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A STATISTICAL STUDY OF THE BEARING SHOOTS
'OF THE FILBERT (CORYLUS AVELLANA).
' JOSEPH WEBSTER NEWELL.

INTRODUCT ION

The filbert, or hazelnut as the wild specles are
called,'belongs to the genus Corylus of the Oak family,
Gupuliferae]..1 All of our important commercial varleties
may be classified under Corylus avellana, the European
filbert?l However there are many native American gpecles,
the most important and widespread of which are C.americana,
C.rostrata, and C.californica.

The filbert is a monoecious plant and the flowers
are uniéexual? Both the female catkins, commonly known as
the frult-buds or pistillate flowers, and the male catkins
develop on the one=year old wood. The development of the
catkins and the initiation of the fruit-buds begins in late
summer on shoots of the current season's growth.

The stamlnate flowers develop the most rapidly and
when the leaves fall their long penduloug catkins are very
noticeable. At the base of each male catkin 1s a two-cleft
calyx partly united with the bracts, or scales? On the in-

side of each bract there are two bractlets to which several

;b
stamens adhere. The male catkins are borne singly, or in

groups of two to five, on elther the regular fruiting wood
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or special twigs, which are short and slender. In January
and February the axis of the male catklns elongates, the
pollen is disseminated by the wind, and the plstillate
flowers become pollinated.

The frult-buds, each of which contains six to fif-
teen piétillate flowers, are borne laterally on the upper
portion of the one-year old shoots?l The frult-buds are
usually found at the base of the male éatkins, either sing-
1y or in groups so close together that the smaller buds
sometimes seem to be a part of the larger ones.

In late spring the fruit-bud axls elongates and the
nuts are borne terminally in clusters. The number of nuts
in each cluster varies from one to nine?l depending on
variety. Thus the bearing twig of the filbert is compar-
able to thé frult-spur of the apple and the elongation of
the fruit-bud axis to the thickening of the cluster base
of the latter frult.

The two-éelled ovary of the pistil contains one ov-
ule in each cell? One of the ovules aborts and the other
develops into a nut, which 1s enclosed by a leafy husk at
maturity? These nuts vary in shape from globular or ovold
to oblong, depending on varlety?

The filbert was originally brought to this country
during colonial days but attained little commercial import-
ance until its introduction to the Northwest. The limit-

ing factors to 1ts eastern development were the'rigorous
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climate and the blight, Cryptosporella anomala, common on
the native hazelnut of the east, C.americana, but only
serliously injurious to the European filbert.

The mild climate and the absence of the eastern
blight on the native hazelnut of this country, C.rostrata
or callfornica, make the Willamette valley and the corres-
ponding territories ln Washington the best adapted in the
United States to filbert growing%s However the greater
part of the filbert acreage of the Northwest 1s confined to
the Willamette valley. At present there are between fif-
teen hundred and two thousand acres of filberts planted in
thls state. Since less than one hundred of these acres are
in bearing the problems of production are in the near
future.

Filbert yields, under the most favorable conditions
and at the full maturity of the trees, may run over 3,000#
to the acre. On the average and over a period of years
1,000# is a safer estimate?l

The size of the BEuropean importationsgs show that im-
mense qﬁantities of fllberts are annually consumed in this
country. The Bureau of Commerce and Navigation Reporta4
show that é0,44l,536# of shelled and 15.584,418# of un-
shelled filberts were imported into the United States in
1923, The shelled nuts were multiplied by three in order
to compare them with the unshelled. The increasing demand

for the filbert, especially in the cohfectlonary trade, in-



o -
dicates a blg future for the American grown nut. At
present the filbert stands about fourth in commercial
importance among the cultivated nuts of the United States,
being exceeded only by the walnut, pecan and almond?

As more and more fllbert acreage 1ls annually
coming into bearing competition l1ls becoming greater so
that maximum efficliency in production 1s more and more
essential for profit. Lack of efficient pollination and
of a proper system of pruning are among the most import-
ant limiting factors in fruit production. The sultable
varieties to plant together to secure sufficient pollin-
ation have already been determinedzlbut, on how to prune
the filbert no experimental data has, as yet, been pub-
lished.

Fullergrecommended heading back the strong leading
ghoots of bearing trees 1n order to keep them from grow-
ing too tall and to force out the lateral twigs as frult-
ing wood for the ensulng year.9 Removal of branches was
adviged where the tree becomes too crowded to admit suff-
icient 1light and alr to the center,

W. A. TaylorBthinKs thAt pruning 1s of speclal im-
portance with the filbert. He recommends heading back
the strong shoots to promote spur formation and an annual

removal of wood that bore the previous year. He prefers

a short trunk with a vase-form head of six or more branches.
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Schuster says that the young trees should be headed

between eighteen and thirty inches; a central leader deve-
loped as far as practlcal; and the scaffold limbs well dis-
tributed around the trunk, five to seven inches apart. He
recommends a consistent thinning-out program with a head-
ing back of any laterals that tend to take the lead away
from the central leader. Heavy ylelds were obtained from
the young bearing trees in the College Orchard by a light
thinning to eliminate dense shade and effect a more equal
distribution of the bearing wood. Where the trees are
slowing down in fruit and wood production, thinning-out
and fertilizing are advised rather than a heavy heading-
back?l

The BEuropean system of pruning the filbert 1ls much
more se?ere than ours, amounting to almost a complete re-
newal of all wood except the scaffold limbs. Thls is ne=-
cessitated by the close planting, usually about elght to
ten feet apart, and the use of the filbert as an intercrop
among orchard trees? 6

In the summer of 1924, Cooter, present foreman of
the College Orchards, visited Geo. Banyard and Sons
Nursery at Maldstone Kent, England, where one-hundred-
seventy-five acres of fllberts have been long 1ln bearing

as an intercrop among apple trees. These trees were de-

veloped from layered stock which has'not allowed to branch



until a foot high. Then they were trained to vase-form
with a hollow center and the main branches spaced about a
foot apart. The latter were headed at five feet from the
ground, and pfuned so as to leave renewal stubs both out-
side and in-side the vase, which forms the bearing sur-
face. The trees are pruned back every other year to these
renewal stubs. Under this intensive gystem of care and
cultivation, the average yield per acre for trees, in the
height of bearing, is around 2,000#.

The filbert resembles the peach in bearing 1its
fruit léterally on wood of the past season's growth. Howe
ever the open-centered vase-shaped system of tralning the
peach 18 not so well-sulted to the filbert as 1s the cen-
tral leader type. The latter glves larger, stronger trees
with a greater potehtial fruiting surface within a smaller
radius of the trunk, due to a greater number of scaffold
limbs%o

As a means of controlling production, the system of
pruning 1s of greater 1mportanc§ than the form of the tree.
The object of pruning 1s to obtaln the greatest bearing sur-
face that will function efficiently and produce fruit of
good quality. To do this it 1s necessary to know the char-
acteristics of the most productive shoots so that these may

be left in as large a number as will allow the best condi-

tions for their development. The object of this investi-



s13n

gation 1s to study this important subject.

REVIEW OF LITERATURE.

In studying the relatlohshib of the position and
vigor of the bearing wood to its productiveness, a general
review of the effects of these factors in other frults was
made before undertaking a specific study of the filbert.

Lewisl4found that it is the medium-sized growth
which is the most productive in the peach, the over-
vigorous wood tending to excessive terminal bearing.

Clements and Reevesbnoted that the stronger type of
growth of the peach bears its fruit in three-bud formation
and is therefore the most desirable. The single frult-
buds were noted as occurring, mostly,.bn the smallest,
weakest shoots.

Edminsterginvestlgated the relation between the
angle, length, and dlameter of shoots, and the development
of slde-shoots and fruit-spurs from lateral buds. A sta-
tistical study was made of 9,000 apple shoots from four
varleties.

The 1dea had frequently been expressed that the
most horizontal shoots are the most productive, Edmin-
ster's datealndicated that, generally, those shoots grow=-
ing ét an angle comparatively close to that of the mean

shoot of the variety are the most productive of branch
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shoots and of spurs.

Also the 1dea had frequently been expressed that the
weaker shoots are the most liable to give rigse to fruit-
spurs, the strong vigorous growths tending to run to fur-
ther shoot and wood growth. Edminsterafound a high degree
of correlation existing between the length of the shoot and
the percentage of lateral buds breaking and forming spurs.
The same was found to be true of dlameter, the stoutest
éhoots being the most productive of silde-ghoots and fruit-
spurs.

