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Nitrogen and Carbohydrates Distribution 
1n Organs of Bearing Apple Spurs 

A. E. MuRNEEK 

ABSTRACT.-The chemical composition of leaves, new growth, and reproductive 
organs (flowers-fruit) of bearing apple spurs of the Jonathan, Paynes Late Keeper 
and King David varieties was ascertained at 15 to 30 day intervals during one season 
and 5 to 6 day intervals during another. Determinations were made of fresh and dry 
weights, total sugars, starch, hemicellulose, water soluble nitrogen, insoluble nitro
gen, and total nitrogen. Characteristic chemical changes are correlated with specific 
functional and developmental activities. Flowering and fruit setting is typified by a 
marked increase in all active soluble forms of carbohydrates and nitrogen, which 
are translocated to the reproductive organs. Both carbohydrates and nitrogen are 
reabsorbed from the dropping blossoms preparatory to their abscission. After flower
ing the direction of movement of most organic compounds is to the fruits that have 
set, where large quantities accumulate. Besides starch, hemicellulose is considered 
as a source of sugars for the flowers and the maturing fruit. It reaches a maximum 
accretion in the fruits by mid-summer. The development of leaves and of fruits is 
characterized by an accumulation of nitrogen in water insoluble form. But during its 
growth the fruit shows also a higher total distribution of water soluble Nand more 
developmental activity than any other organ. Throughout the considered period the 
reproductive organs seem to dominate the metabolism of the fruiting apple spur 
complex. The bearing of these results on horticultural practice is discussed. 

The cultivated apple (P_yrus malus L.) bears its fruit generally 
on short twigs called spurs. Exceptions to this rule are exhibited by 
some varieties in certain stages of development or most varieties during 
adverse disturbances in metabolism. Special cases of this character, 
though of interest in many respects, do not concern us, however, in 
this particular investigation. . 

Because of this typical fruiting habit of the apple, attention has 
been paid by many horticulturists to the behavior and performance 
of spurs. While the earlier studies have been limited largely to obser
vations and measurements of growth and regularity of flower bud for
mation and fruit bearing, in the more recent investigations emphasis 
has been placed on the physiology of the spur. 

Interest at present seems to be focused on two major phases of the 
function of spurs: the internal changes associated wi.th the differentia
tion of flower buds, and those exhibited during the period of fruit 
setting. The approach to these two problems has been largely by way 
of chemical analysis. The various nitrogenous compounds and car
bohydrates have received primary consideration, chiefly because of 
their great abundance and their apparent metabolic significance. 

Usually the results secured from macrochemical analyses have 
been expressed on a percentage basis. In some cases the relative concen
tration of total or particular carbohydrates has been considered in re-
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iationship to the total or soluble forms of nitrogen. A fair degree of cor
relation seems frequently to have been found between chemical compO
sition and the behavior of spurs. Thereby a more solid foundation is 
gradually being built for a better understanding of the reproductive 
functions of the apple. 

Having once gained a clearer picture of the basic activities of 
the spur and other parts of the tree, we may expect that, by proper 
manipulation of the external and internal environment, eventually 
it may be possible more definitely to control and regulate fruit pro
duction. Distant as this goal may appear, we seem to be approaching 
it by measurable steps. 

The present bulletin deals with nitrogen and carbohydrate dis
tribution in organs of bearing apple spurs. Not the old, so much analyzed 
part of the spur, but the new organs formed during the current season 
have been 'used for this study. And the investigation, instead of being 
extended over a considerable period of the year, has been confined large
ly to the time of flowering and fruit setting. The hope has been enter
tained that by an intensive study of the chemical changes during 
this part of the active season, when "things happen", some insight 
might be gained into the physiological changes of the fruiting apple 
spur. Particular attention has been directed to the amount of nitro
gen and carbohydrates utilized by the developing leaves, flowers and 
young fruits. 

REVIEW OF LITERATURE 

Observations on reserve food materials in apple spurs have been 
made as early as 1915 by Gourley2, who by sectioning tissues and stain
ing with iodine found more starch in the pith and medullary rays of 
those spurs which had formed fruit buds. Wiggans18, likewise, obtained 
slightly greater amounts of sugar and starch and a higher concentration 
of sap in the bearing spurs. 

The first systematic chemical analysis, however, has been recorded 
by HookerS, of the Missouri Agricultural Experiment Station, on season
al changes in the chemical composition of apple spurs. Three types 
of material were analyzed: spurs that blossomed and bore fruit; non
blossoming spurs that formed fruit buds; and barren spurs. The samples 
were gathered at six different times of the year, the intervals being 
approximately two months. Barring a few cases, the material consisted 
of one-year-old wood, excepting of course, samples collected during 
the active season, which included also the current year's growth. De
terminations were made of total nitrogen, phosphorus, potassium, ash, 
reducing and non-reducing sugars, starch, total polysaccharides, 
titratable acidity and hydrogen-ion con~entration. 
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Typical seasonal variations in concentration of the various sub
stances supplied evidence for the following conclusions: "Conditions 
leading to high starch and low nitrogen content at the time of fruit
bud differentiation appear to be essential for productivity. Fruit bearing 
spurs that develop leaf buds have a low starch and high nitrogen 
content, and barren spurs have a low starch and low nitrogen con
tent. The starch-nitrogen ratio is more indicative (of conditions 
favoring flower bud differentiation) than the total carbohydrate-nitro
gen ratio". The moisture, potassium, phosphorus, and nitrogen content 
showed an increase to a high maximum at the period immediately pre
ceding the development of seeds and fruit. 

Almost simultaneously with this publication appeared one by 
Harvey and Murneek4 reporting the effects of spur defoliation on fruit 
bud formation and fruit setting in three varieties of apples. The removal 
of leaves early in June markedly decreased fruit bud formation. About 
a month after the treatment a higher percentage of moisture, soluble 
and insoluble nitrogen and sugar, but lower percentage of polysaccharides 
and total carbohydrates were found in one-year-old wood and current 
season's growth of the defoliated spurs. Defoliation previous to flower
ing had a direct effect on fruit setting. Moreover, the influence of are
stricted leaf area was evident throughout the period of fruit develop
ment. A close connection was thus established between the number of 
leaves, the percentage of spurs bearing and the average weight of fruit. 
A fair correlation was also found between leaf area and total nitrogen 
in one-year-old wood of these early defoliated spurs. The independence 
and "individuality" of spurs is stressed. It is concluded that fruit bud 
differentiation is probably associated with rather high concentrations 
of carbohydrates and a comparatively low nitrogen content, while 
fruit setting, quite the contrary, may be correlated with relatively low 
values for carbohydrates but a high nitrogen content. 

That flowering and fruit setting in the apple depend on the presence 
of relatively large quantities of nitrogen has been noted also by Hooker 
and Bradford7• Moreover, there is ample indirect evidence on this 
subject from the results of spring application of readily available 
nitrogenous fertilizers. This, however, is so well known to horticultur
ists that it need not be discussed here. 

Mitra11 determined the carbohydrate composition of apple spurs 
at intervals of two weeks throughout the year. The character of mate
rial used is not given. Total carbohydrates, but particularly starch, 
showed a maximum in August and September and a minimum in Feb
ruary, while total sugars appeared to be in greatest abundance between 
December and February. The acidity (pH value) was also ascertained 
during a part of the year. 
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In a comparatively recent investigation Harley3 has studied the 
normal variation in chemical composition of bearing and non-bearing 
spurs. The material was collected six times during the year and 
the "new" and "old" growth analyzed separately. Particular em
phasis has been placed on uniformity in length of the spurs. 'Sig
nificant differences in percentage of carbohydrates were found in!the 
new growth of non-bearing spurs at the time of fruit bud differen
tiation, when the percentage of starch was approximately four times 
greater than in bearing spurs. And even after the normal period of fruit 
bud differentiation, when starch increased in both types of spurs, the 
non-bearing ones showed about twice as high a concentration. This 
corroborates rather definitely the results secured by Harvey4 and 
HookerS. Consequently it seems to be quite certain that the differen
tiation of flower buds in the apple may be correlated with a compara
tively high carbohydrate-nitrogen ratio, which is magnified and probably 
made more significant when the two groups of substances are limited 
to starch and soluble nitrogen. In this connection it is of interest 
to note that the percentage of starch in the old wood was practically 
the same at this period in both types of spurs. 

A proportionally higher nitrogen content was also found by Harley 
in the new as compared with the old growth. In comparison with 
non-bearing spurs, a relatively greater percentage of nitrogen was 
secured from the new growth of bearing spurs immediately follow ng 
the time of fruit setting. The concentration of soluble nitrogen appeared 
to be markedly higher in the fruiting spurs at this period. This seems 
to be in complete agreement with the opinions advanced by the writer4 

that the setting of fruit is associated with, if not conditioned by a 
relatively high accumulation of nitrogen, especially in soluble form12• 

Since then the writer13, has published a preliminary account of the 
percentage distribution and total amounts of nitrogen in the various 
organs comprising the bearing apple spur. At the time of fruit setting 
approximately fifty per cent or more of the total nitrogen of the spur 
system may be concentrated in the rapidly developing leaves. Soon 
thereafter, however, the largest quantities of nitrogen go to the enlarg
ing fruit. Hence an early removal of the flower buds (defloration) 
tended to increase the amount of nitrogen in the leaves. The new growth 
and old wood of the spur showed by comparison almost insignificant 
values. But since the present investigation is an extension of this 
study, further discussion of the subject will be deferred till later. 

Most excellent information on the nitrogenous metabolism in the 
apple has been recently contributed by Thomas16 •17• Though his 
studies on the seasonal distribution and partition of nitrogen have 
been confined primarily to the leaves and branches, at least one series 
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of non-bearing spurs was included.' It is rather unfortunate that the 
spurs were taken from only one, a 15-year-old Winesap tree, and 
that this necessitated their gathering from all portions of the branches 
up to an.d including seven-year-old wood*. Spurs of various ages were 
thus combined and analyzed together. Yet in spite of this evident 
disadvantage, the results are interesting and valuable. It was found 
that during the period of bud swelling the total nitrogen, total water
soluble nitrogen, non-protein, amino, and "rest" N increased very mark
edly, but amide N decreased. This was followed by a reverse condition 
in respect to the concentration of these substances at the time of com
mencement of vegetative extension. During active growth total and 
watersoluble nitrogen and amino N again increased to a maximum, 
while amide N decreased. When growth ceased another percipitous drop 
in all considered forms of N, excepting amide N, occurred, while at 
the time of leaf fall the nitrogen content of the non-bearing spurs is 
once more augmented, save the fraction representing amino N. It 
should be noted that positive tests for nitrates were obtained only once 
and in one tissue-the leaf buds at the time of opening. It is con tended 
that nitrates most likely are reduced and synthesized to amino acids in 
the fine roots, whence they are moved to the active regions of metabolism. 
A record is made also of the fact that no connection could be discovered 
between fluctuations in external environmental factors and variations 
in percentage distribution of the nitrogenous compounds. This seems 
to suggest that the changes in concentration of the different N fractions 
may have been effected primarily if not exclusively by internal causes. 

