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INTRODUCTION

A method of pruning apple trees of bearing age
developed at the Michigan Station by Rickse and Gaston
and described by them under the name "thin wood" has
been extensively employed and with rether uniformly
successful results. It consists eccentially in remove~
ing from the tree its comparatively slender or so~called
"thin" bearing wood and in leaving its thick or stocky
bearing wood., Varying percentages of the wood of inter~—
mediate character are removed, depending on conditions.
More specifically the chief distinguishing characteristics
of the "thin" wood are: (1) basal diameters of four—year—
cld growths do not exceed one~fourth inch, (2) most of
these slender branches tend to grow in a downward direc—
tion, (3) most of them are found in the lower and inter—~
ior portions of the tree. Contrasting thick, stocky
fruiting branches of the same age are three~eighths inch
or more in diameter and are found principally in the
upper and outer portions of the tree. Removal of the
slender wood and retention of the stocky wood is recom—
mended in "thin wood" pruning because of the clese corre-~
lation found between stockiness of branch and quantity,
grade and quality of fruit produced. The dividing lines
between thin and intermediate branches and between inter—

mediate and thick branches are more or less arbitrary ang,
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in a sense at least, the reasons as well as the direc—
tions given for the pruning are empirical. The relative
uniformity of the results attending "thin wood" pruning,
however, suggest that it is adjusted to and makes use of
basic principles of tree growth and nutrition.

It was with the objective in view of discovering why
"thin wood" functions less efficiently than thick or

stocky wood that this investigation was begun.



REVIEW AND DISCUSSION OF
LITERATURE

The literature dealing with pruning, light in rela-
tion to growth, and photosynthesis, is extensive, yet
most of the material is not arranged to show the interre~
lation of the three. There are many references in "prun-
ing" literature to the importance of light as it affects
pruning; nevertheless, because the relationships seem soO
obvious, little detailed attention has been given them.

In their reviews and discussicns of pruning and "pruning®”
literature Auchter and Knapp (1), Chandler (5), and Gardner,
Bradford and Hooker (&) often make statements indicating
that light is important to growth and fruit production and
gife methods to improve light conditions within the tree

bty pruning. The results expccted are an improvement in

the development of the fruit itself and in the growth of
the inner branches.

Pruning as & means of regulating the amount of light
reaching the leaves on the tree, and so influencing growth,
has had various interpretations and different expressions
in practice. Of the earlier American horticulturists
Downing (7) seems to have had the clearest conception of
how light conditions within the tree should modify pruning.
He believed that only the weak, crowded branches in the
interior of the tree should be removed. This type of

pruning leaves those branches which he considered best
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adapted to the production of good fruit, since they are
best exposed to light. Other writers are of the opinion
that no pruning should be done, since pruning generally
reduces yields of fruit. 8Still others believe thinning
out the top is the best method of pruning, since it per-
mits light to pass through to the inner branches. Bed~
ford and Pickering (3) favor the natural pruning method
in which only dead limbs and branches causing mechanical
injury are removed. They provide adequate data in support
of this systemn.

Ricks and Gaston (14) divided the apple tree into
three sections which they termed "top", Youtside’, and
"inside'. The "top" of the tree consisted of the branches
making up the upper 1/3 of the tree canopy; the "outside
was that part of the tree canopy below the "top" and ex—
tending toward the trunk approximately 1/3, or somewhat
less, of the distance from trunk to branch tips; and the
*inside" was the remainder of the tree's volume. They
found that the branches on the '"inside" produced predomi-
nately "U. 8. Commercial' grade fruit, the "outside"
branches made chiefly "U. 8. No. 1Y grade apples, while
in the "top" "U, 8. Fancy" grade fruit constituted the
major portion of the crop. An investigation of the type
of fruit produced showed that the predomin53¢ grade pro-—
duced on "thin" wood was "U, 8. Commercicl", on |iinter-«

mediate" wood "U. 8. No., 1", and on "thick" wood "U., S.
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Fancy". Ricks and Gaston found that, in general, '"thick"
branches were found in the "top® of the tree, "intermedi~
ate" branches in the "outside" and "thin" branches ;g\the
"inside". It is not possible to draw sharp lines of de~
marcation, for both "thick" and "intermediate” branches
may be found in both "top" and "outside" portions of the
tree, the first predominating in the "top", the latter

in the "outside". 8imilarly, some "intermediate!" wood
may be found Wingide" the tree, although in dense trees
the predominant class is "thin" wood. The general distri-
bution of Ythin' wood in the tree suggests that its devel-
opment and growth might be similar to that made by wood
which is intentionally shaded.

The range of light intengities, producing maximum
photosynthesis in higher plants was investigated by
Blackman and Matthaei (4). Their experiments showed that
the range was from .39 full sunlight for cherry laurel to

.69 full sunlight for Helianthus tuberosus at 27.5° C.