Since the most upright shoots proved also to be the
longest and thickest, the presence of a positive correla-
tion between shoot angle, length and diameter was demon-
strated. However, each of these factors was also proved to
be more or less independent of the others. Therefore, when
pruning the apple, those shoots should be préserved, so far
as possible, that are long, stout, and more or less upright,

or, at least, near the mean shoot angle of the variety.

Yeager 24ma.de a statlstical study of the fruit-spur
system of the apple, using the Grimes. Among spurs of uni-
form age there was found to be a marked degree of correla-
tion between length and production. Also there was found
to be a high degree of correlation between diameter of

gpurs and thelr productiveness. Spurs of the same age

borne on branches of large dlameter bore a larger amount of
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frult than those on smaller branches.

Yeagerzawas led to infer that the position of the
spur in the tree had an influence upon 1ts average produc-
tion. Apparently the higher the spur in the tree, the
greater its productivity. The outside of the tree produced
more fruit per spur than the Inside as well as a much larg-
er proportion of the total amount, although the latter may
have been due, at least 1in part, to the larger proportion
of bearing surface to be found on the outside.

His date241ndicated that the most productive spurs,
and the fruit of the best quality were to be found in thne
south quarter of the tree. This was followed oclosely by the
west, east,and lastly nortn duarters of the tree.

This was explained in various ways. It was sald to
be partiy due to the fact that the youngest spurs were borne
on the south side of the tree, for production was found to
be negatively correlated witn age.24

The fact that the north side of the apple trees had
the oldest spurs may have been due, at least partly, to the
inhibitlng effect of a limited light supply ou the tendency
of the Grimes spurs to go into vegetative growth after a
certaln number of years of normal functioning.24

Also the proportionally greater number of spurs on
the north side may have had some effect in lowering the

average spur production, and thus decreasing quality. How-
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ever the better light exposure was doubtless the greatest
factor favoring the better quality and productiveness of
the spurs on the south side?4

Crow7 dlscovered that, with the apple, strong fruit-
spurs of a certain length, four to nine millimeters, bore
nearly all the frult. The majority of the longer growths
congisted of non-fruitihg shoots, ten to five-hundred
millimeters length, and the shorter growths of weak, un-
productive leaf and frult spurs. Evidently there is an op-
timum length for fruit production in the apple.

Robertslgshowed that blossam-bud formation of the
apple is related to spur length. The spurs of medium
length formed the most blossum buds because they have the
greatest amount of food-gathering surface in proportion to
length. Thieg was said to be due to the fact that the leaf
area increases in proportion to spur length up to the med=-
iuﬁ length and then the correlation between the two drops,
with4any further increase because of the lncreasing length
of the internodes.

Robertsl8also found similar correlations with the
sour cherry. Cherry spurs grow only from leaf buds and
these are present, in the greatest numbers, on rather long
growths. However, a certain length, twelve to fourteen
inches, gave the maximum number of leaf-buds.

17
Painter , working with the lMontmorency sour cherry
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verified Robert's conclusions. Hls results showed that

the longer the éhoot the greater the percent of frulting
spurs set, up to a certain length, thirteen-and-one-half
inches. A vigorous growth, twelve to fourteen inches,

seemed to glve tge highest average set of frult-spurs for

the next season.

OBJECT OF THIS INVESTIGATION.

The object of this investigétioh was to determine
the correlations of the fruit-buds to the number of male
catkins and to the length, diameter, and branchlng angle
of the bearing shoots. The object, alsgo, was to determine
the effect of the positibn and latitude of the shoot, in
the tree, on fruit-bud formation.

In other words, the questions to be solved are the
following. Are the strong, thick shoots more productive
than the weak, slender ones? What ié the optimum shoot
length for frult-bud formation? Are the upright, or the
horizontal shoots the more productlive? Where will the
most productive shoots in the tree be found--on the perl-
meter, inside, top, median, or lower part? Also which
gide of the tree is the most productive? Lastly, how do

these various factors differ among the varlietlies examlned?

MATERIALS AND METHODS EMPLOYED.,

A statistical study of over 3,000 filbert shoots
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was undertaken, in the endeavor to answer these questions.
Four popular varieties were chosen: Barcelona, Mervellle
de Bolwyller, Nottingham, and White Aveline. Although each
of these varietles are practically self-gterile, they are
inter-fertile to a satlsfactory degree?l The latter three
are excellent pollenizers for the first, Bércelona, which
is the leading commerclal variety in Oregon?l

The Barcelona is of spreading habit; vigorous and
productive; and bears a medium to large oval nut, one to

eight in a cluster. The Merveille de Bolwyller 1s an up-

right, close grower; ﬁigorous but a light producer; and

bears a large, broad nut. MNottingham is an upright, close

grower; vigorous and falrly productive; and bears a long,
medium to small, nut. White Aveline is a medium to small
tree, of low spreading habit; falirly vigorous, and moder-
ately productive; with a small, long nut?l

Three to five typical trees of each varlety were
selected. They were chosen from among the fllbert trees
in the South College Orchard, planted about ten years ago.
The trees selected were growing under as nearly the same
SOil, moisture, and fertility conditions as posslible. The
soll is a heavy clay, lacking somewhat in dralnage and .
fertility.

The following instruments of measurement were used:

a metric steel tape for length; a vernler steel callpers
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for dlameter; and a small steel protractor for angle.
Length and dlameter were recorded in centimeters, or milli-
meters, and, the angles in degrees. The dlameter of each
twig was taken at the base. The direction of growth of

the old shoot was considered as zero degrees and the angle
meagured was the degree of departure that the new shoot
made from the old. Terminal shoots were consldered as
growlng at an angle of zero degrees, as they continue in
the same general direction of growth as the mother shoot.

The data was recorded during the period of Jan. to
May 1924. For the purpose of identification, paraffined
tags, which had been numbered before dipping, were tied on-
to the individual shoots. (For illustration see Plate 2) A
note-book was used to record the number of the tag; number
of fruit-buds and male catkins; and the length, diameter,
angle, position and latitude of each shoot. From this data
the correlations were determined for the varietles studied.

The object of the statistical methods employed in
this stﬁdy was to put the data obtained into that form which
would reveal the maximum number of interpretable facts.

The arithmetic mean was used because it is the best
meagure of type and marks the central tendency of the dat;?
The standard deviation was employed to determine the degree
of dlspersion of the data and thus show the dependability

13
of the mean as a measure of type. It is the most used
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measure of varlablllity as 1t glves that additional weight
to extreme variations so desirable in biometrical work.l

Since the coefflclent of varliability is an index of
the degree of variationl 1t was employed to give the dif-
ferent values obtailned for the standard deviations an equal
significance, in the game set of_correlations%3 Since this
‘coefflcient 1s determined by dividing the standard devia-
tion by the mean}31t glves the average percentage of varla-
tion of the varlable from 1ts mean. The high values ob-
tained for the coefficient of variabiiity in gsome of the
following tables is due to the use of unsmoothed data sube
Ject to considerable natural varlability and influenced by
many extraneous factors.

The Pearson product-moment coefficient of correla-
tion was employed to determlne 1f there was a tendency for
a high, or low, positive, or negative, value of the depen=
dent varlable to be assoclated with a high value of the in-
dependent variable. The dependent variable,y, was regarded
as the function of thé independent variable,x, and there-
fore the latter variable may be considered as a cause and
the former as the effect. The object of the correlation
coefficlent is to show to what extent a certaln cause will
be accompanied by a certain effect%3

Regression lines were used to determine the lineari-

ty of regression by the proximity of the lines of best fit
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to the means of the columns and rows. When there is unity
of correlation the regression lines colncide at forty-five
degrees from the axes of the table. However, there must be
perfectly linear correlation for the lines of regression to
thus coincide%3

Regression coefficlients are an aild 1n laying off the
lines of best fit to the means of the arrays. They may,
also, be used to predict the most probable value of one
variable to be found with a gilven valﬁe of the other.lB.

The coefficient of correlation 1s used more than the
correlaﬁion ratios in biometrical work, due to the labor-
iousness involved in the computation of the latter. The
coefficlent is a kind of average measure of the correlation
~ of two variables, being equal to the geometric mean of the
ratios, in the case of perfectly linear regression. It 1s
therefore a conservative measure of correlation and the
most convenlent method of defining the general tendency 1n
data, since it expresses a property of the Correlatlon

13
Table as a whole.

However, the correlation ratios are the most satls-
factory measure of relatlonship between the two variables
in the case of non-linear regression and a falirly high
degree of correlation%3 Also, they are of value in deter-
mining the dependence of one variable upon the other and

A
in showing which of the two 1s the most effected by varla-
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tions in the other.

