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The question naturally arose whether the 12-chro-
mosome species would not hybridize with each other.
It happened that these crosses had never been at-
tempted, because in these three species no plants had
been found whose characteristics were desirable for
combination. With the new incentive, however,
numerous cross-pollinations were made in 1926 be-
tween the Canada blueberry and the dryland blue-
berry and between the dryland blueberry and the
bigbush blueberry. Fruit set promptly, the berries
contained an abundance of seeds, and the seeds have
now produced vigorous young plants, some of them
ready to flower next spring.

From still another eross, not yet mentioned, eurious
results had been obtained. This was a cross, made
in 1922, between the rabbiteye blueberry of Florida,
Vaccinium wvirgatum, and one of the large-berried
northern hybrids. Many of the pollinations failed,
but berries containing seeds were obtained in suffi-
cient number to produce several hundred seedlings.
They grew with great vigor and flowered freely, but
although hundreds of pollinations were made on them
with pollen of known virility, not a single well-
developed berry resulted, and the occasional small
and late berries they hore contained no seed possess-
ing an embryo. In the production of offspring this
oross, therefore, has proved completely sterile,

Upon examining the rabbiteye blueberry, Dr.
Longley found that this species has thirty-six ¢hromo-
somes. The plant with which it was ecrossed has
twenty-four chromosomes. The resulting sterile hy-
brids usually have thirty echromosomes.

Since many who read this paper are doubtless
unfamiliar with the action of the chromosomes, the
minute bodies that are reputed to carry to the off-
spring the characteristics about to be inherited from
the two parents, the following brief statement is pre-
-sented regarding them. It represents the ideas cur-
rent among geneticists. When the first eross-pollina-
tion in this series was made, the thirty-six chromo-
somes from the pollen grain of one parent were
poured into the egg cell of the other parent, which
already contained twenty-four chromosomes. The
total of sixty chromosomes was carried through each
cell of the resulting hybrid, in the ordinary process
of cell division, until the plant was nearly ready to
flower. Then ensued a phenomenon known as the
reduction of the chromosomes, in the cells that pro-
duce the pollen grains and the egg cells. Presumably
twenty-four of the sixty chromosomes, representing
those derived from the 24-chromosome parent, ecom-
bined with twenty-four of the thirty-six chromosomes
representing the other parent. The remaining twelve
chromosomes from the second parent, having no
chromosomes with which to pair normally, paired
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abnormally with each other or remained unpaired.
This abnormal pairing of the chromosomes, according
to the current view, caused a derangement of the
normal activities of the plant, which resulted in
sterility of fruit produetion.

The rabbiteye blueberry has come into cultivation
extensively in the South by the transplanting of the
wild bushes. It is of great importance that this spe-
cies be improved by hybridization. The first attempt
to do this failed, seemingly because the rabbiteye
blueberry stood alone in the number of its chromo-
somes. The possibility of improvement appeared to
depend on the finding of another species having
thirty-six chromosomes, and possessing also desirable
characteristics that could be transmitted to a hybrid.

In the higher Appalachian mountains of western
North Carolina and eastern Tennessee oceurs a native
species, Vaceinium pallidum, the Blueridge blueberry,
which has large, beautiful and delicious fruit. As
early as 1911, attempts were made to cross this with
the highbush blueberry and the lowbush blueberry;
but all the pollinations failed, and the Blueridge
blueberry was therefore abandoned as a breeding
stoek.

In the hope that this blueberry might be a 36-
chromosome species, because it had failed to hybrid-
ize with the 24-chromosome species, plans were made,
for the spring of 1927, to determine its chromosome
number. Material was obtained from western North
Carolina through the courtesy of George E. Murrell,
horticulturist of the Southern railway. On ecritical
study of the material Dr. Longley found, to the great
delight of all of us, that the Blueridge blueberry has
thirty-six ehromosomes.