In order to secure information on the extent of withdrawal of 
nitrogen and carbohydrates by the developing flowers and young fruit 
of the apple, Howlett8 has analyzed the floral organs and young fruit 
of three varieties at the following stages of development: cluster bud 
stage, when first flower of the cluster bud opened, when petals had 
fallen, and a few days before the first drop (about seven days later 
than stage three). Determinations were made of dry matter, total 
nitrogen, free reducing and total sugars, and acid hydrolyzable poly
saccharides. All determined carbohydrates showed a rapid increase 
in the flowers till the time of falling of petals and a still more rapid 
augmentation in the developing fruit, while a considerable decrease was 
noted in withering flowers that were ready to absciss. At full bloom 
the petals contained two-thirds of the free reducing substances, though 
constituting only one-third of the fresh weight of the flower. The 
percentage composition of total nitrogen gradually decreased as the 
flowers opened and then remained more or less stationary in the 
young fruit, but when the figures were expressed in total amounts of 

*Private communication from Dr. W. Thomas. 
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nitrogen absorbed by the active reproductive organs, a very marked 
increase is indicated throughout this period. The flowers that were to 
drop had lost a considerable proportion of their nitrogen content by the 
time the petals had fallen. 

Collecting samples at 10-day intervals Pfeiffer14 has carried through 
the analysis for total nitrogen in the apple fruit from the period of setting 
till the time of harvesting. A gradual and quite consistent seasonal 
decrease in percentage composition was obtained with all varieties 
studied. On the contrary, when expressed in total amounts, a marked 
increase in nitrogen was observed throughout the time of develop
ment of the fruit, ending in a rapid drop late in the fall. The seeds were 
not included in these samples, excepting probably in the very young 
fruit. Were this the case, the figures most likely would have been 
considerably larger. 

Several investigations have dealt with the influence of nitrogenous 
fertilizers on the chemical composition of apple spurs. Hooker6 studied 
the effects of spring, summer and fall application of nitrate of soda, 
ammonium sulphate and dried blood on spurs of the York, Jonathan 
and Ben Davis varieties. Spring fertilization of bearing trees gave 
an increased set of fruit, which was found to be associated with a greater 
nitrogen content in spurs during the period of fruit setting. The three 
kinds of fertilizers produced essentially the same results. When nitrogen 
was readily available early in the spring starch accumulation in spurs 
was reduced at the time of differentiation of fruit buds and hence 
may be detrimental to this process. The later in the season the fertilizers 
were applied the greater was the residual nitrogen in spurs the following 
spring. No effect of spring application, however, was noted on nitrogen 
content the next year. 

Kraybill et a/.9 and Potter and Kraybill15• have ascertained the 
chemical constitution of fruiting and non-fruiting Baldwin spurs secured 
from trees under two types of cultural treatments: sod, non-fruiting; 
sod, fruiting; nitrate, non-fruiting; and nitrate, fruiting. The samples 
were taken at close intervals during the growing season, once in the 
fall, and again late in winter. The bearing spurs were cut so as to in
clude current and past year's growth, while the non-fruiting spurs 
contained two to four year's wood, all, however, carrying one cluster 
base. The highest amount of dry matter and ash was found in non
fruiting spurs of the sod plot and the lowest in fruiting spurs from the 
nitrogen plot, those from the other plots being of intermediate compo
sition. A wide variation was exhibited during the growing season by 
sucrose, reducing sugars and phlorizin. Considerable and significant 
differences were found in percentage composition of starch, acid hydrO
lyzable material and total carbohydrates, all showing a higher con-
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centration in the non-bearing spurs. High nitrogen values were secured 

from fruiting spurs of the nitrogen plot, lowest from the non-fruiting 

spurs coming fro:n trees in sod. The authors conclude that "under 

similar cultural conditions the spurs bearing fruit are lower in starch 

and total carbohydrates and higher in nitrogen than non-bearing spurs". 

The dominance of the fruit on chemical composition of bearing spurs 

is emphasized. 
That various fertilizers, especially those containing nitrogen may 

effect not only the yield but also the chemical constitution of spurs 

is likewise pointed out in a brief paper by Lagasse10• Bearing and non

bearing spurs, of typical length for the respective trees, were cut at the 

approximated time for fruit bud differentiation. The current season's 

growth was separated from the remainder of the spur. A correlation 

is made between yields of fruit and chemical composition. Non-bearing 

spurs, secured from trees having received no nitrogen showed a higher 

starch-total nitrogen ratio than those coming from trees not receiving 

nitrogen. When very large amounts (triple dose) of nitrate ofsoda had 

been applied, these spurs had a still lower starch-total nitrogen value. 

The same well defined relationship between these two substances could 

be established in bearing spurs. But since the average values of the starch 

total nitrogen ratio were consistently higher in all groups of non-bearing 

spurs as compared with those bearing, it seems to be safe to assume that 

in this experiment at least fruit production had as great an effect, 

if not greater, on the chemical composition of the spurs, as soil fertil

ization. 
The influence of shade on the physiology of the apple spur has been 

studied by Auchter et al.1 Chemical analyses are given of non-bearing 

spurs from shaded and not shaded halves of Grimes Golden and Stay

man Winesap trees, sampled on June 26 in the first year of shading. 

On the average, dry matter and all major forms of carbohydrates were 

consistently lower in the shaded spurs. This is particularly evident 

when the data are expressed in absolute amounts-milligrams per spur. 

Shading precluded almost completely the formation of blossom buds 

and the few blossoms that were produced were less likely to set fruit 

when shaded. Microchemical tests made early in the spring indicated 

a low starch content in spurs after two years of shading. 

In summarizing our present status on the chemical investigation 

of apple spurs, the following salient points, as they appear to the writer 

at this moment and subject to the present investigation, may be 

emphasized: 
1. The chemical composition of the spur may be used as an ap

proximate index of the vegetative or reproductive potential

ities or activities of the plant. 



10 MissouRI AGR. ExP. STA. RESEARCH BuLLETIN 119 

2. As material for analysis the old wood of the spur appears to 
be of much less value than the new growth. 

3. The concentration of the common carbohydrates and nitrogenous 
compounds evidently has a considerable diagnostic significance. 

4. Flower bud differentiation may be correlated with a relatively 
high carbohydrate-nitrogen ratio, in which, under normal con
ditions, starch apparently is the most important carbohydrate. 

5. Fruit setting is associated with a comparatively high nitrogen 
concentration or low carbohydrate-nitrogen value, in which 
most likely nitrogen in soluble form is a significant fraction. 

6. The application of nitrogenous fertilizers in readily available 
form usually results in alteration of the chemical composition 
(the internal environment) of the spurs, thereby influencing 
their behavior and performance. 

7. For better visualization and interpretation of results data se
cured from chemical analysis should be expressed not only on 
percentage basis but also as total amounts per unit structure. 

8. More information seems to be desirable on the relative and 
total quantities of the various major substances required in 
the growth and development of the three important non
permanent organs of the spur: leaves, flowers, and fruit. 

MATERIAL AND METHODS 
Collection and Preservation of Material.-The spurs used for 

this investigation consisted of two series. In 1925 bearing spurs of two 
varieties, Jonathan and Paynes Late Keeper, were employed. The 
trees were about 30 years old, growing in sod and receiving 5 pounds 
of nitrate of soda each spring. Still, despite fertilization, but feeble 
vegetative growth was· produced. While the J onathans were bearing 
more or less regularly the Paynes had acquired a distinct alternating 
habit. Average typical spurs from wood three to five years old were gath
ered on the following dates: April 15, when flower buds were turning 
pink; May 1, shortly after flowering; May 15, soon after the first drop; 
June 15, approximate time of flower bud differentiation; July 15; and 
August 15. 

In 1926 similar material was secured from the same J onathans 
and vigorous King David tree~. The latter were growing under like 
conditions and producing heavy crops every alternate year. This year, 
however, the requisite spurs were cut every 5 or 6 days on the follow
ing dates: April 26, flower buds pink; May 1, one or two flowers open; 
May 6, petals just beginning to fall; May 11, "Calyx cup spray"; May 17, 
first drop beginning; May 22, first drop completed; May 27, fruit 
~ inch in diameter; June 1, fruit Y8 to 1 inch in diameter; June 7, 
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"June drop" practically completed; June 12, fruit 1,%' to 1~ inches in 

diameter. 
Usually 100 spurs constituted a sample, excepting a few lots secured 

early in the season, which were larger. All sampling was done early 

in the forenoon by the writer himself. The material was taken imme

diately to the laboratory and used with dispatch. The leaves, new growth 

and :flowers or fruit were removed from the old part of the spur and pre

pared for chemical analysis by drying at 75 1C in a ventilated oven. 

The fruit samples, of course, included the seeds and stems. 

Chemical Analysis.-The dried material was ground to a fine pow

der and analyzed for total sugars, starch, hemicellulose, and soluble, 

insoluble and total nitrogen. 
The various carbohydrates were determined on 2-gram samples, 

using the methods and procedure described by the writer in detail 

elsewhere*. In all cases the analyses were made in duplicate, and 

in the few cases where results disagreed the sample was re-analyzed till 

the percentages checked. 
By "soluble nitrogen" is understood nitrogen in the water soluble 

fraction obtained by repeatedly washing the fine powder with 200 c.c. 

of distilled water over quantitative filter paper. The residual nitrogen 

in the remaining part of the sample constituted the water-insoluble 

part, while the two make up total nitrogen. The official Kjeldahl

Gunning-Arnold method, modified to include nitrates, was employed 

for the determination of total N, while the residual N was ascertained 

by the same method, but without this modification. The soluble fraction 

was obtained by difference. 