Probably, at that temperature, maximum photosynthesis for
the apple falls at some point between these two extremes.
Hoover (12), working with a small grain plant, found that
the maximum was above 1500 foot candles.

Popp (13) worked out the relation between light and
vigor in soy-bean seedlings. He exposed seedlings to
light of different intensities and found that, between
26 and 4500 foot candles, vigor was directly proportional

-

to light intensity.



"Thin" wood has been shown to produce fruit which
is frequently under grade because of small size and poor
color. Schrader and Marth (15) made an investigation of
the direct effect of light on the growth and color of
fruit. They did not shade the leaves. It was found
that if light was reduced to .614 normal, or slightly
more than 1/3, size was reduced 2 to 3 percent, and the
color of normally red fruit was reduced from 96.9 to
47.5 percent.

Gourley (9) and Auchter (2) used artificial shade,
effected with screens, that filtered out about 67 percent
of the normal light falling on apple trees. Measurement
of leaf thickness showed the shaded leaves were 53 percent
as thick as leaves on unshaded trees., Microscopic exam—
ination showed them to have only one layer of palisade
cells as compared to three in unshaded apple leaves.
Shaded wood increaged in size and in drv matter much
less than did unshaded wood.

That the amount of light which is received by apple
leaves may vary considerably with the location of the
leaves was shown by Christopher (6). He also showed
that, on days with the relatively high average of 5000
foot candles for 12 hours, leaves on the west side of
mature apple trees received only enough light for four
hours of maximum photosynthesis, Christopher used
1500 foot candles, the figure suggested by Heinicke, as

the basis for his calculations.
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Heinicke and Hoffman (11), who worked with the
apple, state: "A mean light intensity above 1500 foot
candleg would probably support maximum photosynthesis
if other conditions were favorable". Later Heinicke
(10) found that over a wide range of 1light intensities
a 20 percent increase in intensity resulted in a com~
parable increase in carbon dioxide absorption 75 percent
of the time. A decrease in the light intensity of 25
percent was accompanied by a sgimilar decrease in absorp-
tion 70 percent of the time.

It appears from these citations that light below
1500 foot candles may become a limiting factor for
photosynthesis by apple leaves, and consequently for the
growth of appie branches.



MATERIALS AND METHODS

Materials: Expcriments were performed both at South

Haven and at East Lansing, Michigan. At South Haven
11 Grimes Golden trees 15 years 0ld were used, at East
Lansing 10 trees of different varieties and ages.

Of the trees at South Haven four were selected for
photosynthesis experiments because of their uniformity
and excellent physical condition. The remaining seven
trees were used for growth studies and for samples of
"thin' and "thick" branches and leaves. The four uni-
form trees were divided into two pairs, one pair pruned
and the other unpruned. Of the trees at East Lansing,
two Duchess of Oldenburg trees 12 years old, and a
Winesap and Grimes Golden tree 20 years old were used
in the photosynthesis studies. The other trees were
used for studies of light and leaf relationships.
Methods: One hundred leaves from "thin'" and "thick"
branches of Grimes Golden apple trees were studied to
discover differences in structure and form. The number
of layers of palisade cells and the thickness of the
leaf were determined microscopically. The length and
thickness of 50 "thin" and "thick" one-year-old shoots
were 8lso determined for comparative purposes. Sampling
in these cases was based on the diameter of the branches

at the base of four-year-old wood.
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The relation of light to the production of organic
matter was studied by measuring, with a Weston Photoelec~—
tric meter, the intensity of 1light falling on the "thick"
branch leaves of a single Winesap tree at the beginning
and end of three-~hour experimental periode., Light inten-
sity was transformed into foot candle hours by multiplying
the average light intensity for the experimental period
by one. Samples were chosen so that they received from
0 to 3770 foot candle hours of light. It was necessary
to shade the leaves to get samples from leaves recelving
less than 1000 foot candle hours. A sample of leaves re—
celving no light was taken by bagging the leaves in three-—
fold brown paper bags which transmitted only .1 percent
of the incident light. The bagged samples were always
'taken on the side of the tree away from the sun*. 8ixty
leaves were used in each sample. The bagged samples were
used to obtain the changes in organic matter due to res—
piration and transleocation.

The intensity of light falling on leaves of "thick"
and "thin" branches was determined by measuring the inten-
sity of 1light falling on the ventral side of two hundred
leaves from each branch class on 10 different trees which
varied in age, density of foliage, and variety. Results
are expressed in terms of foot candles of light intensity.

