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INTRODUCTIOR

The purpose of this study 1s to investizate the develop-
ment of the endocarp of the fruits of two represcntatives of the

family Rosaceae, subfarmily Maloideae., Malus x gumi, (Mats,)

Rehd., (2 hybrid of §Lf ceata var., mandghurics and M. sle-

boldil) an aslatic flowering crab that is sometimes planted for
ornement, 18 one of the representatives studied; the other 1s
Crataegus mollis, (T. & G.) Scheels, the downy hawthorn, a. com-
mon tree native to a large part of tho Bastern United States,

A menmber of the order Rosales, the Rosacene 13 a large
family with approximately 115 genera and 3,200 specles distrib-
uted throughout the world, Its members are charucterized by
four basie distinctions, according to Lawrence {199%1). These
are!

1. The usual presence of stipules,

2. A flower plan based on five (excluding the gyno-
ecium), usually aoctinomorphic, and with numerous
stemens,

3. A hypenthium formed from the fusion of the andro-
eciunm and the floral envelopes resulting in a half-
inforior or inferior ovary.

L« The absence or near adbsence of endospsrm in the

mature assed,
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A subdlvigion of the Rosacese, the Fomoideae, has been
given tribe status {(Bentbaem and ULooker, 1362; Fernald, 13Y0;
Imtchimson, 1664) or subfemily status (Focke, 1891; Lawrence,
1751; Jleason and Cronquiss, 1963) by various taxonomwists. In
thlis study the taxonoric treatment of the proup by Gleasor und
Cronquist will be followed except that the subfamily name MHal-
oldene will be used rather thun the name Pomoldesa. 1This fol-
lows the rules of the Intermational Code of Botanieel Nomen-
clature (Lanjouw, 1966), which specify that a subfamily name
be based on a genus. As & taxonomic unit the Maloldeae appears
to stind cut f{rom othar members of the Fosucene by a common
shromosome base of seventeen (Sax, 1931), Interrelutionshiyps
betwecen gonera have bgen found through the following hybrids,

as noted by 3ax: Crataegus X Pyrus, Pyrus X Malus, Amelanchier

X Sorbus, Scrbus X Aronia, Sorbus X FPyrus,

The morphological characteristics of the Maloldene, as
presented by Weber (1964), ure as follows:

Treos or strubs, unarmed or spiny. Leaves petioloulante,
sltornate, simple or corpound, with free stipules (at
least on yocung shoots}. Mowsrs regular, hermaphro-
dite (rerely unisoxual by aborticn), solitary, fascic-
ulate or in terslnal racemss, white, pink, or red.
Calyx campunuluate-urceolate with 5 persistent or de-
oiducus lobeg. Petals &, ungulculats, inserted in the
throat of the caylx. 38tumens 10-00, insertsd at the
same level as thoe petals, filauamonts fr:e, anthers in-
trcse with 2 locules, Disk laminate or fleshy, dry or
nectariforoua. Ovary formed of (1) 2-5 earpels, more
or leas adhersnt to the ¢alyx on thelr abaxlal side,
completely fused with It at maturity. Owvules Anatrop-
oua usually 2 (1 by sbortion) in sach locule, to in-
definite Chaenomeles, Cydonia, Styles 1-5 terminal,
free or connate at the base. Follen trloclpate,

Frult fleshy, usually a pome (exceptionally a berry)
formed of the hypanthium, the carpels becoming char-
taceous or cartilaginous, sometimes dshiseing on the
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adexlal suture, to bony and indohigcent, Seeds
asconding {or hémigontial when numerocus), testa cori-
aceous, or less often micilaginous, raphe and ohalaza
aplesl {or subaplcal) ondosperm laci:ing, embryo ortho-
tropous with short and conlcal radic¢le and iwmpercopt-
ible plumule,

