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VARIATION OF INTERNAL STRUCTURE OF APPLE VARIETIES

By E. J. Kraus, Professor of Horticultural Research.

Introduction
In connection with a study of the vascular anatomy and

morphology of the apple made by this Station,' it was noted that
considerable variation exists in the internal structure of different
varieties of apples. A few varieties were studied by Gardner and
Milam,' who showed that a relation exists between the internal struc-
ture of apples and their culinary qualities. Miss Kate W. Failing,* a
graduate student in the Horticultural department during th year
1914-15, examined forty-six varieties of apples and made a number of
comparative measurements of the several regions of the fruits repre-
sented, together with a microscopic examination of the cell structure
of a number of them.

Object
This preliminary work made it clear that a much more extended

study of internal fruit structure should be attempted. This has been
begun, but it will be many years before anything like a complete report
can be made upon it. Nevertheless it has seemed desirable to make
a brief progress report upon the work, presenting some of the data
which have been obtained. This is done in the hope that others may,
in turn, collect additional data and gradually contribute to the fund of
information on the subject. Furthermore, the methods employed in
preparing specimens for study will be found useful in investigating
such problems as fruit-pit, water-core, mechanical bruises, or any other
internal abnormality usually more or less obscured or rendered difficult of
study because of the normal opacity of the tissues. For this reason
a rather detailed statement is made regarding methods of procedure.
No attempt has been made to draw any conclusions, or place any inter-
pretation upon the data that have been obtained, such interpretation
being deferred until further material is available.

Material
The apples used for this study were obtained from a number of

different sources. The Connecticut varieties were received through the

* The results of Miss Failings work are embodied in a thesis entitled, "A
Comparative Morphological Study of Apple Varieties," presented as part ful-
fillment of the requirements for the degree of Master of Science, and now on
file in the College Library.
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courtesy of Professor A. G. Gulley and Mr. S. P. Hollister, and the New
York specimens through the kindness of Dr. U. P. Hedrick and Mr. G. H.
Howe of the Geneva Experiment Station. Most of the Oregon specimens
were grown on the Station grounds at Corvallis, and collected and identi-
fied for me by Professor V. H. Gardner and Mr. C. E. Schuster. In each
case the source of the specimens shown in any plate is given in the
explanation for that plate Most of the fruits were collected in the fall
of 1915, though some were obtained in 1914 or 1913. In a few instances;
e. g., Albemarle Pippin from North Carolina and Yellow Newtown from
New York, supposed synonyms are purposely included to show their
points of difference or the similarity in internal structure.

Methods
The method of preparation of material was simple. First of all,

firm, mature fruits were selected. If the fruits were immature, they
did not clear so readily, and if they were over-mature, the tissue was
very apt to break down in the sectioning. The carpels were especially
likely to tear away from the rest of the tissue if the apple was soft
or mealy.

Only the middle cross and longitudinal sections were used in this
study, since they seemed to be the most instructive. Care was exercised
that the sections were through the middle, since it was noted that there
was considerable difference in the proportion of carpel to the remaining
tissues, depending on where the section was taken.

After having selected the fruit, the first cut was made just slightly
anterior to where the center of the core was supposed to be. In making
the cut, a large, rather heavy cheese knife, well sharpened, was used.
The knife was placed on the apple in such a way that it was possible to
cut entirely through with one firm, long, drawing cut. The sections
were much nicer if the knife was forced down and through the apple
in this way, rather than by sawing back and forth. This latter procedure
was almost sure to result in breaking down the carpels. This cut having
been made just above the center, it was found a good plan to remove the
seeds, since, if the apple was slightly over-mature, they were very apt
to be pushed on through the carpels into the flesh. After the seeds had
been taken out, a slice about one-eighth to one-sixteenth of an inch thick
was removed. The cut was made in the same manner as the first. Some-
times, if the first cut was exactly through the middle, it was possible to
secure two representative samples, one above and one below the center.
It was found better to make the section the thickness indicated, rather
than thinner, since if the sections were too thin, they did not show as
detailed vascular structure as those of somewhat greater thickness.
After having obtained these thin sections, they were labeled at once,
and not allowed to become in the least dried. We used small Dennison
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metal-rimmed tags, on which the data were written with a soft lead pencil.
By cutting oft the knot and forcing the string through the section near
the circumference, and then re-tying the string, there was very little
loss of labels. After being labelled, the section was ready for the re-
maining processes.