Two series of samples for photosynthesis determina~

*The temperature within the bags did not differ more than
one degree from air temperature.
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tions were taken from trees in the South Haven orcherd,
one series from the pruned trees and the other from the
unpruned trees. BSamples were taken from "thick" branch
spur and shoot leaves on all trees, and from "thin" wood
spur and shoot leavees on the unpruned trees. Samples
were collected approximately every two weeks during the
spring and summer of 1936. From the trees in the East
Lansing orchard & composite sample of spur and shoot
leaves on "thick" branches and a similar sample from
"thin" branches were collected at ten-day intervals from
July 12 to August 20, 1937, from each of the four trees
used.

lMeasurements comparing "thin" and "thick" leaves
were made by the "half-leaf! method developed by Sachs
and modified by Ganong. It was necessary to make some
changes in the technique as developed by Ganong to meet
the limitations of apple leaves. Because of the numerous
large veins in apple leaves, and because of their small
size it is difficult to get uniform samples with the
1 cm2 leaf punch, and hence, in 1937, a smaller punch,
cutting discs .31UL cm®, was made and used. Samples taken
with either punch showed that they were equally satisface

tory when sampling was done carefully on large leaves™*.

*A geries of 15 samples of 30 discs taken from the same
720 apple leaves within a period of 30 minutes collected
with a 1 em® punch showed a mean ashless dry weight of
L3034 £ ,0006 gram. A similar series taken with the
.3144 om@ punch but consisting of 60 discs teken from 30
leaves, had a mean weight, free of ash, of .1515 x ,0002
gram.
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Banmples for photosynthesis determinations were made
at sundown and at sunrise and sunset of the following day.
All of the samples were placed in tared weighing bottles
immediately after collection, taken to the laboratory,
weighed, dried at 70° C. for 12 hours, weighed again to ob-
tain sample dry weight and moisture content, and then ashed.
The ash weight was subtracted from the total dry weight to
get the organic matter content of the samples. The first
two samples were used to measure metabolism in the dark, and
the second and third samples to measure metabolism in 1ight
as indicated by differences in organic matter content between
the samples. The difference between samples 1 and 2 was di-
vided by the number of hours of darkness and multiplied by
the number of hours between sunrise and sunset to find the
change in organic matter to be attributed to respiration and

translocation®,

*It seemed doubtful that measurements taken at night would
show metabolism rates high enough to make their use satis-
factory. A comparison of six bagged samples taken during a
single day with an equal number of samples made the same
night is given in the following table. Individual differ-
ences are large but the average difference is small.

— v e Gwve  wm s e e NN Gt e mma e

Comparative Metabolism Rates of Apple Leaves at 23° C, Made
by Bagging Leaves during the Day, and Apple Leaves Open at
Night with an Average Temperature of 17.25° ¢,

Change in Organic Matter, Grams

Bagged samples, deter- : Open samples, determina—
minations made between : tions made at night be~
2 and 5 PM, Aver. Temp. tween sunset and sunrise.
23° G. Total time: 3 : Aver. Temp. 17.25° C.
hours. : Total time: 8 hours.
-.0034 : —~.0024
~.0062 : ~.0020
-. 0055 : ~.0084
.0012 : -.0023
-.0037 : -.0178
—.0032 : ~.0116
Total weight —-.0208 : —.0Lk5
Aver., Sample wt. -.00347 : ~.007h2

Aver. change per hr -.00116 : ~.00092




The difference between samples 2 and 3 was consider-—
ed as metakolism in light. The difference between samples
1 and 2, after adjustment for time, was added to the above
difference and the corbined value was then termed the in-

crease in organic matter due to photosynthesis*.

*The usual procedure with the "half-leaf' method is to use
short intervals of time, often two-~hour intervals, rather
than the long intervals used here. For apple leaves this
is awkward because the leaves vary considerably in thick-—
ness from tip to base, the areas not invaded by large velins
are few, and the leaves themselves small. Most agple
leaves are too small to allow more than 6 or 8 ¢m< discs to
be removed. For these reasons the use of fewer time inter-
vals wags considered more valuable provided it could be
shown that results nearly like those obtained from short
interval readings followed. The table below is based on
data taken from very large leaves on a Rhode Island Green-
ing tree at 8outh Haven. Each of the comparisons 1s made
from separate gamples taken at the times shown.

A Comparison of the Short Interval and Long Interval Method
of Sampling for Change in Organic Matter

Short Interval (2 hour) : Long Interval (Sunset, sunrise,
Method : Sunset) Method
Time : Change, gm., Time : Change, gm.
5:45 AM: start : 5:45 Al : start
7:45 : —,0081* : :
gil5 s .0011 : :
11:45 : .0108 : :
1:45 PM: .0051 : :
3:45 : .0026 : :
5145 : .0099 : :
7:U5 : .0018 : 7:45 PM @ .0172
9:45 : .0018* : :
11:45 : .ooug* : :
1:45 AM: ,0112* :
3:U45 AM: -.0156 : :
5: 45 : ~.0137 : 5:45 AM -.C1l75
Total Change: .0353 : .O}ﬂ?

