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A Study of Growth in Summer Shoots
of the Apple with Special Consid-

eration of the Role of Carbo-
hydrates and Nitrogen

By

E. M. HASVEY

INTRODUCTION
The present report of investigation deals with one phase of a general

problem being conducted by the Horticultural department; namely, 'The
nutritional changes in fruit trees as related to behavior and cultural prac-
tices." A previous bulletin of this Station' reported the results for two
other phases of the same general problem. The point of view of the
previous work is maintained in the present; the chief departure from the
previous studies is in the material used. In the former, attention was
directed to the spurs, and, specifically to spurs as regards the processes
of fruit bud formation and setting of fruit, while in the present investi-
gation, attention has been transferred temporarily to the terminal grow-
ing shoot.

The aim of the present study was not, primarily, the determination
of chemical changes accompanying growth, nor the making of growth
curves, but rather, to seek a basis for a better explanation of some of
the wide differences in growth response to pruning and other orchard
practices, recorded in horticultural literature. It was also hoped that
some light might be thrown upon one or more subsidiary questions, such
as the following: (1) At what stage of development do apple shoots
cease to receive contributions of elaborated food materials from older
portions of the tree? (2) When does the direction of the general flow
of elaborated food reverse; that is to say, when does the shoot begin to
contribute to the older portions of the tree? (3) What proportion of
th food manufactured by the growing shoot is used for its own exten-
sion and development during the first season?

A chemical method was employed in the attack on the above ques-
tions, but in order that the meaning of any observed chemical changes
in the shoots might be as nianifest as possible, the normal processes of
growth were frequently interfered with by means of ringing and de-
foliation. To judge the effectiveness of ringing and defoliation as experi-
mental methods for disturbing the normal activities of the shoot, or for
partial isolation of the shoot from the rest of the tree, one needs to know
more about the actual processes occurring within the shoot than the
available information seems to pernut. Only lately there ceased to be
a general concensus of opinion on so apparently simple a matter as the
path of translocation iii the shoot. But for an attack on the growth
problem in hand, there was great need for a suitable experimental means,
and lacking much conclusive information, it appeared desirable o assume,
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as a working basis only, the truth of Curtis' important conclusion re-
garding the path of translocation, which is this: that elaborated food
materials travel both down" and 'up," exclusively in the phloem. This
assumption suggests that as means for physiologically isolating for study
separate organs of the tree there may be greater possibilities for ringing
and defoliation than were formerly considered. Such studies, if they be
possible, should hold several experimental advantages over those made
on the tree as a whole. Certain advantages might be expected to accrue
from the following facts; namely, (1) that organs of a fruit tree show
considerable "individuality" in their response to natural or experimental
conditions which may be imposed on the tree as a whole; (2) that differ-
ent organs of the tree have different functions, and may perform them
at different times, hence the opportunity is suggested for study of the
relation of internal conditions to specific function in the organ; and
(3) that the employment of the individual organ allows all experimental
treatments and controls to be equally represented on every tree, thereby
practically off-setting individual tree differences which are ever present
and, too often, the dominating obstacle of the field-plot method.

Supplemental to the preceding paragraphs, it may be stated briefly,
that the studies reported in this bulletin are on the growth responses of
apple shoots as affected by various forms of ringing and defoliation,
observable through measurements and chemical analysis. The field and
laboratory work was carried on during the period 1920-23 inclusively.

GENERAL METHODS
A. GENERAL PLAN OF FIELD WORK

The trees furnishing the material for these shoot studies were seven
to nine years old and selected always with the view of securing uni-
forinity of size and vigor. The field-plot method was not used, but ra-
ther the attempt was made to off-set individual tree differences through
the adoption of an unchanging policy of maintaining on each tree an
equal distribution of shoots as regards numbers, treatments, and posi-
tion. This is, however, the same method employed in the apple spur
studies reported in Station Bulletin l76.

The varieties involved in thec experiments were chiefly Grimes and
Spitzenburgs, with occasional use of Arkansas Black, Rome, and Gano.

The details of arrangement of experiments, the varieties and number
of shoots involved, and the special treatments employed will be described
in connection with the report of results of each series of experiments.

B. METHOD OF RINGING AND DEFOLIATION
The ringing operation was usually done at a point on the shoot 6

to 8 centimeters "above" the juncture of the new growth with that of
the preceding season. A basal portion was thus left on each shoot below
the ring, and in the presentation of results a distinction frequently will
be drawn between this basal portion and that above the ring (see Fig.
11). The ringing itself consisted of the removal of a complete ring of
bark which was about 5 to 8 millimeters in width, entirely through the
bark tissue. These were made with caution in order not to injure the
xylem, and the wound surface was treated immediately with rather thick
liquid grafting wax to prevent drying out. In one group of ringing
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experiments, Series E, the rings were made just below the new growth
in that of the preceding season (see Fig. 25).

The defoliation treatments were usually similar to the ringing, in
that the regions of the shoot involved were the same, that is to say, the
leaves were removed from a point 6 to 8 centimeters above the base of
the shoot, leaving a basal portion not directly disturbed. Where other
types of defoliation were employed, they will be described when the
responses from them are reported.

Where ringing and defoliation are combined the ring was always
placed 6 to 8 centimeters above the base of the shoot, and all leaves
removed above it.

C. DETERMINATION OF GROWTH

The term growth" as used throughout this report refers to increase
in length only. This increase was determined by the simple process of
measuring, to the nearest half centimeter, at stated intervals, the length
of the shoot from base to tip. The intervals between measurements
varied through the experiments from one to nearly five weeks.

D. COLI.ECTION AND PRESERVATION OF MATERIAL
Shoots collected for chemical analysis were always taken from the

trees early in the morning (5:30 to 7:30 am.) in order to have as uniform
a chemical base line in the tissue, throughout the season, as possible.
After cutting, the shoots were placed immediately into large botanical
collection cans, and before 8 am, were brought to the laboratory.
Requisite division was made of these lots, whether into leaf and stem or
top" stern and basal" stem samples, as quickly as possible, so that the

fresh weight determination of each sample could be made. No more
collecting was done any morning than could be carried through the first
critical stage (i.e. to placement in the oven) within three hours after
the arrival of the shoots in the laboratory. The procedure through
which the shoots were taken during this early stage was as follows:
After division of the lots into the various samples, they were placed in
large evaporating dishes and the fresh weights determined. Then they
were chopped to small pieces and lightly covered with 94 pertent re-
distilled alcohol and transferred to the vacuum desiccator for about
four hours at 75 to 80 C. The temperature of the oven was increased
after this period to 95 C. and held so until the samples were completely
dry.

E. METHODS OF CHEMICAL ANALYSIS
The general procedures in the chemical analysis reported in this

work were essentially the same as those employed in the spur studies
of Bulletin 176 of this Station, and as described on pages 18 to 20 of
that work. It was necessary, however, to make a few changes in those
methods as detailed below.

1. Extraction. All samples, except the leaf samples of Series B,
were separated into hot-alcohol soluble and insoluble fractions as de-
scribed in Bulletin 176, the preparation for extraction, etc., being the
same, except for the slight modification previous to grinding. The tissue
here was ready for immediate grinding on account of its not having been
preserved in alcohol as formerly.
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Dry weights. Dry weight of the entire sample, was determined
on removing the tissue from the oven. The dry weight of the insoluble
fraction was determined after extraction. With this and the total dry
weight value, the dry weight of the soluble fraction was also obtained.

Nitrogen. Total nitrogen determinations were made separately
on the two fractions by the Kjeldahl method as modified by Gunning-
Arnold. No separation of soluble and insoluble nitrogen was made for
the leaf samples of Series B for the reason mentioned in (1) above.

Carbohydrates. (a) Reducing and total sugars. These were de-
termined by the official method used in the previous spur studies, except
that this official procedure was departed from with respect to the con-
ditions surrounding the copper reduction by the sugar solutions. In-
stead of the regular four-minute heating, plus two-minute boiling periods,
a modification of these conditions to a half-hour period at 800 C. was
adopted for all sugar determinations in this report. This modification
is the one suggested by Quisumbing and Thomas8 whose procedure was
followed in most details. Calculations of sugar equivalent to the copper
reduced were made by means of the formulas published by these authocs,
and the entire method checked against standard sugar samples from
the United States Bureau of Standards. And as a thing of great working
convenience, it should be mentioned that a reference table was prepared,
to show the amounts of invert sugar and glucose equivalent to copper
values from 10 to 180 milligrams, proceeding by two-milligram intervals.

The modification above was adopted in consideration of what were
judged to be real points of superiority over the official reducing pro-
cedure, as follows: (1) 'uniformity of conditions; (2) much more ease
of manipulation; and (3) a 60 percent increase in speed.*

Pjslorjdzjn. The' method employed in the determination of Phlorid-
zin was that suggested by Harvey.0 A 50 c.c. portion of the soluble
fraction, comparable with the portion used for reducing and total sugars,
was transferred to a 200 c.c. Florence flask. 'To this were added 26 c.c.
of water and 4 c.c. of concentrated hydrochloric acid (sp. gr. 1.18). The
flask was then connected with an air condenser and placed upon a large
Hoskin's hot-plate and the temperature adjusted so that the 'solution
would simmer with an occasional ebullition, for 2- hours. The solution
was then cooled, transferred to a 100 c.c. volumetric flask, neutralized,
and made up to volume. The reduction and titration procedures were
the same as for the sugars. The method for calculating phloridzin is
as follows: From the total potassium permanganate (n/20 solution)
titration obtained above, subtract the value of the titration of total
sugars; the difference, in cubic centimeters of permanganate solution,
translated to its copper, and then to its glucose equivalent, is assumed to
come from phloridzmn (cf. Harvey0). Conversion of this glucose value
to anhydrous phloridzin is made through multiplying by the factor 2.42.

Penlos'ans. Pentosans were determined by one of the two following
methods:

Reductions were carried out in 400 cc. beakers, covered and immersed in an
eight-hole steain.heated water bath, provided with a strong stirring device. Temperature
was constant at 80' C. within a range of one degree. With this equipment, sixteen
reductions per hour were made with considerably more ease and uniformity than the
maximum ten per houi by the official procedure.
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Phioroglucin method. The procedure recommended by the
Association of Official Agricultural Chemists was followed in detail.

Pentosan figures reported for the stein samples of Series B were
obtained by this method:

Modified Spoehr'5 method. The solution obtained by the reg-
ular .2k-hour acid hydrolysis (in the regular determination of total poly-
saccharides) was submitted to a fermentation by baker's yeast. The
non-fermentable pentose sugars were determined as glucose and the
values translated to pentosans by use of the factor 0.85.

The leaf samples of Series B were analyzed by this method.
Starch. The taka-diastase method was employed, practically as

recommended by Davis and Daish.3 A serious objection to this method
would seem to arise from the fact that the commercial taka-diastase
powders carry an extremely large amount of reducing substances which
give an inconveniently and dangerously large blank determination.

Total polysaccharides.* These were determined by the same meth-
od and procedure as described in Bulletin 176.