The term, probable error, or probable deviation as
it is more properly called, 1s used to determlne the a-
mount which must be added to, or subtracted from, the ob-
gerved value to obtain two limiting figures of which 1t
may be sald that there 1ls an even chance that the true va-
lue lies within, or without, these 11mits% In homogeneous
data the observed value will vary within these limits in
fifty per-cent of the cases. The probable error ls used
to show the relliability of the results.

The following formulae, obtained from Kent's ele-

: $5
ments of Statlstics, were employed.

C, = fx. C.V. = M.
o I SD.
Cr, =_fy. r. = SXV .
. s n(SDx.) (SDy.).
Mx.= Bx. # Cl ERy. & SDXy .
: SDx.
Myo: Byo }l 02
c.r = SDyx.
P.M.= Product-Moments J SDy .
8Dx.= Square root of P.E.of M. = £.675(8D).
) Square root of n.
(£x" - C%)
(‘n. ) P.E.of r. = £.675(1-r2).
Bquare root of n.

SDy .- Square root of
2 P.E. of c.r.= £.675(1-c.r.2).

¢ cg) SUUETE TO0t Of M.
(' n. )
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KEY TO SIGNS.

Correction for Indepehdent Variable.

Correction for Dependent Variable.

Number of Frequencles.

Independent Variable.

Dependent Variable.

Deviation of the Independent Variable from its lean.
Deviation of the Dependent Variable from its mean.
Total number of Frequenciles.

Coefficient of Correlation.

= Correlation Ratio. The sub-number stands for the
variable, elther x or y.

Assumed Base of the variable, elther x or y.

Mean of the variable, either x or y.

= Product-Moments.
= Summation.

= Standard Deviation. Sub-number stands for the var-

iable, eilther x or y.
Coefficient of Variability.

Standard Deviation of the x arrays of the y type.

Standard Deviation of the y arrays of the x type.

= Probable Error, or Probable Deviation.
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IS THERE A CORRELATION BETWEEN THE MALE
CATKINS AND THE NUMBER OF FRUIT-BUDS?

Woodrbof?3 stud&ing the pecan, found a fery low de-
gree of positlve correlation between the abundance of the
crop of catkins produced and the crop of pistillate flow-
ers, for any particular year.

In order to test the truth of this statement in re-
'gard to the fllbert the correlation was determined between
the two kinds of flowers. Although the few branches where
one flower was not assoclated with the other were elimin-
ated, the falr degree of correlation obtained seems to
warrant the conclusion that, where large numbers of male
catkins are observed one may be apt to find large numbers
of fruit-buds. Therefore the size of the catkinate crop
may be regarded as something of an index of the nut crop
to be expected. (For an illustration, see Plate 1).

The male catkins were treated as the independent
variablé,x, the frult-buds as the dependent variable,y,
and the object was to find whether the latter were the fun-
ction of the former. In other words, are the number of
frult-buds affected by the number of catkins? Three hun-
dred-twenty-two branches on two Barcelonas wére'counted
and the results averaged. (See Table 1.) The lateness of

the season made it impossible to work on ahy other varile-

tles.
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The male catkins had a mean of 5.45 £ 0.12; a stan-
dard deviation of 3.2; a coefflclent of variabllity of
0.587; and a correlation coefficient of 0.407 £ 0.031.
Therefore, in thirty-eight to forty-four cases out of one-
hundred, a large number of fruilt-buds will be found assocl-
ated with a large number of male catkins.

Although the non-avallability of material limited
the study of the relationshlp betﬁeen male and female cat-
kins to the Barcelona, the existence of a similar correla-
tion, in the other varieties, might be reasonably expected.

The remainder of this thesls is a study of the fe-
male caikins, more commonly called the frult, or pistil-
late buds. Naturally, these would be a better index of the
size of the nut crop and the productiveness of the tree,

than would the male catkins.
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CORRELATION TABLE FOR NUMBER' OF MALE' AND FEMALE CATKINS
| FORMED ON BARCELONA, --- FALL OF 1923.
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IS THERE A CORRELATION BETWEEN SHOOT
LENGTH AND FRUIT-BUD FORMATION?

One of the'most imporiant correlétioﬁ studles in
horticulture is the relation between the length of the
fruit producing wood and 1lts productiveness. Most of the
pomological fruits hitherto studled have revealed a high
degree of correlation between these two factors.

The measurements of the three to five trees of each
variety'were placed together in the variety correlation
tables. Since all of the trees were propagated from layer-
ed etock‘énd grown under the same environmental conditlions,
differences due to individuality are probably, in most
cages, at a minimunm. _

In correlating the two varlables, length was treat-
ed as the independent variable and the number of fruit-buds
as the dependent variable. Shoot lengths were divided into
classgses with a range of flve centimeters. This was conslid-
ered a convenient and sufflieiently accurate method of
classification.

From a study of Table V., it may be said that, in-

- ereases in shoot 1ength'will be accompanied by increases

in the number of frult-buds in the following percentages of
all cases: for Mervellle de Bolwyller, seventy-four to
eilghty percent; White Aveline, slixty-one to sixty-four per-
cent; Barcelona, sixty to sixty-three percent; and for

Nottingham, fifty to fifty-four percent. For all the var-
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leties studied the increases in shoot length were accompan-
ied by increases in the number of fruit-buds in sixty to
sixty-five percent of all cases. Thls indicates a high de-
gree of correlation between these two variables. (See Fig-
ure 1l.).

. ‘In order to determine whether the correlation be-
tween the variables 1s greatest for the short or long .
'shoots, the length arrays of each correlation table were
divided into two groups. The first included the mean array
and those below, and the sécond, all the arrays above the
mean class. In other words, the short shoots, included
those under twenty-five centimeters in the White Aveline;
those under twenty centimeters in the Barcelona and Mer-
vellle de Bolwyller; and those under fifteen centimeters

in the Nottingham.

From the results in Table V., it may be sald that,
for the shoots in the first group, the short shoots, in-
creases in length wlll be accompanied by lncreases in the
nunber of fruit-buds in the following percentages of all
cases: Waite Avelline, fifty-eight to sixty-two percent;
Mervellle de Bolwyller, fifty to sixty-eight percent; ﬁar-
celona, fifty-two to fifty-seven percent; and Nottingham,
thirty-six to forty-two percent.

For the shoots of the second group, the long shoots,

increases in length wlll be accompanied by increases in the
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number of fruit-buds in the followlng percentages of all
cases: Mervellle de Bolwyller, forty to forty-eight per-
cent; Nottingham; thirty-six to forty-two percent; Barce-
lona, thirty-one to thirty-seven percent; and White Ave-
line, sixteen to twenty-two percent.

The lower correlation coefficients obtalned when the
table is divided is due to the fact that a ratio, being a
quotient, cannot be treated as an average of other quo-
tients.

As the degree of correlation of the short shoots 1s
one-and-four-tenths to three-and-two tenths times that of
the long shdots, depending on variety, apparently there 1is
that much greater probabllity of the short shoots showing
an increase in the number of frult-buds accompanying length
inerease, than would be the case with the long shoots. If
thls assumption be correct, then, with the same total shoot
length, there is a much greater certalnty of having a high-
er total number of frult-buds on many~short shoots, below
the mean length, than on a few long ones.

Figure 2 shows an lncrease in the distance between
the frult-buds accompanying an increase in shoot length.
This is due to the natural increase in the length of the
internodes and the consequent decrease in the number of

fruit-buds per decimeter.

A comparison of Figure 2 and Table 5 seems to indl-
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Vcate that the differences in the degree of correlation be-
“tween the short and long shoots 1s largely dependent upon
differences in the rate of increase in the length of the
internodes. In those varleties where there is the least
difference between the values of the coefficlents of the
short and long shoots; as in Mervellle de Bolwyller and
Wottingham,  there 1is only a slightly greater rate of
length increase for the internodes of the long shoots, but,
where there 1s a large difference in the value of these
coefficlents, as in Barcelona and White Aveline, the rate
of internode length increase of the long shoots 1s also
much greater.

To test the dependabllity of the variables upon
each other, the correlation ratios were determined, in the
case of Barcelona. (See Table VI. and VII.).

The correlation ratio for the independent variable
of length was found by computing the standard deviation of
the means of the rows and dividing by the standard devia-
tion of length, as found in calculating the correlation
coefficient. (See Table VI.).

Tae correlation ratio for the dependent variable,
or the fruit-bud variable, was found by computing the stan-
dard devliation of the means of the columns and dividing by
the standard deviation of the number of fruit-buds, as

found in calculating the correlation coefficient. (See
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Table VII.).