The gonera included in the sudfamily HMaloideae which
cun be commonly obesrved in the Hortheastern United 3tatus
are the following: Malus, ayple, erab apple; Iyrus, pear;
Sorbus, mountain ush; Aronia, chokeberry; Amelanchier, june-

berry or shadblow; Crataesus, hawthorn; Cotoneauster; Yyra-

cantha, firethorn; Chasnomeles, Japanese or flowering quince,

In most genera of the subfamily Maloldeae the inner
portion of the pericorp is differentiated into one or more
layerns of cells with thickened and more or less lignified
walls, ~iving the region either a cartilaginous or bony tex-
tura, The thickness of thils laver and the degree of ligni-
flcaticn of the cell walls vary aswng the genocra of the sub-
fermdly. Most coremonly the diffsrentiated pericarp or endo-
cary c¢ells qualify as sclerenchyma tissue due to their thick,
lignified walls and simple npits. The isodlametric to mod-
erately elonrate form of thoso cells sstablishes them aus
sclerids rather than fibers, the other category of scleren-
chyma,

Consilerable eonfusion exists regarding the extont of
the endocary in various fruits. Cormronly the term 1s de-
fined in a rather indofinite minner as the innor wall or
layer of the pericarp. It has been suz;ssted by Sterling
(19%3) that a return to the oririnal morphological defini-
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tion of the endocarn as that tissue derived from the inner
epidermis of the carpel would clarify the terrdnolozy of fruit

structure,



REVIEW OF LITZRATURE

On the basls of whether tlie endocarp structure in the
mature frult is cartilaginous or osseous, Lindley {1622) sopa-
rated the pomold genera into two funidamental groups as ollows:

1. nndocarﬁ'oartilaginous: Pyrus, Chosnomeles, Cydonia,

Amalandhiar, Chamaemeles, and Raphiolepis
2. ndoocarp osseous: lMespllus, Crataegus, Osteo~

meles, and Cotoneastor,

Although i1t appours that Lindley 41d not examine endocsarp
tisgue in detail, his classificotion, in the opinion of Ster-
ling (196l4), appears to be in accord with other morrhological
evidence., Lindley also made tre observation that the testa
in the genera witih osssous endocarp is membrsnaceous while in
Fyrus 1t 1s cartilaginous,

One of the first to investigate the development of
fruit of the family Rosaceae wes Cave (1369), Cave's drsw-
ings and desoriptions show the general development of the
various tissue regions of the fruit wall, iIncluding the

endocarp, of thrce genera: Rosa, Prunus, and Clematis. The

latter gonus 1s now cormonly placed in the Ranunculaceae by
most taxonomlsts rather than in the Rosacese, No detailed
atudy of any specifie tissue wus undertaken by Cave.

-rrobably the first serious developmental study of

5
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endogurp tissue in the Maloidene was made dy Tukey and Young
(1942). PFollowing throuzh the development of tho endocarp
and other frult tissuses (pith und cortex) in the apple
varieties lcintosh and iwenty Junce, thse study disclosed
ssveral interesting facts concerning endocsrp development:

1. Zindocarp tissue 1s the earliest of any tissue to
mature (1.2., two to four wooks after flowering).

2. The endocarp is derlved from & layer of cells
irmodiately deneath the inner epider=mis.

3. The cartilazinous endocarp tissue has a thickness
of five to six cells Lut becomes progressively
thinner ané finally absent toward the vontral
and dorsal vascular bundles,

The authors were unable to detsrrine whether the layer whigh
gavoe rise to the endocurp wuas derived from the inner epider~
mls sseveral woeks before full bloom but speculated that this
was the case since they had observed the same process in e
related fruit, cherry.

Recently, Sterling (1964, 196Sa, 1965b) has ocarried
out extensive morpholozicel resenrch on the pistil astructure
of most genera commonly ineluded in the Malcidease, The con-
caopts of close relationship between genera and the relative
primitiveness of the Maloideae have besn augmented by Ster-
ling's comparative study of carpal structure in the various
genera of ths subfamlly, Sterlinz concluded from his research

that evolutionary trends in the subfamily scem to point to a
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frult with complotely fused ovular and wing bundles and

other fused carpel parts.



