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INTRODUCTION.
I

During the progress of the pollination studies
by the Division of Horticulture at the Oregon Agricultural College it became evident that various subsidiary
factors, which may be more or lees intimately connected
with the pollination and development of the fruit, bad
not been sufficiently investigated.

It is evident that

all factors, which may be concerned, must be thoroughly
investigated before a complete know]edge of the underlying principles of fruit development can be attained.

Among these subsidiary factors may be mentioned the
relationship that the fibro-vasoular system of the
fruit bears to the development of the fruit.

Further-

more, no complete data concerning the arrangement of
the fibro-vascular elements of the fruit, or thefr
origin in the spur was available.

The present article

deals with the fibro-vascular system of the apple.
The primary object in this investigation has been, not
to make a morphological or cytological study of the
vascular tissue

'

its physiological functions in re-

lation to fruit development, but rather to investigate
the vascular anatomy of the normal fruit from its on-

gin in the spur through the pedicel and fleshy portion

of the fruit; noting the position, divisions, connections, and terminations of the system in the fruit,

and the relation of the various vascular divisions
to the several parts of the fruit.
REVIEW OP LITERATURE.

A review of available literature shows that
the study of the vascular system of the apple has received attention from 'very few investigators.

Beach

(1) makes this statement: "Bundles of fibres or veins

called fibro-vaseular bundles enter the fruit through
the stem.

Some of them pass directly through the core

along the inner edge of the seed cavities and continue
on into the outer parts of the pistil.

Between the

seed cavities and the base of the stem other lines of
fibro-vascular bundles lead off from the stem, inolose
a portion of the flesh varying in form from turbinate
to nearly globular, and terminate principally in that
portion of the calyx tube where the stamens are inserted, though sometimes apparently below the insertion of the stamens."

The same writer says also:-

"The vascular bundles which may be most easily followed
in tracing the core line are ten in number, and occur
one opposite each outer angle and alternately one
opposite each inner angle of the seed celia."

Brooks (2), in discussing the vaiiar system
of the apple says:- "If an apple is cut in halves per-2-

pendicular to the core, ten green spots may be seen
arranged in the form of a circle about midway between the core arid the epidermis.

These are the

large vascular strands of the apple.

Small branches

are given off from either side of them.

The main

branches give off comparatively few smaller ones
until near the margin of the bypodermal tissue, previously described.

Here they branch profusely and

anastomose in a seemingly indiscriminate manner.

The veinlets from one large vein unite with those
from another so that the whole surface system is
closely interwoven and connected.

In the small

veinlets the vascular elements become finer, finally
giving place to long narrow cells that seem to be
transitional between the vascular tissue and that of
the apple pulp."

MeAlpine (3) recently has dealt with the
fibro-vascular system of the apple and its functions.
Hi

work comprises a detailed study of the course of

the vascular system in the apple, its branchinge and
anaetomoeings as he found them.

Particular emphasis

is laid upon the complex network of fine fibers close
to the epidermis which has

been briefly mentioned by

Brooks in his work on Fruit Pit (2).

MoAlpine also

discusses the functions of the vascular system.
-3-

His

description deals almost entirely with the frtit; but
slight rntion is made of the vascular tissue at the
apex of the pedicel, and no at all of its origin in
the spur.
In reviewing the above mentioned contflbu-

tions in the light of the present investigations they
seem incomplete, and evidently but partially correct.
Jn attempt will be made in this article to give a
more nearly complete description of the vascular system
of the apple as found during the present study.
ME HODS

The Yellow liewtown was selected for investi-

gation, and a detailed study made of this one variety
The preliminary work began in July with a study
of the immature fruits, which at this time were from
three-quarters to one and one-half inches in diameter.
only.

To aid in defining the bundles it was desirable to
infiltrate them with a colored solution and thus better
differentiate them from the other tisies, A one
per cent aqueous solution of eosia gave satisfactory
results as a dye material. The twigs bearing the apples
were brought into the laboratoiy and the cut end of
each inserted in the dye solution. The leavea
a

II

were left on the twigs since they were thought to
hasten the infiltrating of the bunö.les in the apple.
Subsequent dissection of the apples did not prove
satisfactory owiig to the rapid oxidation of the
apple tissues when exposea. to the air, the brown color
of the od..dized tissue masking the red of the eosin.
To prevent the oxidation of the tissues it was nec-

essary to fix, dehydrate, and clear the infiltrated
materi..l. Accordingly after the apples were infiltrated

with the dye solution t}y wore cut into thin sections,
fixed, and dehydrated in alcohol and cleared in either
xylol or cedar oil. Unfortunately eosin is soluble in
alcohol and washes out in the dehydrating processes.
Ior this reason it became necessary to use a material

that would be tainup into the vascalar system,

would

be insoluble in alcohol, and would retain its color
throughout subsequent treatment. Both cupric sulphate

and ferrous sulphate fulfilled these conditions, and
though they wore not so satisfactory as eosin, they
gave fairly good results. The unsatisfactory features
connected with their use is the tendency, in the case
of both, to clog or break down the vascular tissue,
especially at the proximal en of the apple, and to
diffuse or spread into the surrw.nding tissue without
infiltrating the bundles anterior to the point where
the

clogging or breaking down of the bundles occur.
-5--

An aqueous solution ranging from two to four per cent
proved the most efficient. The ti required to

infiltrate the bundles varied from twenty-four hours
to four days. Later a one per cent solution of Magdala red (comrn Magdala red, not the echt Magdala
red.) was used with excellent results. Thin sections
of the mature fruit ranging in thickness from oneeighth to one-fourth inch, when dehydrated and cleared,
serve to show the bundles withoat stains of any kind.
n unsatisfactory attempt was made to dissolve the
tisai.e from about the bundles in the fruit with week
solutions of sodium and. potassium hydrates.