*gtarred items carry the wrong signs and must be subtracted
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Twenty~eight pairs of branches having nearly identical
diameters at the base of four-vear~cld wood, at the base of
one~year—-old wood, nearly identical growth habits, and hav-
ing the same number of fruits and leaves were chosen for
growth studies. Fourteen pairs were "thin" wood branches
and the others "thick" wood. Growth of the two types of
branches was compared on the basis of increase in bulk as
measured in terms of dry weight. One of each of the 28
palire of branches was cut July 21 and the second August
3, 193%36. The increases in bulk of the new growth, the old
wood, and the fruit were recorded in grams. The leaf area
was measured, and the relative photosynthesis, expressed
as grams of organic matter produced during the interval
for the average leaf arca wasg recorded. Of the 28 pairs
of branches selected 4 pairs of "thin“ wood branches, and
4 pairs of "thick" wood branches had to be discarded be~

cause of loss of fruit or mechanical injury.
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EXrERIMENTAL RESULTS

A comparison of the physical characteristics of
"thick" and "thin" branches and leaves is given in
Table 1. The fourth column contains general informa-—
tion concerning branches which were artificially shaded
by Gourley (9) and Auchter (2). It is used to give a

comparison between "thin" wood and shaded wood.

TABLE I

The physical charscteristics of "thick", "thin", and
shaded branches

Characteristic :"Thick":"Thin*: Shaded
Diameter: : : :
base of b-vear-old wood : .38" 1 25"
base of new terminal shoots : .22" : .15" : weak
Length of new terminal shoots :18.00" :4.00" : short

Increase in bulk, 3~year-ocld
branches, including fruit*

: less than

7.69gm:3,3%gm: unshaded
: ¢ wood

.20mm: .lhmm: 53% less

: : than un-
:+ shaded
s wood

l—-2 : omne

Thickness of leaves

46 46 8¢ ¢4 44 8 08 =

"o oo *0

Layers of palicade cells Ol

*During a l5—day period

Diameter at base of b-year-cld wood: [14)

Diameter at base of new terminal shoots:
average of 50 branches.

Length of new terminal shoot: average of 50
branches.

Increase in bulk of 3-vear—old branches: aver—
age of 10 branches.

Thickness of leaves: average of 100 leaves.

Layers of palisade cells: range of 100 leaves.

That there is a difference in the physical character—

istics of "thin" and "thick" wood is clearly demonstrated
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ty other features than the ones by which Ricks and Gaston
chose to define them. The leaves of "thin®" wood are much
thinner than those of "thick" wood; their internal struc-—
ture differs in that the "thin" wood leaves have but one
layer of palisade cells as compared with three or four in
"thick" wood leaves. Four-month—cld shoots of "thick"
wood generally have greater basal diameters and are usually
much longer.

HThin" wood and intentionally shaded wood have several
characteristics in common. Terminal growth is short and
weak, neither "thin! wood nor intentionally shaded wood in-
creases raplidly in size or weight.m'The leaves are about
half as thick as those on branches more favorably exposed
to sunlight, and have but one, infrequently two, layers of
palisade cells.

Because the problem appeared to be a matter of light
relationships, some effort was made to find the relatione
ehip between the production df organic matter by apple
leaves and the light which the leaves received. Table II
gives data on the production of organic matter by the
"thick" wood leaves of a Winesap apple tree as affected by
the amount of light.

Increase in the production of organic matter with in~
crease in light intensity is made obvious by Table II.

The relationship is curvilinear. The curve of best fit,

after the method of least squares, is that of the second



degree in the potential series. Thisg is shown in Figure 1,
together with its equation, the standard error of Y, and
the coefficient of correlation.

The degree of correlation, r = 0.8998, is high. It
falls within the 5 percent point of Ficher's table and is
clearly significant.

The standard error of y (&40.367) is high. This is
as must be expected from any method for the study of photo—
synthesis under uncontrolled conditions. Deviation may,
in part, be explained by fatigue, suddenly changing leaf
activity because of temperature or light variation, or
other variable factors.

It is evident that leaf activity as measured by the
production of organic matter is closely related to the
amount of light falling on the leaf surface. With the
scope of the curve of ‘Yphotosynthesis" in mind, it was
desirable to investigate the relation of light to the
production of organic matter by “thin" and "thick" branch
leaves. During the summer of 1937 a group of samples for
photosynthesis determinations were taken at the same time
light measurements were made. The production of these
samples, in terms of grams per square meter of leaf sur-
face per hour, averaged .783 gram at 546 foot candle
hours. From the formula, given in Figure 1, *thick" wood
leaves should average .890 gram at this degree of illumi~

nation. The difference of .107 gram is only one-third the
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size of the standard error, indicating that "thin" wood
leaves are not less efficient per unit areaz than "thick"
wood leaves.

