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INTRODUCTION

One of the objects which the oréhardist of to-day endeavors
to accomplish is to get his trees into such a condition that they will
bear an optimum crop annually. A large number of factors, such as
pruning, cultivation, and fertility, determine the size ad character
of the crop. Any one condition may be a limiting factor, and reduce
the quantity or the quality of the crop, There must be a proper
balancing of all the factors concerned to produce a satisfactory yield.

No one will deny the important part that judicious pruning
plays in securing larger and better crops. Summer pruning, es-
pecially, induces fruitfulness. But along with pruning one associ-
ates, more or less, training., There are two main systems o training
trees, such as the open head type, where the branches form a low,
spreading head, admitting considerable light to the fruit; and also
the leader type where the branches come from one central leader
forming a higher and ma e compact type. From the viewpoint of
ease of performing certain orchard operations each has its advantages
and its disadvanteges, but the question arises,--Which form will pro=-
duce the more fruit? Or, in other words, which is the more productive,
a8 tree that has been trained to form an upright growth, or one that
has been trained to en open or horizontal type?

It has been the general impression among fruit growers that
a ha izontal or downward growing branch is more productive than a
vertical or upward growing branch., As early as 1815 John Meher® carried
on an experiment along this line in an old orchard which he had

severely pruned, and in which as & result he had secured a vigorous

-l-




growth of from three to five feet., He writes: "About the end of June,
or a little sooner and later, according to the growth of the branches,
I applied oval balls of grafting clay tovards their extremity, suf-
ficiently heavy to incline them downwards in a pendulous direction.
The sap being thus diverted from its naturel mode o ascending and
descending, every bud almost became a blossom bud, and in several trees
this disposition to produce blossom buds was carried down to the very
lowest spurs on the stem and thicker branches. The crop of fruit is
not only improved in size and flavour by having so much sun and air,
but it is more easily gathered, and suffers much less from the

autumnal winds; for branches in this direction are more pliable, and
bend mare easily to the storm."

In 1833 William Kenrick? in speaking of the practice of
bending limbs, says: "This appears to be the most simple, easy, and
effectual mode of rendering trees productive. When judiciously per-
formed, its effects are extraordinary. The effects appear to be p r-
fectly understood by the Chinese in treining their dwarfs, 1Its
effects are also exemplified in the mode of training trees "en
quenouille." Also on the vine, by which means prodigiois crops are
prauced, Also in the fig, for by this mode Mr, Knight hes ob-
tained eight crops in a year., The system is equally applicable to
every species of fruit tree. It consists in bending every limb, or
twig, to a position below the horizontal, while it is yet in a
vigorously growing state, generally the last of June; with some
kinds which have a prolonged vegetation, it may mrhaps with more ad-
vantage be deferred till July, as in the case of the peach. The effect
pral uced in the first instance is a momentary stoppage in their

growth; the juices are concentrated and form fruit buds for the pro-
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duction of fruit in the following year. But the growth of all parts
of the tree must at the same time be restrained, and if shoots burst
forth in other mrts of the tree they must be nipped in to a few

eyes as soon as they have advanced a few inches,"

Many of these statements are not based on any experimental
evidence, and are nothing more than opinions with little to sub-
stantiate them, An unknown writer® in the Horticulturist for 1856

in an article on "Pruning of Pear Trees" says:-- "That a shoot ought
to be cut clean, just above a bud, which bud must be on the under,
or outside part of the shoot, rarely or never in a vertical position,
because it would tend to bring in the construction of the tree more
of those vertical or upright shoots, every one of which aught to be
carefully cut away, as absorbing, by a natural privilege of its verti-
cal position, all the sap, and destroying the harmony of the tree.
It follows that & limb inclined at an angle of 45°, or a lower bend,
is more fitted to make spurs, and go over to bearing by the depriva-
tion of superabundant sap." He goes on to state that while bent
or inclined shoots make a tree bear, they are injurious to its growth,
and unless immediately pruned in a proper mamer they "give up at
once, and linger o die,"

Shirly Hibberd* in 1888 states in the Journal o the Royal
Horticultural Society that many fruitful trees often acquire a half
weeping habit due to the effect of the weight of the fruit pulling
down the branches, This reverse position checks growth, and exposes
the wood and fruit more mmpletely to the sun and air, The half

weeping habit enforced by the law of gravitation "exactly suits its
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esonstitution as a fruit producer.”

E. A, Bunyard5 in an article on the physiology of pruning

states that the well known practice of "bending down a branch to meke

it more fruitful, owes its success to the fact that it would be more

difficult for the elaborated sap to flow out of the branch into the
stem and thence to the roots."

Sir Thomas A, Knight® experimented in training peach twigs
at different angles. While he does not report any observations in re-
gard to the production of fruit buds, he states that he found that
when the shoots were not of equal luxuriance, by depressing the
strongest shoots and elevating the weakest ones, they cairld both be

made to acquire and retain am ejual amount o vigor.

OBJECT OF THIS INVESTIGATION
To answer or at least obtain some statistical evidence on
this problem, an investigation was conducted to determine whether the
direction of a shoot exerts any influence upon the character of its

buds and the growth that springs from them,

METHODS AND MATERIALS EMPLOYED

The apple was chosen as the kind of tree to be studied,
primarily because of its great commercial importance, and also be-
cause of the wide range of material that was near at hand. Four
varieties of apples were studied--Fameuse, Shiawassee, Wagener, and
Yellow Newtown, allowing an opportunity to see whether any difference
exists between trees which grov upright naturally, and those which
are fairly open and ho izontal, Fameuse and Shiawassee being in the

same pomological group also offered a chance for a group study. Young
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and old trees were included, the Wagener being five years old, and

the Fameuse, ShiaweSsee, and Yellow Newtown about twenty-five, 4
block of Yellow Newtowns six years of age was also studied, to make
possible a comparison of old and young trees of the same variety.

Twigs for three years; namely, 1913, 1912, and 1911, were
measured to serve as checks upon each other to show whether results
were uniform or only due to seasonal variations. The angle of each
twig was measured by a home-made contrivance, consisting of a dial
with the engles upon it, ranging from 0° to 180°, the latter degree
pointing up vertically. From the dial at the 90° mark there ex-
tended a short arm upon which there was a small spirit level, which
thus made it possible to always make the 90° mark perfectly horizon-
tal to the ground. A pointer attached to the middle of the dial and
laid along the twig being measured, marked off the angle, The length .
of each twig was mea'.sured in inches, the diameter determined in milli-
meters, and the number of buds counted,--those that were dormant,
those that had farmed vegetative shoots, and those that had broken amd
produced fruit spurs.

It was of course impossible to determine which of the spurs
bore actual fruit buds at the time the measurements were made. A
microscopical examination would have been necessary to determine this
accurately. The term fruit spur was therefore given to those buds
which hed nort?mfoi;f:nt, had not formed vegetative shoots, and which
might at any time develop into actual fruit buds.

The record of each twig was of course kept seprate., In all,
measurements of nine thousand twigs were teken, distributed among the
different verieties as follaws:-
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Wegener - - - = = - - 1500

Fameuse == = = = - - - 2000
Shiawassee = - - - - - 2000
Yellow Newtown (old)- - 2000
Yellow Newtown (young)- 1500

The records secured in the field were grouped according to
the angle., From these the average twig was determined in each group
by adding up separately the length, diemeter, and number of buds, and
dividing by the number of twigs measured. For each angle the per cent
of buds that break was calculated, and also the per cent that form
fruit spurs. The difference between these two represents the per
cent of buds that break into vegetative shoots or branches. Tables
IIT, Vv, VII, 1X, and XI show the results, secured in this way, for
the 1913 growth of wﬁod.

The observations made show considerable varietal veriation.,
In the case of Yellow Newtown the curves (Fig., 1, 2, 3, 4, and 5),
representing the per cent of buds breaking and the pr cent forming
fruit spurs show very clearly the relationship between such pe rcentages
end the angle of the shoot.,

Thus the percentages of buds breaking at an angle of 80° is
as low as 21,7, while at 170° it is as high es 79.4. At 50°, 60°
and 70° the per cent of buds breeking is 55.6, 30.8, end 50.0, re-
spetively, but the number of shoots considered at these angles is very
small, and too much value cannot be given to these figures, as they
may not be truly representative. In several cases where the fre-

quency was smell, being confined to one to five measurements, there

was a greater irregularity in that portion of the curve, showing that

large numbers are necessary to secure accuracy. In order to deter-

mine the number of frequencies represented by any point mx one of
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the curves, reference can be made to the proper column or row im the

corresponding frequency distribution teble.

In the case of Wagener, which were also young trees, £he
curve again shows the marked relationship between>the angle of the
shoot and the per cent of buds that break, and the per cent that
forms fruit spurs. In this case the per cent of buds breaking at the
lower angles is higher than in the Yellow Newtown.

Both 1613 and 1912 growth was grouped together to give a
larger frequency.

Coming now to the old Yellow Newtown, while it is found
thet there is still the tendency for the per cent of buds breesking to
increase with the greater angle, it;isnoticed that the cur ve is very
gradual, lying chiefly between 40 and 60 pr cent until itreaches 1800
when it tekes a sudden turn to 72.2 per cent. As the trees have
grarn older there seems to have been somewhat of a balancing in the
tree. The shoots at the greater angles have not been quite so pro-
ductive of vegetative shoots and fruit spurs as in the young trees,
and the shoots at the lower angles have been a little moe so, but
yet not so productive as the more upright ones.

The curves for Shiawassee and Fameuse run very much alike.
Here but very little correlation is shown, comparing them with the
other varieties. In the case of Shiawassee there seems to be a
rise in the curve from O per cent at 0° to as high as 67.5 per cent
at 110° in the per cent of buds breaking, with a dropdown to 36.6
per cent at 1409, and then a rise again to 59.8%per cent at 180°,

In the case of Fameuse there is a rise from O per cent at00° to 56.0

per cent at 70°, and then the curve runs clese to the 50 per cent




mark through the remaining degrees. The curves of both, with the ex-

ception of the last half of theFameuse, are rather irregular. The

-

frequency of the first three or four angles in each variety is small,
and as was mentioned before, too much dependence cennot be placed
upon the resulting curves.