However,

a two per cent solution of potassium hydrate served
admirably to bleach the new growth of the spurs,
collected, when the flowers were in bloom, so that
after sisequent washing, dehydrating, and. clearing
the bundles were easibj traced under the binocular
microscope with but little dissection of the overlyicg tisate having been required.

It soou became evident that the ogin of
th; bundles found in the remnants of the floral parts
could not be positively deterrned in the partly or
fully matured fruit. Again, many of the divisions
of the system occur in the pedicel, and. in the advanced
stages of development the branches are so crowded, the
space containing them so limited, and the pedicel so

hard and difficult to dissect or section that no

dcftnite conclusions could be obtained. To overcor

this difficulty fruits in less advanced stages of
oevelopment were examined.

Gross dissections of

these stages, as in the case of the mature fruits,
were entir ely unsatisfact cry, but s moe the mat erial
was st enough to permit sectioning, a microscopic
study of serial sections was possible.
The microscopic study was based upon

materials collected. during the latter part of February
and continuously thereafter until the petals had
fallen in Jay. Both Gilson's mixture and absolute
alcohol were used for killing and. fixing. The former
reagent was much the better since the material fixed
in it was less brittle than when killed and fixed in
the latter. In all oases the bud scales were removed
to facilitate sectioning. The material was iinbed.d.ed.
in paraffin, and the majority of the sections were
cut fro twenty-five to fifty microns in thickness,
either tissue paper, tied. on with thread, or a very
thin coating of celloidin was put over the sections
to prevent them from washing off the slide during
the staining processes. Magdala red (1% aqueous
solution); safrania, (1% in absolute alcohol); alum
carmine, and Delafield's Haematoxylin were used in
staining, the haematoxylin being especially valuable

in differentiating the vascular fibres from the other
-7-

tissues in the younger stages.
AITATOMY

The following description deals successively

with the vascular system of the spur, pedicel, a. the
fleshy portion of the friit.
The study of the spur includes that portion
of the branch extending from the point where the ourrent season's growth began in the flower bud or flower
cluster* to the apex of the ped.unole, F1 1. The term

peduncle refers to the portion of the bud cluster
anterior to the branch buds, designated as side buds by
Goff (4), and up to the pedicel of the terminal
flower, Pig. 1.
The description of the pedicel begins at the
point where the pedicel joins the peduncle and continues to the point where the bundles diverge in the
proximal end. of the fruit, .Pig. 3. This latter point
is as ime d to

be th e apex of th e pe di eel.

The study of the fleshy portion includes the
vascular tissue throughout the entire fruit from the
apex of the ped.ieel to t1 tips of the floral parts.
*The

flower cluster is assumed,in this article,

to include the flors, branch buds and leaves which
are borne in a fruit bud.

Pig. 3 shows the divisions, sur, pedicel and fleshy
portion of the fruit as seen in a longitudinal section of a young specimen. Pigs. 1 and 2 illustrate
the parts inc1uied. in this study as they appear from
an exteria1 examination both when the flowers were in
bloom and when the fruit was nearly ture.

Spur:- The vascular tissue in the spur, as
seen in cross section slightly anterior to the point
where the new grvth began, is arranged as a compact
ring between the pith and the cortex, Pig. 4. The
vascular system is cylitrioal in arrangement throughout the spur as is made manifest by its appearance as
a ring in cross section. This cylinder is made up
of individual bundles so closely placed that a definite nwnber cannot be given. Numerous fibers extend

from the vascular cylinder to the bracts, bud scales,
and leaves, and these fibers are replaced by others
which arise as divisions from the adjacent bundles
remaining in the cylinder. Ptrtbermore, many diagonal
fibers intimately conct the adjacent bundles of the
cylinder. Rowever, there is a greater likelihood
that the vascular tissu.e will appear as distinct bundles
immediately anterior to the point where the current
seasonTs growth began than in the older wood. Beyond

thie point and closer to tI terminus of the bud cluster
the bundles become more distinct, but not sufficiently
-9-

so as to enable one to count them. They cent LQUO
in this way until the vascular tisrue of the branch
buds and the leaves which su.btend. them separate from
the vascular cylinder, zig. 5. The branch buds are
foand. in every flower bud, ave. are commonly two in
nuniber. They are situated below the proximal flower

of the cluster, one slightly above the other and on
nearly opposite sides of the spur. In so cases
only one of the branch buds develops into a shoot
the first season, but in other examples three branch
buds were found and all developed the first season.
The figures on jlate 1 show examples in which two
branch buds developed into shoots.
The vascular connections of the branch buds

will not be discussed in this article.
Distal to the branch buds and near the base
of the proximal flower pedicel a bundle is given off
from the vascular cylinder into the cortex. On
either side of the point just mentioned and slightly

distal to it t

more bundles branch from the vascular
cylinder into the cortex. Thus there remain two small
segments of vascular elements separated from the vascular cylinder and from each other by the spaces left
where the three bundles are given off into the cortex,

2ig. 5. The three bundles, which separate these segments from the rest of the spat cylinder, with their
numerous sub-divisions comprise the vascular system of
-13-

the leaf* that subtends each individual flower of the
cluster.

In the base of the leaf petiole the bundles

are divided into smaller fibers, the arrangement of which
appears crescent shaped as seen, in cross section, Pig. 5.

The vascular system of the leaf was not included in this
study and no mention will be made of the further changes
which oáour in it.

The vascular segments, separated from the vascular cylinder and each other by the bundles of the leaf
system, as mentioned above, vary considerably as to the
number of bundles which are included in each segment.

Examples may be mentioned in which the number in each segment was equal, ranging from four to six in each; in
other cases only two were found in one segment and a
many as six in the other.