PRESENTATION OF RESULTS 

Most of the chemical data secured from this investigation are 

presented not only as percentages of fresh and dry weight but also as 

total amounts in grams per 100 spurs. This seems to be desirable, 

since the conventional method of expressing results solely on a per

centage basis does not always convey a true picture of the existing 

condition. 
THE 1925 DATA 

As the chemical analyses of the first summer's work are based 

on samples collected at comparatively long intervals of time, the re

sults show only the main trend in chemical composition. A general 

idea, however, is thus gained of the metabolism during the growing 

season of the various active organs of bearing apple spurs. 

Total Sugars.-Percentages of total sugars in the leaves, new 

growth and :flowers or fruit are given in Table 1 and shown graphically 

*Murneek, A. E. Effects of correlation between vegetative and reproductive functions in the toma

to. Plant Physiology 1:1:3-56, 1926. 
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in Figures 1 and 2. The leaves indicate not only low values for sugars 
but also considerable seasonal fluctuations. This is to be expected, for 
in the leaves, of course, we have the primary seat of sugar synthesis, 
whence the product is translocated to all growing regions. The minimum 
concentration exhibited on May 15 probably has no particular signifi
cance. Most likely it has been induced by environmental factors. 
TABLE 1.-ToTAL SuGARS (As DEXTROSE) IN PERCENTAGES OF DRY Wi::rGHT, 1925 

Apr. 13 May 1 I May 15 June 1; Jul y 15 Aug. 15 

Jonathan 
Leaves _______ ._. ______ 1. 75 3.25 2.02 5 . 57 3.20 
New Growth ___________ 2. 35 2.60 2. 20 .52 2. 25 
Flowe rs-Fruit __________ 3.15 2.00 2. 25 9 . 42 11.10 

Paynes Late Keeper 
Leaves.--------------- 4.62 4.25 0 75 5.07 3.05 
New Growth ___________ 2 .90 4. 37 3.67 1. 28 3.49 
Flowers-Fruit_ ________ _ 1.27 2.87 5.90 12 . 45 

35 

30 

--- Pay.-Leaves 
----- " -F!Dw~rs-l'!>uit 
--- Jon·L~av~ 

25 ----- " -Flowers-fruit 

lD 

Fig. !.-Total sugars, in percentages of dry weight, in leaves and flowers-fruit , 
1925. 

21.90 

31.30 

In the new growth of the bearing spur total sugars evidently 
reach the highest amount at the time of flowering and then gradually 
decline to a low value on June 15. Thereafter another increase is seen. 
The high percentage of sugars at blossoming is most probably caused 
by the large quantities of soluble carbohydrates that must be trans-
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located by way of the new growth into the developing flowers, par

ticularly the petals8• 

While the blossoms are very high in percentage of reducing sugars, 

an extremely rapid increase to a high concentration takes place in the 

fruits. Naturally the flesh of the appple is primarily carbohydrate 

tissue with very high sugar content. The demand for carbohydrates 

during the later stages of development of the fruit is indeed very great. 

5 

fll>------o. __ _ 
0 
A~~~.1F5--~---.~--------~~,------,~ 

Fig. 2.-Total sugars, in percentages of dry weight, in new growth of the spur. 

1925. 

Consequently it is quite certain that the leaves of the bearing spur, 

even when at a maximum efficiency of synthesis, are not able to supply 

the carbohydrates necessary for the development of even a single 

large apple*. 
Starch.-The percentage composition of starch in the three organs 

of the fruiting spur are given in Table 2 and shown by Figures 3 and 4. 

_TABLE 2.-STARCH (As DEXTROSE) IN PERCENTAGES OF DRY WEIGHT, 1925 

r Apr. 15 May 1 May 15 June 15 July 15 Aug. 15 0 

Jona~::es. ______________ _ .40 2.45 3 0 30 2.40 1. 35 
New Growth __________ _ 2.15 2.25 3 0 75 I. 15 3 0 75 
Flowers-Fruit _________ _ 1.00 2.40 3.60 9 . 15 14.30 11.20 

Paynes Late Keeper 
Leaves _______________ _ 

0 75 2.10 4 . 35 2.80 1.90 

New Growth----------- 2.0U 2.10 4 0 25 .40 4.60 
Flowers-Fruit _________ _ 0 25 I. 75 7.45 10000 II. 9.1 17.70 

---Pay:-I.oov.s 
--- " -Flowii!'S-Fruit 
---Jan.-Leaves 
------ " -FlDwii!'S-Frulr 

5 

Mayl5 Junel5 

Fig. 3.-Starch, in percentages of dry weight, in leaves and flowers-fruit. 1925. 

*Haller, M. H. and Magness, ]. R. The relation of leaf area to the growth and composition of 

apples. Proc. Am. Soc. Hort. Sci. 1925, pp. 73-80. 
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From a very low value at the beginning of development, starch in 
the leaves reaches a maximum level 2 to 3 weeks after flowering and then 
gradually declines. As starch production in the leaf and removal there
from is a diurnal phenomenon, the changes in percentage of starch 
may indicate that the leaves of the spur may have attained their full 
size and maximum efficiency on May 15. At this period the demand 
for carbohydrates by the young fruit was still comparatively low. 
Hence the removal of starch from the leaves probably was not so com
plete, resulting in a greater "residue" at the time of collection of the 
samples. 

Fig. 4.-Starch, in percentages of dry weight, in new growth of the spur. 1925. 

The new growth shows close to 4 per cent of starch on May 15, 
but less on other dates, excepting July 15. The high starch value on 
May 15 corresponds to a similar maximum in leaves on the same date; 
therefore both organs may have been affected by the same cause. 

Soon after setting, not only large quantities of sugar are moved 
into the fruit but much of it is deposited in the form of starch. On a 
dry-weight basis the increase in starch at this stage, however, does 
not appear to be as large as that of sugars. Moreover, in the fruit of 
Paynes Late Keeper starch seems to be deposited earlier in the season 
and retained longer than in the Jonathan, a variety which matures 
sooner. 

Hemicellulose.-This complex group of celluloses may be regarded 
as a reserve carbohydrate supply. Occurring primarily as thickenings 
of cell walls, these pseudo- or hemi-celluloses are made up chiefly of 
dextrosans, mannans, galactans, and pentosans*. Probably some small 
amounts of other pectose and pectin-like substances are included 
in this groupt. Hemicelluloses may be hydrolyzed, at least in part, 
though probably not completelyt, to the corresponding sugars. As 
these sugars reduce Fehling's solution, their quantity may readily be 
estimated. 

*Recent investigations seem to show that some hemicellulosea may contain considerable amounts 
of galacturonic and other "uron.ic" acids. 0' Dwyer, M. H. The hemicellulosea of beech wood. Biochem. 
Jour. 20: 656-664, 1920. 

tCarre, M. H. Chemical studies in the physiology of apples. IV. Investigations on the pectic 
constituents of apples. Ann. Bot. 39:66:811-839, 1925. 

:!:Bradbury, D. and Roberta, R. H. The effecu of acid hydrolysis upon a hemicellulose reserve in 
apple trees. Proc. Am. Soc. Hort. Sci. 1926, 298-299. 
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TABLE 3.-HEMICELLULOSE (As DEXTROsE) IN PERCENTAGES or DRY WEIGHT, 1925 

Apr. 15 May 1 May 15 June 15 July 15 

Jonathan 
Leaves ____ ------------ 14.50 16.30 13.70 17.80 15 . 95 
New Growth ___________ 18.20 17 . 90 16 .60 20 .40 21.65 

Flowers-Fruit __ ... ---- __ ... 16.80 13.60 15 . 20 22.05 18 . 30 

Paynes Late Keeper 
Lea ve a ... ____ ----------- 15.55 17.65 14 . 35 17 . 25 15.70 
New Growth ________ ___ 18.90 17 .00 18 . 20 18.75 21.65 

Flowers-Fruit_ __ --- ____ 15 . 25 14.55 15.70 21.25 22.55 

~5 

20 

-Pay.-!2aws 
lO ---- " -!'Jowet>S-Fruit 

---Jon.-Imves 
----- " -Flowers-fruit 

Fig. 5.-Hemicellulose, in percentages of dry weight, in leaves and flowers-fru it. 
1925. 

---Pay.-New-G!wth 
----Jon.-" 

Fig. 6.-Hemicellulose, in percentages of dry weight, in new growth of the spur. 

1925. 

Aug. 15 

----
----
9.55 

___ ,. 
----

13 . 95 

It will be seen from Table 3 and Figures 5 and 6 that the per

centage of hemicellulose, expressed in terms of dextrose, has approxi

mately the same relative concentration in all examined organs-IS to 

20 per cent of dry weight. Excepting a slight drop on May 15, this 

value seems to be maintained throughout the season in both the leaves 

and new growth of the spurs. 
Hemicell:ulose appears to be formed more abundantly in the develop

ing fruit. There seems to be a consistent increase of these complex 
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carbohydrates from the time the fruit is set till midsummer when a 
considerable decrease occurs. This is registered first by the Jonathan 
curve and a month or so later by that of Paynes Late Keeper (Fig. 5). 
This marked rise and drop in hemicellulose in the apple fruit suggests 
that it may be laid down in the flesh of the fruit as a reserve food in the 
form of accretions to the cell walls. During the later part of develop
ment these reserve carbohydrates are hydrolyzed through enzymatic 
action, thereby providing a source for increased sugar content of the 
fruit. The writer* has found in the Bartlett pear, for instance, that in 
addition to the marked enlargement of the cells there is also a seasonal 
decrease in thickness of cell walls of the cortex region of approximately 
15 per cent. It is very possible, of course, that the products of hydrolysis 
of hemicelluloses· may be utilized also for other purposes, such as res
piration. 

Soluble Nitrogen.-The amount of water-soluble forms of N may 
be considered as a fair index of nitrogen metabolism of a particular 
organ or tissue12 •17• Moreover, as suggested by Thomas17, there seems 
to be a close parallelism between water-soluble N and free amino N. 
And since the amino acids may be considered as the chief building stones 
of protein synthesis and thus have a profound effect on growth and de
velopment, the determination of soluble nitrogen may be of great value. 

TABLE 4.-WATER SoLUBLE NITROGEN IN PERCENTAGES OF DRY WEIGHT, 1925 

Apr. IS 

Jonathan 
Leaves ______ --- ___ - ___ .29 
New Growth ___________ !.51 
Flowers-Fruit __ ________ . 89 

Paynes Late Keeper 
Leaves ________________ . 33 
New Growth- - --------- 1.34 
Flowers-Fruit _________ _ .79 

*Flowers ready to absciss 

May 1 

.28 

.94 

.99 
( 54)* 

.29 
I. 29 

.48• 
(.43)* 

May IS June IS July 15 Aug. IS 

.11 

.63 

.32 

. 12 

. 73 

.36 

.10 

.66 

.29 

.15 

.54 

.30 

.12 . 17 

.99 .48 

. 31 . 26 

.19 

.18 

•Probably a large number of nonfunctional (*) flowers included. 

