing first beneath the
stomata. This may result in the formation of lenticels, from which it
spreads laterally to form a cyvlinder of cork cambium. Repeated tangential
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division of the phellogen produces an allignment of eells in radial rows.
Those differentiated to the cutside and in greater numbers usually lose
their protoplastis, become heavily suberiged, and mature as cork. In some
instances layers of phellen cells remain fully expanded between the phello=
gen and the outer phellem layers, which have become thinly compressed and
suberized. In Bhua copallina, phellogen wos formsd withoul apparent

formation of phellem. ‘the action of the phellogen in this case seems to
be sirply that of shutiing-off the layers to the cutside. _

The phelloderm was always observed to ba a single layer, and character—
istically parenchrmm=-like, arranged radially, continuous with the rhellogen.

The phellosen apparently functions for a short part of the prowing
seagon only, generally in the early spring, for the majority of stems
examined.

In the inftiation of lentiesls, phellogen was first found beneath
stomatza in geveral instances. In these exazples the lenticel dsveloped,
instead of typical eork, loosely packed unsuberised cells known as comple=
mentary tissue. Tnterleaving this tissue latMI rows of more cumpact
cells known as closing layers were formed. Contimiing pressure developed
from the proliferation of additional complementary tissue and closing
layers which caused the epicdermis to bulge outward forming the characteristie
lens shape of Lmmature lenticels. In later stares the eriderxis btroke and
curled back while the complementary tissue and cloging cells flared oubtward.

In Acer nepundo, instead of periderm, the only protective tissue which

appears to exist over the first winter is the epldernis with its heavy
cuticle. Parts of the circumference were chserved thus protected even in

four year stems.




The results of this investigation indicate that periderm apparently
varies in its mode of formation with each species. Thue, no particular
uniformity appears to exist auong the specimens observed which can be
- assoclated phylogenetically. This is in complete accord with the findings
of ¥8ller (%). The stems studied differsntiate cork in varying amounts during

i diFoligar as follows: none in Rhus copallinag cne or two layers in Fagus
grandifolia, Prunus virginiana and Juercus falcata; two to four layers im

ron tulipifera and Flatanus occidentalisj about six layers in Ulzms

americana; eight or more layers in Alnus meritima, Diosporcs virginiana and

Sapbucus canadensisy and in lenticular areas in Acer negundo and Acer rubrum

(Tables I and II). From this it can bs seen that no wmiformity exists as to
the extent of cork fermation. The complete investigation brings cut additional
gignificant points concerning periderm forsstion as followar First, the periocd
of the primary phellogen activity is strikingly brief, probably lasting for

no more than three weeks in most cases. Secondly, phelioderm was never obe
served io be more than one cell-layer thick. Third, the phellogen was formed
in the hypodersmis in the mjority of cases and infrequently in the cortical
parenchyma and epldermis.



SULBARY

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, Liquidambar styracifiua, showing

epidernal origin of the periderm). The mode of formation varied with the
species examined and no phylogenetic relationships could be determined,

In those stems which formed & complete ring of cork initially, it appeared aa
though lenticular development was delayed until after the ring cork was laid

down. Representatives of this type include Alnus maritima, Fagus grandifolia,

Guercus falcata, Rhus copallina, Sapbucus canadengis, and Ulmus americana.

Several species developed annulose cork from lenticular cork. Among

those in this category were, Acer negundo, Acer rubrum, Diosporos virginiana

and Platanus occidentalis. In only two of these, Acer rubrum and Platanus

occidentalis, was the origin observed first beneati: stomata further developing

into lenticels, and eventually spreading to form annulose or ring cork.
¥With few exceptions, cork formation seems to be an early spring phenome
enon of the twig. If cork formation is delayed the first vear then it

forms in early spring of the second year (e.g., Acer negundo).

liriodendron tulipifera was the only speclies 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.

Phelloderm was never found to be more than one layer thick in the stems
observed, while phellem was generated in patches or continuous layers varying

from one to a dozen or more layers in thickness,.



Aser negundo

Acer rubrum

QRIGIN OF
PHELLOGEN

Hypodermis

Hypodernds
- bhencath
stomas developa

into lenticel
Hypodermis

Hypodermis

Hypodermals

TABLE I

In patches
w not uniform

In patches
~ not wnifern

10 %o 12 layers

€ to 10 layers

1 layer arownd

cireumference
ey lenticular

Hot wniform
- 2 or 3 layers
lenticels

PHELLODRRM

One layer

One layer

{One layer

One layer

Nob coenbinuvcus
- one layer
when observed

& TYPE & CORK

Karly 2nd year
o lenticular

Early lst yeaxr
-~ lentioulay

Barly lst year
- arnulose

Eerly lat year
w lentioulay

Early lst year
- annulose

late lst year
=~ lenticular

TIME OF BATURE
CCHE FOHMATION
3 ¢t 6 years

Irrsgulaﬂym
2 to 6 years

Barly first year
Early first year

Early second year

End ef first and
sacond years

44
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FLATE I ACER NEGURDO

Figure 1. Meristematic stem with columnar cells
and thick cuticle. x 430,

Flgure 2. Epidermal cells elongated laterally.
Subepidermal cells dividing radially
at a point 15 centimeters back of
apex. x L30.