MATERIALS AND METH0DS

The two representatives used in the developmental

study were ¥alus x zumi and Cratasegsus mollis, Floral and
fruit specimens, obtalned from the ornamental shrubbery col-
lection of Bastern Illinols Cniversalty, were collected at
weekly intervals from April 26, 1966, through July 12, 1966,
and placed in PAA preservative untll propared for secticuing,
After being wushod in two changes of fifty percent ethyl
alcohol, the specimens were progressed throush a greded ter-
tiary butyl slcolol serics and ombedded in "Tissuemat" ombed-
ding wax, Iransverse and longitudinal sections of the spec-
imens were cut with a rotary microtome in thilcknesses of
twolve to twenty microns, depsndling on the hardness of the
materiul, Some sectloning was attempted using a freezing
microtome, but most of these sections were unsuccessful in
the mature stazes due to hardness of the material, Prepered
sectlions were stalned with safranin snd fast green, acocord-
ing to the gschedules presernted by Johansen (194C). Permanent
glides were mads for subgequsnt cobservation,

Mature endocarp macerations wore prepared by placing
matsriasl in equal volumes of ten percent chromic acid end ten
percent nitric acid at a temperature of thirty degrees centi-

grade for two to three days.
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Drawinpgs were prepared utilising a Zeiss microscope

and édrawing arparatus,



OBSZRVATIONS

To aimplify dezeriptiong and savoid repetition, two
new terms will be utilized in connection with this gtudy. Tthe
term primary endocarp will be used to indicate that psrt of
the ocartilagincus endocarp irmedlately contimueus to the inner
epidermis and the term secondary endocarp as that part of the
cartilaginous endocarp derived from rarenchyms whieh differ-

entiates after the primary endoosarp,

Malus x zuml

At full bloom (based on materisl collected April 26,
1966), a cross ssction of the ovary reveuls tnat the inner epi-
dermul cells of the carpel have elongated horizontally along a
line parellel fto the inner surface of the carpel, except for
two regions where the cells remain essentially isodiumetric,
One of these regions is in the vicinity of the dorsal yasoular
bundle whore e purtial dorsal septum is pressnt, while the
other 13 in the area of the ventral suture (Pig, 1).

By two weoks after full bloom (based on material col-
lectad May 10, 1966), the elongated epidermal cells measure
approximately thirty mierons in radial dlameter and ten mi-
¢rong in tungential diameter, whereas those cells in the ven-

tral auture and dorsal bundle regions measure ten by ten mi-

10
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erons., The nucleus of these epldermul cells appears oval in
shape end 18 oriented with 1ts long axis parallel to the eaxis
of the 8ell. Some of the elongated epidermal della appear to
have divided perioclinally since tho cells irmediately adjacent
to them have the samé radizl but smaller tangential diameters,
Fumerous inslusions, 1.,6. druses, are present throuchout the
develoring fruit tissuve but seem to be concentrated in the part
of the earpel just external to the inmer epidermis, especially
in the area of the dorsal bundle (Fiz. 1).

By approximately four weeli:s after anthesis (based on
material collected My 24, 1966), the layer of elongated epie
dermol Sells located about one~sixth of the cirsumfersnce of
the locule on each side of the dorsal bundle has increased to
e thicimess of shree or four eells (Fig, L), but this layer
beeomes progressively thinner toward the regions of the dorsal
bundle and the ventral suture (Pig, 6). It oould not be dster-
minod precisely whether thie inerecase was due to differentia-
tion of adjseent parenchyma or further division of. the original
elonczated epidermal layer., The epidermal celle in the ventral
euture region have not elonzeated (Pig. 7) while the cells in
the dorsal bundle region appear to be elongating in a verti-~
oal direotion parallel to the axis of the fmuit and perpen-~
dicular to the elengated epidermal layer (Fig, 3)., 1The par-
enchyma cells fmmediately adjacent to the elonzated epidermal
oells lack plastids and are smaller than those of neighbering
parenchyma (Pige. 6 and 7).