The bundles in the segments

undergo a progressive reduction in number

from the

proximal to the distal flver pedicel of the cluster,
or in other words the segments which give rise to the

vascular system of the proximal fruit are made up of
a greater number of bundles than are contained in the
segments which give rise to the vascular systems of
the more distal fruits of the same cluster.

The individ-

ual bundles of the segments also vary much in size.
The vascular segments are

important since the vascular

If a bract or scale

eel one bundle

subtends

only may be given to it.

-11-

the

flovrer pedi-

system of the fruit bran.ches from them.

The number

of bundles which branch from the segments to the fruit
varies in individual examples, and may range from two
up to six, of which approximately one-half branch from
each segment.

Thj

does not, however, hold true in

aU

oases, for examp]es were observed in which one more

bundle or part of one more bundle branched into the
fruit pedicel from one segment than fran the other.

The

bundles which remain in the s egments after the vascular

elnents of the fruit have separated from them continue
anteriorly in the spur, and the gaps where

the two

lateral leaf bundles branched from the spur cylinder are
filled &imost immediately by the constriction of the
spur cylinder or by fibers which may originate as

single branches from either of the bundles adjacent to
the gap, or as bundles formed by the

anastomosing of

branches fran them.

The point in the segments which marks the

beginning of the pedicel system is first noticeable
slightly distal to the

point

where the bundles of the

leaf system separate from the vascular cylinder of
the spur.

The initial change takes place in the two

bundles bordering on the gap where the median or first
leaf bundle branched from the vascular cylinder; these
two bundles, ore on either side o
-12-

the gap, re-divide

The division of these

into smafler fibers, Pig. 6.

two bundles is followed by the division of the bundles
successively lateral to them in the

segments,

until

the total number of fibers which go to make up the
All the fibers enter

pedicel system is given off.

the pedicel in'the order in which they are divided in
the spur; that is, the first to divide extend into the

side away from the longitudinal axle of the spur, and
the fibers from each segment enter the corresponding
Tbu

elde of the pedicel.
the pedicel until the

the successive

fibers enter

edicel cylinder is complete with

the exception of a fairly wide gap in the portion
closest to the longitudinal axis of the spur.

This gap

is lessened in size by the gradual constriction of the

vascular cylinder in the base of the pedicel, and it
is filled by en.11 fibers both from the pedicel

bundles

and from the eegment bundles which continue anteriorly

in the spur and. are

adjacent to the gap in the spur

cylinder, occasioned by the separating of the pedicel
system from the spur cylinder.

will be

discussed l&ter

are

fibers in some specimens.

Additional bundles which

added to

the

above mentioned

The fibers which arise from

the pedicel bundles do not branch until the large fibers
of the pedicel are well separated from the spur cylinder;

and they not only arise from the two bundles which are

adjacent to thegap in the pedicel cylinder but also
branch from the next one or two bundles successively
-13-

lateral to them.

The small fibers from the pedicel

bundles extend toward the longitudinal axis of the spur
and somewhat anteriorly until they meet the fibers
from the segment bundles which extend away from the
longitudinal axis of the spur, and toward the pedicel
cylinder.

At the point where they meet in the space

between the spur and pedioel cylinders these email
fibers anastomose more or less and then separate into
two divisions, one division extending into the gap in
the pedicel cylinder and the other continuing anteriorly
in the gap in the vascular cylinder of the spur.

The maimer and direction in which these email
fibers extend after separating from the bundles of
which they are a division leads to some confusion,
when seen in cross section, as to the real nature of
their arrangement.

This confusion is brought about

by the fact that ttie small fibers do not, at first,

extend in a direction parallel to the longitudinal axis
of either the spur or pedicel.

Ooneeqi.entiy a cross

section of the spur and pedicel will not cut them at
right angles, as is approximately true of the spur
and pedicel cylinders.

Instead the section may cut

the fibers at varying angles and even longitudinal
sections of them may be bad if the cross section be
secured at the right angle.

Pigs. 8, 9, 10 and U

illustrate the appearance of these fibers in cross
-14-

section.

As was mentioned above, additional bundles

which aid in completing the vascular cylinder of the
pedicel are found in some examples.

They canelet,

in each example, o± one or two large fibers which
almost equal the large fibers of the pedicel system
in size.

They extend from the. gap in the spur cylinder,

from which the pedloel system branched, into the gap
in the pedicel cylinder, which has been previously men-

tioned, and they continue anteriorly in both pedicel

They do not appear as branches from

and spur, Pig. '7.

the bundles in the pedicel or spur but rather as
independent fibers.

From the evidence at hand it would

appear that these bundles originated at the point
where the gap in the pedicel system meets the gap in
the spur cylinder, aid that they were added to from the
merietematic tissue which formed the remaining portions
of the spur and pedicel.
in a DV" shape.

Thus each bundle was formed

These large fibers, when found, were

closely connected with the adjacent bundles both in
the pedicel and. spur by fairly large fibers.

The small

fibers which branch from the adjacent bundles of the
spur and pedicel cylinders, which were mentioned above,
are associated with the large fibers.

However, the

email fibers are not so numerous when the large ones
are found.

It may be that some or the sm&l fibers

in the first mentioned case are similarly placed and
-15-

connected as are the large fibers.

However, they are

so small and so confused in arrangement, that if this
is true, it could not be determined by the methods
used in this study1

A number o± specimens when bleached

and examined under the binocular microscope appeared
not to have fibers in the gaps in the pedicei. cylinders.

however, there is reason to believe that the bleaching
agent rendered the finer fibers invisible, for in no
case studied under the compound microscope were the
small fibers totafly lacking.

In the older material

examined the fibere show to better advantage than in
the younger stages since they have attained greater
size.

Yet serial sections of this particular portion

of the spur are very difficult to obtain, except in
the younger stages of development on account of the

hardness of the older material which renders sectioning of paraffin infiltrated material impossible.

