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LJTRODUCT I ON 

One of the objects which the orchardist of to-day endeavors 

to accomplish is to get his trees into such a condition that they will 

bear an optirnun crop annually. A large nunther 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 the crop. There must be a propr 

balancing of all the factors ccerned to poduce a satisfactory yield. 

No one will deny the important rt that judicious pruning 

plays in securing larger and better crops Sumner pruning, es- 

pecially, induces fruitfulness. But along with pruning one associ- 

ates, more or less, training. There are two main systems d training 

trees, such as the oren head type, vihere the branches form low, 

spreading head, admitting considerable light to the fruit; and also 

the leader tyçe where the branches corne from one central leider 

forming a higher and ma- e compact type. From the viewpoint of 

ease of performing certain orchard operations each has its advantages 

and its disadvantages, but the question arises,--flhich form will pro- 

duce the more fruit? Or, in other words, which is the more productive, 

a tree that has been trained to form an upright grovtth, or one that 

has been trained to an opon or horizontal type? 

It has been the general impression among fruit groiers that 

a ho- izontal or downward graiing branch is more productive than a 

vertical or upward growing branch. As early as 1815 John Maher1 carried 

on an experiment along this line in an old orchard which he had 

severely pruned, and in which as a result he had secured a vigorous 
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growth of froir three to five feet. He writes: "About the end of June, 

or a little sooner arid later, according to the growth of the branches, 

I applied oval balls of grafting clay toïards their extremity, suf- 

ficiently heavy to incline them downwards in a pendulous direction. 

The sap being thus diverted from its natural mode d ascending and 

descending, every bud almost became a blossom bud, arid in several trees 

this diosition to pro&ice 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 mu- e easily to the storm." 

In 1833 William Kenrick2 in speaking of the practice of 

bending limbs, says: "This appears to be the most simple, easy, and 

effectual mode of rendering trees productive. hen judiciuisly per- 

for,iied, its effects are extraordinary. The effects appear to be r- 

fectly understood by the Chinese in training their dwarfs. Its 

effects are also exemplified in the mode of training trees "en 

quenouille." Also on the vine, by which means prodiglois crops are 

p-1uced. Also in the fig, for by this mode Mr. Knight has ob- 

tamed. eight crop 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 -haps with more ad- 

vantage be deferred till July, as in the case of the peath . The effect 

prøluced in the first instance is a munentary 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 thoots burst 

forth in other rts 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 writer3 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 woud tend to bring in the construction of the tree more 

of those vertical or upright shoots, every one of which ight to be 

carefully cut away, as absorbing, by a natural ivi1ege of its verti- 
cal position, all the sap, and destroying the harmon:,r of the tree. 

It follows that a limb inclined at ari angle of 45°, or a lower bend, 

is more fitted to make spurs, and go over to bearing by the depriva-. 

tion of superabundant sop." He goes on to state that while bent 

or inclined shoots make a tree bear, they are injurious to its growth, 

and unless inmiediately pruned in a p-oper manner they "give up at 

once, and linger a die." 

Shiny Ilibberd4 in 1888 states in the Journal the Royal 

Horticultural Society that many fruitful trees often acquire a half 

weeping habit due to the effect of the weight cf the fruit pulling 

down the branches. This reverse position checks grwth, and exposes 

the wood and fruit more mpletely to the sun and air. The half 

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

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

states that the well known practioe of "bending down a branch to make 

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. Knight6 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 codd both be 

made to acq. ire and retain am elual amount cf vigor. 

OBJECT OF THIS INVESTIGATION 

To answer or at least obtain some statistical evidence on 

this oblem. 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. 

I(ETHODS LID LATERIALS 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 Newtovïn, allowing an opportunity to see whether any difference 

exists between trees which grï upright naturally, and those which 

are fairly opaì and ha izontal. Fameuse and S}iawassee 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, ShiavnSsee, and Yellow Newtown about twenty-five. A 

bloek 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, caisisting of a dial 

with the angles upon it, ranging from 0° to 1800, 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 9Qo mark perfectly horizon- 

tal to the groind. A pointer attached to the middle of the dial and 

laid along the twig being measured, marked off the angle. The length 

of each twi: was measured in inches, the diameter determined in muli- 
meters, and the number of buds counted,--the that were dormant, 

those that had fcrmed vegetative shoots, and those that had broken arti 

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 Lr 'as therefore given to those buds 

r' V'ed 

which had not donnant, had not formed vegetative shocts, and which 

might at any time develop into actual fruit buds. 

The record of each twig was of course kept serate. In all, 
measurements of nine thousand twigs were taken, distributed amo the 

different varieties as fo1ls:- 
r 



Wagoner - - 

Fameuse -- - 

Shiawassee - 

Yelloví Newtovin 

Yell Newtown 

The records secure 

- - - - - 

2000 
- - - - - 2000 
(old)- - 2000 
(young)- 1500 

i in the field were grouped according to 

the angle. From these the average twig was determined in each group 

by adding up seçarately the length, diameter, and number of buds, and 

dividing by the number of twigs measured. For each angle the r cent 

of buds that break was calculated, and also the rer cent that form 

fruit spurs. The difference between these two represents the per 

cent of buds that break into vegetative shoots or branches. Tables 

III, V, VII, IX, and XI show the results, secured in this way, for 

the 1913 growth cf wood. 

The observations made show considerable varietal veriation. 

In the case of Yellow Newtovm the curves (Fig. 1, 2, 3, 4, and 5), 

representing the per cent of buds breaking and the cent forming 

fruit spurs show very clearly the relationship between such rcentages 

and 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 as 79.4. At 50°, 60° 

and 70° the per cent of buds breaking is 55.6, 30.8, and 50.0, re- 

stively, 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 small, 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 a-t one of 
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the curves, reference can be .de to the proper column or row it the 

corresponding frequency distribution table. 

In the case of Wagener, which were aleo young trees, the 

curve again shows the marked relaticship between the angle of the 

shoot and the per cent of budi that break, and the per cent that 

forms fruit spurs. In this case the per cent of buds breaking at t1- 

lower angles is higher than in the Yellow Newtovrn. 

Both 1913 and 1912 growth was grouped togcther to give a 

larger freqiency. 

Coming now to the old Yellow Newtown, while it is find 
that there is still the tendency for the per cent of buds breaking to 

increase with the greater angle, it isnoticed that the cwve is very 

gradual, lying chiefly between 40 and 60 jar cent until itreaches 1800 

when it takes a sudden turn to 72.2 per cent. As the trees have 

grtn older there seems to have been somewhat of a balancing in the 

tree. The shoots at the greater angles have not been gute so pro- 

ductive of vegetative shoots and fruit spars as in the ung trees, 

and the shoots at the lower angles have been a little mo 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 00 to as high as 67. per cent 

at 110° in the per cent of buds breaking, with a dropdown to 36.6 

pr cent at 1400, and then a rise again to 59.8°per cent at 1800. 

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

per cent at 700, and then the curve runs cicse to the 50 per cent 
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mark through the remaining degrees. The curves of both, with the ex- 

ception of the last half of theFarieuse, 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 cannot be placed 

upon the resulting curves. 

In order to determine the relationship between angles and 

the percentage of buds hreakin correlation tables viere made. In this 

way mearand standard 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 iIevrtowns 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 naturally have a tendency 

to lower the correlation coefficient and make it appear that there 

is no apparent relation between the angle shoots and the shoot 

and spur growth developing from their buds, In reality there is a 

relation and by means of a curve the optimum angle can be shown. Th 

following table shows the means and standard deviations of the per 

cent of buds breaking and 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 grovrth. 



:Variety Mean Percentage:Standard ¿lean shoot: Standard :Correlation: 
:of buds breaking:Deviation: angle :Deviation :Coefficient: 

4- ---------------- 4- --------- 4- ---------- 4----- -----4- ----------- 

Yellow 6.1.11 21.07 135.68 23.50 .574 

N evrtowo 

(Young) 

Vlagener 51.57 22.78 101.48 15.20 .l0 

(1913 and 
1912 growth ) 

Yellow 46.78 22.90 130.19 26.79 .124 

Newtovm (old) 

Shiawassee 34.23 27.63 117.13 32.57 .079 

Fameuse 45.37 29.03 110.89 32.31 .047 

Frequency tables may be found in Tables I, IV, VI, VIII and 

X, showing how the different twigs in the different varieties viere dis- 

tributed between different angles. The figures in the cclurin at the 

extreme left beginning with zero and running down to 100 represent the 

prcentages 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 breaking; e.g., in the 

Yellcw Newtovm (young trees) a an angle of 120° there were 11 twigs that 

had 5 of their buds breaking. 

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 Yel10 Nevrtowns, Shiawassee, and Fameuse, the jr 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 yng Yellow Newtowns and the 

Wagoners, varieties in which there was a considerable number of buds 



breaking into vegetative shoots or branches, coefficients as follows 

were determined : - 

:Variety : Mean Percentage:Standard :Lean shoot: Standard :Corre]ation: 
:of buds breaking:Deviation: angle :Deviation :Coefficient: 

------------ : --------- : ---------- : ---------------------- 

Yellow Nevr- 56.98 19.52 135.68 24.10 .554 
towns (young) 

Wagener 52.33 16.11 149.32 28.04 .347 
(Shoots headed) 

Ccmparing these figures with those indicating the total p r 

cent of buds to break it is found that there is but little difference. 

In the case of Yellow Newto'im there is only a difference of .02, and 

in the Wagoner of .082. It seems, therefore, that there is a little 

closer relation between the angle and the number of buds breakir, 

than between angle and those that f'm fruit spurs. However, ft 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 YWNG YELLOW NEWTIN**l9l3 GROWTH. 

Shoot Angles 
50 6Q 70 80 90 loo 110 120 130 140 150 160 170 180 Frequency 

0 1 28 7 4 7 3 2 34 

5 

lO i 1 2 

15 1 1 3 3 3 7 3 4 25 

20 13 3 5 1 1 1 15 

25 22 i i i i 8 

30 14 2 3 1 i 2 1 15 

14 5 6 3 5 4 33 

4O 2 8 715 94 i i 47 

45 3 7 14 13 10 9 3 4 1 64 

50 i 3 2 81112 8 52 1 53 

55 1 1 1 8 6 9 810 107 2 63 

60 2 4 4 7 71515 157 3 79 

65 3 4 9 8 18 31 18 17 6 114 

70 4 5 9 17 16 33 35 9 3 131 

75 5 4 6 15 20 29 30 10 1 120 

80 1 4 3 9 20 22 20 11 4 94 

85 2 4 6 1415 15 56 

90 1 2 1 511 11 31 

95 2 4 5 11 

100 
Fre- 1 2 4 8 41 64 87 105 130 155 156 158 75 9 995 
quency 



TABLE II 

CORRELATION TABLE FOR H R CENT OF FRUIT 
SPURS FOEMED AiD ANGLES ' SHOOTS IN 
YJNG YELLOW NEWTOWN- -1913 GROWTH. 

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

O i 2 8 7 4 7 3 2 34 

5 

lo i i 2 

15 1233 3 7 3 4 26 

20 13 3 5 .1 1 1 1 16 

25 12 1 2 1 7 

1: i 15 

: : 

4O 2881484 14 1 50 

45 4 9 12 14 10 7 '1 3 1 64 
s.. 

, 50 1 3 3 9 10 16 14 7 10 4 1 78 
o 

55 1 1 1 6 6 8 11 11 11 11 5 72 

. 60 2 4 3 6 8 14 21 21 21 11 3 114 
Q) 

fl-i 

65 2 6 10 12 20 30 22 35 15 2 154 

70 3 5 7 16 20 38 31 9 2 131 

75 4 4 4 11 11 25 14 12 85 

80 1 3 2 817 1714 8 70 

85 1 1 2 58 4 21 

90 1 2 1 32 4 13 

95 1 1 2 

100 
Fre- 1 

____________________ 
4 8 41 64 87 

_______________________________________ 
105 130 155 155 158 75 9 994 

que n cy 



ITY TO TABLES SHOVIING AVERAGE 
BRA!TCIIES FOR TI GIVEN ANGLES 

1. Angles of average shoots. 

2. Number of shoots represented in the sverage. 

3. Length of average shoot in inches. 

4. Diaraoter average shoot in millimeters. 

5. Total number of buds r average shoot. 

6. Dormant buds. 

7. Buds having developed into branches. 

8. Fruit Spurs. 

9. Per cent of buds breaking. 

10. Per cent d buds forming fruit spurs. 
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TABLE III. 

TABLE SH ING AVERAGE BRAN CHES FOR TI-lE GIVEN 
ANGLES IN YOUNG YELLOW NEWTOWN- -1913 GRO7TH 

For key to columns see Pase 11. 

1 2 3 4 5 6 7 8 9 10 

:50: l:9.00:T.7:9.O:4.O: 0:5.0:55.6:55.6: 

: 60 : 2 : 5.50 . 4.8 : 6.5 : 4.5 : O : 2.0 . 30.8 . 30.8 

: 70 : 4 . 7.75 . 4.6 . 9.0 . 4.5 : O : 4,5 . 50.0 . 50.0 

: 80 : S : 8.25 : 3.8 : 10.9 : 8.5 : .25 . 2.1 : 21.7 : 19.5 

: 90 . 41' . 8.08 . 3.8 : 9.5 . 6.3 . .05 . 3.2 . 33.8 . 33.3 

:100 : 64 : 11.90 : 4.4 : 12.7 : 6.7 : .10 : 5.9 : 47.4 : 46.7 

:110 : 87 : 15.05 : 4.8 : 15.8 : 7.4 : .22 : 8.1 : 52.9 : 51.5 

:120 . 105 . 15.14 . 4.7 . 15.4 . 7.4 . .14 . 7.8 . 51.9 . 50.9 

:130 . 130 . 19.16 . 5.4 . 18.9 . 7.3 . .31 . 11,2 . 61.2 . o9.2 

:140 : 155 : 24.17 : 6.3 : 23.3 : 8.2 : .62 : 14.5 : 64.7 : 62.0 

:150 : 156 : 29.06 : 7.4 : 27.5 : 7.6 : 1.00 : 18.8 : 71.9 : 68.6 

:160 : 158 : 32.63 8.2 : 23,8 8.0 2.11 : 19.8 : 7.6 : 66.5 

:170 : 75 : 33.90 : 8.6 . 31.9 . 6.6 . 3.17..: 22.2 . 79.4 . 69.5 

:180 9 : 31.65 : 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 ' SHOOTS IN WAGENER--1913 and 1912 GR7TH. 

Shoot Angles 

7080 90 100 110 120 130 140 Frequency 

0 1 1 1 3 

lo 

15 

20 1 1 1 3 

25 1 2 1 4 

30 1 i 

35 1 1 2 4 

4O ii 1 1 4 

45 1 i 

,5O 1 1 1 i 2 1 7 

55 1 1 

60 2 1 1 3 7 

65 1 i 3 5 

o7Q 1 1 

3 2 1 1 7 

80 i 2 3 

85 1 1 

90 i 1 2 

loo______ 
Fre- i E ï79 1 9 2 3. 54 

quency 



TABLE V. 

TABLE SH ING AVERAGE BRANCHES FOR THE GIV 
ANGLES IN WAGENER--1913 arid 1912 growth. 

For key to ccluinns see Page 11. 

1 2 3 4 5 6 7 8 9 10 

:70: 1:4.00 :5.7: 5 :3 : 0:2 :40.0:40.0 

80 : 5 : 4.50 : 9.4 5 : 2.5 : O : 2.2 : 44.0 : 44 

90 : 17 : 5.02 : 7.9 : 5.8 : 2.7 : O : 3.1 : 53.1 : 53.1 

:100 : 9 : 4.59 : 7.8 : 5.5 : 2.2 : .22 : 3.1 60.0 : 5Q 

:110 : 10: 5.10 : 8.8 : 6.3 2.6 0 3.7 58.7 58.7 

:120 : 9 : 7.48 : 7.8 . 93 4.7 .22 4.4 50.0 7.6 

:130 2 6.06 7.3 6.5 2.5 . O 4.0 . 61.5 61.5 

:140 1 . 8.75 .27.8 . 7.0 . 2.0 . 4 . 1.0 . 71.4 14.6 
:*** -------------------------------------------------------- 
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TABLE VI 

CORRELTIOii TABLE FOR Fi; R Ci:T OF BUDS BREAKIiG AND 
AIJGLE OF SHOOTS Ii OLD YELLOW NEWTO?N--l913 GROÌTH. 

Shoot An1os 

- 60 70 80 90 100 110 120 130 140 150 160 170 180 Fregeny 

o i 23 5 4 4 5 9 8 3 44 

5 

lo i 

15 4 4 

20 1 4 4 7 

25 1 2 1 5 

30 2 2 

35 1 1 6 

-I 4O 1 4 4 4 
Q) 

£45 2 13 4 
(I) 

50 3122 8 

o 2 2 

6O 11 15 7 

Q)65 114 5 

70 1 2 

75 11 1 

80 1 1 2 

85 1 3 

90 1 

95 

loo 

3 1 1 

4 2 3 4 1 3 1 

6 3 7 3 4 5 2 

4 5 4 6 4 1 2 

3 13 2 2 1 

5 6 6 8 4 7 3 

8 5 6 5 12 6 5 

2 4 4 6 10 2 2 

9 7 13 12 3 11 3 

5 3 7 3 6 2 

6 1 5 9 17 3 5 

6 10 12 10 11 9 4 

2 6 4 3 6 6 4 

1 4 5 1 4 3 2 

2 4 5 5 6 3 

1 2 2 3 4 2 3 

i 1 5 1 1 

1 1 

i 

2 

i 

2 

2 

3 

1 

6 

26 

51 

35 

16 

47 

58 

41 

76 

30 

62 

75 

34 

75 

32 

21 

o 

2 

FO-i 10 3 2731 64 68 70 86 94 105 74 45 12 690 

q ncy 



TABLE VII 

TABLE SHOVING AVERAGE BRANCHES FOR THE 
GIVEN ANGLES IN OLD YELLOW NEWTO1N, -- 

1913 GRO7ITH 

For key to columns see Pace 11 

2 3 4 5 6 7 8 9 10 

50 : i . 4.37 . 4.6 : 7.0 : 3.0 : O : 4.0 : 57,2 : 57.2 

60 : 10 : 4.39 : 3.3 . 6.6 . 4.1 : O . 2,5 . 37. 9 . 37.9 

: 70 : 3 : 8.08 : : .7 : : : : 65.4 : 65.4 

: 30 : 27 : 5.86 : 35 : 6.9 : 4,0 : .1. : 2.8 : 42,2 : 41.7 

: 90 : 31 : 4.96 : 3,5 : 6.2 : 3,5 : .1 : 2.6 : 44Q : 43,4 

:100 : 64 : 6.06 : 3,7 : 7.1 : 3.6 : .01: 35 : 48.6 : 48.5 

:110 . 68 5.61 . 3.6 6.8 . 4.0 . O . 2.8 . 41,9 . 41.9 

:120 : 70 : 7.80 : 3.9 . 8.6 . 4.0 .1 4.5 52.9 . 51.9 

:130 86 . 6.57 . 3.9 . 7.8 . 3.7 .1 4.0 52.3 . 51.4 

:140 94 7.76 4.1 9.1 4.o O . 4.5 . 49.7 . 49.7 

:150 : 105 : 8.56 : 43 : 97 : 4j : : 55 : 57 : 55.8 

:160 : 74 : 8.69 : 43 : 10.2 : 5.0 : Q : 5.2 : 51.3 : 51.3 

:170 . 45 10.0$ 4.o 11.0 4.4 .1 6.5 . 60.6 59.3 

:180 : 12 10.18 4.8 10.8 3.0 .3 7.5 . 72.2 70.0 
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TAEL VIII 

COR1ELATIOI. TABLE FOR FEEt CENT OF BUDS 
BRAXIìG AND ANGLE OF SUQOTS IN SHIAASSEE 

1913 GROVITh 

Shoot Angles 

0 
10 20 30 40 50 60 7U 800 loo 110120 13G 14C 1Oi6O17O 180 Fregncy 

2 1 2 6 7 11 19 16 25 29 29 27 34 27 20 20 15 291 

5: 1 2 2 2 7 

10: 2 4 3 1 4 6 4 2 1 27 

15: l223 6 9 9 9 7 4 4 3 64 

20 11 532 411 5 7 6 5 2 2 54 

25: 1 1114110 7 3 3 3 2 2 1 1 41 

30: 11 1 2 1 3 1 1 4 4 i 2.5 

35: 2 21356 7 8 6 7 7 1 6 2 1 64 

4O: i 173 4 3 4 2 9 6 4 2 1 47 

45: 11147 6 6 5 8 5 3 6 4 2 61 

5O; i 3897 310 915 7 7 8 4 91 

u55 1 11 1 3 6 3 3 1 4 3 1 2e 

6O: 22135681111568523 78 

65: 12342 5111117 61053 2 82 

070: 323534221 2 27 

75: 1122465265 41 39 

8O: 7448532332 41 

1 12 1 21 3 3 1 1 16 

9O; 1 1 1 2 3 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 AVAGE BRANChES FOR TI GIVEN 
AN GLES I N Sii IATIAS SEE, - - i 913 GROWTH. 