Aftor the elonpated epidermal cells have coased
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shlargement, between four and five weeks after anthesis (baeed
on material eollected May 2i, 1966, and May 31, 1966), 1ignifs-
cation of cell walls begins as indicsted by retention of the
safranin stain. The lignification progressss rapidly sc that
Dy five weels after full Dloum 681l walls occupy approximately
one~fourth the dtameter of the 6ell, At this point thess cells
measure one hundred and thirty miorons in radial diameter by
twenty miorons in tangeatial Afametor. Some tubular pits are
visible 4n the thiskening éell walls but are rost éissernable
in the end walls of thé maAturing solereids (rig., 9). Proto-
plasm s still evident &n Ghe lumen of each sell, At the five
woek stage, the primiry endooarp has reached its maximan thiok-
ness, varyina frar four €0 five layers of cells on each side
of the Adorsal dundle to approximately two layers near the ven-
tral suture region. BEo lignification of the ocells in the im-
mediste vicinisy of the veantral suture reglon cecurs (Pig, 10).

Betweer five and six wéeks after anthesis (based on
matorial oollested May 31, 1966, and June 7, 1966), the pri-
mary eadecer has undergone eonsiderable thiokening} those
cellz rmmediately adimoent to those of the primery endocarp
have begun elengation and lignifioation of the oell walls,
thus initiating the differentiation of the seoondary endosarp
(Piz. 9)s In most cases, the ASrection of elongation is
parellel to the axis of the frult and perpendicular to the
dells of the primery endcéarr, On each side of the dorsal
bundle the ssscndary ondocarp ¢4lls are obliquely oriented
towerd the doreal dundle rather than being perpendisular to
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the primary endoocarp (Pig, 8). ILignification of the secondary
endosarp proteede centrilugally, i.e., thoss ¢ells nearest the
primery endocerp lignifying first (Pig. 9).

By eizht wseks after anthesis (based on material col-
lectad June 21, 19665, the 1imits of the sscondary endocurp
have been attzined. Adjacent to the thickest portion of the
primary ondocarp it cconsists of five or six layers of scloreids
{(Piz. 11); while along each side of the curpel approaching the
ventral suture region, it 1s composed of only two or three
layers (Mgz. 10). It %8 to be noted that the relative thick-
neas of the secondary endocarp parallels that of the primary
endocarp, except in the immediate vicinity of the dorsal bun-
dle where the secondary endocarp is poorly developed, In
carpsl cross sectiong where only one ovule per locule cean dbe
sosn or none has doveloped, a dlstinct flssure or fold can be
observed in the endoearp near the dorsal bundle, At the thick-
est portion of the endocarp, l.e., on each side of the dorsal
bundie, the entire sndocarp measures approximately two hundred
microne in thiockness while in tho region approaching the ven-
tral auture it measures aprroximately ninety microns,

By approximately eleven weeks sfter flowering (based
on material colleoted July 12, 1966), endoearp lignification
is complete 8o that both primary and sscondary endocarp scler-
©1ds sre composed mainly of cell wall materisl with many of
the walls showing concentric laminations. 1I% could not be
determined whether or not & protoplaast was still present in

the cell lwmen, The ventrel suture reglion has remained free
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of any sclerenchymatous tissue, oreating a gap of approxi-
muately four hundred mierons in the suartilaginous endocarp

(M2, 10),

Crutaesus moliis

At Tull bloom {based on meterial collected May 3, 1966),
the inner erpidermal cells of tlie carpel have elongated nhcrizon-
tally along a line parellel to the 1lnner surface of the carpel

as was observed in Milus x zumi, Simllaerly, the epldermal

¢elis in the ventral suture region apseur isodiametric (Fig. 2).
liowover, unlike the corresgponding ocslls in the carpel of Malus
% zuml, the epldermal celle in the dorsal bundle region also
undergo elongation, %here is ne evidence of a dorsal septun
such &2 1s found in Yelus x zuml,

By two wzeks after anthesis (basocd on matorial col-
lected May 17, 1964), thers are three to four layers of elon-
sated eells oxtending around the carpel except in the rezion
of the ventral suture where the ¢ells remaln eassentially 1lso-
diemetric. The elongated eridermal celis measure forty-five
microns in radlael diameter and ten micrens in tanzential dle-
meter, Whiile these ¢8lls in the ventral suture reglon measure
sprroximately eizhtcen mierons by eigh:teen microns (Pig. 2).