Actual and comparative light intensities received
by the leaves on the "thin" and "thick" branches of apple
trees are given in Table III. Light intensity from the
sun and zenith varied considerzbly, even on c¢lear days,
under Michigan atmospheric conditions. The comparative
valueg, that is, percent of direct sunlight, give a more
representative picture of the difference in the amount of
light falling on "thin" and "thick" wood apple leaves than
the absolute figures; yet each form of presentation has
certain useful features which require consideration.

The intensity of light falling on "thin" wood leaves
varies more directly with the density of foliage than with
any other factor except interference by clouds. Trees 1

and 2, which had some 'intermediate wood, but no "thin"

wood inside the tree, received on the leaves of the inner
branches from 1183 to 1090 foot candles of light between
the hours of 2 and 3 PM on a clear, slightly hazy day when
direct sunlight average 6955 foot candles. The trees of
group II had some "thin" wood, most of it nearly large
enough to be #intermediate" in character. The leaves on
this wood received, on the average, 390 foot candles of
light, while the "thick" wood leaves obtained 3152 foot
candles during a period when direct sunlight was approxi-

mately 8528 foot candles. The older trees, in group III,
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had a large amount of "thin" wood, some of it extremely
"thin" in type. Leaves on the "thin" wood in these cases
averaged 142 foot candles of light when the mean intensity
of direct sunlight was &339 foot candles. "Thick" wood
leaves on trees of this group received an average of 3143
foot candles of light.

Use of some of these light values in the equation of
Figure 1 indicates that "thin" wood leaves may produce, at
109 foot candles, .374 gram of orgenic matter per hour,
and at 428 foot candles they may produce .75% gram per hour*.

The relative values are similar to those of Blackman
and Matthaei (4), except that Blackman used as his value for
full sunlight the maximum amount of light received from the
sun. The comparative values given in Table 3 are obtained
by dividing the average amount of light falling on leaves
by the direct sunlight intensity at the time readings were
taken. The "thin" wood leaves on the trees of group II re~
ceived .0O46 full sunlight, and those of group III .017.

The average amount of light received by "thick" wood leaves
on all of the trees in these two groups was .374 full sun-
light. From the formula for the production of organic
matter as related to the amount of light, maximum photosyn-—
thesis at about 23° C. would occur with .439 full sunlight.
Since Blackman and Matthaei show that maximum photesynthesis

(at 27.5° C.) requires from .36 to .69 full sunlight it is

*The standard error of these figures is % .367 gram.
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evident that "thin" wood leaves, which receive on the aver—
age lcse than .O4 full sunlight, cannot be very active in
the production of photosynthate.

The data so far discussed have been limited with res—
pect to time and by some arbitrary rules of procedure. It
remains, then, to find whether or not "thin" wood and "thick"
wood leaves and branches will react in the same fashion over
& long period of time, during which entire days are consider-
ed rather than intervals of a few hours. The results of thisg
study are given by Tables U4 and 5, which will be separately
considered. Table 4 shows the results of the 1936 season and
Table 5 those of 1937. Table 4 is so arranged that compari-
sons may be made between leaves from spurs and shoots on
Ythin' and "thick" wood on both pruned and unpruned treec.

It is noticeable that every series of samples varied widely
from the mean resgult; yet in few cases did "thin" wood leaves
equal or exceed the production of organic matter by "thick"
wood leaves,

The extremes of production by "thick" wood leaves are
15.87 grams per square meter of leaf surface as the maximum
attained, and ~&.07 as the minimum, the average being 5.36
gramSper day. For "thin" wood leaves the extremes are
7.00 and -16.20 grams, respectively, for the maximum and
minimum production, while the average for the 90-day period
wae ~0.38 gram. "Thick" wood leaves on unpruned trees

averaged slightly higher in production of organic matter
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over the 90~dav periecd than did the same type of leaves on
pruned trees. On unpruned trees all "thick" wood leaves
averaged 6.02 grams of organic matter per gquare meter of
leaf éurface rer day; on pruned trees the leaves produced
an average of U4.71 grams.

