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A Study of the Effect of Certain Factors on the
Size and Composition of Anples and the
Effect of Fruiting on Bud

Differentiation.

Introduction

The average mature apple consists of about 85 per cent of water and 15
‘per cent of dry matter, the latter consisting primarily of organic matter
elaborated in the leaves. It is natural to suvpnse, therefore, that the growth
and composition of the fruit would depend largely on the supply of water %o
the fruit and on the elaborated foods available from the leaves. Obviously a
liberal supply of moisture is essential for the proper develnpment of the fruit.
However, the role of elaborated foods suvplied by the leaves is not so apparent,
In this regard, the relationshiv of leef area to growth and composition of the”
fruit aonears to be of imnortance, particularly with reference to the carbohy-
drate sunply to the fruit, The purnose of the investigations reported herein
was to obtain definite information relative to the releation of the carbohydrate
supply to the growth and commosition of the fruit. Another phase of this invest-
igation which is closely associated with carbohydrate supply was the effect of
fruiting on bud differentiation.

The sunply of carbohydrates available to the Truit depends primarily on
two {actors, the arount of carbohydrates elaborated per fruit and the transvort
of the carbohydrates to the fruit.

The amount of barbohydrates elaborated per fruit will depend first upon
the leaf area per fruit. The leaf area per fruit may be influenced by certain
orchard practices such as thinning, nruning and fertilizing. Pruning usually
increases the leaf ares per fruit by reducing the number of fruiting sours and
stimulating growth and leaf development in those that remain but it may reduce
the leaf area per fruit by increasing the set of fruit per spur. Nitrogen fertil-
izers also increase the leaf area by increasing vecetative vigor with larger leaves
but on the other hand may reduce the leaf area per fruit by increasing the set of
fruit, Thinning the fruit is the major influence.

With 2 given leaf area per fruit the amount of carbohydrates formed will
depend on the efficiency of the leaves which in turn may be influerced by such
factors as temperature, moisture, amount of chloronhyll, mineral nutrients, the
amount ~* CO2 in the surrounding atmosphere and the duration and intensity of
sunlizht, Caldwell (12) has shown an increase in the sugar content of avple
Jjuice during ceacons of high amounts of sunlight.

Factors that might influence the transport of carbohvdrates to the fruit
are: The di“<vsinn oradient to the fruit and ito other nmarts of the tree; the
distance and direction of the lesves from the fruit and the crossz sectional
diameter of the conducting tissue at ite narrowest point., The seed content
of the fruit elso seems to have some effact on the accumulatinn of eleterated
fonds in the fruit.



Part 1 of this paper deals with the growth and composition of the fruit
in relation to the carbohydrate supply as influenced by the leaf area per
apple. Part II presents a study of the transport of the carbohydrates to the
fruit as influenced particularly by the distance and direction of the leaves
from the fruit, Part III deals with the effect of fruiting on bud
differentiation,



I - RELATION OF LEAF ARFA TO THE GROWTH AND COMPOSITION OF APPLES,

: A preliminary report (27) of part of the material presented in this
paper showed that the size of the fruit increased with an increase in leaf area
per apple up to a point beyond which further increase in leaf area had little
or no effect, Iry weight and suger concentration also increased with an in-
crease in leaf area, It was found that about 30 leaves were reguired to pro-~
duce commercial sized apples with good quality under the conditions of the
experiments and with the varieties studidd at Arlington Farm, Virginia,
Magness (37) and Magness and Overly (39) conducted similar experiments in
Washington with both apples end pears and obtained similar results, They
found that udder Washington conditions the same leaf area produced larger fruit
but with a slightly lower sugar concentration than under Virginia conditfions,

Material and Methods

The apple trees used in this investigation were located in the
variely orchard at the Arliggton Experimental Farm, Rosslyn, Virginia,
The experiments usually were started in June when the apples were about
the size of walnuts or smaller,

Treatments were applied to both ringed and unringed branches, In
ringing the branches a strip of bark about one quarter of an inch wide was
removed, the cambium was scraped and melted paraffin applied to the wound,
Scraping the cambium prevented regeneration of phloem across the ring. This
treatment would also preveht the development of new xylem tissue at the ring,
There seemed to be more injury to the branches when ringing was done very
early in the season, this due perhaps to the reduction in bthe amount of the
new xylem which would probably be more active in the movement of water to the
branch, Similarly, the smaller the branch the greater was the injury, For
this reason after the first yesr fairly large branches (at least 2,5 cm. in
circumference) were used in order to reduce this injury as much as possible,
Larger branches (at lesst 6 cm, in circumference) were used for the unringed
branches, Leaves or fruit were removed from both ringed and unringed branches
until the desired number of leaves per fruit was obtained, Small or deformed
leaves were stripped off leaving only the medium and large sized ones, All
treatments for each variety in most cases were applied to a single tree or to
two adjacent trees,.

The areas of at least 100 leaves of the sizes used were measured by
means of a planimeter and the leaf area per apple was determined from these
measurements,

The circumference of the fruit at the widest transverse diameter was
determined at the beginning of the experiments and at intervals thereafter
until harvest., ‘The volume of the fruit was computed from the circumference
measurements assuming the fruit to be a sphere and the increase in volume was
obtained by subtracting the volume of each apple at the beginning of the
experiment from the volume of the same apple when mature.



The fruit was harvested in the 11, After storing the fruit for a perind
in order to allow the starch to be changed to sugar, samples vere teken and thre
sugar and acid deteminations were made according to the methods described in a
previous publication (%6). Dry weight determinations were wade in 1925 and 1926
by drying 25 gram samples of ground tissue to constant weight at 85° to 90°C. In
1927 direct determinations were made by distilling with toluol according to the
method described by Bidwell and Sterlinz. (10).

Correlation coefficients and probable errors wers computed on growth measure~
ments, ‘

Presentation of Results

The results of leaf area studies are divided into two types, in one of which
the fruit was grown on ringed branches &nd in the other the branches were not ringed.

Bffect of Ringing:

According to the work done by Curtis (18) (17) (18) Gardner (23) and Meson
and Maskell (33), the removal of 2 .ring of bark prevents the translocation of car-.
bphydrates and possibly mineral mutrients in either direction past the ring. Thus
fruit grown above the ring would depend entirely upon the leaves above the ring or
food stored above the ring; likewise, the food elaborated in leaves above the ring
would e confined above the ring, and any excess material would not move ocut of the
branch, as would be the cese in unringed branches. Truit on unringed brenches are
grown under more normal conditions since they are not necessarily dependent on food
elaborated in adjacent leaves but may draw upon food elaborated in leaves on adja-
cent branches. Also, food elaberated ‘n leaves on the brench may be translocated to
other parts of the tree. TFor these reasong, ringing is necessary to obtain a
critical reading of the leaf area reguired to build the nutrient materiels utilized
in the development of a fruit. Resulte obtained on ringed branches, however, are
not directly comparable to those on unringed branches.

Effect of Leaf Area on Increase in Size

In Table I are presented the coefficients of correlation between the incresse
in volure of the fruit and the number of leaves per apple for fruit grown on ringed
branches. The correlations are positive and significant in all cases. The correls-
tions are even higher when the fruit grown with the higher leaf areas is not con-
sidered. Tor examrple, in tke case of Ben DNavis for 1925 a correlation of +°,743 -
42,028 was obt~ined when all of the fruit was considered whereas & correletion of
+°,93% +.01 was obtained when only the fruit zrown with S to 20 leaves was con-
sidered, indicating a2 dropping off in the incréace in size with the higher lesf
arsas, Thie is brought out mors clearly in Figure I in which the incremse in volume
per 10 day interval ig wnlotted againct the leaf area per avvle., TFigure I chows a -
rapid increase in volume with an increase in leaf area up to about 40 to 80 square
inckes per fruit, depending on the variety. Above this range, the fruit continues
to increase in volumre with an increase in leaf aremr but the increase is relatively
slight.



Coefficients of correlation between the increase in volume of apples and the
nunber of leaves per apple on ringed branches

Variety Year Niimber of Correlation
leaves

Rome Beauty 1924 1 to 20 40975 002
Ben Davis 1924 4 do 20 40 .594 #,038
Delicious 1924 4 to 20 4+ 0.423 +0.044
Ben Imvis 19286 & to 75 40.743 10,028
Delicious 1925 0 to 75 46,805 0,017
Grimes Golden 1926 0 to 80 +0.829 10,009
Een Davis 1926 5 to 75 -40.696 $0,033
Ben Davis 1926 0 to 75 +0.760 0,031
York Imperial 1926 5 to 75 +=0.673 10,031
Baldwin 1927 0 to 75 +40.704 #0,029

Jonathan 1927 0 to 75 +0.800 £0,029
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In nearly 2ll cases the increase in volume is not directly proportionzl
to the increase in leaf ares, Thus dowbling' the leaf arez from 5 leaves to 10,
or from 10 leaves to 20 does not double the size of the fruit, indicating that
the practice of thinning, although increasing the size of fruit, would reduce
the total crop per tree. Table 2 shows more clearly the percentage increase
in the volume of the fruit in relation to the percentage increase in leaf area,
With 100 per cent increasse in leaf area from 5 leaves to 10 leaves per fruit
there was an average percentage increase of only 56.4 per cent in the volume of
the fruit for all varieties, Increasing the leaf area from 10 to 20 leaves
per fruit increased the average volume of all varieties 71,5 per cent, In the
case of York Imperial and Grimes Golden the percentage increase in the volume
of the fruit was greater than the percentage increase in leaf area being 110,1
per cent for the former and 103.5 per cent in the case of the Grimes Golden;
the latter is not shown in the table. These two cases are probably due to
experimental error, ¥hy the percentage increase in volume of the fruit should
be greater with an increase in leaf area from 10 to 20 leaves per fruit than
from 5 to 10 leaves per fruit is not kmown, With an increase in leaf area
sbove 20 leaves per apple there is a reduction in the percentage increase in
volume, Although the results are somewhat variable they show clearly that the
increzse in volume of the fruit is not proportional to the increzse in leaf area,
and that above 20 to 30 leaves per fruit a further increase in leaf area has
less effect on the size of the fruit in most cases,

Table 2

Percen tage increase in volume of fruit in
relation to percentage increase in leaf area
on ringed branches,

Percentage Increase in Volume of Fruit

. . . In . Average
Delicious 1 Ben Davis : York ) Ualdwin.gﬁgg—fof all

PR P 1 :
* L L/ v .
From ; To ; Percent: 1925  11925: 1928: 1924 : 1926 1927  :1927 .

Inerease in leaves
per fruit

We oo ss ae

5 10 100 93,3 47,9 49.1 27,2 72,5 57.0 47,6 5644
10 20 100 56.9 53,2 47.5 74.0 110,1 78.2 80.4 71,5
20 30 50 26,8 25,6 8,0 5.4 15,0 2,9 27.5 15.9
30 50 66-2/3 9,3 20.2 17.2 12,7 8.0 7.1 1.7 10.9
50 75 50 29,2 2,8 19,4 9.4 5,0 9.8 2,6 11.2

(1) Treatments applied at different times.



The total average increase in the size of the fruit both on ringed
branches and those not ringed is shown in Table 3. The increase in volume
Per 10 day intervals of fruit on branches that were not ringed is shown in
Figure 2, It will be observed that while the temdency for fruit on unringed
branches is to increase in size with an increase in leaf area, the increase
in size was not nearly as decided or consistent a8 on ringed branches and in
a few cases there was a decrease in size wikh an increase in leaf area, Fruit
on unringed branches with a very small leaf area was usually larger than fruit
with the same leaf area on ringed branches, whereas fruit on unringed branches
with a large leaf area was usually smaller than the corresponding fruit on
ringed branches, In all cases fruit grown on unringed branches from which all
of the leaves had been stripped was as large or larger than fruit on ringed
branches with 10 leaves per fruit, With the exception of the Delicious variety
in 1925, fruit grown on unringed dbranches with 50 leaves per fruit was as small
or smaller than similar fruit grown on ringed branches with 20 leaves per
fruit,

The discrepancies between the results obtained on ringed branches and
on unringed branches can be explained by the data presented in Part II of this
paper in which it is shown that there may be considerable btransliocation from a
branch with a light crop of fruit to one with a heavy crop. There is also a
relatively large use of synethesized materials in building trunk and root tissue
much of which probably comes from leaves on lightly loaded branches, Thus the
fruit grown on unringed dbranches with few or no leaves per fruit undoubily drew
upon elaborated foods in adjacent branche, while much of the elaborated food in
the branches with large leaf area per fruit was translocated to adjacemt’
brancheg that were more heavily loaded with fruit or to other parts of the tree,
This relation is also brought out in Plate I, In this plate the apples from
unringed branches are shown directly below apples from ringed branches grown
with the same number of leaves,
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Table 3

Relation of leaf area per apple to increase in
volume of apples.