L was not determined whether the increase in thickness of the
layer of elongated cells lining the carpel was due to & peri-
clinal diviesion of the epidsrmal layer or to differentietion
of adjacent underlying cells,

At this time the parenchyms cells outside of the develop-
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ing primary endoscarp, whioh are destined to beeome the seoon-~
dary endocarp, oan be diliferentieted from the ocelle of the
sortex by their sligbtly tbioker walls and smaller sire (Pig. 13).
A1s0, a2 band of smaller oval~shoaped cells is evident between
cerrels (PMig, 2).

Betwsen three and four woeka after entheeis {(baaed on
naterial collected May 24, 1960, and May 31, 19661}, ligrifieca-
tion of the o0all wells of the primary endocarp begins, At
this time, tho primary sndocarp consists of five to six layaers
of cells aurrounding the entire carvel exeept in the region of
tho ventral suture, where the ceolls of the epidermal luyer bave
elongated horizontally toward the center of the frult (rig. 18).
At four weeks aftor antheals, individual ocells of the primary
sndocary measure ond hundred and forty miorone in radial diam-
ster by twenty microns in tangential diamebter, It aprears
that lignificatien of the primary sndocarp proceeds centri-
fugally {Fiz. 18},

Lignifiocation of the secondary endocarp begins after
the cells have reashed maximum size, between four and flve weoks
after full blocm {based en materiul ¢olleoted May 31, 1966, and
June 7, 1966). A4l1ll eells do not develop secondary wall thicke
ening at the same rate, Random clusters or groups of cellsa
appear to lignify first} the remaining eells lignify later
(Fig, 12}, hese cells &re generally isodiametrie in form and
measure approximately fifty microns by fifty miorona. In the
region of the ventral suture, the lignifying cells of the
secondary endocerp are smailer or elongated forming a definite
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line which will be designated es the suture line {(Fig., 18),

As eell walls thicken betwesn five and six weeks after
anthosis (based on material collected Jume 7, 1966, and June 1,
1966}, many simple pits ean be obsserved in both the primery
and the secondury endocarp sclerelds (Figs. 17 and 18).
Lignification and thickening of the ¢ell wall continues, re-
sultinz in & series of layers or laminstions as each ¢ell lumen
beoumes prorressively smaller with the stralight tubular pits
coalescing to form a wranclied or ramiform type of pitting
(Fiz. 15). At the middle lamella, the pit canals of each
sclereid are aligned with those of adjoining sclerelids forming
pit pairs,

By nine wesks after full bloom (based on material col-
lected July &, 1966), the cell walls of the primary and
sgecondary endooarp sclerelds have thiekened so that the lumen
of eacl: coll occuples about one-fourth the dlametser of the c6oll
(F4z. 1%). The entire sclerenohymatous endoecarp now forms a
generaliy uniform ahell or pit structure enclosing the seeds
(Mg. 16). This shell averaszes approximately six hundred and
fife¢y microng in thickness and 1a slightly thinner (five hun-
dred and fifty microns) on 1ts abaxial side., Parenchyma cells
adjacent to the outer surface of tho szecondary endocarp are
smaller and slightly oval in shape. DBetwsen each lignified
shell of secondary endocarp, five or six layers of unligni-
fied cells are present, Thes¢ cells are rmich smaller than
neizhboring sclerelids and are elonzated horizcntally tow:rd the

axis of the fruit, At lesst four minor vaascular bundles, in
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zddition to the major dorsel bundle, are trapred within the
thickened secondary endcocarp (Pims, 14 and 17). These bun-
dlsg aprear to be Muncticnal and relatively undisturbed by the