In order to illustrate the course of organic matter
production during the period of the experiment, and to com-
pare the rate at which each type of leaf is able to make
organic matter, Figure 2 was developed. This graph shows
the summation curves for the production of organic matter
by "thin" and "thick" wood leaves as they appear, when
developed in the following manner: The daily production
for each two successive readings was averaged, multiplied
by the number of intervening days, and the totals added
successively. It will be seen that for about 30 days fol-
lowing June 5 "thin" wood leaves, in general, showed no
apparent photosynthesis*., After July & "thin" wood leaves
were active., Comparisons of yields of organic matter by
the two types of leaves were made by drawing a straight
line from the point of origin to the end point of the curve,
and determining the slope of the line. Because of the
nature of the curve for "thin" wood as drawn from the 1936
data, and shown in Figure 2, two lines were drawn, C; from
the point of origin t9 a point 33 days out on the X axis

along B, and Cp from this point to the end point of the

*Reference to Table 4 will show that this is not invariably
the case.
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summation curve. The amount of organic matter which was
manufactured by "thick" wood leaves for each gram used or
produced by "thin" wood leaves was calculated by dividing
the slope of the line representing the production of "thick!
wood leaves by the slope of line with which it was to be
compared. For example, the slope of Al divided by the slope
of By shows that for each gram of organic matter produced
by "thin" wood leaves for the 90-day period "thick" wood
leaves manufactured 12.9 grams.

From June 5 to July & "“thin" wood leaves must have re-
ceived from the tree or branch, on the average, 1 gram for
each 3.25 grams of organic matter made by the "thick" wood
leaves. DbLuring the latter part of the experimental period
"thin" wood lsaves manufactured 1 gram of orgenic matter
for every 3.32 grams produced by "thick! wood leaves.

The question of whether or not '"thin" wood is actually
paragitic may be considered from two viewpoints on the basis
of the data shown. First, if the data in Table 4 are re—
viewed, it appears that "thin" wood could be parasitic since
the average unweighted daily production is ~0,.38 gram. The
table does not take time into consideration as the graphs
in Figure 1 do. From June 5 to July 8 'thin" wood was not
making organic matter as fast as it was being used, and at
this time there is a possibility that the wood was not self-
supporting. From July & to September 5 the production of
organic matter by the "thin' wood leaves on these same trees

exceeded by 1U44.3 grams the amount that was lost during the
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first part of the experimental period, indicating that "thin'
wood was not entirely parasitic, if at all so.

The data collected in 1937 define more exactly the extent
of the difference in organic matter production by "thin' and
"thick" wood leaves. The extremes of production, as shown in
Table 5 were for "thick" wood leaves 13.09 grams and 1.50
grams as compared with a maximum of 3.87 grams and a minimum
of -1.11 grams per square meter of leaf surface per day for
"thin" wood leaves. The average production for "thick" wood
leaves was 6.34 grams as compared with 1.66 grams for the "thin."

Comparisons (Figure 3) were made between the relative
amount of light received by "thick" and "thin" wood leaves
on these trees. "Intermedlate! wood leaves on Duchess tree
No. 1 located "inside" the tree received .158 the amount
of light falling directly from the sun. These leaves pro-
duced .27 as much organic matter as did the "thick! wood
leaves or an average of 2.35 grams of organic matter per
day. "Thin!' wood leaves on Duchess tree No. 2 received
.05 full sunlight; yet they produéed a dally average of
1.92 gram of organic matter per square meter of leaf sur-
face per day which was .35 the amount produced by "thick"
wood leaves on the same tree. The "thin" wood leaves on
the Winesap tree received .021 full sunlight and made .23
as much organic matter as the "thick" wood leaves or an
average of 1.42 gram of organic matter per day. Grimes

Golden "thin" wood leaves received .012 full sunlight and
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produced .22 as much organic matter as the "thick" wood
leaves on the same tree or a daily average production of
.93 gram per square meter of leaf surface per day between
July 13 and August 20, 1937. This tends to indicate that
"thin" leaves may be from slightly below equally efficient
to more than three times as efficient per unit of light
received per unit of leaf area as "thick!" wood leaves.
However, it is apparent that much more time is required
for them to produce an equal amount of organic matter.
Even the "intermediate!" le=2ves on Duchess tree No. 1 would
require 2.7 times as long to produce the amount of organic
matter produced by the average for all "thick" wood leaves.

A comparison was made between the average summation
curves for "thin" and "thick" wood leaves for the data col—
lected in 1937 similar to that made from the data of 1936.
It was found that between July 13 and August 20 *thick®"
wood leaves produced 3.5 grams for each gram made by "thin"
wood leaves (Figure U4).