The ratio of dependence of shoot length upon the
number of frult-buds proved to be 0.645 £ 0.012, and the
ratlo for the dependence of the latter variable upon the
former, 0.612 # 0.013. Therefore, in sixty-three to six-
ty-six percent of all cases shoot length increase will be
accompanied by increase in number of fruit-buds, and, in
slxty to sixty-three percent of all cases an increase in
the number of fruit-buds will be accompanied by a similar
increase in shoot lengths. In other words, long shoots
are about as apt to have large numbers of frult-buds as
large numbers of fruit-buds are apt to be found on long
shoots. Both varlables are about equally dependent upon
each other.

The geometric mean of the two correlation ratios was
within two percent of the correlation coefficient. This

shows only a small amount of asymmetry in the data.




TABLE II.

CORRELATION TABLE FOR THE NUMBER OF FRUIT-BUDS FORMED ON THE

BARCELONA SHOOTS OF DIFFERENT LENGTHS --- FALL OF 1923.

- ———— - —_—— - ———————— - —_————————— -

Shoot Lengths (x)

Y. 1 2 3 4 B 6 7 8 I | R 1 A f(y)s
12 1 1
11 1 1 1 3
10 2 2
E.' 9 1 s A 3
° 8 - SR QTR | 4
a
é 7 1 2 1 2 2 2 5 1 16
E o6 CORE TR D R Y SIS S 1 32
“ 5 R TGN W T SR R | e SR S 62
§ 4 gt S ' S A ¢ e R GERREE AR TIRRS S 85
- TIER TR T R RS T LS L TR e S 193
9" Li@v;. O, . BB 88 BhiBB AR e Y. . B B 240
T QAN L B R - 39 it Aais S ERG g e 2 422
£(%)* 237 101 169 166 109 88 34 38 39 ‘34 20 18 1053

*For explanation see Key to Arrangement of Table II,

-gg-



EXPLANATION OF THE COMPUTATION OF THE
CORRELATION COEFFICIENT.IN TABLE II.

The mathematical method of'arrahging the classes was
followed. The classes of the dependent variable were ar-
ranged so that their ascending values read from the pottom
up and those of the independent variable to read from left
to right.

The measures of value necessary in computing the
correlation coefficlent were calculated in class values.
This simplified the work and eliminated any error due to
the different class ranges of the two variables.

In the case of the fruit-bud variable,y, the class
values are the same as the real, or actual, values. How-
ever, in the case of the length variable,x, the class
value 1g one-fifth of the actual value and must be multi-
plied by five. 8Since the first mid-class value, in centi-
meters, is only one-half of flve, two-and-a-half must be
subtracted from the above product. To illustrate: the
Mean Length(Mx)=4.132 times 5 = 20.66 - 2.5 = 18.16 or
18.2 centimeters; and, the Standard Deviation of Length
(sDx) = 2.82 times 5 = 14.1 - 2.5 = 11.6 centimeters.
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KEY TO ARRANGEMENT OF TABLE II.

Shoot Lengths (x variable).

Class Mid-Class Class-Range
Value in cm. in em.
1 2.5 0 - 4.99
2 15 5= 9.99
3 12.5 10.- 14.99
4 17.5 15 = 19.99
5 22.5 20 - 24,99
6 27 .5 25 - 29.99
7 7245 30 = 34.99
o 1 % 25 .= 39.99
9 42,5 40 - 44,99
10 47 .5 45 - 49,99
11 52.5 50 - 54.99
12 575 25 = 59.99

Number of Fruit-buds ( y variable ).

The Class numbers are the actual values.

- ———————————————— - ————— - —

KEY TO LETTERS

= The Length variable.

X =
¥ = The Fruit-bud Variable.
f(x) = éummation of Length Frequencies of Shoots.

£(y) Sumnation of Fruit-bud Frequencies of Shoots.
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TABLE III.

COMPUTATION OF THE CORRELATLON COEFFLCLENT IN TABLE II

-—-_——-——_-----—_—-——_-—————------—-------————-—----————.—-

BX7. -3 711 R135 ok =) 764 422 422

101 -2 =202 404 240 0 0 0 0
169 -1 - -169 169 193 1 289 193 193
166 0 0 0 85 2 276 170 340
109 1 109 109 62 3 603 186 558
88 2 176 352 32 ‘& 368 128 5l2
34 3 102 306 16 5 280 80 400
38 4 152 608 4 6 162 24 144
29 5 195 975 3 7 98 21 147
34 6 204 1224 2 8 112 16 128
20 T 140 980 3 9 108 27 243
18 8 144 1152 1 10 80 10 100
1053 140 8412 1053 3140 433 3187
KEY TO TABLE
f(x) - Class Frequencles of Shoot Lengths.
X - Class Deviations from Assumed Mean.
fX - Product of Class Frequency and Deviation.
f§2 - Product of Class Frequency and Deviation
f(y) - g%zzze%;equencies of Frult-buds.
y - Class Deviations from Assumed Mean.
Sxy - Summation of Product-Moments.
ffg - Product of Class Frequency and Deviation

squared.
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TABLE IV,
COMPUTATION OF THE CORRELATION COEFFICIENT IN TABLE II(CONT)

C, = fX or 140 or 0.132 Co =_fy or 433 or 0.409
1053 n

C(Sxy) = (C4) (Cp) (n) = 56.86

SDx = Square root of (Sfi% - Cg) or (8412 _ 0.017) = 2.8
: ("m ) 1053 B, i L e
SDy = Square root of (Sf?z - Cg) or (3187  0.,167) = 1.7
-y )  (T053 )
r=SXxy = _3083.14 _~_or 0,615
_ _n;gﬁk) (Sqy) To53(2.8) (I.7) :
P.E.= (.675)(1-r®) ~ or (.675)(1-.378) = £0.013
oquare root of n Square root o &

Therefore the Correlation Coefficient is 0.6754 0.013
My = 2 £ .41 or 2,41

P.E.= (0.875)(SDy)  or (.675)(1.7) or £0.035
Square root of n Square root o

Therefore My equals 2.41 £ 0,035

Mx = 4 £ .13 6r 4.13 which is 4.13 times 5 or 20.65 - 2.5 =
18,20m.

P.E. = (0.675)(SDx) = (0.675)(2.8) or £.059
Square root of n Square root of 1053

0.059 times 5 = £ 0.295¢m.

Therefore Mx equals 18.2cm £ 0.295¢m.

*Plus or minus sien.
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KEY TO TABLE IV.

Correction for Méan'Length (Mx) .
Correction for Mean Number of Buds (my).
Correction for the Summation of the Product-loments

?orriction for the Standard Devliation of Length
SDx) .

Correction for the Standard Deviation of Frult-
buds (SDy).

Sumnmation of Product of Length Devliations by Class
Frequencles.

Summation of Product of Fruit-bud Deviatlions by
Class Frequencies.

Summation of Product of Square of Length Devliatlions
by Class Frequencles.

Summation of Product of Square of Fruit-bud Devia-
tions by Class Frequencies.

Total number of frequencles.
Coefficient of Correlation.

Probable Error, or Probable Deviation.




TABLE V.

SUMMARY OF THE MEASURES OF VALUE FOR THE VARIABLES
OF SHOOT LENGTH AND NUMBER OF FRUIT-BUDS.

T - ———— - - ——————————————_—_———————— - - - -

V. Mx. PF.E. My, P.E. SDx. SDy. CVx. CVy. r. P/E. r(la) P.E. r(us) P.E,.

B. 18.2 .29 2,41 .03 11.6 1.75 .682 ,717 .615 ,013 .554 .018 .338 .03
M. 16.2 .21 2.51 ,045 8.5 1.80 .428 .717 .770 .028 .590 .094 .436 .04
N. 12.9 .20 2,15 ,033 4.9 1.24 .,389 .576 .527 .020 .395 .030 .273 .0l
W. 21.5 .27 4,97 .069 8.9 2.9 .475 .595 .625 .014 ,605 .020 .192 .03
A. 17.2 .2¢ 3,01 .,050 7.7 1.93 .494 .651 .635 .044 .536 .040 .309 .03




V.

W.
A.

My .

P.E.
SDx.
SDy .
Cvx.

CVy .

r(la).

r(ua).

Variety.

Barcelona.

-39

KEY TO TABLE V.

Mervelille de Bolwyller.

Nottinghan.

White Aveline.

Average.

Plus or minus sign.

Mean Length of Shoot in centiheters.

Mean Number

of Frult-buds on Shoots.

Probable Error, or Deviation.

Standard Deviation of Shoot Length in Centimeters

Standard Deviation of Number of Fruit-buds.

Coefficient
Coefficient
Coefficlent
Coefficient
Coefficient

of Varlability of Shoot Lengths.

of Variability of Number of Fruilt-buds
of Correlation of all Length arrays.
of Correlation of lower Length arrays

of Correlation of upper Length arrays
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KEY TO FIGURE I.