If future experience confirms the view that the
number of the chromosomes in blueberry species is a
true index of the facility of their interbreeding, as the
experiments indicate thus far, we shall be able next
spring to hybridize the rabbiteye blueberry with the
Blueridge blueberry, and thus add one more item to
our knowledge of the means by which wild species
become plastic in the hands of science.

Freperick V. CoviLLE
U. S. DEPARTMENT OF AGRICULTURE

CHROMOSOMES IN VACCINIUM

A 0oyTOLOGICAL investigation of the number of
chromosomes in a dozen Vacciniim species and
hybrids has revealed three diploid, six tetraploid, one
pentaploid and two hexaploid forms.

The material used for this study of the chromosome
in microspore-mother-cells was collected early in the
springs of 1924, 1925, 1926 and 1927 from Vaccinium
plants grown under the direction of Dr. Frederick
V. Coville at the greenhouses of the Bureau of Plant
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Industry, Washington, D. C., and from plants grow-
ing in their wild habitats.

Two methods were used in preparing buds for
study. In one, the buds were killed with chromo-
acetic killing fluid, embedded in paraffin and stained
with Haedenhains haematoxylin. In the other, fresh
collected buds or buds killed in acetic-absolute (1-3)
were stained with aceto-carmine killing and staining
fluid. The former more tedious method was very
satisfactory and served as a check against the latter
quicker method, which was found to give excellent
preparations when the difficulty of using aceto-car-
mine on the minute anthers of Vaccinium was over-
come.

DrprLoID SPECIES

Vaccinium atrococcum, wild plant from Aurora Hills, Va.

Vaccinium canadense, wild albino plant (Shear).

Vaccinium canadense, wild plant (La Roche).

Vaccintum vacillans, wild plant from Aurora Hills, Va.

Vaccinium. vacillans, wild albino plant from New Jersey
(MacIlvaine).

These three species were found to have 12 bivalent
chromosomes at diakinesis of the pollen-mother-cell.
Since 12 is the lowest number found in any Vaccin-
ium species, it seems probable that 12 is the basic
number for the genus, and that the three forms listed
are true diploid species. This view is substantiated
from our study of Polycodium stamineum and Gay-
lussacia baccata, representative forms of two closely
related genera. The same basic chromosome number,
12, characterizes these two species.

The meiotic phases in the pollen-mother-cells of
these three species are passed through in a very regu-
lar manner, giving each cell of the tetrad the reduced
chromosome number. Text figure 1A shows the
chromosomes of Vaccinium canadense in the hetero-
typic prophase. The chromosomes are small com-
pact masses at this phase and show no individual
morphological characteristics.

TETRAPLOID SPECIES

Vaceinium angustifolium, wild plant from Middlesex
Fells, Mass. .

Vacciniwm angustifolium, wild plant (Russell).

Vaccindium corymbosum, wild plant from Lincoln, Mass.

Vaccinium corymboswm, wild plant (Taylor No. 2).

Vaccinium corymbosum, wild plant from North Carolina
(Sampson).

Vacoindum hirsutum, wild plant. }

Vaccinium corymbosum x V. corymbosum (Dunfee X
Rubel, plant No. 20 of culture 2300).

Vacciniwm angustifolum x V. hirsutum (culture 1560).

Vaccintum angustifolium X V. myrsinites (culture 1535).

(Vaccintum angustifolium x V. myrsinites) x V. corym-
bosum (culture 1908).
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Fre. 1. Microspore-mother-cells of Vacoimium: A,
heterotypic prophase in V. canadense, showing spindle
and twelve chromosomes; B, diakinesis in V. angusti-
folium, showing twenty-four bivalent chromosomes; C,
homotypic metaphase in V. pallidum, side view of left
spindle, end view of right spindle, the latter showing
thirty-six chromosomes; D, homotypic metaphase in V.
corymbosum x V. virgatum, the plate at the right showing
thirty chromosomes. (A, x 800; B, x 800; C, x 600; D,
x 500.) \

The three species and four hybrids listed above
were found to have 24 as the reduced or haploid num-
ber of chromosomes.