In order to determine the relationship between angles and

the percentage of buds breeking correlation tebles were mede., In this

way meensand standerd deviations were found for both the percentage

of buds breaking, and for the angles, Correlation coefficients
corresponded quite closely to those secured with the curves. Young
Yellow Newtowns gave the highest coefficient, with Fameuse the smallest.
One will observe in the curves for Shiawassee and Fameuse for 1913,
1912, and 1911 that there seems to be a tendency for the buds on the
shoots representing the angles of greatest frequency to break in
correspondingly larger numbers, This would neturally have a tendency
to lower the correlation coefficient and make it appear that there

is no apparent relation between the anglé of shoots and the shoot

and spur growth developing from their buds., 1In reality there is a
relation and by means of a curve the optimum angle can be shown, The
following table shows the means and standard deviations of the per
cent of buds breaking and of the shoot angles, and the correlation co-
efficients between shoot angles and per cent of their buds that break,

for the five varieties for 1913 growth.
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__________________________ = e e e
:Variety : Mean Percentage:Standard :Mean shoot: Standard :Correlation:
2 :of buds breaking:Deviation: angle :Devietion :Coefficient:

e ——— P e e - ———-—-—— e B - - frmms —eeew frmmcccneee=
Yellow 61l.11 21,07 135,68 23450 «574
Newtown

(Young)

Wagener 51.57 22,78 101.48 15.20 .106
(1913 and

1912 growth )

Yellow 46,78 22,90 130,19 26.79 .124
Newtown (o0ld)

Shiswassee 34.23 27.63 117.13 32,57 079
Fameuse 45,37 29,03 110.89 32,31 . 047

B e e e T ———

Frequency tables may be found in Tables I, IV, VI, VIII and
X, showing how the different twigs in the different varieties were dis-
tributed between different angles. The figures in the cclumn at the
extreme left beginning with zero and running down to 100 represent the
pe rcentages of buds that break, while the top row of figures represent
the angles. This makes it possible to determine the number of twigs at
a certain angle, with a certain per cent of buds breasking; e.g., in the
Yellow Newtown (young trees) at an angle of 120° there were 11 twigs that
had 50% of their buds bresking.

The above correlation coefficients were determined to find the
relation between the angle and the per cent of buds that break. In the
case of the old Yellow Newtowns, Shiawassee, and Fameuse, the ppr cent
of buds that formed fruit spurs or buds was so nearly identical with the
total number of buds breaking that it was not necessary to determine co-
efficients for them, However, for the young Yellow Newtowns and the
Wageners, varieties in which there was a considerable number of buds
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breaking into vegetative shoots or branches, coefficients as follows

were determined:-

- . - - - - -~ ——— - - - -

:Variety : Mean Percentage:Standard :Mean shoot: Standard :Correla tion:
: :of buds breaking:Deviation: angle :Deviation :Coefficient:

o s
S e | e e e e D e ] o e e e e e e e

Yellow New=- 56.98 19.52 135,68 24.10 .554
towns (young)

Wagener 52.33 16.11 149,32 28.04 «347
(Shoots headed)

Comparing these figures with those indicating the total pr
cent of buds to break it is found that there is but little difference.
In the case of Yellow Newtown there is only a difference of .02, and
in the Wagener of ,082, It seems, therefore, that there is a little
closer relation between the angle and the number of buds breakirg,
than between angle and those that farm fruit spurs. However, the re-

lation between the latter and the angle is very marked in both cases.
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TABLE I.

CORRELATION TABLE FOR PER CENT OF BUDS BREAKING AND
ANGLES (F SHOOTS IN YOUNG YELLOW NEWTOWN*%1913 GROWTH.

Shoot Angles
50 60 70 80 90 100 110 120 130 140 150 160 170 180 Frequency

1 & B N AT 2 34

15
20
25
30 O A S R 1 15
| (o 35 248 B B B8 4 33
L
% 0 2 8 o asiiign iy 1 1 47
| B s 3. T 1Ak ie 8 s 4 1 64
i
2 50 1 R IR o N 53
‘ TR N TR T T ). S L R 63
E% 60 2:' 4 TGN R s T s 79
§ 65 3 4 9 8 18 31 1817 6 114
| B e .4 5 9 17 16 3335 9 3 131
75 5 4 6 15 20 2030 10 1 120
80 I A9 %0 22903 4 G
85 2 4 6 1415 15 56
90 W e T 31
' 95 2 4 B 11
1 100
‘ Fre- 1 2 4 8 41 64 87 1056 130 155 156 158 75 o 995
quency

._-_-_-—__--__..__....__..-___--4_-.—_____....—_....-—--.._..-_..____-.__-._..—
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CORRELATION TABLE FOR EER CENT OF FRUIT
SPURS FORMED AND ANGLES & SHOOTS IN
YOUNG YELLOW NEWTOWN--1913 GROWTH.
Shoot Angles
50 60 70 80 90 100 110 120 130 140 150 160 170 180 Frequency

0 1 2.8 ST R 34

5

10 1 1 2

15 18 s S TSR 26

20 RTIE o e 1 16

25 s G 2 1 7
B
g 30 P TR Gl RS T 1 15
2 35 3l T T R 4 40
,,g; 40 2 .8 & 14 8 & <14 1 50 i
%45 479 127 18 10 7 451 64 |
f:oso 1 3 3 9 10 16 14 710 4 1 78
?; 55 1 1 BT A" MRS R 5 - R KR 72

;eo 2 PRy T G S T A e b e R

% 65 2 6 10 12 20 30 22 3615 2 154

70 3.6 7 16 20 »38°81 9 -2 18

75 &8 473 1 2% 18 85

80 e At N P e 70

85 1 RS R W < 21

90 (i SO (il 7 TR 13

95 1 1 2

100

Fre- 1 2 £ 8 41 64 87 105 130 156 155 168 75 9 994

quency : :

- - - -




KEY TO TABLES SHOWING AVERAGE
BRANCHES FOR THE GIVEN ANGLES

1., Angles of average shoots.

2. Number of shoots represented in the average.
3. Length of average shoot in inches.

4, Diemeter of average shoot in millimeters.

5., Total number of buds pe r average shoot.

6. Dorment buds.

7. Buds having developed into branches,

8. Fruit Spurs.

9. Per cent of buds breaking.

10, Per cent o buds forming fruit spurs.
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TABLE III..

TABLE SHQGV ING AVERAGE BRAVCHES FOR THE GIVEN
ANGLES IN YOUNG YELLOW NEWTOWN--1913 GROWTH

1 2 3 4 5 6 7 8 9 10
B0 20 w1 2 9,00 3.7 9.0 4,0 O : 5,0 : 55.6 : 55.6
PR 20 650 o A Dol A 0 : 2.0 : 30.8 : 30.8 :
; Ty 4 : 7,75 : 4.6 : 9,0 : 4,5 0: 4,5 : 50.0 : 50.0
; 80 : 8 : 8425 : 3.8 : 10.9 : 8.5 : veb 3 R SNELST s 1946
i 90 : 41 : 8,08 : 3.8 : 9.5 : 6.3 : o056 - 342 : 33.8 : 33.3
ilOO : 64 : 11,90 : 4.4 : 12,7 : 6.7 10 ¢ 5.9 : 47.4 ¢ 46. 7
;110 $ .87 : 15,06 : 4.8 : 16.8 : T.4 w22 - 8ol 5 6259 T BESS
;120 : 105 : 15,14 : 4,7 : 15.4 : 7.4 14 : 7.8 : 51,9 ¢ 50,9
2130 : 130 : 19,16 : 5.4 : 18.9 : 7.3 31 ¢ 11,2 : 61,2 ¢ B9:2
;140 ¢ 165 & 24,17 : 6,3 : 25.3 ¢ 8.2 62 : 14,5 : 64,7 : 62.0
;150 3akB6 :°29,08 : T.4 ¢ 27:5 ¢ 7.6 1,00 : 18,8 : 71.9 6846
2160 : 158 : 32.63 : 8.2 : 29.8 : 8.0 2,11 : 19,8 : 73.6 6645
:170 75 : 33490 : 846 : 31.9 ¢ 6.6 8.17;: 22,2 5 T9.4 2 69,5
+180 9 : 3l.65 8.9 29.0 : 7.4 3.78 17.8 74.3 61.3
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TABLE IV

CORRELATION TABLE FOR PER CENT OF BUDS BREAKING AND
ANGLE OF SHOOTS IN WAGENER--1913 and 1912 GROWTH.

- - - -

Shoot Angles
70 80 90 100 110 120 130 140 Frequency

0] 1 p i 3

10

15

20

25 < 4
30
35
40 3 [ 1 1
45

50 1
55

60

65 1
70 1
75
80
85 1
90 1 1
95
100
Fre- 1 5 17 9 10 9 - 1 54
quency

- —— - - - -
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Per cent of buds breaking




TABLE V.,

- -

TABLE SHQV ING AVERAGE BRANCHES FOR THE GIVEN
ANGLES IN WAGENER--1913 and 1912 growth,

- - -

1 2 3 4 g ¢ 7 8 9 10
3 70 iee n 400 5. BT "8 8 : 0 -2 : 40,0 ¢ 40.0
; 80 : 5 : 4.?0 1 9.4 : 5 P 2.8 ¢ 0 : 2.2 : 44,0 : 44
; 90 T 1T 502 v T.9 u 5aB % 26T 3 Lo . T MR 1o 1P b 1 |
;100 : 914,89 T8 i B - 2200 422 1 8.11.2060.0 : BED
;110 : 10 ¢ 5,10 : 8.8 : 6.3 : 2,6 : 0 : 3.7 : B8.7 : 58.7
2120 P09 17,48 : T.8 : 9.3 : 4,7 : ,22 : 4,4 : 50.0 : 47.8
130t 2 :6.06 : 7.5: 6.6 :2.5: 0: 4.0 :6l.5: 615
;140 : 1 BeTE 12T 8 iU RO N EREE 4 : 1.0 : 7Tl.,4 : 14.6
PH A K e e e e cm e e e ———— ke koK
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TABLE VI

CORRELATION TABLE FOR PER CENT OF BUDS BREAKING AND
ANGLE OF SHOOTS IN OLD YELLOW NEWTOWN--1915 GROWTH.