Heighté of the Ordinates.

Xis s 2. o 4,
5 1.9 1.5 1.6 2.7
158 2.4 2:5 2.1 3.9
25 3.1 4.0 2.7 5.7
35 3.6 5.2 3.8 75
45 4,1 5.7 4T 7.3
55 4.5 6.8
EXPLANATION

X.- Mid-Class Lengths of Beéring Shoots, in Centimeters.

1.= sSmoothed averages of Numbers of Frult-buds 1n the
Length Classes of Barcelona.

2.% Smoothed Averages of Numbers of Fruit-buds 1in the
Length Classes of Mervellle de Bolwyller.

3.= Smoothed Averages of Numbers of Frult-buds in the
Length Classes of Nottlingham.

4 .= Smoothed Averages of Numbers of Fruit-buds in the
Length Clagses of White Aveline.

liote - The fruit-bud averages were smoothed according to
the formulae: A = 2A B , B=A f Bf£C, C=8B é C é D,
b ) )

in which A,B,C,and D represent the successive averages nuu-
bers of frult-buds. In other words, the true value of each
point on the scale is seen to be equal to the Arithmetic
llean of 1ts value and the two adjacent values. Each of the
extreme measures 1s weighted by two and averaged wlth the
adjacent measures. Thls has no effect on the Arithmetic
Mean of the whole distribution and glves a smoother curve.
(For detalled explanation see Rugg p.l84)2

The averages in the followlng figures were llkewise
smoothed in order to give a better curve.
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KEY TO FIGURE 3.

Helghts of the Ordinates.

X. 10 2. 30 4.
5 4.4 5.9 Ty 3.2
15 58 6.9 6.9 3.7
25 T.9 6.9 8.3 4.3
35 9.5 7% 4 5.6 4.8
45 15.2 8.0 6.3
55 20.3 7.8
EXPLANATION
X. = Mid-Class Lengths of Shoots, in Centi-

meters.

1. = Smoothed Average Distances, in Centi-
meters, between frult-buds, on Barcelona
shoots

2. = Smoothed Average Distances, in Centi-
meters, between Fruit-buds, on Mer-
veille de Bolwyller Shoots.

5. = Smoothed Average Digtances, in Centi-
meters, between Frult-buds, on Nottlng-
ham Shoots.

4, = Smoothed Average Distances, in Centi-
meters, between Frult-buds, on White-

Aveline Shoots.

Note. - In ordér to avold confusion of lines,
unsmoothed values were sometlimes used in plot-

ting the ordinates in these figures.
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TABLE VI,

COMPUTATION OF THE CORRELATION RATIO FOR THE INDEPENDENT
. VARIABLE. OF SHOOT LENGTH IN BARCELONA.

- ———— - —————_—— -

Type(y) Mxy Mx-Mxy (Mx-Mxy)2 £,  £(ux-Mxy)?

Bl R0 . 1.9% 3.76 422 1590.00
2 4,22 0.09 0.0l 240 2.40
3 5.30 1.17 1.37 193 265,00
4 5.62 1.49 2.22 85 -188.50
5 Ts22 3.09 9.55 62 591.00
6 6.87 2.74 7.51 32 240,50
7 750 3.37 11.36 16 182,00
8 10.70 6.57 43.16 4 172.64
9 8.70 4,57 20.88 3 62.64
10 11.00 6.87 47.19 2 94.38
11 7.60 3.47 12.04 3 36.12
12 12.00 7.87 61.94 1 61.94

1053 54387 .12

2 ) :
Sdxy = Square root of (f(mx- or 487,12 ; = 1.82
g e il T

Correlation Ratio of (X) = SDxy. .'1.82 = 645
SDx 2.82

E. =_ (.675)(1-c.r3) = _(.675)(.584) = £ 0.01215
Square root of n. Square root 1053

Therefore the Correlation Ratilo equals 0.645 £ 0.01215

Note: - See Kent's Elements of Statistics pp.130-1 for
detailed explanations.




COMPUTATION OF THE CORRELATION RATIO FOR THE
DEPENDENT VARIABLE OF FRUIT-BUDS IN BARCELONA.

- - - - - - ———— - - - ———— -

Type(x)  Myx  My-Myx  (My-Myx)2  f£.  f(uy-Myx)“

45
TABLE VII.
l

2.5 1.09 1.32 1.74 237 412.00
7.5 1.48 0.93 0.86 101 86 .80
12.5 1.97 0.44 0.19 169 32.10
17.5 2.66 0.25 0.06 166 9.97
22.5 2,81 0.40 0.16 109 17 .45
27.5 3.42 1.01 1.02 88 89.80
32.5 3.83 1.42 2.02 34 68.70
37.5 3.47 1.06 y 50 38 42.50
42,5 3.64 1223 1.51 39 59.80
47.5 4,52 2.11 4,45 34 151.50
52.5 5.10 2.71 T.34 20 146 .80
57.5 4,45 2,04 4,16 18 748,00

1053 119 §.2§

Sdyx = Square root of (fggx-gxxlz) or 2 1192,.22 Jor 1.06
( n ) Square root)
( 1053 )
Correlation Ratio of (y).= SDyx = 1.Q§ = 0.612
- SDy 1.73
P.E. = (.6 l-c.rs) = (.675)(.63) = £ 0.01335

Square root n. Square root 1053

Therefore the Correlation Ratio equals 0.612 £ 0.01335

Wote: - See Kent's Elements of Statistics pp.130-1 for
detaliled explanations.



Mxy.

MX—MXY .

£.

X,
SDxy.
SDx.
P.E.

C.Tr.,

Myx.

Ny-Myx.

SDyx.
SDx,

“*Signs explained in sbove Key not included.

Note

KEY TO TABLE VI.

Means of all Length arrays of Fruit-bud type(y).

Deviation of Means of Length arrays from Average
Mean. '

Cless Frequencies. :

Total number of Freguencies.

The Length Variable.

Standard Deviation'of Means of Length arrays.
Standard Deviation of Length.

Probable Error.

Correlation Ratio,_

Plus or minus sign.

KEY TO TABLE VII.™

Means of 211 Fruit-bud arraeys of Length type(x).

Deviation of Means of Fruit-bud arrays from
Average Mean,

The Fruit-bud Variable.
Standard Deviation of Means of Fruit-bud arravs.
Standard Deviation of Number of Fruit-buds.

Teble of Powers and Roots in Kentfs Elements of
Statistics (Appendix B) used in Computation of

Correlation Ratios in Tables VI and VII.
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IS THERE A CORRELATION BETWEEN SHOOT
DIAMETER AND FRUIT-BUD FORMATION?

If increase in shoot diameter is affécted by length
increase, there 1s no need to determine the correlation of
the dlameter and the number of fruit-buds. Both would be
effects of the same cause. In other words, variations in
shoot dlameter and the number of fruit-buds would depend
primarily upon variations in shoot length. Therefore the
answer to the above question depends largely'upon whether,
or not, there is a correlation between the length and di-
ameter of the bearing shoot.

Since the object of the correlation is to show if
length 1ncrease is the cause of diameter increase, the for-
mer was taken as the independent variable and the latter
as the dependent variable. The shoots were grouped into
class ranges of five centimeters for length and half milli-
meters for dilameter. Since the classes of the two vari=
ables are of unequal metrical value, the coefficient of
correlation was computed from the class numbers, instead
of the actual values. (See Table VIII). As with the pre-
vious correlation study, the true valués for any of the
measures of type may be readily determined by simple cal-
culation (See Key to Arrangement of Table VIII).

The results in Table IX. are based upon data from
only one tree of each Variety. The steep and regular lines

of dilameter increase accompanying that of length, in all
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the verieties, shows a high degree of correlation. (See
Figure 3). _

3 From a study of the correlatiqn coefficients in Table
IX., it may be said that increases in shoot length will be
accompanied by increases in shoot diametgr in the follow-
ing percentages of all cases: Barcelonsa, eighty-eight per-
cent; Whitg Aveline, eighty to eighty-three percent;
Nottingham, geventy-nine to eighty-two percent; lMerveille
de Bolwyller, seventy-three to seventy-seven percent; end,
averaging all four verieties, in seventy-seven to eighty-
three percent of all cases.

These coefficlents, which are extremely high for
natural phenomena, indicate a very close association be-
tween the length and the diameter of the filbert shoot.
The low coefficient of variabilityv gives additional em-
phasis to the close relationship between these two vari-
ables.