The increase from 12 to 24 chromosomes made it
more difficult to find cells where chromosome counts
could be made. Text figure 1B shows the chromo-
somes at diakinesis in V. angustifolium (Russell).
The chromosomes show to some extent their paired
nature at this stage. A few assume such shapes as
opened and closed rings but a detailed. study of in-
dividual chromosome characters was not attempted.

HEXAPLOID SPECIES

Vacciniwm virgatum, wild plant from Crestview, Florida
(culture 1881).

Vaccinium pallidum, wild plant from Pisgah Ridge,
North Carolina.

In the spring of 1926 some buds from two plants
of V. virgatum were procured. In this species 36
haploid chromosomes were found.

The discovery of a hexaploid species led us to
extend our search. In the spring of 1927 buds of
V. pallidum were procured. Our material gave us
only a few well-preserved cells in which the chromo-
some number could be counted. Fig. 1C pictures the
homotypic metaphase of V. pallidum showing 36
chromosomes. -
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Diploid, tetraploid and hexaploid forms all show
a regular pairing of chromosomes at diakinesis and
abnormalities were very rare in any of the reduction
phases.

Pexraproip HyBrIp

Vaccinium corymbosum X V. virgatum (Katharine x Rab-
biteye).

The reduction stages were studied in several F,
plants of the foregoing interspecific hybrid. Bach
showed abnormalities such as are usually met with

in hybrids whose parents had different chromosome

numbers. Oceasionally all chromosomes were paired,
giving bivalent chromosomes at diakinesis. A regu-
lar mother-cell is pictured in Fig. 1D, in which there
are 30 chromosomes. More frequently the mother-cells
are found to be much vacuolated and the reduction
Phases irregular, giving as a result polycary, poly-
spory and very little normal-appearing pollen.

A. E. LoNcLEY
U. S. DEPARTMENT OF AGRICULTURE

THE STRETCHING OF COPPER WIRE

TrE following suggestive experiment has been in
use in the Physical Laboratory of Queen’s University
at Kingston, Ont., for some years. As it is thought
to embody some novel features it is offered to those
who may be interested in it.

A light copper wire is stretched horizontally on an
ordinary laboratory stand, as shown in Fig, 1. The
depression of its mid-point for various loads is ob-
served through a reading microscope.
strain are expressed in terms of the dimensions of
the wire, the load and the depression of the mid-
point, and, from the plot of one against the other,
values are found for Young’s modulus, for the stress
or strain at the elastic limit, for the yield point and
for the stress and the strain initially in the wire.

P

Fie. 1

Fia. 2
Fie. 3
The details are as follows: The most satisfactory
grip for the wire ends so far found is made by wind-
ing them tightly around bent wire nails (See Fig. 3),
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the wire then passing through the upper part of a
hole in the bracket azm. A subsidiary wire from the

~nail head around the horizontal arm holds the nail

in place until the wire is stretched by the separation
and clamping of the brackets. On the middle of the
wire is placed a light hook with a fiducial mark (Fig.
2). The level of the center of this cross is read on
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the mieroseope scale before any load is applied, after
the application of each load and after the load has
been removed.
For example: Wire from a spool labelled “Bright
H. C. Copper Wire No. 26”
Length of wire=1=91.9 em. (nail to nail)
Radius of wire=r=0.023 cm.

Load Level of fiducial mark Depression
M Under load Load  Under load Load
removed removed
gm—wt. em. em. em em
0.0 9.140 e e
50.6 8.250 9.140 0.890 0.000
70.6 8.040 9.140 1.100 0.000
100.6 7.740 9.135 1.400 0.005
120.6 7.600 9.115 1.540 0.025
150.6 7.390 9.095 1.750 0.045
170.6 7.240 9.050 1.900 0.090
ete. ete. ete. ete.

Using the simplest of vector diagrams and noting
that the angles are small we find that the stress in the
wire is given by
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