If the leaves on "thin" wood are less able to make
food for branch and fruit growth, the branches, as well as
the fruit, must suffer from the lack. There should be some
relation between the amount of organic matter produced by
photosynthesis and the amount laid down in the branches
during the growing season. A comparison of the amount of
growth made by "thin" and "thick" branches, and the amount
of organic matter which the leaves could have produced at

the same time is presented in Table 6¢
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Per unit of leaf area "thin'" wood leaves made about
11 percent as much organic matter as did "thick" wood
leaves, and the branches increased 43 percent as much in
bulk during the interval shown by Table 6. Assuming,
however, thst respiration of leaves, branches and fruit
required 20 percent of the manufactured organic matter,
as suggested by Heinicke (11), "thin" wood leaves produced
a little wmoere than twice the amount of dry matter laid
down. Under the conditions of this experiment "thin® wood
was not parasitic, for obviously the leaves were fully
capable of supporting the branches and supplying sufficient
elaborated materials to account for branch maintenance and
the small growth made. It is equally evident that the corol-
lary, that "thin" wood makes little growth because it 1is

supplied with small quantities of elaborated food, is true.
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CONCLUSIONS

Since growth is limited by the amount of food and
food materials which the branches obtain from tree* and
leaf it is apparent that the size and development of fruit
and branch will be limited by the quantity of either which
the branch is able to obtain. The amount of elaborated
plant food which the branches will get from the leaves on
them is modified by the quantity of light which the leaves
receive. Since relatively little light falls on "thin"
wood leaves the amount of elaborated plant food which the
branches will get will be wmuch less than is produced by
the more strongly illuminated "thick!" wood branches.

The size of fruit borne on "thin' wood branches is
subject to two adverse factors, the first being the fact
that the available supply of elaborated food will be small,
and the second that less light falls on the fruit itself.
Fruit on wood which obtains from less than 6 percent to
not more than 43 percent as much light as fruit on "thick"
branches will be smaller in size for this reason. In addi-
tion, the grade of the fruit will be reduced because fruit
so poorly illuminated will not be so well colored.

With reference to pruning as a means of influencing

the fruiting habit of trees and the econcmics of fruit

*The other possible reason for the development of "thin"
wood,—-that is, the restricted entrance of fnod materials
from the remainder of the tree, is probably & minor cause

since it is dependent upon severe mechanical or pathologi-
cal injury, senescence, Or poor soil conditions,
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production the results that have been presented offer some
valuable suggestions. A common pruning practice to improve
the growth of fruit and branch is "thinning out®, that is,
cutting out some of the canopy branches so that light may
penetrate deeper toward the tree trunk. This type of prun-
ing removes much good fruiting wood. If pruning by this
method could raise the level of light reaching the inner
branches to that which reaches the leaves on the branches
making up the tree canopy, the leaves on the branches "inside”
the tree cculd produce, theoreticelly, egually good fruit
after vigorous growth had been re—-sstablished. However, it
was obsgerved that at best not more than 43 percent as much
light could be expected to fall on the inner branch leaves
of healthy, vigorous, open trees as fell on the canopy branch
leaves. Consequently, the invigoration of weak wood,--making
thick, productive fruiting branches out of "thin" ones~—is
impracticable. The normal course is for stocky wood to be-
come weaker, for "thick" to acquire the characteristics of
"thin" wood, as it becomes older, due in large measure to
shading. This tendency cannot be reversed because it is the
very nature of trees (as opposed to shrubs) to produce their
strongest new growth from their outer and upper extremities.
From the standpoint of orchard economics, then, it is
evident that the removal of branches which make up the tree
canopy is not the answer to profitable production for, with

no pruning, it is these branches which receive the most



light and meke the best fruit. The inner branches which
produce the pooresgt fruit and make the least growth can

be removed advantageously since such pruning reduces the
number of poor gpecimens which muet be picked, handled

end marketed. Of the various methods of pruning for the
purpose of improving the quality of the fruit harvested,
"thin'" wood pruning makes the greatest use of the interpreta-
tions based on the data obtained by these experiments in

photosynthesgis.
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SUMMARY

Experiments which were aimed to detefmine how directly
the theory that certain branches of the apple tree are "thin®
because they are poorly nourished might be applied were made
with the following regults:

1. On "thick" wood leaves it was found that light af-
fected the production of organic mattér according to the
relationship,Y =0.2352 40.1282X—-0.00146 X2, with Sy =
20.367. Light was correlated with production to the extent
Ty = 0.8998.

2. "Thin" wcod leaves received from .017 to .05 full
sunlight as compared with from .28 to 165 for "thick" wood
leaves, but were apparently equally efficient per unit leaf
area, per unit of light received.

3. Two years of experiments attempting to determine
the approximate amount of organic matter which "thin' and
thick! wood leaves could produce per average day showed
that "thin" leaves could produce from ~1.82 to 2.35 grams
where "“thick" wood leaves could produce from 4.19 to &.31
grams per square meter of leaf surface per day under aver-
age growing season conditioné in southern Michigan.

| 4. H“Thin" branches did not increase in bulk as rapidly
as "thick!" branches but the leaves on "thin" branches were
apparently able to provide, generally, enough organic matter

to account for any gain in bulk which they made,
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It is concluded that "thin" branches are not para=—
gitic, except under the most extrewme conditions, but
that because their leaves do not receive sufficient
light, they are less well nourished and consequently,
"thinner" than the other branches on the tree. Further-
more, on the basis of these data, and in the light of the
work reviewed, "thin" wood fruit will be less well colored
(if commonly red) and smaller in size than fruit on other
branches.