Shoot Angles
50 60 70 80 90 100 110 120 130 140 150 160 170 180 Frequ ency

0 1 2 3 RN L e T R - RO - 44
5
10 &S5 & 1 6
15 4 4% L g aBl ey L i L 26
20 i 4 & - TR EN ST B g B 51
25 < 21, B agrsET kTl % L& 35
30 RO At (Bl Pl S S R | 16
8 55 i X 6 2B Bl 8 4 T 8 47
:g 40 1 4 & . 4 8. 560 H.-12 6 6 58
®
E 45 2 1§ 4 280 & 46,10 - 2 2 Lidl
E 50 31 28 2 8T 9FENES Ak 8 11 5 2. I8
:E 55 2 2 Shrser Wiy e L TR - 30
§ 60 1 1 L. 8. T 0 TaE e IT, & &L e
;‘-’: 65 1 14 68,3022 10 119 4 2 18
70 S e e TR R N Rl - P 34
75 E lal 02 % B ¥ 4 8 TR S
80 2 o A U T T s T > R s &8 582
85 L S oLl 2R RS S AL R D 2l
20 I e | R L A 9
95 1 1 2
100

Fre-1 10 & 27 51 64 68 70 86 94 105 74 45 12 690
quency




TABLE VII

TABLE SHOWING AVERAGE BRANCHES FOR THE
GIVEN ANGLES IN OLD YELLOW NEWTOWN,--

For key to columns see Page 1l

: 80 : 1: 4,37 : 4,6 : 7,0 : 3.0 : O : 4,0 : b7.2 : 57,2
; 80 : 1 o R T 1 T S 1% R GRE AT - 5 IS A 5 R o e o8 R e
: 70 : 3: 808 : 3.8: 8.,7: 3,0 : 0O : 5,7 : 65.4 : 65.4
; 80 : 27 : 5.86 : 3,5 : 6.9 : 4.0 : L1 : 2,8 : 42,2 : 41,7
; 90 : 31l : 4,96 ¢ 3.5 : 6.2 : 3,5 : .1 : 2,6 ¢ 44,0 : 43,4
;100 P B4 ¢ 6,06 : 3.7 ¢ T.l : 3.6 : .01t 3.5 : 48,6 : 48.5
;110 P 68 : DBeBl @ 3.6 : 6.8 : 4,0 O0:2.,8 : 41,9 : 41,9
;120 : 70 : T.80: 3,9 : 8.6 : 4,0 : ,1 : 4,5 : 52,9 : 6l1.9
;130 2h 86 4 60T 199 T BTG T P Wl 4,0 : B2,3 : 5l.4
;140 P94 T M6 A 9Lt 4,60 O : 4,5 : 49,7 : 49.7
§150 : 105 : 8.56 : 4,3 : 9.7 ¢ 4,1  ..1 : BB : 57.8 : 56.8
;160 P T4 ¢ 8,89 1 4,3 : 10.,2.: 5,0 : O : Be2 : B1l,3 : Bl.3
2170 : 45 : 10,03 : 4,6 : 11.0 : 4,4 : L1 : 6.5 : 60,6 : 59.3

2180 : 12 : 10,18 : 4,8 : 10.8 : 3,0 : 3 : 7,5 : 72,2 : 70.0 ::
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TABLE VIII

- -

CORRELATION TABLE FOR PER CENT OF BUDS
BREAKING AND ANGLE OF SHOOTS IN SHIAWASSEE
1913 GROWTH

Shoot Angles
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 Frequency

0:1 2 1 2 6 711191625 29 29 27 34 27 20 20 15 291
51 1 2,22 7
10; S il Y e ek e 27
15: e 1007 Tt W O e RO . SN SRS SRR . 64
20 ? W | PEay Sy FOe e RS S SRR RS SO SRS 54
252 1 UL W 0 e Tl e ML S L TERR S, R SR SR |
30: B | 1 TS R SRR SR N JORR TR Ll ° 25
& 35, 2 IR B T R S R, S SR TR e PR TR
2 40; 1 SR S el e e Lel SRt ARON N - Sl 47
8 45 R M L B N SR TR (R T RS e Sl ¢
a8 50 1 L gok b R A TR USSR ¢ g e SO S 91
5 55: 1 r e W AR W gl O R S e | 28
2 60: 0N S5 AR S N 523
. 65: SRR B o e TR TN [ 1 R R S N S
ey, < - g WG ol ey O T S R T 27
£ 75: ) TRE TR W ) Rt s e B S | 4% 2N
o 80: B T G SR SN (SR iR e S 4l
., 85: 1 R B B TG i | 1sd 16 |
4 A& 90: 1 R A 1 1 1 10
95
100:;
Fre- 1 2 2 7 11 18 24 48 74 79 101 136 115 130 111 90 79 53 13 1094

quency




TABLE IX

TABLE SHOWING AVERAGE BRANCHES FOR THE GIVEN
ANGLES IN SHIAWASSEE, -- 1913 GROWTH.,

1 2 3 4 5 B T 8 9 10
0 Lo 1aTh T 4ed 3.0 3.0 O 0 o) 0
10 2 2,75 2.4 3.6 3.6 0 0 0 0

29 1 8,75 4.7 11.0 6.0 0O 5.0 45,4 45.4

30 Tl Bl BT &5 TR 86T e

40 11 3.89 4,0 4.9 3.6 0 1,3 25.9 25,9

B 18 o3.62 5,9 . 4,90 %807 Y4 U 28.) L ipEa

‘ B0 B4 CA24 3.8 6.2 8.8 0 1.7 33,0 . 85,0
7 70 48 4,78 4.0 6.0 4.4 1 1.5 27.4 26,7
80 T4 4,56 4.1 5.9 3.2 0 2.7 45,2 45,2

| CUEUSE TSP T Gl X SRS U, 1 T T MR T
560 101 - 5.18 4.4 6.8 4.4 .1 ‘2,5 B5.8 ' B5.2

110 136 5,72 4.5 7.6 4.6 .1 2,9 67.6 &7.0

120 115 6.23 4.6 Te8 4T 1 3.0 6646 66,1

140 111 7.10 4.6 B8aT BB, 0 3.2 . 3846 36.6
150 90 8,59 5.1 10,3 643 .1 4,0 39,1 39,0
160 79 8,76 5.2 10,9 Tl 41 3.7 36,2 35.1
170 53 10,30 5.4 1ll.5 6.6 .1 4.8 44,7 44,2

180 13 9.92 5,1 10,5 4,2 0 6.3 659.8 59.8

130 130 5.98 4,6 Ted 4.6 1 2.7 38,5 3843
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TABLE X
CORRELATION TABLE FOR PER CENT OF BUDS BREAKING
AND ANGLE OF SHGOTS IN FAMEUSE,--1913 GROWTH
Shoot Angles
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 Frequency

;1 .1 331 812 71413 14.25 1720 15 10 ‘2 ¢ .3 170
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o 60; 1 B S A e T N, el U ke T et | 54
8 65: 10 381291238 9 8 5. 6 2 3.1 89
? 70: R e e e 3 2 2 3 25
8 15 W S A iR AT ARG ST S S SN TIERT A @t 88
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90; L33 25 3 o o 25
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TABLE XI

TABLE SHQVING AVERAGE BRANCHES FOR THE GIVEN
ANGLES - IN FAMEUSE,-- 1913 GROWTH

. - -

5.70
4,57
4,57
S.64
5.37
6425
6.75
6.88
9.67
7.95
8.45
9,44
10.18
9.88

8.89

5.8
3.9
4,1
4,3
4,5
4,5
4,5
4,8

4,7

5.0
4.8
5.1
5.4
5.6
5.5

5.5

6.0
545
7.0
5.9
6o1
6.9
8.7
7.9
842
843
9.7
9.3
9.8
11,1
11,6
11.0

10.7

3.0
3.0
6.0
345

4,2

«25
.04

.08

.08
«19
.07
12
.08
<07
o1l
24
.19
o 17

«19

2.0
245
1.9
2.4
3.8
3.4
3.4
4.0

4,2

4,5
4.6
5.7
5.9
4.6

5.6

36, 7
39.7
38,3
40.7
56.0
6l.2
45,7
49.8
49,3
49, 8
49,3
47.9
5343
43,4
52,2

52.7

37.4
32,7
39.3
54.7
80.2
43.2
49.2
47.8

48.9



A STUDY OF THE 1912 GROVTH.

In the case of the twigs of 1912 we find the same tendency
but not to so great a degree. Both young end old Yellow Newtowns
have quite striking curves. The largest percentages of breek in
buds of Shiawassee and Fameuse are agein found at those angles at
which the greatest number of shoots are found. This would apparent-
ly show that for these varietieé the angles nearest the mean have
the greatest influence upon the breaking of buds, but the data here
is hardly sufficient to prove it.

Correlation coefficients were determined in each case.