Variety : Leaves ¢ Volume ofsPeriod :_Increase in volume of apples on
and date :__per fruit : apples at: of ¢t Ringed t Unringed
ringed : No, ¢ Area : start sgrowth : Ydbranches : branches
H : sg.in, : cc ; (days) : ce : cc
Delicious 0 0 13,8 85 5.6 £ 0.5
May 8 to 5 12.5 12,7 85 28,3t 1.4
June 4, 10 24,9 14,3 85 54,7+ 1.7
1925 20 49.8 13.9 85 85.8+ 2.4
30 4.7 16.1 85 108.8 + 2.5
50 124.5 14.9 85 118.9 £ 4.0
75 186.8 17.9 85 153.6 + 9.4
22 55,0 13,7 85 99.4 X 3.9
50 124.5 17.5 85 128.3 + 1.6
Grimes Golden O 0 24.3 68 7.2% 0.3
June 17-18 5 10.2 23,1 68 25,3% 0.7
1925 10 20.4 22.4 68 42,1t 1.6
20 40,8 21.6 68 87,7+ 1.8
40 81.6 22,3 68 124,2+ 2.8
80 163,2 22,3 68 128.4 * 4.3
44 89.8 23,6 68 9g7.3% 1.6
56 114.2 21.4 68 gs.8 *+ 1.8
Ben Davis 5 14,4 11.8 107 43,431 3,1
June 3-5 10 28,7 11,5 107 64,2t 2.7
1925 20 57.4 12,2 107 98,4 + 2.6
20 86,1 11.5 107 123.6 + 2.4
50 144.0 13,2 107 148.6+ 3.6
75 225.3 12,7 107 152.8+ 4.5
12 34.4 12,7 107 94.,0% 3.4
17 48.8 11,2 107 g7.2+ 2.6
26 74,6 12,7 107 . 100,0% 2.3
42 120.5 14,0 107 129,8 + 2.3
Ben Davis 5 10.8 1.3 112 54,0% 2,2
May 15-19 10 21.5 1.0 112 80.5% 2,0
1926 20 43,0 1.0 112 118.,7 % 4.3
20 64,5 .9 112 128,2 + 4,7
50 107.5 .8 112 150,.3 ¢ 6.8
75 161.3 1.1 112 179.4 + 5.4
6 12.9 1.1 112 76,8 X 1.5
25 53,8 1.2 112 109.4t 3.4
50 107.5 1.0 112 109.2 + 3,3



Table 3 - (Continued)

Variety : Leaves : Volume of : Period : Increese in volume of 2pples on
and date 3 per fruit _": apples at : of Ringed ¢t Unringed
ringed + No.,: Area : start s growth : branches : branches
: 189, in,: ce : (days) ce : cc
Ben Davis 0 0 21,7 76 9.1 X 0.4
June 24-25 5 10.8 22.6 76 52.3% 2.8
1926 10 21,5 23.9 76 66.5Y 3.7
20 43,0 23,2 76 115.,7 £ 3,0
20 64,5 23,5 76 122,0 ¥ 4,9
50 107.5 24,9 76 137.5 ¥ 5.1
75  161.3 26,0 76 150.4 t 6.0
) 0 27.8 76 65.5 ¥ 1.8
10 21.5 27.5 76 81,5+ 2.3
20 43,0 23,9 76 82.5% 2.0
30 64,5 24.5 76 85,0 ¥ 1.3
51 109.6 31.4 76 113,0 £ 2.8
'Yoitk Imper- 5  10.0 7.7 73 27.6¥ 1,0
iial - May 10 20.1 8.5 73 47,6 ¥ 1.9
{27 to June 20 40,2 10.2 73 100,0 ¥ 2.4
i2, 1926 20 60,3 10.1 73 115.0% 4.6
. 50 100,5 9,6 73 124,2* 3.8
» 75 150.2 9.1 73 130.4 ¥ 4,6
a 0 0 10,6 73 62.3 % 2.3
10  20.1 9.3 73 78,2 % 1.9
9 20 40,2 9.6 73 63.9+ 1.1
4 30 60.3 9,6 73 n2.3% 1.4
;. 50 100.5 10.3 73 84,3+ 1.8
! Baldwin 0 0 25,2 91 36,4 % 3.6
' June 3-10 5 19,7 27.6 91 66,3 % 3.7
L1927 10 39.4 27.9 91 104,1 £ 3,5
20 78.8 21.9 91 185.5t 3.9
30 118.2 27.3 91 190.8 % 5,2
50 196.0 24,7 91 204,4 % 9,0
75 294.5 23,3 91 224.4 % 8,5
0 0 28.5 91 121.2% 1.9
8 31,5 22,5 91 128.5% 2.5
51 200.9 39,7 91 176,56+ 2.4
Jonathan 0 0 34,7 64 8.6% 0.9
June 20-24 5 11.2 25,3 64 42,4t 1,5
1927 10 22,3 4,6 64 62.6 1+ 2,0
20 44,6 40,8 64 112,9% 3,1
30 66,9 43,0 64 143.,9 + 3.9
50 111.5 42,4 64 146.4 t 3.5
75  167.3 42,0 64 150,2 * 3.6
0 0 23,4 64 69.5% 1.6
0 0 36,5 64 71,9t 1.5
10 22,3 32,1 64 87,7 + 2,7
20 66,9 35,6 64 97.6 + 2,3
50 111.5 38.1 64 94,5 y+ 2.8
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Figure 2, Average increase in volume of apples per 10 day interval in relation
to the leaf aresa per apple on unringed branches,
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In figure 3 is shown the increase in the size of the apples on ringed
branches per 10 day interval and per 100 square inches of leaf areca. There
is shown an apparent decrease in the efficiency of a given leaf area with an
increase in th Fifea per fruit as 10 apples grown with 10 square inches of leaf
area per apple would have 2 to 3 times as great a volume as one apple grown with
100 square inches of leaf area per apple. The size of the fruit, however, is
not a true index to the efficiency of the leaves as a greater proportion of the
elaborated food probably is used for other purposes such as the growth of wood
and buds and storage in the wood and fruit on branches with a large leaf area
per fruit, In this connection much greater callus formation at the ring has been
observed on branches with a large number of leaves per fruit indicating utilization
and storage of elaborated foods at this point, EvVen so there is probably a reducwe-
tion in the efficiency of the leaves due to an accumulation of the products of
photosynthesis in such branches, Leaves on ringed branches with 50 and 75 leaves
Per apple were observed to be lighter green than leaves on other parts of the
tree and frequently some of these leaves became yellow and dropped prematurely.

Bffect of Leaf Area on Chemical Composition,

Table 4 presents the data on the chemical analyses of the fruit both from
ringed and unringed branches. The fruit was kept in storage at 40°F, for a
period before being sampled so that the starch would be converted to sugar. The
sugar analyses would then be at their maximum and more nearly represent the total
carbohydrates in the fruit, However, it was not always possible to do the
sampling at the proper time so that in some cases the fruit was in storage longer
than desirable, With long storage there would be slight changes in the provor-
tion of the various constituents and probably slight reduction in total sugars
2nd acid due to respiration, These changes would not be large and as the
sampling was all done at practically the same time for each variety the results
are comparable,

With an increase in leaf area per apple there was an increase in the
percentage of dry weight and an increase in total sugars for apples on ringed
branches (table 4, fig., 4), The increase in total sugars is due principally
to an increase in sucrose a2s the free reducing sugars remained practically con-
stant except for slight increases from O to0 5 leaves per fruit and in some
casee from 5 to 10 leaves per fruit, Above 10 leaves there was no significant
change in the reducing sugars. There was usually five to ten times as much
sucrose in the apples grown with 50 and 75 leaves as in apples grown with only
5 leaves,
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Table 4

Relation of leaf area per apple to chemical composition
and quality of apples grown on ringed and unringed

branches,

: : 3 s Sugars ¢ Acid as
Variety: Leaves : Dete :_Per cent : Per cent fresh wt, : malic. :Quality
sper applesHarvested:Sampled: dry wt, :ReducingiSucrose:Totol:Per cent
:¥o,: Area: : : T as 128 Dex-:asDexsof fresh
: 189.ing $ : st Dextrose; trose strose; wt, H

‘ 1925 1925
Grimes O 0 Sept. 15 Yov. 10 12,7 7.43 6.37 7.80 0,31 Very poor
Golden 5 10,2 Sept, 15 TNov, 10 15,3 10,68 1.60 11.65 0,32 Very poor
1925 10 20.4 Sept, 15 ©Nov. 10 16,1 9,88 2.22 12,10 0,28 Poor
20 40,8 Sept, 15 Nov., 9 17,3 2.53 4,47 13,90 0,34 TFair to good
gg lgé:g §§§§2 ig gii: 2} 18,8 8.98  5.37 14.35 0,35 Good
v 44 89.8 Sept, 15 Nov, & 16,8 9.43 4,27 13,70 0,30 Good
Delie- & 12,5 Sept,19 Nov, 12 11,2 7.83 0,27 8,10 0,24 Very poor
ious 10 24,9 Sept,19 Nov, 12 11.9 9,28 0,77 10,05 0,18 Very poor
1925 20 49,8 Sept.19 Nov, 12 13,3 10,85 0.75 11.60 0,20 Poor
30 74,7 Sept.19 Tov, 11 15,7 10.43 1.92 12,35 0,20 Fair
50 124.,5 Sept,19 Nov, 11 18.1 10,98 3.47 14.45 0.23 Good
75 186,8 Sept.l192 Nov, 11 19.4 . 12,23 3,72 15,95 0,25 Very good
Y50 124,5 Sept.12 WNov., 13 15,2 10,38 2,07 12,45 0.23 Good
Ben 5 14,4 Sept.26 Nov. 18 12,6 8.28 1,12 9,40 0,32 Very poor
Devie 10 28,7 Sept.26 ©Nov, 14 12,7 8,25 1.60 9,85 0,3 Very poor
1925 20 57.4 Sept.26 Nov, 13 14,1 9,18 1,82 11,00 0,31 Poor
30 86,1 Sept.26 Nov, 13 16,9 9.28 3.12 12,40 0,36 Tair
50 144.0 Sept.26 DNov, 13 18,1 9.13 4,17 13,30 0,44 Good
5 225,0 Sept.26 Wov, 13 19,4 9,63 5,62 156,15 0,46 Good
42 120,5 Sept,26 Nov, 17 15.4 8.95 2,80 11,75 ©.31 Fair
(1926) (1927)
Ben 0 ] Sept.1ll Mar, 14 8.2 5,74 0,26 6,00 0,36 Very poor
Davis 5 10,8 Sept,ll Mar, 12 9,0 - -~ - 0.20 Poor
1926 10 21,6 Sept,ll Mar, 11 10,2 7.78 0.78 8,56 - Poor
20 43,0 Sept,l1 Mar, 11 10,6 -- - -- 0,33 Poor to fair
30 64,5 Sept.,l1l1 Mar, 11 12,9 7.82 2.14 9,96 0,34 Tair
50 107,5 BSept,1l1 Mar, 9 12.8 - - - - Fair to good
75 161,3 Sept,ll Mat, 9 13,6 7.70 3,18 10,88 0,37 Fair to good
Y0 0 Sept.13 9.8 7.39 0,73 8,12 0,30
vé 12,9 Sept.1ll1 Mar, 15 11,1 7.66 0.86 8,52 0,32 TFair
Y10 21,5 Sept,13 Mar, 17 9,7 7.26 0.78 8,04 0,38 TFair
y20 43,0 Sept,1l3 Mar, 16 10,8 7.46 1,06 8,52 0.29 Fair
vab 53.8 Sept,ll1 Mar, 14 11,0 7.68 0.72 8,40 0,30 PFair
Y30 64,5 Sept,l3 Mar, 16 10,0 7,44 0,72 8,16 0.29 Fair
Y50 107.5 Sept.,11 Mar, 14 11.6 7.86 1,34 9,20 - Fair
y561 109.6 Sept,13 Mar, 21 10,7 7.72 1,20 8,92 0.3  Fair