RESULTS AND DISCUSSION
1. PRELIMINARY EXPERIMENTS

The first attack on the growth problem in hand was made in the
summer of 1920. The experiment was a rather small one and of a pre-
liminary nature. The methods of ringing and defoliation were tried with
the intention of estimating the general effectiveness of these practices
as aids in the study of shoot growth. The plan was to ring and defoliate
shoots in various ways, and from observation of the growth responses
to judge the merits of these methods for a later chemical study. The
growth responses obtained agreed in general with those reported by

It may be of interest to have presented below the average figures which were
obtained from a large composite sample of apple shoots (stems only). The data show
the inter-relation of the substances considered in this bulletin better than a summary
of analyses of individual experimental samples. More attention is given here, however,
to the various constituents of the hot-alcohol insoluble fraction than in the experinientat
work reported later. In outline this composite sample gave the following results

135.0 grams fresh tissue (on drying became)

56.5 grams (hence water = 58.2%)

(on extraction woo .ieparated into)

Soluble matter 22.2% Insoluble matter = 77.8%
(on partial analysis gave) (on partial analysis gave)

0.92% 1.20% 3.26% 0.093% 2.6% 4.2% 11.7% 19.0% 20.4% 0.481%
.0a

V 0 50be. .a...- .0
o a S.a aa0 .0a ,,obe

V n0 ,a -0 .0 i'si °o .0° .0
I", 000 0_°

0 0 0. ' 0.O i
.0 0U) So U) (1) So So k ri
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Curtis,1 but the reaction of these first-hand findings on the writer was
sufficiently strong that they formed the background, and became the
guide for all the later experimental studies. A brief account of the ar-
rangement of the preliminary experiment and results will be given
below.

The varieties used were: Gano, Spitzenburg, and Rome. The trees
set aside for the work were very heavily headed back in the preceding
March in order to produce abundant and vigorous shoots. The ringing
and defoliation were performed on June 20, at a time when the growth
of the shoots was still rapid. The shoots were tagged and their lengths
carefully determined, and divided into four lots for the following treat-
ments: (1) checks, entirely untreated; (2) ringed only (ring 6 to 8 cm.
above base); (3) defoliated only (all leaves removed above point 6 to 8
cm. from base); and (4) ringed and defoliated (treatments (2) and (3)
combined). There were three trees of each variety and each treatment
was represented by seven shoots on every tree. These shoots were not
disturbed again until July 21, when their length was redetermined The
growth responses to each treatment are summarized in Table I. An

TABLE I. EFFECTS OF RINGING AND DEFOLIATION ON
GROWTH OF SHOOTS
Preliminary Experiments

examination of this table will show that the Gano and Spitzenburg
shoots, which were ringed only, gave greatest growth of all treatments,
but the defoliated Rome shoots, although they did not grow more than
checks, grew relatively more than the ringed shoots of the preceding
varieties. In other words, in the Rome shoots the situation as regards
the relative growth after ringing and defoliation is the reverse of that
in the Gano and Spitzenburg. Ringing plus defoliation practically
stopped growth immediately in all three varieties.

The facts that ringing accelerated growth in Gano and Spitzenburg
and retarded it in Rome shoots, together with the correspondingly op-
posite effects of defoliation, were found difficult to bring into harmony
with Curtis'1 explanation for apparently similar growth responses
to the same treatments. He explained the retardation of growth by
ringing, on the basis that the removal of a ring of phloem cut off the
supply of elaborated food from "below" so creating a food deficit, and
hence a slowing down of growth activities. Retardation from defoliation
was explained also on the grounds of a food deficiency. But this in-

I-

'I
> Treatment

Length
June 20

cm.

Length
July 21

Increase in
length after
treatment

Percentage
of increase

cut. cm. %
0 Checks 41.5 61.0 19.5 45.7

Ringed 42.0 63.2 21.2 50.5
1.1 Defoliated 38.0 52.0 14.0 36.7

Ringed plus defoliated 42.0 44.0 2.0 4.8

Checks 42.3 71.5 29.2 69.0
Ringed 44.2 78.3 34.1 77.2
Defoliated 41.5 60.8 19.3 46.5
Ringed plus defoliated 52.3 55.2 2.9 5.5

,
O

Check
Ringed

43.1
50.2 60.8

i7.2
10.6 21.1

o Defoliated 44.4 59.2 14.8 33.3
Ringed plus defoliated 46.4 48.5 2.1 4.5
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vestigator noted that ringing sometimes accelerates growth, a fact which
he explains by assuming that while the leaves were previously manufac-
turing enough food for good growth, the optimum amount could not be
accumulated on account of the normal downward flow through the
phloem. Ringing then, by checking this flow away from the shoot,
increased the food content, and accelerated growth. This explanation
for the reversed effects of ringing, while being generally very acceptable
to the writer, and apparently applicable to the results recorded for Gano
and Spitzenburg, did not seem to apply with equal ease to the response
of the Rome shoots in which ringing retarded growth. Growth had
slowed considerably in the Rome shoots by the time the experiment
was begun. This situation was indicated both by the recorded data and
the general field appearance of the shoots. If it be granted that growth
had slowed more in this variety than in either of the others, the checking
of growth by ringing cannot well be attributed to the lack of food. Cer-
tainly not to lack of carbohydrate material, since ringing at that stage of
shoot development should increase the carbohydrate content. The wide
differences of growth response which may be expected to follow ringing
or defoliation lead one to conclude that either of these methods will
cause a shoot to grow faster or slower according to its stage of develop-
ment when the operation is performed. in consideration of this possi-
bility, the writer endeavored to make a tentative analysis of the general
processes in the shoot as regards the manufacture and movement of food
materials in relation to its growth and stage development. The first
working assumptions induced were based on two other assumptions: the
first, that elaborated food materials of the shoot move principally
through the phloem (Curti.s'); and the second, the carbohydrate-nitro-
gen theory of Kraus and Kraybill.6 The assumptions based on the above
became the guide to much of the experimentation to be reported later
in this paper, and they are as follows: (a) If the carbohydrate supply of
the shoot is somewhat limited, ringing will retard growth very slightly, or may
in fact accelerate it, hut dt'f a/ia/ion will greatly retard growth. (b) If carbo-
hydrates are abundant in the shoot, and the nitrogen supply somewhat limited,
ringing will retard growth, hut dejoiialion 'ihl retard it \'ery slightly, or may
greatly accelerate it.

It must be pointed out immediately that the above assumptions were
intended to apply only to shoots which have reached a later stage of
development, when, if there is any general movement of carbohydrates,
it is downward" or out of the shoot. Early stages of development
would require considerable modification of the above assumptions, as
will be detailed farther on. But were a tentative application niade of
the above to the shoot performances recorded in Table I, it would be
necessary to place the shoots of Gano and Spitzenburg in group (a) and
Rome in group (b). Unfortunately, however, there were no chemical
analyses for this experiment, so that the internal conditions of the
shoots could not be checked.

2. SERIES C

Series C is a study of growth in the normal untreated apple shoot.
The data accumulated from it have a bearing on the relation of the
distribution of the large groups of chemical constituents, in different
regions of the shoot, to its seasonal growth curve. Since this study deals
only with the untreated shoot, it seems desirable to present the results
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before considering the more strictly experimental series which deal with
the behavior of shoots after ringing and defoliation operations.

With reference to the distribution of certain substances in the normal
growing shoot, a number of questions arise apropos of the general prob-
lem in hand, as for example: (1) What chemical differences are to be
noted between the region of the growing point and the base of the
shoot? (2) Are those substances, commonly associated with good grow-
ing conditions (e.g., water, soluble solids, and nitrogen, etc.) more
abundant in the tip region and do they diminish there less rapidly
through the season, than in the base? In other words, is the complex
of conditions favoring growth more constant at the tip through the
growing season than is indicated by the usual seasonal curves obtained
from analyses of the entire summer shoot? (3) If at the tip of the shoot,
this complex of conditions favoring growth, including a relatively low
carbohydrate-nitrogen ratio, does remain constant through the growth
season, or at least much less changeable than in other regions of the
shoot, would it not indicate a closer correlation between growth in
length and a definite internal condition than previous seasonal analyses
of summer shoots have shown?

With these questions in mind, fifteen trees each of the varieties,
Grimes and Arkansas Black were selected to furnish material for a
study of normal shoot growths. Fifty shoots were selected and tagged
on each of the above thirty trees. All these shoots \vere measured first
on fune 2, at which time they averaged 4.0 cm. and 10 cm. for the
Arkansas Black and Grimes 1-espectively. In both varieties, terminal
growth had begun one or probably two weeks previous to tins measure-
ment; unfortunately, therefore, the shape of the grown curve in its
earliest portion cannot be determined from the data obtained. The
shoots remaining on the tree after procuring each chemical sample were
reineasured June 9 and 23, July 4, August 2, and September 11, On each
of the measurement dates, as indicated, shoots were taken for chemical
study. The sizes of the chemical samples at each collection date were
as follows: for the first three collections they consisted of ten shoots;
for the fourth collection, eight shoots; and for the fifth and sixth collec-
tions, six shoots from each tree. Thus the total number of shoots col-
lected from each variety on each date ranged from l.0 to 90 through the
season.

These collected shoots were immediately stripped of leaves and
divided into three portions: (I) the tips," which consisted of the upper
3 to 4 cm.; (2) the base," the lowei- 6 to 8 cm.; and (3) the 'middle,"
which was that portion of the shoot remaining after the "tip" and "base'
samples had been taken, consequently the individual pieces making up
the sample varied greatly in length. The first collection alone deviated
from the above in method of division of samples, seeing that the shoots
were so small that there was no material left for "middle" sample; and
in the Arkansas Black, even the "base" samples were rather small and
made scarcely a representative collection.

Growth. The growth curves for the summer shoots, derived from
the data obtained, agree closely with the growth curves for the shoots
of other woody plants, including the apple, published by previous work-
ers. The present curves are shown in Fig. 1. The fact that the shoots
had been growing for about two weeks before the first measurements
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wcrc made probably accounts for the failure to show the slow initial
rate of growth that is so striking a characteristic of the seasonal growth
curves published by Reed and Ludwig. It was the original intention
to observe this early stage of the growth in the present work, but the
shoots passed through this critical stage too quickly to be observed that
season. There is evidence from the data, however, that the Arkansas
Black shoots had not reached the maximum growth rate until the sccond
observation interval.

Fig. 1. Gro\vih curves of apple slioois. Sc' es C.

Chemical. A summary of the chemical analyses of the normal grow-
ing shoots is presented in Tables II and III. The Grimes and Arkansas
Black shoots behave much alike, in so far as the chemical data show. A
glance at the tables reveals the fact that there is considerable difference
in chemical composition between the tip," 'middle," and "basal" regions
of the shoot on any given date. It is equally easy to see that the compo-
sition of each of these regions of the shoot varies greatly throughout the
season. Most changes of chemical composition, either along the shoot
or throughout the season appear to be generally consistent and uniform.
As regards the composition of different parts of the shoot in relation to
the season, two generalizations may be made: (1) Those substances
which normally decrease through the season are always most abundant
in the "tip" portion of the shoot and least abundant in the base. (2)
Conversely, those substances which tend to increase during the season
are least abundant in the "tip" and most abundant in the "basal" portion.
Substances belonging to the former group were: water, soluble solids,
phloridzin, and soluble and insoluble nitrogen. Belonging to the second

GRIME5
BLACK- - AR.KANA5

40

30

zrJ

(0

I-)

0
AUG. 3EP'I

a 11



V Tip
Middle

'-j Base

4)
0

o Tip
Middle- Base

Part of shoot
analyzed

Tip
Middle
Base

Tip
Middle
Base

Tip
Middle
Base

Tip
Middle
Base

TABLE II. SUMMARY OF CHEMICAL ANALYSES OF UNTREATED SI-lOOTS.
Grimes. Series C.