For key to columns see Page 11. 

:1 2 3 4 E G 7 8 9 10 

o i 1.75 4.1 3,0 3.0 0 0 0 0 

lo 2 2.75 2,4 3,5 3.5 0 0 0 0 

2D i 8.75 4.7 11.0 6.0 0 5.0 4.4 45.4 

30 7 3.11 3.7 4.3 2.7 0 1.6 36.7 36.7 

40 ii 3.89 4.0 4.9 3.6 0 1.3 25.9 25.9 

50 18 3.62 3.9 4.9 3.5 0 1.4 28.1 28.1 

60 24 4,24 3.8 5.2 3.5 0 1.7 33.0 33.0 

70 48 4.78 4.0 6.0 4.4 .1 1.5 27.4 28,7 

80 74 4.56 4.1 5.9 3.2 0 2.7 45.2 45,2 

90 79 4.98 4.1 6.3 4.0 .1 1.2 36.2 36.2 

100 101 5.18 4.4 6.8 4.4 .1 2.3 55.8 55.2 

110 136 5.72 4.5 7.5 4.5 .1 2.9 67.5 67.0 

120 115 6.23 4.6 7.8 4.7 .1 3.0 66.6 66.1 

130 130 5.98 4.6 7.4 4.6 .1 2.7 38.5 38.3 

140 111 7.10 4.6 8.7 5.5 0 3.2 36.6 36.6 

150 90 8,59 5.1 10.3 6.3 .1 4.0 39.1 39.0 

160 79 8.76 5.2 10.9 7.1 .1 3.7 35.2 35.1 

170 53 10.30 5.4 11.5 6.6 .1 4.8 44.7 44.2 

180 13 9.92 5.1 10.5 4.2 0 6.3 59.8 59.8 
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TABLE X 

coRRELATIo: TABLE F(R PER CEIIT OF BUDS BREAÏ1NG 
AND ANGLE CF SHOOTS IN FAMEUSE, --1913 GROVTH 

Síoot Angle8 
o lo 20 30 40 50 6oîo 800 100 110 120 130 140 50 1lJ0 180 ïreqeny 

O: i 1 1 1 1 à 12 7 14 13 14 23 17 20 13 10 2 7 3 170 
5: 11 1 1 4 

10: 11 2 1 1 4 2 2 2 3 2 1 22 

15 221 29 7 3 5 6 4 1 2 1 45 
32C: 13222 3 5 2 6 2 7 4 1 2 1 43 
25: 2 5453 5 4 6 2 5 1 47 

g30: 111 5 4 3 8 3 2 3 1 32 
35: i 1167 4 8 7 5 5 7 2 64 

4O: 22547 9 610 4 5 8 2 2 1 67 

4: 1236 5 5 6 6 6 3 3 1 1 48 

50: 16410119 512 9 8 9 4 4 1 1 94 113 3632312 28 
1 2592f 4 93 43 22 1 54 113512712149856231 89 21121 4 1.5 3 2 2 1 25 

75: 11466995121379231 88 
1 1748810985610 77 

85: 113453611543123 52 
90: 13323 42 132 1 25 
95: 1 1 1 1 4 

100: 1 32 4 2 2 4 1 1 20 
F're-I 2 1 2 12 28 48 65 92101 107123 140 107 97 75 52 29 16 1098 
quericy 



TABLE XI 

TABLE SHi ING AVERAE ciis FOR THE GIV 
AÌIGLES IN FAMEUSE,-- 1913 GR.7TH 

For key to columns see Page 11. 

1 2 3 4 5 6 7 8 9 10 

o i 1.25 4.2 3.0 3.0 0 0 0 0 

10 2 1,88 4.4 3.5 3.0 0 .5 14.3 14.3 

20 1 2.87 5.8 6.0 6.0 0 0 0 0 

30 2 3.63 3.9 5.5 3.5 0 2.0 36.7 36.7 

40 12 5.70 4.1 7.0 4.2 .25 2.. 397 37,4 

50 28 4.57 4.3 5.9 3.9 .04 1.9 3&.3 32,7 

60 48 4.57 4.5 6.1 3.6 .08 2.4 40.7 39.3 

70 65 5.64 4.5 6.9 3.0 .10 3.8 56.0 54.7 

80 92 5.37 4.5 6.7 o.3 .06 3.4 51.2 50.2 

90 101 6.25 4.8 7.9 4.3 .19 3.4 45.7 43.2 

100 107 6.75 4.7 8.2 4.1 .07 4.0 49.8 49.2 

110 123 6.88 5.2 8.3 4.4 .12 4.2 49.3 47.8 

120 140 9.67 5.0 9.7 4.8 .08 4.7 49.8 48.9 

130 107 7.95 4.8 9.3 4.7 .07 4.5 49.3 48.5 

140 97 8.45 5.1 9.8 5.1 .11 4.6 47.9 46.8 

15o 75 9.44 5.4 11.1. 5.2 .24 5.7 53.3 5.2 

160 52 10.18 5.6 11.6 5.6 .19 c.9 43,4 40.9 

170 29 9.88 5.5 11.0 6.2 .17 4.6 52.2 50.6 

180 16 8.89 5.5 10.7 4.9 .19 5.6 52.7 52.0 



A STUDY OF THE 1912 GRJTI1. 

In the case of the twigs of 1912 we find the same tendency 

but not to so great a degree. Both young and old Yellcw Newto'ms 

have quite striking curves. The largest rcentages of break in 

buds of Shiawassee and Fameuse are again found at those angles at 

which the greatest number af shocts are found. This would appart- 

ly show that for these varieties 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 smaller than in the case d 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 (-.004, practica1]r zero, indicatir.g no re- 

lationship), and .058 in the Fameuse. The peculiar structure of 

the curve in these two varieties willhelp to explain why these re- 

suits were obtained. 

The coefficients determined for the relation of the fruit 

spurs to the shoot angles were considerably lower than those for the 

total break, being in the case of Yellow Newtown .26 lower, leaving 

it only .077, a coefficient that is none too strong. The following 

table shows the results for all varieties for the 1912 growth:- 

-il- 

. 



TABLE XII 

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

Ing. 

Yellow New- 66.50 17.74 139.40 22.47 .357 
tn -Young 

Yellow New- 55.40 17.63 121.18 24.93 .119 

town -Old 

Shiawassee 31.95 26.89 95.32 35.17 -.004 

Fameuse 43.25 27.05 95.81 33.19 .058 

TABLE XIII 

Variety Mean Per- Standard Mean Standard Correlation 

centage of Deviation Shoot Deviation coefficient. 

buds fsrm- Angle 

in fruit 
spurs 

Yellcw New- 
tc.wn -Young 30.22 16.15 139.40 22.47 .077 

(fruit spurs) 

Wagener 44.20 13.59 162.5 14.86 .137 
(fruit spurs) 
(headed badk) 

1') 
-..'., - 
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TABLE XIV 

CORRELATION TABLE FOR PER CENT OF BUDS 
BREAKING AND ANGLE OF SHOOTS IN YOU1IG 
YELLGN NEWTOWU--. 1912 GROWTH. 

Shoot An1es 
80 90 loo 110 120 130 140 150 160 170180 Frepay 

o i i 

5 

lo 

15 1 1 

20 1 1 2 

25 

2 2 hO30 

35 i 1 1 3 2 2 10 
C) 

,04Q 1 1 1 1 1 4 1 10 
(I) 

1:: 
z::: 12 i 510 67: 

55 3 4 2 3 1 i 14 

60 14 2 i 7 7 2 5 1 1 31 

65 1 1 1 9 3 6 8 4 1 34 

70 1 3 4 4 3 4 19 

75 1 1 3 2 6 8 4 5 30 

80 3 2 1 2 4 5 9 3 29 

85 2 1 3 3 4 7 1 ii 1 33 

90 1 2 4 8 4 1 20 

95 i 2 1 i 5 

100 1 i 2 1 2 1 8 

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



TABLE XV 

CUELATION TABLE F PER CENT OF BUDS 

POHING FRUIT SPURS AND ANGLES OF SHOOTS 
IN YOUNG YELLOW NEWTOWN,--1912 GRTH. 

Shoot Anales 
80 90 loo 110 120 130 140 150 160 170 180 Frequency 

0 2 1 1 2 3 5 5 4 1 2 26 

5 

lO 1 3 2 4 5 2 1 18 

15 2 1 2 3 4 3 1 3 1 20 

2O 1 3 1 6 75 9 7 2 2 43 

25 1 1 3 3 3 5 4 1 21 

30 2 2 2 3 5 6 4 5 29 

35 1 1 1 3 5 8 9 6 4 38 

4O 2 2 1 4 2 7 3 5 4 1 31 

'45 2 2 6 4 2 5 4 4 1 30 

50 1 1 1 2 6 4 3 3 6 27 

4.) 

55 1 1 1 1 4 
C) 

36O i i. 1 1 2 5 
p-. 

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 

u ency 



TABLE XVI 

TABLE SHOWING AVERA BRANCHES FOR THE 
GIVEN ANGLES IN YJNG X'ELLOW NNTOVN, -- 
1912 GROWTH. 

For key to co1uins see Page 11 

:1 2 3 4 5 6 7 8 9 10: 

80 7 6.45 11.6 6.7 4.1 1.3 1.3 3B.6 19.3 

O 5 8.35 11.9 8.8 4.6 1.8 2.4 47.7 27.5 

100 14 6.72 12.2 6.9 2.4 2.4 2.1 64.6 30.4 

110 15 8.45 11.8 8.9 3.7 2.3 2.9 58.6 33.1 

120 33 7.87 13.1 S.l 3.1 2,5 2.5 61.7 30.9 

130 43 8.71 13.2 8.5 3.5 2.6 2.4 58.8 27.5 

140 48 9.54 13.7 9.4 3.3 3,2 3.0 65.4 31.6 

150 54 9.98 14.7 9.6 2.8 3.9 3.0 71.3 31.7 

160 44 11.76 16.8 11.0 2.9 4.8 3.2 73.5 30.5 

170 31 13.38 17.3 12.3 2,5 5.3 4.5 79.4 36.6 

180 6 12.21 15.3 10.3 2.8 4.7 2.8 72.6 27.4 
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TABLE XVII 

CORBELATIO;; TALL1 FOR;R CENT OF EUDS BREAKING 
ANG ANGLE OF SHOOTS I N OLD YELLOW YEWTOWN, -- 

1912 GROWTh. 

Shoot Angles. 
O 10 20 30 40 50 6ojo 80 o ioo 110 120 130 140 150 160 170 180 Frequency 

O: ill i 4 2 2 3 1 16 
5: 0 

10: 1 1 2 

15: 2. 1 4 11 8 
20: 1 111 42 2 12 
25:11 1 1 2 4 9 

11 131 31 1 11 
1 26536521 1 32 

4O: 24367562111 38 
1 127 7122113 28 

50: 1 1 6 6 10 14 16 13 12 8 6 3 1 97 
55: 11 129565411 36 2224116191479441 85 o 
65: 1 3 10 13 22 22 20 14 8 8 2 123 
7C: 1 2512965823 53 

o75; 1145687731 43 
8o: 122443 752 1 31 

2 11 4 

90; 2 2 1 5 
95: 

100: 1 1 

Fre1 i OT"i 
_________ 

2 68 57 26i9 8 634 
- 

quency 



TABLE XVIII 

TABLE SHIING AVERAGE BRÊIiICHES FOR THE GIVEN 
ANGLES IN OLD YELLO1 NEV1TOVN.--1912 GROWTH. 

For key to columns see Page 11. 

i 2 3 4 5 6 7 8 9 10 

lo i 2.00 3.0 4.0 3.0 0 1.0 25.0 25.0 

20 

30 1 3.75 3.7 5.0 4.0 0 1.0 20.0 20.0 

40 1 4.25 4.7 7.0 5.0 0 2.0 28.6 28.6 

50 2 5.68 5.4 6.5 3.0 .5 3.0 53.8 45.1 

60 5 6.10 4.1 8.6 4.2 0 4.4 51.2 51.2 

70 8 5.99 4.4 8.7 4.5 .25 4.0 48.6 45.7 

80 25 6.45 4.7 8.8 4.4 .1 4.3 49.6 48.7 

90 41 6.50 4.5 8.1 3.8 .1 4.2 53.6 52.4 

100 68 6.38 4.6 8.0 3.5 , 4.3 56.1 53.5 

110 104 8.61 4.6 8.3 3.7 1 4.5 56.3 54.2 

120 104 6.62 4.8 8.1 3.6 .2 4.3 56.0 53.4 

130 96 7.45 4.8 8.9 3.5 .3 5.1 60.5 57.1 

140 68 7.49 5.0 9.3 3.6 .4 5.3 60.6 56.4 

150 57 6.94 5.1 8.8 3.5 .3 5.0 60.5 57.1 

160 26 9.55 5.5 11.1 4.3 .6 6.2 60.8 55.5 

170 19 5,71 4.6 7.7 3.5 .2 4.0 55.1 52.4 

180 8 5.95 4.2 8.5 5.4 .1 3.0 36.8 35.3 
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TABLE XIX 

CORRELATION TABLE FOR PER CBT OF LUDS 131UZAKING 

A1D ANGLE CF 3HOOTZ IN SHIAWASSEE, -- 1912 GRO1N 

Shoot Angles 
O 10 20 30 4O0 6JO809Q1O0 110 120 1,9 140].50 160 170 180 FreQuency 

0:1 35211314116 812 811 6 6 2 4 1 114 
: i i 2 

10: 12 3 6 

15: 1125 3 2 2 2 4 1 1 24 
20: 2321 4 5 2 4 3 2 29 

'25: 1 211 242 3 1 4 1 2 24 
3O: 11 1241 5 3 1 1 1 21 

g3: i 1 33262 3 2 1 2 1 1 2 2 1 33 
40 i 132114 3 1 2 i 25 

m4: 13222 1 5 1 1 3 21 
50: 224533 4 2 1 3 1 30 

°55: i i 4 1 2 1 2 1 1 14 
'6o: 11 12 1 1 1 1 9 
-65: 122245 1 2 2 1 2 1 25 

7O: i 2 1 1 2 1 8 
i 1 3 3 1 1 1 11 75: 

$0; 11 2 1 3 1 1 2. 11 
85: 1 2 1 4 

90: 2 2 2 6 

95: 1 1 

100: 1 1 5 
Fre- 1 

___._.1_i____... 
2 5 10 12 21 37 40 45 35 47 47 31 28 2.5 17 11 6 3 423 

quency 



TABLE XX 

TABLE SHOWING AVERAGE BRANCHES FOR TIlE GIVEN 
&$GLES IN SHIAWASSEE, 1912 GROWTH. 

For key to columns see Page 11. 

2 3 4 5 6 7 8 9 10 

O 1 2.50 5.5 3.0 3.0 0 0 0 0 

lo 2 6.49 4.5 8.0 5.5 0 2.5 31.2 31,2 

20 5 5.05 4.4 6.6 5.0 0 1.6 24,2 24,2 

30 10 5.17 4.9 6.6 5.0 .1 1.5 24.3 24.3 

40 12 6.19 4.7 7.6 4.3 0 3.3 42.8 42.8 

50 21 6.94 5.5 8.7 4.4 .5 3.8 48.9 43.4 

60 37 5.56 4.8 7.2 4.6 .1 2.5 36,2 35.5 

70 40 4.86 5.4 6.9 5.0 .1 1.8 26.9 26.1 

80 45 5.75 5.5 8.1 5.0 .3 2.8 37.7 34.4 

90 35 5.50 5.7 7.5 4.4 .3 2.8 41.8 38.0 

100 47 4.23 6.0 8.2 4.6 .2 3.4 44.2 42,3 

110 47 6.72 5.9 8.8 5.4 .2 3.3 39.3 37.6 

120 31 5.79 5.9 7.8 4.6 .2 3.1 42.0 39.9 

130 28 5.42 5.8 7.4 4.5 .2 2.7 36.2 33.3 

140 25 6.85 6.3 8.1 5.1 .2 2.7 34,7 31.9 

150 17 6.19 6.9 8.5 5.7 .4 2.4 33.1 28.3 

160 11 5.91 6.4 7.8 5.1 .5 2.2 34.9 29.1 

170 6 2.48 5.4 3.8 3,3 0 .5 13.1 13.1 

180 3 3.04 6.3 4.3 3.6 0 .7 15.8 15.8 
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TBLE XXI 

COBLATI0N TABLZ FOR FER CENT OF BUDS BREAKING 
AND ANGIJES OF SHOOTS IN FAJ1EUSE, --1912 GRO\'T}i 

Shoot Angles. 
O 10 20J0 4050 6O30QQjQ 100 110 120 130140 1O11j918OFrequency 

0: 3 125354541331 
5: 

10: 11 11 1 

15: 1111322111621 
2O; 11 361 23131 

1 1 134215 331 
3O: 1 211531 143 111 
35; 2112233535332 
4O: 1 3 3 2. 2 2 2 1 1 2 

45: 11334111 421 11 
5O: 1 3. 2 4 2 8 5 4 3 4 1 

2 1 3. 1 2 3. 2 3 

24 2 121 1 

3 5 4 3 2 2 2 3 
1 111 1 1 

75: 22 2422 122 
8O: 2 33573 21 
85: 311 11 22 
90; 1 1 1 2 

95: 2 1 

100: 1211 1122 
8 5 13 Th3O 39 46 38 38 42 39 23 32 14 

quency 

2 1 43 
o 

5 
25 
22 
26 

25 
37 
18 

25 

35 
13 
14 
24 
6 

20 
26 

11 

5 

3 
1]. 

6 4 1 394 



TABLE flu 

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

For key to columns se Page 11. 

i 2 3 4 5 6 7 8 9 10 

O O 

10 0 

20 8 4.67 '1.2 6.0 45 .12 1.37 25.0 22. 

30 c 6.32 5.3 9.0 5.8 .40 2.60 35.6 31.1 

40 13 6.59 5.5 9.5 5.9 .00 3.60 42.7 42.7 

50 16 5.03 6.1 7.9 3.9 .25 3.75 50.4 47.2 

60 30 5.66 5.7 7.8 4.5 .10 3,27 43.0 41.7 

70 39 7.19 5.8 9.4 4.8 .15 4.4 47.3 4.5 
80 46 6.38 6.0 7.8 4.1 .15 3.7 49.7 47.8 

90 38 5.87 5.8 8.1 3.7 .16 4.2 54.1 52.2 

100 38 737 6.2 9.1 4.3 .42 4.3 51.4 47.5 

110 4 7.45 6.1 9.3 4.2 .14 5.0 55.3 53.7 

120 39 7.87 5.8 9.9 4.8 .10 5.0 51.6 50.5 

130 23 4.8 6.1 6.7 3.6 2.8 46.1 42.2 

140 32 7.51 6.1 9.5 5.0 .41 4.1 47.7 43.4 

150 14 7.80 5.7 9.6 4.9 .36 4.4 49.2 45.5 

160 6 7.37 5.9 9.8 6.1 .17 3.5 37.6 35.6 

110 4 4.34 4.5 7.2 5.2 .00 2.0 27.6 27.6 

180 1 .5 6.8 3.0 2.0 .00 1.Q. 33.3 33.0 



A STUDY OF Tu 1911 GROWTH 

Records af the 1911 growth were taken for only three 

varieties--old Yellow Newtovrn, Shiawessee and Faiseuse. The curves 

for this year in general closely parallel those of the tro pre- 

vious years, but are not quite as marked. That for Yellow New- 

tovin shcws an increase in the break and in the fruit buds until 

1300 is reached and then it begins to drop a little. The curve 

for Shiawassee is rather irregu.r, pointing out no definite re- 

laticïiship between angle cf shoot and per cent of buds eaking. 

The Fameuse curve again rises and falls, reaching its highest point 

ver' c1 e to its mean an1e. 