Yon unringed branch,
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Pable 4 (Continued),

: : : : Sugars tAcid as
Variety : Leaves Dnte :_Per cent : Per cent fresh wi, : malic, :Quality
' :per apple:Harvested:;Sampled: Dry wt, :Reducing:Sucrose: Total:Per cent:
:No, :Area : : : : a8 gas Dex-tasRex~:of fresh:
2 isq,ing 3 H tDextrosestrose strose 3 wt. :
f19286) '
fork Im- & 10,0 Sept,23 Dec.22/26 9,6 7.60 0,82 8,12 0,47 Very poor
perial 10 20.1 Sept.23 Dec.22/26 10,7 7.94 1,34 9,28 0,48 Poor
1926 20 40,2 Sept,23 Dec.21/26 11,7 8,40 2,20 10.60 0.46 TFair to gd,
30 60,3 Sept.23 Dec.20/26 13.8 8,66 4,06 12,72 0.51 Good
50 100.5 Sept.2® Dec.20/26 14,8 7.94 4,78 12,72 0,49 Good
75 150,2 Sept.23 Dec,20/26 16,6 8.52 5,88 14,40 0,556 Very Good
Y0 0  Sept.23 Jan,13/27 13;1 8,94 1.09 10.03 0.39 Good to Fr,
Y10 20,1 Sept.23 Jan.7/27 14,1 8,48 2,68 11,16 0.46 Good to Fr,
v20 40,2 Sept,23 Dec,23/26 12,2 8,66 2,22 10,88 0,40 Good to Fr,
Y30 60.3 Sept.23 Jan,11/27 14,5 9,30 2,58 11,88 0,35 Good to FF,
v 50 100,5 Sept,23 Jan, 5/2? 14,4 9.10 2,06 11.16 0,40 Good
(1927) (1928)
Jonathan O 0 Aug, 30 Jan, 20 13,7 7.1 0.4 7¢5 0.58 Very poor
1927 5 11,2 Aug.30 Jan,19 14.8 9.2 0.4 9.6 0.53 Poor
' 10 22,3 Aug,30 Jan,19 16,3 9.6 0.6 10,2 0.56 Fair
20 44,6 Aug.30 Jan,18 17.7 9.8 1.8 11,6 0.69 Fair to G4,
30 68,9 Aug.30 Jan,18 18,6 9.8 3.6 13,4 0.81 Good
50 111,5 Aug,30 Jan,1l7 21.7 10,5 4,5 15,0 0,90 Very good
75 167.3 Aug.30 Jan,16 20,6 9,7 4,1 13,8 0,97 Very good
y O 0 Aug,30 Jan, 24 16,2 9,7 1.0 10,7 0,54 Good to Fr,
¥10 22,3 Aug,30 Jan,23 17,6 9.8 1,6 11,4 0.65 Good
y30 66,9 Aug,30 Jan,21 18,0 10,0 1.6 11.6 0,67 Good
y50 111,5 Aug,30 Jan,21 19.0 10,2 1.6 11,8 0.68 Good
Baldwin 0 0 Sept. Mar,14 12,2 6.8 0.4 7.2 0.42 Very poor
1927 5 19,7 Sept, Mar.14 12.4 7.7 0.8 8.5 0.50 Very poor
10 29,4 Sept, Mar,14 14,5 8,2 1.9 10,1 0,51 Poor
20 78,8 Sept, Mar,13 15,6 7.8 3.6 11,4 0.54 Good
30 118,2 Sept, Mar,12 18.1 8.8 4,0 12,8 0.57 Good-V,Gd
50 196.0 Sept. Mar,30 18,6 8.6 4,6 13,2 0.59 Good=V,Gd
75 294,5 Sept. Mar,10 20,3 9,1 5.9 15,0 0.67 Good=-V,Gd
v o 0 Sept. Mar.21 14,7 7.8 2.2, 10,0 0.55 Fair-good
y8 31,5 Sept. Mer,17 15,6 7.8 2R 11.0 0.57 Good
y 51 200,9 Sept, Mar,19 18,2 7.9 2,7 10.6 0,71 Good

E/On unringed branch
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The variation in the results of the acid determinations are not as large
or clear cut as were those of the sugar determinations. In general there seemed
to be an increase in acidity with high leaf areas. With very low leaf areas,

however, there was in some cases an increase in acidity with a decrease in leaf
ares,

On branches that were not ringed there was no consistent variation
associated with the leaf area per apples on the branch in any of the constituents
determined, In general the composition of fruit on unringed branches was
similar to that on ringed branches with 20 to 30 leaves per apple regardless of
the number of leaves per apple on the unringed branch,

Zffect of Leaf Area on Dessert Quality

The dessert quality of the fruit varied greatly depending on the leaf
area, In all cases, fruit grown on ringed branches without leaves was bitter
and sour with a disagreeable flavor and coarse woody texture. Such fruit was
small and green and had apparently changed little in either appearance or eating
quality from the fruit at the time the treatments were applied (P1. I ),

Fruit grown with only five leaves was very little better than that grown without
leaves, The texture of the flesh was usually less woody and the flavor somewhat
less disagreeable. With 10 leaves per fruit the quality was still poor, the
flavor being somewhat bitter and disagreeable although the texture was no longer
woody., With 20 leaves per fruit there was usually a considerable improvement in
quality, although the fruit still lacked sweetness and good flavor for the
variety in most cases, This was particularly true of the Delicious which was
still rather disagreeable in flavor whereas Jonathan on the other hand was fairly
good, The Baldwin also showed good quality with 20 leaves, but the Baldwin
leaves were so large that 20 Baldwin leaves gave a leaf area as large as 30
leaves of the other varieties. With 30 leaves per fruit the apples were usually
of good average quality for the variety. With 50 and 75 leaves very good quality
was obtzined, the fruit being sweet and highly flavored and usually with a firm
crisp texture,

The differences in the texture of the fruit are shown in Table 5 which
gives the firmness of the fruit when sampled as measured by the pressure tester,
In the case of Ben Davis there was a gradusl decrease in firmness with an in-
crease in leaf area, In the other three varieties, however, the firmness
decreased to about 20 leaves per fruit and then increased with a2 further in-
crease in leaf area, The texture of fruit with a low leaf area differs greatly
from that with a high leaf area even though the firmness as measured by the
pressure tester may be atout the same, In the case of fruit grown with a
amall number of leaves the flesh 1s woody and tough as in very green fruit,
whereas the flesh of fruit grown with a large number of leaves was firm but
crisp. The firmness of fruit grown with a high leaf area would seem to indicate
better storage quality for such fruit as compared with that grown with a
smaller leaf area.

The number of leaves per fruit on unringed branches had no perceptible
8ffect on the quality of the fruit,
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Table 5

Firmness of apples grown on ringed branches
in relation to the number of leaves per fruit,.

Leaves ; Pressure test in pounds at date of sampling
per ¢ York Imperial : Ben Davis 3 Baldwin : Jonathan
fruit : 1926 : 1926 H 1027 H 1927
o) —~ - 12.5 12,1
5 22,8 19.1 10,3 8.0
10 19,8 15,7 10,1 7.7
20 14,0 14,1 10.2 7.1
30 15,2 13,6 11.6 7.7
50 15,3 13;1 12,5 8,5

75 18,2 12,6 14,3 9,0
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Color Development in Relation to Leaf Area Per Apple

The importance of an accumulation of carbohydrates in apples for the
development of red color has been pointed out in a previous report (38) in
which an increase in solid red color with an increase in leef area has been
shown for Delicious. Fletcher (22) found that 20 and 40 leaves for Rome Reauty
and York Imperial respectively were netessary on ringed branches for normal color
development, He also found increased color and sugar in apples when sugar in the
form of Ycerelose" was added bvo the soil, The development of red color in re-
lation to leaf area is shown in Table 6 for apples grown on ringed branches,
In general the data show an increase in red color with an increase in leaf area,
There was considerable variation, however, and only in the case of Jonathan was
there a consistent increase for all leaf areas, In most cases there is a de-
crease in red color with very large leaf areas which may be due to less exposure
to light of such fruit owing to the large leaf area. The reduction in color
with the small leaf areas was more marked in appearance than indicated by the
table, as the color was usually streaked and a dull brownish red under these
conditions., It would seem that at least 20 to 30 leaves per fruit on ringed
branches are necessary for normal development of red color in apples. The
date indicste that an increase in leaf ares above this does not necessarily bdring
about a further increase in color developmeht, but may result in a decrease due
to shading. The data indicate that an accumulation of a certsin amount of
sugar is necessary for the development of a large amount of bright red color,

Table 6

Percentage of surface of apples with red color in
relation to the leaf area per apple on ringed branches,

Leaves : Red Color = Per Cent of Surface
per apple :Ben Davis ¢ Delicious ¢ York Imperial ¢Ben Davis :Baldwin :Jonathan
: 1925 : 1925 : 1926 ;1926 s 1927 .+ 1927
0 0 0 3
5 21 14 22 3 32
10 43 33 39 26 7 38
20 47 38 43 34 41 40
30 55 44 47 22 26 64
50 52 66 49 21 14 66

75 41 47 28 20 18 69
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That the ground color is also changed by the amount of leaf area per
fruit is indicated by the data presented in Table 7. The ground color of the
fruit was determined by comparison with a standard chart as described in a
previous publication (36)., A ground color of 1 represents a green color cor-
responding to that found on very immature apples, whereas a ground color of
4 is nearly a full yellow with only a slight tinge of green, Ground colors of
2 and 3 are intermediate. The data in Table 7 show 2 gradual change toward a
yellow cakor with an increase in leaf arees up to 30 leaves per fruit. In most
cases there is practically no difference in the ground color of apples grown
with 50 and 75 leaves or 40 and 80 leaves in the case of Grimes Golden, As the
ground color of apples is an important index to the picking maturity of the
fruit these results indicate that apples grown with a large leaf area might be
picked earlier than fruit grown with a small leaf area, That the fruit is
actually more mature is probable in view of its higher sugar content and
excellent dessert guality.

There were no consistent differences in either ground color or red color
in fruit grown on branches that were not ringed except that fruit grown on
branches from which the leaves were all removed usually showed a higher per=-
centage of réd color due to the greater exposure to light. The sugar content
of such fruit was usually equsl to that of other fruit on unringed branches
with a higher leaf area,

Table 7

Ground color of apples on ringed branches in
relation to leaf area per apple

Leaves : __Ground Color
per apple SggfgggﬁéDelicious:Bnn Devis : York Imperial : Baldwin : Jonathan
¢ 15256 . 1925 1925 ¢ 1926 . 1927 ¢ 1927

o 1,6 1,0 1,7
5 1,9 2.6 2.0 1.4 2,0
10 2,2 2.7 3.0 2.1 1,7 2.2

20 3,3 3.2 3.2 2,0 2.4 2,3
30 3.3 3.3 2,9 2,5 2,8

40 3,8

50 4,0 3.4 2,8 2,3 3.1
75 4,0 3.6 3.4 2.4 3.1

80 3.7




Discussion

Varying the leaf area per apple on ringed branches greatly influenced
~the size and quality of the fruit whereas similar treatment on branches which
were not ringed had little or no effect on the fruit, The question arises then
as to which of these treatments more nearly represents what would happen if
entire trees were treated in a similar manner., When individual branches are
treated without ringing there seems to be a translocation of food materials away
from or to the branch depending on whether there are more or less leaves per
apple on the branch than on the tree as a whole, If an entire tree were treated
so that there was a very small leaf area per apple there would be no other source
of elaborated food supply to draw upon, except possibly reserve or storage
materials that might be present in the branches, trunk and roots, so that under
conditions of small leaf area the fruit probably would respond as on ringed
branches, Thus Auchter (3) found that when practically 21l of the leaves dropped
in early summer due to cedar rust the fruit ceased to develop and became no larger
than walnuts., On the other hand, in case an entire tree were thinned so that
there was a very large leaf area per apple there would probably be considerable
translocation of elaborated foods away from the fruit to the trunk and roots,

In the latter case a large leaf area per fruit on an entire tree would not have
as great an effect on the fruit as it would on ringed branches, It probably
would have a much greater effect, however, than a similar large leaf area per
fruit on an unringed branch, since the roots probably would not draw upon the
synthesized foods to the same extent as fruit on adjacent branches with a smaller
leaf area, In order to establish these points it would be neeessary and very
desirable to conduct experiments similar to those reported here using entire
trees for each treatment, It seems probable, however, that a somewhat

larger leaf area per apple would be necessary on whole trees to produce the
same effect on the fruit as is obtained by a given leaf area on ringed branches,
since much elaborated food from the leaves must be utilized in growth of roots,
trunk and limbs in the normal tree,

It has long been recognized that thinning apples and thus increasing
the leaf area per fruit increased the size of the apples. The importance of
thinning on quality and color has not been so well recognized, Fruit grown
with 2 small number of leaves was of very poor guality, @f the varieties
studied this was particularly true of Delicious and least so of Jonathag.