Insol-
Insol- Reduc- Poly- Total Phlo- Soluble uble Total

Soluble uble ing Total sacch- carbo- rid- nitro- nitro- nitro-
Water solids solids sugars Sucrose sugars andes hydrates zin gen gen gen C/N

74.0 44.1 55.9 0.42 0.35 0.77 10.16 10.9 11.20 -.23 0.15 0.38 28.8

70.1 31.6 68.4 1.00 0.05 1.05 15.00 16.1 5.90 0.16 0.09 0.25 64.2

70.6 43.7 56.3 0.41 0.46 0.87 10.77 11.6 12.25 0.21 0.14 0.35 33.2
69.3 30.7 69.3 0.97 0.10 1.02 14.14 15.2 5.57 0.15 0.09 0.24 64.8
64.0 24.4 75.6 1.10 0.04 1.14 16.86 18.0 3.36 0.12 0.06 0.18 99.4

67.7 41.3 58.7 1.02 0.75 1.77 11.95 13.7
62.7 26.2 73.8 1.05 0.02 1.07 18.00 19.1
57.7 20.0 80.0 1.14 0.03 1.17 18.60 19.8

63.4 34.8 65.2 0.99 0.14 1.12 15.15 16.3 8.13 0.14 0.08 0.22 73.2
60.0 23.5 76.5 1.00 0.03 1.03 17.90 18.9 4.46 0.08 0.05 0.13 146.5
56.3 18.3 81.7 1.12 0.00 1.12 16.45 17.6 3.26 0.06 0.04 0.10 188.8

55.2 26.1 73.9 0.80 0.14 0.94 17.24 18.2 5.93 0.11 0.06 0.17 111.0
52.9 19.3 80.7 0.94 0.02 0.96 18.55 19.5 3.23 0.06 0.04 0.10 199.0
50.2 15.9 84.1 0.92 0.00 0.92 19.30 2.02 2.07 0.04 0.03 0.07 266.0

50.6
49.0
47.0

22.6
15.7
13.2

77.4
84.3
86.8

0.87
0.83
0.78

0.00
0.01
0.00

0.87
0.84
0.78

20.08
21.35
23.50

21.0
22.2
24.3

995 0.19 0.10 0.29 46.8
5.18 0.10 0.06 0.16 125.5
3.94 0.06 0.04 0.10 190.0

5.40
3.09
2.34

0.12
0.06
0.04

0.07
0.08
0.04

0.19
0.14
0.08

109.0
156.0
303.0



a Tip
2 Middle

Base

Tip
Middle
B ase

TABLE III. SUMMARY OF CHEMICAL ANALYSES OF UNTREATED SHOOTS.
Arkansas Black. Series C.

Insol.
Insol- Reduc- Poly. Total Phlo- Soluble uble TotalPait o shoot Soluble uble ing Total sacch- carbo. rid. nitro- nitro- nitro.

analyzed \Vater solids solids sugars Sucrose sugars andes hydrates zin gen gen gen C/N
v Tip 74.2 48.7 51.3 0.41 0.06 0.47 8.01 8.5 15.52 0.28 0.20 0.48 17.7°ii Middle

Base 71.5 39.5 60.5 0.72 0.12 0.64 13.03 13.7 6.00 0.23 0.12 0.35 39.1

72.2 47.5 52.5 0.48 0.09 0.57 8.74 9.3 15.68 0.27 0.18 0.45 20.7
71.8 40.3 59.7 0.52 0.32 0.84 11.70 12.5 9.17 0.23 0.12 0.35 35.6
67.6 28.9 71.1 0.79 0.14 0.93 15.28 16.2 5.17 0.20 0.09 0.29 56.9

a Tip 70.7 45.8 54.2 0.60 0.56 1.16 9.54 10.7 13.94 0.29 0.17 0.46 23.7
Middle 67.0 31.4 68.6 0.68 0.15 0.83 14.93 15.8 6.15 0.22 0.09 0.31 52.2

i- Base 61.3 23.4 76.6 0.84 0.09 0.93 18.08 19.0 3.7L 0.13 0.06 0.19 101.2

Tip 68.4 39.9 60.1 0.50 0.37 0.87 12.06 12.9 9.05 0.22 0.12 0.34 36.4
.-i Middle 64.2 28.3 71.7 0.69 0.14 0.83 14.88 15.7 4.78 0.23 0.07 0.30 53.7

Base 59.0 22.4 77.6 0.91 0.12 1.03 16.80 17.8 3.55 0.10 0.05 0.15 118.8

56.7 26.6 73.f 0.28 0.23 0.51 19.25 19.8 5.75 0.16 0.07 0.23 87.4
54.2 19.9 80.1 0.67 0.08 0.75 20.00 20.7 3.39 0.09 0.04 0.13 152.4
50.9 t7.9 82.1 0.87 0.04 0.91 21.30 22.2 2.83 0.06 0.04 0.10 236.0

Tip 50.1 22.4 77.6 0.68 0.11 0.79 22.06 22.9 5.35 0.11 0.08 0.19 122.8
Middle 48.8 17.0 83.0 0.96 0.01 0.97 23.85 24.8 2.88 0.06 0.05 0.11 234.2

cit Base 46.4 15.6 84.4 1.08 0.00 1.08 21.9 23.0 2.30 0.04 0.04 0.08 270.5



group were: insoluble solids,, sugars, polysaccharides, and total carbo-
hydrate, and the carbohydrate-nitrogen ratio. The relative behavior of
these may be observed in Figs. 2 to 7, which give seasonal graphs of
the principal substances mentioned above.
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It was asked at the beginning of this section whether those sub-
stances which are most commonly associated with growth (namely,
water, soluble solids, and nitrogen) are most abundant in the tip
and diminish less rapidly there than in the base? In answer to
this question it may be observed from the tables and figures pre-
sented, that the substances named above are more abundant and
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dccreasc less rapidly in the tip of the shoot. This indicates then,
not only that the characteristic conditions favoring growth are bet-
ter in the tip, but that such conditions arc more constant there
through the growing season than in any other general region of the
shoot. had analyses been made of the entire shoot instead of separate
regions of it, the graphs plotted from the results would have indicated
much more rapid falling away of growing conditions than is shown by
the analysis of the tip alone, or is indicated by the observed growth
rate. And it is not unreasonable to suppose that could chemical analyses
be made of the ultimate growing point itself, the seasonal graphs for
some of the substances named might follow much more closely the
growth-rate curve than these of the "tip" samples show.

The chemical data presented here do not cover the period of slow
growth rate at the beginning of the season. It is very possible, however,
that chemical data for such period might indicate even better growth
conditions then than two or three weeks later, when the growth rate
is at its highest point. The reason for this supposition is, that the
initial direction of the curves for the various substances in the present
study do not indicate that they had been lower a week or two before,
when undoubtedly a slower growth rate prevailed. It is more than likely
that temperature and not chemical composition is commonly the limiting
factor to growth very early in the season (cf. Ludwig).

3. SERIES A
Series A is a study of growth response of rather short shoots., to

complete defoliation only. The external observations of grOwtl1 were
supplemented with chemical analyses.

The shoots studied were 10 to 20 cm. in length at the time the
experiment was begun. Two varieties were used, Grimes and Spitzen-
burg. It was the original intention in this series to secure shoots at an
early stage of development, but the attempt was not very successful,
particularly in the Grimes, which made a very poor growth but made it
very early in the season. Defoliation was done on June 6, and the
shoots were under observation until July 19, during which time were
made three measurements of length and three collections of material
for chemical examination. The measurement and collection dates were
June 6, June 24, and July 19. The shoots were furnished by 12 trees of
each variety, the check and defoliated shoots being equally distributed
throughout these trees, both as regards number and position. Four
check shoots were taken from each of the twelve trees for the first chem-
ical sample, and the same number of check and defoliated shoots on
the two following collections, so that each tree furnished a total of
20 shoots.

Growth. The growth data for Series A are given in Table IV. Not-
ing the behavior of the Grimes checks, it is evident that this variety
had practically ceased growth as early as the middle of June. Here
there is a distinct acceleration of growth due to defoliation, an effect
which does not at first sight seem in accordance with the original
size of these shoots and the relatively early date of treatment.
But that the actual condition in these shoots represented a late stage
of development, where defoliation could be expected to accelerate
growth, is evident by the slight growth made by check shoots after the
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beginning of the experiment. The Spitzenbtirg shoots were caught at a
relatively much earlier stage of development, since the checks increased
practically 100 percent in length after the treatment date. Defoliation
greatly retarded the growth of Spitzenburg shoots, an effect opposite to
that noted in the Grimes. The present explanation for these opposite
effects of defoliation is as follows: Defoliation accelerated growth in
the Grimes shoots because they were nearing the close of their growth
period, a time when carbohydrates had accumulated to an extent, which,
when considered in relation to the available nitrogen and water, was
unfavorable to growth. Defoliation in such a case, by removing the
carbohydrate-making machinery, would tend to readjust this relation of
carbohydrates to nitrogen in a manner favorable to growth. But de-
foliation retarded growth of the Spitzenburg shoots probably because
the treatment was carried out at a time when they were growing rapidly,
atid when the available carbohydrates were being effectively utilized for
growth. Defoliation in this case would lower the supply of carbo-
hydrates; and any lowering of carbohydrates at this stage of develop-
ment might be expected to result disadvantageously to growth. The
chemical evidence for this assumption will he presented below.

Chemical. Results of chemical analysis are given in Table V and
some of the graphs derived from them appear as Figs. 8-10. It was
hoped that these data would throw some light upon at least the
two following general questions: (1) What is the effect of defoliation
on chemical composition of apple shoots? (2) Between the shoots of
Grimes and Spitzenburg, are there chemical differences which could be
considered significant in explaining the strikingly different effect of de-
foliation?

As to the general effect of defoliation on the chemical composition,
it will be noticed that those substances which tend to increase with the
advance of the growing period, such as insoluble solids, starch, hydrolyz-
able polysaccharides, and total carbohydrates, increase less rapidly in
the defoliated shoots than in the checks. Conversely, substances such as
water, soluble solids, soluble and insoluble nitrogen, and phloridzin, etc.,
which tend to decrease during the growing season, decrease less rapidly
in defoliated shoots than in the checks. The defoliated shoots thus al-
ways have a smaller percentage of the former group and a larger per-
centage of the latter group than do the checks. This chetnical situation
between the defoliated and the check shoots reminds one of the differ-
etces between the "tip" and the basal regions remarked in the report on

TABLE IV. EFFECTS OF DEFOLIATION ON GROWTH OF SHOOTS

Series A.

.0
Total

increase Percentage
Length Length Length after of

Treatment June 6 June 23 July 19 treatment increase

cm. cm. cm. cm.
E Checks 13.1 14.3 15.1 2.0 15.2
c Defoliated 13.5 15.4 18.3 3.8 27.5

u Cltecjss 18.6 23.1 36.0 18.4 99.4
Defoliated 20.3 23.2 27.6 7.3 35.9



TABLE V. CHEMICAL CHANGES PRODUCED BY DEFOLIATION
Series A.

CS

0 Treatment
Soluble

Water solids

Insol-
uble

solids

Reduc-
ing

sugar
Total

Sucrose sugars Starch

Total
poly-

sacch-
andes

Total
carbo-
hydrates

Phlor-
idzin

Soluble
nitro-

gen

Insol-
uble

nitro-
gen

Total
nitro-
gen C/N

Grimes.