With respect to pruning the conclusions drawn sare
that it is better to remove the wood bearing poor fruit
rather fhan to attempt to improve the growth of the weak
thin" branches by removing good fruiting wood from the
outer part of the tree canopy,——the same recommendations
as those made by Ricks and Gaston in their "thin" wood

method bf pruning.
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TABLE II

Relation of light to the production of organic matter

Light ; Production of organic matter
(foot—candle-hours) : (grams per square meter per hour)

0 : .00
30 : « 38
70 : .10
&0 : .02

150 : .15
160 : .65
195 : .65
200 : .68
210 : L0
520 : .90
gL0 : 1.19
gho : 1.65
900 : 1.7

910 H 1.2

920 : 1.75
1010 : 1.23
1080 1.19
1090 .72
1090 1.9

1350 2.51
1400 : 1.69
1585 : 2.32
2640 : 2.05
2660 : 2.13
2699 : 2.7

2710 : 2.68
2710 : 2.23
2780 : 3.88
2850 : 2.52
2879 : 2.04
3180 : 2.38
3760 ! 3.48
3770 : 3.37

Y =0.2352 +£1282 - ©.00146 X2

* 0.367
0.8998

Sy
T

LI
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TABLE IV

CHANGE IN DRY MATTER DUE TO PHOTOSYNTHESIS

19-20
(In grams per square meter per day)
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v 12-17%:
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: =6
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TABLE V
CHANGE IN THE ORGANIC MATTER OF LEAVES DUE TO

PHOTOSYNTHESIS
1937

In grams per square meter ¢f leaf area per day

July

Sanmples

Mean

Total :
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TABLE VI

A Comparison of the Growth of "Thin" and "Thick” Branches*

and the Amount of Organic liatter Produced
by Their Leaves

Grams Aver.: Produogion of
Dry Weight : leaf : dry matter
z = area : from 7/21 to

©o7/el v 8/3 Crégge : (cm®): &/3/36
"THIN WOOD! : : : :
New wood 1,37 ¢ 1.4 12
Wood 1 to 3 : : : :
years o0ld : .99 1+ 1.30 31
Fruit : 20.25 23,21 : 2.96
Total gain, dry matter 3.39 : U880 : &.75 grame
"THICK WooD" H
New wood P 5.86 ¢ 6.45 ¢ .59
Wood 1 to 3 : : : :
years old : 6,66 : 8&.83 : 2.17
Fruit o 25.49 3042 ¢ 4,93
Total gain, dry matter 7.69 : 820 : &1l.40 graus

*Average of 10 branches



Gms. per sgm. per hour

Figure 1

RELATION OF LIGHT TO THE PRODUCTION OF ORGANIC MATTER BY APPLE LEAVES

_ ————— 1
Y =0.2352 4. 1282X—0.00146 X° \\
Sy = 20,367
T = 0.8998 \
1000 2000 3000 1000 = 5000
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Figure 2

COMPARISON OF THE SUMMATION CURVES FOR ORGANIC
MATTER PRODUCTION OF "THICK" AND "THIN"
WOOD LEAVES., 1936,

Grams
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4oo
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Days from June 5
A: "thick" wood leaves, summation of production
Ay: Slope = 1.250 _
B: "thin" wood leaves, summation of production
B,: Slope = 0.097



Grams organic matter per square meter of

leaf area per day

Figure 3

PRODUCTION OF ORGANIC MATTER BY APPLE LEAVES
COMPARED WITH THE LIGHT RECEIVED BY THE LEAVES

8.31 Duchess No. 1* Duchess No. 2 Winesap Grimes
Golden

Average;

Percent of

AMW“W AWWWW
sunlight 35, . & 0.
detn S S % %

leaves

Open Columns: Average daily production by "thick" wood leaves. *"Intermediate" wood

Black Columns: Average daily production by "thin" wood leaves. leaves

Circles: Full sunlight. 1 Average includes leaves
Black portion: part of sunlight received by leaves. from "intermediate" wood

Upper circles: 1light received by "thick" wood_leaves.
Lower circles: 1light received by "thin' wood leaves.
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FIGURE &4

COMPARISON BETWEEN THE SUMKATION CURVES FOR DRY
MATTER PRCDUCTION BY "THICK" AND "THIN"
WOOD LEAVES
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