In publications dealing with thinfing it is usually recommended that
fruit be thinned to a certain number of inches between fruit, In view of the
results given here it would seem more desirable to thin to a2 given number of
leaves or leaf area per frait, By this it is not meant that the leaves should
be counted or measured but that the size of the leaves and their thickness on
the branches or trees should be considered, Thus when a tree is bearing heavily
and the leaves are small and scattered the fruit should be thinned to a much
greater distance apart than on a2 tree where the leaves are large, vigorous and

close together,



From these investigations it would eeem that the fruit requires a larger
amount of synthesized food for proper development and that there would be little
available for vegetative growth and the development of buds unless there is
sufficient leaf area to more than supply the major requirements of the fruit,

In this connection Chandler & Heinicke (13) found that fruiting reduced the growth
of Oldenberg apple trees, This is due in part to the fact that fewer and smaller
leaves are produced on fruiting spurs than on nonfruiting spurs. The principal
factor responsible for reduced vegetation, however, would seem to be the withdrawal
of food materials from the tree into the fruit. Unless thinning were sufficiently
severe to materially reduce the total crop there would be little benefit to the
tree as the remaining fruit might still use most of the available elaborated
materials,

Summary and Conclusions

Apples were grown with varying numbers of leaves per spple both on ringed
and unringed branches, Increase in the size of the apples was determined during
the growing season, Following harvest the fruit was analyzed for the determina-
tion of dry wéight, sugars and acid,

On unringed branches the variation in leaf area had no appreciable effect
on the composition of the fruit and very little effect on the size, This is
thought to be due to the translocation of the food materials to or away from the
branches depending on whether the leaf area per apple on the branches was less or
greater than on the tree as a whole,

On ringed branches there was an increase in size of fruit with an increase
in leaf arez up to a2 point beyond which a further increase in leaf area resulted
in little or no further imcrezse in size. This point varies with the variety and
probably with other factors such as climatic and soil conditions, With the
varieties studied nearly maximum growth was usually obtained with about 30 leaves
or 60 to 80 sgueare inches of leaf erea per fruit, Increase in size even with low
leaf areas was not directly proportional to the increase in leaf area,

The percentage of dry weight and tétal sugars increased with increased
leaf area on ringed branches. The increases in total sugars were due primarily
to increases in nonreducing sugars as the free reducing sugars remained practically
constant,

Dessert quality in apples was greally influenced by the leaf area per apple,
Good quality was associated with the high concentration of total sugars found in
fruit grown with large leaf area. A leaf area insufficient to produce good size
did not produce good quality for the variety.

Fruit grown with a small number of leaves was greener and lacked red color,
as compared with fruit grown with a sufficient number of leaves to produce good
size and quality. Color development seemed to be associated with a fairly high
sugar content,

In the case of Ben avis the firmness of the fruit after storage decrezsed
with an increase in the leaf area per apple. In the case of the York Imperial,
Baldwin and Jonatham varieties, there was a decrease in firmness with an increase
in leaf area to about 20 leaves per apple, Above 20 leaves per apple there was
an increase in firmness of the fruit with a2 further increase in leaf area,



Plate I. Ben Davis apples (1926) grown with various numbers of leaves
per apple,

A.- 70 leaves per apple on ringed branch

B,- 50 " ] ¥ ] ] i
J-5,- 50 " " " #  unringed branch
J_a._ 30 ] " 1f (] unringed ]
J-1i,- 20 " " # " unringed "
L 10 H L u f ri nged "
J=3,- 10 f " " "  unringed "
H.- O f # ] " ] n
Jed,= O n ] ] it unringed "

0.- represents the size of the apples at the start of the
experiment,
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Il - The Relation of the Distance and Direction of
the Fruit from the leaves to the Size and
Composition of Apples.

In the study of the relation of leaf ares to the growth of apples (Part 1)
it was found that the size of the fruit increased with an increase in leasf area
up to 30 to 50 leaves per fruit even though it was often necessary to use leaves
at considerabdle distance from the fruit in order to obtain this number of fully
developed leaves, It was considered important therefore to determine to what
extent the fruit could draw for elaborated foods upon leaves that were various
distances away, and to determine the maximum distance from which foods might be
transported to the fruit, The results of such an investigation should have a
bearing on fruit bud differentiation and on the practice of thinning, Ineéidental
to this work a study was also made of the increase in size of the fruit in rela-
tion to (a) the direction of the leaves from the fruit, (b) the size of the fruit
at the start of the season and (c) the seed content of the fruit.

In & preliminary report (27) it was found that apples on ringed branches
could apparently draw with equal facility upon elaborated foods from leaves 100 cm,
distant as from leaves adjacent to the fruit., Coit (14) has shown that there was
no significant difference in the size and sugar content of oranges grown on the
ende of twigs that were defoliated for 8 inches back as compared with similar
oranges grown on twigs that were not defoliated,

There seems to be no information as to the ability of the fruit to draw
upon leaves that are above or below the fruit or that are on separate branches,

Whitehouse (49) has found that the size and shape of apples at the be-
ginning of the season is & fairly accurate index to their size and shape at the
end of the season,

A number of investigators including Auchter (3), Morris (40) Asami (1)
and others, have found the size of the fruit to be associated to some extent
with the number of seeds per fruit,

Material and Methods

The trees used in this investigation were those of the variety orchard at
the Arlington Fxperimental Farm, Rosslyn,Virginia, The experiments were usually
started in June when the apples were about the size of walnuts or smaller.

Branches were ringed leaving above the ring one fruit and 20 leaves, the
leaves being at varying distances from the fruit, In some cases the leaves were
left as close as possible to the fruit (fig, SqA). in other cases the leaves were
left 50 cm or 100 cm or more from the fruit. In some cases the leaves were above
the fruit as in Figure 1-B while in other cases the leaves were below the fruit
or on separate branches as in Figure 5-C,

In another experimeht branches were ringed leaving above the ring 20 leaves
and two fruits one of which was far from the leaves while the other was close as

shown in Figure 5-D,



Figure 5.

Treatment of ringed branches. A.-Leaves adjacent to apple;
B.-leaves distant from apple; C.-leaves distant on separate

branch from apple; B.,-leaves distant from one apple and
ad jacent tc another,
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Another method was to strip the leaves from fairly large branches bdack to
the mein 1imbs to which the branches were attached. On such branches the fruit
would be at varying distances from the main 1imb which would be their nearest
source of elaborated food. Circumference measurements of the fruit were taken at
the beginn1n§ and at the end of the experimente and the volume computed from
these (1/67D%),

The fruit from each experiment was harvested in the fall and grouped
according to the distance it was from the leaves., After a period in storage
samples for sugar and acid determinations were made for each group, Sugar de-
terminations were made as descrided in a previous publication (36). Acidity was
determined by titration with tenth normal Na O H using phenolthalein as an in-
dicator,

Correlation coefficients end probable errors were computed on all
growth data,

Presentation of Resultg

Effect of Leaf Distance on the Growth of bhe Fruit

_ The data on the growth of apples on branches that were not ringed but from
which all of the leaves had been stripped are presented in Table 8, In the column
heade@ Tig are given the correlations between increase in volume and distance to
main limb; T{§ represents the correlation bbtween increase in volume and volume at
start; rgq represents the correlation between volume at the start and distance to
the main limb; while ¥ ;3,8 represents the partial correlation between the increase
in volume and distance to main limb with the volume at start constant, A correla-
tion that is four times the probable error is considered significant,

In 1926 one Ben Davis branch was used on which there were 21 apples that
were 40 to 150 em from the main 1limb and one York Imperial branch on which
were 25 apples 40 to 180 cm from the main limb, In neither case was there a
-significant correlation between the distance from the leaves or main limb and the
increazse in the volume of the fruit, (Table 8, ¥ia ).

In 1927 larger branches were used on which some of the fruits were as
much as 300 to 475 em from the main limb., No correlation was found on the two
Jonathan branches between the leaf distance and the increase in the volume of
the fruit., On the two Baldwin branches the correlation was significant in both
cases, being positive, however, in one and negative in the other,

These apparently conflicting results led to a closer study of the data
in an effort to determine the reason why a negative correlation was found in
one case and a positive correlation in the other, The correlation between the
size of the fruit at the beginning of the experiment and the increase in size
was determined to see whether the rate of growth had been changed by stripping
the leaves from the branch, The correlagion thus obtzined (Table 8, r,;) were
positive and significant in 2ll cases showing that the rélative rate of growth
of the different apples had not been greatly changed, While these results agree
with those of Whitehouse (49), it is surprising to find this relationship main-
tained even after the removal of all the surrounding leaves,



Table 8. Growth of apples on unringed branches from which all of the leaves were

removed as shown by correlations between:
l. increase in the volume of the fruit
2. distance from the fruit to the main limb

3. volume of the fruit at the start of the experiment.

r,, indicates correlations between 1 and 2 above,

P " " " " 2 with 3 constant.
: ; ¢ Distance 4I }
No., of] between *
Variety Year |fruit |{ apples and o Ty T, L. 3
main limb
cm.
E
; a
Ben Devis 1526 21 40 to 150 H0,088+0,15 40,041 * 0,15 40,832 £ 0,05 +0.096 *0.15
York Imperial ;1926 25 -4C-to 180 =0.209 + 0,13 -0,893 =% 0,12 +0,840 # 0,14 1 + 0.071 + 0.13
Baldwin 1927 47 50 to 310 [H0.449 % 0.08 40,446 + 0.08 +0.501 + 0,07 +0.292 + 0.09
Baldwin E1927 45 170 to 475 [~0.714 * 0.05 -0.315 = 0.09 +0,595 *+ 0,07 -0,690 + 0,056
Jonathan 41927 b5 80 %o 280 +0,202 & 0,0¢ +0.49¢ x 0,07 +0,780 + 0.04 =0.346 ¥ 0.08
Jonzthan 1927 | 33 60 to 320 |-0.034 # 0,12 +0,231 * 0,11  +0.693 + 0,06 -0.,275 #+ 0,11
* Tz = T3 Tis

r/2.3 =

{1-1,Yil-1,

-'[8-
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Since a significant correlation was found between the increase in the size
of the fruit and the distance from the main limb without a material change in the
relative rate of growth of the fruit, there must have existed a similar correlation
between the size of the fruit at the beginning of the experiment and the distance
from the main limb. This correlation was computed and shown in Table 8, r 30 On
the Baldwin branch in which the correlation between the increase in volume and the
distance to the main limb was +0,4495 £ 0.078, a correlation of +0.4460 : 0,079 was
found to exist at the beginning of the experiment between the size of the fruit and
the distance to the main limb while on the other Baldwin branch correlations of
=0,7140 £ 0,049 and -0,3151 ¥ 0,091, respectfully, obtained., Thus the correlations
found on the Baldwin branches between the size and the leaf distance appear to be
due to a correlation existing before any treatment was given, Therefore, in order
to obtain the true effect of the leaf distance on the growth of the apples it was
necessary to compute the partial correlation between the increase in size and
distance to the main limb with the size at start constant, This is shown in the
column headed I, ,.