Since the number of fruit-buds and the diameter of
the shoot are dependent variables of one cause, shoot
iength, the deduction, which would naturally follow, may
be stated in the form of the following syllogism; The
Length of the Shoot was found to be correlated with its
Diameter. The Number of Fruit-buds were found to be
correlhted with the Length of the Shoot. Therefore, the

Number of Fruit-buds are correlsted with the Diasmeter of

s \




the Shoot.

An attempt was made to determine if there were any
causal connection, or independent correlation, between the
two effects of the same cause, the variables of shoot di-
ameter and fruit-buds. In other words, will thick shoots
of the same length bear more, or less, fruit than the thin-
ner ones, other conditions being as nearly equal as poss-
ible.

A study of the dismeter and fruit-bud variations
in all the shoots of an arbitrarily chosen length, such
as twenty centimeters, and borne in favorable positions
of light exposure, revealed no degree of independent_cor-
relation between these two factors. On the contrary, the
manner of variation of the number of fruit-buds borne on
shoots of an equal length suggests the presence of other

factors, more influential than the shoot's diameter.




TABLE VIII

CORRELATION TABLE FOR THE LENGTH AND DIAMETER OF BARCELONA SHOOTS.
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KEY TO ARRANGEMENT OF TABLE VIII.

Shoot Length Variable(x) Shoot Diameter Varisble(y)
C. M=C . C=R, C. M-C ., C=R,
1 2.5 0= 4.99 1 .175  ,15-.199
2 7.5  5- 9.99 2 .226 .20-.249
3 12.5 10-14.99 3  .275 .25-.299
4 17.5 15-19,99 4  .,325 ,30-.349
5 22,5 20-24.99 5 .375 .35-.399
6 27.5 25-29.99 6  .425  ,40-.449
7 32.5 30.34.99 7 .475  .45-.499
8 37.5 35-39.99 8  .525 .50-.549
9 42.5 40-44.99 9 575  .55-.599
10  47.5 45-49.99 10  .625  .60-.649
11  52.5 50-54.99 11 .675  .65-.699
12 57.5 55=59,99 12 7125 .70-.749
: EXPLANATION,
f(x). = Summation of Length Frequgncies of Shoots.
f(y). = Summation of Dismeter Frequencies of Shoots.
C.. = Cless Values.
MeC. = Mid-Class Values in Centimeters.
C=-R. = Class-Range Values in Centimeters.
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TABLE IX.

SUMMARY OF THE MEASURES OF VALUE FOR THE
VARIABLES OF SHOOT LENGTH AND DIAMETER.

. S W —————

Variety. My P.Es SDy CVy r. P.E,
Barcelona 30.5 #£.35 11. .361 .881 #£.002
Merveille de . ' ' '

Bolwyller 34.2 £.37 9.7 .28¢ 746 £.021
Nottingham 35.4 4.40 8.3 .235 .805 #£.012
White : e ‘ ‘

Aveline 43.2 4.54 11.6 .268 .815 £.016
Average 35.8 £.41 10.2 .287 .812 £.013

KEY TO TABLE IX,

Meen Diemeter in millimeters.

My

P.E, = Probable Error of Mean

SDy
cVy

Standard Deviation of Diameters, in millimeters.

Coefficient of Variability of Diameters.

r S Coefficient of Correlation of Diameter and Length.

I~
n

Plus or minus sign

Yote = The values for the variable of Length have been
given in Table V.
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KEY TO FIGURE 3.

Heights of the Ordinates.

X-e 1. 2 3. 4.,
5 27,2 27.0 29,9 30.5
15 33.8 34.0 35.4 36.8
25 42.9 42.0 44.0 46.8
35 49.7 53.1 49.7 55.3
45 57.8 60.5 60.8
55 63.5
EXPLANATION.
X.= Mid-Cless Lengths of Shoots, in Centimeters.
1.= Smoothed Averages of Shoot Diameters of
e Barcelona, in Millimeters.
' 2.= Smoothed Averages of Shoot Diameters of
Merveille de Bolwyller, in Millimeters.
3.= Smoothed Averages of Shoot Diameters of
Nottingham, in Millimeters.
4.= Smoothed Averages of Shoot Diameters of

White Aveline, in Millimeters.
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IS THERE A CORRELATION BETWEEN THE ANGLE
OF A SHOOT AND FRUIT-BUD FORMATION?

Variations in the number of fruit-buds and the
shoot dilameter have been found to be Independent effects
of veriation in the shoot length. "hat is the relation
vetween these factors and the angle at which the fruiting
wood departs from the mother shoots?

The regression 11nes, Ly and Ly, plotted for the
Barcelona, in Figure 4, are a typical example of the lack
of correlation found between the variables of shoot angle
and length., These "two lines of best fit" to the means of
the arravs are perpendicular to egch other and closely
parellel to the axes of the table, as formed by the aver-
age meens of the two variables, Mx and My. The regression
lines for Mervellle de Bolwyller were very similar to the
Barcelona, but in the case of the White Aveline and Not-
tingham the lines of regression actually coincided with
thé axes - showing an even greater similarity of distri-
bution of all parallel arrays.

The character of the regression lines, in the case
of all varieties showed that the mean of the array did not
depend upon the type, and that there.is a similarity of
distribution for 21l parellel arravs, Therefqre there 1s
no correlation between shoot angle and length, at least
for the varieties studied.

In determining the correlation between shoot angle
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and the number of fruit-buds, the former was treated as
the independent, and the latter as the dependent, variables.
The slight degree of variability in the number of fruit-
buds accompanying angle variations necessitated grouping
the latter into 1grge classes, with a range of twenty
degrees. However, the correlation coefficient was com=-
puted from the Qlass numbers. :

Teble XI. shows that the highest average number of
fruit-buds were borne on shoots in the zero to twenty de-
gree class, but, among the other classes, increases in
shoot angle wereAgenerally accqmpanied by only slight de-
creases in the average number of fruit-buds. For example,
the number of fruit-buds on the shoots in the zero to
twenty degree class showed the following percenteges of
increase over the average of all of the rest of the
classes; White Aveline, oneghundred-eight percent; Barce-
lona, seventy-eight percent; Merveille de Bolwyller, fifty-
two percent; and Nottingham, twenty-eight percent.

Since those shoots growing at an angle from zero to
twenty degrees are mostly terminals, or at least upper
laterals, the higher average number of fruit-buds formed
is probably due to better illuminetion and more nutrition.
Apparently, whatever correlation there is between shoot
angle and the number of fruit-buds is principally due to

the favoreble position, on the exterior of the tree and on
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the terminal portion of the mother branches, of those
shoots making the least departure from the direction of
growth of the parent shoot.

Figure 5 shows that there is a low to negligible de-
gree of negative correlation between the variables of shoot
angle and fruit-buds, The results in Table XII. may be
illustrated by saying that increases in shoot angle will
be accompanied by decreases in the number of fruit-buds in
the following percentages of all cases: lMerveille de Bol-
wyller, thirty-eight to forty-three percent; Barcelona,
twenty to twenty-four percent; Nottingham, twelve to
eighteen percent; White Aveline, seven to nine percent;
and, on the average, only nineteen to twenty-six percent.
Therefore the degree of correlation is, in most cases, al-

most negligible.
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TABLE X.

CORRELATION TABLE FOR THE ANGLE AND NUMBER OF FRUIT-BUDS
ON MERVEILLE DE BOLWYLLVP SHOOQTS.

Shoot Angle(x)

V. 10% 30 50 70 £iv)s
10 2 1 3
a9 1 3 1 5
\E'
w 8 7 4 11
o
(=)
8 n 5 4 9
e
5y 6 13 5 3 1 22
|9
o 26 13 v 46
%
o 4 26 37 12 1 76
(]
g 3 23 59 29 8 119
g 45 87 44 30 206
1 57 160 119 24 360
f(x). 205 373 214 65 857

KEY TO TABLE X.

X = The Angle Variable.

v = The Fruit-bud Variable.
f(x) = Summation of Angle Frequencies of Shoots.
f(y) = Summation of Fruit-bud Frequencies of Shoots.

*The true mid-class values in degrees are given for the

angle variable,x. Class values of fruit-bud veriables

are the true class values, also,
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TABLE XI.
MEAN NUMBER OF FRUIT-BUDS OF ANGLE ARRAYS.

Variety. 10 30 50 70 90
Barcelonsa 2.92 2.50 2.10 1,95 1.56
Merveille

de
Bolwyller 3.16 2.28 1.85 1.95
Nottingham 2.29 2.27 1.94 1.74 1.43
White
Aveline 9.95 4,70 4,56 5.00
Average 4,58 2.94 2.61 2.66 1.49

* Mid-class values in degrees,
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TABLE XII.