Checks 63.5 24.5 75.5 1.77 1.88 3.65 2.64 26.9 30.6 5.63 .086 .703 .789 38.8

V Checks 55.3 21.1 78.9 1.44 1.73 3.17 3.28 29.6 32.8 5.11 .059 .461 .520 63.1Defoliated 57.4 21.3 78.7 0.90 1.80 1.70 2.93 29.0 30.7 5.79 .083 .548 .632 48.6

u
Checks
Defoliated

52.8
55.7

17.3
19.3

82.7
80.7

1.00
1.15

1.06
1.37

2.06
2.52

3.45
3.09

31.5
30.2

33.6
32.7

3.03
4.38

.053

.056
.423
.430

.476

.486
70.6
67.3

Spitzenburg.

Checks 67.1 25.2 74.8 1.59 1.28 2.87 3.12 24.6 27.5 5.19 .101 .807 .908 30.3

Checks
I Defoliated

61.6
63.0

23.6
23.9

76.4
76.1

1.41
1.18

1.23
1.28

2.64
2.46

3.73
3.45

26.6
25.4

28.2
27.9

4.08
4.44

.078

.081
.568
.569

.646

.650
43.7
42.9

Checks
Defoliated

58.5
59.3

18.7
19.2

81.3
80.8

1.15
1.41

0.97
0.99

2.12
2.40

3.93
3.51

29.2
28.8

31.3
30.4

2.86
2.97

.065

.069
.469
.480

.534

.571
58.6
53.3



normal shoots under series C. Evidently the operation of defoliation
tends, in a general way, to change the conditions characteristic of an old
shoot back to those of a younger one.

11

.10

.09

.07

.06

70

35

34

33

3Z

3'

30

89

25

22

27A A A A
TUNE. JUNE. JULY JUNE
6 9 6

JUNE JULY
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An examination of the chemical findings will now be made with the
view of explaining the varietal difference noted in growth response to
defoliation. The difficulty of explanation is soon found to lie in the facts
that, while defoliation accelerated growth i0 the Grimes shoots and
retarded it in the Spitzenburg, the chemical data for both varieties look
very much alike. Take for example the fact that defoliation increased
water and nitrogen and decreased carbohydrates in both varieties. It
might be supposed theii that if growth was increased in one instance it
would be in the other also. As a suggestion, hovever, it may be re-
marked that Table V and Figs. 8 and 9 show, on any given date, the
Grimes to contain higher percentages of carbohydrates and lower per-
centages of nitrogen than the Spitzeuiburg. For this reason the ratios
of carbohydrates to nitrogen were larger in the Grimes throughout the

SPITZEMBURG - - GRIMES

0
PEFOL!ATED CHECK DEFOLLATEP

Fig. 10. Showing carbohydrate-nitrogen ratios (columns) and the relaiive growih in
each lot of shoois (curve)

season. This is shown especially in Fig. 10, where the relative values of
the carbohydrate-nitrogen ratios are indicated both by the length of the
columns and the spaces between them. It will be noticed that the
largest value of the ratio is held by the Grimes check shoots and the
smallest by the defoliated Spitzenburg shoots. In order that the above
suggestion may be of significance in the present difficulty, it is necessary
to assume that the carbohydrate-nitrogen ratio shown for Grimes checks
is too large for good growth, and the ratio for the defoliated Spitzenburg
shoots, too small for best growth. In the former, nitrogen must be con-
sidered limiting and in the latter, carbohydrates. The optimum value
of the ratio for growth would, by the same argument, have to be placed
near that of the Spitzenburg check shoots. This is shown by the curve
representing the relative growth in the different lots, superimposed on
the carbohydrate ratio columns in Fig. 10.

The limits between which any carbohydrate-nitrogen ratio can vary
in apple tissue and still permit growth, would seem exceedingly narrow.
Evidence from previous work* and other experiments to be reported

Station Bulletin 176.

CHECK
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here tend strongly to bear out this conclusion, but it should be kept
constantly in mind that many factors must enter into the determination
of the given response of any shoot to defoliation or ringing. Such chem-
ical differences as noted above are, at best, merely suggestive of a final
rational explanation of the observed behavior to experimental treat-
men ts.

4. SERIES B

Series B was a study similar to series A, but larger and somewhat
older shoots were used and the experimental treatments included both
ringing and defoliation. It is considered to be the major experimental
work of this bulletin. Besides the addition of ringing and ringing plus
defoliation, a more detailed study of the shoots was attempted through a
division of the individual shoots into two regions, the tops" and the
'bases." The latter were taken as the lower 6 to 9 centimeters of the
shoots, that is to say, below the usual point of ringing or defoliation as
previously mentioned (see Fig. 11). The "top" region was that part of
the shoot above the point of ringing. These two regions were kept dis-
tinct in all chemical analyses. The leaves also were analyzed but handled
separately from the wood samples. There was a complete set of leaf
samples for the "basal" region of the shoot, since no direct treatment was
ever given the "bases," but of course, the leaf samples of the "top" could
include only the check and "ringed only" lots.

The experimental treatments and arrangement of material were,
briefly, as follows: The varieties used were Grimes and Spitzenburg, as
in Series A. There were four experimental lots of shoots: (1) checks,
(2) ringed only, (3) defoliated only, and (4) ringed plus defoliated (see
Fig. 11). The defoliation and ringing, and the first growth measurements
and collection of chemical samples, were carried out June 17-20; and the
second and third measurements and collections July 17-18 and August
26, respectively. The shoots were furnished by twelve trees of each
variety, employing a total of thirty-six shoots per tree. Of these shoots
twelve were used as checks and eight each for "ringed only," "defoliated
only," and "ringed plus defoliated." Thus there was a total of about
450 shoots under observation for each variety.

Growth. At the time the experiment was started, it was plain that
the Grimes shoots were growing much less rapidly than the Spitzenburg.
It is a rather common observation that while the Grimes is likely to
make a relatively shorter terminal growth, this growth activity is brought
to a close earlier in the summer than in most of the other varieties; cer-
tainly this is evident from a comparison of Grimes with Spitzenburg.
It was, in fact, on account of the contrasting growth habit of the Grimes
and Spitzenburg that they were chosen for the study, for it was hoped
that with these varieties it would be possible to examine cases represent-
ing the two situations assumed in paragraphs (a) and (b), page 11.

The record of growth for check and treated shoots from June 17 to
August 26 is given in Table VI. It may be noted from the record of the
check shoots, that the Spitzenburg grew about five times more rapidly
than the Grimes. It is evident, too, that the Grimes shoots had com-
pleted a considerably larger proportion of their annual growth at the
time the experiment was begun.
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Fig. 11. Photographs of typical shoots of Series B, five weeks after treatment. Above,
Grimes; below, Spitzenburg: (a) checks; (b) ringed only; (c) defoliated only; and

(d) ringed plus defoliated, rro's indicate point of separation
between base" and top" samples.
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As regards the relative growth of the treated shoots, the records
show that in the Grimes the 'ringed only" grew less and the "defoliated"
grew more than the checks, while in the Spitaenburg the situation was
reversed; that is, the "ringed only" grew more and the 'defoliated only"
grew less than the checks. The relative effect of defoliation in the two
cases above agree with the growth findings of the experiments of Series
A, and relative effects' of both ringing and defoliation are practically in
complete accordance with results reported for the preliminary experi-
ments on ringing and defoliation. Nor do the results appear to be out

TABLE VI. EFFECTS OF RING [NG AND DEFOLIATION ON
GROWTH OF SHOOTS

Series B.

Total
increase Percentage

Length Length Length after of
Treatment june 17 July 17 Aug. 26 treatment increase

of harmony with the tentative explanation offered on page 11. The evi-
dence, favorable or unfavorable to this explanation will have to come
from the results of chemical analysis. But to refer again to the growth
responses to the different treatments, it is remarkable how quickly and
completely ringing plus defoliation stops the growth of the shoots. This
sudden stoppage of growth seems to be a universal response to the com-
bination of ringing plus defoliation. It has been so at least in all experi-
ments of the writer and all those reported by Curtis.1 An explanation of
this response based on the chemical study will be offered later.

Before leaving the question of growth responses, the behavior of the
bases of the experimental shoots should be considered. The superficial
responses of the bases to the treatment given the tops were, for each
treatment, as follows:

Checks-showed rio sign whatsoever of swelling of buds in the
axils of the basal leaves.

Ringed only-one to three of axillary buds per shoot swelled and
frequently one or more broke, sometimes producing shootlets I to 3 cm.
long.

Defoliated only-mostly no indication of buds swelling in the
basal axils, but in a few instances these buds had enlarged noticeably.

Ringed plus defoliated-nearly all the shoots renewed growth
activity in the basal portions,' similar to the ringed only, but this growth
renewal was more in quantity, as many of these new shoots became 4 to
7 cm. long (see Fig. 11).

Reference will be made again to the above regenerative activities
where the results of the chemical analyses of the basal portions of the
shoots are discussed.

cm. cm. cut. C,,,.
'.' Checks 29.3 31.7 33.3 4 0 5.8

Ringed 29.6 31.2 32.2 2,6 13.6
Defoliated 28.0 30.7 33.7 57 20.4
Ringed plus defoliated 29.4 30.1 30.6 1.2 4.1

, n
Checks
Ringed
Defoliated

36.8
38.4
39.3

50.9
56.0
52.6

58.6
63.0
54.5

21.8
24.6
15.2

59.2
64.0
38.6

' Ringed pius defoliated 38.0 38.9 39.2 1.2 3.1
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Chemical analyses. The chemical data of Series B will be presented
under the two distinct headings, tops" and "bases." These two groups
will be further subdivided into stems" and leaves." The analyses of
the stems of both portions, however, are considerably more complete,
and practically all the emphasis is placed upon them.

"Tops." Stem samples. The analyses of the stems of top portions of
the shoots are given in Tables VII and VIII and certain graphs derived
from them in Figs. 12-18.

An examination of the above tables and illustrations will disclose
several interesting chemical relationships among the shoots receiving
different treatments. One of the most easily observed situations is with
regard to the behavior, in the treated shoots, of the two large groups
of substances, which were classified on basis of their normal tendency,
either to increase or decrease during the growing season. Observing the
analytical data for the check shoots of both varieties, it will be found
that nearly all substances estimated fall readily into one of the two
groups as follows:

Those substances which tend to diminish through the season
are water, soluble solids, reducing sugars, total sugars (?), phloridzin,
and nitrogen.

Those substances which tend to increase through the season are
insoluble solids, sucrose, starch, pentosans, total hydrolyzable polysac-
charides, and total carbohydrates.

If these groups of substances are examined as to their behavior in
the shoots which were ringed only, and defoliated only, it will be found
that those of group 1 are less abundant in the ringed and more abundant
in the defoliated shoots than in the checks. On the other hand those of
group 2 are more abundant in the ringed and less abundant in the de-
foliated as compared with the checks.

In general, the substances which tend to decrease during the season
in the checks are apparently essential to active growth. In tins connec-
tion it will be noticed that the glucoside phloridzin, as regards its fluctu-
ations in amount, behaves much like nitrogen. Phloridzin is not usually
considered a vital substance in the metabolism of plants, yet its behavior
here justifies some attention. The fact that phloridzin is present in
relatively large quantities in the growing shoots, especially near the
growing point (see Fig. 5) and that it decreases during the growing
season almost parallel with nitrogen and the growth rate, would indicate
that, even though it may not have a direct role in such metabolic centers,
it probably has an important indirect one, if nothing more than as a
temporary repository of some harmful by-product of active metabolism.
Attention is called also to the interesting behavior of phloridzin in the
shoots receiving both ringing and defoliation. Here, like water and
nitrogen, the percentage of phloridzin increases considerably through the
season (see Fig. 15).