2otaseium hydrate also failed to bleach the older
material sufficiently to afford an efficient study in
this point with the binocular microscope.
All the lateral flowers or fruits of the

cluster derive their vascular tissue in practically
the same manner as that described above.

In case

a bract is located below the flower only one bundle
may be given to it from the vascular system in the
spur, and in this instance the divisions for the
-.16 -

flower originate from the bundles situated on either
aide of the bundle given off to the bract.
he remaining bundles are drawn closer together
after the vascular tissue branches to each flower by
the constriction of the vascular cylinder and the gape
are almost completely filled by the small branches
from the adjacent bundles as has been previously ment lone d. Thus the vascular cylinder becomes smaller
and smaller as the successive flrer systems branch
from it so that it is comparatively small at the
base of the terminal flcwer pedicel. in moat examples
five large bundles or enlarged portions of the cylinder
are prominent in the vascur tissue in the base of
the terminal flower pedicel; and between these large
bundles are small fibers or bundles.
Pedicel:- An examination of the vascular
systems in the pedicels of the lateral and terminal
flowers shows some differences in the arrangement
of the bundles. .s baa been previously mentioned

five large bundlee are prominent in the vascular
cylinder of the terminal pedicel and the spaces be-.
tween them are filled with smaller fibers, Fig. 12.
In the case of the lateral pedicels the large bundles
are more or less unequally placed, and are variable
in number, Pig. 13; as many as nine are found in same
-1?-

there exists, however, the same arrangement
of the small fibers grouped between the ]zrge bundles
as in the terminal pedicels. Although these differences
examples.

exist in the vascular cylinders o± the lateral and terminal
pedicels yet they are similar in that they are divided
into the same number of bundles at the apex of the
pedicel, and in both cases these bundles are similarly
located and also have like connections between the
various bundles. The only difference, therefore, between the vascular systems of the lateral and terminal
pedicele is the variaticn in number and position of
the larger bundles in the lower or proximal part of
the pedicel.

Because of this close relationship in the
vascular systems of the pedicels of the lateral said
terminal flowers this article will include a detailed
description of the vascular tissue in the edicel of
the terminal flower only.
The vascular system at the base of the pedieel is cylindrical in arrangement, the cylinder
pearing quite similar to that of the spur but
ordinarily not so nearly circular. In some examples
the outline of the cylinder was very angular, appearing

as a pentagon in cross section; this is escially
noticeable in the terminal pedicel. The five prominent
bundles previously mentioned are located at the

apex of the angles, Fig. 12.

As the vascular tissue

is traced up through the pedicel the marked difference
in size between the larger and smaller bundles lessens
somewhat though it remains noticeable at all times.
These five large bundles usually continue unchanged
until close to the apex of the pedicel where each divides
The

once forming in all ten large bundles, Fig. 14.

point where this division
different

specimens,

occurs varies

greatly in

ranging from the base of the pedi-

eel up to within a short distance of its apex.

At

the point where the ten bundles separate, or slightly

distal to the point of division, small fibers are left
between them or, perhaps, slightly closer to the longitudinal axis of the pedicel so that they are actually

in the pith area toa slight extent in some examples.
These email fibers are similar in appearance to those
located between the five large bundles which are the
antecedent of the ten large bundles.

At a slight dis-

tance anterior to the base of the pedicel, the place

varying in the individual f1ere, a few small, fibers
branch from the vascular cylinder into the pith
region.

These fibers extend anteriorly, and are not

definitely arranged, yet there is a more or

lees cir-

cular area in the center of the pith region that does
not contain bundles, Fig. 15.

Thus a secondary more

or lees definitely arranged vascular cylinder is
formed in the pith area.
-19--

Distally to the point where

these fibers branch from the vascular cylinder numerous
others, similar in size and origin, are added to the

number in tbe pith area and are either added to the
vascular cylinder in the pith area, or are located between this cylinder and the primary vascular cylinder
which forms the boundary between the pith and cortex
areas of the pedicel.. Thus the pith area, near the

apex of the pedicel, contains many bundles arranged as
described above.

However, slightly proximal to the

apex of the pedicel the remaining small fibers branch
from the vascular cylinder into the pith region, and
a confused branching and anastomosing of all the
bundles in the pith occurs, Pig. 16.

The cylinder of

fibers in the pith is completely broken up and fibers
extend throughout the pith at this point.

These

fibers are joined by branches from the ten large bundles
which remain in the vascular cylinder, Fig. 16.

Thus

the. entire vascular tissue of the pedicel is intimately

connected and the Identity of the individual bundles in
the pith area is completely lost at the apex of the
pedicel.

The ten ]arge bundles, which remain in the

vascu]ar cylinder, and for convenience may be termed
the primary bundles, have drawn further apart and at the

apex of the pedicel where they diverge in the fleshy
portion of the apple are arranged into two cycles of

-20-

five bundles each, every alternate bundle being in
the same cycle.

in other words each of the five

large bundles whiz-h divides to form the ten primary

bundles gives one bundle to each cycle.

Between

the point where the last small bundles branch from the

vascular cylinder into the pith area and the point
where the primary bundles diverge in the proximal end
of the apple, each of the five bundles which make up the
outer cycle of bundles gives off one branch into the
pith area, Pig. 17.

These branches are situated

exterior to the mass of fibers already in the pith
area.

The point where these fibers originate varies

considerably; in some examples they separated from
the primary bundles at approximately the same point
from which the last small bundles diverged from the

vascular cylinder into the pith area; in other examples
they did not branch from the primary bundles until
very close to the apex of the pedicel.

Purthermore,

the entire five branches do not separate from the
primary bundles at the same level in the pedicel,

although the width of the zone of separation from the
origin of the first to the origin of the last is
slight.