For every variety the coefficient was smeller than in the case & the
1913 growth, but in the young and old Yellow Newtowns it was large
enough to be indicative of a relationship., In Shiawassee there was
a negative coefficient (-.C04, practically zero, indicating no re-
lationship), and .058 in the Femeuse. The peculiar structure of
the curve in these two varieties willhelp to explain why these re-
sults were obtained,

The coefficients determined for the relation of the fruit
spurs to the shoot angles were considerably lower than those for the
total bresk, being in the case of Yellow Newtown .28 lower, leaving
it enly .077, a coefficient that is none toc strong. The following

table shows the results for ell varieties for the 1912 growth:=



TABLE XII

Variety Mean Per- Standard Meen Standard Correlation
centage of Deviation Shoot Devietion coeffidient
buds break- Angle

ing.
Yellow New- 66450 17.74 139.40 22447 «357
town -Young
Yellow New- 56,40 17.63 121,18 24,93 0119
town -0ld
Shiawassee 31,98 26,89 95.32 35,17 -.004
Femeuse 43,25 27.05 95,81 33419 »058
TABLE XIII

Variety Mean Per- Standerd Mean Standard Correlation
centage of Deviatiom Shoot Devietion coefficient.
buds fa m- Angle
ing fruit

spurs
Yellow New=-
torn -Young 30.22 16.156 139,40 22.47 077

(fruit spurs)

44,20 13,59 162.5 14.86 0137

Wa%ener

fruit spurs)
(headed bedk)
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Per cent of buds breaking

CORRELATION TABLE FOR PER CENT OF BUDS
BREAKING AND ANGLE OF SHOOTS IN YOQUNG

TABLE XIV

YELLOW NEWTOWN-- 1912 GROWTH.

80 90 100 110 120 130 140 150 160 170 180 Freqacy

Shoot Angles

| 1
5
10
15 1 1
20 (g - 2
25
30 2 2
86 1 S § B2 10
TR | e, My 1 10
45 3 2 AREE B! 1 4 17
50 L08. TR B Nl 34
55 R R e v gy e i 14
60 G TEER RS ol 0 S e NG | 31
65 1 1 i ! 9 3 8 8 4 34
70 e BT TR T e ! 19
75 L SuEs Soeh e SRR T L W 30
80 TR e U P G AR 29
85 SR Rt L MR Sl R SR ¢ 33
90 EA RN TRy 20
95 Wl S| 5
100  ART U YOGk RPN L | 8
¥re- 7 6 12 15 33 43 48 54 41 31 300

quency



CORRELATION TABLE FQR PER CENT OF BUDS
FO RIING FRUIT SPURS AND ANGLES OF SHOOTS
IN YOUNG YELLOW NEWTOWN,--1912 GROWTH.

- - . . .S . e - -

Shoot Angles
80 90 100 110 120 130 140 150 160 170 180 Frequency

i ik e QW =l AR G 26
5
10 1 3 kT e K 1w
15 2 1 g RS SRRSO g 20
20 1s 8 a0 T e s
i?zs 1 1 R T T SR -
Eso g B g e B 29
é?ss i R & B BLY 8 38
340 BUR AT T g R
'g 45 R T 0 Tk T R SR e
950 1 O T e 27
'gss R LB 1 "
560 - P2 6
a9
65 2 1 2 5
70
75 1 1
80 1 1
85
90
95
100

Fre- 7 5 14 15 33 43 48 54 44 31 6 300
quency




TABLE XVI

TABLE SHOWING AVERAGE BRANCHES FOR THE
GIVEN ANGLES IN YOUNG YELLOW NEWTOWN,--
1912 GROWTH,

1 2 3 4 5 6 7 8 9 10
80 7 6.48 11,6 6.7 4.1 1.3 1,3 3.6 19,3
t°[e) 5 8435 11.9 8.8 4.6 1.8 2.4 47,7 27.5
100 - 14 872 12,2 6.9 2.4 2.4 2,1 84.6" 30.4
110 15 8445 11.8 8.9 3.7 2.8 2:9:768,68 1831
120 33 7.87 13,1 8.1 3.l 2.5 2,5 61,7 30.9
130 43 8.71 13,2 845 345 2.6 2,4 5848 2745
140 48 9.54 13.7 9.4 3.3 3¢2 3.0 65,4 31.6
150 b4 9,98 14,7 9.6 2.8 3.9 3.0 Tl.3 31,7
1600 44 11.76 16,8 11.0 2,9 4,8 3.2 T73.5 30,5
170 31 13,38 17,3 12,3 2.5 S¢3 4.5 T9.4 36.6

180 8 12,21 15.3 10.3 2.8 4,7 2,8 T72.6 27.4
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TABLE XVII
CORRELATION TAELE FCR PER CENT OF BUDS BREAKING
ABG ANGLE OF SHOOTS IN COLD YELLOW YEWTOWN,--
1912 GROWTH.
Shoot Angles.
010 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 Frequency

0: s o TP el TR S 23 1 16
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10: ; S | 2
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90: 2 2 1 5
95: :
100; = 7R : 1 . 1
Frel 1L O 1 1 2 5 872541 68 104 104 96 68 57 26 19 @8 634
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TABLE XVIII

TABLE SHOVING AVERAGE BRANCHES FCR THE GIVEN

ANGLES IN OLD YELLOW

NEWTOWN, ;--1912 GROWTH.

20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170

180

25

41

68

104

104

96

68

57

26

19

3475

5.68
6.10
5.99

6445

6.61
6462
745
7.49
6.94
9.656
5.71

5.95

4,6
4,8
4.8
5.0
5.1
5.5
4,6

4.2

8.8
8.7
8.8

8.1

8.8
11.1

{7

4.0

5.0

3.6
3.5

4,3

ol

ol

o2
3
o4
o3
«6
o2

.1

1.0
2.0

3.0

5.3
5.0
642
4,0

3.0

20.0

28.6

51,2
48,6
49,6
53.6
56.1
56,3
56.0
60,5
60.6
60.5
60.8
85.1

36.8

54.2
53.4
57.1
56.4
57.1

55,5
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TABLE XIX ; \
CORRELATION TABLE FOR PER CET OF EUDS BREAKING . |
AND ANGLE OF SHOOTS IN SHIAWASSEE,--1912 GROWTH i
Shoot Angles ‘
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 Frequency
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TABLE XX

TABLE SHOWING AVERAGE BRANCHES FOR THE GIVEN
ANGLES IN SHIAWASSEE, 1912 GROWTH.

2,50
6449
5.05
5.17
6,19
6494
5.56
4,86

5.75

4,23
6.72
5.79

5.42

6.85

6.19
5.91
2.48

3.04

T T R ———

5.5
4,5
4,4
4,9
4,7
5.5
4,8

5.4

5.7
6.0
5.9
5.9
5.8
6.3
6.9
6.4

5.4

3.0
8.0
6.6
6.6
7.6
8.7
72

6.9

8.5
7.8
3.8

4,3

3.0
5.5
5.0

5.0

4,4
4,6
5.0
5.0
4,4
4,6

5.4

5.7
5.1
3¢3

3.6

o1

5
.l
ol
o3
o3
o2
iy
o2
o2
o2
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«5

343
3.8
2.5

1.8
2.8
2.8
3.4
3.3

3.1

42,8
48.9
36,2
26.9
37.7
41.8
44,2
39,3
42.0
36.2
34,7
33.1

34,9
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TABLE XXI
CORRELATION TAELE FOR FER CENT CF BUDS EREAKING
AND ANGLES OF SHQOTS IN FAMEUSE,--1912 GROWTH
Shoot Angles.
0 10 20 30 40 50 60 70 80 90 100 110-120 130 140 150 160 170 180 Frequency _
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TABLE XXII

TABLE SHOWING AVERAGE BRANCHES FOR THE
GIVEN ANGLES IN FAMEUSE,--1912 GROWTH

- - -

1 2 3 4 5 6 7 8 9 10

0 O©

10 0

20 8 4,67 4.2 6.0 4.5 A2 RST. BB 209
30 6 6432 5.3 9.0 5.8 40 2,80 35.6 31.1
40 13 6.59 6.6 9,6 5.9 00 3,60 42,7 42,7
50 16 5.03 6.1 - %49 8:9 26 3,76 50,4 47,2
60 30 5.66 5.7 7.8 4.6 .10 3,27 43.0 41.7
70 39 7.19 5.8 9.4 4.8 A5 4,4 47,3 46,5
80 46 6,38 80 - TE 41 J15 3,7  49.7 47.8
90 38 B:87 .- B8 - 82l 87 Jd6 4,2 54,1 2.2
100 38 T &7 .88 91 4,3 W42 4,3 " Bl.4 47.5
110 42 7.45 6.1 9.3 4.2 o14 B0  56.3 BB.T
120 39 7.87 5.8 9.9 4.8 .10 5.0 B51.6 50.5
130 23 4.8 6.1 8T 8.6 J16 2.8 M6.Y 42,8
140 32 7.51 6.1 9.5 5.0 A1 4,1 47,7 43.4
150 14 T+80 - - 5% 9.6 4.9 .36 4.4 49,2 45,5
160 6 7437 5.9 9,8 8.1 .17 3.5 37.6 835.6
170 4 34 B TR U BaR 00 B0 . B7.8 7.8
180 1 5 6.8 3.0 2,0 .00 1.Q. 33.3 33.0



A STUDY OF THE 1911 GROWTH

Records of the 1911 growth were taken for only three
verieties--o0ld Yellow Newtown, Shiewessee and Fémeuse. The curves
for this year in general closely parellel those of the two pre-
vious years, but are not quite as marked., That for Yellow New-
town shows an increase in the breask and in the fruit buds until
130° is reached and then it begins to drop a little, The curve
for Shiawassee is rather irregul r, pointing out no definite re-
lationship between angle of shoot and per cent of buds breaking,
The Fameuse curve agein rises and falls, reaching its highest point
very cle e to its mean angle,

The correlation coefficients again become smeller, being
approximately 10 in the Yellow Newtown, and both negative, but

very close to zero, in the Shiawassee and Femeuse., They are a&s

follows:=

Variety Mean per- Standerd Mean Stendard Cerrelation
cent of buds Deviation Shoot Deviation coefficient,
breaking Angle

Yellow New- 41,84 24.24 111,61 26,48 .1003

town
Shiawassee 37.69 27.14 82,05 34,88 =-.036
Fameuse 48.16 25.59 88‘04 32.38 -.058

An.intereéting point to note here is the fact that in
mature trees the mean angle of the younger wood is higher than that
of the older woods This of course does not hold for the younger
trees because the first limbs & a young tree are generally quite

upright with the succeeding years' limbs brenching out from them.