In examination of the chemical findings in this experiment, it should
be remembered that these data appertain only to shoots from the
iiiiddie of their growing period to the close of it. Thus there is excluded
entirely the early stage of growth when most of the elaborated Tood is
coming from the last year or older portions of the branch. To bring the
present chemical findings into line with the observed growth responses,
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Treatment

Checks

Water
Soluble
solIdC

29.2

Insol-
uble

Colids

70.8

Reduc-
ing

sugar
Total

Suciose sugars Starch

1.24

Pento-
sans

16.1

Total
poly-

sacch.
andes

Total
carbo-

hydrates
Phlo-
nidzin

Soluble
nitro-

gen

.124

Insol-
uble

nitro-
gen

.784

Total
nitro-

gen C/N

Starch
nitro-.
gen

1.463.8 1.58 0.29 1.87 17.5 19.4 2.49 .908 21.4

Checks 62.1 24.7 75.3 1.30 0.26 1.56 3.12 18.4 19.6 21.2 2.02 .094 .560 .654 32.4 5.4
Ringed
only
Defoliated

57.9 24.4 75.6 1.49 .20 1.69 3.59 18.5 21.7 23.5 1.70 .076 .531 .607 38.7 5.3

only
Ringed and

63.1 24.0 76.0 1.34 .20 1.54 2.08 18.8 17.8 19.3 1.70 .069 .603 .672 28.8 3.1

defoliated 65.2 26.2 73.8 0.76 .20 0.96 1.45 18.4 15.4 6.4 2.88 .168 .580 .748 22.3 2.0

Cu

eli

Checks
Ringed
only
Defoliated

55.6 19.9 80.1 1.11 .35 1.46 3.64 19.2 22.3 - 23.8 2.10 .060 .397 .457 52.1 7.9

only
Ringed and

57.6 19.8 80.2 1.18 .23 1.41 2.86 20.0 20.0 21.4 1.97 .056 .414 .470 45.5 6.1

defoliated 680 25.3 74.7 1.14 31 1.41 2.21 18.1 18.2 19. 4.0 .089 .473 .562 35.1 4.0

TABLE VII. CHEMICAL CHANGES PRODUCED BY RINGING AND DEFOLIATION
Analysis of the Upper Stems. Grimes. Series B.

Insol-
Insol- Reduc- Poly- Total Phlo- Soluble uble Total Starch

Cs
Soluble uble ing Total Pento- sacch- carbo- rid- film- nitro- nitro- nitro-Treatment Water solids solids sugars Sucrose sugars Starch sans andes hydrates zin gen gen gen C/N gen

'i
Cu

Checks 59.3 28.7 71.3 2.55 0.00 2.55 2.96 17.7 18.9 21.4 5.95 .071 .556 .627 34.1 4.7

Checks 56.2 23.9 76.1 1.76 0.08 1.84 3.90 19.1 21.3 23.1 3 67 .062 .466 .528 43.7 7.4Ringed 52.8 24.9 75.1 1.99 0.07 2.06 4.62 19.0 23.2 25.3 3.56 .060 .420 .480 52.6 8.1
Defoliated 56.4 24.9 75.1 1.44 0.04 1.48 2.66 17.7 19.3 21.8 6.33 .072 .500 .572 36.4 4.7
Ringed plus
defoliated 63.6 25.7 74.3 1.10 1.08 1.18 2.46 19.2 .5 16.7 7.75 .161 .525 .688 25.0 3.6
Checks 52.0 21.1 78.9 1.24 0.06 1.30 3.62 19.6 21.6 22.9 4.01 .060 .451 .511 44.8 7.1Ringed 57.1 22.6 77.4 1.50 0.05 1.56 4.46 16.5 23.7 25.3 4.72 .059 .374 .433 58.5 lfl.3

.4

Defoliated
Ringed plus

55.4 24.0 76.0 1.91 0.06 1.97 3.44 18.3 19.3 21.3 4.25 .063 .420 .483 44.1 7.1

defoliated 58.0 24.9 75.1 2.25 0.09 2.34 3.08 18.1 18.4 20.8 5.27 .084 .460 .544 38.2 5.6

TABLE VIII. CHEMICAL CHANGES PRODUCED BY RINGING AND DEFOLIATION
Analysis of she Upper Sterns. Spitzcnburg. Series B.
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TABLE IX. CHEMICAL CHANGES PRODUCED BY RINGING
AND DEFOLIATION

it will be necessary to take into consideration the probable situation as
regards the manufacture and movement of elaborated plant foods in the
shoots during the particular portion of the growing season included by
this study. Accordingly, lt us assume that from the height of the grow-
ing season to its close, practically all the carbohydrate materials for the
growing point are derived from the activities of the leaves of the shoot
itself. Then the inference may be drawn that ringing will tend to in-
crease the carbohydrates in the shoot and defoliation to decrease them.
Tables VII and VIII and Fig. 16 offer evidence that this is actually what
happened. Along with the increase or decrease of carbohydrate.s, the
ratio of carbohydrates to nitrogen is found to rise or fall in value (see
Fig. 17). An interpretation of the observed growth responses to ringing
and defoliation may be based on the principle that if ringing retards
growth it is because the carbohydrate-nitrogen ratio is thereby made un-
favorably large, and if, on the other hand, ringing accelerates growth, it
does so because the ratio was previously too small for best growth and
is thus favorably increased. Correspondingly, if defoliation retards
growth it is because the ratio is thereby made unfavorably small, but if
it accelerates growth it is because the ratio was previously too large,
so that a decrease is favorable to growth. The record of growth -re-
sponses in Table VI indicated that ringing may accelerate growth in
mid-season but retard it later, the reverse being true for defoliation.
These reversals of the growth response may be explained on the ground
that in mid-season ringing can accelerate and defoliation retard growth
because the carbohydrates at that time have not quite reached the opti-
mum percentages (in relation to the nitrogen supply) in the shoots.
Later in the season, ringing will retard and defoliation accelerate growth
because the carbohydrate content has come to exceed the optimum for
best growth activities. While none of the foregoing assumptions, as they
apply specifically to the present report, can be considered as established,
they do at least tend to unify in a large measure the various observed
growth responses and the general chemical changes concurring with
them.

The striking effects on growth of ringing plus defoliation may now
be considered from the standpoint of the chemical changes induced. Re-
ferring to the data in Tables VII and.VIII, we find that the ringed and

Analysis of Upper Leaves. Series B.

Grimes Spitzenburg----
TotalTotal Total Total

Treatment Pento- nitro- carbo- Fento- nitro- carbo-
and date Water sans gen hydrates C/N Water sans gen hydrates LI

June 23
Checks 63.0 7.4 1.58 22.7 14.4 69.1 8.2 1.84 19.8 10.8

July 13
Checks 60.9 7.2 154 22.2 14.4 67.9 8.0 1.76 20.0 11.4
Ringed
only 54.1 7.0 1.46 32.9 22.6 62.5 8.4 1.24 29.3 23.6

August 6
Checks 58.5 7.9 1.50 21.9 14.6 65.8 5.4 1.69 21.2 12.5
Ringed
only 51.7 9.5 1.00 29.2 29.2 59.3 8.1 0.97 27.2 28.1



defoliated shoots have the least carbohydrate and the highest percent-
ages of water and nitrogen recorded for any other treatment, including
the checks. Accordingly, too, these shoots have the smallest carbohy-
drate-nitrogen ratio. The sudden diminution of carbohydrates here
70
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Fig. 12. Effects of ringing and defoliation on water content of apple shoots. Top,
stems. Series B.
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wottld seem to follow inevitably as a result of the removal of the carbo-
hydrate-making machinery through defoliation, and the shutting off of
the supply from below by ringing. The metabolic process of the shoot
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Fig. 14. Effects of ringing and defoliation on total nitrogen content of apple shoots.
Top, stems. Seiies B.
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must then use up the available supply of carbohydrates very quickly.
That this great check to growth is due to a deficit of carbohydrates
seems more likely on the ground that water and nitrogen, the two com-
monly limiting factors to growth, are more abundant in these shoots

2,7
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Fig. 16.
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Fig. 17. Effects of ringing and defoliation on carbohydrate-nitrogen ratios content of
apple shoots. Top, stems. Series B.

than in those of any other treatment. To translate this idea over to the
carbohydrate and nitrogen relations, it may be said that ringing plus
defoliation causes a rapid fall in the value of the ratio below that neces-
sary for growth activity.
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Effects of ringing and defoliation on total carbohydrate content of apple
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The sudden check to growth by ringing and defoliation was observed
in every experiment performed. Curtis also records the same response
to this particular treatment. He is inclined to explain it, however, on
the grounds that the ringed and defoliated shoots have not sufficient
water, seeing that they have a lower carbohydrate content and a lower
osmotic pressure, which he observed. But a calculation of the water
content of these shoots, from the data this investigator presents in
Table V,' for example, shows that the relative water content of his
ringed and defoliated shoots is in full agreement with the present
fin din gs.

-o--

3G 5 GS G S G
r4dr4d d dch ch r r

Fig. 18. Showing carbohydrate-nitrogen ratios (coluntns) and the relative growth of
shoots. Tops. Series B. (S) Spitzenbur; (G) Gri,nes; (ch) checks; (r+d)

r,nged plus defoliated; (d) defoliated only; (r) ringed only.

Another point to consider here with reference to the chemical data
is the relative behavior of Grimes and Spitzenburg to the same treat-
ments. Growth in the Grimes shoots was retarded by ringing and ac-
celerated by defoliation, the reverse being true for Spitzenburg. The
question is: Are there chemical differences between the two varieties
that might be considered significant enough to account for these remark-
able differences in response to the same treatment? It is feared that it
will be taken as begging the question to attempt to account for the oppo-
site behaviors of the two varieties by means of such differences as are
revealed by the chemical analyses. Attention will be called, however, to
two or three points which may be worth consideration. First, it will be
noticed that, taking the results of the chemical analyses as a whole, the
Grimes shoots have sotnewhat less water, soluble solid, nitrogen, etc.,
and more insoluble solids and carbohydrates and a larger carbohydrate-
nitrogen ratio than the Spitzcnburg. Were these differences significant,

Cf. Curtist p. 107.
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Fig. 19. Effects of ringing and defoliation on total nitrogen, total carbohydrates, and
carbohydrate.nitrogen ratios. Top, leaves. Series B.

Leaf samples. The chief aim in preserving and analyzing the leaves in
these experiments was to test them as indicators of the conditions within
the stem, it was thought that if they follow in general the behavior of
the stem itself, it would be a fact well worth knowing on account of the
relative economy they offer in collection and analysis.