SUMMARY OF THE MEASURES OF VALUE FOR THE VARIABLES
OF SHOOT ANGLE AND NUMBER OF FRUIT-BUDS.

Variety Mx., P.E, SDx., CVx. b o P.E,

[ N

.02

Merveille
de
Bolwyller 33,3 .400 17.4 .523 -.410 £.02

Nottingham 30,9 .520  19.4 627  -.147 £.03

White
Aveline 36.6  .400  18.2  ,496  -.085 £.02
Average 36.9 .446 19.3 .522 -.090 £.02

KEY TO TABLE.

Mx., = Mean Angle in Degrees.

P.E. = Probable Error, or Deviation.
SDx. = Standard Deviation of Ahgles, in degreses.
CVx. = Coefficient of Variability of Angle Variable.
r. = Coefficient of Correlation of the two Variables.

Plus or minus sign.
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KEY TO FIGURE 4.

TE. Myx. Tx. Myx.
5 32.5 55 23.5
15 17.5 65 25.5
25 30.0 75 17.5
35 26.5 85 25.0
45 26.0
Ty. Mxy. Ty. Mxy.
2.5 15.0 32.5 39.0
7.5 27.0 37.5 33.0
12.5 45.0 42,5 35.0 -
17.6 40,0 47.5 27.0
22,5 45,0 52.5 18.0
27.5 35.0 57.5 45.0
EXPLANATION
Tx.= Type x, or, the Mid-Class Angle
Values, in degrees.
Myx.= Means of the y arrays of the x type,
or, the Mean Shoot Lengths for each
Angle array.
Ty.= Type v, or, the Mid-Class Length
Values, in Centimeters,
Mxy .= Means of the x arrays of the y type,

or the Mean Shoot Angles for each
Length arrav.
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O FIGURE 5.

Heights of the Ordinates.

X y 25 3. 4.
10 2.8 2.9 2.3 7.9
30 2.5 2.4 2.2 6.4
50 2.2 2.0 2.0 4.8
70 1.9 . 1.9 4 | 4,9
90 1% 1.5
EXPLANATION
x.= Mid-Class Angles of Bearing Shoots in

Centimeters.

Smoothed Averages
buds in the Angle

Smoothed Averages
buds in the Angle
de Bolwyller,

Smoothed Averages
buds in the Angle

Smoothed Averages
buds in the Angle
Aveline.

of Numbers
Classes of

of Numbers
Classes of
of Numbers

Classes of

of Numbers
Classes of

of Fruit-
Barcelona.

of Fruit-
Merveille

of Fruit-
Nottinghem,

of Fruit=
White
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WHAT IS THE EFFECT OF THE POSITION IN
THE TREE ON FRUIT-BUD FORMATION?
24
Yeager found that the higher the apple spur was

" borne, in the tree, the greater the average production,

and, that the exterior of the tree produced more fruit-
buds per shoot than the interior. The effect of the posi-
tion in the tree on fruit-bud formation was studied in a
similar manner for the filbert.

Each tree was divided into five positions as shown
in Tables XIII and XIV, The exterior of the tree was ai-
vided into three parts: the top, which included all the
shoots borne over the top and & third of the way down;
the upper perimeter, which included 2ll shoots borne on
the middle third of the tree; and the lower perimeter, in-
cluding 2ll shoots borne on the lower third of the tree.
The interior of the tree weas divided into two parts: cen-
tral interior, which included all the upper inside shoots;
and the lower interior, 1nc1ud1ng the lower inside shoots.

Table XIII. shows that the most fruit-bearing .
shoots, with the largest total shoot growth and the great-
est number of fruit-buds, are usuall& borne above the
middle of the filbert tree, and on the exterior. In the
case of the White Aveline, the greater total shoot growth
foung on the lower perimeter is unaccompanied by the two
other factors, and is probably due to the more shrub=-like

character of this variety end e tendency to round out near
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the bottom.

The shoot averages obtained for the shoot length
and the number of fruit-buds are recorded in Table XIV,
These results show, with 2 few exceptions due to the nat-
ural variability of the data and to various extraneous
factors, that the exterior of the tree produces a far long-
er average shoot than the interior, and that the higher the
shoot the longer. Consequently, the seme relationship is
to be found with the average numbers of fruit-buds.

Since the average shoot lengths for each position
are different, there is no basis of comparison as to the
specific influence of the position of the shoot on frult-
bud formation., Therefore, the average number of fruit-
buds obtained for the average shoot length of a position
was compared with the varietal average, for that shoot
length and the deviation recorded.

The results in Table XIV. show that the increases
in average shoot lengths were accompanied, in most cases,
by increases in productiveness. The lowest average shoot
lengths, such as those in the interior of the tree, had
the greatest negative deviation from the varietal average,
for the number of fruit-buds. Although such factors as
natural variability, varietal, and individual character-
isties, method of pruning, etc., exert considerable effect

upon the character of any such data as this, the general
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conclusion seems warranted, that the upper part of the

tree is the most productive. Probably the principle reason
for this is that the better illumination favors increased
photosynthesis, although other factors, such as nutrition
for instence, have been shown to play an important part

12,
in fruit-bud formation.




TABLE XIII.

TOTALS OF SHOOTS, LENGTHS, AND FRUIT-BUDS FOUND
IN DIFFERENT POSITIONS IN THE FILBERT TREES.

(Barcelona). (Merveille de) (Nottingham). ("hite Aveline).
(Bolwyller. )
Position SX. Sy. ) BXs . SYe . X SX.: 5Y, N SX. Sy . n,

Top Third. 5160 653 223 3892 606 222 3861 556 221 4202 1198 172,

Upper

Perimeter. 5735 816 289 3493 575 218 3856 516 232 2431 1209 252.

Lower '

Perimeter. 4364 543 226 1085 264 113 1862 225 130 4932 974 1 I 8 g;
]

Central

Interior. 2008 389 195 1169 168 93 690 80 45 4676 527 138.

Lower ;

Interior. 845 127 79 320 4] 30 179 23 18 1429 251 81

'KEY TO TABLE.

Summation of Total Lengths of Shoots in Centimeters.

OXs

SY. ® Summation of Total Number of Fruit-buds.

n. = Number of Shoots in each position.




TABLE XIV,

EFFECT OF POSITION IN THE FILBERT TREE ON FRUIT-BUD FORMATION

| (Barcelona). (Merveille de) (Nottingham) . (White Aveline).
| pl (Bolwyller. )
| Position Mx. My, .. Mx.  My. y. Mx. My. ¥. Mx., My. b o0

Top Third. 23.2 2.9 £.1 17.5 2.7 #£.40 17.5 2.5 £.4 24.5 7.0 f1.6

Upper
Perimeter. 19.8 2.8 .£.1 16.0 2.6 #£.30 16.6 2.2 £.1 18.5 4.8 #£0.5

Lower ; '
Perimeter. 19.3 2.4 «.3 17,6 2.3 =.,04 14,5 1,7 Ov 22,7 4.5 =0,9

Central
Interior 10.5 2.0 0 12.5 108 -005 15.3 108 -.3 1'706 508 -0.5

Lower
Intel"icr 1007 106 "04 1007 1.4 -040 9.9 1-5 -.1 17.6 5.1 "1.2

KEY TO TABLE.

Mx = Mean Length of Shoot in Centimeters.

My = Mean Number of Fruit-buds per Shoot.

Positive(#£) end Negative(-) Deviations of Mean Number
of fruit-buds from Varietal Averesge for the Mean Length.
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WHICH SIDE OF THE TREE IS THE MOST
FAVORABLE FOR FRUIT-BUD FORMATION?

Yeager24found that the most productive apple spurs
end the best fruit were borne in the south quarter of the
tree, followed by the west, east, and north quarters. The
effect of latitude on fruit-bud formetion was studied in a
gimiler manner for the filbert. The term, latitude, is
used in a restricted sense as 2 synonym for the side.

The date from all the trees were used., Only shoots
on the upner perimeter. where there is good light exposure,
were selected.

Barcelona was the only veriety in which the differ-
ences in fruit-bud formation are consistent with differ-
ences in latitude. Table XV, shows that this variety had
the most fruit-beering shoots, the largest total shoot
growth, and the greatest number of fruit-buds on the north
side of the tree, followed by the south, west, and east
sides. Table XVI, shows that the longest average shoot and
the largest average number of fruit-buds are 2lso to be
found on the north side, followed by the other quarters in
the above order.

However, deviations from the varietal average num-
ber of fruit-buds, for the different average lengths of
Barcelona shoots, show thaﬁ the shoots on the north side
of the tree are the least productive for their length. 1In

other words, on compering shoots of equal length with the
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varietal aversge as to their number of fruit-buds: forty
percent more than this average will be found in the south
quarter; ten percent more in both the east and west quar-
ters; and thirtv percent less in the north quarters.