7 in speaking of observations along this line in his

Von Sachs
"Lectures on the Physiology of Plants" writes:

"If the foliage is abundant a marked alteration of the form
of the bent branch is produced by it. Thus the older branches of
orchard trees are seen to be bent by the weight of the leaves and
fruit, and to sink more end more the older they become."

The following teble will bring out this point, as well as

show the relation of the meen angle to the habit of the tree.

Variety 1013 1912 19011
mean mean meen
Yellow Newtown--young 135,68 139,40 -
Wegener 149,32 162.5 ——
Yellow Newtown--old 130.18 121,18 111.61
Shiewassee 117,13 95,32 82.05
Fameuse 110.89 95,81 88,04

HEADED versus NON-HEADED SHOOTS.

While by far the larger part of the measurements of all
the varieties except Wagener were of shoots that had not been cut
back, & certein number had been headed back. The growth for the
three years was put into one group and averages secured as before
from which curves were plotteds In the case of the Wageners
nearly every brench had been headed back, but what few were not cut

beck were grouped together and handled es mentioned above,

S O
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TABLE XXII

CORRELATION TABLE FOR PER CENT OF BUDS BREA ING
AND ANGLE OF SHOOTS IN OLD YELLOW NEWTOWN,--
1911 GROWTH

Shoot Angles
30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 Fre-

| quency

} 0 2.1 .1.2 8 38 Srwd 44 R L

| 5 1 = 1 3
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'%45 1 5.2 SR s Y ) 40
350 1 e RS MRS S DiTH T BN SR | 34
%55 % e T G T T SRS, ONER R B A
Eeo 2. &8 SR e Ly 1 24
65 SN, o WG Sy R @O O 3 44
70 U B N T R g N 25
75 U TR VSN R R S e 27
80 g s SO R L 1 17
85 NG O A B T 13
90 s G 1 R
95 1 1 2
100

Fre-1 O 6 917 42 66 85 82 76 50 56 26 16 14 5 541
quency




TABLE XXIV

TABLE SHOWING AVERAGE BRANCHES FOR THE
GIVEN ANGLES IN OLD YELLOW NEWTOWN,--1€11
GROWTH.

————————————— -

For key to columns see Page 1l

Y. R 3 4 5 & 7 8 9 10
30 1 15.0 5.4 18.0 11.0 O 7.0 38,9 38.9
40 0
50 6 4,92 4.7 7.0 5.3 0 1.7 23.8 23.8
60 9 4,69 4,5 6.2 4.8 O 1.4 23,4 23.4
70 17 8,82  Badl  INECAE AT 4% e SAM
80 42 9,04 5.6 10.4 5.4 .1 5.0 48.6 47.7
90 56 9,06 5,4 11.3 6.2 L0 5.1 45,3 45.1

100 85 8.68 5.6 11.1 6.7 .1 . 4.3 39.6 38,6
110 82 9,32 5.9 11.9 6.5 .1 5,3 45.4 44,5
120 76 9.20 5.8  11.8 6.3 .2 5.3 46,3 44,7
130 50 10,46 6.2 12.9 6.9 .3 6.7 54.2 5L.9
140 56 8,47 | 642 - 11,4 "B.&° 2 6.8 BR.6 5O
150 26 9.3 - Bl 186 6T I SF S EE . B8 TESN
160 16 8,61 6.1 12,9 7.3 O 5.6 43.9 43.9
170 14 7,90 B8 .- 1W2 6.7 0L AE, S40eE KOS
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Per cent of buds breaking

TABLE XXV

CORRELATION TABLE FOR PER CENT OF BUDS BREAKING
AND ANGLE CF SHOOTS IN SHIAWASSEE,--1911 GROWTH

Shoot Angles
0 10 20 30 40 50 60 70 C 90 100 110 120 130 140 150 160 170 180 Frequency

81 3-2 4 K260 Y b % 13k 67
5 0
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TABLE XXVI

TABLE SHOWING AVERAGE BRANCHES FOR THE
GIVEN ANGLES IN SHIAWASSEE,-~1911 GROWTH

- - - -

0 g 3.12 2.3 6 6 0 0 0 0
10 3 6.70 4,7 8.3 4.7 O 3.6 44,0 44.0
20 7 6.4€ 5.5 7.8 5.1‘ ol 2.6 34.6 32,7
30 13 4.74 5.0 5.7 3.2 o2 2,3 43.3 40.6
40 20 6.61 5.8 843 4.8 .2 3.3 42.2 39,8
50 31 7439 5.4 8.7 4,7 .1 3.9 46,5 45.0
60 . 28 7.02 6.1 8.7 4.6 .4 3.7 47.6 43.2
70 34 7.97 6.4 9.5 5.0 .6 3.9 47.6 41.3
80 37 7423 6.4 8.4 4.7 .7 3.0 44.9 35.9
90 40 Te42 7.4 9.4 8.1 .8 3.6 45,9 37.2
100 21, 7.21 7.4 8.6 5.6 .7 2.4 35.9 28.2
110 22 6.13 5.9 7.8 5.0 .1 2.7 35,1 34,5
120 14 7497 6.7 9.3 3.9 4 4,9 B57.7 53.0
130 19 T.23 8.6 8.8 4,7 2 4.0 46,7 44.3
140 6 5.92 8.1 6.5 4,3 T 1.6 33.3 23.1

180

(o]

10.66 9.4 10.8 4.8 1.3 4,7 b56.4 42.1
160 5 4,62 8.7 6.8 4.6 O 2.2 32.4 32.4

170 4 872 9.4 9.5 6.0 .0 3.5 36.9 36.9
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TABLE XXVII

CORRELATION TABLE FOR PER CENT OF BUDS BREAKING
AND ANGLE OF SHOOTS IN FAMEUSE,--1911 GROWTH.

e e e e T

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 Frequency

e e RO
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TABLE XXVIII

TABLE SHOWING AVERAGE BRANCHES FOR THE
GIVEN ANGLES IN FAMEUSE,--1911 GROWVTH

40
50
60
70
80
90
100
110
120
130
140

' 150

11
17
2l
34
36
32
14
27

1le

3,12
7.19
6.02
7.02
7443
7.83
8.05
T.T7
9.48
8,01
8.94
5,79
13.44
7.18
4,57

1.88

3.8
5.9
5.4
6.4
6.6
842
6.9

6.6

7.0
7.3
6.1
8.4
5.9

4,4

5.0
8.4
7.8
8.4
9.4

9.3

9.7
10.9
8.0
14,2
9.1

6.6

4.0
3.1
4,4
3.8
3.9

4,3

6.6
4.4

4,2

4,3
5.2
4,8
4,6
5.0
5.9

5.0

8.3
6.9
4.7

2.4

20.0
62.7
44,2
54.2
58.8
53.5
52.5
60.5
60.0
55.2
51,5
44,5~
53.1
5l1.6
36.4

10.0

20,0
62.7
43.0
51l.4
55.8
51.2
48.1
54,1
57.2
51,3
44,8
41.7
47.6
51,6
36.4

10.0




The curves for the group as a whole are somewhat irregu-
lar., There seems to be only a slight tendency toward a reletion-
ship., See figures 13, 14, 15, 16, and 17. The correlaetion co-
efficients obteained were rather small,” The coefficient for Fam-
euse was .082, or higher than it was in any year for shoots that
had not been headed back, ;

It is interesting to note the effect of heading upon the
behavior of the buds. In every case there was an increase in the
number which broke into vegetetive shoots. Particularly was this
true in the case of Wagener, While there was a great increase in
the number & brenches, the seame cannot be seid of fruit spurs.

In the case of Wagener again the branches thet hed not been headed
hed the greatést pr cent of buds forming fruit spurs. Figs.

19 and 20 show in the case d'_Fameuse thet the @ cent of buds
breeking in heesded shoots is considerably higher, than in non-
headed shoots, but that the pr cent o fruit buds formed is
practically the same in each instance, with the advantege, if any,
on the side of the non-headed, This may be mriially explained
at any rate, A branch only has a certein number of buds, If

it is cut back severely and a number of buds are farced cut into
branches, the number that cen form fruit spurs is naturally re-
duced, as compred with the total number.

The follawing teble gives the mean, standerd deviations,

end correla tion coefficients found:=-



Variety Mean Standard Mean Standard Correlation

Devietion Devietion Ce fficient.
Wagener T1.47 185,99 148,32 28,04 " 4429
(1913)
Wagener 5,88 12.08 162.5 14,86 .181
1912)
Yellow New=- 66,32 15,08 121,98 24,22 -+004
town --old
trees(headed)
Shiswassee 62,99 14,21 99,08 28.18 «065
Fameuse 64.82 18.46 114,32 30,36 082

- - - - . e e e e -

A STUDY OF CURVED SHQOTS

In order to odbtain as correct a measurement as possible
of the curved twigs two readings were made, A twig was divided
into two portions--the upper, or extreme end of the shoot, and the
lower, or part nearest the center of the tree, A twig was considered
curved when the angle of the upper portion differed by at least
20° from that of the lower portim,. In determining the influence
of the angle upon the buds, the upper and lower portions were
treated separately, and curves were plotted and coryelatiam coeffi-
cients determined as in the other cases.

The curves for the upper portions of the brenches are
rather interesting, Although they are somewhat irregular in meny
cases, their general trend is from a smell per cent of buds breaking
to a larger one., with the appfcgch to a vertical direction of
growth, Shiawassee showed probably the smellest relationship of
Eny. In the Wagener shoots of 1912 it is found that the ppr cent
of fruit spurs slightly decreases with the increase in the angle,

16
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TABLE XXX

—

AT/t

CORRELATION TABLE FQR PER CENT " BUDS FORM

FRUIT SPURS AND ANGLE OF SHOOTSIN ﬁAGKTER,-:‘d
1913 GROWTH, SHOOTS HEADED BACK,
Shoot Angles
70 80 90 100 110 120 130 140 150 160 170 180 Frequency
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Shoot Angles
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TABLE, XXXIII
CORRELATION TABLE FOR PER CENT OF BUDS FORMING
FRUIT SPURS AND ANGLE OF SHOOTS IN WAGENER,-=-
1912 GROWTH. SHOQTS HEADED BACK.