adjasent sclerenchymatous tissue,



PISCUSSICH AlD CONCLUSIONS

Ttie results of the developmental study conducted on

the endocarp of Melus x zumi agroe in general with those

obtained by Tukey and Young (1942) in thelr study of the
arple varietlos ¥Melntosh and Twenty Ounce. The elongation
of the inner epldermal celis of the carpel and the avsence
of elongation of the inner epldermal cells in the ventral
suture aend dorsal bundle regions are shared by Malus x zuml
and the two clcones of cultivated apple. Likewise, the
gradual reduction in thickness of the mature endocarp as

it ayprouchios the ventral suture rezjion i1s a common char-
acteristic, In contrast, Tukey and ¥Younz did net mention
the prescnce of endocarp in the dorsal bundle region, a
conditlion very evident in X¥alus x zumi, Also it should be
ncted that Tukey and Young did not report an endocary region
in the ajprle varieties McIntosh snd ISwenty Ounce equivelent
to what has been designated as the secondzry endocarp in
Jalus x zumi., It should be emphasized that the cells of tne
seeondary endocarp in Mo .us x zuml are oriented in a differ-
ent plane tian those of thie primary endocarp, Based on the
investization of ‘iukey and Young, it would apreayr that all
of the endocurp cells of the apyle varietiss uaed in thelr

study are oriented with their long axes in & horizontal plane,

18
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In addition, it might be noted that the cLservation {(reported
tvy Tukey and Youna) that the endocarp, which they called the
cartilasinous perlcary, was derived from & layer of cells
immediately underlying the inner epidermis could not be con-

firmed in the developmental study of ¥salus x zumi.

The fruits of voth Crataesus mollis and Malus x zumi

show two distinct cartilaginous endocarp regiona: a primery
endocarn composed of several layers of elongated sclerelds
lining the inner surface of the carnel, and a secondary on<o-
carp region derived from parenchyma adjacent and external to
the elongated saclereids. In the vantral suture region of

Malus x zumi, there 1s a lack of development of primary and

secondary endocarp tissue creating a gap in the cartilasinous

endocarp, while in Crataepus wmollis this region becomes

sclerenchymatous. The entire cartilaginous endocarp of

Crataerus mollis enclosing the seeds attains an average tnick-

ness of six hundred and fifty microns; wnile the cartilaginous
endocarp of Mslus x zumi where present is much less extansive
megguring from two hundred microns to ninetv mierons 1in thick-
nasn,. In both snecies, cell wall thickenlng and lignification
ir both vrimary and secondary endocarp sclereids are sronounced,
Two distinct lines of svolutionary development within
the subfemily Maloldeae soem to e evidenced by the endocarg
structure of the two representatives studied. In one line,

repraecehted by Malus x zuwi, 1t apnears that the protective

lavers of the sesd have evolved through li=nifloation of the

testz, the endncarr hacoming "open" or poorly develoved. In
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the divergent line, reprecented bty Crataegus moliis, seed vro-

tection has evolved throurh 8 thickened licnified endocarp
completely "ancargulating' the seeds, the seed coat remaining
non=-11rnified 2znd membranaceous.

Post botanista aocept the definition of the tvoical pome
frult as an accessory rruilt with a fleshy exocarp and "leathery”
eadocerp, such ng the apple (Hill et =l., 19690; ¥ilscn and Loomis,

1¥67). Tt appears that the frult of Crataesus mollis contains

2 sompletely sclerenchymatous ovary within the floral tunhe. This
observation 1s bhased on the fact that the dorsal bundle i3 enw
traoped in the seaondary endocarp, which extends to tha margin
of the floral tubte, TIf this is true, the above definition of a

pome frult must Lz altered or the genus Crataegus be given tride

atatus,
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felus x zurel carpel in cross section two wscks

after anthesia, The innor epidermsl cells have

elongated {(b), exasept for those epidermal cells
in the regions of the dorsal bundle (a), and the
ventral suture {c), which remain isodiametric.