The correlatio coefficients again become smaller, being 

approximately .10 in the Yellow Newtowrì, and both negative, hut 

very close to zero, in the Shiawssee and Fameuse. They are as 

follows : - 

Variety Mean per- Standard Mean Standard Correlation 
cent of buds Deviation Shoot Deviation coefficient. 
breaking Angle 

Yellow New-. 41.84 24.24 111.61 26,48 .1003 

Shiawassee 37.69 27.14 82.05 34.88 -.036 

Fameuse 48.16 25.59 88.04 32.38 -.C8 

An interesting point to note here is the fact that in 

mature trees the mean angle d the yoi.nger wood is higher than that 

of the older wood. This of course does not hold for the younger 

trees because the first limbs cf a young tree are generally quite 

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

- -13- 



Von Scks7 in speaking of observations along this line in his 

"Leturcs on the Physiology 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 and more the older they become." 

The following table will bring out this point, as weil as 

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

Variety 1913 1912 1911 

mean nican mean 

Yellow Newtown--young 135.68 139.40 

Wagener 149.32 l62. 

Yelloiv Newtovm---old 130.19 121.18 111.61 

Shia:rassee 117.13 95.32 82.05 

Fameuse 110.89 95.81 88.04 

IADED versus NON-ADED 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, a certain number had been headed back. The grovrLh for the 

three years was put into one group and averages secured as before 

frein which curves were plotted. In the case of the Wageners 

nearly every branch had been headed back, but what few were not cut 

bark viere grouped together and handled as mentioned above. 

-14- 
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TABLE XXIII 

CORRELATION TABLE FOR FER CENT OF BUDS BREPK ING 
AND ANGLE OF SHOOTS IN OLD YELLCWI NEVITOVIM, - - 

11l GROWTH 

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

quency 

0 2112810 7 7 4 44 1 1 52 

5 1 1 1 3 

10 11 2 1 2 1 8 

15 12132 6 4 9 1 4 33 

20 11234 6 6 2 2 2 2 13 35 

25 21244 5 3 3 2 2 2 1 31 

30 1126 5 43 2 2 1 1 1 29 

35 11447874631 46 

,4O1 12347 8 7 4 2 3 1 2 45 

'45 1 323 6 7 2 5 6 3 1 1 40 

50 1 15 8 4 62 3 2 11 34 

55 211 5 44 3 2 1 1 1 1 26 

6O 243 1 4 4 2 3 1 24 

65 171 5 9 7 4 7 3 44 

70 13 3 3 4 2 4 22 1 25 

75 53 3 2 4 4 4 2 27 

80 1 1 5 2 2 4 1 1 17 

85 2 1 3 1 1 4 1 13 

90 1 1 3 1 1 7 

95 1 1 2 

loo 

Fre- 1 0 6 9 17 42 56 85 82 76 50 56 26 16 14 5 541 
quency 



TABLE )O(IV 

TABLE SHOWING AVERAGE BRANCHES FOR THE 

GIVEN ANGLES IN OLD YELLOW NEWTOWN,--1911 
GROWTH. 

For key to co1uins see Page 11 

1 2 3 4 5 6 7 8 9 10 

30 1 15.0 5.4 18.0 11.0 0 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 4.8 0 1.4 23.4 23.4 

70 17 8.52 5.4 11.9 7.5 .1 4.3 36.9 36.4 

80 '12 9.04 5.5 10.4 5.4 .1 5.0 46.6 47.7 

90 56 9.06 5.4 11.3 6.2 .0 5.1 45.3 45.1 

100 85 8.6e 5.6 11.1 6.7 .1 4.3 39.6 38.5 

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 4'1.7 

130 50 10.46 6.2 12.9 5.9 .3 6.7 54.2 51.9 

140 56 8.47 6.2 11.4 5.4 .2 5.8 52.6 50.6 

150 26 9.13 5.8 12.5 6.7 .1 5.8 46.6 '6.O 

160 16 8.61 6.1 12.9 7.3 0 5.6 43.9 43.9 

170 14 7.90 5.6 11.2 6.7 0 4.5 40.1 40.1 

180 5 6.80 5.4 9.8 5.4 0 4.4 44.9 44.9 
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TABLE XXV 

CORRELATION TABLE FOR PEE CENT OF BUDS BREAKING 
AND ANGLE OF SHOOT3 IN S?tLAWASSEE, - 1911 GROWflI 

Shoot Angles 
O 102030 4050 6OO 8Oo 100 110 i2oO 140 1O 160170 180 Frequen 

0:1 1 2 4 5 3 2 6 8 6 
7 7 4 4 2 1 3 1 67 

5: 0 
10: 1 11 2 1 6 

15: 2 323 4 1 15 
20: 1 2 1 2 3 4 2 1 3 1 20 
25: 221 1 1 1 2 2 12 

35: 
3O: 1 111 22 1 1 1 11 

i 2 323 1 2 1 15 
4O: 11321 5 2 1 1 1 18 

45: 1 2 3 1 2 7 3 1 1 21 

'5O: 21256121 1 1 1 2 25 
°55: i 4 2 2 1 1 1 12 

6o: i i 51 44 1 2 19 
+6g: 1113662 2 1 4 1 28 

7O: 3 1 2 2 8 

'75: 2232 1 1 11 
80: 1121 211 2 1 2 1 15 
85: 11 1 1 2 . 

6 

90: 1 1 

95: 0 
100: 1 1 2 
Frs- 1 3 7 13 20 31 28 4 37 4 21 22 14 19 

________ ___________ 
6 5 4 1 312 

quency 



TABLE XXVI 

TABLE SHNING AVERAGE BRAN CHES FOR THE 
GIVEN ANGLES IN SHIAWASSEE,--1911 GROWTH 

For key to columns see Pase il 

: i 2 3 4 5 6 7 8 9 10 

O 1 3.12 7.3 6 6 0 0 0 0 

lo 3 6.70 4.7 8.3 4.7 0 3.6 44.0 44.0 

20 7 6.46 5. 7.8 5.1 .1 2.6 34.6 32.7 

30 13 4.74 5.0 5.7 3.2 .2 2.3 43.3 40.6 

40 20 6.61 5.8 8.3 4.3 .2 3.3 4.2 39.8 

50 31 7.39 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 47.8 43.2 

70 34 7.97 6.4 9.5 5.0 .6 3.9 47.6 41.3 

80 37 7.23 6.4 8.4 4.7 .7 3.0 44.9 35.9 

90 40 7.42 7.4 9.4 5.1 .8 3.5 45.9 37.2 

100 21. 7.21 7.4 8.6 5.5 .7 2.4 35.9 28.2 

110 22 6.13 5.9 7.8 5.0 .1 2.7 3E.l 34.5 

120 14 7.97 6.7 9.3 3.9 .4 4.9 57.7 53.0 

130 19 7.23 6.8 8.8 4.7 .2 4.0 46.7 44.3 

140 6 5.92 8.1 6.5 4.3 .7 1.5 33.3 23.1 

150 6 10.66 9.4 10.8 4.8 1.3 4.7 55.4 42.1 

160 5 4.62 8.7 6.8 4.6 .0 2.2 32.4 32.4 

170 4 8.72 9.4 9.5 6.0 .0 3.5 36.9 36.9 

180 1 9.5 3.7 10.0 7.0 .0 3.0 30.J 30.0 
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TABLE XXVII 

CORRELATION TABLE FOR PER CT OF BUDS B}ZAXING 
AND ANGLE OF SHOOTS IN FA1USE, --1911 GROTHS 

Shoot Angles. 
O lo 20 30 40 50 60j0 8010100 110 120 130 iO i6Q7o 180 Fzency 

0:1 1111441 23 1 21 1 24 

5: 0 

10: 0 

15: 124 2 1 1 11 

20: 1 11111 1 1 1 3. 1 11 

25: 2 21 1 1 1 1 9 

to3O: 12 31 2 1 10 

.35: 2 1 8 2 2 1 2 1 2 3. 22 

4O: 21 1121 11 10 
1 321341 21 18 

50: 1 3 1 6 1 4 2 1 3 1 23 

3 1 1 2 2 1 10 

1211 53 2211 19 

65: 1 2 41413 121 20 

221 111 8 

75: 1244413 2 11 23 

080: 11 13 24 1 2 15 
2 211 1 2 1 10 

9O; 1 1 2 

95: 1 1 

100: 1 21 4 

Ire- 1 1 7 11 17 21 TjT.I 32 14 27 ]6 9 9 7 5 2 1 250 
q1.Lenc 



TABLE miii 

TABLE SHOVIIN G AVERAGE BRfrI criEs POR THE 

GIVEIl ANGLES IN FAMEUSE,--1911 GROTTH 

For key to colunns see Page 11. 

2 3 4 5 6 7 8 9 lo 

o 1 3,5 4.8 6 6 0 0 0 0 

10 0 

2C 1 3.12 3.8 5.0 4.0 0 1.0 20.0 20.0 

3: 7 7.1i 5.9 8,4 3,1 0 5.3 62.7 62,7 

40 11 6.02 5.4 7.8 4.4 .01 3,4 44,2 43.0 

50 17 7.02 6.4 8.4 3.8 .23 4.3 54.2 51.4 

60 21 7.43 6.6 9.4 3.9 .28 5.2 58.8 55.8 

70 34 7.83 6.2 9.3 4.3 .20 4.8 53.5 51.2 

80 36 8.05 6.9 9.5 4.5 .4 4,6 52.5 46.1 

90 32 7.77 6.6 9.3 3.7 .59 5.0 60.5 54.1 

100 14 9.48 6.5 1C.3 4.1 .8 5.9 60.0 57.2 

110 27 8.01 7.0 9.7 4.3 .37 5.0 55.2 51.3 

120 16 8.94 7.3 10.9 5.3 .69 4.9 51.5 44.8 

130 9 5.79 6.1 8.0 4.4 .22 3.3 44.5- 41.7 

140 9 lc,44 8.4 14.2 6.6 .77 6.9 53.1 47.6 

150 7 7.18 5.9 9.1 4.4 0 4.7 51.6 51,6 

160 5 4.57 4.4 6.6 4.2 0 2,4 36.4 36.4 

170 2 1.86 4.3 5.0 4.5 0 .5 10.0 10.0 

180 1 .37 6.6 2.0 2.0 0 0 0 0 



The curves for the group as a whole are somewhat irregu- 

lar. There seems to be only a slight tendency toward a rele.ti.on- 

ship. Sec Ngures 13, 14, 15, 16, and 17. The correlation co- 

efficients obtained were rather small. The co3fficient for Faj 

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 

nuxther which broke into vegetative shcots. Particularly was this 

true in the case of Wagoner. While there was a great increase in 

the number d branches, the same cannot be s. d of fruit spurs. 

In the case of Waener again the branches that had not been headed 

he.d the greatest er cent of buds forming fruit spurs. Figs. 

19 and 20 show in the case Fameuse that the j' cent of buds 

breaking in headed shoots is considerably higher, than n non- 

headed shoots, but that the r cent d fruit buds formed is 

practically the same in each instance, with the advantage, if any, 

on the side cf the non-headed. This may he rtially explained 

at any rate. A branch only has a certain number of buds. If 

it is cut back severely and a number of buds are fcrced cut into 

branches, the number that can form fruit spurs is naturally re- 

duced, as comjed with the total number. 

The fol1ing table gives the mean, standard deviations, 

and corretion coefficients found:- 

a _ - 



Variety Meen Standard Mean Standard Correlation 
Deviation Devirtion C fficient. 

Wagoner 71.47 15.99 149.32 28.04 .429 
(1913) 

Waener 75.88 12.08 16?.5 14.86 .181 
(l912) 

Yellow New- 66.32 15.08 121.98 24.22 -.004 tn --old 
trees (headed) 

Shiavrassee 62.99 14.21 99.08 28.18 .065 

Fameuse 64.82 18.46 114.3cc 30.36 .082 

A STUDY OF CURVED SHOOTS 

In order to obtain as correct a measurement as possible 

of the curved twigs two readings were made. A twig was divided 

irto two portions--the upper, or extreme end of the shoot, and the 

lcvrer, or jrt nearest the center of the tree. A twig was considered 

curved when the angle of the upper portion differed by at least 

20° freni that of the lower portia. In determining the influence 

of the angle upon the buds, the upper and lower portions were 

treated separately, and curves were plotted and correlatirn coeffi- 

dents determined as in the other cases. 

The curves for the upper portions of the branches are 

rather interesting. Although they are somewhat irregu]s.r in many 

cases, their general trend is from a small r cent of buds breaking 

to a larger one., with the approach to a vertical direction of 

growth. Shiawassee showed probably the sriallest relationship of 

any. In the Wagener shoots of 1912 it is found that the je r cent 

of fruit spurs slightly decreases with the increase in the angle, 

-16- 
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CORRELATION TABLE FOR R CENT OF BUDS BREAKING 
PD KIGLE ' SHOOTS IN WAGENER, --191g GROWTH. 

SHOÇII'S IADED BACK. 

Shoot Angles 
70 80 90 lOO 110 120 130 140 150 160 170 130 Frequency 

O 

5 

10 1 1 2 

15 

20 

25 11 1 2 2 1 8 

30 1 1 1 1 1 5 

35 21 1 4 2 2 1 13 
o 
40 1 1 2 2 2 1 1 1 1 12 

45 13 2 2 1 2 2 1 3 4 25 

5Q 16 3147 92 3 6 6461 
55 1 1 1 5 3 5 3 4 7 3 33 o 

6O 21 8 5114 3 51012 7 68 

65 1 5 6 19 17 8 13 5 14 16 13 117 

70 2 1 3 1 8 3 91715 
75 6 5 4 9 9 9 7 15 32 33 129 

80 1 2 2 9 5 3 12 12 25 27 98 

85 1 5 1 6 4 10 18 31 24 100 

90 2 1 4 4 2 3 412361583 
95 2 4 12 23 14 45 

100 2 1 1 1 1 6 2 14 Fi. 19 30 33 65 79 55 57 61 105 215 162 2 

quency 



TABLE XXX 

CORPLATION TABLE F PER CEIJT ' BUDS FORMING 
FRUIT SlURS AND ANGLE OF SHOOTSIN WAGFER,-- 
1913 GRcWTh. SHOOTS HEADED BACK. 

Shoot Angles 
70 8 90 100 110 120 130 140 150 160 170 180 Frequency 

O i i 

5 

lo i 2 2 3 1 1 10 

l5 2 2 2 i 7 

4)20 3 3 4 1 2 1 3 1 4 1 23 

25 1 3 1 3 6 1 1 2 2 3 23 

.3O 2 3 43 8 1 5 4 5 4 39 

35 1 2 14 12 11 9 5 5 5 3 67 

40 1 2 7 411 5 42 713 7 63 

45 1 3 2 9 5 13 4 15 20 16 88 
4) 

5O1 5 3 8 9 4 7 3142426 104 
o 

55 2 3 3 51 613192817 94 

60 1 3 5 6 6 48112630 100 

65 5 1 6 5 3 7 6163421 104 

70 1 1 4 1 6 72516 61 

75 2 i 1 1 4 2 5 22012 50 

80 11 1 2 2 1 32 7 9 29 

85 2 1 2 1 1 2 9 

90 1 i 

95 

100 
Fre- 1 9 30 33 60 79 55 58 61 105 215 167 873 
quency 



TABLE X)Q(I 

TABLE SHING AVERAGE B1WCHES FOR THE GIVEN 
PII'GLES IN WAGENER,--1913 GROVTE. SHOOTS HEADED 
BACK. 

For key to columns see Page 11. 

i 2 3 4 5 6 7 8 9 10 

70 1 6.25 9.3 8 3 1 4 62.5 50.0 

80 9 8.83 8.6 8.7 4.2 1.4 3.0 51.3 34.6 

90 30 7.61 8.9 7.8 3.2 1.2 3.4 59.2 44.8 

loo 33 10.02 9.5 9.8 3.9 2.0 3.9 59.6 40.0 

110 65 9.58 8.6 8.4 3.2 1.8 3.4 62.2 41.1 

120 79 11.79 9.9 10.1 3.6 2.0 4.5 64.3 44.1 

130 55 12.56 10.0 10.5 3.8 1.8 5.0 64.5 47.3 

140 57 15.98 12.0 13.0 4.1 2.4 6.5 68.9 50.9 

150 61 17.47 11.6 14.0 3.5 2.8 7.7 74.7 54.5 

160 105 18.10 12.8 14.9 4.0 3.1 7.9 73.2 53.6 

170 215 22.52 14.6 18.1 3.8 43 10. 78.8 57.7 

180 162 27.21 16.4 22.3 5.0 4,3 13.0 7?.6 58.3 
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TABLE mii 

CORRELATION TABLE FOR FE R CENT OF BUDS BREAKING 
AND ANGLE CF SHOOTS IN WAGENER,--1912 GROVTH. 

SHOOTS HEADED BACK 

Shoot Angles 

loo 110 120 130 140 150 160 170 180 Frequency 

45 2 1 3 

50 2 2 

55 1 1 1 2 1 3 9 

2 2 1 6 1 12 .60 

65 1 1 2 2 3 4 4 4 21 

70 1 6 8 3 18 

75 1 1 1 6 8 7 8 32 
o 

8O 1 2 611 6 26 
G) 

C-) 

85 1 4 6.13 6 30 
G) 

90 1 1 3 7 2 14 

95 32 5 

100 1 2 1 4 8 
Fre- 1 1 6 9 - 4 20 39 65 35 180 
quency 



TABLE XXXIII 

CORRATIOi'I TABLE FOR P CENT OF BUDS FORMING 
FRUIT SPURS AND ANGLE OF SHOOTS IN WAGENER,-- 
1912 GROWTH. SHOOTS HEADED BACK. 

Shoot Angle2. 
100 110 120 330 140 150 160 170 180 Frequcy 

O: i 1 

g45: O 
1O: i 3 4 
1: 1 3. 1 1 4 

2O; 1 2 2 5 
25: i i 1 2 1 6 

.3O: 1 1 2 4 8 

35: 1 3. 1 2 6 6 6 23 
4O: 2 4 4 6 4 20 

45: 3. 3 1 3 1]. 13 9 41 

5O: i 1 3 8 5 18 
1 2 3 9 2 17 

6o: 1 1 2210 5 21 
2 2 4 2 10 

7O; 1 1 2 

75: 1 1 

8O: O 

85: 0 

90: 0 

95: 0 

100: 0 
Fre- i i 6 9 4 203 66 35 181 

quency 



!ABLE XXXIV 

TABLE SHOWING AVERAGE BRANCHES FOR THE GIVEN 
SIGLES IN WAGENER,--1912 GROWTH. SHOOTS 
HEADED BACK. 

For key to columns see Page 11. 

2 3 4 5 6 7 8 9 10 

loo 1 5.75 17.4 5 0 2 3 100 60 

110 1 14.25 24.5 12 4 4 4 66.7 33.3 

120 6 12.35 20.0 11.3 3.8 3.1 8.3 66.2 38.5 

130 9 13.08 20.9 11.5 4.2 3.1 4.2 63.4 36.5 

140 4 16.81 22.8 13.8 3.8 4.8 5.2 72.7 38.4 

150 20 15.72 23.2 12.9 3.3 3.9 5.7 74.3 44.3 

160 39 19.50 24.4 15.3 4.1 4.7 6.5 7.5 42.5 

170 65 19.99 25.7 16.1 3.7 4.9 7.5 76.9 46.5 

180 35 19.75 25.8 16.1 3.9 4.8 7.3 75.5 45.5 
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TABLE X)O(VI 

TABLE SHOV'ING AVERAGE BRANCHES FOR THE GIVEN 
ANGLES IN OLD YELLOd NEWTOWN,--1913-1912-1911 
GROWTH. SHOOTS HEAD BACK. 

For key to columns see Page 11. 

1 2 3 4 5 6 7 8 9 10 

70 2 7.37 4.8 8.0 3.0 .5 4.5 62.5 56.2 

80 1 8.0 5.2 9.0 5.0 0 4.0 44.5 44.5 

90 4 9.3]. 6.3 12.8 5.5 .8 6.5 56.9 51.0 

100 11 8.17 6.0 9.8 2.9 1.0 5.9 70.4 60.1 

110 6 6.37 6.0 8.5 3.8 1.3 3.4 54.9 39.2 

120 23 8.51 5.9 10.1 3.1 1.1 5.9 69.1 57.9 

130 18 8.85 6.3 1.O 3.0 1.0 6.0 69.7 60.1 

140 28 9.13 6.6 10.3 2.9 1.2 6.2 72.5 60.4 

150 18 8.17 6.3 9.5 2.9 1.3 5.3 70.2 56.1 

160 13 8.10 6.4 9.1 3.5 1.2 4.4 61.9 48.3 

170 11 9.12 5.9 9.1 3.6 1.0 4.5 60.0 49.0 

180 1 7.12 5.0 8.0 3.0 1.0 4.0 62.6 50.0 
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TABLE XXXVII 

CORRELATION TABLE FOR PER CENT OF BUDS BREAKING 
AND ANGLE OF SHOOTS IN SHIAWASSEE,1913-1912-1911 
GROVTH. SHOOTS HEADED BACK. 