These five bundles are enlarged by fibers

joining them from the mass of fibers in the pith area,

which has been previously mentioned, and sometimes at
a point slightly distal to the point of origin each of
-21-

these bundles gives off a branch which connects it with
the bundle from which it originated. Then then continue

anteriorly into the pith area of the fruit without
giving or receiving connecting fibers from the

imary

bundles, still retaining their position, each one
directly inward from the primary bundle from which it
originated.
The complex mass of many vascular fibers in the "øith
area of the pedicel continue anastomosing distally to

the point where they give branches to the five distinct
bundles in the pith which branched from the primary bundles

of the outer cle. They also give frequent branches to
the primary bundles.

Thus they become fewer in number;

however, they extend into the pith of the apple as a confused mass of fibers without any definite arrangement.
Briefly, in all, five distinct bundles and a mass of small
fibers extend from the pith area of the pedicel into the

pith area of the fleshy portion of the fruit. The ten
primary bundles have drawn farther apart until they are

equidistant at the apex of the pedicel; they still retain their position between the pith and cortex and enter
the fruit along this line. Thus in all fifteen distinct
bundles and a complex mass of small fibers extend from

the pedicel into the fleshy portion of the apple.
Pruit:-. The preliminary work in this inveetiga-

tion indicated that the vascular tissue is not confined to one system in the fruit, but consists of two
-22-

main divisions, which may be designated as the toral
and carpellary systems. The toral system is confined
to that portion of the apple composed of cortex, and

the carpellary is limited to the carpellary tissue.
In the description of the vascular tissue in the pedicel it has been stated that five distinct bundles and
a complex mass of many small fibers enter the pith

area of the iruit from the pith area of the pedicel.
These bundles with their numerous subdivisions make
up the carp ellary system. The toral system is entirely
included in the ten primary bundles, and their numerous
branches. These two systems will be treated in turn.
Toral System.

The ten primary bundles diverge at the apex
of the pedicel and throughout the fruit follow closely
the so-called core ].iné which Kraue (*) has shown to
be on the boundary line between the modified pith
and cortex. These ten bundles are approxiiately equidistant from each other and are the ten prominent
bundles that can be seen in a cross sec1ion of the
apple. As has been previously mentioned these ten
bundles are arranged in two cycles. The bundles of
the outer cycle diverge very slightly proximally to
the point where the bundles ot the inner cycle diverge,

and they do not terminate so closely to the pistils
-23-

as do those of the inner cycle, as will be shown later.
The bundles of each cycle are located on or ci ace to
the boundary line of pith and cortex; this boundary

line is not strictly circular but is slightly nearer
to the vertical axis of the fruit between the carpels
than opposite them, Pig. 18. This further emphasizes
the divieiou of the primary bundles into two cycles
since the bundles of the outer cycle are located
opposite the dorsal sutures of the carpels, and conse-

quently are farther from the vertical axis of the
fruit than the five bundles of.the inner cycle which
alternate in position vith those of the outer cycle, Pig.
18.

As indicated by £icAlpine (3) there is a
ratio existing between the number of carpels and the
number of primary or toral bundles. This ratio
is constant in the normal fruit, the number of toral
bundles being twice the number o± carpels. however,
in this investigation examples were found in which
the normal number of five carpels was present and
the toral system contained eleven toral bundles.
These were abnormal fruits for an abnormally placed
calyx lobe was present in each example. These abnormally placed calix lobes were frequently found
and were located at any point from close to the
-23-

noxal position to well inside the cavity. The extra
bundle in 1he toral system terminated in the abnormally
placed calrx lobe, and did not give branches to the
normally placed sepals or to the stamens, though it
was intimately connected with the adjacent toral bundles
by connecting fibers. The additional bundle did not
in any example follow the boundary line of the pith
and cortex, but diverged into the cortex immediately
distal to the apex of the pedicel so that it was not
in either cycle of toral bundles within the fleshy

partion of the fruit. The abnormally placed calyx
lobes were supernumerary in all the cases examined,
for the regu)ar number was present and normally
placed. hie differs from the report of bonns(L4)
who found only four calyx lobes normally placed
when an abnormally placed lobe was present. liowever,
the YeLlow Newtown was the only variety examined in

the present work.

Cortical area:- The ten toral bundles give
rise to large branches which extend outward in the
cortex. These are given off from the various bundles
in unequal numbers and at varying distances apart.
As seen in the mature fruit these branches divide
comparatively little until well toward the epidermis;
here they are divided into relatively large branches
which anas-tomose not 'only with the other fibers from
the same toral bundle, but also with branches
originating from the adjacent toral bundles. This
-24-

forms a network of large fibers which give rise to
innumerable smaller fibers and these fibers again
divide and anastomose profusely so that the tissue
close to the epidermis is densely filled th a network of fine fibers. Thus all the fibers
in the cortex form a dense netvQrk which is coarse
close to the toral bundles but becomes finer and more
compact as the divisioza become more numerous at a

greater distance from the toral bundles, until close
to the epidermis the fibers are exceedingly plentiful
and very fine. However, all the fine fibers do not
anastomose with the others for nny terminate free in
the pulp tissue. In general the region in the fruit
where these free fibers terminate is near the epidermis,
'but this isnot a definitely fixed point, for fibers
were found to terminate variously throughout the
cortex. The large bundles that give rise to the above
mentioned network of vascular fibers are not the only
branches which separate from the toral bundles into the
cortical region fca' ixany finer fibers extend from them
toward the periphery of the fruit. These finer fibers
do not branch to any extent. They either anastomose
with the large branches or else terminate free in the
pulp tissue. Pig. 19 is a diagran which shows the
branches and termination of a toral bundle of the outer
cycle. No vasciflar elements were found to extend into
the cells which make up the epidermis.
-25-

Stamens, Petals and Sepals:_ After giving off
the large bundles which in turn give rise to the dense
network of fibers close to the epidermis, the primary
bundles supply the stamens with vascular tissue and
finally terminate in the petals and sepals.