The results in the case of the Barcelona seem to
verify, at least to some extent, those of Yeager?4in show-
ing thet on the south side, where there is the greatest
light supply, there are the best conditions for fruit-bud
formation. In this case, however, the greater vegetative
growth on the north side has overcome this handicap by hav-
ing a sufficiently greater average shoot length. Evident-
ly the slightly more limited light supply of the north
side favored vegetative growth more than it inhibited
fruit-bud formation.

A study of the other three varieties reveals no
varietions that could be attributed to differences in il-
lumination. Apparently these differences have not been
sufficient to overcome accidental variztions, or the nat-
ural variability, and the various other extraneous factors.

The effect of light intensity is illustrated by the
experiments of Vinaongzwho found that shade grown pleants
had longer internodes, slenderer stems, larger, thinner
leaves, and less productiveness, with the exception of the

raspberry, than those grown in open sunlight. In other

words, shade favored long vegetative growth and inhibited
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fruit-bud formation.

The only justifiable conclusion, from the results in
Tables XV. and XVI., is that the differences in illumina-
tion between the filbert shoots, on the different sides of
the tree, were usually insufficient to cause any consistent

varistion in shoot length, or productivity.



TABLE XV,

TOTALS OF SHOOTS, LENGTHS, AND FRUIT-BUDS FOUND ON THE
NORTH, EAST, SOUTH, AND WEST SIDES OF THE FILBERT TREES.

(Barcelona). (Merveille de) (Nottingham) (White Aveline)

: (Bolwyller. )
Latitude Sx., S¥y. N. X .. N BX: 8% Mo Sx. Sy. n.
North. 1658 203 65 921 171 5% 764 122 46 1258 312 58
East. 1138 172 61 740 112 42 1226 166 175 1119 317 50
South. 1240 261 111 1219 188 72 965 118 &% 865 231 43
West . 1337 180 59 607 105 36 814 103 50 938 229 36

KEY TO TABLE.

Sx. Summation of Totel Lengths of Shoots in Centimeters.

Summetion of Total Number of Fruit-buds.

Sy.

n. = Total Number of Shoots in each Position.



Latitude.

Mx,

TABLE XVI,

"EFFECT OF LATITUDE OF SHOOTS ON FRUIT-BUD FORMATIOﬁ.

Mx,

MYo Ve

3 Y. . Mx. My. Ve Mx. My. Ve
North. 2636 ..5.1 .3 16.2 3.0 £.6 16.6 2.7 £.6 21.7 5.4 0
East. 187 208 £ 17.6 2.7 £.3 16,3 2.2 £a 22.4 6.3 £0.9
South. 118 R4 4.6 170 ‘2.6 .2 17.0 2.1 0 20.1 5.4 0
West . 22.7 3.1 4.1 18.8 2.9 4.5 16.3 2.1 © 26.0 6.4 #1.0 :g
KEY TO. TABLE.
Mx - Mean Length of Shoot in Centimeters.

My = Mean Number of Fruit-buds per Shoot.

¥. = Positive(#) and Negative(-) Deviations of Meen Number of Fruit-buds
from Varietal Average for the Mean Length.

Note.

Only Shoots in the same relative position, on the Upper Perimeter, were
compared.

This eliminated any difference due to Position.
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PRACTICAL APPLICATION.

The results of the foregoing analysis of stetisti-
cal data, from typical trees of a few of the most popular
varieties, leads to the following recommendetions for the
pruning of healthy young filbert trees of bearing age.

The shoot length has been shown to be a better
single index of the number of fruit-buds than the shoot
dliameter. Therefore, when thinning, choose shoots more
on the basis of their length than their diameter.

Short shoots, under twenty centimeters or eight
inches in length, should be chosen in preference to the
longer shoots because the shorter internodes give a larg-
er amount of leaf area per unit of growth. Hence the buds
of the short shoots receive the most nourishment and form
the highest percentage of fruit-buds., Harvey and Murneeig
have said that the most important factor involved in fruit-
bud formation is generally assumed to be the nutritive
supply to the bud primordia.

There should be enough thinning to keep all parts
of the tree open sufficiently to give the optimum amount
of illumination to the bearing wood. This will overcome
any specific influence due to the angle of departure of
the young shoot from the mother branch. Apparently light
was the primary cause of any correlation obtained between

the shoot angle and the number of fruit-buds.
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The faect that the most productive wood is found on
the outside of the tree, in the best lighted parts, demon-
strates the need of illumination in fruit-bud formation.
This could be attained by developing a loosely buillt tree
in which the upper third is by far the thinnest; the cent-
ral third somewhat denser but thin enough to allow suffi-
cient light to reach the lower branches; and the lower
third as compact as possible, without competition among
the individual shoots.

Longl6says that building a tree loosely and keep=-
ing it vigorous and properly thinned-out is of first im-
portance in maintaining active fruiting-wood.

A consistent thinning-out progrem followed from
vear to vear seems the best adapted to profitable product-
jveness in the filbert. Heading-back and removing large
branches should be avoided, as fer as possible, because
of the encouragement to unproductive sucker-like shoots,
with long internodes. Only where the laterals are tend-
ing to take the lead away from the central ieader, or, are
interfering with cultivation, should there be much, if any,
heading-back. |

Since 211 picking is from the ground and the weight
of the crop does not tax the branches, the natural devel-
opment of the tree may be a2llowed, so long as the lower

wood remeins productive and cen be sufficiently illumina-
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Hence if the trees are planted the right distance

apart, twenty-five to thirty feet, they may be allowed to

grow and spread almost at will,

Even where the tree is slowing up in productiveness

fertilization might be a better practice than any great

amount of heading-back.

SUMMARY OF RESULTS.

The results of this investigation may be briefly

summarized, as follows:

‘5

There was a fair degree of positive correlation be-
tween the male catkins and the number of fruit-buds,
per shoot, in the case of Barcelona,

In 2ll varieties, there was a high degree of positive
correlation between the shoot length and the number
of fruit-buds, per shoot,

In all varieties, the correlation between the shoot
length and the numbef of fruit-buds, per shoot, was
higher for the short shoots, under twenty centimeters,
or eight inches, than for the long shoots - in most
cases considerably higher.

The correlation ratios for the Barcelona show that
the variables of shoot length and the number of
fruit-buds, per shoot, are about equally dependent

upon each other. Increases in the one are about as
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liaeble to be accompanied by increases in the other as
vice~versa,

In all the varieties, the extremely high degree of pos-
itive correlation between the shoot length and the di-
ameter, accompanied by the lack of any independent cor=-
relation with the number of fruit-buds, per shoot,
shows that the diameter of a shoot is a very good in-
dex to its length.

There was no correlation between the length of a shoot
and its degree of departure from the mother branch.

In all cases, except the Merveille de Bolwyller, there
was an almost negligible degree of negative correla-
tion between a shoot's angle and its number of fruit-
buds.

Better illumination resulted in the upper third of

the tree being the most productive.

In 211 cases, except Barecelona, the variations in il-
lunination end shade fbﬁnd on the different sides of
the trees were insufficient to cause: any consistent
variability in the number of fruit-buds formed on the

shoots.

(For a summarvy of the correlation coefficients, see

the following table.




TABLE XVII.
SUMMARY OF CORRELATION COEFFICIENTS.

Veriety. A.S. S.S. L.S. A, M.C. L. & D,
Barcelona. 615,013 .554/.018  .338£.05 -.2214.02 .407£.03  .881£.002
Merveille
de :
Bolwyller. .770£.028 .590£.094  .4364.04 -.410£.02 .7464.021
Nottingham, .527£.020  .395/4.030 .273£.01 -.147£.03 .805£,012
White
Aveline. .625¢.014 .605£.020 .192£,03 -,085¢.02 .815£.016
Average. 6344 ,014 .5364.290  .309£.02 -,0904.02 .812£.013

*Plus or minus the Probable Error.
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TO TABLE XVII.

Correlation
Lengths.

Correlation
Correlation
Correlation
Correlation

Correlation

of
of
of
of
of
of

Fruit-buds and Shoots of all
Fruit-buds and Short Shoots.
Fruit-buds and Long Shoots.
Fruit-buds and Shoot Angle,
Fruit-buds and Male Catkins,

Shoot Length and Shoot Diameter.
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PLATE. L

Filbert tree in the winter_ time, showing the
male catkins.




PLATE 1L

2ty

Filbert tree , showing the paraffined
marking txgs wed to identify the shoots.
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