First, the sections were put into 70 percent grain alcohol, or in
undiluted denatured alcohol. If there were but few sections in coni-
parison to the amount of alcohol, 50 percent grain alcohol was used,
or about one-third water was added to the denatured alcohol; but if there
were many sections, the moisture they contained diluted the alcohol
sufficiently so that there was little or no shriveling. It was not desirable,
under any circumstances, to put the sections into high percentage
alcohol so that there was an extremely rapid dehydration, since it was
very likely to cause a shrinking of the tissue just under the skin and
around the carpels. The sections were allowed to lie in the denatured
alcohol for at least twenty-four hours, at the end of which time they
were quite soft and limp. It was noted, also, that in most varieties
considerable brown discoloration took place. This was really desirable
and was allowed to take place rather than prevented, since it permitted
the bringing out of the vascular tissue much more clearly in the photo-
graphs.

Next, this denatured alcohol was poured off; if not very dilute, it
was used for the next batch of sections that were to be fixed, and un-
diluted grain alcohol or denatured alcohol poured over the sections.
If there was considerable liquid in comparison to the number of sections,
this dehydration was completed up to the point where absolute alcohol
was used. If, on the other hand, a small amount of liquid had been used,
this alcohol was poured off and again fresh grain, or denatured alcohol
added. At this time the sections were firm and more or less brittle.
They were then ready for the final dehydration, which was accomplished
by the use of absolute alcohol. This medium had to be used liberally, and
renewed, if dehydration was not complete from the first lot. It was
absolutely necessary to remove the water before attempting to clear
the specimens. When thoroughly dehydrated, the sections felt thoroughly
hard and brittle, and were handled with great care, since they were
easily broken.

The absolute alcohol was then drained off as completely as possible.
The sections were pressed lightly against filter paper, but under no
circumstances allowed to become dry. Then they were placed in cedar
oil. If they were thoroughly dehydrated, they cleared completely and
became transparent in from twelve to twenty-four hours. If not, they
were placed in fresh absolute alcohol for further dehydration and then
returned to the cedar oil. After clearing them in cedar oil, it was ad-
visable to put them in a mixture of xylol and cedar oil, in which they



became as clear and transparent as glass, with the complete vascular
system beautifully outlined within.

The sections were then ready for study or photographing. In our
work we made photographs of them, since the photograph is, in general,
as valuable for comparison as the section itself, so far as the tracing
of the vascular system and its ramifications is concerned, and they are
much more easily handled and compared one with another.

The following method was pursued in making the photographs.
They were taken with an ordinary photo-micrographic apparatus, or
an ordinary camera was used, if some provision was made for throwing
the light through the specimen to be taken. We mounted the specimen
in a clear glass cell, in a medium of equal parts of cedar oil and xylol.
Light was then directed through the cell and specimen, and a photograph
taken in the ordinary way. If desired, a blue screen was interposed
between the specimen and lens or between the light source and the
specimen. It was thought that in some instances the contrasts were
greatly improved. The prints were made on contrast glossy paper,
(Azo-grade F Hard X), care being exercised to print sufficiently to
secure the full detail shown in the negative. This was important to
bring out the calnbial region, or to contrast the pith and cortical regions.

Discussion of Data
The data presented consist of the thirty-one plates, showing photo-

graphs made from sections of apples (the last of pears) prepared by
the method just described. These illustrations are almost self-explan-
atory; but attention is directed to some of the points of special interest
or significance. First, there is considerable variation in the cross-section
outline of the cartilaginous portion of the carpels. This, however,
is something that has been frequently noted, and use of the more ex-

The following general hints will be found useful. First, under no circum-
stances, allow the specimens to become dry at any time; if they do, air is apt
to get into the tissue and, of course, in making the photographs, this will appear
as dark spots or specks. Accidentally, this will sometimes occur in spite of
careful precautions. If so, it can be remedied by placing the specimens in
absolute alcohol and thoroughly exhausting the air above them until the
alcohol appears to boil vigorously for about five minutes. When the air
is again admitted to the specimens, which must be completely immersed in the
alcohol, it will be found that the bubbles have been completely removed.
Second, absolute alcohol, which is ordinarily very expensive, is indispensable.
It can be made of sufficiently good grade very readily, and comparatively
cheaply, however, by distilling it over quick lime. By two slow distillations,
we have been able to obtain 9.7 percent alcohol, which is good enough for
this work. Third, the cedar oil used in clearing the sections from the alcohol
soon becomes so diluted with the latter that It no longer clears readily. The
oil can be recovered by pouring the mixture of cedar oil and alcohol in a
beaker containing water, when it will be noted that the oil rather quickly
rises to the top, though it may or may not be clear. If this mixture which
floats on the top is poured into more water and then the liquid gradually
heated, the oil will rise to Ihe top and can be decanted easily. Allow the
oil to stand so that small globules of water which have been carried over
may settle, and it is ready for use.
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treme variations in this regard is often made in describing varieties
in pomological works. There are equally great variations in the fleshy
portion of the carpels. This may be extremely small and closely con-
fined to the cartilaginous lining (Lawyer), or it may be large and
spreading (Arkansas Black). In outline its cross section ranges from
triangular (Yellow Newtown) to distinctly heart-shaped (Collamer).
Its boundary line, or the line which separates it from pith tissue, may