Shoot Angles.
100 110 120 130 140 150 160 170 180 Frequency
1
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TABLE XXXVII
CORRELATION TABLE FOR PER CENT OF BUDS BREAKING
AND ANGLE OF SHOUTS IN SHIAWASSEE,1913-1912-1911
GROWTH.  SHOOTS HEADED BACK.
Shoot Angles
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TABLE XXXVIII

TABLE SHOWING AVERAGE BRANCHES FOR THE CIVEN
ANGLES IN SHIAWASSEE,--1913-1912-1911 GROWTH.
SHOOTS HEADED. BACK.

- . . ———

D e e e A ——

3 2 3 4 5 6 7 8 9 10
0 1 2.0 0 S T T NS 2.0 66.6 66.6
40 2 Tobd T T B 3 2.5 64,7 29.4
50 1 845 A T 7 et | 2 5.0 87.5 12,5
80 g 9,44 6.9 11,5 5 2.2 4.3 56.6 37.7
70 9 $.22 Guk 2. BB RS N U 24 U0 RN
80 9 B.22 . 6.2 -8l 1.8 “1.6° 2.8 T0.9 454
90 9 8,12 . T.0 - 8.6 & 1.8 2,7  63.4 40D
100 11 5s68 7.8 6.4 2.4 1.6 2.3 62.8 35.7
110 15 BaBB T T.0 -~ Bil BB 1R 8.7 2.4 480
120 11 TAT AR T RS LT RS T8RS
130 6 6.86 6.8 'T.6 3.2 2.5 1,8 BT.6 22.0
140 2 8,94 5.4 10.0 3.0 O 7.0 70.0 70.0
150 2 5.78 8.2 T8 2.0 2.0 3.5 _73.4 486
160 = - = A % - ¥ 3 2
170 3 5483 10,6 6.7 1.7 3.0 2.0 75.0 30.0

B e e e e b e e L e T T T T ———
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CORRELATION TABLE FOR PER CENT OF BUDS
BREAKING AND ANGLE OF SHOOTS IN FAMEUSE,--
1913-1912-1911 CROWTH. SHOOTS HEADED EACK.

- - . . . . N W S W W W R W SR S S S R . .

ShootAngles.
40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 Frequency
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s 80 1 1 1 -9 .2 X 9
. 85 1 I 4 5 1 1 10
8 90 157 1 1 4

95

100 1 ) T Mk | 1 5
Fre= 1 2 4 6 ©10 18 10 18 §5 11 10 o6 4 111



TABLE XL

- -

TABLE SHOWING AVERAGE BRANCHES FOR THE GIVEN

ANGLES IN FAMEUSE,--1913-1912-1211 GROWTH.

SHOOTS HEADED BACK.

- -

- - . - .- - -

- - - - - -
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5 11,0
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o9
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this being due to the larger number Df‘Vuauibfive branches that
are formed at these angles, at least with cut back shoots., It
will be ncticed that while the pr cent of fruit spurs decreases,
the pr cent of buds breéking increases, the difference between
these two being the per cent of shoots.

As has been noted, the per cent of buds that break into
vegetative branches is considerasbly higher than was the case in
any of the previous tebles, On compa ring the upper partion curves
with those for the lower portion & the shoots a marked difference
is seen. In the latter the e r cent of branches is very small,
of ten being nearly zero for the variety. This only goes to
pr ove what Bunyard5 says in his article on the physiology of pruning,
to the effect that dorment buds are found at the base of the shoot.
These were to a certain extent nourished by leaves which were shaded
by those above and which were therefore not capeble of forming
sufficient food products for large strong buds. The leaves above
these being the mat favorably situated and being produced et an
optimum time, as regards sunlight and heat, produce buds of greet
activity, or buds that later develop into fruit spurs. The leaves
still higher are produced in the autumn, or during unfavorable con=
ditions, and therefore wood buds are farmed., In other words,
shoots will be found et the extremity of a brench, fruit spurs
along the centrael portion, and the dormant buds near the base.

Correlation coefficients are not large but bear practically
the same relation to each other as in the other tables. They are

as follows:-

X7
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TABLE XLII
CORRELATION TABLE FOR PER CENT OF BUDS BREAKING AND
ANGLE OF SHOOTS IN YOUNG YELLOW LEWTQWN,--1913 GROWTH.
UPPER PORTICNS QF CURVED SHOOTS.
Shoot Angles.
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TABLE XLIII

TABLE SHOWING AVERAGE BRANCHES FOR THE
GIVEN ANGLES IN YOUNG YELLOW NEWTOWN,--
1913 GROWTH. UPPER PORTIONS OF CURVED
SHOOTS.

110
120
130
140
150
160
170

180

6.6 12.8 3.1 5 9.2 15.5
7.0 13.9 4.0 .4 9.5 Tl.4
Te2 15,5 4.7 4 10,4 67.1
7.9 15.7 4.5 1.2 10.0 171.0
8.4 18.5 3.3 1.5 13.7 82.3
8.3 18.8 4.9 2.1 1.8 74.0

9.4 20.0 1.7 3.8 1:4.5 91.6
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CORRELATION TAELE FOR PER CENT OF BUDS BREAKING
AND ANGLES OF SHCOTS IN WAGENER,--1913. UPPER
PORTIONS CF CURVED SHOOTS THAT HAVE BEEN HEADED
BACK
Shoot Angles.
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TABLE XLV

TABLE SHOWING AVERAGE BRANCHES FOR THE
GIVEN ANGLES IN WAGENER,==-1913 GROWTH.
UPPER PORTIONS OF CURVED SHOOTS THAT HAVE
BEEN HEADED BACK.

- . e .-

60 1 4,50 10,5 5.0 3.0 0 2.0 40.0 40.0
70 1 ° 2,50 1 8i6 A0 i2i6 0 2.0 50.0 50.0
8o 1 4,75 13,0 5.0 1,6 1.0 3.0 80,0 60.0
90 10600 1.0 40 1.0 1.0 2.0 15.0 50.8
100 -1 505 13.2 6.0 1.0 - 2,0 3.0 " 83.3 - .50.0
310, 6 20,10 12.1 8.0 2N 2.3 3.7 150 458
120 19 8.46 12,4 7.6 1.2 2.2 4,2 84.0 54.8
130 31 10.07 124 8.3 . 12 2.6 45 841 S
140 51 10.12 12.9 8.6 1.1 2.5 5.0 87.3 58.6
150 60 12.59 12.810.1 1.1 3.0 6.0 88.9 59.3
160 55 13.22 13.6 10.5 9 2.9 6.7 919 64.5
170 46 13.38 13.9 10.5 1,2 3.1 6.2 88.6 58.8
180 24 16.32 15.3 12.2 8 3.3 81 93.2 66.0
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TABLE XLVI

CORRELATION TABLE FOR PER CENT OF BUDS
BREAKING AND ANGLE CF SHOCTS IN WAGENER,
1912 GRCWTH. UPPER PORTICNS OF CURVED
SHOOTS THAT HAVE BEEN HEADED BACK.
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TABLE XLVII

TABLE SHOWING AVERAGE BRANCHES FOR THE GIVEN

ANGLES IN WAGENER,--1912 GROWTH. UPPER POR~

TIONS OF CURVED SHOOTS THAT HAVE BEEN HEADED
BACK

R e e e e L L )

S S S W . S S e .

150 T 2205 22,7 V9sY o7 3.7 5.3 92.7 54.4
160 17 11.68 24.0 9.7 1.0 35 5.2 89.7 53.9

170 37 A3 30 " EES A04 .10 4,3 5,1 90.8 49.0
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TABLE XLVIII
CORRELATION TABLE FCR PER CENT OF BUDS BREAKING
AND ANGLE OF SHOOTS Il SHIAWASSEE,==1913 GROWTH.
UPPER PCRTICNS OF CURVED SHOOTS.
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TABLE SHOWING AVERAGE BRANCHES FOR THE GIVEN

ANGLES IN SHIAWASSEE,-- 1913 GROWTH.

PURTIQNS OFf CURVED SHOOTS.

-------------------

For key to column

see Page 11l.
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TABLE L.

CORRELATION TABLE FOR PER CENT OF BUDS BREAKING
AND ANGLE CF SHOCTS IN FAMEUSE,--1913 GROWTH.
UPPER PORTIONS OF CURVED SHOQTS.
Shoot Angles.
50 60 7C 8C 90 100 110 120 130 140 150 160 170 Frequency.
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TABLE SHOWING AVERAGE BRANCHES FOR THE GIVEN
ANGLES IN FAMEUSE,--1913 GROWTH., UPPER POR-
TIONS OF CURVED SHOOTS.

- . - . W e R S T W e R SR e SR R R R e R R TR S S e e e

e e

70. 10 6,17 5.0 - 65 - 3.9 0 2.8 43.1  43.1
80 7 5.31 49 6.3 4.6 0 3.7 59.1 59.1
90 9 17.98 6.1 8.8 2.9 0 5.9 67.1  67.1
100 5 4.6 5.3 5.0 1.8 0 3.2 64.0 64.0
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120003 6.52 © 58 Gl A5 Ll &0, 55.4 - M5
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- S R W e e S S S e S R W W S W e R -




Percent age.

{00

90

80

70

60

S0

40

30

20

———

<

Sheot Angles.

20

g0 110

Fameuse 1912
Cuvved Bvanches- Upper Portion

7 Buds Breaking.

TBuds

Fovm imig Fru(t Spurs.

‘97 3}1\6.73




TABLYE LII
CORRELATICN TABLE FCOR PER CENT OF BUDS BREAKING
AND ANGLE OF SHOOTS IN FAUEUSE,--1912 GROWTH.
UPPER PORTIONS OF CURVED SHOOTS.