The corrected results thus obtained show significant negative correlations
in the case of one Baldwin branch and one Jonathan branch while on the éther four
branches the correlations are not significant, On the Baldwin branch on which the
fruit was 170 to 475 cm from any leaves a correlation of -0,6902 X 0,053 was
obtained. While this correlation is significant it is somewhat questionable, in
view of the fact that a positive correlation of over three times the probable
error was obtained on the other Baldwin branch, in which,the distance was not
nearly so great, and also because of the negative correlation already existing at
the beginning of the experiment, which may not have been entirely corrected by the
use of the partial correlation,

In the case of the Jonathan branches the correlations were negative in both
cases and significantly so in one case. This would seem to indicate that in the
case of Jonathan as well as Baldwin the extreme distance was becoming a limiting
factor in the growth of the fruit. 1In no case, however, was the reduction in size
sufficiently marked to be noticeable by simply looking at the fruit on the branch,

The results on unringed branches indicate that apples can if necessary
readily draw elaborated foods from leaves that are at considerable distance,
With the varieties used no appreciable reduction in size occurred when the leaves
were 320 cm distant in the case of Baldwin, about 280 cm in the case of Janathan
and at least 180 em and 150 cm in the case of Ben Davis and York Imperial A
respectively,



Table 9. Growth of apples on ringed branches with 1 frult and 20 leaves as
shown by correlations between:
l. ingerease in the volume of the fruit
2., distance from the fruit to the leaves
3+ volume of the fruit at the start of the experiment.
i
Distance ]
No. of{between
Variety Year |fruit |apples and r, L T T3
leaves
cm.,
Grimes Golden |1925 125 | 0 to 110 +0.519 +=0,04 10,129 2 0,06 +0,131 & 0,06 | +0.,511 = 0.05
Grimes Golden |1926 70 0 to 135 +0,265 + 0,08 +0,176 + 0,08 +0.,117 + 0,08 | +0,289 + 0,07
Ben Davis 1926 63 0 to 180 -0.092 + 0,08 «0.158 v+ 0,08 +0.,904 + 0,02 | +0.121 + 0.08
Baldwin 1927 71 Oto 200 +0,036 x 0.11 -0,204 = 0,08 +0.672 +0,06 |1 +0,194 + 0,08
Jonathan 1927 43 0 to 240 -0.483 + 0,08 -0,107 + 0,10 +0.405 + 0.09 | -0,483 * 0.08
Jonathan 1927 35 0 to 170 -0.,038 * 0,11 +0,054 + 0,11 +0,318 + 0,10 | -0.058 4+ 0.11
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The data on the growth of apples on ringed brenches with one fruit and
20 leaves at varying distancee from the fruit are presented in Table 9, In view
of the results obtained on unringed branches it was deemed advisable to compute
the partial correlations between the increase in volume and the leaf disiance in
order to correct for any correlation that might exist at the start of the experi-
ment between the size of the fruit and the leaf distance, This was done 2lthough
no significant correlation was found (raj) between the size of the fruit at the
start and the leaf distance. Neither was there a significant correlation in the
case of Grimes Golden between the increase in volume and the volume at the
start (rw). Contrary to expectations an apparently significant positive correla-
tion (r,, ,) was obtained with Grimes Golden in the first year of the experiment
(1925), This would indicate that the farther the apples were from the leaves up
to 110 cm the larger they would become which seemed obviously incorrect. It was
somewhat difficult to find branches on which the fruit could be separated widely
from the leaves; consequently, the larger and longer the branch the farther the
fruit was 1likely to be separated from the leaves while small branches were used
where the leaves were adjacent to the fruit., The explanation for the positive
correlation obtained the first year is probably that the large branches with the
more distantly separated fruit and leaves were less injured by the ringing
operation than were the small branches., In the later experiments an effort was
made to use branches of the same size for the small distances as for the large,
The first year's results indicated that at least there was no decrease in the
size of the fruit even though there were no leaves within 100 em of the fruit,

The experiment was repeated in 1926 with Grimes Golden and Ben Imvis

varieties and in 1927 with Baldwin and Jonathan, Again in 1926 the corrected

- correlation(rhls) for Grimes Golden was positive and practically significant,
being 3,9 times the probable error, In this case the correlation was not due to
differences in the size of the branches as an effort was made to use bramches
for the short distances that were as large as those used for the long distances,
The circumference of the branch at the ring was measured in each case and the
correlation between the circumference of the branches and the increase in the
volume of the fruit was +0,065 f£ 0.119 showing that the size of the branches had
not affected the growth of the fruit,

In the case of Ben Davie and Baldwin the correlations (r,,3) were not
significant, In the Jonathan variety in which the leaves were in some cases as
much as 240 cm from the fruit, a significant negative correlation was obtained,
When the branches on which the leaves were more than 170 cm from the fruit were
left out the correlation was r = -0,056871 0.114 indicating that the distance was

not a limiting factor up to 170 cm,

In general the results on ringed branches indicate that if necessary
apples can draw with equal facility upon leaves that are a considerable distance
away as from those that are immediately adjacent, With Grimes Golden there was
no decrease in the growth of the apples up to 135 cm, with Ben Davis up to 180 cm,
with Baldwin up to 200 cm, and with Jonathan up to at least 170 cm,
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Although the above results show that an apple will grow as large with 20
leaves that are at considerable distance as an apple with 20 leaves that are
lmmediately adjacent, it was thought that it might not be able to grow as large if
two apples were competing for elaborated foods from the same leaves. To determine
this point branches were ringed with 20 leaves and 2 apples above the ring, one of
which was adjacent to the leaves and the other at a considerable distance from the
leaves (fig. 5 D), The data for this experiment are presented in Table 10. 1In
the case of the Jonathan variety there wererseven branches treated in this way with
the apples that were distant averaging 112,4 cm from the leaves. In the Baldwin
variety there were 15 branches trested with the distant apples averaging 109.2 cm
from the leaves, At the beginning of the experiment the distant apples averaged
slightly larger (2.4 per cent) than those adjacent to the leaves in the case of the
Jonathan variety while with the Baldwin variety the distant apples were considerably
smaller (12.4 per cent) than those adjacent to the leaves, In both cases the increage
in the size of the distant apples was less than that of those adjacent to the leaves
being 85.7 per cent as great in the case of Jonathan and 67.2 per cent in the case
of Baldwin, Since it was found in the previous experiments that the increase in
volume was correlated with the volume at bthe start of the experiment it would have
been expected that the distant Baldwin apples would have increased in volume only
87.6 per cent as much as the apples close to the leaves if they were able to draw
with equal facility upon the leaves, Since the distant fruit grew only 67.2 per cent
this indicates that while they were able to obtain considerable elaborated foods
from the leaves they were not able to get as much as the adjscent fruit, Tadle 10,
column III gives the amount of growth which they made relative to the amount of
growth they would have been expected to make from their relative volume at the
start of the experiment, and shows that the rate of growth of the distant apples
was decreased to 85,4 per cent in the case of Jonathan and 76,7 per cent in the
case of Baldwin. Thus the distant apples apparently received 85.4 per cent and
76.7 per cent as much of the elaborated foods as the apples adjacent to the
leaves,

Tabvle 10.

Growth of apples on ringed branches in relation to the
distance of the fruit from the leaves. Branches with
20 leaves and 2 apples.

incrgésg in Volﬁmg

Variety : Distance :_Volume at Start _: s -II «100
e from tAve., ¢ Relative : Ave. : Relative : I
¢+ Leaves : cc s I [T : 11 s III
Jonathan 3_Adjacent : 42.1: 100 3 71.8 ¢ 100 :
1927 H : : : H H
+ Distant s 43,1 ¢ 102,4 : 61,5 85,7 : 85,4
« (112 CM) : : : $
¢ : H : : :
Baldwin :_Adjacent ¢ 44,4 : 100  :144.0 3 100 :
; Distant H : H H H
+ (109 em) ; 38,9 3 87,6 : 96,7 3 67,2 : 76,7
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Iffect of the Direction of the Apples from the Leaves on the Growth of the Fruit,

In the experiment in which branches were ringed leaving sbove the ring one fruit
and 20 leaves at varying distances from the fruit, the leaves were in some cases above
the fruit as in Figure 1 B, and in other cases they were below the fruit or on separat-
ed branches as in Figure 5 €, In order to determine whether the directiom of the
fruit from the leaves had any effect on its ability to draw on the elaborated foods the
average increase in the size of the fruit in the various positions was determined and
is shown in Table 11. Using the growth of the apples with the leaves adjacent as a
standard the results show that in no case was there a significant difference in the

increase in the volume of the fruit whether the leaves were below the fruit, above the
fruit, or on separate dbranches,

Belation between the Number of Seeds per Apple and Size of Fruit

In the experiments reported in this paper it was found that there was some
variation in the increase in the size of the fruit even thuugh it was grown with the
same number of leaves. This variation was not correlated with the distance from the
leaves but seemed to depend on the size of the fruit at the start of the experiment,.
In view of the results obtained by Morris (40), Auchter (3), Asami (1), and others,
it was thought that the variation in the size of the fruit at the start of the
experiment might be due to the number of seed per fruit, At the time of sampling the
fruit for chemical analysis the number of seeds per apple was counted and correlated
with the size of the fruit at the start of the experiment. The results are presented
in Table 12. Slight positive correlations were obtained in the case of York Imperial
and Jonathan, In the case of the former, however, the correlation is not significant
due to the high probable error, While the number of seeds per apple may be partly
respongible for the variation in the size of the Jonathan apples, it apparently had
no effect on the growth of the fruit in the other varieties studied,

Table 11

Growth of apples on ringed branches in relation to the
relative poeition of the leaves and fruit,

Variety :Year: Leaves adjacent :Leaves below fruit:Leaves above tLeaves on
to fruit : H fruit sseparate branch

No,of: Increase :No, of:Increase in:No.of: Increase :No.of:Increase in
frujtsin Vol, cc sfruit 3 Vol, ce :fruit:in Vol, ce:fruit:Vol, ce

.
.

Grimes :1926 14 68.6£2,7 13 72.1%2.7 28 78.63.'1.3; 15 71.8%2.1
Golden : E f .5 i i 3

Ben Davis :1926 14 :100.75:2.9 s 93,9% 2,9 30 :+ 97.2% 1.8: 11 :107.0%4.2

Baldwin :1927 11 ;165.0:’.'2.4: 2 1170.5 14 ;167.915.5; 13 :168.11 5,1

Jonathan :1927= 10 : 98,051,8 : : P13 99.8%1.8: 20 . 93.2+ 2.8
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Table 12

Correlation between the Number of Seeds and the Volume of
Apples at Start of the Fxperiment.

Variety : Year +  Number of ¢ Mimber of Correlation between
H : fruit s seeds s number of seeds and
H H 3 $ volume of fruit
Ben Davis : 1926 : 57 : 3 to 10 + +0,1112 ¥ 0,088
York Imperial 1926 : 52 : 4 to 10 + +0.,2083 t 0,085
Jonathan 1927 : 259 ¢ 1 to 10 : 40,2290 + 0,040
Baldwin H 1927 : 186 st 1to 7 : e0.00IG‘t 0.048
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ARelation between Leaf Distance and the Chemical Composition of the Fruit
¥ Following harvest the apples from each of the different experimente were
arbitrarily grouped according to their distance from the leaves and analyses for
sugars and acid were made on each group. For the fruit from ringed branches the re-
sulte are presented in Table 13 and Figure 6, and for the branches that were not
ringed but from which all of the leaves had been stripped, in Table 14 and Figure 7,

In no case was there a consistent or significant variation in the acid content,
There was practically no variation in the sugar content of the Ben Davis Apples from
ringed branches (Table 13), In the case of Jonathan there was a decrease in sucrose
and total sugars in the most distant group which was associated with a decrease in
the size of the fruit. In the case of Baldwin, however, there was an increase in
Sucrose and total sugars with an increase in the distance between the fruit and the
leaves. Groups "A" and "B" under Baldwin (Table 13) represent apples from ringed
branches on which there were 20 leaves and 2 apples, one of which (A) was adjacent
to the leaves and the other (B) was distent from the leaves (fig., 5 D). In this
case the apples in the B group averaged much smaller than those in the A group and
also show a lower sucrose and total sugar content,

There was very little variation in the sugar content of the apples from the
branches that were not ringed but from which the leaves had been stripped (Table 14).
In general a decrease or increase in total sugar content seems to be associated to
some extent with a corresponding decrease or increase in the volume of the fruit on
ringed branches (fig. 6) rather than with the distance between the fruit and leaves.
Fruit on unringed branches, however, does not seem to show this relation (fig. 7).
In all cases the differences are slight,

Table 13
Relation between Leaf Distance and chemical composition

of Fruit, 3Pranches ringed with one fruit and twenty
leaves above ring,

: : $ ¢ Sugars tAcid as
Variety : Group : Av, leaf : Av. increase : Per cent of fresh wt, ¢ malic
: : distance : 1in volume :Reducing :Sucrose : Tokal :Per cent of
: t em ¢ ce : as : as : as :fresh wt,
: H H jdextrose :sdextrosei;dextrose:
Ben Devis a 10 3 100,5 s 7.7 ¢ 1,8 : 9,5 ¢ 0,30
1926 : b 40 H 112,2 : 7.9 : 1,6 : 9.5 : 0.28
s c : 70 : 90,7 : 7.5 : 1,6 : 9.0 : 0,28
: a : 90 H 103,6 ¢ 7.6 s 1,8 : 9.4 : .28
: e 113 : 94,0 ¢ 7.5 ¢ 1.4 : 8,9 ¢ 0,28
s f : 169 H 99,8 ; 7.2 s 2.2 s 9.4 : 0,32
Jonathan : & @ 10 : 97.7 : 9.8 : 2.1 : 11.9 : {.52
1927 : b : 86 : 101,6 : 10,4 s 1,8 : 12,2 ¢ 0,50
: ¢ : 144 : 97.2 : 9.7 : 1,9 ¢ 11,6 ¢ 0,57
. 4 s 208 3 79.4 3 9,6 s 1,1+ 10,7 3 0,47
Baldwin : & ¢ 11 : 165,2 : 8.4 : 3.1 11,5 : 0,47
1927 : b e 80 : 160,9 : 8.4 : 3.6 12,0 : 6.48
! (] H 133 s 167.2 : 8.2 s 4.5 : 12,7 :+ 0,52 _
: AV 12 : 144,0 : 8.2 : 2,6 :10.8 ¢+ 0,45
. B+ 109 : 96,7 : 8,2 : 1,4 3 9,6 i 0,43

V/Branches with 20 lesves and 2 apples. A-adjacent to leaves
t B-distant from leaves
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Table 14

Relation between leaf distance and chemical

composition of fruit,

On unringed branches

from which all leaves were
stripped.