Explanation of Figure. Section of Hubbardston applea. b, a.. vaxcular bun-
dle of cortex; Ca.. eambial region; cc.. eortical region; p. V. b. primary vascular
bundle; p., pith region; a., earpel.

appear regular and comparatively smooth (Hyde King), netted or
reticular (Bietigheimer), or irregular and broken, as if made up of
many small branching segments (Canada Reinette). The pith area
may be relatively large (Bethel) or small (Grimes). It, too, is extreme-
ly variable in outline, ranging from nearly circular in cross section
(Bogdanoff Glass) to deeply dentate or even almost lobed (Jeifries). In
some instances, it is poorly defined (Keswick); in others, it is well differ-
entiated from the surrounding cortical region (Banana). The cambial
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region is especially variable and apparently its variations will prove
particularly valuable as a means of identification and differentiation of
varieties. It may appear comparatively smooth and arcuate in cross
section (Romanite), sinuous (Alexander), or angular (McIntosh); it
may closely approach the carpels (Clayton), touch them in some in-
stances (Beach), or be quite distant (Domine) from them. In some
instances (Keswick) it is recognized with difficulty as a distinct region.
The distinctness and arrangement of the primary vascular bundles
furnish valuable taxonomic characters. They may be grouped either
in a single (Belmont) or a double (Windsor) circle. They may be close
to the outer edge of the carpels (Lady Sweet), or comparatively dis-
tant (Nickajack) from them. When distant they may apparently be
connected with them by a transverse band (Coopers); or this peculiar
connection may be less distinct (Melon). The most noticeable variation
in the cortical region is in the number and arrangement of the secondary
vascular strands extending from the primary bundles out into it. These
strands may be few (Romanite) or numerous (Northern Spy); coarse
(Smith) or fine (Lawyer); distinctly netted (Pumpkin Russet), radiating
(White Pippin), simple (Opalescent), tufted (Arkansas Beauty), or
plumose (Bogdanoff Glass), as they appear in cross section. In size
they may be variable (Banana), or comparatively uniform (Baldwin);
and they may or may not be dense toward the skin.

Close observation will reveal many other points of difference be-
tween varieties, brought out by this method of studying internal struc-
ture; but enough points have been mentioned for the purpose here in mind.
In passing, it may be mentioned that the different varieties also show
considerable variation in the microscopic structure and arrangement of
the cells composing these several regions; but these differences will
not be discussed at this time.

As stated before, no attempt has been made to arrange the photo-
graphs systematically, and the sections have not been seriously con
sidered from the viewpoint of grouping the varieties according to in-
ternal structure. A much larger volume of data should be available
before such studies are attempted. It is noted, however, that certain
varieties that are now generally grouped together because of external
resemblance and possibly an assumed blood relationship, show very
marked differences in internal structure, while other varieties that
are generally placed far apart in present systems of classification show
marked similarities in internal structure. That the differences in in-
ternal structure between apple varieties are very marked is beyond
question. Whether or not these differences are more constant than
those in form, color, and other external features, under varying environ-
mental conditions is only one of the many questions in this connection
that need investigation. Baldwins from Pennsylvania, Maine, Ohio,
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Massachusetts, and British Columbia were nearly identical in internal
structure, showing much less variation than they did in their external
characters. That a more comprehensive and more accurate classification
of apple varieties may be accomplished with the aid of a knowledge of
internal structure will not be questioned. The one plate showing cross
and longitudinal sections of certain pear varieties is included to show
that this fruit, as well as the apple, may be studied in the way described.
The illustrations show an interesting variation in the size and dis-
tribution of the grit bodies in the pear.

The nomenclature followed is that of Ragan,2.
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1. Abram. Ore.
Akin, N. Y.
Albermarle, N. C.

(Syn. of Yellow Newtown)
Alexander, N. Y.
Arkansas, N. Y.