Shoot Angles.
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TABLE LIII

TABLE SHOWING AVERAGE BRANCHES FOR THE GIVEN ANGLES
IN FAMEUSE.-- 1912 GROWTH. UPFER PORTIONS OF
CURVED SHOOTS.

60 1 8.12 5.3 8.0 4.0 0 4.0 50.0 50,0
0 2 -8.25 6.1 9.0 3.0 0 6.0 66.6 66.6
80 - 4 4.22 S50 5.0 3.5 0 1.5 - 30.0 :30.0
90 23T 859 9.5 4.0 0" 5.5  57.9 519
100 3 6,50 8.3 8.7 5.1 .1 3.0 42.3 34.6
130702 6,255 6.0 "B.0 2.0 0 6.0 75.0 175.0
120 '8 1.1 5.3 0 146046 0 3.0 391 391
130 1 4.25 4.3 4.0 3.0 0 1.0 25.0 25.0
140 3 8.17 8:4 8.6 2.6 1.0 5.0 69.3 57.7
150 2 931 19 8.5 5.5 J 2.5 35.3 29.4
160 1 6.25 9.5 6.0 1.0 4,0 1.0 83.4 16.7

170 1 19.12 9.3 15.0 5.0 1.0 9.0 66.6 €0.0
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TASLE LV.
CORRELATION TABLE FOR PER CENT OF BUDS BREAKING
A'D ANGLE OF SHOOTS IN YOUNG YELLOW NEWTQOWN.--1913
GROWTH.  LOWER PORTIONS OF CURVED SHQOOTS.
Shoot Angles.
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TABLE LVI

TABLE SHOWING AVEKAGE ERANCHES FOR TIE

GIVEN ANGLES IN YOUNG YELLOW NEWTOWN,--1913 CROWTH.

LOWER PORTIONS OF CURVED SHOOTS.

For key to coluans see Page 11.
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TABLE LVII.

CORRELATION TABLE FOR PER CENT OF BUDS BREAKING
AND ANGLE OF SHQOTS IN WAGENER,--1913 GROWTH,
LOWER PORTIOQNS OF CURVED SHOOTS.
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CORRELATION TABLE FOR PER CENT CF BUDS
BREAKING AND ANGLE OF SHOOTS IN WAGENER,
1912 GRO'TH.  LOWER PORTIONS OF CURVED
SHOOTS.
Shoot Angles,
110 120 130 140 150 160 Frequency.
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TAELE SHOWING AVERAGE ERANCHES FOR THE
-GIVEN ANGLES IN WAGENER,--1912 GRCWTH.
LOWER PCRTIONS OF CURVED SHOQTS.
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TABLE LXI.
CORRELATION TABLE FOR PER CENT OF BUDS BREAKING
AllD ANGLE OF SHOOTS IN SHIAWASSEE,--1913 GROWTH.
LOWER PORTIONS OF CURVED SHQOTS.
Shoot Angles.
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TASLE LXII

TABLE SHOWING AVERAGE BRANCHES FOR THE GIVEN
ANGLES IN SHIAWASSEE,--1913 GRCWIH,  LOWER PORTIONS
OF CURVED SHQOTS,
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TABLE LXIII
CORRELATION TABLE FOR PER CENT OF BUDS EREAKING
AND ANGLE OF, SHOOTS IN FAMEUSE,--1913. GROWTH.
LOWER PORTIONS OF CURVED SHOOTS.
Shoot Angies'
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TABLE SHOWING AVERAGE BRANCHES FOR THE GIVEN
AlGLES IN FAMEUSE,-- 1913 GRCWIH. LOWER POR-
TIONS CF CURVED SHOQTS.
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Per cent of buds breaking

TABLE LXV.
CORRELATION TABLE FOR PER CENT OF BUDS
BREAKING AND ANGLE OF SHOOTS IN FAMEUSE,
1912 GROWTH, LOWER PORTIONS OF CURVED
SHOQTS.

Shoot Angles.
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TABLE LXVI

TABLE SHOWING AVERAGE BRANCHES FOR THE GIVEN
ANGLES Ili FAMEUSE,--1912 GROWIH. LOWER POR-
TIONS OF CURVED SEOUTS.
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similar to that of ringing, but not to so marked a degree. A
limb growing naturelly on a tree at a depressed angle would not
have eny action upon it similar to this to cause fruiting. It
would seem that the sap would be as free to flow in it as in
any other portion of the tree. Furthermore, branches at these
lower angles have characteristics which, as will be shown later,
are not conducive to maximum fruit spur formation,

RELATION OF ANGLE OF SHOOT TO LENGTE OF SHOOT.

The effect of the angle upon the léngth of shoots in
plants has frequently been mentioned in botenic and horticultural
literature. Dr, Ludwig Jost® writes: "Growth in length is in
gneral markedly influenced by gravity. Thus it has been clearly
established that "Chars" and "Phycomyces" (Elving 1880; Richter,
1894) grow more slowly when inverted than when in e normal posi-
tion, end other plants behave in a similar manner."

Another interesting reference is found in Hovey"s "Magazine
of Horticulture" for 1862. In speaking of cordon training

10 writes: "Anct her method of

fruit trees the Rev. T.C. Brehant
strengthening a weak branch is to untie it from the wall, and allow
it to swing loosely in the free play of sun and air. Of course,
then to tie down a breanch has a contrary effect, and the more we
approach the horizontel position, not so speak of the extreme method
of bending it downwerds altogether, the more the branch is checked
in its development outwérds. So, if it is desired, to lengthen =
branch,it must be directed upwards, and a branch tied, for a

season, verticelly, and exposed at the same time, in wall trees,

-2]l=




to the free action of light and air, will grow much more repidly
then another tied to the. wall, and carried into a horizontal
line,"

In this work similar results were obtained, On the
average, the mare vertical the shoot, the greater is its length,
The foregoing tebles present data showing the average length of
the shoots for each engle in all of the varieties, and Figures
33, 34, 35, 36, and 37 represent in plotted forms these values
for the 1913 and 1912 growth of all the different varieties studied,
Yellaw Newtawrn and Wagener showed the greatest increase in length
as the angle increased. This would naturally be expected as the
grovth renged from a few inches to over three feet in the young
trees, alloring a curve to be constructed that would demonstrate
the relationship very strikingly, While there is an increase as
well in the old er trees, the difference in the lengths iso small
that it is not brought out so “strikingly unless the tables ere read

in com junction with the graphs,
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TAELE LXVII
TAELE SHOWING INCREASE IN THE PER
CENT OF BUDS EREAKING AND OF BUDS
FORMING FRUIT SPURS, WITH AN IN-
CREASE IN THE LENGTH OF SHOCOTS.
YOUNG YELLOW NEWTOWN,--1913 GROWTH.

-

1 2 3 4 5 6 7 8 9 16 11
-_63 ...............................................................
T 08" 3.84 3.5 6.0 55 0 .5 8.3 8.3 4

8'16" 12.65 4.1 1508 11.5 05 3.8 2700 23.8 4
7
0-8 " 5.43 3.4 5.9 5.3 .1 1.5 23.4 228 3
8—16” 10031 4.0 1102 604 01 4-7 42.5 41.8 12
16-24" 18.19 5.4 21.8 13.0 O 8.8 40.2 40.2 4
s
-8 " 481 3.3 6.5 4.9 0 1.6 24.0 24.0 20
8-16" 11.75 4.2 12.3 6.1 .1 6.1 50.7 49.5 28
16-24" 19.15 5.6 20.0 9.6 0O 10.4 51.9 51.9 13
24-32" 26.96 8.0 26.7 11.7 .7 14.3 56.2 53.8 3
100
0-8 " 5.83 3.3 7.2 5.3 © 1.9 25.5 25.5 19
8-16" 11.68 4.0 12.8 6.3 .1 6.4 50.6 49.7 28
l6v24" 20,20 5.6 20.6 9.3 .1 11.2 55.0 54.2 31
24-32" 27.05 6.9 26.3 8.4 1.1 16.8 68.1 63.9 10
.
08" 5.571 3.2 1.0 5.1 Q8 48.9)26.3 26.1 22
8-16" 10.82 3.7 11.1 5.1 .2 5.8 53.8 52.4 32
16-24" 19.61 5.4 20.0 10.0 .1 9.9 49.8 49.1 34
24-32" 27.0 6.7 25.3 9.5 .215.5 62.6 61.1 13
32-40" 33.27 7.2 3 10 0 21 67.1 61.7 1
--a; ......
0-8 " 5.93 3.2 7.3 4.8 0 2.5 34.5 34.5 16
8-16" 12.77 4.2 12.9 4.8 .2 7.9 62.8 60.9 32
16+24" 20,6 5.6 21.0 8.5 .3 12.2 59.6 58.1 43
24-32" 26.95 6.9 25.3 9.1 .5 15.7 64.2 62.2 34
32-40" 33.29 7.3 8.0 1.5 17 68.6 63.5 6
400
-8 " 5.08 2,9 6.9 4.6 0 2.3 32.8 32.8 8
8-16" 10043 3.7 1007 "9 01 5.7 53.9 53.4 18
16+24" 20,51 5.5 21.0 9.2 .3 11.5 56.2 54.7 28
24-32" 20.08 7.2 26.8 8.9 5.5 17.3 66.8 4.7 174
32-4C" 34.16 7.8 30.8 9.0 1.7 20.1 170.7 65.2 23
40'up“ 40088 9.3 36-5 8.5 3.0 2500 76¢7 68.5 2
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TABLE SHOWING INCREASE IN THE PER

CENT COF BUDS BREAKING AND OF BUDS
FORMING FRUIT SPURS, WITH AN INCREASE

IN THE LENGTH OF SHOQOTS.
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TABLE LXX

TABELE SHOWING INCREASE IN THE PER
CENT CF EUDS BREAKING AND QF BUDS
FORMING FRUIT SPURS, WITH AN INCREASE

IN THE LENGTH OF SHOOTS.