Acid as malic
Per cent-of fresh

wt.

.
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Discussion

The evidence presented seems to indicate that with a limited supply of
elaborated foods the fruit may utilize the available material to a greater extent
than other parts of the plaht, This is brought out by the fact that fruit grown at
considerable distance from any leaves became practically as large and wa€ not
materially changed in composition of sugar and acid as compared with fruit grown
adjacent to leaves, For example fruit on unringed dbranches from which all of the
leaves were removed grew as large, and in most cases larger, than similar fruit on
ringed branches with 10 leaves per fruit, Thus in the case of Baldwin in 1927 there
were 47 and 45 appled on each of the two branches used (table 8), Since each apple
apparently used at least as much food as was elaborated in 10 leaves, the amount of
food transleocated into each of the branches nmust have been as much as was elaborated
by 470 and 450 leaves, respectively, This amount of food was translocated a distance
of 50 to 310 cm in one case and 170 to 475 cm in the other, A further indication
that the fruit tends to monopolize the available synthesized foods is that the
principal movement scems to be in the direction of the fruit, and may be either up-
ward or downward or from one branch to another, depending on whether the fruit is
above the leaves, below the leaves, or on a separate branch, In this connection
Murneek (41) has found that vegetative growth in the tomato was inhibited by the
development of the fruit and was associated with an accumulation of carbohydrates
and nitrogen in the fruit, The accumnulation of nitrogen, however, was thought to
be the factor responsible for the decreased vegetative growth, Similar results were
also found for the apple (42) (43) in which both nitrogen and carbohydrate material
accumulated in the fruit to a much greater extent then in any other part of the
bearing spur system,

Auchter (4), working with young non-bearing peach and apple trees from one
side of which the leaves had been stripped, concl@ided that the foods manufactured
on one side of the tree were used or stored mainly in that side or in the roots
directly beneath, The resilts presented herewith seem to indicate that under
certain conditions there may be a cross transfer of elaborated food materials, Thus,
if one branch were bearing a very heavy crop and an adjacent branch a very light
crop, there would be, to some extent at least, a tendency toward equalization of the

food materials,

From defoliation experiments Magness (35), Roberts (46) and Harvey and
Murneek {(29) have shown that there is considerable individuality in buds and
spurs and that they depend largely, if not entirely, upon their own leaves for
development and fruit bud formation, On the other hand Hooker and Bradford (31)
found with bearing trees that under some conditions there seemed to be no such
localization of factors, Since apples require considerably more leaves than
are normally present on one spur to supply sufficient material for normal de-
velopment and since they can apparently utilize material elaborated at some
distance for additional focdds, it would seem that the presence of fruit would
have an effect on the food supply of spurs and buds for same distance from it,
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In the experiments reported in this paper there was some variation in the
increase in volume of apples that were grown on the same tree and with the same
number of leaves, This variation was correlated to a2 large gxtent with the size
of the fruit at the beginning of the experiment but was not associated with the
distance or direction of the fruit from the leaves or with the seed content,
Apparently some other factor was operating to cause the variation in the size of
fruit upon & single branch or tree, It is suggested that this factor may be the
cross sectional diameter of the conducting tissue at its narrowest point, which
would probably be the fruit stem or fruit spur, Thus, the central flower or fruit
of a cluster usually has a2 larger, thicker stem than the side flowers or fruit,
and such fruit usually grows considerably larger than the side fruit when more
than one fruit in a cluster. set., Dixon (19) computed the amount of carbohydrates
which passed through the stem into the tuber of the potato, He found the average
rate of flow if the material were translocated through the bast must have been
50 cm per haur. An even greater rate of movement (88 cm per hour) was found by
Mason and Lewin (32) for the yam. This rate of movement is much greater than
can be accounted for by simple diffusion, While Mason and Maskell (33) have
shown with the cotton plant that the transport of sugars through the phloem may
be much more rapid than could be expected from simple diffusion, it seems reason-
able to suppose that the size of the conducting tissue to storage organs such as
the apple might sometimes be a limiting factor in the growth of the fruit,

The results obtained have a2 direct bearing on the practice of thinning,
They indicate that in thinning each apple does not need to have a sufficient
number of leaves close to it for normal growth but mey be some distance from the
leaves., Thus one branch might be allowed to bear a somewhat heavier crop pro-
vided an adjacent branch had a very light crop or no crop. Furthermore, the
fruit could be thinned from the outer ends of the branches and be left corres-
pondingly thick farther back on the branches where the weight would be less
likely to cause breakage. Such practice, bowever, would probably result in
less color on red varieties due to less exposure to light, Similarly, two apples
might be allowed to grow on one spur provided there was sufficient leaf area on
other parts of the branch $o properly devélop them, This practice, however, is
also undesirsble from the standpoint of color development as well as worm infesta-
tion,
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Conclusions

Apples can draw upon elaborated foods which are synthesized in leaves at
a considerable distance from the fruit. Practically no decrease in the size of
the fruit occurred when no leaves were less than 135 cm or about 41 feet from the
fruit in the case of Grimes Golden, 180 cm or about 6 feet in the case of Ben Davis
and York Imperial, 200 cm or 63 feet in the case of Jonathan and over 300 cm or
10 feet in the case of Baldwin as compared with fruit grown with the same nmmber of
leaves that were immediatély adjacent to the fruit, However, when fruit that is
distant from the leaves and fruit that is adjacent to the leaves are competing
for elaborated food from the same leaves, the distant fruit does not grow gquite
as large as that immediately adjacent to the leaves,

Apples may obtain elaborated foods with equal facility from leaves that
are above, from leaves that are below, or from leaves on separate branches as
from leaves that are adjacent,

The size of the fruit at the end of bhe season is correlated with the
gize of the fruit early in the season, This relationship was not affected on
branches from which the leaves had been stripped,

In the Ben Davis, York Imperial, Baldwin and Jonathan varieties, the size
of the fruit studied was not associated with the seed content, except slightly
in the case of Jonathan,

The distance of the leaves from the fruit had no effect on the sugar and
acid content of the fruit except in the case of Baldwin apples where the distant
firuit was dependent upon the same leaves adjacent to other fruits in which case
there was a decrease in sucrose and total sugars corresponding to the decrease in
size,



III - Relation of Leaf Area Per Apple to Bud Differentiation.

It has been shown previously that apples require a rather large leaf area
of 30 or more leaves per fruit for the development of good size and gquality. Since
a fruiting spur usually does not have nearly this many leaves, it is necessary for
the fruit to draw upon other leaves, This it can do to a considerable degree., It
would seem, therefore, that when trees are producing & heavy crop the fruit might
utilize nearly all of the material synthesized, not only on the fruit bearing spurs
but also on spurs and twigs at considerable distances from them so that a condition
of high carbohydrate nitrogen ratio necessary for blossom bud formation would not
exist in the spurs, That heavy fruit production inhibits blossom bud formation is
well recognized, Theoretically, by thinning the fruit previous to bud differentia-
tio%ﬁlit should be possible to reduce the carbohydrate consumption by the fruit to
- such,extent that there would be sufficient accumulation of carbohydrates in the spurs
to bring about conditions favorable to blossom-bud differentiation, It is probable,
however, that there would be little accumulation of carbohydrates in the spurs until
not only the major requirements of the fruit have been met but also the major re-
quirements for the growth of the tree as a whole,

Thompson (47) found an average increase in dry weight for 2 trees each of
S5 varieties of 39,7 pounds in growth of leaves, branches, trunk and roots during
the ninth year. 1In a more mature tree this figure would be much larger. On the
other hand a2 400 pound crop of apples with a dry weight of 15 per cent of the fresh
weight would require 60 pounds of dry matter, It seems reasonable to suppose there-
fore that the dry weight added to the tree in the growth of leaves, shoots and
roots and increase in girth of trunk and limbs would equal or exceed the dry weight
of a fairly heavy crop of fruit,

Since the work of Kraus and Kraybill with the tomato, considerable attention
has been given by horticulturists to the relation of the carbohydrate nitrogen ratio
8o fruit-bud differentiation in the apple. Analyses of spurs at the time of bud
differentiation by various investigators, Hooker (30), Harvey and Murneek (29),
Barley (28) and Auchter et al (5) have shown that blossom bud formation is asso-
ciated with a relatively high C/N ratio, It also has been shown that factors which
reduce the carbohydrate supply, such as heavy fruit production, shading (7) (26)
and defoliation (35) (46), inhibit fruit-bud formation,

The time of fruit-bud differentiation varies somewhat with the location and
season, In general, however, differentiation has been found to begin during the
last week of June and the first two weeks of July as determined by various investi-
gators (11) (21) (24) (25) (48). Axillary buds begin to differentiate about 3 weeks
later than spur buds (34), Although the time at which bud #ifferentiation begins
has been well established, the literature does not clearly define the period during
which differentistion may take place or the time at which maximum differentiation
has occurred., Rasmussen (45) has shown for two varieties under Pennsylvania
conditions that differentiation began the latter part of July during the two years
studied and extended over a period of about 10 to 20 days. While this would seem
to indicate a rather short period for blossom-bud formation, it would seem likely
that differentiation might occur any time during the summer when conditions were
favorable, Normally, however, maximum differentiation probably occurs by the first
of August. For maximum results, therefore, any treatment designed to influence
blossom-bud formation should begiven sufficiently early to be effective during July
although some effect might be expected from later treatments,
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That blossom thinning greatly influences blossom-bud formation has been
demonstrated by several investigators, Auchter and Scirseder (5) obtained blossom-
bud formation on 32 to 37 per cent of the spurs from which the blossoms were re-
moved as compared with 1 per cent of the spurs which matured fruit and 50 per cent
of the nonblossoming spurs., This work was done on & Stayman tree which was
apparently bearing annually., With 2 biennially bearing Oldenburg tree Crow (15)
was able to get fruit~bud formation in the on year by blossom thinning previous to
petal fall but not after the fruit was well set. Drain (20) obtained similar re-
sults with Wealthy trees but thinned his blossoms by spraying with chemicels previous
to fertilization. Bailey (8) removed the blossoms from 50, 75 and 100 per cent of
the spurs of biennially bearing Wealthy, Qldenburg and Yellow Transparent trees.
The removal of 100 per cent of the blossoms resulted in fruit-bud formation, whereas
75 and 50 per cent removal had practically no effect,