At a

point approximately opposite the upper end of the carpele the tora]. bundles leave the immediate boundary

of pith and cortex--at all points they are situated in
the cortex at a very slight distance from this boundary
line but are more noticeably so at the above mentioned
place.

.Lt is also noticeable that the bundles of the

outer cycle diverge farther into the cortex than do
those of the inner cycle.

Thi s divergence o± the

toral bundles makes evident their normal arrangement
prior to their termination in the sepals and petals,

and usually marks the point where the vascular elements
of the stamens separate from them.
Stamens:- Each of the five primary bundles
of the outer cycle gives of i one branch from the inner

or pith side of the bundle.

Where this branch origi-

nates varies in individual examples, ranging from the
divergence of the primary bundles at the apex of the
pedicél to the distal end of the earpels.

The stamen

branches most commonly arise at the latter mentioned
point; but in case they are given off at the proximal
end of the fruit they may
-26-

ss through the pith area

to a slight extent, but do not branch directly through
the pith from the point of origin to the stamens, instead
they may closely follow the course of the primary bundles
from which they originate, or else each may branch directly

fran one point to another on the bundle of which it is
a division, so that the branch pears as two or three
cords that subtend arôe of the primary bundle which gave
rise 40 the branch. These five branches continue dietally and terminate in the inner cycle of five stamens,
each branch extending into the stamen opposite the bundle

Very often as iny as three
bundles are given off in a manner similar to the stamen
branch, but if this occurs the additional bundles either
from which it

bramohed.

coalesce with the primary bundle fro in which they branched

or ase out into the cortex, and only one fiber from
each of these bundles of the outer cycle goes to the
The remaining fifteen stamens (the normal
apple has twenty) receive branches from the toral bundles
stamens.

of the inner cycle in this manner Tvuo fibers branch
from the inner or pith side of each bundle; this separation occurs slightly proximal to the point where the
branches from the inner cycle of stamens separated from
the toral bundles of the outer cycle. These two fibers
branch one from either side of the toral bundle ax
extend inward and consequently are slightly olceer to
the pith area. Slightly anterior to the point where
-27-

this division occurred one more branch separates from
each of these five toral bundles.

These ]ast five fibers

extend each between the first two fibers given aff from
the same bundle and like then on the imler side of it,
Fig. 20.

The first ten fibers given off extend into

the outer cycle of stamens, the latter five to the middle
cycle of five stamens, Fig. 21.

Petals:- The five toral bundles of the inner
cycle, after giving off the subdivisions to the outer
cortical region and the fibers which extend into the

middle and outer cycles of stamens, draw close to the
calyx tube and each divides into three parts.

The cen-

trally located diviaion extends into and terminates in
the petal opposite the bundle from which the division
originated.

The two lateral divisions extend into and

terminate in the sepals, the one in the adjacent sepal
to the right, the other in the adjacent sepal to the

left of the petal in which the centrally located bundle
terminates, Pig. 21.

The division extending into the

petal separates into numerous subdivisions.

Those

divisions anastomose profusely so that a complete vascular netw ork, s omewhat resembling that of the leaf system,

exists in each petal.

Sepale:- The vascular system of each sepal is
made up of three large bundles with their numerous con-

ected

subdivisions.

The median bundle is from the outer

cycle of toral bundles, the lateral bundles
inner cycle.

from the

Though the toral bundles are not located

so close to the calyx tube at the calyx end of the apple
as are the bundles of the inner cycle, yet at the ex-

treme distal end of the the apple they approach the basin,
and each terminates as the median bundle in a sepal.
The other two

in bundles are approximately equal in

size though smaller than the median bundle, and are located laterally one on either side of it.

lateral bundles is a

division of

Each of these

the adjacent toral

bundle of the inner cycle given off before it enters the
petals, or in other words, each bundle of the inner cycle
gives off two large lateral divisions slightly proximal
to the base of the petals, or

of these diviEione ex-

tends into the sepal to the right, and the other into
the sepal to the left of the petal that receives the
toral bundle from which the two branches separated, Pig.
21.

In some examples each of the lateral bundles is

made up by the combination of a branch from the outer
toral bundle, which arises just before the latter enters
the sepal, with a similar branch from the adjacent
toral bundle of the inner cycle, before it enters the
petal.

In all examples the median and lateral bundles

are closely connected throughout the sepal by large
-29'

branches.

Pith:- The tissue between the cortical and
carpellary regions, designated by Xraus (4) as modified
pith, is absolutely devoid o± vascular tissue except
for the passage of the carpellary system from the apex
of the pedicel to the carpels, and perhaps an occasional
branch from the toral system which may pass throigh a
slight portion of the pith area. Harever, not a single
bundle was found which seemed to function in the pith
area.
Carpellary System.

As has been previously mentioned five distinct
bundles and a complex mass of very small fibers, with
their subdivisions comprise the carpellary system. This
system extends from the apex of the pedicel through the

pith to the base of the carpels. The mass of small
fibers is somewhat definitely arranged in each specimen
before the proximal end of the carpels is reached. This

arrangement is more or ]ss oylinirical. However, in
some specimens these fibers are arranged more or less

pentagonally in form, as seen in a cross section. The
larger fibers form the walls of the cylinder, and in the
younger stages of development are all that appear in the
comDaratively thick sections examined in this study, Pig.
22. However, in very thin sections of the younger stages
-30-

of development or in the somewhat older stages of devopment (collected when the flowers were in bloom) fibers
appear both inside and outside of the bundles forming the
wafl of the vascular cylinder. Immediately proximal

to the base of the carpels or in the base itself the
majority of the fibers in this cylinder combine, foming
in all ten distInct bundles. These ten bundles are aU
that are noticeable in the younger specimens, Pig. 23.