1913 GROWTH.

-

-

2.62 4,05 4.2 2.9
5.88 4.42 7.1 4.6
8.99 5.16 11.0 4.8
2.64 4,17 4.3 2.5
6.02 4.42 7.5 3.3
9.49 5.31 9.9 1.9
17.83 4.43 163 9.6
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13.41 5.33 13.8 5.8
2.58 4.33 4.4 2.9
5.90 4.46 1.5 4.0
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1 2 3 4 5 6 7 8 5 10 11
10°
0-4 " 2,69 4.34 4.,33.0 .1 1.2 29.1 27.7 33
4-8 * 5.76 4.71 7.0 4.4 0 2.6 45.0 45.0 34
10-12" 9.43 5.59 11.7 4.3 2 7.2 64.8 63.0 29
12-16" 14.53 6.18 15.7 6.3 .2 9.2 60.8 58.5 10
1209
T 0-4 " 287 4.22 4.3 2.6 .1 1.6 40,0 39.1 27
4-8 " 55T 4.67 T.4 3.7 <2 3.5 49.4 47.2 44
8-12" 10.09 5.23 11.7 5.3 .1 6.3 54.3 53.5 35
12-16" 13.91 6.05 15.2 6.7 .1 8.4 55.9 55,0 14
16-24" 18.90 6.13 19.25 9.7 .1 9.5 49.8 49.4 12
130°
0-4 " 2,58 4,14 4,0 2.8 .1 1.1 30.5 29.7 32
4-8 s 6.11 ‘041 7.8 4.3 ol 3.4 4405 4402 40
8-12" 9.98 5.43 11.3 4.1 .1 7.1 64,5 63.5 14
12-16" 14.64 6.11 16,6 6.3 .2 10.1 62.1 60.9 10
16-35" 21.44 6.8 21.0 10,6 .2 10.2 49.4 48.1 8
140°
0-4 " 2,77 4.14 4.4 2.9 .1 1.4 34.3 31.3 23
4-8 " 5.89 4.58 7.5 3.9 .1 3.5 47.7 45.8 29
8-12" 9.98 5.48 11.8 6.4 .1 5.3 45.7 45.2 16
12-16" 14.19 5.98 15.2 7.9 0 7.3 48.6 48.6 14
16"26” 20-34 6.63 21 901 ol ll 08 56.4 55-8 7
150°
0-4 " 2,66 4.30 4.3 2.3 0 2 46,2 46.2 18
4-8 " 6.35 4.37 8.0 4.9 .1 3.0 39.4 37.4 20
€-12" 10.24 6.12 12.4 5.4 .4 6.6 56,5 53.2 15
12-16" 14,87 6.55 15.2 6.2 .3 8.7 59.2 57.2 16
16-26" 20.83 6.70 22.4 8.0 .1 14.3 64.4 64.0 ;
160°
0-4 " 2,68 4.73 - 4.3 2.9 1 1.3 33.3 31.4 12
4-8 * 5.94 4,86 7.1 3.8 .2 3.1 46.5 43.5 14
8-12" 9,93 5.49 10.8 4.4 - 6.4 59.4 59.4 8
12-16" 13.93 6.47 16.2 7.5 1.0 7.7 53.7 47.4 6
16-26" 21.29 6.83 22.6 9.3 - 13.3 59.2 59.2 8

-
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i70e°
Ol % " 2.50 4.T4 4% 2.9 0 1.2 30.2 30.2 13
4-8" 5,15 4.45 6.5 2.5 1 3 6l.6 46.2 2
8-T2% . 9,33 6.22 5.2 2.8 2 2.5 5.6 47.% 3
12-20" 15.81 6.05 25.3 7.6 2 7.4 50.0 48.3 8§
1800
0-4 " 2,0 4,57 3.6 2.6 0 1.0 27.5 27.5 3
4-8 * 546 5,28 7.2 3.8 0 3.4 46.5 46.5 6
8-14" 10.41 5,71 15 7.5 %5 1.0 50.0 48.3 4




RELATION OF DIAMETER OF SHOOT TO BUD DEVELOPMENT

It was the general impression among early horticulturists
that t;hick branches are meinly useful for further wood production,
end thaf it is the smell ones that are mainly useful in the pro=-
duction of fruit, A few quotatioms from De la Quintinye i1 will
bring out some of these early ideas:-

"In vigorous trees the weaker branches are the fruit
bearers; in weak trees, the stronger chiefly."

"Fruit buds that are nearest the ends of branches ere
cormonly thicker, and so better fed than others.”

"It is very material to preserve the good,weak ones fa
fruit,"

"The ferther a weak branch is distant from the trunk, the
less nourishment it receives; thick branches the more distant
from the bheart, receive the more, and are therefore to be removed."

To determine approximately what the reletionship is
between diameter and the e rcentage of buds breaking, and of
those forming fruit spurs, the same groups were considered that
were used in determining the inter-relationship of shoot length and
development & buds. The average diameter for each group in the
preceding teble s was determined, and this was used to divide the
whole group into two equal parts, the one part abore the mean and
the other below., The average diameter for each sub-group was
then celculated.

In by far the majority of cases a comparison of these two
groups shows the superiority of the branches with the larger
diameters. There was & higher percentage, both of buds breaking

284



end in the number of fruit spurs formed. Wagener was the only
variety not shaving a clear cut tendency in this directimm. In
the case of fruit spurs it showed rather the opposite tendency.
This can be : partially explained by the fact that the larger
branches were mare frone to develop shoots than the smell ones,
end that their number cut down the p rcentege of fruit buds
enough to bring it just below the p rcentage of fruit buds on the
smaller branches, A careful study of the tebles will reveal the
fect, not only in the Wagener but in the other varieties, thet
when the slender branches exceed the thicker in per cent of buds
breaking it is by a very small margin, while when the reverse is
the case the margin averages considerably larger,

The following table indicates the pe rcentage &€ groups
in which the thick shoots show a greater tendéncy than the thin
shoots to have their buds break and to fam fruit spurs. Only

1913 growth was considered,

- - - -

Variety Break Fruit Buds.,
Yellar Newtown--young. 74.4 66.7
Wegener 55,9 26.5

- Shiawassee 74,1 74.1
Femeuse TLeT 70.0

w2 7=




Two reasons may be offered to explain this increase.
The twig with a large diameter naturally has e larger amount &
food conducting tissue than has the one with a small diameter, and
is thus mare cepable d¢f nour ishing its buds.

There may have been a difference in the light supply
available to the shoots,

The Rhode Islend Exp eriment Station? has shown that when
apple limbs are exposed to a strong light a greater number o
fruit buds are formed, than when in partisl shade. In order to
ascertain this they went into an orchard and cut two limbs
about one inch in diameter from each of‘ten trees in different
parts of the orchard, one being taken that was in strong sunlight,
and the other in partial shade. The number & fruit buds was
then ounted with the following results:-

- . . .. - -

Tree Variety Limbs in Sunlight Limbs in partial
Clusters flower buds shede, Clusters
flower buds.

- - .- -

1 Rhode Island Greening 194 120
2 Rhode Island Greening 295 226
3 Variety not known 112 82
4 Earl& Harvest 2e2 149

5 Variety not known 163 157
6 Baldwin 213 91
7 Baldwin 140 74
8 Variety not known 148 104

—28-




9 Roxbury Russet 238 232
10 Pear Sweeting 115 128

Average 182 : 136

It is a known fact that in bright sunlight growth in
volume is impeded by certain portions of the sun's raysls, al=-
though the actual division of the cells is mnot influenced to
any great extent. Thus when we get growth impeded and cell
division still proceeding, it seems very probable that a greater
thickness in the shoot will be secured, The fact that it is in
the presence of strong light results in a larger r'xumber of fruit
buds, then would be the case of the twig of same length produced
in m rtial shade and having a smaller diameter.

The date presented in the last two sets of table s offer
an explanation of the increase in per cent o buds breaking and
in fruit purs formed with an increase in the angle a.p;)roaching
the vertical. It will be remembered that curves were plotted
showing greater lengths and greater diameters when the angks were
negarer the vertical, .Now it naturally follows that if the
longer shoots, and those with the largést diameters, ere more pro-
ductive of fruit spurs, that the grestest breaking of buds and
gfeatest number of fruit spirs are to be fowmd in the more upright
shoot angles which, because of their direction, are compa ratively
long and thick, The shoots that are ha izontal of drooping are
exceedingly short and small in diameter and are not to be expected

to be any more productive than the tables have shown,

-2 9-
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varieties on shoots groving at apéroximately the mean engle
for the shoots d the variety., ©Even in the case of spreading
varieties the m® t downward shoots are still comparatively
unproductive,

Correlation coefficients showing the relationship between
percentage of buds bresking and engle & shoots were determined
aé. follows:-

1913 grovth:  Young Yellow Newtown,-- .574. .

Wegener, -~ +429.
0ld Yellow Newtowm ,-- .124,
Shiawgssee, -- ,079.
Femeuse, == ,047.

1912 growth: Young Yellow Newtowm,-- ,357.

Wagener, -=- 181,
0ld Yellow Newtown ,-- ,119.
Shiawassee, , = =004,
Fameuse, -- 4058,

1911 growth 0ld Yellow Newtown ,-- .1003.
- Shiawassee, ~--¢036
Fameuse, -- .,058

In general in the case of shoots that have been headed

- back the percentage a fruit spurs farming is no greatér , and in

‘the case of Wagener is not so great as in the unheaded shoots.

The mrcentage of buds bresking is considerably greater, hawever,
due to the larger number o shoots thet are formed,

The length and diameter of shoots was found to increase
with the incresse in angle o the shoot,’

There appears to be a relationship between the length of
the shoot and the pe rcentage of buds breaking end £ thes e forming

fruit spurs, the longer shoots showing the higher mrcentsge.

=31




A certain relationghip also exists between the diameter
of the shoots and the per cent of buds breasking, and buds forming
fruit purs. In three of the four verieties studied orer T0%
of the groups compared showed that the thicker branches were more
productive of fruit spurs,

The last two statements undoubtedly account for the in-
crease in pe rcentage of buds breaking and & fruit spur production

in the mare upright shoots.
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