It will be noted from Table 4 and Figures 7 and 8 that the concen
tration of water-soluble N is unusually high in all active organs imme
diately preceding and during the time of flowering, but particularly so 
in the new growth of the spur, the channel through which most probably 
nitrogen in soluble form is moved to the rapidly developing leaves and 
flowers. Already two weeks after the petals had fallen the percentage com-

*Murneek, A. E. Studies of physical and morphological changes in Bartlett pears. Am. Journ. 
Bot. 10: 310-324, 1923. 
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position of soluble N has dropped to a comparatively low level, where, 

excepting for a. slight decline, it seems to remain throughout the season. 

While the leaves show distinctly higher values during the period 

of flower development and fruit setting, the concentration of water

soluble N in the floral organs is approximately three times as high. 

The conspicuous drop in percentage of this form of N immediately after 

LO 
I 
I 
I 
I 
I 
I 

ftowE!'S pr«!ucin{! fruit ---Pay.-Leaves 
-,.---- " -Flowet>s.fouit 
---Jcn-Leaves 
------ " -Flo!ms-lrult 

Fig. 7.-\Vater soluble nitrogen, in percentages of dry weight, in leaves and 

flowers-fruit. 1925. 

1.6r-------------------, 

---Pay.-NewGrowth 
----Jon. II II 

"' io 

f .0 

(). 
.6 

.4 

.2 

0 
lql:l!i May Mayt!i 

Fig. 8.-Wn.ter soluble nitrogen, in percentages of dry weight, in new growth 

of the spu r. 192.1. 

the period of full bloom may be accounted for on two bases: In the first 

place, after the time of pollination and fertilization nitrogen metabolism 

may be slowed down and, secondly, due to the loss of petals, stamens, 

and part of the pistil, there may be an actual reduction in amount 

of soluble nitrogen. The non-setting flowers lose a large part of their 

soluble N soon after flowering (May 1), most likely through reabsorption8• 
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The exceptionally low value in persisting flowers of Paynes Late 
Keeper on May 1 seems to indicate that a large number of non-fertilized 
or abscissing flowers unsuspectedly must have been included in the 
sample. Immediately after full bloom there is a short period when it 
is difficult to determine which flowers will set fruit and which will not. 

Total Nitrogen.-Because of its importance the figures for total 
nitrogen are expressed both as percentages of dry weight (Table 5 
and Figures 9 and 10) and as total amounts in grams per 100 spurs 
(Table 6 and Figures 11 and 12). The fact that the percentages for 
total N are so much higher than those for soluble N seems to indicate 
that in most of the organs of the bearing apple spur from two-thirds 
to three-fourths of the nitrogen is in water-insoluble form. 

TABLE 5.-TOTAL NITROGEN IN PERCENTAGES OF DRY WEIGHT, 1925 

Apr. 15 May 1 Ma.r 15 June 15 July 15 I Aug. 15 
----------------·J------J------J-------J-------J------1------· 
Jonathan 

Leave a~ ____ :_ __________ 3.11 2. 83 2.31 1.83 1.72 
New Growth. _________ _ 3 . 81 2 . 99 2.11 1.85 1.53 
Flowers-Fruit ____ ------ 3 .20 3 . 32 1. 82 .93 .65 

(2 . 40)* 
Paynes Late Keeper 

Leaves ____ -----------_ 3.09 2.92 2.57 2.09 1. 9U 
New Growth ___________ 3.80 3.19 2 . 19 2.18 1.43 
Flowers-Fruit..---- __ .. 3.18 2. 75 1.88 .96 .76 

(2.02)* 

*Flowers ready to abacisa 

3.5 

-----Pay:-Leaves 
--- " -F!ow=-fru!t 
---- Jon.·L~aves 
----- n -FlG'w'e!'S·fl'uit 

lO 

.5 

Fig. 9.-Total nitrogen, in percentages of dry weight, in leave& and flowers
fruit. 1925. 

.42 

.38 
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Early in the season, when the buds are pink (April 15) the young 
leaves evidently contain as high a percentage and almost as large 
amounts as the unopened flowers. While this is followed by a gradual 
seasonal decrease, the percentage of total N in the leaves remains much 

Fig. 10.-Total nitrogen, in percentages of dry 
weight, in new growth of the spur. 1925. 

higher than in the flowers, excepting during the brief period of blossom
ing. However, when the total quantities of N in the leaves and flowers 
are compared, we have an entirely different picture (Fig. 11). More 
N is to be found in the leaves than the flowers from the time of full 
bloom till after the first drop (May 15), when an optimum seems to 
have been reached, which evidently is maintained at least till July 15. 
In general these results are entirely in agreement with those of Richter*, 
who has analyzed leaves gathered from the tree as a whole. 

TABLE 6.-TOTAL NITROGEN-GRAMS PER 100 SPURS, 1925 
Apr. 15 May I May 15 June 15 July 15 

Jonathan 
Leaves~ -~ ___ _ -_- ____ ------_ - ----- .274 . 711 1.121 . 815 .814 
New growth---------------------- .118 .144 .112 .!33 .094 
Flowers-Fru it _____________________ . 388 . 183 .828 2.670 6.701 

Paynes Late Keeper 
Leaves ___________________________ . 151 . 535 .859 .907 .796 
New growth ______________________ .133 .128 . 118 . 148 .114 
Flowers-FruiL . ____ ________________ .245 .071 .586 2.010 4.385 

Considering this rapid accumulation to a high concentration of 
N in the leaves and knowing that only a small percentage of the foli
age is carried by the bearing spurs, the total amount of nitrogen utilized 
in the development of leaves of the apple tree must be very high indeed. 
Although we have no exact figures for the apple, it has been shown 

*Richter, L. Mineralstoffgehalt der Obstbaumblatter in verschiedenen Wachstumzeiten. Landw. 
Versuchs. Sta. 73:457-477, 1910. 
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by Lincoln and Bennettt that in the Bartlett pear approximately one
tenth of the total N of the tree may be found in the leaves at full bloom. 
Thereafter a rapid increase takes place. When new growth is completed, 
more than half of the total N was found to be concentrated in the foliage. 

The very high percentages of N in the new growth of the spur 
early in the spring (Fig. 10) may be accounted for by the fact that 
the dry weight of this organ was then at a minimum. Hence a rapid 
drop in N with increased lignification of this recent addition to the 
spur. That this may be the proper explanation seems to be indicated 
by the small seasonal differences in the absolute weight of total N in 

6 

---Jan.-Leaves 
---- " -FloweJ?s-frult 

5 --- Pay.-Lea.ves 
---- " -Flowe.t>s-f:rul.t 

4 

3 

2 

1 

Mayl5 Junel5 J yl!i 

Fig. 11.-Total nitrogen. in gra ms per 100 spurs, in leaves and flowers-fruit. 
1925. 

this organ (Fig. 12). Some 20 days after flowering the percentage 
of total N in the spur drops to half of its former value and thereafter 
remains equal to that found in the leaves. 

A high maximum in percentage of total N was found in the flowers, 
particularly at full bloom (Fig. 9). This has been noted also by Howlett 
(lac. cit.). In the developing fruit the percentage of total N drops 
rapidly and continuously, but at a decreasing rate, from approximately 

tLincoln, F . B . and Bennett, J, P. The distribution of total nitrogen in pear trees. Am. Soc. Hart 
Sci. 1926, pp. 253-255. 
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2 per cent on May 15 to less than .5 per cent on August 15. However, 
when the total weight of N in the fruit is taken into account the values 
are just the opposite and the graphs reversed (Fig. 11). This corresponds 
with the results secured by PfeifferY 

Beginning with a low minimum soon after fertilization (May 1) 
the total quantities of N in the developing fruit rises rapidly and at 
an accelerating rate. In fact, the fruit is the chief, if not the only 
organ, of the bearing spur that draws on the available nitrogen supply 
throughout the growing season. Hence it is more than likely that 
soon after its inception the fruit dominates the nitrogenous metabolism 
of the bearing apple spur system, if not also of a part of the branch 
to which the spur is attached. When the available N is at a minimum 
the fruit may actually monopolize it12• Consequently in all analysis 
and interpretation of the nitrogen distribution of bearing spurs the 
fruit absolutely must be taken into account. 

Fig 12.-Total nitrogen, in grams per 100 spurs, in new growth of the spur. 
1925. 

These results emphasize once more the importance of expressing 
chemical data not only on a percentage basis but also as total amounts. 
Thereby a much clearer idea is gained of both the chemical consti
tution and the physiological activities of an organ. 

Soon after setting the total amount of N in the fruit is evidently 
less than it was in the flowers. This seems to be due to two main causes. 
In the first place, the number of flowers produced by a spur is almost 
always very much larger than that of the persisting fruit. The pre
ponderant number of flowers that absciss produce the so-called "first 
drop". Secondly, the ephemeral petals undoubtedly contain large 
quantities of nitrogen. A considerable amount of it is evidently re
absorbed by the spur from the dropping petals and flowers previous 
to their separation respectively from the flower and the spur. But large 
quantities of N seem to be lost, since the flowers that had dropped 
(they were collected on canvas under the tree) still contained 2 to 2.5 
per cent of N (Fig. 9) 
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THE 1926 DATA 
To avoid any possible misinterpretation it should be emphasized 

at the outset that while the chemical records for 1925 are based on 
samples collected at intervals of 15 days during the fore part of the 
season and of 30 days during the later part, the 1926 data have been 
secured from similar material, ·but gathered at five- and six-day periods. 
Hence the time interval between April 26 to June 12 of 1926 corresponds 
only with the period between April 15 and June 15 of 1925. A descrip
tion of the stage of development of the spurs on the respective dates 
of sampling will be found on pages 10-11. 

It was thought advisable to interpret in considerable detail the 
chemical evidence of the second season's investigation. Practically all 
of the records for this year, therefore, have been calculated in terms of 
fresh and dry weight and in addition as total amounts per 100 spurs. 
This was considered desirable in order to learn more definitely of the 
physiological activities of bearing spurs during the critical period of 
flowering and fruit setting. The fresh weight percentages and absolute 
amounts were regarded as of special significance, since they would give 
a rather close approximation of the actual concentration of different 
substances in the various organs. In general, the results secured have 
amply justified this procedure. 