X85,

Crataszus moilis curpel in oross section two
weoks alter anithosis. Nost of the inner epi-
dermal cells (b), including those of the dorszl
bundle reszion (a), have elonguted, with only thouse
of the ventral suture region {c¢) remaining iso-
diemetric. A layer of differentiated cells (d)
separates the cerpels. X 35,
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Fig. 7.

Cross section of Malus x zuml currel at appro-
ximetely four weeks after anthesls, showing
ovule (c) and dorsal bundle (d). Primery endo-
carp cells (b) have elonzated verticully in a
plane parallel to the fruit axis. X1 %0.

Cross sectlion of Malus x zumi carpel and ovule
(c) four weeks after anthesis, illustrating
development of primary endocarp (b), PFaren-
chyma cells (d) that will diffe=rentiate into &«
sclerenchymatous secondary endocary are dis-
tinct In appearance from those nelghboring
parenchyms. ¢ells that will remain undifferen-
tlated, X1 5O.

Malus x zumd ovary in cross sectlon,

Cross section of Malus x zuml cargpel and ovule
(¢), fcur weeks after anthesis, in the region
of the ventral suture. The primary endocsrp
cells (b) show develoring secondary walls while
secondary endocarp cells (4) remain undifferen-
tiated, X} %O.

Cross section of lelus x zumil carpel and ovuls
(c), four wesks after anthesis, in the ventral
suture region. Primary endocerp cells (b) have
falled to elongate 1in immediate ventral suture
region. X765,
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Croess section of Malus x zuml curpel, six
wosks after anthesis in the rogion of the dor-
sal bundle. 8eoondury erddocaury sclorelda (b)
show obliocue oricentation, in relrtion to pri-
mary ondoecarp sclersdds (a). X 7€,

Cross guection of Mulus x Zwrei cirpel 81X
weolis after antheela, 1iiusirating vertleal
olonzation of seoondory endocarp e21ls (b),
Secondery endocary 6ells adlacent to primary
sndocarpy sclereids thicken bef'ere othor secsonw
dayry endocary cells, X 1°G,

Cross section of ¥alus X zuml eurnel, eight
weoks wfter snthesis, in ventral suture reglon.
Primary endocsrp selerside (a) snd secondary
sndocurp sclereids have not develored 4n im-
nedinte ventrel suture reogion, X75,

Cross saction of tulckest endociry regien of
Malus x zuml carpel, eight weeks after anthesis,
Coll wells of primery endccurp scliceroids (a)
have underjione extensivo thickening and ligni-
flcatlion. Secondary endecary (b has attained
maxivum thickneas, X 110,
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Cross sectlon of Cratuezus molilis carpel, five
weeks uafter anthesis, Illustrating random cell
diffoerentiation of secondary endocarp {(b),

slongated cella of primery endocarp (a)., X7°.

Cross section of Cratmegus mollis cary.el and
ovule (¢), three weeks after anthesis in the
regicn of the dorsel bundle (b}, X7%. .

Cross section of Crataegus mollis csrrel, illus-
trating vasculer bundle trappred in mature secon-~
dary endocarp. X170,

HMsture secondary endocary sclereids of Cratasgus
mollis, 1llustreting laminated wall structure
and ramiform pits. X 30C.






Mz, 16. Crateesus mollls ovary in cross section,

Plg. 17. Oross secilon of Crataspus mollls curpel six
woeeks safter antheasis in the regicn of the dor-
83l bundle, iklonguted sclereids of primary
endocaryr (b) show considerable thickening.
Secondary endocarp (a) extends beyond dorsal
bundle. X?S. .

t1g. 18, CSross sectlon of Urutaspus mollls carpel six
woeks after anthezis in tue resion of ths ven-
tral suture., Frimary endocarp aclersids (b)
have elongated ulong with secondory endocarp
sclerelids (a) forming suture llne, Those
primary endocary sclerelds adjacent to tihe
locule show a zreater degree of cell wull

th%ghenlng than other primary endocerp sclereids,
X 7)'0 .
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