Shoot Angles 
30 40 50 60 70 80 90100 110 12O39 140 150 160 170 180 Freqency 

1 1 2 
4O: 2 1 3 
45: 1 1 24414 421 22 

1]. 1 1 4 
3 1 512 12 

65:12 11 3342 17 
1 

3 
75: 1112 2 2 9 080: 11 11 4 
85: 1 1 2 1 5 

i 1 1 3 
95: 0 

100: 1 1 2 
Fre-i 2 1 6 9 9 9 

- 

iiTh. ii 6 2 2 0 3 87 
qan e y 



TABLE XXXVIII 

TABLE SHOWING AVERAGE BRANCHES FOR THE GIVE1i 

MTGLES IN SHLAYIASSEE,--1913-1912-1911 GROWTH. 
SHOOTS HEADED BACK. 

For key to colunms ee Page 11, 

i 2 3 4 5 6 7 8 9 10 

1 2.0 4.1 3.0 1 0 2.0 66.6 

40 2 7.94 7.7 8.5 3 3 2,5 64.7 29,4 

50 1 8.5 7.5 8.0 1 2 5.0 87.5 12.5 

60 6 9.44 6.9 11.5 5 2.2 4.3 56.6 37.7 

70 9 6.22 6.4 6.6 2.3 1.9 2.4 65.0 36.7 

30 9 5.22 6.2 6.1 1.8 1.6 2.8 70.9 45.4 

90 9 6.12 7.0 6.6 2.4 1.5 2.7 63,4 4C.J 

100 11 5.68 7.3 6.4 2.4 1.6 2.3 62.8 35.7 

110 15 5.68 7.0 6.2 2.3 1.2 3.7 62.4 43.0 

120 11 7.17 7.8 8.1 2.8 1.7 3.6 65.2 45.0 

130 6 6.85 6.8 7.5 3.2 2.5 1,8 57.6 22.0 

140 2 8.94 5.4 10.0 3.0 0 7.0 70.0 7C.O 

150 2 5.78 8.2 7.5 2.0 2.0 3.5 73.4 46.6 

160 - - - - - - - - - 

170 3 5.83 10,6 6.7 1.7 3.0 2.0 75.0 30.0 
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TABLE XXXIX. 

CORRELATION TABLE FOR PER CENT OF BUDS 

BREAKING AND ANGLE OF SHOOTS IN FAMEUSE, - - 

1913-1912-1911 GRO?1'N. SHOOTS HEADED BACI. 

ShootAngles. 

40 50 60 70 80 90 100 11020 130 140 150 ibO 170 180 Frequenc 

25 2 2 

30 1 1 1 3 

35 i 1 1 1 i. 1 6 

4O 111 11 5 
45 1 1 1 2 1 2 8 

50 3 1 1 11 7 

55 31 1 5 

6o 11 2 2112 1 11 

65 2142 12 12 

7O 1 1 2 

.75 1 1144231113 22 

8o 1 1 1 1221 
85 1 ii 5 1 1 10 

9O 11 1 2. 4 

95 
100 1 iii 1 5 

2 110 18 15 11 10 6 4 lii 

qency 



TABLE XL 

TABLE SHiIING AVERAGE BRCIS FOR THE GIVEIT 
AIGLES IN FA1EUSE,--1913-1912-1911 GROWTh. 
SHOOTS JADED BACK. 

For key to columns see Page II. 

i 2 3 4 5 6 7 8 9 10 

40 1 5.37 6.2 6 4 1.0 1.0 33.3 16.7 

50 2 6.50 8.5 8 2.5 1.0 4.5 68.8 55.6 

60 4 5.09 5.5 6 1.75 .75 3.5 70.8 58.3 

70 6 7.58 7.1 7.3 3.7 1.0 2.6 50.0 36.7 

80 6 7.C8 7.3 9.8 4.0 1.3 4.5 59.3 45.8 

90 10 6.79 7.9 7.5 2.9 1.4 3,2 61.3 42.7 

100 18 5.84 6.8 6.7 2.3 1.0 3.3 65.3 49.6 

110 1O 8.19 6.7 9.0 3.7 .9 4.4 58.9 48.9 

120 18 8.26 7.4 7.8 2.5 1.4 3.9 68.0 50.3 

180 5 5.72 7.5 5.5 1.2 1.4 3.0 78.6 53.6 

140 11 8.5]. 7.6 8.4 2.7 1.3 4.3 67.4 51.5 

150 10 9.39 7.6 9.8 3.7 1.6 4.5 62.2 45.9 

160 6 8.12 8.4 8.3 3.6 1.3 3.3 56.0 40.0 

170 4 12.19 7.05 11.0 6.5 1.5 4.0 59.1 45.5 
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this being due o the larr nahi- &ie branches that 
are formed at these angles, at least vd.th cut back shoots. It 

will be nct iced that whi the r cent of fruit spurs decreases, 

the er cent of buds breakin 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 ccsiderably higher than was the case in 

any of the 'evicus tables. On comp ring the upper ption curves 

with those for the lower portion d the shoots a marked difference 

is seen, In the latter the e r cent of branches is very rnll, 

often being nearly zero for the variety. This only goes to 

jr ove what Bunyard5 says in his article on the physiology of pruning, 

to the effect that dormant buds are found at the base of the shoot. 

These were to a certain extent nourished y leaves which were shaded 

by those above and which were therefore not capable cf forming 

sufficient food products for large strong buds. The leaves above 

these beinC the mL favorably situated and being produced at an 

optimum time, as regards sunlight and heat, produce buds cf' great 

&çtivity, or buds that later develop into fruit spurs. The leaves 

still higher are produced in the aixunn, or during unfavorable con- 

ditions, and therefore wood buds are f a'med. In other words, 

shoots will be found at the extre'ity of a branch, fruit spurs 

along the central portion, and the dormant buds near the base. 

Correlatiai coefficients are not. large but bear practically 

the same relation to each other as in the other tables. They are 

as follows:- 

-17- 



TABLE XLI 

Variety Meen per- Standard Meen Standard Correlation 
centage DeviationShoot Deviation coefficient 

of Angle 
buds 

breaking 

Yellow New- 70.53 
town, young 
trees, 1913 

1agener,1913 86.38 

'Jagener,1912 90.17 

Shiawassee, 37.00 
1913 

Feusc,1913 

Fameuse,1912 49,26 

22.34 134.81 20.59 .187 

14.52 149.66 19.69 .135 

12.33 164.43 12.60 .101 

34.50 15,00 31.81 .068 

29.02 

26.88 105.15 34.72 .251 

In the case of the lower portion of the branches we 

find that the curves fa' Yellow Nevrtcvrn rd gener rise in favor 

of the greater angles, sharing considerable relationship in the 

case of the Yellow Newtown. Fameuse (1913) shows no evidence in 

either direction, whie Shiawassee and Faincuse (1912) show quite 

opposite results. 

Considering the group as a whole there is not so much x'e- 

lationship shown between the je r cent of buds breaking and the 

angle of the shoot as there is in the case of the upper portions 

of the shoots. A striking point to notice, hever, is the large 
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TABLE XLII 

CORRELATION TABLE FOR PER CENT OF DUDS BREAKING AND 
ANGLE OF SHOOTS IN YOUNG YELLOW NEWTOV1N,--].l3 GROWTH. 

UPPER PORTIONS OF CURVED SHOOTS. 

Shoot Angles. 

80 90 100 110 120 130 140 1O i6u 170 180 Freiency 

0 1 1 

S 
lo 11 1 3 

l5 1 1 2 

.2O 1 1 1 1 4 

1 1 2 

3o 1 11 3 

35 1 3 4 

4O 21 21 6 

45 1 1 1 1 4 

3 3 6 

1 2 2 1 2 8 

6o 1 1 3 1 2 1 9 

3 54 21 15 

7O 1 4 1 1 5 2 14 
i75 11116263 1 22 

80 11 136642 1 25 

85 1 2433 21 16 

90 2 4 2 2 2 2 14 

95 3 5 1 1 2 2 3 17 

100 33 2 1 1 4 14 

Fre- 3 3 4 20 30 43 36 22 11 8 9 189 

quency 



TABLE XLIII 

TABLE SHOWING AVERAGE BRANCHES FOR TF 
GIVEN ANGLES IN YOUi'G YJJJLOW 1i1iTOWN, -- 
1913 GROI'rti. UPPER PORTIONS c CURVED 
SHOOTS. 

For key to co1'.zrns see ?age 11. 

i. 2 3 4 5 6 7 8 9 10 

8o 3 6.17 5.1 6.o 1.3 0 3.7 77.7 77.7 

90 3 11.2 5.5 11.7 2.7 0 9.0 77.2 77.2 

100 4 8.59 5.4 9.0 3.8 .2 5.0 58.4 55.6 

110 20 10.72 6.2 12.3 5.5 .3 6.5 55.7 52.8 

120 30 13.19 6.6 12.3 3.1 .5 9.2 75.5 71.8 

130 43 14.10 7.0 13.9 4.0 .4 9.5 71.4 68.1 

140 36 15.72 7.2 15.5 4.7 .4 10.4 67.1 64.5 

150 22 16.12 7.9 15.7 4.5 1.2 10.0 71.0 63.7 

160 11 19.67 8.4 13.5 3.3 1.5 13.7 82.3 74.0 

170 8 19.23 8.3 18.8 4.9 2.1 11.8 74.0 62.6 

180 9 22.43 9.4 20.0 1.7 3.8 14.5 91.6 72.8 
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TABLE XLIV 

CUkRELATIÓI; TABLE ÏOR PER CENT OF BUDS BREAKING 
AND ANGI.S OF SHOOTS IN WAGENER,--1913. UPPER 
PORTIONS OF CURVED SHOOTS THAT HAVE Bi HEADED 

BACK 

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

O 

5 
lo 

15 

20 
bo 

30 1 1 

. 40 1 

45 1 1 1 3 

50 1 1 112 6 

55 1 1 2 

' 60 i i 1 4 3. 1 9 12 41 6 14 

70 1 232 2 10 

75 1 1 3 2 2 3 1 13 

80 1 1 2 2 2 3 6 2 1 20 

85 1 1 4 5 2 6 4 23 

90 63711895 49 

95 1 1 1 4 2 2 11 

100 1 3 14 26 28 28 21 14 135 

Fre- 1 1 1 1 1 6 19 31 51 60 5 46 24 297 

quency 



T.ABL XLV 

TABLE SHOWING AVERAGE BRANCHES FOR THE 

GIVEN ANGLES IN WAGENER,--1913 GROWTH. 

UPPER PORTIONS OF CURVED SHOOTS THAT HAVE 

BU HEADED BACK. 

For key to coltnis see page 11. 

i 2 3 4 5 6 7 8 9 10 

60 1 4.50 10.5 5.0 3.0 0 2.0 40.0 40.0 

70 1 2.50 8.6 4.0 2.0 0 2.0 50.0 50.0 

80 1 4. 7 13.0 .O 1.0 1.0 3.0 80.0 60.0 

90 1 5.00 7.0 4.0 1.0 1.0 2.0 75.0 50.0 

100 1 5.75 13.2 6.0 i.o 2.0 3.0 83.3 50.0 

110 6 10.10 12.1 8.0 2.0 2.3 3.7 75.0 45.8 

120 19 8.46 12.4 7.6 1.2 2.2 4.2 84.0 54.8 

130 31 10.07 12.4 8.3 1.2 2.6 4.5 84.7 54.7 

140 10.12 12.9 6.6 1.1 2.5 5.0 87.3 58.6 

150 60 12.59 12.8 10.1 1.1 3.0 6.0 88.9 59.3 

160 55 13.22 13.6 10.5 .9 2.9 6.7 91.9 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 8.1 93.2 66.0 





TABLE XLVI 

CORBJLATIO TABLE FOR ?E CENT OF BUDS 

BREAKING AND ANGLE OF SHOuTS IN WAGEIR, 

1912 GROWTH. UPPER PORTIGi5 OF CURVED 

SHOuTS THAT HA N HEADED RACK. 

Shoot Angles. 

13C 140 150 160 170 13O FreQuency 

o 

s 
10 

15 

20 

25 

3o 
rI 

g40 1 1 

$i4 

.5o i 1 1 3 

6o 
065 1 1 

7O 1 1 

75 i 2 1 4 

..8o i. i. 2 

85 3 3 s i 12 

90 :i. 4 2 5 8 6 26 

95 1 1 2 

100 1 4 118 6 36 

Fr.- 1 10 7 17 37 16 

quency 



TABLE XLVII 

TABLE SHOWING AVERAGE 1RANCFiES FOR THE GIVEN 
ANGLES IN WAGENERI --1912 GROWTh. UPPER POR- 
TIONS OF CURVED SHOOTS THAT HAVE BEEN HEADED 

BACK 

For key to co1ns aee Page 11. 

2 3 4 5 6 7 8 9 10 

130 1 10.25 28.9 9.0 1.0 3.0 5.0 88.88 .55.6 

140 10 8.44 22.2 .4 1.2 2.9 3.3 83.8 446 

150 7 12.05 22.7 9.7 .7 3.7 5.3 92.7 54.4 

160 17 11.68 24.0 9.7 1.0 3.5 5.2 89.7 53.9 

170 37 13.34 24.6 10.4 1.0 4.3 5,1 90.8 49.0 

180 16 14.20 27.6 10.9 1.0 5.0 4.9 91.4 45.1 
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TABLE )VIII 

COBBELATION TABLE FOR P CENT OF BUDS BREAKING 
AND ANGLE OF SHOOTS Ii SFiIAWAS&ÏE,--1913 GROWTH. 
UPPER PORTIÚ::S OF CURVED 0ÜTS. 

Shoot Anglee. 
6o 70 80 90 100 110 120 1C 140 150 160 170 Frequy 

O 151 11223 12 19 
5 1 1 

10 11 2 
15 1 1 
20 1 1 1 1 4 

i i 
30 1 1 

1 1 1 3 
40 1 1 o45 11 2- 

50 1 1 2211 6 

55 
o 60 1 1 2 

65 1 1 
70 1 1 2 

75 1 i 1 3 

85 1 1 2 
90 1 

95 
100 2 2 1 1 6 
Fre-1266 614 4'2 657 60 
quency 



TABLi XL 

TABLE SHOWING AVERAGE BRANCHES FOR THE GIVEN 
ANGLES IN 5HIAWASE, -- 113 GPL)TN. UPPER 
PuRTI UI CURVED SHOOTS. 

For key to coltfl3 see Page 11. 

1 2 3 4 7 8 

60 1 2.50 4.9 5.0 4.0 0 1.0 20.0 20.0 

70 2 5.13 4.3 5.0 4.0 0 1.0 20.0 20.0 

80 6 3.85 4.1 4.0 3.8 0 .2 4.2 4.2 

90 6 4.41 4.8 5.8 1.8 0 4.0 68.6 68.6 

100 6 4.56 4.7 4.8 1.6 0 3.0 62.1 62.1 

110 1 6.25 3.0 5.0 5.0 0 0 0 0 

120 4 4.78 4.5 5.8 4,5 0 1.3 21.7 

130 4 6.75 5.8 7.8 5.5 0 2.3 29.0 29.0 

140 12 6.08 5.7 8.6 4.3 0 4.3 49.5 49.5 

150 6 8.16 5.3 12.7 8.5 0 4.2 32.9 32.9 

160 5 7.52 5.9 10.8 7.6 0 3.2 29.6 29.6 

170 7 9.68 6.4 11.1 6.1 .1 4.9 44.9 43.6 
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TABLE L. 

CORRELATION TABLE FOR PER CENT OF EUDS BREAKING 
AND ANGLE OF SHOOTS IN F!EUSE, --1913 GROWTH. 
UPPER PORTIOiS OI' CURVED SHOOTS. 

Shoot Angles. 
_6ü 70 80 90100 110 120 130 140 150160 170 Freguenc 

0 3 1 22 8 

5 
10 1 1 1 3 
15 2 11 2 6 

2O i i 

11 1 3 

30 1 1 

351 1 1 3 
°40 1 1 2 

45 1 11 3 
5O 1 1 12 2 7 

2 1 3 
060 1 2 3 

165 ii 1 31 7 

o 70 

75 1 1 2 

8O 1 1 1 2 1 1 7 

85 1 1 5 
90 1 1 211 6 

95 21 3 
100 13213222 21 19 
Frs-. 2 210 7 9 5 16 13 9 7 5 5 
quency 



TABLE LI 

TABLE SHOWING AVERAGE BRANCHES FOR TI-tE GIVEN 

ANGLES IN FAMEUSE,--1913 GROWTH. UPPER POR- 

TIONS OF CURVED SHOOTS. 

For key to co1xnns see Page 11. 

1 2 3 4 5 6 7 8 9 10 

50 2 3.00 4.1 4.0 1.5 0 2.5 62.5 62.5 

60 2 7.62 5.7 8.5 3.5 0 5.0 58.8 58.8 

70 10 6.17 5.0 6.5 3.7 0 2.8 43.3. 43.1 

80 7 5.37 4.9 6.3 4.6 0 3.7 59.1 59.1 

90 9 7.98 6.1 8.8 2.9 0 .9 67.1 67.1 

100 5 4.6 5.3 5.0 1.8 0 3.2 64.0 64.0 

110 16 8.18 5.8 8.8 3.6 .2 5.0 58.6 56.4 

120 13 6.52 5.6 7.8 3.5 .3 4.0 55.4 51.5 

130 9 7.58 6.0 7.7 1.9 .1 5.7 75.4 73.9 

140 7 7.89 6.4 10.9 3.9 .3 6.7 64.5 61.8 

150 5 16.02 7.9 18.0 4.8 .2 13.0 73.4 72.2 

160 .5 8.40 6.1 7.8 2.0 .4 5.4 74.3 69.2 

170 2 8.93 6.6 12.5 2.5 1.0 9.0 80.0 72.0 
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TP1BLE LII 

CORRELA'IION TABLE FOR P CT CF SUDS BREAKING 
AND ANGLE 0F SHOOTS Il! FALEUSE,--1912 GROWTh. 

UPPER PORTIOS OF CURVED SI-lOOTS. 

Shoot Angles. 

30 50 6e 70 8090 100 110 120 130 140 1016Ol7O 180 FreQuency 

001 
1 1 3 

5 
lo 

15 1 1 

20 1 1 1 3 
25 1 1 

3o 
35 1 1 2 

.D40 i 1 45 1 1 

g5o i i 

,551 i 2 
o 60 1 1 

65 i 1 1 1 4 

C) 

. 75 
3O 11 i 3 
85 1 1 1 3 
90 

95 
90 1 ______ i 

Ire-111242 3231321 f27 
quicy 



TABLE LIII 

TAbLE XiOWING AVERAGE BRANCHES FOR T GIVEN ANGLES 

IN FIMkUSE.-- 1912 GROWTH. UPPER PORTIONS OF 

CURVED SHOOTS. 

For key to colwnna see Page II. 

1 2 3 4 5 6 7 8 9 10 

30 1 14.47 5.9 15.0 7.0 0 8.0 53.4 53.4 

50 1 2.12 7.3 4.0 4.0 0 0 0 0 

60 1 8.12 5.3 8.0 4.0 0 4.0 50.0 50,0 

70 2 8.25 6.1 9.0 30 o 6.0 66.6 66.6 

80 4 4.22 5.1 5.0 3.5 0 1.5 30.0 30.0 

90 2 8.37 5.7 9.5 4.0 0 5.5 57.9 57.9 

loo 3 6.50 8.3 8.7 5.7 .7 3.0 42.3 34.6 

110 2 6.2.5 6.0 8.0 2.0 0 6.0 75.0 75.0 

120 3 7.17 5.3 7.6 4.6 0 3.0 39.1 39.1 

130 1 4.2.5 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 

1)0 2 9.37 7.9 6.5 5.5 .5 2.5 35.3 29.4 

160 1 6.25 9.5 6.0 1.0 4.0 1.0 33.4 16.7 

170 1 19.12 9.3 15.0 5.0 1.0 9.0 66.6 60.0 



percentage cf dorment buds, and the alnicst tot.al absence of 

ve;etative shoots. 