While blossom thinning has been found to favor fruit-bud formation there has
been little evidence that fruit thinning following the June drop, or even previous
to that, can effect fruit-bud formetion, Beach (9) working with Baldwin, -Rhode
Island Creening and Hubbardston found no effect of thinning on fruit-bud formation
in New York, The time at which the thinning was done was usually between July 1 and
July 15 though this was not always stated, The maximum distance to which he thinned
was 6 inches and the thinned trees produced only slightly less total crop than the
unthinned, It would appear, therefore, that the thinning was done too late and was
not sufficiently severe to expect it to have any effect on fruit-bud formation,
Gourley (25) states that in Ohio thinning to 12 inches had no effect on alternate
bearing, Auchter (2) (3) studied the &ffect of thinning on several varieties in-
cluding the Baldwin, York Imperial, Rome Beauty, Ben IBvis and Delicious in
West Virginia., He thinned at three different periods; just previous to the June
drop (about June 15), just after the June drop (about July 1) and in midsummer
(Aug, 15). The maximum distance the fruit was thinned was 9 to 10 inches, = The
thinning in most cases did not materially reduce the total crop per tree nor did it
have any effect on fruit-bud formation,

Auchter and Schraeder (5) obtained blossonrbud formation on 5 per cent of the
spurs from which the fruit was thinned at the time of the June drop as compared with
1 per cent of the spurs which matured fruits. Auchter and Whitehouse (6) in some
unpublished date show that complete removal of the fruit from the entire tree or from
half of a tree resulted in blossom -bud differentiation and successivé blossoming,
Magness and Overly (39) reporting on investigations similar to those presented herein
show an increase in blossom bud-formation with an increase in leaf area on ringed

- breanches under Washington conditions,

From the investigations heretofore reviewed it would seem that fruit-bud
formation is normelly associasted with an accumulation of carbohydrates in spurs
sufficient to give a fairly high carbohydrate nitrogen ratio and that heavy fruit
production prevents this, The thinning investigations have shown that reduction of
fruiting by blossom thinning may bring about fruit-bud formation but fruit thinning
as usually practised does not, From this it has been concluded by some that the
eritical period for fruit-bud differentiation is at or immediately following
bloesoming, In most fruit thinning investigations, however, the thinning has been
done about the time of the initiation of bud differentiation which may not be time
enough for any material carbohydrate accumulation before much of the differentia-
tion was complete. Furthermore, most thinning has not been sufficiently severe to
materially reduce the total crop and as it must require as much carbohydrates to
produce a given weight of fruit whether the fruits are large or small, it is
difficult to see how such thinning could be of much benefit to the carbohydrate

accumulation of the tree as a whole,
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Material and Method of Procedure

The material used was the same as that reported on in Part I of this paper
in which a study was made of the effect of leaf area on the growth and composition
of apples., In this work apples were grown on both ringed and unringed branches with
verying numbers of leaves per apple on the branches, The treatments usvally were made
during May and June. In the spring following the year in which the dranches were thus
treated, the blossom and leaf buds on the spurs of the branches were counted., Spurs
which fruited during the year of treatment were tagged in 1926 and 1927, but not in
1925, Spurs that had blossomed but from which the fruit hed dropped or had been re-
‘moved were detvermined by the fruit scars on the spurs and those which were leaf
~spurs during the year of treatment were determined by the lack of B8cars,

Presentation of Resultus

The data on the bud counts in 1926 following the treatments given in 1925
are presented in Table 15; while those for 1927 following treatment in 1926 are
presented in Table 16; and those for 1928 following treatment in 1927 in Table 17,
The results on ringed branches are shown graphically in Figure 8; those from un-
ringed branches in Figure B, also,

In 1925 treatmente were applied to three varieties - Grimes Golden, Delicious
and Ben Davis, Of these varieties, Grimes Golden and Ben Davis are normally regular
annual bearers, whereas Delicious under some conditions tends to alternmate. During
this year the number of leaves per apple on the unringed branches was the same
previous to the date of treatment as after, since neither leaves nor fruit were re-
moved from such branches at the start of the experiment., As the fruiting spurs
were not labeled, it was sometimes difficult at the time the bud counts were made to
distinguish between those that had fruited and those that had only blossomed in the
" year previous, ’

It will be seen from Table 15 and Figure 8 that on ringed branches variations
in the leaf area per apple had a decided effect on the formation of blossom-buds,
Thus with only 5 or 10 leaves per apple blossom-bud formation was inhibited in all
varieties except for one bud in the case of Grimes Golden, With 20 leaves per apple
there was blossom-bud formation in all varieties but very slight in the case of
Delicious, With 30 or more leaves per fruit there waes a rapid increase in blossom-
bud formation, amounting to over 90 per cent in the case of Ben Davis with 50 and
75 leaves per fruit and to 60 and 74 per cent, respectively, in the case of Grimes
Golden when all of the spurs are considered, With high leaf areas even the spurs
that bore frutt the previous season had a high per cent of blossom buds, In the
case of Grimes Golden, treatments given as late as June 17 and 18 greatly in-
fluenced the blossom-bud formation, preventing it when the leaf area was reduced
and greatly increasing it with a high leaf ares,



Table 15. Bffect-of leaf area per apple on blosaom bud formation. Bud counts made
in 1926 following treatments in 1925. Branches ringed except as noted.

Leaf spurs YBlossom spurs jFruit spurs "All spurs s
Date of Leaves| of 1925 of 1926 0f11925 of 1925
Variety treatment per |leaf{Blossém {leaf}Blossom Teaf §Blossom }leaf {Blossom  :f
apple jbuds} buds {budsy .buds buds buds buds buds
1926} 1928 1926] 1926 1926 1926 1026 } 1926
No.|No. f+. qNo, {No. } % |[No. |No. }: % {No. {No. § 7% :f
Grimes  [June 17 %o 18 80 {89 |288 |76& 417 |75 }8l.5 {24 -1”5_'J;'5'5'.'1"i'50 376 :}04.3 §
Golden] do. 40 64 131 [67.2 |22 29. |56.9 |23 7 23.3] 109 |167 60.5
do. 20 64 |26 [28.9 |39 (15 |44.1 |25 0 0 108 |41 27.5
do. 10 51 |O 0 ) ¢ § 7.7 |24 0 0 87 1 1.1
do. 5 21 0 0 3 0 0 27 0 0 51 0 0
* do. 56 121 12 9.0 |25 2 74 |21 0 0 167 14 7.7
* dol 44 192 | 19 2.0 |21 1 4.5 |31 0 0 244 | 20 7.6
Deliciousiiiay 8 to June 2 } 75 } 88 }3<7 [70.0 7 b DL 87.9 3 F 29 £90.6f 98 407 }80.6 !
lMay 9 to June 2 50 87 | 166 | 65.6 10 33 176.7 10 21 | 67.7}1 107 220 67.3 83
do. 30 122 | 42 | 25.6 19 4117.3 | 28 9124.3}16° 65 124.5 i
Kay 27 to June 2] 20 117 51 4,1 | 29 0 0 43 1} 2.3]1189 6 3.1
Mey 29 to June 2| 10 73 0] O 26 0y O 42 01 0 141 0 0
May 29 to June 3] b 34| 0] 0 101 O 0 33 0] © 77 0 0
*June 1 - B0 245 | 29 110.6 | 15 1] 6.3 ] 29 01 0 1289 30 9.4
*lJune 1 22 58 0] © 17 0} O 14 0] © 89 0 0
Ben Davis [June 3 5 75 b 6 F245 [97.6 | O F 29[FI00 F O f 24 [FI00 f 6 fR92 £98,0
June 4 50 10 | 150 | 93.8 0 7 1100 2 27 § 93.0f 12 184 {93.9
June 4 30 26 | 47 | 64.4 4 3142.8 15 9 137.5y 45 59 56,7
Juné 4 20 56 | 13 118.8 8 3127.3 1 21 1} 4.5} 85 17 16.7
June 5 10 39 01 O 1 0f O 22 0f © 62 0 0
June 5 5 29| o0} o0 s8] ol o 26 of o | 63 oo
*| June 5 42 127 97 1 43.3 9 7143.8 | 34 5112.8{ 170 109 |3%.1
*| June 5 26 76 51 6.2 | 32 1| 3.0] 26 O} 0 1134 6 4,3
* June 5 17 13 0y O 12 11 7.7} 24 o O 49 1 2.0
* June 5 12 6 0y O 1 0y © 11 of O 18 0 0

* On unringed branches.




Table 16. Effect of leaf area per apple on fruit bud formation.
Bud counts made in 1927 following treatments in 1926.
Branches ringed except as noted.

-Lg-

3 Leaf spurs of Blossom spurs of {Fruit spurs of All spurs of |
Date of Leaveas} 1826 19_26 1926 B 1926
Variety treatment per tLeaf jBlossom Leaf { Blossom Leaf { Blossom Leaf § Blossom
apple jbuds | buds buds buds buds buds buds buds
1927 | 1927 1927 | 1927 1927 | 1927  j1927 | 1927
No. {3Wo. | %0 { No. { Wo. 1 % 4 No. {Wo. F 2 } Fo. { To. T %
. d . . ) ) . .
Ben Davils: May 15 75 0 [1I09 | 100 0| 72 [ 100 0| 10 1(')'(3"L 0 | 191 [100
May 17 50 2 1102 98.1 2 39 | 95.1} 1 14 | 93.3 5 { 155 }96.9
May 18 30 17 .77 81.9 5 20 | 80.0 5 1 11 68.7} 27 108 {80.0
May 18 20 49 | 35 41,7] 24 10 | 29.4| 14 8 36.4] 87 B3 |37.9
May 19 10 39 1 2.5] 24 1 4,01 20 1| 4.8f 83 31 3.5
May 19 5 o 0 16 0 0 15 0 0 381 040
June 24 75 38 1 40 | 51.3 9 50 | 84.7 5 5 } 50.0] 52 95 |64.6
June 24 50 24 117 41,5 7 27 | 79.4 6 1 14,3 37 45 {54.9
June 25 30 16 114 46.7] 15 8 | 34.8| 10 0 0 41 22 {34.9
June 25 20 37 0 0 22 4 | 15.4] 10 0 0 69 4 { 5,5
June 25 10 24 0 0 6 0 0 8 0 0 38 010
June 25 5 5 0 0 20 0 0 12 0 0 37 00
* May 19 50 145 9 5.81 102 17 14,31 27 1 36| 274 27 1 9.0
* May 19 25 3 0 0 61 0 0 15 0 0 114 0| o
* Nay 19 6 24 0 0 30 0 0 56 0 0 110 c|]o
* June 25 51 39 0 0 39 0] O 13 0 0 91 0lo0
* June 25 30 59 0 0 42 0 0 20 0 0 121 010
* June 25 20 22 0 0 64 0 0 22 0 0 108 0|0
* June 25 10 26 0 0 9 0 0 24 0 0 59 010
* June 25 0 50 ] O 0 17 0 0 19 0 0 | 86 0]0
York May 27 to 2§ 75 47 P63 [88.5| 5 | 71 |93.4| 11 6 | 35.3] 63 | 440 -|87.5
Imperial May 28 50 92 P34 69.3| 12 59 | 83.1 8 5 | 38,5} 112 | 198 {63.9
May 28 to 29 | 30 110 |28 20.3 | 50 30 |37.5| 13 2 13.3] 173 60 |25.8
May 29 20 75 t O 0 72 0 0 25 0 0 172 010
May 29 10 66 0 0 38 o 0 23 0 0 127 010
" to June 1| 5 66 0 0 62 0 0 19 0 0 147 0 0
* June 3 50 0 0 0 0 0 0 | 0 |0
* June 3 30 0 0 0 0 0 0 0[O
* June 3 20@10&L 0 0 0 0 0 0 0 010

*On unringed branches



Table 17,

Effect of leaf area per apple on fruit bud formation,
Bud counts made in 1928 following treatments in 1927,
Branches ringed except as noted.