2. Arkansas Beauty, N. Y.
Arkansas Black, Ore.
Autumn Sweet, Ore.
Babbitt, N. Y.
Bailey Sweet, Ore.

3. Baldwin, Keremeos, B. C.
Banana, Ore.
Bayard, N. Y.
Beach, Ia.
Belmont, Conn.

4. Ben Davis, N. Y.
Ben Hur, Conn.
Bennett, Ore.
Bethel, Minn.
Bietigheimer, Ore.

5. Bismark, N. J.
Black Ben Davis, Conn.

(Syn. of Gano)
Bogdanoff Glass, N. Y.
Boiken, Conn.
Bough, Ore.

6. Brett, Minn.
Canada Baldwin, N. Y.
Canada Reinette, N. Y.
Clayton, Conn.
Collamer, N. Y.

7. Collins, N. Y.

Description of Plates

Coopers, Conn. 15. Lady Sweet, N. Y.
Cox Orange, Wn. Langford.
Crowegg, N. Y. Lawyer, N. Y.
Deaderick, N. Y. Long Island Russett, N. Y.

Maiden Blush, Ore.
8. Delaware Red, Ore.

(Syn. of Lawyer) 16. Mann, Conn.
Delicious, Ore. Marigold, N. Y.
Doctor, N. Y. McIntosh, Minn.
Domine, Ore. McMahon White, Ore.
Dutch Mignonne, Ore. Melon, Ore.
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Eiser, N. Y.
E'nsee, N. Y.
Esopus, N. Y.
Ewalt, Ore.
Fallawater, Ore.
Fameuse, Ore.

Gano, Ore.
Giant Jeniton, Conn.
Golden Russet, N. Y.
Golden Sweet, Ore.
Gravenstein, Ore.
Gravenstein (Seedless),

Ore.)

Green Sweet. Conn.
Greenville, Conn.
Grimes, Ore.
Haas, Ore.
Harrington, Ia.
Holland, Ore.
Holland Beauty, Ore.
Holland Winter, N. Y.
Hubbardston, N. Y.
Huribut, Conn.

Hybill Blue, Conn.
Hyde King, Mich.
Iowa Blush, Ia.
Jeffries, Conn.
Jersey Black, N. Y.
Jewet Red. Ore.
Jonathan, N. Y.
Keswick, Ore.
King David, Neb.
Kinnard, N. Y.
Lady, Conn.



Mexico, Conn.
Milden, N. Y.
Missouri Pippin, Neb.
Monmouth, Ore.
Munson, Ore.

Nero, N. Y.
Nickajack, N. C.
Northern Spy, Ore.
Northwestern Greening,

Minn.
Oakland, Conn.

Oliver, N. Y.
Opalescent, Conn.
Ortley, Conn.
Paradise Sweet, Ore.
Pease, N. Y.
Peck, N. Y.

Pennock, Conn.
Porter, Conn.
Pumpkin Russet, Ore.
Pumpkin Sweet, N. Y.
Rails, N. Y.

Rambo, Ore.
Red Canada, N. Y.
Rhode Island, N. Y.
Richard, Conn.
Rock Pippin, Ore.
Romanite, Ore.

Rome, Ore.
Roxhury, Conn.
Royal Limbertwig, N. C.
Salome, Ore.
Scott Winter, Conn.

Senator, Minn.
(Syn. of Oliver.)

Sheriff, Neb.
Shiawassee, Ore.
Smith, N. Y.
Smith Early Red, Ore.

Smokehouse, N. Y.
Stark, Ore.

ii

Stayman Winesap, N. Y.
Stearns, N. Y.
Stuart, N. Y.

Summer Queen, Ore.
Sutton, Conn.
Sweet Winesap, N. Y.
Taylor, Ore.
Tolman, Ore.
Trumbull, Ore.

Twenty Ounce, Ore.
Vanderpool, Ore.
Virginia Beauty, N. C.
Wagener, Ore.
Walbridge, Ore.

Wallace Howard, N. Y.
Washington Royal, Mass.
Wealthy, Ore.
Western Beauty, Ore.
Westfield, Conn.

White Pearrnain, Ore.
White Pippin, N. J.
Whitney, Ore.
Willow, Ore.
Windsor, N. Y.

Winesap, Neb.
Wolf River, Wis.
Yellow Beliflower, Ore.
Yellow Newtown, N. Y.
York Imperial, Ore.

Baldwin, Penn.
Baldwin, Maine.
Baldwin, Ohio.
Baldwin, Mass.
Baldwin, Nelson, B. C.
Baldwin, Sardis, B. C.

Pears.
Bordeaux.
Bosc.
Easter.
Le Conte.
Winter Nelis
Winter Nelis
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