The efficients ccrrespond quite closely to the general 

trend of the curves end are as follows:- 

TkBIE LIV 

Variety )Íean per- Standard Mean Standard Correlation 
ceritage Deviation Shoct Deviation Coefficients 
cf buds Angle 

breaking 

Yellow New- 45.05 
town, young. 
1913 

Wagener,1913 45.59 

Wagoner, 1912 47.00 

Shiavtassee,1913 14.42 

Femeuse, 1913 39.35 

Faiaise, 1912 25.92 

21.24 112.16 30.57 .339 

24.14 121.88 1,35 .049 

.058 

20.29 117.00 29.12 -.231 

26.99 102.17 34.54 -.005 

28.58 112.22 24.39 -.316 

-19- 
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TABLE LV. 

CORRßLATIOì TABLE FOR ? Ci'T OF UD3 ¿REAKLG 
AD ANGLE OF SHOOTS IN YOUI'JG YELLOW NEWTOV. --1913 
GROwrii. LOVißR PORTIOì!S OF CURIED SHOOTS. 

Shoot Angles. 
70 80 90 100 110 120 130 140 150 160170180 Frency. 

O 11 2 1 1 1 1 1 9 

5 
lo 1 1 

15 1].1 2 2 1 1 1 10 2O 214 3 1 1 12 
25 i 2 3 6 

30 222 3 2 1 1 13 
.035 331 2 5 1 2 1 1 1 20 
.40 222 2 4 12 

45 2 5 5 5 1 2 1 21 
.5O i 3 3 1 3 1 2 1 1 16 
055 1 2 3 1 2 1 1 2 1 14 

6O i 1 4 1 1 1 1 1 2 13 

65 2 2 3 1 1 1 3 2 15 

..70 1 1 2 1 1 2 1 9 

75 1 11 31 7 

80 1 2 4 1 8 

85 1 1 

90 1 1 

95 
100 1 ______ 1 2 

Fre- 12 11 23 30 3d 20 8 13 14 14 8 7 190 
quency 



TABLE LVI 

TABLE SHO'WIi'U AVERATi BRACFS FOR 'lIJE 

GIÌi' AìGLES Iì YuULG YELLOW N]ITOViN,--1913 GRLI'TH. 
LOVIER PORTIOIS O CURViA) SnOOTS. 

For key to co1i.nns aee Page 11. 

1 2 3 4 5 6 7 8 9 10 

70 12 9.34 6.3 9.6 6.3 0 3.3 34.8 34.8 

80 11 8.71 7.0 9.2 6.0 0 3.2 34.7 34.7 

90 23 9.79 7.0 9.6 6.1 .1 3.4 36.2 35.3 

100 30 9.22 6.9 9.1 5.0 .03 4.1 44.9 44.7 

110 30 10.41 7.1 9.9 5.6 .03 4.3 43.6 43,3 

120 20 10.84 7.5 10.2 4.8 0 5.4 52.7 52.7 

130 8 14.70 7.6 12.4 5.3 0 7.1 57.6 57.6 

140 13 10.57 6.5 9.2 4.8 .1 4.3 47.0 46.2 

150 14 12.62 7.8 11.2 4.9 0 6.3 56.1 56.1 

ibO 14 13.45 7.9 12.6 4.0 .1 8.5 68.3 67.2 

170 8 11.75 6.9 10.7 4.7 o 6.0 55.9 55.9 

180 7 13.02 7.8 11.6 4.7 .7 6.2 59.3 53.1 
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TABLE LVII. 

CORRELATION TABLE FOR PER CENT OF DUDS BREAKING 
AND ANGLE 0F SHOOTS IN WAGENER,--1913 GROWTH. 
LOWER PORTIONS OF CURVED SHOOTS. 

Shoot Angles. 

70 80 90 100_110120 170 Frequency. 

O 4 6 3 7 3 2 1 2 28 

5 
10 1 1 

3 3 6 3 5 2 22 bolS 
: 20 3 1 4 

: Z5 1 1 2 2 1 1 3 11 

3O i 2 4 4 1 2 14 
.D35 i 2 6 4 4 3 2 22 

4O 1 2 5 9 4 5 1 27 

g45 11 1 2 5 1 3 2 1 17 

.15O 24 4 5 6 3 2 5 1 32 
o 

i 2 2 2 2. 

. 6o i 3 7 .5 3 4 5 4 3 3.5 

65 2 5 5 8 2 1 23 

..70 1 1 1 2 2 2 3 1 13 

75 4 3 1 1 2 

80 2 1 5 1 3 1 1 14 

85 2 2 3 1 8 

90 1 1 

95 
100 2 1 1 4 

Frs- iT8 l43T37 3011 297 

quency 



TABLE LVIII 

'1AìL ShOWING AKAGE BRANC}S FOR TEì 
GIViI ANGLES IN WAG1NER, -- 1913 GR(H. 
LO'âER PORTItS OF CURV)D SnOOTS. 

For key to columns see Page 11 

i 2 3 4 5 6 7 8 9 10 

70 1 6.75 13.8 7.0 3.0 0 4.0 57.2 57.2 

8e 8 6.45 12.7 6.9 4.9 .1 1.9 29.2 27.6 

90 14 5.16 12.3 5.6 2.6 .2 2.8 53.8 50.0 

1.00 40 6.38 12.8 6.4 3.8 .3 2.3 40.3 35.7 

110 46 7.01 12.5 6.8 3.4 .3 3.1 50.6 46.2 

120 67 7.99 12.8 7.2 3.9 .1 3.2 46.0 45.0 

130 43 8.71 13.8 7.3 3.9 .1 3.3 47.3 46.0 

140 37 8.96 14.0 7.3 4.0 .1 3.2 46.7 44.1 

150 30 8.89 19.3 10.5 5.3 .1 5.1 49.8 48.9 

160 11 11.20 14.9 8.7 4.2 .1 4.4 52.1 51.1 
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TABL LIX. 

CORLATION TABLE FOR P CENT CF BUDS 
BRAKIiiG AND ANGLE OF SHOOTS IN WAGENER, 
1912 GLO"TlI. LOWER PORTIONS OF CV 

SHOOTS. 

Shoot Angles. 
110 120 130 140 1IÒ 160 

0 11 11 4 

5 
10 

15 1 1 2 4 
20 2 3 2 1 8 
25 1 1 1 1. 4 
30 i i 1 1 4 

1. 1 1 1 1 5 
4O 1 2 2 5 045 

1 2 1 2 6 

.5o 6 1 6 3 2 1 19 
n 

2 3 1 i 1 8 06, 1 3 1 5 
7O 12 1 4 

75 2 1 3 
1 1 1 2 5 

85 
90 1 1 

95 

10_p i i i 3 
Fre- - 12 12 20 23 17 4 8U 
quency 



TABL] LX 

TABLE SHOWIHG AV1RAG1 BRANCHES FOR THE 

GIVEN ANGLES IN WAGENER,--1912 GROWTH. 

LOWER PCRTIOS OF CURVED SHOOTS. 

For key to columns see page 11. 

i 2 3 4 5 6 7 8 9 10 

110 12 6.09 23.8 5.4 2.9 .2.5 2.3 46.2 41.5 

120 12 6.65 21.9 5.6 3.3 .33 2.0 41.8 35.8 

130 20 7.06 24.6 6.3 3.5 .25 2.6 45.2 41.3 

140 23 7.79 25.0 6.5 2.9 .48 3.1 55.7 48.3 

150 17 7.10 26.5 6.4 3.4 .53 2.4 46.3 37.9 

i6c 4 7.69 27.8 6.3 3.0 .25 3.0 52.0 48.0 
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TABLE LXI. 

CORRELATION TALLE FOR PER CENT OF. BUDS BREAKING 
AND ANGLE OF SHOOTS IN SHIAWASSEE,--1913 GROWfl-i. 

LOVJ1R PORTIONS OF CURVED SHOOTS. 

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

Quefl 

O 1233 6536211235 
5 

10 

1 1 1 3 
20 1 1 11 4 

25 1 1 1 1 4 
bD 
30 
351 1 1 2 5 

w40 2 2 

1 1 

2 11 4 

i 55 
6o 

1 1 

.7O 
4)75 1 1 

100 
Fre- i - 1 3 4 3 T 10 9 4Ti]65 
quency 



TABLE LXII 

TABLE SHOVL G AV]MG] BRAkCkiES FOR ThE GIVEN 
AiGLES IN SHIAWASSEE, -- 1913 GROYTH. LQWER PORTIONS 

OF CURVED SHOOTS. 

For key to colurnrie see page 11. 

1 2 3 4 5 6 7 8 9 10 

40 1 2.00 4.9 3.0 2.0 0 1.0 33.3 33.3 

60 1 3.87 5.3 5.0 4.0 0 1.0 20.0 20,0 

70 3 2.66 5.1 3.6 2.3 0 1.3 36.7 36.7 

80 4 3.41 4.2 4.3 3.5 0 .8 17.6 17.6 

90 3 3.33 5.0 6.3 6.3 0 0 0 0 

loo 7 4.77 5.9 6.6 5.0 o 1.6 23.9 23.9 

110 10 4.25 4.7 4.9 3.9 0 1.0 20.4 20.4 

120 9 4.32 5.6 5.0 4.2 o .8i 15.6 15.6 

130 4 4.69 5.3 4.5 4.3 0 .2 5.6 5.6 

140 8 4.70 61 5.8 5.0 0 .8 13.0 13.0 

150 5 6.07 5.2 6.4 5.0 0 1.4 21.9 21.9 

160 2 4.81 5.3 6.0 5.5 0 8.3 8.3 

170 1 1.75 4.0 2.0 2.0 0 0 0 0 

180 2 4.3]. 5.0 3.0 3.0 0 0 0 0 
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TABLE LXIII 

CORRELATION TABLE FOR PER CENT OF BUDS BREAKING 
AND ANGLJ 0F. SHOOTS IN FAtEUSE, --1913. G?.JWTH. 
LOuER PORTIONS. OF. CURVED SHOOTS. 

Shoot Angles 
20 30 4050 60 1C Q0 10.16O17p 180 Freguençy 

0 31223531 4 a 2 27 
5 
10 1 1 2 

15 2211 2 11 10 
20 1 2 2 5 
25 1 1 11 1 5 

30 1 1 

3.5 1 1 2 

401 3 1 2 7 

45 1 1 2 

50 2 1 214 21 13 
1 1 2 

+ 60 1 1 1 3 

65 1 21 11 6 
° 

70 1 

75 1 1 

80 1 1 2 

85 

90 
95 

100 2_ l_ 
Fre-1224271091512 64921 42 92 

ncy 



TABLE LXIV 

TABLE SHOWING AVERAGE BRAiC}iS FOR T} GIVEN 
A1GLES IN F/IUL - - 1913 GROVH. LO1R POR- 
flONS OF CURV1D ShOOTS. 

For key t:o co]nns eee page 11. 

i 2 3 4 5 6 7 8 io 

20 1 3.75 4.5 .O 3.0 0 2.0 40.0 40.0 

30 2 2.87 5.9 4.0 2.0 0 2.0 50.0 50.0 

40 2 2.31 5.3 3.5 2.5 0 1.0 28.6 28.6 

50 4 5.09 5.4 6.0 4.2 0 1.8 29.3 29.3 

60 2 3.80 6.6 4.5 4.0 0 .5 11.1 11.1 

70 7 4.55 6.4 5.3 3.1 .5 1.7 40.5 32.9 

80 10 3.84 5.7 4.6 3.2 0 1.4 30.9 30.9 

90 9 4.59 5.6 6.0 4.8 0 1.2 20.8 20.8 

loo 15 4.70 5.2 5.3 3.3 0 2.0 37.5 37.5 

110 12 5.82 6.8 6.8 4.1 0 2.7 39.5 39.5 

120 6 7.64 5.8 7.5 5.3 0 2.2 28.9 28.9 

130 4 4.94 6.8 5.2 2.5 0 2.7 52.4 52.4 

140 6.11 5.9 7.2 6.2 0 1.0 13.8 13.8 

150 2 7.12 5.2 7.5 6.0 0 1.5 20.0 20.0 

160 1 6.7,5 6.6 5.0 3.0 0 2.0 40.0 40.0 

170 4 5.62 6.4 6.5 3.25 0 3.25 50.0 50.0 

180 2 3.44 4.3 5.0 5.0 0 0 0 0 
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TABLE LXV. 

CORBELATIû: TABLE FOR IZR CENT OF BUDS 

BREAXI1'JG AND ANGLE OF SHOOTS IN FMEUSE, 
1912 GROWTH. LOWER PORTIOIS OF CURVED 

SHOOTS. 

Shoot Angles. 
p6o 70 80 90 loo 110 120130140 150 160 170 Frequency 

o i 2 2 2 1 1 1 10 
5 

10 1 1 
15 1 1 1 1 4 
20 
25 1 1 
3O 

.35 1 1 2 

45 11 2 
a,50 i i 2 

6o i I 
65 1 1 
7o 

75 
8o 

65 1 1 
90 
95 

100 _1 1 
Fre- 1 2 2 5 6 4 

____________ 
3 2 f i 27 

quency 



TABLE LXVI 

TABLE SHOWING AVERAGE BRAuCHES FOR THE GIVEN 

ANGLES Ii' FAMEUSE, --1912 GRO%TH. LOWER POR- 

TIONS OF CURVED SHOuTS. 

For key to coltns see page 11. 

1_ 2 3 4 6 7 8 9 10 

50 1 7.25 5.9 7.0 7.0 0 0 0 0 

80 2 .5.5 6.4 6.0 3.0 0 3.0 50.0 50.0 

90 2 .587 7.8 7. 3.5 0 4.0 53.3 53.3 

100 5 3.2.5 5.3 5.0 3.4 .2 1.4 32.0 28.0 

110 6 6.27 7.0 8.]. 5.3 0 2.8 34.7 34.7 

120 4 4.88 7.3 5.8 4.8 .2 .8 17.4 13.0 

130 3 6.12 7.9 6.6 5.6 0 1.0 15.0 15.0 

140 2 4.12 5.2 5.5 5.0 O .5 9.1 9.1 

160 1 5.5 3.7 7.0 6.0 0 1.0 14.3 14.3 

170 1 7.5 5.0 7.0 7.0 0 0 0 0 



DISCUSSION OF DATA PRESENTED. 

Froi the date. that have been presented it is evident 

that there is a relationship existir between the angle of the 

shoot and the character f the buds it prduces, cr at least be- 

tween the angle of the shoot and the type of growth resulting from 

these buds. In the varieties which natur&iiy exhibt eri upright 

form this is especially marked, while in the varieties cf spreading 

habit there seems to be a point very close to the meer. angle of 

the shoots where the grestest nuiithr cf fruit buds is to be foirnd. 

In rio case, where t1ere was a large enough fregiency to largely 

avoid experimental error, was there any evidence showing the 

superiorit[ as future fruiting branches shoots growing at an 

angle below the horizontal. 

This is contrary to the ideas of sî of the early horti- 
culturists cited in the introduction. It will be noticed, how3ver, 

that in the experiment and experiences upon which former opinions 

wore based, the ±oots were bent or inclined artificially to a 

me horizontal or downward direction. Heroin lies the difference 

çerheps. Bailey8 in his Pruning Book says:- 

"Bending the shoot to a hori ntal or deflexed position 
tends to lessen grth, rhaps because 1 its position, but 

chiefly because of the kinking modification the tissues at the 

bend." This "kinking" vrhich takes place at the bend is bnd to 

restrict the fl d sap in the shoot end instead of being cai- 

ducted to other portions of the tree, will be used in the shoot it- 
self in the formation d fruit buds. It wuld have an effect 

-20- 



similar to that of rirLing, but not to so narked a degree. A 

limb ro'iing natur9lly on a tree at a depressec!. angle would not 

have &ny action upon it similar to this to cause fruiting. It 

would seem that the sap would be as free to flow ir: it as in 

any other portion of the tree. Furthermore, branches at these 

lower angles have character5stics which, a will be shown later, 

are not conducive to maximurq fruit spur formation. 

RELPTION 0F .AI'JGLE 0F SHOOT TO LJGTF OF SHOOT. 

The effect of the angle upon the length of shoots in 

plants has frequently been mentioned in botanic and horticultural 

literature. Dr. Ludwig JostG writes: "Growth in length is in 

general markedly influenced by gravity. Thus it has been clearly 

established that "Chars" and "Phycomyces" (E1vng 1880; Richter, 

1894) grow xnore slowly when inverted than when in a normal posi- 

tion, and other plants behave in a similar manner." 

Another interesting reference is found in Hove.'"s "1Iaazire 

of Horticulture" for 1862. In speaking of cordon training 

fruit treec the Rev. T.C. Brehant'° writes: "Another method of 

strengthening a weak branch is to untie it from the viali, and allow 

it to swing loosely in the free play of sun and air. Of course, 

then to tie down a branch has a contrary effect, and the more we 

approach the horizontal position, not so s'eak of the extrene method 

of bending it downwards altogether, the more the branc} is checked 

in its development outwards. So, if it is desired, to lengthen a 

branch,it must be directed upwards, and a branch tied, for a 

season, vertically, and exposed at the Sairte time, in wall trees, 

-21- 



to the free action of light and air, will grow much more rapidly 

than anoLher tied to tue wall, and carried into e. horizontal 

line." 

In this work similar results were obtained. On the 

averaze, the mae vertical the shoot, the greater is its length. 

The foregoing tables present data showinC the average lgth of 

the shoots for each ongle in all of the varieties, and Figures 

33, 34, 35, 36, and 37 represent in plotted forms these values 

fr the 1913 and 1912 growth cf all the different varieties studied. 

1ell Newtyïn and Wagener showed the greatest increase in ]ngth 
as the angle increased. This would naturally be expected a s the 

grïth ranged from a few inches to over three feet in the young 

trees, all Ing a curve to be constructed that would demonstrate 

the relationship very strikingly. While there is n increase as 

well In the o)d er trees, the difference in the lengths is small 

that it is not brought out so strikingly unless the tables are read 

in cm junction with the graphs. 

-22- 
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REITIT cF A1JGLES cF SHOOTS TO THEIR DIAMETERS 

Dianieters of branches shovi a strong correlation with 

the an1es atwhich they are found. Especially is this the case 

with the young Yel1ci Iewtowns and the Wageners. HerD , as the 

diameter increases the more upright the branches become. Thile 

the same principle holds in the case of the old Yellr Nevrtowns, 

Shiawassee, and Fameuse, the curves on the same sca]e (Figs. 38,39, 

40, 41, 42, and 43) do not bring it out so clearly, due to the 

fact that the increase is less in actual millirieters end is not 

comp ratively es great as in the former. This can be eplained 
by the fact that the increase in length is small je r degree d 

angle and t:e accompanying increase in diameter is also small. It 
is evident from the tables that ai increase in length means an 

increase in diameter, or in other wa'ds, the two go hand in haid. 
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RELATION LENGTH ' SFIOT TO BUD DEVELOP!TET. 

In order to determine whether the length cf a thoot has 

any influence upi the development of the buds upon it, four 

varieties wore studied. Rea1izin that the an1e of any rti- 
aJar shoot has an effect upon the devclopnient cf the buds it 
bears, each an1e was treated seprately to avoid the error due to 

a consideration in the same group of shoots of vsrying angles. 

In order to have as large a frequency as possible end yet secure 

a nwiber of different lengths that can be corns-ed, the shoots of 

each angle were divided into a number of groups according to length, 
arerages determined for each group, and likewise the avege per- 

centaes of buds breaking and c' fruit spurs fcrniing in each group. 
F. theWagener ard Young Yell Newtwn, where the growth had been 

very great, groups were gnade to include all the thoots from 

O-8", 8-16", 16-24", etc; while for the Fameuse endShiev.'.sse, ver- 
ieties n which the lengths were not great, the grouj were made 

from O-4.", 4-8", 8-12", etc. Generally, there were four a' five 

group for eeeh enle, allowing a go opportunity for orprison. 

See tables IVII, LXVIII, LXJJ( and LXX. 

. The results obtained from such a coiipariso are very con- 

vincing. They show withoit any doubt that with an increase in 

length of shoots the rcentae of buds breaking, as well as those 

fa'ming fruit rnurs increases. Of course there are a few excep- 

tions where the rcentege of buds breakin5 is greater for short 

than for long shoots, but these exceptions are few in nunicr and 

are to be e'pected. 