Figure 3. Fhellogen of hypodermal origin in a
second year stem. Hote breaks in
cuticle, Xx mo

Figure L. Lez%cal formed in two year old stem,
x .

Figure 5. Suberised epidermal cells after phellogen
has generated a few layers of phellem.
x 210,



HATE I

L3N <-cr—

Fig. 2



P T2 N 4“5:
Flygure e

Figwre 10,

FLATs 11 ACER RUBRUM

Herigtesatlio stoa. Epidermal surface
irreslar, Cuticle undeveloped. x L30.

peristenaiie slem. [abur stoge of
groeth showing epldermal ecells radially
elongates and with heavy cubicle. x 30,

tivided hypodermis bensath stoua nesr
the apex. X 43

Large lenticel doveloped Irow divided
hypodersis beneath stoma. X 530,

lesthioels dobidng® the surfece of
firat yoar sten. % 210,



Fig. 8

HAfg IT

Fig* 6



Figure 1l.

Flgure 12.

Fhpure 13a

Sgure lie

PLATE TII ALNUS LARITIMA

Hypodermal cells divided near a stoma
in meristesstic stex, 2ix centimeters
frou the apexe x 430,

Fhellogen and cork in long layers in
firat wesr stexn. X 430.

Developing lentigel with nuaerous

layers of phellen heuavily subsrized.
T

X 43‘30

dature lanticel burst from pressure of
phelilen beneath showing typleal flare.
x &JBQ.



its* n Fig* 22

Fig* 23

fig* 2k



PLATE IV DIOSPORCS VIRGINIANA

Figure 15, Hypodermis dividing in stem tip which
upﬁmm incompletely differentiated.
X 3!).

Figure 16, Several layers of phellem composed of
irregularly shaped cells., x 100,

Figure 17. Fhellogen sharply delineated forming
a closed ring around the stem. x }30.



PIATE IV

Fig. 16

Fig. 17



FLATE ¥

Figure 1. ieristesatic sten with irregular epidermis.
Hypodermis divided to fora phellogen., x k30,

Figure 19, lenticel on second year stem showing seversl
wyw.ana of phellem, Epiderads shriveled.
% 430,

LIRTODENBRON TULIPIVENA

Figure 20, Epidermal cells laterally elongated with
heavy cuticle, ijypodermis with divided
cells, x 30,

Pigure 21. lLenticuolate cork forsation with adjucent
phellogen. x 430,



PLATE V

Fig. 18 Fig. 19

Fig. 20

Fig. 21



PLATE VI PLATANUS OCCIDENTALIS

Plguwre 22, Heristemalic stem showing epidermis
with thin suticls, Hypodermis with
Larw eells and more regular than the
AR Va4 m x lﬂmu

Flgare 23, Incipient lenticel formed beneath &
stome and within five centimeters of
the apex. 2 L30.

Pigure 2i. Lemticel formed eariy showing large
vacuolated cells at edges. x 430.

Figure 25, Typisel lenticel formed late in swucer -
without large cells at edges. x L30.

Figure 26. lLenticel formed by phellogen deeply
turned inte the cortex. x 430.




Fig.

26

PLATE VI

Fig. Zh

Fig.



Pigure 27.

¥Figure 28.

Piguare 29.
Figure 30,

Figure 3l.

PLATE ¥IX
PRUNUS VIRGINIAMA

Hypodernis divided to form & long sector
of phellogen at aboul ten centimeters
behind apex, x 430.

Fhellen formed on second year stem at
same tlee phellogen is gonerated in the
M»ﬁ& xwﬁ‘y

GUERGUS FalGafa
Heristesatic stem showing early diffarenw

tiated hypodemuis, x L300,

wallmdelined phellogen ten centimeters
in back of apeX. x 430.

Several layers of phellem in late first
year growth. JNote emply cells next %o
phellogen. x 430.




PLATE VII

Fig. 27 Fig. 28

Fig. 29 Fig. 30

Fig. 31



Flaure 32a

Figure 3.

Figure 35.

PLATT VIIT  EAKE QOPALLIMA

halsed shous comaouly observed on
soristenstic twipgas. = L30.

Fhellogen generated Lhwes cell layers
beneath the epideruis. x 430,

gonbinuous sector of phellogen Lforued
in the cortical parencnyma. x 430,

Cors formed Guring second year
ahowing heavily suberized cells from
Diral year cortex. X 43U



PLATE VIII

Fig. 32 Fig. 33

Fig. 3h

Fig. 35



rigure 37,

Figure 38.

ﬁﬁtmhﬂ‘

PLATE IX

¥hellogen from hypoderais in region of
the apex, x 430,

Flared lenticel with phellogen deeply
cut inte the cortex, x 430,

wpmwah divided. Ipldermal cells
showing thin cutiels in zerlatensiic
mt,»;u a%ma‘k five centimeters behind

the apex. x L30,.

Phellogen formed in wice sector Jjust
beg&.w the point of initistion,
x L30,

Cork formed at the base of twig. Two
outer layers heavily suberised cutting
off the epidormis. x 430,



PLATE IX

Fig* 36

Fig. 37 Fig. 39

Fig. 40
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