| Leaf spurs Blossom spurs Fruit spurs 1 Al) spurs ]
Date Leaves of 1927 ~of 1927 of 1927 of Lg??
Variety of per |[Leaf |Blossom eaf | Blossom |Leaf | Blossom |[Leaf | Blossom
treatment apple |buds | buds buds buds buds buds ‘budse buds
1928 1928 1928 | 1928 1928 1928 1928 1928
1927 No. { No. { 7% No. §l No. } No. § No. A No. { No. } 7 ¢}
Jonathan |June 20 to 22 | 75 1 |260 99,6] O [ 190 (100 | O [ 20 [100 1 | 470 | 99.8
June 21 to 22 50 0 | 143 ]100 1l 116 99.1 1 20 95.2 2 | 279 99,7
June 21 to 22 30 5 75 93.7 7 100 93556 11 15 57.7 23 190 89.2
June 21 to 22 20 49 27 35.5 31 26 45,6 22 1 4,3] 162 54 | 34.6
June 22 to 23 10 75 0 0 76 0 0 14 0 0 165 0 0
June 23 to 24 5 84 0 0 52 0 0 23 0 0 169 0 0
June 24 0 54 0 0 72 0 0 20 0 0 146 0 0
*|June 25 50 14 22 6l.1 16 29 64.4 7 1 12.6] 52 37 4.6
*June 25 30 13 16 65,2 31 18 36.7 16 0 0 60 34 | 36.2
*|June 25 10 19 0 0 53 1 1.9 13 0 0 85 1 1.2
*1June 24 0 75 0 0 156 0 0 46 0 0 _77 0 0
*June 30 0 131 0 0 110 0 0 25 0 0 266 0 0
Baldwin |June 5 to 8 76 | 76 | 126 | 62.7] 42 | 19 | 31.1] 10 2 | 16.7| 127 | 147 | 53.6
June 8 to 9 50 80 13 14.0 3 1l 25,0 7 0 0 90 14 13,5
June 6 to 9 30 75 26 25.7 2 0 0 8 1 11.1 85 27 24.1
June 6 to 9 20 124c 3 2.4] 23 0 0 26 0 0 173 3 1.7
June 7 to 9 10 b5 0 0 29 0 0 25 0 0 109 0 0
June 7 to 9 5 29 0 0 15 0 0 24 0 0 67 0 0
*June 7 *% 0 4] or o 0 0 0 0
*lJune 7 50 7 0 0 13 ¢] 0 37 0 0 57 0 0
*lJune 7 8 18 0 0 0 0 0 11 0 0 29 0 0
*1June 7 0 27 0 0 0 0 0 40 0 0 67 0 0
*1June 7 0 34 0 0 0 0 0 29 0 0 63 0 0

*

On unringed branches

** A1l of apples removed
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Figure 8. Bffect of leaf area per apple on blossom bud formation;



On unringed branches, in the case of Grimes Golden, there was no significamt
difference in blossom-bud formation between the branch with 44 leaves per fruit and
the one with 56 leaves per fruit., In both cases about 7.5 per cent of all spurs
formed blossom buds. This represents approximately the performance of the tree as
a whole, In the case of Delicious the heavily loaded branch with 22 leave per fruit
failed to form blossom buds, while the branch with a light crop (50 leaves per fruit)
formed blossom bude on over 9 per cent of its spurs, With Ben Devis there were four
unringed branches used, On the heavily leaded branches with 12 and 17 leaves per
fruit there were practically no blossom buds formed; with 26 leaves per fruit 4,3
per cent of the spurs produced blossom buds, whereas with 42 leaves 39 per cent of
the spurs formed blossom buds,

In 1926 two varieties were used, the Ben Davis which is normally regular in
bearing but in this case was bearing biennially, and York Imperial which tends to
bear alternately and was déing so in this case. One Ben Davis tree was treated
between May 15 and 19 and another was treated June 24 and 25, When bud counts were
made in 1927 there were no fruit buds on either the York Imperial or the Ben Iavis
trees except on some of the branches which were treated, as recorded in Table 16,

. On the Ben Davis branches which were ringed blossom buds were formed with 20
or more leaves per fruit on the tree that was treated June 24 and 25 and with 10 or
more leaves on the tree treated May 15 to 19 (table 16), In all cases the tree
treated in May had a higher percentage of blossom buds with the same number of leaves
per apple than the one treated in late June. In the case of the tree treated in Mey
all of the spurs formed blessom buds and even some amillary blossom buds were

formed when there were 75 leaves per fruig.

No fruit buds were formed on unringed branches except on the branch with
50 leaves per apple on the tree treated in May. The number of leaves per apple on
this branch previous to the start of the experiment in May was not determined but it
was probably above the average for the tree as = whole,

With York Imperial treated the last of May, 30 leaves per apple were necessary
for the formation of blossom buds on ringed branches whereas on unringed branches no
blossom buds were formed even with 50 leaves per fruit,

In 1927 two varieties were used, the Jonathan which was bearing regularly,
and the Baldwin, which tends to bear alternately and was doing so in this case,

With Jonathan (table 17) on ringed branches 10 or less leaves per apple were
not sufficient for blossom-bud formation whereas 20 leaves caused over a third of
the spurs to form blossom buds. With 50 or 75 leaves practically all spurs formed
blossom buds, and many axillary buds on growth of the of the current seasom formed
flower parts even though the treatments were made as late as June 20 to 24,

On unringed branches practically no blossom buds were formed with 10 or less
leaves per fruit, whereas with 30 and 50 leaves 36 and 41 per cent of bhe spurs
formed blossom buds, The latter two branches had 33 and 26 leaves per fruip,
respectively, previous to the start of the experiment,
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In the case of Baldwin (table 17) on ringed branches practically no blossom-
bud formation occurred with 20 or less leaves per apple. hven with 75 leaves per
apple only slightly more than 50 per cent of the spurs formed blossom buds, No
blossom buds were formed on any of the branches that were not ringed, even though
all of the fruit was removed from one of the branches., Thie branch was over 3 inches
in diameter at the base and about 25 feet long, so that it was thought that it would
act more or less independently of the rest of the tree,

It is of particular interest to note that in the case of the two varieties,
York Imperial and Baldwin, which tend to bear alternately, practically no blossom-
bud formation occurred with 20 leaves per fruit on ringed branches whereas with
Jonathan, Ben Davis and Grimes Golden, which are normally annual bearers, fairly
good blossom-bud formation occurred with 20 leaves, Blossom-bud formation in
Delicious, which tends to bear alternately but not to as great an extent as
York Imperial and Baldwin, was low with 20 leaves per apple, This would seem to
indicate that varieties which tend to bear alternately require a higher leaf area
per apple for the development of blossom buds,

While analyses of the spurs were not made the analyses of the fruit
should be to some extent an index to the concentration of sugars in the spurs,
The concentration of sugars in the spurs would be expected to be proportional to
that in the fruit, In this connection it is of interest to note (table 4) that
the concentration of total sugars in apples on unringed branches which failed to
form blossom buds was lower than the concentration of sugars in fruit on ringed
branches which formed blossom buds, In the case of Baldwin, for example, 30
leaves per zpple on ringed branches were required to form blossom buds and the
fruit had a total sugar concentration of 12,8 per cent; fruit on the unringed
branches had a sugar concentration of only 10 to 11 per cent and failed to form
blossom buds, Similarly, York Imperial formed blossom buds on ringed branches
with 30 leaves per fruit with a total sugar concentration of 12,7 per cent in the
fruit; no blossom buds were formed on the unringed branches and the total sugar
concentration in the fruit was in all cases less than 12 per cent. In the case
of Jonathan, blossom buds were formed on ringed branches with 20 leaves per fruit
and & sugar concentration of 11,6 per cent, On the unringed branches, blosson
buds were formed to practically the same extent on the two branches in which the
fruit had 2 sugar concentration of 11,6 and 11,8 per cent, but not on the two
branches in which the sugar concentration of the fruit was less than 11,6 per cent,
A similar relation obtained in the other varieties studied,
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Discussion

It is recognized in this work that the results obtained on ringed branches
can not be applied directly to the tree as a whole as the physiological responses
of ringed branches are affected by the ring. Thus carbohydrates elaborated above
the ring must be used or stored there and can not be translocated to other parts of
the tree. It is also probable that nitrogen and possibly other mineral nutrients
are not translocated past the ring, It is possible therefore that the proper
carbohydrate nitrogen ratio for fruit-bud formation may have been brought about on
ringed branches by a reduction in nitrogen as well as an abnormal accumulation of
carbohydrates., It has been pointed out previously, however, that the tree as a
whole probably would respond to a given treatment more nearly like the respomses
obtained from ringed branches than from branches that were not ringed, except that
a considerably higher leaf area per fruit on the tree as a whole would be reguired
to bring about the same response as obtained by a given leaf area on ringed branches,

It has been recognized that blossom thinning mey influence fruit-bud
formation but there has been little previous evidence to show that thinning of the
fruit later in the season would effect fruit-bud differentiation. Paddock and
Charles (44) conclude from shading experiments that fruit buds are differentiated
previous to the time indicated by microscopical examination and that treatments
following blossoming have no effect on differentiation except on secondary growth,
The data presented in this paper conclusively show that treatments even as late as
the middle of June if sufficiently severe may inhibit or greatly increase fruit-bud
- differentiation in the apple,

While on ringed branches 20 to 30 leaves per apple depending on the variety
and time of treatment brought about sufficient fruit-bud formation for a fair crop
of fruit the following year it would undoubtedly require a much larger number of
leaves per fruit on normal trees to have an equal effect, In this connection it
is interesting to note that at least 20 to 30 leaves per fruit were necessary to
produce apples of reasonably good size and quality.

In most thinning experiments the objective has been to increase the size
of the fruit without materially decreasing the total yield of the tree. It is
improbable that any benefit can be obtained by the tree from thinning which does
not materially reduce the total crop of fruit, In most cases, however, thinning
experiments have resulted in more or less reduction in total crop. The maximum
distance between fruit has usually been not more than 10 to 12 inches., This
probably would not give as many leaves per apple as seem to be necessary for the
formation of fruit buds as well as the growth of the fruit of varieties markedly
biennizl in habit,

It is not claimed from the evidence presented that a biennially bearing
tree can be brought into annual bearing by thinning. The evidence strongly
indicates, however, that thinning of the fruit may be an important factor in
maintaining trees in regular annual bearing., It alsoc indicates that severe
thinning to reduce the frutt crop as well as pruning and fertilizing to stimulate
growth and leaf area should be resorted to in any effort to change biennial trees
into annual bearers, The results further indicate that more severe thinning than
is commercially practiced might be profitable if it results in annual bearing as
well es superior size and quality of fruit,
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Summary and Conclusions

Bud counts were made on both ringed and unringed branches on which fruis
was grown with varying numbers of leaves per fruit,

From the evidence presented the following conclﬁsions scem Justified:

1, With a low leaf area per fruit most of the synthesized food materials
are used by vhe fruiv and no fruit-bud formatvion iakes place,

2. On ringed dbranches 20 to 30 leaves per fruit depending on the
variety, are necessary for fairly good fruit-bud formation

i 3, Fruit-bud differentiation can be influenced as late as the middle
of June and probably later,
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General Summary and Conclusioas

Apples were grown on both ringed end unringed branches with different leaf
arcas per apple and with a given leaf area at different distances from the fruit,
Growth measurements were made of the fruit during the growing season and the
chemical composition was determined following harvest, Bud differentiation was
determined on the branches with the different leaf areas per apple.

The data obtained showed that with a low leaf mrea per fruit most of the
material elaborated in the leaves seemed to be utilized in the growth of the fruit,
With an increased leaf area a larger proportion of the material is used by other
parts of the tree and with a high leaf area per apple on ringed branches there was
apparently a reduction in the efficiency of the leaves, The size, dry weight,
sugar content, dessert quality and amount of blush color of the apples increased
with an increase in leaf area, About 20 to 30 fully developed leeves or 40 to 60
square inches of leaf area per apple, depending on the variety and seasonal
conditions, was necessary to supply sufficient synthesized food to develop a
good commercial sized apple with good dessert qualisy, On ringed branches this
amount of leaf area was sufficient to bring about blossom-bud formation as well
as to develop the fruit,

While the fruit requires a rather large leaf area for full development
the leaves need not be close to the fruit but may be at considerable distance
away and either above or below the fruit or on adjacent branches without hindering
the translocation of the elaborated food to the fruit, The meximum distance that
elaborated foods may be Translocatved to fruit was not devermined even though
distances of 10 to 15 feet between the fruit and the nearest leaves were used in
the experiment, That these distances were becoming limiting factors, however,
was indicated by a slight reduction in the size of the apples in the varieties
where these distances were used

On ringed branches a low leaf area per apple inhibited blossom-bud
formation while a high leaf iarea per apple caused most of the spurs to form
blossom buds, Blossom-bud formation on ringed branches was associated with
a relatively high sugar content in the apples on the branch, Bud differentiation
on ringed branches was greatly influenced by thinning treatments apprlied as late
as June 25, These results indicate that regularity of bearing in apples might
be influenced by thinning the fruit,
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