Fresh and Dry W eights.-Changes in total fresh weight of the 
leaves, new growth and flowers or fruit are given in Table 7 and rep
resented by Figures 13 and 14. The leaves increased rather uniformly 

TABLE 7 -TOTAL FRESH WEIGHT-GRAMS PER 100 SPURS, 1926 
Apr. M ay May May May May May June June June 
26 1 6 11 17 22 27 1 7 12 
------------------

Jonathan 
Leaves ______ ________ 42 . 7 58 .0 64.5 102 .0 137.4 143 . 6 168.2 166 . 0 178 . S 173 .s 
N ew growth _________ 11 . 8 13.3 16.0 14 . 3 18 .4 15 . 1 18.0 16 . 8 22 .0 22 . 3 
Flowers-Fruit ________ 34.5 72.7 71.7 77.0 134.1 189.8 3S4.3 S39.6 81S .u 117S .0 

King David 
Leaves _________ --- __ 30.7 S3 .7 54.7 84.2 !OS .0 112.2 130.9 141.6 171 . 3 171.0 
New growth_ ________ 10.0 12.6 13.4 IS .8 16.11 13 .s 18 .6 18.8 26.1 27.0 
Flowers-Fruit ________ 27 . 6 73 . 8 69.S S9.1 98.0 177 . I 347 . S 566 . S 891.2 136S . 3 

in absolute weight throughout this part of the season. The same general 
trend is shown also by the spurs, the slight fluctuations apparently 
being due to experimental error-the impossibility of collecting abso
lutely uniform material. The curve representing gain in fresh weight 
of the fruit (Fig. 13) indicates a very marked and ever accelerating 
rise from May 17 (approximately three weeks after fertilization) till 
June 12. Thus of the three organs of the bearing spur, the fruit makes 
incomparably greater gains than the leaves or the new growth. It 
is the dominating organ. 
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00 

1200 

noo 

--K.D.-Leaves 
----K.D.-Flowet'S-frult 
--Joo.-Iaues 
------ " ~-fruit 

Fig. 13.-Fresh weight~ in grams per 100 spurs, of le.1ves and flowers-fruit . 
1926. 

-- K.D.·NewGrowth 
--Jon.-" " 

Fig. 14.-Fresh weight, in grams per 100 spurs, of new growth of the spur. 1926. 

That this increase in total weight is not due solely to the enlarge
ment of cells and increase in moisture content is indicated by Table 
8 and Figures 15 and 16, which give the respective dry weights. The 
same general trend is exhibited here, excepting that the gain in dry 
weight of the fruit is comparatively less than a similar increase in 
fresh weight. This seems to indicate that the cells expand and the mois
ture content increases faster in the fruit than in the leaves or the new 
growth. 

TABLE 8.-TOTAL DRY WEIGHT-GRAMS PER 100 SPURS, 1926 

Apr. May M ay May May May May Ju ne June June 
26 I 6 11 17 22 27 I 7 12 
------------------

Jonathan 
Le:l ves ______________ 12.8 17 .2 16.8 31.3 52.0 50.5 60 .8 60.7 66 .4 64.9 
N ew growth _________ 3 . I 3.9 3.6 3. 8 5. 3 4 .6 6 .0 5.6 8.0 8 .4 
Flowers-Fru it _______ _ 8.1 15.2 15 .9 17.0 29.3 31.0 51.4 75.5 118 .8 167.8 

King David 
Leaves __ ____________ 9.2 16 . 7 14.8 27.0 36.7 41.6 43.4 49.8 64.0 63.5 
New growth _________ 2 .8 3.4 3.0 4.1 4 .6 4.0 5.7 5 . 9 8.8 9.4 
Flowers-Fru it__---- __ 6.4 14.4 15.5 13.0 21.1 28.7 43 .5 76.0 125.9 191.0 
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---K.D.-Leaves 
---Jon:- II 

-----K.D.-FlDwers-Frult 
----~--Jon.- 11 _ .. 

11 ? 

Fig. 15.-Dry weight, in grams per 100 spurs, of leaves and flowers-fruit. 1926. 

15 --Kl:HJewG<'Owth -Joo.- II II 

~ UL-=----=;;=e:=~-~~ "".5 ...,. 

u 1? 22 2? June! 7 

Fig. 16.-Dry weight, in grams per 100 spurs, of new growth of the spur. 1926. 

When dry weight is expressed in percentages of fresh weight 
the seasonal picture is somewhat different (Table 9 and Figures 17 and 
18). Conspicuous fluctuations in percentage of dry matter in leaves 
and new growth seems to have taken place at the beginning of flowering 
(May 1), when slight maxima ate exhibited for both organs, and a week 
or so thereafter, when a conspicuous minimum may be noted. This 
drop occurring at the time of full bloom may have been caused by the 
rapid removal of all types of substances, especially carbohydrates, 
from the leaves and the subjoining new part of the spur by the meta-

TABLE 9.-DRY WEIGHT IN PERCENTAGES OF FRESH WEIGHT, 1926 
Apr. May May May May May May June June June 
26 1 6 11 17 22 27 1 7 12 ------------------

Jonathan 
Leaves ______ -------- 30.0 29.7 26.0 30 . 7 37 . 8 35 . 2 36.2 36 . 6 37 . 2 37.4 New growth _________ 26 . 2 29. 3 22 .5 26 .6 28 . 8 30.5 33.3 33 .3 36.4 37. 7 
Flowers-Fruit • • __ ---- ' 23.5 20.9 22.2 22.1 21. 8 16.7 14.5 14.0 14.6 14.3 

King David 
Leaves ________ ______ 30.0 31.1 27.0 32. 0 35. 0 37 .0 33.2 3$.1 37 .4 37.1 New growth_ ________ 28.0 27.0 22 .4 25.9 28.6 29.6 30.6 31.4 33.7 34. 8 
Flowers-Fruit-- ______ 23.2 19.5 22.3 22.() 21.5 16.2 12.5 l3 .4 14.1 14.0 



NITROGEN AND CARBOHYDRATES IN BEARING APPLE SPURS 25 

· bolically more active flowers. Fluctuations in moisture content may 
likewise have played a part here. The graphs showing changes in per
centage of dry weight in the fruit present almost a mirror image of that 
of the leaves (Fig. 17), thus pointing to a close relationship between 
these two most important organs of the bearing apple spur. This fea-

. ture is particularly noticeable early in the season. 

40 

38 

20 

i8 

16 

14 

-K.D.·Leaves 
- Jon.- .. 
----Kll-Flowers·fruit 
----Jon.- " - " 

Fig. 17.-Dry weight, in percentages of fresh weight, of leaves and flower•-fruit. 
1926. 

3ar--------------------::~ 

36 

34 -K.~·l-lewGr>owth 
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ll 22 27 

F ig. 18.-Dry weight, in percentages of fresh weight, of new 
growth of the spur. 1926. 

Total Sugars.-Distribution of total sugars in percentages of 
fresh weight is presented in Table 10 and Figures 19 and 20. Compara
tively high concentration of total sugars seems to be present in the 
leaves, the primary organs of sugar synthesis. A conspicuous exception 
to this is shown by the flowers, in which an unusually high concentra
tion of sugars takes place at full bloom-a condition which has been not
ed by Howlett8 in three other varieties of apples. This is followed by a 
precipitous decrease immediately after flowering. And as soon as most 
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I Apr. May May May May May May June June June 
26 1 6 11 17 22 27 1 7 12 

-----------------------------
Jonathan r 

Leaves ___________ ___ 1.26 1.87 1.26 1.20 1.13 1.02 1.68 1.~5 1.45 1.~~ 

New growth _________ 1.26 1.03 .52 .53 .37 .79 .80 - 7 1.02 -
Flowers-Fruit-_______ .61 1.3U 2.65 .6 1 .64 .49 .67 .67 1.09 1.07 

King David 
Leaves __ --- ________ _ 1.03 2.14 
New ~rowth ________ _ 

1.98 
.91 

1.72 
. 79 

1. 82 
.85 

Flo\vers-Fru :t __ ----- .56 

1.60 I 2.00 
1.13 .77 

.64 2. 72 

1.95 
.76 
.99 

.39 

.66 

1.67 
.87 
.45 

1. 7R 
.69 
.60 .82 1.30 

-'---'---

~r------------------~ 

2.7 

2.5 

aJ 

2.1 

L9 

. 9 / 

' .? / • -----" 
.5 

. . . 

--KD.-Leaws 
--Jon.-" 
----KJl-f1owo!'S·fruit 
-----Jon.- " - .. 

'3Af"~""."'26:-:-Ma~¥""1--;,&---7:1!;------;1':;-7 ---;2~2---;pz71_.1J;;unieo1--t"-~J2 

F ig. 19.-Total sugars, in percentages of fresh weight, in leaves and flowers
fruit. 1926 

--K.D.·NewGro<th 
--Jon.··· .. 

12 

Fig. 20.-Total sugars, in percent3ges of fresh weight, in new 
growth of the spur. 1926. 

of the :Bowers have dropped (May 22), the percentage of total sugars 
of the fruit is at a minimum. Thereafter a continuous increase in 
sugars seems to be maintained in the developing fruit. Total sugars 
decrease in the new part of the spur till May 17. As this is followed 
by a sudden increase immediately preceding the abscission of the 
non-setting :Bowers, it may indicate that a considerable fraction of 
the sugars is returned from the dropping flowers to the spur. 
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An examination of Table 11 and Figures 21 and 22 will show that 

when dry weight is used as a basis of expressing the percentage compo

sition of total sugars the relative values are practically the same as 

for fresh weight. Any differences that may be noted in the leaf or fruit

flower graphs (Figures 19 and 21), quite naturally may have been effected 

by fluctuations in moisture content of these more or less succulent 

organs. 

T A BLE 11.-ToTAL SeGARS (As DEXTROSE) Ir-r PERCEr>rTAOES oF DRY WEJOHT, 1926 

Jonathan 
Leaves ____ -_ - __ --_--
New growth _________ 
Flowers-Fruit ________ 

King David 
Leaves----_- --------
New growth_ ••• •••.• 
Flowers-Fruit_ __ . 

~ 
l2 

11 

10 

9 

Apr. May 

26 1 
--

4.20 6.30 
4.80 3 .so 
2.60 6.20 

3.45 5. 15 
4. 20 

2.40 3.30 

May May May 

6 11 17 
------

4. 85 3. 90 3 .uo 
2. 33 2.00 I. 30 

11. 95 2. 75 2.95 

7.40 6.10 6.10 
3.45 2. 93 I. 35 

12.20 4 . SO 3.05 

--K.D.·Ledves 
--Jon.- II 

-----· KD. ·flOwers-fruit ------Jon.- " - .. 