The analyses here presented are considerably less detailed than those
of the stem tissue including as they do, estimations only of water, total
nitrogen, pentosans, and total carbohydrates. The results are sum-
marized in Table IX, and graphs for nitrogen, carbohydrates, and carbo-
hydrate-nitrogen ratio are presented in Fig. 19. The leaves of both

34

an explanation would at once suggest itself. To make this matter clear-
er, Fig. 18 was prepared from the growth and chemical data. In this
figure the columns indicate the carbohydrate-nitrogen ratios of all the
variously treated shoots. The differences in the values of the ratios
(as in Fig. 10) are represented both by the length of the columns and
the distances between them. The relative growths made after treatment
are superimposed on the columns as curves connecting the columns of
the same variety. The maximum growth rates for the two varieties are
not found to occur at quite the same carbohydrate-nitrogen ratio value,.
the Spitzenburg having a somewhat larger value at the best growth rate.
Hence it is likely that if there is any significance in the chemical findings
as accounting for the differences in behavior, it must lie in some charac-
teristic varietal requirement.
40

JUNE
2.3

GRIME3 3PITZEMBIJRI3

CHECKS'
RINGED ONLY

/
C

/
C -// 0 / /

N



35

varieties give practically the same results. Those of the ringed shoots
have less water and nitrogen, and much more total carbohydrates than
the checks. The pentosans fluctuate rather irregularly, although there is
possibly a tendency for them to be more abundant in the ringed shoots.
The carbohydrate-nitrogen ratio is very greatly increased by ringing.
These chemical changes seem to be in general accord in quality, though
they exceed in quantity, those observed for the stems of the same shoots.

Bases. Stem samples. The results of the chemical analyses of the stems
of the basal portions of the shoots are given in Tables X and XI and
some of the results are further illustrated in Figs. 20-23.

A general view of the data will show that in both varieties the check
shoots and the ringed plus defoliated represent the extremes as regards
most of the chemical changes recorded. The defoliated only" and
ringed only" shoots fall between the above, so that for most of the

chemical changes these four lots of shoots keep among themselves the
following order: checks, defoliated only, ringed only, and ringed plus
defoliated. As regards the amount of most substances examined, the
above order thus indicates either an ascending or descending variation of
the substance in question. 'l'o illustrate: water, soluble solids, nitrogen,
and phloridzin increose through the different treatments in the order named,
while a corresponding decrease through the series is noted for such sub-
stances as insoluble solids, total sugars, polysaccharides, total carbo-
hydrates, and carbohydrate-nitrogen ratio. A number of irregularities
and exceptions will be noticed, however, with the sugars, starch, pento-
sans, and phloridzin, etc. But the relative order mentioned certainly
holds regularly enough to he of significance. Th most remarkable ef-
fect produced is the rather large increases in percentages of nitrogen in
the bases of the "ringed only" and "ringed plus defoliated" shoots (see
Fig. 20). The total carbohydrates vary in the opposite direction but the
changes are relatively not so great (see Fig. 21). As a result of this
interplay of carbohydrate and nitrogen, the carbohydrate-nitrogen ratios
vary strikingly among the different treatments (see Fig. 22), so that in
either variety the ratio in the "ringed plus defoliated" bases is only about
60 percent of that in the checks.

it might be of interest now to attempt to relate chemical findings to
the observed regenerative activities of the basal portions. On page 26
it was recorded that in respect to renewal of growth in the bases, the
order of increasing activity for the different treatments was as follows
checks, defoliated only, ringed only, and ringed plus defoliated. This is
the same order as established by chemical analysis and it may have con-
siderable significance. The relation between the regenerative activities
and carbohydrate-nitrogen ratios is illustrated in Fig. 23, which corre-
sponds exactly to Fig. 18 both as to scale and general makeup, and
should be studied with reference to it. It will be noticed that the carbo-
hydrate-nitrogen ratios in the bases of the checks and the "defoliated
only," where there was no renewed growth, stand outside and to the
right of the area where regeneration of the bases (see Fig. 23) and
growth of the tops (see Fig. 18) is most active. The ratio of the bases
of the Grimes shoots which were ringed only lie very close, however,
to that of defoliated only. Again, the carbohydrate-nitrogen ratios of
those bases which showed vigorous regeneration, correspond rather
closely with best growth area of the tops (Fig. 18). The factors usually



TABLE X. CHEMICAL CHANGES PRODUCED BY RINGING AND DEFOLIATION.
Analysis of Bases. Grimes. Series B.

Treatment Water
Soluble
solids

Insol-
uble

solids

Reduc-
ing

sugar
lotal

Sucrose sugars
Pento-

Starch sans

Total
poly-
sacch-
andes

Total
carbo-

hydrates
Phlor-
idzin

Soluble
nitro-
gets

Insol.
uble

nitro-
gen

Total
nitro-
gen C/N

Starch

nitro-
gets

Checks 55.7 23.5 76.5 2.40 .04 2.44 3.26 19.1 21.3 23.7 5.42 .046 .405 .451 52.5 7.2

Checks 51.5 20.0 80.0 1.89 .02 1.91 3.69 19.7 21.6 23.5 3.88 .044 .364 .408 57.6 9.0
. Ringed 52.5 23.2 76.8 1.42 .02 1.44 3.65 19.4 21.5 22.9 4.51 .055 .435 .490 46.7 7.5

Defoliated 52.1 21.0 79.0 1.37 .03 1.40 2.68 19.5 21.4 22.8 4.65 .067 .437 .504 45.2 5.3
Ringed plus
defoliated 52.5 22.3 77.7 1.19 .07 1.26 2.62 19.5 21.3 22.6 4.14 .083 .463 .546 41.4 4.8

I Checks 43.6 18.3 81.7 1.18 .05 1.23 3.44 19.9 23.9 25.1 3.29 .046 .346 .392 64.0 8.8
Ringed 51.0 20.4 79.6 1.50 .07 1.57 3.29 18.7 20.0 21.6 3.65 .053 .385 .438 49.3 7.5

se Defoliated 50.3 20.3 79.7 1.58 .05 1.63 3.72 19.6 21.1 22.6 4.01 .049 .356 .405 55.8 9.1
Ringed plus
defoliated 52.4 21.1 78.9 1.52 .07 1.59 3.60 17.7 18.9 20.5 3.54 .078 .401 .479 42.8 7.5

TABLE XI. CHEMICAL CHANGES PRODUCED BY RINGING AND DEFOLIATION
Analysis of Bases. Spitzenburg. Series B.

Tnsol- Reduc-
Total
poly- Total Soluble

Insol-
uble Total

Starch

Soluble uble ing Total Perito- sacch- carbo- Phlo. nitro- nitro- nitro- nitro-
Treatment Water solids solids sugars Sucrose sugars Starch sans rides hydrates ridzin gen gen gets C/N gets

0
0 Checks 58.9 24.1 75.9 1.40 0.36 1.76 2.48 17.6 19.6 22.4 2.71 .074 .465 .539 41.6 4.6

Checks 53.8 19.1 80.9 1.39 0.27 1.66 2.40 19.4 20.9 22.6 2.11 .064 .392 .456 49.5 5.3
. Ringed 55.8 19.5 60.5 0.80 0.21 1.01 3.09 19.6 19.7 20.7 1.84 .143 .518 .761 27.2 4.1

Defoliated 56.4 20.4 79.6 1.10 0.22 1.32 2.19 20.2 20.2 21.5 2.20 .087 .443 .530 40.6 4.1
Ringed and
defoliated 57.7 21.7 78.3 0.50 0.20 0.70 3.21 18.9 19.9 20.6 2.17 .200 .583 .783 26.3 4.0

I Checks 51.2 17.3 82.7 1.05 0.22 1.27 3.46 20.8 22.8 24.1 1.90 .040 .318 .358 67.3 9.7
Ringed 53.9 20.3 79.7 1.31 0.17 1.48 2.80 19.1 20.8 22.3 2.33 .065 .395 .460 48.5 6.1

se Defoliated 54.1 18.5 81.5 1.14 0.26 1.40 1.51 20.9 21.9 23.3 1.85 .052 .344 .396 58.9 3.8
Ringed and
defoliated 55.5 22.5 77.5 0.91 0.28 1.19 3.59 20.0 21.4 22.6 2.37 .088 .451 .539 41.9 6.6
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TABLE XII. C1-IEM.[CAL CHANGES PRODUCED BY RINGING
AND DEFOLTATION

Analysis of Basal Leaves. Series B.
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Treatment
and date

Grimes Spitzenburg
Total
nitro-
genWaler

-
Pento-

sans

Total
nitro-
geti

Total
carbo-

hydrates C/N
Pento-

Water sans

Total
carbo-

hydrates C/N

June 23
Checks 61.5 8.1 t.50 22.5 15.0 67.7 9.9 1.54 20.6 13.3

July 13
Checks 60.4 7.5 1.53 22.8 14.9 66.3 9.0 1.57 21.5 13.7
Ringed 65.4 7.4 1.66 21.7 13.0 75.0 9.2 1.66 20.1 12.1
Defoliated 6t.6 7.8 1.56 20.7 13.3 66.8 8.5 1.66 20.4 12.3
Ringed and
defoliated 68.1 7.5 1.72 20.1 11.8 76.3 1.6 1.79 21.0 11.7

August 26
Checks 58.2 7.3 1.49 22.9 15.3 65.4 5.5 1.36 21.4 15.7
Ringed 60.3 8.4 1,53 21.3 13.9 66.0 6.5 1.42 21.2 13.9
Defoliated 58.8 8.3 1.45 21.4 14.7 63.6 3.7 1.45 21.1 14.5
Ringed and
defoliated 64.2 7.7 1.57 20.8 13.2 66.1 5.3 1,52 20.5 12.5

JULY AUG. JUNE JULY AUG
23 53 26 23 13 26

Fig. 20. Effects of tinging and defoliation on total nitrogen content. Base, stems.
Series B.

considered under the topic 'growth correlations" are of course involved
here, and are probably important enough in case of the defoliated shoots
of both varieties to be the controlling influence (i.e., in preventing re-
generation), seeing that the Grimes "ringed only" showed considerable
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Fig, 21. Effects of ringing and defoliation on total carbohydrate content. Base, stems.

Se:ies B.

regenerative activity. But with or without the influence of growth cor-
relation" there seems to be strong evidence pointing to the importance
of a correct and rather definite relation between carbohydrates and nitro-
gen, which for brevity and convenience may be referred to as a ratio."

The results of the chemical analyses of the basal portion of the
shoots of Series B have a direct bearing on the growth responses ob-
tained by pruning. When a shoot is severely headed, a situation must
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Fig. 22. Effects of ringing and defoliation on carbohydrate-nitrogen ratios content.
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Fig. 23. Showing carbohydrate-nitrogen ratios (columns) and approximate relatis'e
regenerative activity (curve) in bases of shoots of Series B. Uniform with Fig. 18.
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Fig. 24. Effects of ringing and defoliation on total nitrogen (N X 5) content and
carbohydrate-nitrogen ratios of apple shoots. Ease, leaves. Series B.
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rapidly develop in the stub very similar to that recorded for the bases
of the ringed only" and the ringed plus defoliated" shoots. A complete
removal of the upper portion of the shoot, as by pruning, would likely
be but slightly more severe than a ringing plus defoliation. In such
case, with pruned stubs added to our series, the order as regards the
increasing amount of chemical changes brought about in the bases would
probably be: checks, defoliated only, ringed only, and ringed plus de-
foliated and pruned.

Leaf samples. The method of analysis employed for the leaves of the
base of the shoots was the same as mentioned for the leaves of the top
portions. The results are given in Table XII and Fig. 24.

These data show that the variations of water, nitrogen, and carbo-
hydrates in the basal leaves are in rather close agreement with those
found in the stems themselves. Throughout the different treatments the
chemical changes in leaves and stems are about the same in kind and
degree.

5. SERIES E

Series E was a study of the effects of ringing in relation to stage
of development of the shoot.