However, in the older fruits, collected in the latter
part of 1ay, it is distinctly noticeable that all the
fibers did not combine to form the ten bundles. In this
case a number of t1m continue into the carpels' as dietinot fibers, ax1 function in a manner similar to the
branches given off fim the ten bundles. The remaining
free fibers unite with the five bundles which branched
from the outer cycle of primary bundles into the pith
region, Pig. 19. Therefore, fifteen distinct bundles,
and a number of very fine fibers with. their siibdivision
make up the carpellary system. The fifteen distinct
bundles divide into five independent sub-systems,
or in other words one system of three bundles for each
carpel, Pig. 18. The five divisions which branch from the
outer cycle of primary bundles are larger than the ten.
which are formed by the anastomosing o± the small fibers.
Each of the carpels contains oue of the larger an two
-31-

The larger bundle proceeds cle
to the dorsal suture of the carpel, which i$ located
of the smaller bundles.

directly inward from the primary bundle from which this
branch originated. The dorsal bundle gives branches to
both sides of the carpel, and in many cases branches
extend from.it around the carpel and unite with the
emallr bundles. These two smaller bundles pass through
the thickened inner carpel walls, and each gives branches

to the side of the carpel in which it is located.

These

branches frequently divide and the divisions unite with
the incoming branches from the dorsal bundle, forming a
heavy network of vascular tissue in the exooarp of the
drupe-like carpel, Pig. 19. The three main bundles
continue into and terminate in the style. In no case
do any branches extend into the pith area from the
carpellary region.
The developing seeds are supplied fiom the
bundles which pass through the thickened walls of the
carpele. Prom each of these bundles arise one more or
less transverse branch or bundle which extends to the
placenta and to the seed borne on it, Pig. 19. No
case was investigated in this work in which more than
one seed was borne on each placenta.
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SUMMARY

1. The vascular system of the ple is derived
from the bundles which are successively lateral to the
first or median bundle given off from the vascular system

of the spur to the leaf or bract that subtends the pedice].
of the fruit or flower.
2. The number of bundles given to the fruit
system varies in individual cases, and may range from two
up to six. In most specimens the last bundles to divide

in the spur in forming the fruit system are only given
in part to the fruit; the remaining part continues die-.

tally in the spur.
3. There are numerous connecting fibers between

the various bundles in the pedicel, as well as in the
spur.

apex of the pe di eel the vascular
tissue divides and in the proximal end of the apple
separates into two divisions or systems. These two
systems may be designated as the toral and carpel]r
systems. The toral system normally contains ten large
bundles which extend from the pedicel into the apple
along the boundary line of pith and cortex. The oar4

At t1

pellary system is rrade up of fifteen distinct bundles
and a few very fine fibers. This system extends from
the apex of the pedicel through the pith to the base of
-33-

the carpels.

5. There is

no connection between the toral and

carpellary systems distally to

the

point of separation

in the proximal end of the fruit.

6. The ten primary bundles of the toral system
are arranged in two cycles.
the same cycle.

Every alternate bundle is in

The bundles of the outer cycle are

located opposite the dorsal sutures of the carpele, and
the bundles of the inner cycle alternate in
with those

position

the outer cycle.

7. The toral system gives branches to all the
cortical region of the fruit.

8. The pulp tissue close to the epidermis is

interwoven with a dense network o± fine fibers. My
fibers have free terminations which apparently blend
with the cell walls of the surrounding tissuee
9. Vascular elements are not found in the
epidermal tissue.

10. The stamens of the inner cycle receive
branches from the outer cycle of toral bundles; those
of the middle and

outer

cycles fxcm the

inner cycle

toral bundles.

11. The primary bundles of the outer cycle
terminate in the sepale, and

those

in the petals and sepale.
-34-

of the inner cyele

The carpellary system dividee into five
sub-systems, one for each carpel, and each containing
three distinct bundles. One of the three bundles extends
about the dorsal suture of the carpel, and the other
two pass one through each thickened inner carpel wall.
14. Each of the fifteen carpellary bundles
extends into and terminates in the styles.
15. The seede each receive one vascular
bundle. The fiber for each seed a'iginatee from the
bundle passing through the placenta upon which the seed
is borne.
16. The pith area is devoid of vascular
:iz.

tissue, except for the passage of the carpellary system
through it from the apex of the pedicel to the base of
the carpele.
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EXPLANATION OP PLATES.

Plate I.
Pig. 1. Terminal fruit clu2ter collected when the
flowers were in bloom, showing the parts c the spur

referred to in the text:--a, entire portion of the spur
studied in the investigation; b, peduncle; c, shoots
developing from the branch buds contained in the flower
cluster. Natural size.
Pig. 2. Same as Fig. 1, except that the spur was
collected when the fruit was nearly mature. Three-fourths

natural size.

Plate II.
Pig. 3. Longitudinal section through the center of
a young specimen, collected Mar. 14,

vlz,

showing the

divisions, spur, pedicel, and fleshy portion of the fruit,
as tbe are arbitrarily divided in this study:--a, spur;
b, pedicel; and the remaining portion of the section
represents the fleshy portion of the fruit. X19.
Pig. 4. Cross section of the spur slightly distal
to the point where the current season's growth began,
showing the arrangement of the vascular system.

The

bundles exterior to the vascular cylinder are given to
leaves, bracts, or bud scales. Collected Mar. 19, 1913.
X27.

Fig. 5.

bases of two

Cross section

branch

across

the spur and the

buds, shawing the arrangement of

the vascu:lar tissue in the branch bud, the

appearance

of the lear tissue in the petiole, and the vascular
segments which give

rise to the vascular system of

the fruit:--a, base of branch bud; b, base of the second

branch bud cut at a lcwer ]vel in the bud than the

first

branch bud; o, arrangement of the vascular fibers

in the petiole of the leaf; d, bundles of the leaf
system separating segments which give rise to the fruit
system, from the vaecuja:r cylinder of the spur.