May May June June 
22 27 1 7 

-------- -
2. 90 4.65 4 .50 3.90 
2.60 2.40 2.90 2.80 
2. 95 4.60 4.80 7.45 

4.50 5. 35 5.65 4.60 
2.93 2. 25 2 .90 I 2. 35 
2. 75 4.80 6. IS i -- --

Fig. 21.-Total sugars, in perccnt<:lgcs o f c.lry weight , in leaves :tnd flowers-fruit. 

1926. 

--K.n-NowGrowth 

f 
--Jot!.-" " 

F ig. 22.-Total sugars, in percentages of dry wt-ight, in new 

growth of the spu r. 1926. 

June 
12 

--
5.15 
2 .15 
7.50 

4.90 
2.45 
9.30 

When sugars are expressed in terms of total amounts (Table 12 

and Figures 23 and 24) very uniform figures are obtained for prac

tically all three parts of the spur, the greatest fluctuations apparently 
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having taken place in the reproductive tissues. Most likely this has 
been due in part at least to the reciprocal relationship that seems to 
have existed between percentages of dry weight (Fig. 17) and those of 
sugars (Fig. 21). 

TABLE 12.-ToTAL SuGARS (As DEXTROSE)-GRAMS PER 100 SPURS, 1926 

Apr. May 
26 1 
--

Jonathan 
Leaves ____________ __ .538 1.082 
New growth _________ .149 .137 
Flowers-Fruit ________ .210 .942 

King David 
Leaves __ ------ --- - __ . 318 .860 
New growth _________ ---- . 143 
Flowers-Fruit ________ . 154 .475 

16 

16 

14 --KD.-wves 
--Jon.- .. 

May 
6 

--
. 815 
.084 

1.898 

1.095 
. 100 

1.890 

--K.D.-rtowers-frult 
----Joo.- II - " 

4 

0~ 

Apr25 nayl 5 11 17 

May 
11 
--

1.220 
.076 
.467 

1.648 
. 120 
.585 

May May May June June 
17 22 27 1 7 

----------
1.560 1.463 2.824 2 . 733 2 . .>94 

.069 .120 .144 .162 .224 

.865 .915 2 . 362 3 . 622 8.851 

2 .238 1.872 2.322 2 . 814 2. 943 
.062 . 117 .128 . 172 .206 
.644 .790 2.090 4.680 ----

2? Jlllllll 7 !Z 

Fig. 23.-Total sugars, in grams per 100 spurs, in leaves and flo wers-fruit. 1926. 

Fig. 24.-Total sugars, in grams per 100 spurs, in new growth 
of the spur. 1926 

June 
12 

3.34 0 
.181 

12.59 0 

3.111 
.230 

17.764 

When Figure 1 of the 1925 data is compared with Figures 19 
and 21 of 1926, a striking difference in the flower and fruit curves will 
be seen, though in both years they represent total sugars in percentages 
of dry weight. From these differences it is evident that as a result 
of taking samples at comparatively long intervals, the decidedly high 
maximum in sugar content of the flowers was not caught in 1925. This, 
of course, emphasizes the value of collecting material at as brief inter
vals as possible, especially during the growing season, when develop-
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ment may be very rapid. If this is not done, a very significant phase 

in the activity of a certain organ, as indicated by intense metabolic 

changes and drastic alterations in concentration of certain substances, 

may be entirely overlooked. It may fall between two considered points 

and be totally lost from view. 
Starch.-The percentage concentration of starch, on fresh and 

dry weight bases, is shown in Tables 13 and 14 and Figures 25 to 28. 

TABLE 13 -STARCH (AS DEXTROSE) IN PERCENTAGES OF FRESH WEIGHT 1926 
' 

Apr. May 
26 1 
--

Jonathan 
Leaves ___ ---- __ ----_ 1. 22 .26 
New growth ••.•.•••• .07 .24 
Flowers-Fruit ••.••.•• .42 .39 

King David 
Leaves--_---- __ ----- . 70 .47 
New growth •.•••••.. .15 .40 
Flowers-Fruit_ ____ --- .16 .63 

L? 
-KD.-Leaves 

1.5 -..l:>n.· .. 
--·-K.D-Fl.owers·f'ruit 

1.3 ----Jon," ... 

May May 
6 11 

----
.51 1.11 
.87 .68 
.29 . 81 

.53 1.14 
1.16 .73 

.54 .97 

May May May June June 
17 22 27 1 7 

----------
1.19 .70 .80 1.54 1.45 

. 33 .92 .82 1.20 1. 71 

.57 . 32 .64 .87 1.09 

1.61 1.04 .96 1.49 1. 33 
.47 .45 .92 .82 1. 30 
. 53 . 19 .48 .69 .98 

Fig. 25.-Starch, in percentages of fresh weight, in leaves and Jlowers-fruit. 
1926. 

-K~·NNGrwth -.scc.-·· .. 

13 

u 17 27 Ju.nel 17 

Fig. 26.-Starch, in percentages of fresh weight, in new growth 
of the spurc 1926. 

June 
12 
--

1.12 
1. 81 
1. 37 

1.34 
1.17 
1.44 

We have noted already the considerable fluctuation in total sugars 

during this period, still the concentration of starch seems to have varied 

still more. Upon comparing the sugar and starch curves it will be evi

dent, moreover, that at the time of blossoming (May 1-8) a reciprocal 
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relationship seems to have existed between the percentages of sugars 
and those of starch. Evidently during the period of intense activity 
large quantities of starch are hydrolyzed into sugars, which are moved 
primarily to the flowers, though found present also in the young leaves. 

T ABLE 14.-STARCH (As DEXTROSE) IN PE RCENTAGES OF DRY WEIGHT, 1926 
Apr. May I May May May May May June June 
26 1 6 11 17 22 27 1 7 
----

Jonathan 
Leaves __ ___________ _ 4.05 .86 !. 95 3.60 3. 15 2.00 2. 20 4 . 20 3 . 90 
New growth __ ___ ___ _ . 26 .82 3. 87 2.54 1.15 3.00 2.45 3.60 4 . 70 
Flowers-Fruit ________ 1. 80 !. 85 !. 30 3.65 2.60 !. 90 -!.45 6.20 7.45 

King David 
Leaves ___ ----_-----_ 2. 35 !.50 I. 95 3. ss 4.60 2.80 2.90 4 . 25 3.55 
New growth ________ _ .52 1.48 5. 20 2. 80 !. 65 !. 53 3. 00 2 .60 3. 85 
Flowers-Fruit__--- ___ . 68 3 . 25• 2.40 4.40 2.45 1.20 3 . 85 5 . IS 6. 95 

11 

!D 

--K.Jl-l.eaws 
--Jon.· " 
·---- K.D. · F1.o\.e!'S·fru!t 
---··-Jon.- " 

11 I? 

Fig. 27.-Starch, in percentages of dry weight, in leaves and flowers-fruit . 1926. 

--K.O·NewGrowth 
--Jon:-" " 

Fig. 28 .- Starch, in percentages ~f dry weight, in new growth 
of the spur. 1926. 

June 
12 

3.00 
4.80 
9. 55 

3 .60 
3. 35 

10.30 

The percentage of starch in the new growth of the spur was likewise 
quite high at this time. As soon as the fruit had set, the starch content 
began to increase in both the leaves and the fruit, but to decrease in 
the new growth. The lowest level was reached on May 22 when the 
" first drop" was completed. Thereafter a steady rise was maintained 
in all organs. 
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Table 15 and Figures 29 and 30 give the total amounts of starch 
per unit number of spurs. Starting with low values at the time of open
ing of buds, the total quantity of starch increases in the new addition 
to the spur at flowering, thence decreasing gradually to a low level on 
May 22 and increasing after this date (Fig. 30). A continuous increase 

TABLE 15 -STARCH (As DEXTROSE)-GRAMS PER 100 SPuRs 1926 
' 

Apr. May May 
26 I 6 
----

Jonathan 
Leaves ____ ______ ---- . 518 .148 .327 
New growth _________ .008 .032 .139 
Flowers-Fruit ________ . 146 . 281 .206 

King David 
Leaves __ --- ____ ----- .216 . 250 .288 
New growth _________ .015 .050 .156 
Flowers-Fru!t __ ______ .044 .468 .372 

--K.D.· !Raves 
--Jon.· " 

20 

Ill 

16 

14 ----Kll. • F!Dwet's·lruit 

"'12 

~10 
& 

0 

4 

---··-Jon.· " " " 

May 
11 

--
1.133 

.097 

.620 

.958 

. 115 

. 572 

May May May June June 
17 22 27 I 7 

----------
I. 638 1.010 I . 337 2.550 2.590 

.061 . 13S .147 .202 . 376 

. 762 . 589 2. 285 4 .68v 8. 850 

1.690 1.166 I. 259 2.118 2. 273 
.076 .061 .172 .153 . 339 
. 517 .345 1. 671 3.913 8.742 

Apr.26 M;yl 11 1'1 2? June! 

Fig. 29.-Starch, in grams per 100 spurs, in leaves and flowers-fruit. 

12 

1926. 

-K.D.·NtwGrowth 
-Jon ..•. 

Fig. 30.-Starch, in grams per 100 spurs, in new growth of the 
spur. 1926. 

June 
12 
--

1.948 
.403 

16.025 

2. 283 
. 315 

19.673 

in the amount of starch is shown by the leaves. This uniformity very prob
ably was due to the causes referred to under the discussion of sugars.' 
Coincident with their growth large quantities of starch are concentrated 
into the fruit. On June 12, when the apples were 1,%' to 1% inches in 
diameter, approximately 18 to 20 grams of starch was found per 100 
fruits. 
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Hemicellulose.-Values for these complex acid-hydrolyzable sub
stances are presented in Tables 16 to 18 and Figures 31 to 36. The 
seasonal trend in variation of hemicellulose seemingly is the same 
whether the data are expressed on fresh or dry weight basis. In com
parison with other carbohydrates the percentages are conspicuously 
high. Moreover, hemicellulose shows the greatest fluctuations in all 
organs, but especially in the new growth of the spur at flowering. 