The ringing experiments carried out in the preliminary study in 1920
and in Series B of 1921, were always on shoots which had reached either
the middle of their growth period or were well toward the end of it,
consequently the early stages of shoot development still remained un-
observed. But strikingly different growth responses to ringing, both as
to quantity and quality, were recorded from the above experiments and
an explanation for these differences was outlined in the preceding pages.
But, as mentioned, the preceding experiments, while allowing the out-
lining of an explanation, did not systematically show the range of effects
to be expected from either ringing or defoliation throughout the growing
season; in fact, rather sporadically only, they furnished specific examples
from the period of about mid-season to the end of it. The need of more
information covering the early part of the growing season, at least, thus
became apparent.

The studies to be reported now under the heading, Series E, were
undertaken with the aim of following closely the superficial effects of
ringing on growth at different stages of shoot development; the general
plan of the experiment being to select a large number of shoots very
early in the season, and to ring different lots of these at approximately
ten-day intervals throughout the principal part of the growing season,
keeping record of their subsequent performances.

For this work 30 Grimes and 33 Arkansas Black trees were chosen
to furnish the material. These trees were nine years old and were
selected of a size which would allow them to furnish readily 50 or more
shoots per tree. The number of shoots actually used on each tree was
32, one-half of which were untreated checks. On each date of ringing,
eight shoots per tree were carefully selected, tagged, and measured,
after which four were ringed just below the base of the new shoot in
the growth of the previous season (see Fig. 25). On evry ringing date,
therefore, 240 Grimes and 264 Arkansas Black shoots were.brought under
observation, one-half of which were checks. There were four ringing
dates as follows: May 9, May 21, May 31, and June. 27. (See Fig. 25 for



appearance of shoots on each ringing date.) The first three lots received
four measurements subsequent to the ringing date, and the last lot, two
measurements. In Tables XIII-XV, where the results are summarized,
only the first two measurements for each ringing period are included.
All further discussion of these results will be based on the performance
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Fig. 25. Showing size and appearance of shoots on different ringing dates. Arkansas
Black. Series 15. (A) May 9; (B) May 2!; (C) May 31; and (D) June 27.

of the shoots during the first ten to fifteen days after ringing. The
results of later measurements tell the same general story but taken as
a whole, do not appear to tell it so clearly. Table XIII gives the aver-
ages of all shoots of both varieties, and in this connection it should be
kept in mind that every growth value recorded in this table is the average
rierformance, either of 120 Grimes or 132 Arkansas Black shoots.



A glance at this table shows that both varieties behaved iirncli alike,
and that on some dates ringing retarded and on others accelerated
growth, or retarded it very slightly. Considering the Arkansas Black
shoots, for example, on May 9 ringing retarded growth 13 percent;* on
May 21 ringing retarded growth considerably less, in fact perhaps ac-
celerated it about 3 percent; but after May 31 there was retardation
again. The percentage values used above (derived by subtracting the

TABLE XIII. EFFECTS OF RINGING ON GROWTH OF SI-lOOTS
Summary of all trees. Series E.

May 9

Length of
shoots

._a er,

- 2 S

5/9 5/21 5/311
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Date of ringing
May 21

ci,,. cm. cm. % % cm. cc,. cm.
14.8 19.1 22.6

15.4 20.3 24.1 31.8 -2.7 -9

10,9 14.9 21.6 36.7

11.0 15.4 22.8 40.0 -3.3 -9

Date it nngiiig
May 31 June 27

.5,

nit
6/27 7/17 8/t3[

cia. ci,,. ci,,. % M
25.0 26.8 27.2 7.2

26.6 27.4 27.6 3.1 +4.1 +57

30.2 34.5 35.6 14.2

31.7 34.6 34.9 9.2 +5.0 +35

Length of
shoots

percentage of growth of the ring shoots from the percentage of growth
of the checks) do not properly take into consideration the proportional
effect of ringing to the normal growth of check shoots. It was thought
that a better indicator of the effect of ringing would be this same dif-

In analyzing these data the writer has in view the retarding effect of ringing;
hettce, if there is retardation, a figure representing that retardation is given a plus sign,
and correspondtngly, if there is acceleration of growth, it is considered a negative re-
tardation and designated accordingly.

19.5 77.6

17.6 66.3 + 11.3 + 15

13.1 107.0

12.8 94.0 +13.0 +12

it

C

C

It

Length
shoots

of
,r

C-..
3

c

.5,0CiV

..

It
V

o

> '5-
I-' '-"C

- 0', C I

5/31 6/15 6/27,-, 0
cm. cat. cc,.

V Checks 19.5 23.4 24.6 20.0
C

ii Ringed 19.9 23.6 24.7 18.6 + 1.4 +7

Checks 16.0 22.6 27.6 41.2

Ringed 15.8 21.0 25.1 32.9 +8.3 +20

Checks 8.5 15.1

Ringed 8.6 14.3

Checks 4.7 9.7

Ringed 4.9 9.5

Length of
shoots C

I
5/21 5/31 6/15 C

29. 1
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ference in percentage of growth of the check and ringed shoots divided
by the percentage of growth of the checks. The resulting quotient will
be a decimal fraction which may be changed to a convenient integer by
multiplying by 100. Values so obtained are given in the last column of
each section of the table, representing a ringing date; through ignorance
of a better term these are designated coefficient of relative growth."
If the sign of the coefficient is plus, a retarding, and if minus an accelerating
effect on growth is indicated. Using the relative growth coefficients
the graphs shown in Fig. 26 by solid lines were plotted from Table XIII.
These graphs for both varieties are alike in showing an acceleration of
growth by ringing on May 21 and retardations on dates earlier or later.

Table XIII, as stated, is a summary of the performance of all shoots
under observation. But on examination of the records of individual
trees, it was noticed that there was considerable difference among the
trees as regards their growth response. Analyzing these differences,

TABLE XIV. EFFECTS OF RINGING ON GROWTH OF SHOOTS

cm. cm. %

too
0 5/21 5/31

cm. cm. %
9

%

5,-.
LI

Checks 8.5 16.4 93.0 14.7 20.2 37.0
0

(2 Ringed 8.4 13.4 59.0 +34.0 +37 15.2 22.0 44.8 -7.4 -20

0') Checks 4.8 10.6 121.0 I0.S 14.4 33.3

Ringed 4.5 8.9 85,0 +36.0 +30 10.8 15.3 41.6 -8.3 -25

Date of ringing
June 27May 31

.55
C) 0

.14
5.0

0 Length of
C-

Length of '0 .00;
0 shoots 0

C)
shoots a)"0

50
Cs

H
Cs- 55

5.0
too

toe
Cs,,-

C.)'o

55"0
toE

0
to>
a).-.0

6115
C) fl

6/27 7/170 u ,5 0 5-)

cm. cm. % cm. cm. %
Checks 19.6 24.1 23.0 25.0 26.8 7.2

I
(2 Ringed 19.9 23.8 19.6 +3.4 +15 26.5 27.4 3.4 +3.8 +53

Checks 16.0 22.7 41.9 30.0 34.2 14.0

Ringed 15.7 21.2 35.0 +6.9 +16 31.5 34.7 10.2 +3.8 +27

Trees of Group 1 only. Series E.

Ss

5

Date of ringing
May 21

Length of
shoots

5/9 5/21

May 9

o

5e
5".
Ci

o Length of
shoots

o

55
5.1

CE
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it was found that the trees could be placed readily, according to their
individual response, into one of the three following groups:

Trees giving graphs characteristic of those plotted from the
complete summaries of Table XIII. This was the largest group, and
was represented by 15 Grimes and 22 Arkansas Black, or 50 percent and
67 percent of the trees, respectively.

Trees giving graphs showing an acceleration effect at the first
ringing date, May 9, and after that date a continually increasing retard-
ing effect-a situation which may be explained perhaps by assuming that
these trees were placed under observation too late in the season to show
the first retarding effect of ringing. To this group belonged 10 Grimes
and 9 Arkansas Black trees, or 33 pci-cent and 27 percent respectively.

TABlE XV. EFFECTS OF RINGING ON GROWTH OF SHOOTS
Trees of Group 2 only. Series E.

Date of ringing
- -Ma1 9 May 21

.5 .5- _.st

length C5 I.ength
of shoots -" 55 of shoots

U .9se a
0 - vC 4)

May 31

E
Length

of shoots

I,.

5/31 6/15 .

cat. cm.
Checks 19.4 23.0 18.5

Ringed 20.0 22.8 14.0

Checks 16.1 22.3 38.5

Ringed 15.9 20.2 27.0
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Date of ringing
June 27

a
.4)

-Cia
C

C)

.5

5 5
I

0

Length
of shoots o

I

1.-
4)45

.4)

II
CE

a
1::>
C-0 6/27 7/17 5 LI

Cm. cm. % %
25.1 26.9 7.2

+4.5 +24 26.7 27.4 2.6 +46 + 64

30.3 34.6 14.2

+11.5 +30 31.8 34.6 8.8 ±54 +38

"
t

%

't,
t 5/21

cm.

.

5/31

cm.

45

%

0,5
a 5

%

..z

14.9 18.9 26.9

,,,,,490 -36 15.5 19,1 23.2 ±3.7 +14

11.0 16.4 48.0

-16.0 -17 11.1 14.6 31.5 +16.5 t3

I

5/9 5/21 i

cm. Cl)). %
Checks 8.5 13.0 53.0

Ringed 8.7 15.0 72.0

Checks 4.6 9.1 98.0

Ringed 5.0 10.7 114.0
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3. Trees showing various, apparently inexplicable, irregularities.
Here must be placed 5 Grimes and 2 Arkansas Black trees, representing
17 percent and 6 percent respectively.

Table X[V was prepared from the total averages of the trees of the
first group above. The graphs plotted from the coefficients of relative
growth of group 1 only are shown by the heavy broken lines of Fig.
26. They are seen to differ from the solid line graphs chiefly in showing
greater contrasting of effects, as was to be expected.

The data for the second group of trees are presented in Table XV
and the corresponding curves of relative growth in Fig. 26, where they
are shown by the short-broken lines. These graphs show a growth accel-
eration effect by ringing on May 9, but retardation on all other dates.
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0
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Fig. 26. Effects of ringing on growth of shoots. Series E. Graphs plotted from the
coefficients of relative growth."

The trees of group 3 above are given no consideration other
than that they play their part, as previously stated, in the total sum-
maries of Table XIII.

The results of this experiment are in general harmony with the find-
ings of the experiments previously detailed in this report, and seem to
corroborate the early inferences made from them. It is unfortunate,
however, that a study corresponding to this was not made for defoliation.