Collected Mar. 19, 1913.

X25.

Plate III.
Fig. 6.

Cross section of the spur at the base of

the proximal fruit pedicel, showing the bundles from
which the fruit system arises

dividing

into smaller

fibers:--aa, bundles from which the fruit system arises;

bb, bundles of the
1913.

leaf

system.

Collected April 24,

X21.
Pig. 7.

Cross section of the spur at the base

of the pedioele---a, gap in the pedicel cylinder;

k..

large bundle which extends from the gap in the vascular cylinder of the spur into the gap in the vascular
cylinder of the pedicel.

Collected April 14, 1913.

X19.
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Plate IV.

Figs. 8, 9, 10.

Serial cross sections of spur and

base of pedicels illustrating the arrangement of the
small fibers

which

fill the gaps in the s'pur and pedicel

cylinders:--b, small fibers which fill the gape.
April 17, 1913.

Collected

X19.

Plate V,
Pig. 11.

Same as figures on Plate IV.

Fig. 12.

Cross

section near the base of the terminal

flower pedicel collected Mar. 19, 1913, showing the
arrangement of the bundles in the

vascular

cylinder.

X41.

Pig. 13.

Cross section of a lateral f1er pedicel

collected April 17, 1913, showing the arrangement of the

cylinder

bundles of the vascular
pedicel.

near the base of the

X37.

Plate VI.

Pig. 14.

Cross section of the terminal

short distance below its apex.

dice1 a

This section shows the

division of the five large bundles of the pedicel system
into ten large bundles.

This section also ehvs a few

email bundles which bave branched into the pith area.
Collected Mar. 19, 1913.

X55.
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Pig. 15. Cross section of pedicel cut a short

distance distally to Pig. 4. Taken March 19, 1913,
showing the secondary cy'inder of small fibers which
branched into the pith from the primary vascular

cylinder of the pedloel. This section also illustrates
the arrangement of the ten large bundles of the pedicel
system and shows the small bundleswbicb are left between the ten large ones. X43.
Pig. 16. Cross section of the pedicel slightly
proximal to the apex of the pedicel, collected May 5,
1913, showing arrangement of the vascular tissue. The
large dark bundles are the ti primary bundles, and
the lighter colored, smaller fibers, with the connections between them and the primary bundles are in the
pith area. X40.
plate VII.
Pig. 17. Cross section very slightly distal to
the apex of the pedicel taken May 5, 1913, showing
the primary bundles diverging in two cycles; the
branches from the bundles of the outer cycle which
extends into the pith. and the more or less circular
mass of numerous small bundles in the pith area. X40.
Pig. 18. Cross section of the fruit collected
the toral
Mar. 19, 1913, showing the division
bundles into two cycles and their location; i.e., the
bundles of the outer cycle are located opposite the
-41-

inner cycle alternate
in position with those of the outer cycle. This section also shows the three bundles in each carpel and
their location. X40.
carjpels

and

the bundles of

the

Plate VIII.
Pig. 19. Diagram of a longitudinal section through
the center
the fruit, drawn to shr the re]ation of
tie vascular tissue to the several rts of the ple,
and the connections between the bundles of the two
systems at the apex of the pedicel.
The area within the broken line is composed
carpellary tissue and contains vascular elements from
the carpellary system. The bundle which in the diagram
appears to terminate free in the carpel actually extends
into the seed. The seed is removed to show the arrangement of the vascular fibers in the half of the carpel
drawn in the diagram.

he dotted area represents the modified pith and
does not contain vascular elements except where the
carpellary system extends from the apex of the pedicel
to the base of the carpels.
The cortex includes all the tissue outside of the
pith area, In the right side is shown a toral bundle
of the outer cycle, with its branches into the outer
-42-

cortical region; the bundle to a stamen O±' the inner

cycle; the termination of the bundle in the sepal, and

the connection with the carpellary system at the apex
of the pedicel.

The bundle on the left is one of the

toral bundles of the inner cycle.

The branches into

the outer cortical region are omitted as they are
similar to those from the bundles of the outer cycle.

However, the branches to the middle and outer cycle of
stamens, and the terminations in the petals aad sepals
are shown.

The branch which apparently terminates

free in the cortex really extends into the sepal to the
right of the bundle.
Pig. 20.

Cross section of a fruit slightly

proximafly to the base of the petals, collected iJar. 19,

1913, showing the relation of the stamen bundles to
the primary toral bundles:--A, primary toral bundle
of the outer cycle; B, primary toral bundle of the
inner cycle; a, bundles which branch, from bundles A to

the inner cycle of stamens; b, bundes which branch from
B to the middle and outer cycle of stamens.
Plate IX.
Pig. 21.

Diagrammatic drawing of the ten toral

bundles showing the arrangement of the floral parts
and the relation of the vascular fibers which extend
-43-

into the floral parts to the primary toral bundles; A,
toral bundle of the outer cycle; B, toral bundle of the
inner cycle.
1?ig. 22.

Cross section of the young appø distal

to the apex of' the pedloel and proximal to the base of

This section shows the cylinder made up

the carpels.

of tbe email c'arpellary fibers in the pith area of the
apple.

The five bundles of medium size located between

the vascular cylinder and the ten large toral bundles

are the carpellary fibers which originate from the outer
cycle of toral bundles, and extend one about the dorsal
suture of each carpel.
Pig. 23.

the base

Collected mar. 19, 1913.

X5?.

Cross section of the young fruit taken at

the caiels, showing in the center of the

pith area the ten bundles which were formed by the combinatjoa of the small bundles of the cylinder in the pith.

Each of the five bundles of the carpel]ry system
which proceed one about the dorsL suture of each carpel
is directly inward toward the vertical 'axis of the

fruit relatively to the primary bundle from which it
originates.

Collected Mar. 19, 1913.

X39.
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