-24- 



In a number of instances, especially in Fameuse, the 

percentages for the longest group are just a few points lôwer 

than th e for the preceding group, suggesting that rha there 

is some optimum length for thedevelopnient of spurs. This is 

easily nceivable in the case of shoots that he made un- 

usually long, spindling grth, and that, as a consequence, have 

not developed such large, strong buds. However, the figures 

are hardly sufficient to warrant definite ccnclusions, 



COTS IN 

KEY TO TABLES LXVII--LXXIV. 

1. Angle of shoots. 

2. Groups into which shoots are divided. 

3. average length of shocts in inches. 

4. Average diameter of shoots in millimeters. 

5. Total number of buds per average shoots. 

6. Number of dormant buds per average shooté 

7. Number of vegetative shoots or branches per average shoot. 

8. Number of fruit spurs per average shoot. 

9. Per cent of buds breaking. 

10. Per cent of buds forming fruit spurs. 

11. Number of shoots included in group. 

-25-a 



TABLE LXVII 

TABLE SHO1ING INCREASE IN THE P 
CENT 0F SUDS PREAKING AND OF bUDS 
FO&:IiiG FRUIT SPURS, WITH AN IN- 
CREASE IN THE LENGTH OF SHOOTS. 
YOUNG YELLOW NE\TO'N,--1913 GRO1. 

For key to co1nre see page 2-a 

2 3 4 5 6 7 8 9 10 11 

800 

0-e " 3.84 3.5 6.0 5.5 
8-16" 12.65 4.1 i.8 11.5 

-- 
o-8 " 5.43 3.4 :.9 5.3 
8-16" 10.31 4.0 11.2 6.4 

16-24" 18.19 5.4 21.8 13.0 

1000 

C-8 " 4.61 3.3 6.5 4.9 

8-16" 11.75 4.2 12.3 6.1 

16-24" 19.15 5.6 20.0 9.6 
24.-32" 26.96 8.0 26.7 11.7 

i 1 

O .5 8.3 8.3 4 

.5 3.8 27.0 23.8 4 

.1 1.5 23.4 22.8 23 

.1 4.7 42.5 41.6 12 
o 8.8 40.2 40.2 4 

O 1.6 24.0 24.0 20 

.1 6,. 50.7 49.5 28 

0 10.4 51.9 51.9 13 

.7 14.3 56.2 53.8 3 

O-8 " 5.83 3.3 7.2 5.3 C 1.9 25.5 25.5 19 

8-16" 11.68 4.0 12.6 6.3 .1 6.4 50.6 49.7 28 

16,24" 20.20 56 20.6 9.3 .1 11.2 55.0 54.2 31 
24-32" 27.05 6.9 26.3 8.4 1.1 i6.8 63.1 63.9 10 

12C° 
- 

o-8 " 5.57 3.2 7.0 5.1 

8-16" 10.82 3.7 11.1 5.1 
16-24" 19.61 5.4 20.0 10.0 
24-32" 27.0 6.7 25.3 9.5 
32-40" 33.27 7.2 31 10 

q i.: 26.1 26.1 22 

.2 5.i 53.8 52.4 32 

.1 9.9 49.8 49.1 34 

.2 15.5 62.6 61.1 13 
O 21 67.7 67.7 1 

O-8 " 5.93 3.2 7.3 4.8 0 2.5 34.5 34.5 
8-16" 12.77 4.2 12.9 4.8 .2 7.9 62.8 60.9 

16..24" 20.6 5.6 21.0 .5 .3 12.2 59.6 58.1 
24-32" 26.95 6.9 25.3 9.1 .5 15.7 64.2 62.2 
32-40" 33.29 7.3 ..o 1.5 17 68.6 63.5 

1400 

o-8 " 5.06 2.9 6.9 

8-16" 10.43 3.7 10.7 

16,24" 20.51 5.5 21.0 

24-32" 23.08 7.2 26.8 

32-40" 34.16 7.8 30.8 

40-up" 40.88 9.3 36.5 

4.6 0 2.3 32.8 32.8 
4.9 .1 .5.7 53.9 53.4 
9.2 .3 11.5 5b.2 54.7 

8.9 5.5 17.3 66.8 64.7 

9.0 1.7 2.1 7.7 65.2 

8.5 3.0 25.0 76.7 66.5 

16 

32 
43 

34 

6 

8 

28 

74 

23 

2 



TABLE LXVII- - page 2 

For key to coluns see page 

1 2 3 4 5 6 7 8 9 10 

o-8" 

8-1 6" 
16-24" 

24-32" 
AfIt 

40-up" 

1600 - 

'L8 " 

16-24" 

24-32" 
32-40" 

40-up" 

1700 

4.75 3.6 6.0 2.0 0 

12.31 4.5 12.4 5.1 .3 

23.58 b.2 22.2 6.]. .5 
28.80 7.3 27.4 7.9 .7 

34.77 8.5 31.7 8.2 1.3 
43.66 9.7 38.0 10.0 2.7 

6.0 3.0 6 

10.31 3.3 10.1 
20.31 6.6 20.2 
28.44 7.1 27.3 
35.67 8.9 32.9 
41.46 10 37.4 

4.0 66.7 66.7 

7.0 59.1 56.4 
14.6 63.9 66.4 

18.8 71.2 68.5 

22.2 74.2 70.2 

25.3 73.7 66.7 

4 0 2 33.3 33.3 
5.1 .1 4.9 49.4 48.2 
8.5 .3 11.4 57.7 56.3 
8.4 1.0 17.9 69.1 65.6 
8.0 2.4 22.5 77.2 68.0 
7.1 5.3 25.0 81.2 67 3 

3 

12 

11 

68 

56 

3 

1 

8 

11 

32 
91 

15 

0-8 " 7.0 2.7 7.0 4.5 0 2.5 35.7 35.7 2 
8-i6" 11.67 3.6 10.3 3.7 0 6.6 64.5 64.5 3 
16-24" 20.69 5.6 20.0 7.0 .5 12.5 65.0 62.5 2 
24-32" 29.86 7.4 29.4 6.8 1.5 2?..T 76.8 71.0 17 
32-4G" 36.60 9.4 34.1 6.5 3.4 24.2 80.8 71.0 39 
40-up" 43.15 11.0 4C.3 7.5 6.5 26.3 81.4 65.3 12 



TABLE LXVIII 

TABLE SHOWING INCREASE IN THE PER CENT OF BUDS 
BREAKING AND OF BUDS FO MING FRUIT URS, WI TE 
AN INCREASE IN THE LENGTH OF SHOOTS. WAGENER, 
1913 GRTH. 

For key to columns see çage 25-a 

1 2 3 4 5 7 8 9 10 11 

800 

O-8" 4.41 7.6 5.3 3.3 .7 1.3 37.5 25.0 3 
84." 11.21 9.1 10.3 4.6 1.8 3.9 55.8 37.2 6 

900 

0-8 " 5.18 8.1 6.2 2.6 .6 3.0 57.5 53.1 17 8_16t 10.33 9.9 9.6 3.9 1.8 3.9 59.4 40.6 11 

1000 

0-8 
" 569 7.4 7.9 2.5 1.1 3.3 63.9 48.2 12 

8-16" 11.48 10.3 10.5 4.3 2.2 4.0 58.7 37.4 17 
16-24" 18.58 12.5 15.3 6.3 2.7 6.3 58.7 41.3 3 

1100 

0-8 593 6.32 5.6 2.3 .7 2.6 58.9 47.8 16 
8-16" 11.88 10.4 10.3 3.9 2.2 4.2 60. 40.2 39 

16-24" 16.37 11.9 12.3 4.0 3.3 5.0 67.6 40.6 3 

1200 

0-8 " 5.95 7.5 5.3 2.1 .7 2.5 60.8 47.3 14 
8-16" 11.80 10.0 10.1 3.5 2.2 4.4 62.2 43.6 52 

16-24" 18.74 11.9 14.9 5.4 2,7 6.8 64. 45.7 U 
13C 

- 

e-8" 6.09 6.8 6.0 2.2 .6 3.2 63.9 54.2 12 
8-16" 12.19 10.3 10.2 4.0 2.0 4.2 60.9 41.7 30 

16-24" 18.88 12.2 15.5 4.9 27 8.0 66.8 51.6 12 
24-32" 26.0 11.9 17. o 3.0 2.0 12.0 82.3 70.6 1 

140° 
0git 

7.38 8.4 6.3 2.0 1..3 3.0 68.0 48.0 4 
8-16" 12.36 10.5 10.5 3.3 1.9 5.3 68.3 50.2 28 

16-24" 19.92 11.4 16.1 5.0 2.7 8.4 69.2 52.2 23 
24-32" 25.67 11.27 17.7 5.7 3.7 8.3 67.9 47.2 3 

150° 
0-8 " 7.25 6 7 4 1 2 42.9 28.6 1 
8-16" 12.82 10.7 10.6 3.4 2.3 4.9 67.7 43 25 

16-24" 19.76 12.1 15.6 3.5 3.0 9.1 77.9 5..5 29 
2-32" 27.44 13.4 21.5 4.3 4.9 12.3 79.9 57.3 6 



TABLE LXVIII --page 2. 

For key to columns see rage 25-a 

2 3 4 5 6 7 8 9 10 11 

160° 

O-8 " 6.62 11.8 5.3 1.0 2.0 2.0 81.3 37.5 3 

8-16" 12.54 11.3 10.7 3.0 2.1 5.6 72.0 52.]. 31 
16-24" 19.60 12.8 15.9 4.2 3.1 8.6 73 3 53.8 56 
24-32" 25.96 13.5 D.6 5.4 3.6 11.6 73.7 56.3 14 

1700 

0-8 " 6,87 12.0 8.0 1.0 2.0 5.0 87.5 62.5 1 

8-16" 14.05 13.1 11.5 2.3 3.0 6.2 80.2 53.7 21 
16-24" 20.33 14.3 16.3 3.7 3.3 9.3 77.5 57.1 117 
24-32" 27.18 15.0 2.7 4.3 4.4 13.0 79.9 59.6 59 

i800 
8-16" 14.23 14.8 12.0 5.1 2.4 4.5 57.5 37.5 10 
16-24" 20.18 14.9 16.6 3.7 3.4 9.5 77.7 57.3 48 
24-32" 28.42 16.3 23.4 5.1 4.3 14.0 78.4 60.1 83 

32-40" 35.08 16.7 28.6 6.3 5.8 16.5 77.0 58.0 24 



TBLI LXIX 

TAbLE SF1OWI;G INCREASE IN TkUt P1R 
C'1T OF EUDS BRAKI)G AND OF iflJDS 

FORMING FRUIT SPURS, WITh AN IiCEASE 
IN THE L1GTH OF SHOOT3. 
SHIAWA6S, 1913 GROWTH. 

For key to co1ur.e see page. 25-a 

2 : ' 8 : b II 

O-4 " 1.9 3..5 3.0 2.4 0 .6 20.0 20.0 5 
4-8 " 6.0 4.2 7. 3..5 O 4.0 53.3 53.3 2 

40° - 
O-4 " 2.39 4.1 3.3 2.5 0 .8 25.0 25.0 6 

4-8 " 5.o6 3.7 6.0 5.3 0 .7 12.5 12.5 4 

8-12" 8.2 4.9 10 4 0 6 6o.o 60.0 1 

C-4 " 2.73 3.9 4.2 3.4 0 .8 19.6 19.6 12 

4-8 ' 5.39 3.8 6.3 3.8 o 2.5 39.5 39. 6 

60° - 
O-4 " 2.68 3. 3.9 3.3 0 .6 i..5 1$.5 15 

4-8 " 6.07 4.1 7.0 3.6 o 3.4 49.0 49.0 7 

8-12" 9.2k 4.5 8.5 4.5 0 4 47.1 47.1 2 

U-4 " 2.95 3.9 43 3.3 0 1 .0 22.4 22.4 19 

4-8 " 6.46 4.0 6.3 4.9 .c 1. 29.4 2b.3 26 

ß-12' 9.61 4.8 10 7.5 0 2.5 25.0 25.0 2 

80° 

O-4 " 2.42 3.5 4.0 2.8 0 1.2 29.6 29.6 34 

" 5.25 4.1 6.4 3.6 o 2.8 43.2 43.2 30 

8-12" 9.38 4.8 10.5 4.1 0 6.4 6o9 60.9 10 

12-16" 13.5 5.2 15 3 0 12 80.0 80.0 i. 

O-4 4.94 3.8 4.2 3.2 0 1.0 22.8 22.8 30 

4-8 5.68 4.3 6.8 4.4 .2 2.3 35.0 34.6 42 

8-12" 9.25 4.7 10.4 4.0 0 6.4 61.5 61.5 8 

1000 

O-4 " 2.64 3.9 4.4 3.3 0 1.1 24.9 24.9 46 

4-8 " 5.76 4.3 7.3 4.7 0 2.6 36.]. 36.1 36 

8-12" 9.44 5.2 10.9 5.6 .2 5.1 48.6 46.4 13 

12-16's 13.42 6.3 15.2 8.0 0 7.2 47.4 47.4 5 



TABLE LXIX-- page 2 

For key to co1ixne se page 2- 

1 2 3 4 6 7 8 10 11 

l'oc 

0-4 " 4.01 3.9 4.4 3.2 0 1.2 27.9 27.9 55 

4-8 " 6.09 4.5 7.9 4.6 .i 3.2 41.8 41.4 49 

8-12" 9.42 5.3 11.5 5.7 .1 5.7 50.4 50.0 2.5 

12-16" 13.06 5.5 15.0 8.5 0 6.5 43.4 43.4 4 

l6-p" i6.56 5.8 17.5 14.0 0 3.5 20.0 20.0 2 

i 20° - 
o-4 4 2.66 4.1 4.2 3.2 o 1.0 24.4 24.4 31 
4-8 ' 5.: 6 4.5 7.6 4.5 .1 3.0 4.7 39.9 5 
8-12" 9.9 5.3 10.9 5.9 0 5.0 48.1 48.1 21 

12-16" 13.85 5.7 14.2 7.2 0 7.0 49.3 49.3 5 
16-up" 16.44 6.8 22.0 14.5 0 7.5 34.1 34.1 2 

0-4 " 2.87 4.0 4.1 2.9 0 1.2 29.5 29.5 41 
a 

, 5.94 4.7 7.6 4.7 0 2.9 38..5 38.0 57 
e-12» 9.49 5.1 7.3 6.5 .1 47 41.9 41.5 26 
12-16" 12.78 6.1 14.0 7.5 0 6.5 46.4 46.4 4 

i 400 - 
0-4 " 2.65 4.0 4.1 3.5 0 .6 14.3 14.3 22 
4-a " 5.81 4.7 7.4 5.0 0 2.4 32.0 32.0 50 
8-12" 9.59 5.3 11.8 6.5 o 5.3 44. 44.3 26 

12-16 13.49 5.6 14.0 7. O 6.2 44.3 4.43 10 
1up 18.75 6.. 19.0 11.7 0 7.3 38.6 38.6 

0-4 " 2.35 3.9 3.4 2.7 0 .7 20.6 20.6 10 
4-8 « 6.02 4.6 8.i 5.6 0 2.5 30.7 30.7 50 
8-12" 9.62 5.4 10.9 6.8 0 4.1 38.0 38.0 18 

12-16" 13.50 5.7 16.3 10.5 0 5.8 35.6 35.6 10 
16-up" 18.87 7.0 i.6 9.1 .1 10,4 53.6 53.1 10 

1600 

O-4 " 2.35 4.0 3.8 3.0 0 .8 20.6 20.6 18 
4-8 6.12 4.7 7.6 5.1 0 2.7 34.2 34.2 17 
8-12" 10.11 5.4 12.8 9 .3 0 3.5 27.7 27.7 25 
12-16" 14.13 6.7 17.2 9.6 0 7.6 43.9 43.9 11 
16-up" 19.46 6.8 21.4 11.3 .1 10.0 47.3 46.7 7 



TABLE LXIX- -page 3 

For key to co1xa see page 25-a 

12 3 4 5 6 78 9 10 11 

0-4 2.62 3.5 3.7 3.2 0 .5 13.' io 
4-8 5.62 4.4 7.3 4.9 0 2.4 32.5 32.5 16 
8-12" 10.09 5.8 12.3 6.8 0 5.5 44.9 44.9 ß 

12-16" 14.07 6.2 16.0 7.4 0 8.6 53.7 53.7 5 
16-up" 19.95 7.] 20.6 10.4 .2 10 0 49.4 48.4 14 



TABLE LXX 

TABLE SHOWIiG INC1ASE Iii THE PER 
C1NT CF BUDS BREAKIiG AND OF BUDS 
FuR:I1:G FRUIT SPURS, '71Th AN INCREASE 

IHE LEiGTH 0F SHOOTS. FAEUSE, 
1913 GROVITH. 

For key to coltirs see e 

2 3 4 6 7 8 9 10 II 

4Q0 - 
1-4 " 2.41 4.23 4.3 

4-8 " 5.71 3.8 7 

f\O 

0-4" 2.62 4.05 4.2 
4- I, 5.71 4.22 6.7 

6c° 

- O-4 " 2.62 4.05 4.2 
4-8 " 5.88 4.42 7.1 
8-12" 8.99 5.16 11.0 

r7f0 
J- 

O-4 " 2.64 4.1'! 4.3 
4-8 " 6.02 4.42 7.5 
8-12" 9.49 5.31 9.9 
12-22" 17.83 4.43 16.3 

do° 

0-4 " 2.6.5 4.18 4.4 
4-8 " 5.73 4.52 7. 
8-12" 10.03 4.80 11.0 

12-16" 13.41 5.33 13.8 

jo 
0-4 " 2.56 4.33 4.4 
4-8 " 5.90 4.46 7.5 
8-12" 9.62 5.15 11.1 

12-17" 14.02 5.30 14 

I C0° 

O-4 " 2.84 4.24 4.3 

4-8 " 5.91 4.71 7.6 
8-12" 9.79 5.C5 11.2 

12-16" 13.87 5.17 13.6 

3.7 - .6 15.4 15.4 3 
4.6 .1 2.3 34.7 32.7 7 

2.6 .1 1.5 39.4 36.8 9 

4.5 - 2.2 33.3 33.3 i6 

2.9 .1 1.2 30.7 27.3 21 
4.6 - 2.5 35.6 35.6 17 

4.8 - 6.2 56.4 56.4 5 

2.5 .1 1.7 41.1 39.3 25 

3.3 .1 4.1 55.9 54.8 25 
1.9 .2 7.8 80.7 78.7 10 
9.6 o 6.7 40.8 4c.8 3 

2.9 .1 1.4 34.3 33.5 35 
3.1 .1 3.8 55.4 54.2 36 
4.5 .1 6.4 59.1 58.5 14 
5.8 - 8.0 58.2 58.2 4 

2.9 .2 1.3 33.1 28.0 27 

4.0 .1 3.4 45.5 43.9 33 
4.9 .2 6.0 55.9 53.8 25 

9.1 - 4.9 34.5 34.5 6 

3.1 0 1.2 36.2 36.2 28 

3.8 .1 3.7 50.3 49.0 41 

4.9 .1 6.2 44.9 54.3 26 

6.7 0 6.9 50.5 50.5 e 



TABLE LXX- - page 2 

For key to col s 8ee page 2-a 

1 2 3 4 5 6 7 8 9 10 11 

1100 

0-4 ' 2.69 4.34 4.3 3.0 .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 
1012H 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 6o.8 58.5 10 

3.200 - 
0-4 " 2.87 4.22 4.3 2.6 .1 1.6 40.0 39.1 27 
4-8 i' 5.57 4.67 7.4 3.7 .2 3.5 49.4 47.2 44 
8-12 10.09 5.23 11.7 5.3 .1 6.3 4.3 53.5 35 
12-16" 13.91 6.05 15.2 6.7 .1 .4 55.9 55.0 14 
16-24" 18.90 6.13 19.25 9.7 l 9.5 49) 9.4 12 

0-4 " 2.58 4.14 4.0 2.8 .1 1.1 30.5 29.7 32 
4-8 " 6.11 4.41 7.8 4.3 .1 3.4 44,5 44.2 40 
8-IT' 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 o.6 .2 10.2 49.4 48.1 8 

140° - e. ------- 

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.' .1 3.5 47.7 45.8 29 
8-12" 9.98 5.48 11.6 6.4 .1 5.3 45.7 45.2 3.6 

12-lb" 14.1i 5.98 15.2 7.9 0 7.3 4.i.6 48.6 14 
16-26" 20.34 6.63 21 9.1 .1 11.8 56.4 .55.8 7 

0-4 2.66 4.30 4.3 23 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 
8-12" 10.24 6.12 12.4 5.4 .4 6.6 56.5 53.2 15 
12-1' 14.b7 6.55 15.2 6.2 .3 8.7 9.2 57.2 1f 

16-26" 20.83 6.70 22.4 8.0 .1 14.3 64.4 64.0 

I 600 - 
0-4 2.68 4.73 ! 2 ; .1 1.3 33.3 31.4 12 
4-8 " 5.94 4. 7.1 3.8 .2 3.1 46.5 43.5 1 
R_12t 

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 



TALLL LXX- - page 3 

For key to columns see page 

0-4 2.50 4.74 4.1 2.9 
4-8 

's 575 4,45 A 
._ s.1 

8-12" 9.33 6.22 5.2 2.5 
12-20" 15.81 6.05 15.3 7.6 

1800 

0 1.2 30.2 30.2 13 

1 3 61.6 46.2 2 

.2 2.5 51.6 47.4 3 

.2 7.4 50.0 48.3 8 

0-4 " 2.0 4.57 3.6 2.6 0 1.0 27.5 27.5 3 
4-8 " 5.46 5,28 7.2 3.8 0 3.4 46.5 4b.5 6 
8-14" 10.41 5.71 15 7.5 .5 7.0 50.0 48.3 4 



RELA.TION OF DIPETER OF SHOOT TO BUD DEVELOPLNT 

It was the general impressicn among early horticulturists 

that thick branches are mainly usful for further vrocd production, 

and that it is the smell ones that are mainly useful in the prc- 

duction of fruit. A few quotatias from De la Quintinye will 

brine out sorne cf these early ideas:- 

"In vigorous trees the weaker branches arc the fruit 

bearers; in weak trees, the stronger chiefly." 