The diverse growth responses observed for ringing and defoliation
in the experiments of series A, B, and E, would seem to justify a re-
statement and extension of the explanation for such responses suggested
early in this report. The explanation offered appears to apply equally to
the various growth responses of both ringing and defoliation; if it were
extended deductively beyond the experimental data so as to include the
entire season of shoot growth, the treatments mentioned, considered
singly, lnay be expected to affect growth at different stages somewhat
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as follows: (I) If the shoot is emerging from the bud or is still extreme-
ly undeveloped and practically all nourishment is coming from 'below,"
ringing* will greatly retard growth or almost completely stop it, and de-
foliation will retard growth also, hut rather slightly as compared with ring-
ing. (2) I the shoot is growing very rapidly, but the season is still very
early, and the leaves are making a substantial contribution of nourishment,
ringing will retard growth much less than in the preceding case, but de-
foliation will retard growth correspondingly rtiore. (3) If growth is near
the maximum, or, probably, shortly past maximum, and the general move-
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(ET2DATION)

(ACCELERATION)

NOPJvIAL 2,EA5ON.AL GROWTH
RATE OF GROWTH
EFFECT OF RINGING
EFFECT OF DEFOLIATION

Fig. 27. Curves illustrating how the different effects of ringing and defoliation on
growth depend upon the stage of development of the shoot. The "rate of growth"

curve is estimated from the normal seasonal growth curve (svh,ch is adapted
from Reed). The words 'retardation" and "acceleration" refer

only to the effects of ringing and defoliation.

ment of elaborated foods is now "downward" from the shoot, ringing will
retard growth very slightly, or may considerably accelerate it, but defoliation
will have its greatest retarding effect. (4) Toward the close of the growth
period, when the accumulation of carbohydrate materials in the shoot is
already tending to throw the growth mechanism out of adjustment, ringing
again vill greatly retard growth and defoliation will, for the first, and only,

Such ringing would have to be made in the branch just below the new growth.
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time in the season, accelerate it. According to the above assumptions a
curve representing the relative retardation of growth due to ringzng might
approximate the reciprocal of the normal seasonal rate of growth curve
(developed from, but not the growth increment curve,5 by which growth is
usually shown). Therefore such a retardation curve would be high at the
beginning of the season, and drop to a minimum at the maximum growth rate
period, but now, in order fully to represent the effects of ringing, it should be
brought below the axis of abscissas, probably at a point a little to the right
of the growth rate ma;imu1u, to indicate there negative retardation (i.e., ac-
celeration). From tl, point it would rise to the end of the season (see Fig.
27). A curve representing the relative retardation due to defoliation might
correspondingly approximate the rate of growth curve itself, perhaps depart-
ing from it most toward the end of the season where it should pass con-
siderably below the axis of abscissas to indicate that defoliation then accel-
erates rather than retards growth (see Fig. 27).

6. SERIES ID

Series ID was a study of the superficial effect on shoot growth of
different types of defoliation. The study holds a somewhat supple-
mentary relation to the preceding experimental series, although it was
carried out prior to Series E, and introduced a new element in the
methods employed. All defoliations were done on the same date, so
that the work, unfortunately, is not comparable with the ringing experi-
ments of Series E.

The shoots for the present experiments were furnished by three
eight-year-old trees of the varieties Grimes, Spitzenburg, Gano, and
Rome. Three types of defoliation were used; namely, (1) complete
defoliation of the upper portion of the shoot, leaving a basal portion 7
to 10 cm, long (as in the defoliations of Series B), (2) the removal of
every other leaf from the lowest basal leaf to the growing tip, and (3)
complete defoliation of the basal portion only. These defoliations were
designated "upper," "alternate," and "basal" respectively. Ten shoots of
each of the three types of defoliation, and ten checks, were placed under
observation on each tree. The defoliations were made June 6, and the
measurements June 7, July 1, and August 15.

A summary of the performance of the check and defoliated shoots is
presented in Table XVI. For the sake of brevity, the first and last
measurements only are given. There is considerable variation in the
growth responses of the shoots with the type of defoliation received.
Defoliation of the upper portion of the shoot retards growth noticeably
less than either of the other two types. By "upper" defoliation the
Grimes and Rome shoots have growth accelerated and the Spitzenburgs
have it retarded. The relative effects of upper defoliation in any of the
four varieties are not difficult to explain on the bsis of previous experi-
ments, for both the type of defoliation and the responses appear to cor-
respond exactly with the previous experiments and conclusions. Here
the Grimes shoots were growing very slowly and were near the end of
their growing season; the result was an acceleration of growth. On the
other hand, the Spitzenburgs were still growing rapidly and responded
oppositely. But a difficulty is introduced by the observed responses to
"basal" and "alternate" defoliation, where growth is always retarded
more than in the case of "upper" defoliation. This seeming fact of

The curve used in Fig. 27 is adapted from Reed.°
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TABLE XVI. EFFECTS OF DIFFERENT KINDS OF DEFOLIATION ON
GROWTH OF SI-tOOTS

Series D

greater retarding effect of basal defoliatiot, for instance, is not easy to
explain on a basis of decreased carbohydrate supply alone. But if to-
ward the end of the growing season, the shoot normally draws most of
its carbohydrate supply from tile activities of its upper leaves, and the
basal leaves tend to give up a considerable amount of their nitrogen
(from chlorophyll, etc.) to the growing point for its late season activity,
the response of the shoots to basal defoliation might thus be easily ex-
plained. The extreme cases are Grimes and Spitzenburg, where in the
former growth is greatly accelerated by 'upper," but apparently re-
tarded by 'basal" defoliation, and in the latter, both treatments retard
growth about equally. It should be remarked, however, that the results
recorded in Table XVI may not be as conclusive as desirable, since only
thirty shoots of each variety and treatment were under observation. The
growth made by the check shoots, moreover, was sometimes very little.
For the Grimes shoots it is reasonably certain, however, that "upper"
defoliation greatly accelerated growth, but the retardation of growth
attributed to "basal" defoliation is questionable, on account of the
checks having grown so slightly.

Length
June 6

cm.

Length
Aug. 5

cm.

Total
increase

cm.

Percentage
increase

Difference
check
minus

treated

Coefficient
of rela-

tive
growth

Checks 18.8 34.3 15.5 82.5

-8 Alternate 24.2 42.0 17.8 73.5 +9.0 + 11
8 .8

8 Basal 24.8 39.0 14.2 57.2 +25.3 +31
Si I

Upper 26.5 44.3 17.8 67.1 + 15.4 + 19

Checks 17.1 25.2 8.1 47.4

Alternate
17.1 22.0 5.5 33.9 + 13.5 +28

o Basal 20.2 25.4 5.2 25.5 +21.0 +46
Upper 21.8 30.7 8.9 40.8 +6.6 +14

Checks 17.5 25.9 8.4 48.0
Si

20
Atternate

'5
17.7 22.9 3.2 29.4 + 18.6 +39

8 Basal 23.9 31.4 7.5 31.4 +16.6 +35
Upper 21.2 32.3 11.1 52.4 -4.4 -9

Checks 13.9 15.8 1.9 13.7
4)

2 Alternate 14.5 15.7 0.9 6.1 +7.6 +55
1.5 8 Basal 18.4 19.5 1.1 6.0 +7.7 +56

Upper 20.4 33.4 13.0 63.7 -50.0 -364
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7. APPLICATION

The foregoing results have a general bearing on the question of
growth responses to pruning, and they should aid in a better under-
standing of the various and often widely divergent pruning responses re-
ported in horticultural literature. It is to the problem of summer prun-
ing, particularly, that the present findings appear to have direct appli-
cation, hence one finds it difficult to refrain from turning over in mind
this once popular problem, in the light of the observations on growth of
shoots as affected by ringing and defoliation. The varying degrees and
frequently the complete reversals of effects produced by these treatments
immediately suggest the fortuitousness of summer pruning as a means
of accomplishing a definite result. This suggestion is further emphasized
by some of the present observations on ringing. Certain of these indi-
cated that the nutritive mechanism in the shoot may be so delicately bal-
anced that the range of individual differences in two adjacent trees of
the same variety may be sufficient so that ringing on the same day will
produce completely opposite results. The conclusion may also be
drawn from the results of Series D, that the type of growth response to
to be expected of a defoliated shoot will depend not only on its stage
of development, but also on the portion of the shoot receiving defoliation.

It is of course, easily conceivable that with a general knowledge of
the various responses to be taken into account, and having much per-
sonal experience with a specific location and variety, an operator could
proceed to summer-prune with considerable certainty; but as a horticul-
tural procedure in the hands of the fruit grower himself, it would seem
that summer pruning will long remain extremely impracticable.

The results presented concerning the chemical transformations tak-
ing place in the bases of variously treated shoots would allow the infer-
ence that one of the host important chemical changes accompanying
regeneration in the stub of a severely headed shoot, as in summer prun-
ing, is indicated by a relatively large increase in water, nitrogen, and
other soluble materials, and a decrease in total carbohydrates as well as
in the value of the carbohydrate-nitrogen ratio.

SUMMARY
1. A study, extending through a growing season, of normal chemical

changes in different regions of apple shoots showed that
Relatively large chemical differences obtain between the tip, mid-

dle, and basal regions.

Substances which tend, normally, to decrease through the grow-
ing season are always most abundant in the tip and least abundant in
the base. Representative of this group are: water, soluble solids, phlorid-
zin, and nitrogen.

Substances which tend to increase through the growing season
are always least abundant in the tip and most abundant in the base.
Representative of the group are: insoluble solids, sugars, polysaccharides,
and total carbohydrates (and, with respect to value, the carbohydrate-
nitrogen ratio).

The substances named in paragraph "1 b" above, are those com-
monly associated with good growth conditions. They are not only most
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abundant in the tip, but decrease there less rapidly through the season;
indicating thereby more constant growing conditions in that region than
previous analyses, involving the entire shoot, were able to show.

Defoliation was found to accelerate or retard growth according
to the stage of development of the shoot; and, to some extent, according
to the portion of the shoot defoliated.

Ringing also accelerates or retards growth according to the stage
of development. But if ringing accelerates growth, defoliation under the
same conditions will nearly always retard it, or vice versa. Very early
in the season, however, growth will be retarded by either operation.

By ringing shoots at intervals through the growth season, a
complete reversal of the effects of ringing was demonstrated; that is to
say, early in the season ringing retarded growth, later accelerated, and
finally retarded it again.

Ringing plus defoliation stops growth in a short time.

The basal 6 to 8 centimeters of shoots which received ringing or
defoliation, or both, showed regenerations varying with the treat-
ment. In the order of decreasing regenerative activity the treat-
ments held the following positions: ringing plus defoliation, ringing
only, defoliation only, and checks. The amount of activity through this
series ranged from very considerable to none.

The chemical changes produced in the upper portions of shoots
by defoliation are indicated by an increased percentage of water, soluble
solids, phloridzin, and nitrogen; and a decrease of insoluble solids,
sugars, starch, pentosans, total polysaccharides, total carbohydrates, and
the carbohydrate-nitrogen ratio.

In the bases of same defoliated shoots, the chemical changes
indirectly induced differed only from those of the tipper defoliated por-
tion in being less in degree.

The chemical changes produced by ringing were, in the upper
portion of the shoot, the reverse of those enumerated as effects of de-
foliation, that is to say, water, soluble solids, phloridzin, and nitrogen
were decreased, while insoluble solids, sugars, starch, and pentosans, etc.,
were increased.

Ringing plus defoliation produced the most striking chemical
changes observed. The responses of the upper portion of the shoot
were the same in quality, however, as those noted above for defoliation.
Carbohydrates were probably the limiting factor to growth in these
shoots, since their content of water and nitrogen was the highest.

The chemical changes produced in the bases of shoots which
(in their top portions) received ringing, defoliation, and ringing plus de-
foliation were all the same quality with the responses mentioned for
defoliation and ringing plus defoliation. But in the order of decreasing
quantity of the chemical responses, the various treatments stood as
follows: ringing plus defoliation, ringing only, defoliation only, and
checks. This order is identical with that given for regenerative activity
in these bases, a fact which is considered significant.
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A general explanation was offered to unify the diverse growth
responses of shoots to ringing and defoliation. Tentative curves also
were prepared to illustrate the various responses to ringing or defoliation
to be expected at different stages of shoot development.

Suggestions were made toward an application of the recorded
findings to the pruning question.
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