TABLE 16.-HEMICELLULOS E (As DEx T ROSE) IN PERCENTAGES OF F R ES H W EIGHT, 
1926 

Apr. May May May May May May J une June 
26 1 6 11 17 22 27 1 7 ----------------Jonathan 

Leaves ___ _ _______ __ _ 8 .01 8 .20 6 .55 9.55 10. 92 12.50 12 .57 11.25 10 .45 New growth _________ 10.37 11.46 4 . 84 13. 22 9 .42 9.06 9 .02 12. 24 10 . 22 Flowers-Fruit. .. __ __ • 8 . 74 6.07 4 . 24 7.10 7. 02 4.60 3. 82 3 .68 3 .77 King David 
Leaves .. ---- -------- 8.12 9.12 7.42 10.62 9. 65 11.80 9.67 11.10 11. 05 New growth ________ _ 10.03 9.56 4.44 12. 88 10. 13 11.22 11 .28 11.55 11 .20 Flowers-Fruit _____ ___ 6 .56 5. 72 4. 75 6 . 47 6 . 71 4.20 3.43 3. 79 3 .88 

!3.----------------------------------------------~ 

12 

u 

Fjg. 31.-Hemicellulose, in percentages of fresh weight, in leaves and flowers
fruit. 1926. 

-.-K.n·~><w~ - Jon .. .. .. 

F ig. 32.-Hemicelluloae. in percentages of fresh weight, in new 
growth of t he spur. 1926. 

June 
12 

--
11. 22 
14. 51 
4.50 

11.31 
12. 95 
4.68 
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TABLE 17.-HEMICELLULOSE (AS DEXTROSE) IN PERCENTAGES OF DRY WEIGHT, 1926 

Apr. May May May May May May June June 
26 1 6 11 17 22 27 1 7 
----------------

Jonathan 
Leaves ____ ---------- 26.70 27.6 25.2 31.1 28.9 35.5 34 . 7 30.7 28.10 
New growth ____ ----_ 39.6 39.1 21.5 49.7 32.7 29.7 27 . 1 36.75 28.10 
Flowers-Fruit __ ------ 37.2 29 .05 19 .I 32.15 32.2 27.5 26.3 26.3 25.80 

King David 
Leaves-------------- 27 .OS 29.3 27 .s 33.2 27.6 31.9 29.1 31.65 29.55 
New growth _________ 35.8 35.4 19 .8 49.7 35.4 37 .93 36.85 36.8 33.20 
Flowers-Fruit_ ___ -- - _ 28.3 29.35 21.3 29.4 31.2 25.95 27.45 28.3 27.55 

~,--------------------~ 

--K.D.-Leaves 
, - Jon.- " 

J5 \ ----- K.D.·F1owers·fru!t 

\.~:---~- " 

11 17 22 'll Jun.! 

to ig 33.-Hemicellulose) in percentages of dry weight, in leaves and flowers
fruit. 1926. 

Fig. 34.-Hemicellulose, in percentages of dry 
weight, in new growth of the spur. 1926. 

June 
12 

--
30 .00 
38 . 45 
31.45 

30.45 
37.2 
33.5 

Since at the exact time when the concentration of hemicellulose 
is at the lowest mark in the various organs, but particularly in the 
new part of the spur, the amount of total sugars is the highest, and 
vice t'ersa, it is very likely that extremely large amounts of hemicellu
lose had been converted into sugars during the period of blossoming 
and again recondensed immediately after petal and flower abscission. 
If this is true, then the importance of hemicellulose as a reserve carbo
hydrate becomes very significant and most certainly merits further 
detailed investigation (Bradbury and Roberts, loc. cit.). After all, 
starch may not be the most important and most readily available 
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storage form of carbohydrates in the apple, as posited by Hooker9• 

Hence, in relation to other carbohydrates, the significance of starch 
accumulation must be viewed with circumspection. This, of course, 
remains subject to future investigations. 

TABLE 18 -HEMICELLULOSE (As DEXTROSE )-GRAMS PER 100 SPuRs 1926 
Apr. May May 
26 I 6 
----

Jonathan 
Leaves __ ___ __ _______ 3 .42 4.74 4. 23 
New growth ______ __ _ I. 23 !.52 .77 
Flowers-Fruit_ _______ 3 . 01 4.41 3 .04 

King David 
Leaves ______________ 2.49 4.90 4.07 
New growth __ ____ ___ 1. 00 1.20 I . 59 
Flo\ver~-Fruit_ _______ I. 81 4. 23 3 . 30 

--K.D.-I..ea~s 
--Jon.- " 

6/) 

55 

50 

45 

40 
----- K.D.-~-fruit 

In 35 e 
&.10 

2.5 

-----Jan.- " 

May May 
11 17 

----
9 . 74 15.00 
I. 89 I. 73 
5 .46 9.44 

8. 95 10 .121 
2.04 1.63 
3.82 6.59 

May I 
22 

--
17. 90 
I. 37 
8.52 

13.29 
I. 53 
7 .45 

May I 
27 

--
21. 10 
I. 63 

13.50 

12 . 61 
2.10 

II. 93 

June 
I 

--
18 .61 
2 .06 

19.85 

15.78 
2 . 17 

21. 50 

' ' I 
' I , ' , ' 

' ' ' , 
f I , , 
' , , ' 

f I ', 
' I 

'' Pi 
./~:o' 

,' ,' 
,' ,"' 

a.'// 
'o' 

7 

June 
7 

--
18.63 

2. 25 
30 . 60 

18.90 
2.92 

34 .62 

Fig. 35.- Hemicellulose, in grams per 100 spurs, in leaves and flowers -fruit. 
1926. 

01~.\~~.~~~yr--T---1~1 ---.1~,--~--~--~--~r-~ 
Fig. 36.-Hemicellulose, in grams per 100 spurs, in new grnwth 

of the spur. 1926 

June 
12 

--
19 .47 
3. 23 

52.78 

19 .32 
3.50 

63 . 93 

When the amount of hemicellulose is expressed in grams (Table 18 
and Figures 35 and 36) a gradual and consistent increase is to be noted 
in all organs. Commencing about three weeks after setting, the fruit 
shows a very rapid accretion of these complex carbohydrates. This 
may be due primarily to the extremely rapid growth of this dominating 
organ of the bearing spur. Hence no matter what carbohydrate or 
nitrogenous substance may be considered in terms of total weight, 
the fruit curves will have the same general character. 
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Water Soluble Nitrogen.-Signi:ficant as the various carbohy

drates may be in the development and performance of the three major 

parts of the bearing apple spur, the nitrogenous compounds seem to 

be of still greater importance. Soluble nitrogen probably represents 

metabolically the most active fraction of N substances. 

From examination of Tables 19 and 20 and Figures 37 to 40 it is 

evident that the highest percentages of soluble N are to be found 

TABLE 19.-WATER SoLUBLE NITROGEN' IN PERCENTAGES oF FRESH WEIGHT, 1926 

Apr. May May May May May May June June 
26 I 6 11 17 22 27 I 7 

----------------
Jonathan 

.o8·1 Lea vea _____ _________ .081 .092 .083 .079 .074 .022 .040 .048 
New growth_ ________ .202 ---- AID .430 . 464 .458 .370 . 360 .324 

Flowers-Fruit- __ ----_ .181 .159 .191 .194 .148 .124 .083 .078 .071 

King David 
Leave•-- ----------- _ .Ill .096 . 067 .067 .073 .070 .020 .046 .052 
New growth _________ .174 .297 . 285 .293 .369 .368 .287 .345 . 331 

Flowers-Fru it __ --- ___ .197 .154 .178 . 147 .129 .076 .056 .088 .082 

0 

pn 12 

Fig. 37.-Wator aoluble nitrogen, in percentages of fresh weight, in leaves and 

flowers-fruit. 1926. 

--Kn-NowGrowth --Jon.-.. . . 

.!Apo~ . ..-.l;;;;r--l;---t,---,.,--w--w---:~--r-~ 

Fig. 38.-Water soluble nitrogen, in percentages of fresh weight, 
in new growth of the spur. 1926. 

June 
12 
--

.045 

.309 

.050 

.056 

.306 

.071 

in all organs at the time of flowering. A rather high concentration 

of this available form of N seems to be maintained in the new growth 

of the spur, next highest in the reproductive organs, and least in the 

leaves. This being true with both fresh and dry weight percentages and 

the results agreeing closely with those secured during the previous 

season, it is very interesting to speculate regarding the cause of the 
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marked concentration of soluble N in the tip of the spur. May it not 

be due to the fact that this base for the leaves and reproductive organs 

("cluster base") is not only an important channel of translocation 

but also a place of storage of N? 

TABLE 20.-vVATER SoLuBLE NITROGEN IN PERCENTAGEs oF DRY WEIGHT, 1926 

Apr. May May I May May May May Ju ne June 
26 I 6 !! 17 22 27 I 7 

----------------
Jonathan 

Leaves ______________ .27 . 31 . 31 .27 . 21 .2 1 .06 .!! . 13 
New growth _________ .77 --- !. 82 1.62 !. 61 !.50 !.!! !.08 .89 

Flowers-fruit_ __ ____ _ .77 . 76 .86 .88 .68 . 74 .57 .56 .49 

'Cing David 
Leaves ______________ .37 . 31 .25 . 21 . 21 .19 .06 . 13 .!4 
New growth _________ .62 !.!0 !. 27 1.13 !. 29 1.24 .94 1.!0 .98 

Flowers-Fruit- ____ -- .85 .79 . 80 .67 .60 .47 .45 .66 .58 

Fig. 39.-Water soluble nitrogen, in percentages of dry weigh t, in leaves and 

Jlowers-fruit. !926. 

Fig. 40.-Water soluble nitrogen, in percentages of dry weight, 
in new growth of the spur. 1926. 

June 
12 

--
. 12 
. 82 
• 35 

.15 

.88 

. 51 

Table 21 shows and Figures 41 and 42 illustrate that the total 

amount of soluble N seems to increase slightly during the growth 

of the spur and the leaves, by far the greatest increase being indicated 

by the fruit-a natural consequence of the rapid growth of this organ. 
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TABLE 21.-ToTAL SoLuBLE NITROGEN-GRAMs PER 100 SPuRs, 1926 

Apr. May May May May May May June I June I June 
26 1 6 ll 17 22 27 1 7 12 

--------,----
Jonathan 

Leaves __ -_--- __ _____ .035 . 053 .052 .084 . 109 .106 .038 .067 .086 
New growth _________ . 024 ---- .065 .062 .085 .069 .066 .061 .07! 
Flowers-Fruit ________ .062 .liS .136 . 150 . 200 .229 .292 .422 .582 

King David 
Leaves ___ _ -- ________ .034 .051 .037 .058 .077 1 .079 .026 .065 .089 
New growth _____ ____ .017 .037 .038 . 047 .059 .050 .054 .065 .086 
Flowers-Fruit__------ . 054 .ll4 . 12+ .087 . 127 .134 . 196 .501 . 732 

--!<.D.-Leaves 
--Jon.- "' 

.? ---- K.D.-!1owers·l"ru!t 
-----Jon.- " - " 

".6 

~.5 

.3 

Fig. 41.-Water soluble nitrogen, in grams per 100 spurs, in leaves and flowers
fruit. 1926. 