"Fruit buds that are nearest the ends d brenches are 

conrndnly thicker, and botter fed than others." 

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

fruit." 

"The farther a weak branch is distant from the trunk, the 

less nourishment it receives; thick branches the rno distant 

from the he,rt, receive the more, and are therefore to be 

To determine approximately what the relationship is 

between diameter end the je reentage cC buds breaking, and of 

t:ose forming fruit spurs, the saine groups were csidered that 

'gare used in determining the inter-relationship of shoot length and 

development d buds. The average diameter for each group in the 

preceding table s was determined, and this was used to divide the 

whole group into two equal rts, the one rt aber e the mean and 

the other bel. The average diameter for each sub-group was 

then ca1cuated. 

In by far the majority of cases a comparison of these two 

groups shows the superiority of the branches with the )arer 

dian&c,ers. There was a higher percentage, both d buds breaking 
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and. in the number of fruit spurs formed. Wagener was the only 

variety not shing a clear cut tendency in this directi. In 

the case of fruit spurs it showed rather the opposite tendency. 

Th! can be partially explained by thc fact that the larger 

branches were raore wone to develop shoots than the small ones, 

end that their number cut down the e rcentage of fruit buds 

enough to bring it just below the rcentage of fruit buds on the 

snialler branches. A careful study of the tables will reveal the 

fact, not only in the Wagener but in the other varieties, the.t 

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 jrcentage d groups 

in which the thick shoots show a greater tendency than the thin 

shoots to have their buds break and to fa' fruit spurs. Only 

1913 grth was considered. 

Variety Break Fruit Buds. 

Yellî Newto'rn--youn. 74.4 6E.7 

Wagener 5.9 26.5 

Shjarassee 74.1 74.1 

Faeìse 71.7 70.0 
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Two rasons may be offered to explain this increase. 

The twig with a large diameter naturally has e. larger amount d 

food conducting tissue than has the one with a mall diameter, and 

is thus ma-e capable f nourishing its buds. 

There may have been a difference in the light supply 

available to the shoots. 

The Rhode Island E eriment Station'2 has shovm that when 

apple limbs arc exposed to a strong light a greater number cf 

fruit buds are formed, than when in partial 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 unted with the f ollring results:- 

Tree Variety Limbs in Sunlight Limbs in partial 

Clusters flower buds shade. Clusters 
flcwer buds. 

1 Rhode Island Greening 194 120 

2 Rhode Island Greening 295 226 

3 Variety not known 112 82 

4 Early Harvest 22 149 

5 Variety not known 163 157 

6 Baldwin 213 91 

7 Baldwin 140 74 

8 Variety not known 148 104 
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9 Roxbury Russet 238 232 

10 Pear Sweeting 115 128 

Av3rage 182 l3 

It is a 1iovrn fact that in bright sunlight growth in 

volume is impeded by certain portions of the sunts rays13, al- 

thoigh the actual division of the cells is not influenced to 

any gre± extent. Thus when we get growth impeded and cell 

division still proceeding, it seems vary probable that a greater 

thickness in the shoot will be secured. The fact that it is in 

the resence of strong light results in a larger number of fruit 
buds, than would be the case of the twig d same length produced 

in rtial shade end having a smaller diameter. 

The data presented in the last two sets cff' table s offer 

an explanatioi of the increase in per cent buds breaking and 

in fruit murs formed with an increase in the angle approaching 

the vertical. It will be remembered that curves were plolted 

showing greater lengths and greater diameters when the ang were 

nearer the vertical. Now it naturally follows that if the 

longer ±octs, and those with the largest diameters, ere more pro- 

ductive of frut spurs, that the greatest breaking cf buds and 

gfeatest number d fruit spirs are to be feind in the more upright 

shoot angles which, because of their d5rection, are comaratively 

long and thick. The shoots that are ha' izontal c' r drooping are 

exceedingly thiort and smell in diameter and are not to be expected 

to be any more productive than the table s have shown. 
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TAELE LXXI 

BLE S}iOWIG INCREASE IN THE PER CENT 
OF BUDS BREAKING AìD OF BUDS FOING FRUIT 
SPURS, WITH A1! INCRit5E Iii THE DIAME'IER OF 
SHOOTS 0F APPRoxI:MLY TF S LEIIGTH. 

YGU1G YELLOV 1ThJ%POV1, 1913 CRCVTH. 

For key to columns see page 2e-a 

12 4 5 6 7 8 9 10 11 

800 - 
o-8 " 3.3 6.0 5.3 0 .7 11.1 11.1 3 

3.9 6 6 o o o o i 

8-16" 3.5 11.0 7.5 0 3.5 31.8 31.8 2 

4.,9 2O. 15.5 1. 4,0 24.8 i.5 2 

0cc 4- 
o-8 " 2.9 '.O 5.6 o i.o 19.2 19.2 15 

. 4.6 .1 2.0 31.5 29.7 e 

8-16" .). 11.6' 6.5 .1 5.0 44.1 43.0 8 

4.6 10.2 6.2 0 4.0 39.0 39.0 4 

16-24" 5.1 24.5 16.5 0 8.0 32.7 32.7 2 

5.8 19 9.5 C) 9.5 50.0 50.0 2 

12.° o-e " 3.0 6.1 5.0 0 1.1 17.7 17.7 13 

3.9 16.7 11.0 O .7 34GO 3.0 7 

S-lE" 3.6 11.2 5.3 1 5. 52.5 51.4 16 
4.9 13.8 7.1 .1 6.6 48.1 47.6 12 

16-24e 4.9 19.0 10.7 0 8.3 43.8 43.8 6 

6.2 20;9 8.7 0 12.1 55.2 58.2 7 

24-32" 7.7 26.5 10.5 .5 15.5 60.4 58.5 2 

8.6 27 14 1. 12 48.2 44.5 1 

1100 

O-8 3.0 6.9 5.1 0 1.8 26.7 26.7 13 
4.1 7.8 6.c o 1.8 23.4 23.4 6 

8-16" 3.5 12.2 6.3 0 5.9 48.7 48.7 16 
4.6 13.8 6.5 .3 7.0 52.7 50.9 12 

16.-24" 5.0 19.6 10.0 .1 9.5 49.2 48.6 17 
6.4 21,8 8.4 .2 13.1 61.3 60.3 14 

24-32" 6.6 2.8 9.3 .5 16.0 63.9 61.9 6 

7.3 27.0 7.0 2.0 18.0 74.3. 66.7 4 

o-8 " 2.8 6.6 5.1 - 1 22.5 22.5 12 

3.8 7.3 5.1 0 2.2 30.3 30.3 10 
8-16" 3.2 1UM 5.0 .1 4.9 49.5 49.1 21 

4.o 13.2 5.3 .4 7.5 60.0 57.2 11 
16-24' 4.8 1.6 10.6 .1 8. 46.1 45.8 17 

6.1 20.5 9.5 .2 10.8 53.9 52.8 17 
24-32" 6.2 24.4 10.1 0 18.3 58.5 5b.5 8 

7.5 26.8 8.4 1. 17.4 68.7 64.9 5 



TAELE LXXI--page 2. 

For key to co1ns see page. 25-a 

1 2 4 5 6 7 8 9 10 11 

1300 
o-8 " 3.0 7.2 4.7 0 2.S 34.4 34.4 11 

.6 7..t 4.8 0 2.35.3 35.3 .5 

8-16' 3.6 ii.d 4.3 .2 7.3 63.6 62.3 21 

5.5 15.2 .5 3.9 61.7 8.7 11 

36-24' 4.8 19.5 b.0 .2 11.3 59.3 58.1 21 

6.4 22.4 9.0 .4 13.0 59.8 58.2 22 
24-32e' 6.1 24.7 8.5 .3 15.8 65.2 64.1 18 

8.o 26.0 5.6 .8 15.6 63.1 60.2 16 
32-40" 6.6 29.3 8.5 1.3 19.5 70.9 66.6 4 

7.9 30.5 11.0 2.0 17.5 64.0 57.4 2 

:14o - 
o-8 ' 2.7 7.0 4.8 0 2.2 31.0 31.0 6 

3.7 6.5 4.0 0 2.5 38.5 38.5 2 

8-i6" 3.4 10.8 5..5 O 5.3 at8.6 48.6 13 

4.6 10.2 3.2 .2 6.8 68.6 66.7 
lb-24' 4.5 20.3 5.7 .1 10.6 53.3 52.6 15 

6.2 21.9 8.9 .5 12.5 59.3 56.8 13 
24.,32" 6. 25.8 9.2 .3 11'." 64.5 63.4 37 

7.8 27.7 8.6 .8 Th.3 69.1 66.2 37 
32-4C" 7.1 3C.4 10.2 1.0 15.2 66.4 64.2 II 

8.4 31.3 8.0 2.3 ..0 74.5 67.c 12 

o-e i' 3.1 7.0 2.5 0 4.5 64.3 64.3 2 40 4.0 1.0 0 3.0 75.0 75.0 1 

8-16' 3.7 11.0 4..:: .1 6.4 59.1 58.0 8 

5.7 15.3 6.3 . 8.2 59.1 54.1 4 

16-24" 5.6 21.2 6.8 .5 13.8 67.7 65.4 6 

6. 23.4 7.0 .6 15.8 70.1 67.5 5 
24-32e 6.4 25.6 7.5 .7 17.4 70.6 6a.]. 28 

8.0 28.7 8.1 .9 19.7 71.7 68.7 40 
32-4C' 7.7 31.3 8.9 .4 22.0 71.4 70.1 2'' 

9.3 32.2 7.5 2.1 22.6 76.0 70.2 29 

i 6o° 

8-16" 2.8 9.0 4.7 C' 4.3 48.1 48.]. 3 
3.7 10.8 5.4 .2 5.2 50.0 4.1 5 

16-24" 5.8 19.0 9.4 0 9.6 50.5 50.5 5 
7.4 21.2 7.8 .5 12.9 63.0 60.6 6 

24-32" 4.9 26.5 8.4 .5 17.6 68.2 66.4 19 
8.2 24 8.4 1.7 18.3 TC.5 64.6 13 

32-40" 8.2 31.8 8.3 1.6 21.9 73.8 66.8 49 

9.8 33.6 7.6 3.4 22.6 77.3 67.1 42 



TAB1E LXXI-- pzge 3 

?or key to Coltnn8 ee page 2b-a 

2 4 5 6 
A 

11 

i6o' 

40-up" 10.1 3,5.7 6.3 4.6 24.8 82.3 6i 

11.4 40.0 8.2 6.3 25.5 79.ß 63.7 6 

12? 
24_32M 6.4 28.6 7.4 .5 19.5 69.8 68.1 8 

8.3 30.0 6.3 2.4 22.3 82.6 74.5 9 
32..40" 8.5 33.6 6.6 1.4 25.6 80.4 76.4 20 

10.2 34.5 6.5 5.4 22.6 81.2 77.2 19 
40-up" 1°.' 39.0 8.7 5.7 24.6 77.8 63.3 6 

..7 41..7 6.3 7.4 28.0 84.8 67.2 6 



TABLE tCXII 

TQGLE SHOWING DTCASEIN TI R CIT OF BUDS 
BREAKING AND OF BUDS F MING FRUIT SPURS, WITH 
AN INCREASE IN TJ DIALTER OF SHOOTS OF 
APPR(IMATELY TI SAME LENGTH. WAGENER, 1913 

GROWTH. 

For key to colusnns see ge .25-a 

2 4 5 6 7 8 9 10 11 

1-8 
" 

( 6.5 3.5 2.5 0 1.0 8.6 28.6 2 

J;o.o 9.0 5.0 2.0 .O 44. 22,2 2 

8-16" ( a.o 10.3 3.7 1.3 5.3 64.F 51.6 3 

(10.1 10.3 5.7 2.3 2.3 45.2 22,6 3 

o-8 t, ( 6.3 6.5 3.5 .8 2,2 46.1 34.6 8 

C .7 '3.0 1.9 .4 3.7 68.E 61.9 9 

8-16" (8.9 .& 4.2 1. 4.]. 57. 42.4 6 

(11.1 .4 3.6 2.2 3.6 61.7 39.2 5 

¼j 

o- " ( 5.6 6.4 2.1 .7 3.6 6.7 55.6 7 

( :ì.9 7.6 3.0 1.6 3.0 60.5 39.5 5 

8-16" C 8.6 O.3 3.9 1.7 4.7 62.5 45.8 7 

(11.7 10.7 4.7 2.6 3.4 56.1 31.8 10 

16-24" (ii. ..O 6.0 1.0 8.0 60.!' o3.3 i 

(i.i 15.5 6.5 3.5 55 58.1 35.5 2 

i 100 

O-8 ( 4.9 5.3 2.2 .3 2.8 58.3 52.1 9 

( 8.3 6.0 2.4 1.0 2.6 59.5 42.8 7 

816" ( 7.7 8.9 4.1 1,2 3.6 54,5 41,2 16 

(12.2 11.4 .8 2,7 4,5 63.0 39,7 23 

16-24" (10.6 11.0 4.0 3.0 4.0 63.6 36.7 i 

(12.6 13.0 4.0 3.5 5.5 69.3 42.3 2 

120° 

O-s 
ft 

(6.30 5.2 2.1 .5 2.6 59.6 50.0 10 
(1.).4 5.8 2,2 1.3 2,3 60,9 39,1 4 

8-16" ( 7.5 8.8 3.2 i.2 4,4 64.1 49.7 19 

(11.5 10.9 3.7 2.7 4.5 65.9 4O. 33 

162'" (10.6 i4.4. 4,4 2,2 7.8 69.4 54.2 
(12.9 15.3 6.2 3.1 6.0 59.8 39.2 6 



TABLE L)II- pase 

For key to co1urrs see rese 25-a 

1 2 4 5 6 7 8 9 10 11 

1300 

0-e t, ( 5.7 5.5 2.2 .3 3.0 60.6 54.5 6 

( 7.7 6.5 2.2 .8 3.5 66.7 53.9 6 

8-16" ( 8.1 9.9 4.7 1.5 3.7 52.3 37,5 13 

(12.0 10.5 3.5 2,3 4.7 67,1 4'.7 17 

16-24" (11.3 15.2 6.2 2.4 .6 59.2 43.4 5 

(12.6 15.7 3.9 2.8 9.0 75.5 57.2 7 

140° 
0-8" (6.6 6.0 2.0 1.0 3.0 67.7 50.0 2 

(10.2 6.5 2.0 1,5 3.0 69.2 46.2 2 

8-1&' (8v5 9.9 3.8 .9 5.2 61,2 52,7 13 

(12.3 10.9 2.9 2.8 5.2 73.8 48.8 15 

16-24" (10.1 16.1 4.9 2.7 8.5 69.4 52,9 12 

(1.6 16.1 5.0 2.8 8.3 68.9 51.4 11 

2432" (io.i 17.5 7.0 2.5 8.0 60.0 45.7 2 

(14.8 1.0 3.0 6.0 9.0 83.4 50.0 1 

1 50° 
816" C 8.5 9.6 3.0 1.4 5.2 88.9 53.7 11 

(12.3 3. 2.9 4,7 66.9 41.2 14 

16-2l" (10.4 16.0 3.6 2.7 9.7 77.4 60.4 15 

(i.o 15.2 3.3 3.4 8.5 78.4 56.4 14 

24-32" (12.4 22.3 3.0 3.7 15.6 86.6 70.1 3 

(14.3 20.7 5.7 6.0 9.0 72.6 43.5 3 

160° 
0-8 " (6.7 4.0 2.0 1.0 1.0 50.0 25.0 1. 

(13.3 6.0 .5 3.0 2.5 91.7 41.6 2 

8-16" ( 8. 9.6 2.6 1.3 .5.7 73.0 55.6 12 

(13.2 11.4 3.3 2,7 5.4 71.4 '17.9 19 

13-24" (11.3 15.7 4.4 2.9 8.4 72.0 53.6 25 

(14.1 15.8 4.1 3.3 8.4 75.7 54.9 31 

2f-32" (12.5 20.0 5.0 3.2 11.8 75.0 59.1 6 

(14.23 21.0 5.8 3.9 11.3 72.6 54.2 8 

i 70° 
8-16" (11.2 10.7 1.9 2.9 5.9 82.3 55.2 9 

(14.6 12.2 2.6 3.2 6.4 78.8 52.7 12 

16-24" (12.9 15.8 3.4 3.2 9.2 78.2 57.9 58 

(15.8 14.9 3.9 3.4 9.3 76.8 56.1 59 

24-32" (13.5 19.0 3.8 3.7 11.5 80.4 60.6 28 

(16.3 22.0 4.4 4.6 13.4 80.2 31 



TABLE LVII-- page 3 

For key toco1unn sc C 25-a 

1 2 4 5 6 7 8 9 lO 11 

o ---------------------------------------------------------------- C' 

1800 

8-.16" (13.5 11.2 4.8 2.4 4.0 57.1 35.7 5 

- (16.2 5._ 2.4 5.0 57. 39.1 5 

16-24" (13.3 16.3 4.0 3.4 8.9 7b. 54.5 21 

(16.1 16.8 3.5 3.4 9.9 79.2 9.2 27 

24-32" (14.9 23.0 4.5 4.2 14.3 80.4 ,2.2 44 

(17.9 23.9 5.7 4.4 13.8 76.1 39 

36-40" (lb.2 28.7 5.6 5.9 17.2 80.5 59.8 15 

(18.8 28.4 7.6 5.4 15.4 73.5 54.3 0 



TABLE L(III 

TABLE SHOWING INCREASE IN THE PER CENT OF BUDS 
BREAKING ND OF BUDS FMNG FRUIT SPURS, WITH 
AN INCREASE IN T DLATER cF SHOOTS OF 
APPROXIMATELY TI SA! LENGTH. SHIAWASSEE, 1913 
GROWTH. 

For key to co1uirns see pace 25-a 

2 4 6 7 8 9 10 11 

300 

O-4 " C 3.2 3.0 2.3 0 ,7 22.4 22.4 3 
(.o 3.0 2.5 0 .5 16.7 16.7 2 

4-8 " (3.8 6.0 3.0 0 3.0 50.0 50.0 1 
(4.5 9.0 4.0 0 5.0 55.6 55.6 1 

40° 
O-Ii " (4.0 2.8 2.3 0 .5 18.2 18.2 4 

(4.4 4.5 3.0 0 1.5 33.3 33,3 2 
4-e 

" 
(3.3 5.0 4.5 0 .5 10.0 10.0 2 

(4.2 7.0 6.0 0 1.0 14.3 14.3 2 

50° 
O-4 (3.3 4.3 3.7 0 .6 15.4 15.4 9 

(4.9 4.0 2.7 0 1.3 33.3 33.3 3 
4-8 (3.4 6.3 4.3 0 2.0 32.0 32.0 4 

(4.7 6.5 3.0 0 3.0 53.8 53.8 2 

600 

O-4 
' 

(3.2 3.6 3.0 0 .6 17.3 17.3 8 
(4.1 4,2 3.6 0 .6 15,8 13.8 7 

4-8 
' 

(3.6 6.6 2.8 0 3.8 57.6 57.6 5 
(C.2 8.0 5.5 0 2.5 31.3 31.3 2 

8-12" (4.4 11.0 3.0 0 8.0 72.8 72.8 1 
(4.5 6.0 .O O O O O 1 

700 

O-4 " 
(3.6 4.3 3.6 0 7 14.9 14.9 11 
(4.4 4.3 2.9 0 1.4 32.7 32.7 8 

4-e (3.6 6.5 4.9 1 1.5 26.7 24.4 14 
(47 7.1 4.7 0 2.4 32,6 32.6 12 
(4.5 9.0 7.0 0 2.0 22.4 22.4 1 
(E.i 11.0 8.0 0 3.0 27.5 27.5 1 



TABLE LXXIII--page 2 

For key to columns see page 25-a. 

2 4 5 6 7 8 9 10 11 

800 1-4 " 3.5 3.8 2.8 0 1.0 25.0 25.0 19 
4.4- 4.2 2.7 0 1.5 34.9 34.9 15 

4-8 " 3.7 5.6 3.7 0 1.9 33.3 33.3 15 
4.4 7.2 3.5 0 3.7 50.9 50.9 15 

8-12" 4.4 9.8 5.3 o 4.5 46.2 46.2 4 
5.2 11.C) 3.3 0 7.7 69.7 60.7 6 

90° 
l-4 " 3.4 3.9 3.3 0 .6 15.3 15.3 15 

4.2 4.5 3.2 0 1.3 29.4 29.4 15 
4-8 3.8 6.4 4.4 0 2.0 31.7 31.7 24 

4.9 7.ë 4.5 1.1 2.8 39.1 38.3 18 
8-12" 4.3 10.0 5.2 0 4.8 48.0 48.0 5 

5.3 11.0 2.0 0 9.0 81.8 81.8 3 

100° 
1-4 " 3.4 4.3 3.2 0 1.1 25.0 25.0 24 

4.5 4.3 3.2 0 1.1 24.0 24.0 24 
4-8 " 3.9 6.9 5.1 0 1.8 26.4 26.4 23 

4.9 8.0 3.9 0 4.1 50.9 50.9 13 
8-1" 4.5 10. 6.6 0 3.5 35.7 ö5.7 7 

6.0 11.8 4.5 .5 6.8 62.0 57.7 6 
1-1et) 5.6 14.0 9.0 .0 5.0 35.8 35.7 2 

6.9 16.0 7.3 0 8.7 54.2 54.2 3 

110° 
1-4 " 3.4 4.1 3.0 0 1.0 27.4 27.4 30 

4.5 4.8 3.4 0 1,4 28.6 28.6 25 
4-8 " 4.1 7.4 3.9 .1 3.4 48 47 27 

5.0 8.5 5.5 0 3. 35.6 35.6 22 
8-12" 4.6 10.4 5.6 0 4.8 46.6 46.6 14 

6.2 12.9 5.9 .1 6.9 54.2 53.5 11 
12-16" 5.3 13.7 7.0 0 6.7 48.8 48.8 3 

6.2 19.0 13.0 0 6.0 31.6 31.6 1 

1200 
l-4 " 3.6 4. 3.3 0 .8 .0 20.0 16 

4.7 4.4 3.1 0 1.3 28.8 28.8 15 
4-8 3.9 6.9 4.5 0 2.4 34.4 34.4 25 

5.] 8.1 4.5 .1 3.5 45.0 43.8 31 
8-12" 4.8 9.7 5.2 0 4.5 46.4 46.4 10 

5.8 12.0 6.5 0 5.5 45.4 45.4 11 
1-16" 5.5 13.8 6.0 0 7.8 56.4 56.4 4 

6.6 16.0 12.0 0 4.0 25.0 25.0 1 



TABLE LXXIII- page 3 

For key to co1uns see page 25-a 

2 4 5 6 7 8 9 10 11 

13 Q0 

Q_4 t, (3.4 4.0 2.9 0 1.1 28,2 28.2 22 
(4.7 4.0 2.8 0 1.2 31.2 31.2 19 

4-8 (4.0 7.0 4.3 0 2.7 ó9.2 39,2 31 
(5.5 8.4 5.2 .1 3.1 37.3 36.9 26 

s-2' (4.6 10.2 6.4 0 3.8 37.6 37.6 13 
(&..7 12.0 6.5 .1 5.4 47.0 46.4 16 

12-16" (5.7 13.5 7.5 0 6.0 44.4 44.4 2 
(6.5 14.5 7,5 0 7.0 46.3 48.3 2 

1 4Q0 

Q_411 (3.3 4.0 3.4 0 .6 15.4 15.4 13 
(5.0 4.3 3.8 0 .5 12.8 12.8 9 

4-8 " (4.0 6.4 4.6 0 1.8 2i.7 2,.7 28 
(6.5 8.6 5.5 0 3.1 36.5 36.5 33 

8-12" (4.9 11.4 6.8 Q 4.6 41.0 41.0 16 
(6.0 12.3 6.1 0 6.2 50.4 5Q.4 10 

12-16" (4.8 12.5 7.5 Q 5.0 40.0 40.0 4 
(6.3 15.0 8.0 0 7.0 46.7 46.7 6 

16-up (5.5 19.0 18.0 0 1.0 5.3 5.3 1 
(7.0 19.0 8.5 0 10.5 55,2 55,2 2 

1 

O-4 " (3.4 3.2 3.0 0 .2 6.3 6.3 5 
. 

: 
i..e 3..6 2.4 Ø 1.2 33.3 33.3 5 

4-8 (3.8 6.6 4.4 Q 2,2 34.1 34.1 27 
(5.5 9.7 7.0 0 2.7 38.1 28.1 23 

8-12" (4.8 10.3 6.4 0 3.9 37.6 37.6 9 
(5.9 11.5 7.1 0 4.4 38.5 38.5 9 

12-16" (5.5 15.6 11.8 0 3.8 24.7 24.7 5 
(5.9 17.0 9.2 C 7.8 45.9 45.9 5 

16-up (6.1 17.0 9.6 0 7.5 43.5 43.5 5 
(7.8 2E.0 8.6 .2 13.4 61.2 60.4 5 

1600 

0-4 " (3.6 3.6 2.9 Q .7 18.6 18.6 12 
('.7 4.3 3.3 Q 1.0 23,9 23.1 6 
(3.9 6.6 4.1 0 2.5 37.7 37.7 8 
(s.4 8.8 6.0 0 2.8 31.7 31.7 9 

8-12" (4.4 10.0 6.7 0 3.3 33.3 33.3 9 

(6.0 14.4 10.7 0 3.7 25.5 25.5 16 
12-16" (6.1 15.8 9.2 0 6.6 41.8 41.8 5 

(7.3 18.3 10.0 Q 8.3 44.4 45.5 6 
16-up (6.2 20.0 12.0 .2 7.8 40.0 39.0 5 

(8.3 25.0 9.5 Q 15.5 6.0 62.0 2 



TABLE LXXIII --page 4 

For key to colunns see ge 25-a 

1 2 4 5 6 7 8 9 10 ii 

1700 
tt 

(3.6 3.3 3.3 0 0 0 0 7 

(5.0 4.7 3.0 0 1.7 5o.6 55.6 3 

4-8 " (3.9 6.1 4.7 0 1.4 28.4 28.4 8 

(5.0 8.5 5.1 0 3.4 39.7 39.7 8 

8-12" (4.5 10.3 7.3 0 3.0 9.0 29.0 3 

(6.6 13.4 6.4 0 7.0 52.2 5 

12-16" (5.2 17.0 12.0 0 5.0 29.4 29.4 1 

(6.4 15.8 6.3 0 9.5 60.3 60.3 4 

l-p (6.6 19.1 11.9 0 7.2 37.9 37.9 8 

(7.9 8.5 .5 13.7 2.5 60.3 6 



TABLE LXXIV 

TABLE SHO'l ING INCREASE IN PER CENT Q' BUDS BREAKING 
ASID BUDS FUMING FRUIT SPURS, WITH AN INCREASE IN 
THE DIALTEfl OF S1OOTS OF RRCTh1ATELY THE SAL 
LENGTH. FAU, i 913 GROEÎTH. 

For key to coluims see pace 25-a 

2 4 9 10 11 

4Q0 
1.-4 " (5.30 0 0 1) 

(3.70 22.2 22.2 2) 
4-8 

" 
(4.30 4.7 4ß.7 2) 

(3.60 29.4 26,5 

500 1-4 (4.28 40.0 40.0 5) 

(3.82 38.9 33.3 4) 
4-8 " (4.96 44.7 44.7 5) 

(3.88 27 .3 27,3 n) 

600 
1_ " (4.62 31.3 27.1 io) 

(3.53 30.0 27.5 II) 
4-8 

' 

(4.93 42,0 42.0 8) 
(3.97 28,8 28,8 ' 9) 

8-12" (5.70 63.6 63.6 2) 
(4.80 51.4 51.4 3) 

7Q0 1-4 " (4.73 'i2.9 42.9 12) 
(3.66 39.7 36.4 13) 

4-8 " (4.96 61,2 60.0 io) 
Ç4.o6 51.4 50.5 15) 

812" (.9O 79.5 74.4 4) 
(4.75 81.6 81.6 6) 

l2-.2" (5.0 52.9 52.9 2) 
(3.7 7.7 7.7 1) 

80° 1-ii " (4.72 35.5 34.7 19) 
(3.58 31.6 31.6 16) 

4-8 (5.08 63.7 62.1 17) 
(4.02 47,2 46.4 19) 

8-12" (5.12 69.5 68.5 lo) 
(4.0 36.5 36.5 4) 

12-1 " (5.73 65.1 65.1 3) 
(4.1 33.3 33.3 

900 1-4 (5.17 49.0 38.8 io) 
(3.86 26.1 .6 17) 

4-8 (5.05 51.0 48.3 18) 
(3.74 37.6 37.6 13) 

8-12" (5,86 59.8 56.8 n) 
(4.59 50.6 49.3 14) 

12-17" (6.03 50.0 50.0 3) 
(4.56 19. 19. 3) 

s 



TAELXXIV--pae 2. 

For key tocolumns see page 25-a 

2 4 9 10 11 

ft 
(5.21 33.3 33.3 ii) 

(3.61 38.3 38.3 17) 
-8 " (5.37 63.2 62.6 20) 

(4.12 36.2 34,9 21 

8-12" (5.53 60.9 59.5 14 
(4.59 50.8 50.8 12 

1t (5.80 41.5 41.5 3) 

(4.80 58.7 58.7 5) 

1100 1-4 (5.30 33.3 33.3 14) 

(3.81 25.6 23.1 is) 
4-8 " (5.60 52.8 52.8 13) 

(4.16 40.0 40.0 21) 
C-12" (6.44 63,5 59.6 13) 

(4.82 65.9 65.9 16) 
12-16" (6.72 67.5 66.3 5) 

(5.62 51.4 50.0 5) 

120° i-4 " (4.97 49.0 47.1 12) 
)3.62 32.8 32.8 15) 

4-8 " (5.42 51.2 48.8 21) 

(.3.98 47.4 45.5 23) 
8-12" (6.21 66.4 64.5 12) 

(4.71 47,1 47.1 23) 

12-16" (6.85 66.7 66.7 6) 

(5.45 46.7 44.7 8) 
16-24" (6.91 65.9 65.2 7) 

(5.04 24.5 24.5 5) 

130° i-4 " (5.38 41.3 39.1 ii) 

(3.48 244 24.4 21) 
4-8 " (4.99 50.3 50.3 21) 

(3.76 36.6 35.9 19) 
8-12" (5.97 62.0 60.7 6) 

(5.03 62.2 62,2 8) 
12-16" (6.70 65.9 63.6 5) 

(5.52 57.7 57.7 5) 

15.-25" (7.28 53.6 51.8 5) 

(5.47 41.4 41.4 3) 

i0° 1-4 " (4.86 32.0 32.0 io) 

(3,60 36.5 36.5 13) 
4-8 " (5.30 47.1 44.1 13) 

(3.99 48.2 47.3 is) 
8-12" (6.56 60.2 59.1 7) 



TABLE LXXIV- page 3 

For key to co1uns see ae 25-a 

2 4 9 10 11 

(4.65 27.0 . 27 .0 9) 

12-16" (6.59 71.8 71.8 8 ) 

(5.19 26.8 - 26.8 6) 
16-26" (7.47 73.8 72.7 4) 

(5.5 27.5 27.5 3) 

150° 1-4 " (6.25 51.6 51,6 6) 

(3.67 42.2 42.2 12) 
4-8 " (5.42 41.2 37.8 9) 

(3.51 37.1 37.1 ii) 
8-12" (7.37 72.0 69.4 e) 

(5.29 45.9 42.3 9) 

12-15" (7.48 56.2 45.9 5) 

(5.63 68.7 68.2 5) 

16-26" (7.01 66.4 65.7 6) 

(6.0e 59.3 59.3 3) 

1600 1-4 " (5.85 23,6 17.4 4) 

(4.16 38.3 38.3 8) 
4-8 " (5,66 44.0 44.0 e) 

(4.25 54.6 47.7 8) 
8-12" (6.08 56.3 56.3 4) 

(4.90 63.2 63.2 4) 

12 -16" (7.13 81.0 71.4 3) 

(5.80 32.7 29.1 3) 

16-26" (7.2 58.5 58.5 5) 

(c.07 60.3 60.3 3) 

1700 1-4 " (5.72 33.3 33.3 6) 
(3.90 29.6 .6 7) 

(54 71.5 42.8 i) 

(3.5 50.0 50.0 i) 

8-12" (6.8 25.0 20.0 2) 

(5.7 90.8 90.8 i) 

12-20" (6.62 54.9 52.1 4) 

(5.48 39.2 39.2 4) 

180° 1-4 " (5.0 0 0 1) 

(4.25 57.3 57.3 2) 

4.-8 " (5.70 37.9 37.9 4) 
(4.45 85.7 85.7 2) 

8-14" (7.8 67.5 65.0 2) 

(3.6 15. 15. 2) 



The question arises: "Of what value is all this to the 

fruit grower?" Several lessons may be drawn. It is evident 

that trees do better in their natural fcin, that is, a naturally 
upright variety produces relatively more fruit murs on its up- 

right branches than on its horizontal ones, and therefore this 
tendency ould be fostered in the tree. In the case of the 

ma-e spreading varieties, the most upright shoots are riot the 

m pr.uctive, 1it rather the griing at an angle ightly a- 

ove the horizontal. It s thus evident that a reading variety 
should not be trained to an upright habit, but it i ould be 

al1ed to spread, with as many as possible aNts shoots apirochig 
the mean angle. 

The advantages of having long and thick shoots has been 

clearly brought out, and conditions shld be rade such that an 

abundance of these will be produced. Light undoubtedly plays an 

important rt in fruit bud production, and projr thinning should 

be practiced to seore its beneficial action. 

SUMARY 

Opinions of early horticulturists, and experiments co.- 
sting in actually bending down twigs, have led to the idea that 

twigs found at en angle ler than the horizontal are mm-e pro- 

ductive fruit spìrs than the gring more upright. A study 

of nine thousand shoots has led to the conclusion that such is not 

the case, and that in upright varieties the greatest prcductil of 

fruit spurs occurs on the more vertical shoots; and in spreading 
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varieties on shoots graving at approximately the mean angle 

for the shoots d the variety. Even in the case of' spreading 

varieties the m t downward shoots are still comparatively 

unproductive. 

Correlation coefficients shoving the relationship between 

percentage of buds breaking and e.r.gle d' shoots were determined 

as follows:- 

1913 grîth: Young Yellow Newtovm,-- .574. 
Wagener, -- .429. 
Old Yellow Nevrtown ,- .124. 
Shiawessee, -- .079. 
Fameuse, -- .047. 

1912 growth: Young Yellow Newtovïn,--. .357. 
Wagener, - .181. 
Wd Yellow Nevrtovm ,-- .119. 
Shiawassee, ,- -.004. 
Fameuse, -- .058. 

1911 gro'ïth Old Ye11w Newtown ,- .1003. 
Shiawassee, ---,036 
Fameuse, -- .058 

In general in the case of shoots that have been headed 

back the percentage a fruit spurs famirig is no greater, and in 

the caso of Wagoner is riot so great as in the unheaded shoots. 

The ja'centage of buds breaking is considerably greater, hrevor, 

due to the larger number d' shoots that arc formed.. 

The length and diameter of shoots was fcund to increase 

T?ith the increase in angle d the shoot. 

There appears to be a relationship between the length of 

the shoot and the je rcentage of buds breaking and d' th e forming 

fruit spurs, the longer shoots avïing the higher 'centage. 
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A certain relations'iip also exists between the diameter 

of the shoots and the per cent cf L'c1s breaking, and buds forming 

fruit murs. In three of the four varieties studied eier 7C 

of thc groups oomred sh'ied that the thicker branches viere more 

producU:v cC fruit urs. 

The last two statements undoubtedly account for the in- 

crease in rcentage of buds breaking and cC fruit spar production 

in the more upright shoots. 
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PLATE A. 

Fig. 1. Shovdng large number of fruit spurs on vertical 
shoots in Wagoner, 1913 grvth. Shoots headed back, The measur 
ments of the shoots are as follows:- 

Nc. of Angle Lcr Diameter Total no. Dorm&ìt Vegetative Buds 
shoot in inhes in mm. buds buds shoots forming 

fruit 

_______________ spurs 

i ( 1800 13.0 ) 17.5 (io 0 3 7 
(1500 10.5) (8 4 0 4 

2 1600 25.25 14.1 20 4 3 13 

3 l7 39.5 18.7 30 5 4 21 

4 1800 29.5 18.8 23 3 4 16 
5 1800 24.7b 17.4 20 4 3 13 

6 1600 30.0 18.2 24 6 3 15 
7 160e 21.25 14,2 16 2 3 11 

8 1100 12.0 14.4 9 2 4 3 

Fig 2. Showing the large number of vegetative shoots 
formed in Wagener, 1913 growth. Shoots headed back. 

1 1700 39,5 17.0 32 3 11 18 
2 160 33.7 15.4 26 2 7 17 

Fig. 3. Shcwin large number of fruit spurs on vertical 
shoots in Wagoner, 1913 growth. Shoot headed back. 

1 170 22.7E 17.0 17 1 5 11 
2 170 24.0 16.1 19 1 5 13 
3 (rio 16.0 ) 13.7 (il 0 4 7 

(150 11.25 ) (lo 5 0 5 



PLATE A. 

FLG. 1. FIG. Z 

FIG. ;3 



?LATE B 

Shcwing the shorter growth, ar lack d bud development 

in the more horizontal shoots of Wagener, 1913 growth4 

Shoote headed back. 

Fig. i 

No. of Angle Length Diameter Total no. Dormant Vegetative Thus 

shoot in inches in mn. buds buds shoots forming 
fruit 
spurs 

1 1000 11.0 11.4 11 4 2 5 

2 110° 16.25 12.8 12 5 3 4 

Fig. 2 

1 120° 13.5 9.3 12 5 1 6 

2 1300 25.0 11.8 19 7 3 9 



PLATE B 

FIG. i 

FIG. Z 



PLATE C. 

Group of shoots of Fameuse that grew In a 
dard position at angle d less than 300, 

showing the short growth and the small 
development of buds. 
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PLATE D 

Showing the greater number of fruit 
spurs developed in thck shoots com- 
pared with thin shoots. 

Fig. 1. Fanieuse, 1913 growth. 

No. of Shoot Diameter in 

rail) imeters. 

1 5.2 

2 4.9 

3 5.0 
4 2.9 

5 2.8 

6 2.6 

Fig. 2. Fameuse, 1912 growth. 

1 2.4 

2 3.6 

3 3.8 

4 4.4 

5 5.2 

5 5.3 
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PLATE E. 

Showing the greater nurither of fruit 

spurs developed ir. thick shoots com- 

pared 'ith thin shoots. 

Fia. i Shiawassee, 1913 growth. 

Nc. of shoot Diameter in millimeters 

1 4.4 

2 4.8 

3 2.8 

4 3.6 

Fig. 2 Shiawssee, 1912 growth. 

1 7.2 

2 3.7 
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