Fig. 42.-Water soluble nitrogen, in grams per 100 spurs, in new 
growth of the spur. 1926. 

.078 

.069 

. 588 

.095 

.082 

.970 

Water Insoluble Nitrogen.-An inspection of Tables 22 to 24 
and Figures 43 to 48 will make it clear that by far the largest quan
tities of nitrogen, like that of carbohydrates, were present everywhere 
in insoluble form. Roughly insoluble N shows three times as high a 
concentration as soluble N. However, when the dry weight percentages 
of these two forms of N are compared, it will be seen that the seasonal 
drop of insoluble N is much more abrupt than that of the soluble form. 
Then, too, the percentages of insoluble N are lower for the flowers 
and fruit than for the leaves. With the soluble fraction it is just the 
reverse (Figs. 37, 39, 43, and 45). This permits one to conclude that, in 
general, nitrogen metabolism is on a higher level in the fruit than in 
the adjoining leaves. 
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TABLE 2 2 .-WATER INSOLUBLE NITROGEN IN PERCE NTAGES OF FRESH WEIGHT, 1926 

Apr. May May May M ay M ay M a y June June 
26 I 6 11 17 22 27 I 7 
-----------------

Jonathan 
Le aves-- ____ --- - ---- . 80 .77 . 74 .72 . 79 .69 .66 . 67 
New growth _________ .69 --- .43 .44 .43 .44 .44 .40 
Flowers-Fru it_ ___ ---- . 64 .41 .37 .46 .4.2 .27 . 20 . 15 

King David 
Leaves __ - ---- - ------ .79 .76 .64 . 71 .74 . 76 . 70 . 71 
New growth __ _______ . 62 .59 . 39 . 41 .43 .45 .42 . 39 
Flowers-Fruit_ ______ _ .66 .42 .38 .47 .41 . 29 . 18 . 14 

.9 

.1 

01~~-.=~~M~ay~--~6----7.ur---~v~--~~~--~2~?r--,J~uoo~l--~?~---..~ 

Fig. 43.-Water insoluble nitrogen, in percentages of freah weight, in leaves and 
flowers-fruit. 1926. 

Fig. 44.-Water insoluble nitrogen, in percentagea of fresh 
weight, in new growth of the apur. 1926. 

.66 

.38 

. 12 

. 75 

.37 

. II 

June 
12 
--

.64 

. 38 

. 10 

.72 

. 36 

. 10 

TABLE 23.-WATER INSOLUBLE NITROGEN IN PERCENTAGES OF DRY WEIGHT, 1926 

Apr. May May May May May May June June June 
26 I 6 11 17 22 27 I 7 12 
--------------------

Jonathan 
Lea vee ___ .... __ .. .. .. ...... _ 2 .68 2.60 2.84 2 . 34 2 .09 1.95 I. 83 I. 79 I. 78 I. 70 
New growth _________ 2.62 ---- 1.92 1.67 1.49 1.45 1.33 I. 20 1.05 1.01 
Flowero-Fruit ________ 2 . 72 1.94 1.69 2 . 10 1.92 I. 61 1.39 1.10 .83 .67 

King David 
Leaves ...... -------- - -- 2.64 2.44 2.38 2 . 23 2.11 2.05 2.10 2.01 2.LIO 1.95 
New growth_ ________ 2 . 23 2.17 1.72 !.57 1.49 

I 
1.52 1.36 1.25 1.10 1.03 

Flowero-Fruit __ --- - - _ 2.85 2 . 15 1.69 2 . 12 1.90 I. 76 1.40 1.08 .76 .69 

An interesting «mirror image" condition is shown by the leaf 
and flower curves in Figure 45. Those representing the floral organs 
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drop to a conspicuous minimum on May 6, when the petals are begin
ning to fall. A similar maximum is shown by the leaves at this time, 
thus possibly indicating that as N is removed from the majority of 
flowers, preparatory to their dropping, it becomes available and is 
absorbed by the leaves. 

--K.D.·L2aves 
--Jon.- " 
-----K.n-Flow.rs-rrutt -----J>n.- " . " 

.6 

.4·'.-::-:-""""±:.---+----,l.;----,!,---,f.;---;1;;----.:=:;:;---l;-----,.. Apt\26 May1 11 17 22 ~? 7 l2 

Fig. 45 .-Water insoluble nitrogen, in percentage; of dry weight, in leaves and 
flowers-fruit. 1926. 

~AI"" tlo)'! 17 ,. "' June! l2 

Fig. 46.-Water insoluble nitrogen, in percentages of dry 
weight, in new growth of the spur. 1926. 

The development of both the leaves and the fruit is marked by 
an accumulation of insoluble N. Early in the season the leaves apparent
ly get a greater share of this form of N than the flowers. By the time 
the fruit has attained a diameter of I inch, increasing amounts seem 
to be deposited in it, while the leaves are fully developed now and 
therefore contain a maximum accumulation of N. The evidence is pre
sented in Table 24 and Figures 47 and 48. 
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TABLE 24.-TOTAL INSOLUBLE NITROGEN-GRAMS PER 100 SPURS, 1926 

Apr. M ay May May May May M ay J une 
26 1 6 11 17 22 27 1 
--------------

Jonathan 
Leaves ______________ . 343 .449 .477 0 733 1.087 .984 1. 112 1.084 
New growth ___ _____ _ . 081 ---- .069 .063 .079 . 067 . 080 .067 
Flowers-Fruit ________ 

0 221 . 293 .269 . 357 .562 .500 .716 .830 
King David 

Leaves ______________ . 243 I .408 . 353 .601 .776 . 852 . 911 1.000 
New growth _________ . 063 I .074 .052 .064 .069 .061 .077 .074 
Flowers-Fruit- _______ .183 .309 .262 .275 .401 . 506 .609 .820 

1. 

--K.U-Leeves 
--Jon.- .. 
---KD.-Flcwe!>s·floult -------Jon.- .. - • 

11 17 22 

F ig. 47.-\Vater insoluble nit rogen, in grams per 100 spurs, in leaves and 
flowers-fruit . 1926. 

F ig. 48.- Water insoluble nitrogen~ in grams per 100 spurs, in 
new growth of the spur. 1926. 

Ju ne 
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1.182 

.084 
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I. 280 
.097 
0 956 

-
June 
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1.10 
. 085 

1. 123 

1. 24 0 
7 
7 

.09 
1. 31 

Total Nitrogen.-The total nitrogen figures and graphs have been 
secured by adding those for soluble and insoluble N. This summation 
is given in Tables 25 to 27 and Figures 49 to 54. Since the water insolu
ble form constituted about three-fourths of the total N, the figures 
for the latter perforce are of the same character as those for insoluble 
N. Hence the preceding discussion applies also to total Nand no further 
detailed consideration seems to be necessary. 



NITROGEN AND CARBOHYDRATES IN BEARING APPLE SPURS 41 

TAB LE 25.-TOTAL NITROGEN IN PERCE NTAG E S OF FRESH WEIGHT, 1926 

Apr. May M ay May May May May June J J une 
26 . I 6 11 17 22 27 I 7 

----------------
Jonathan 

Leaves ______________ .89 . 86 .82 . 80 . 87 . 76 .68 . 70 
New growth _________ .89 -·- . 84 . 88 .89 .90 . 81 . 76 
Flowers-Fruit __ _____ _ .82 .56 .57 .66 .57 . 39 .28 .23 

King David 
Leaves_-- - -- -_----- - .90 .86 .71 . 78 . 81 . 83 .72 . 75 
New growth __ __ __ ___ . 80 .88 .67 . 70 .80 . 82 .70 .74 
Flowers-Fruit- _______ .86 .57 .56 .61 . 54 .36 . 23 .23 

A --K.n -l2:M15 
--Jon.-" 

..3 --- --K.D.-Fklwe!:>s-l'M:Iit 
---- --Joo.- . " 

.2 

Fig. 49.-Tota.l nitrogen, in percentages of fresh weight, in leaves and flowers 

fruit. 1926. 

~~-~ = :d 
,6 -Jon.-"" 

.5 *P<'i;;;:,..-.,;;;r--r--t,,,.-. -..,---.?r---,p,r--...,.,;;;;,,--___,,.......-,J 

Fig. 50.- Total nitrogen, in percentages of fresh weight, in new 

growth of the spur. 1926. 
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TAB LE 26.-TOTAL NITROGE N IN PERCENTAGES OF DRY WEIGHT, 1926 

Apr. May May May May May May Ju ne June June 

26 I 6 11 17 22 27 I 7 12 

------------------
Jonathan 

Leaves ______________ 2.95 2 .91 3.15 2.61 2.30 2.16 1.89 1. 90 1. 91 1. 82 

New growth _________ 3 .39 ---- 3. 74 3.29 3.10 2.95 2.44 2 .28 1.94 I. 83 

Flowers-Fruit-_ - ----- 3.49 2 . 70 2.55 2.98 2.60 2. 35 1.96 1.66 I. 32 1.02 

King David 
Leaves ______________ 3.01 2. 75 2. 63 2.44 2. 32 2.24 2. 16 2.14 2.14 2. 10 
New growth __ _______ 2.85 3.27 2.99 2.70 2. 78 2. 76 2.30 2. 35 2.08 I. 91 

Flowers-Fruit-_-- --- - 3.70 2.94 2.49 2 . 79 2 . 50 2. 23 1. 85 1.71 1.34 1.20 
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It should be pointed out, however, that as regards the concentra
tion of total N in the leaves, new growth and flowers and fruit (expressed 
in grams per 100 spurs), a close agreement is shown by the records of 
both years. The reader must be reminded once more, tho1,1gh, that 

4.or---------------------, 

--KD.-!Raves 
--Jon.- " 
••• ~--K.D.· F1oW<1!'S·Frul:t 
··----·Jon.- " . " 

Fig. 51.-Total nitrogen, in percentages of dry weight, in leaves and flowers
fru it. 1926. 

--IUl--GroWth 
--Jon.-" .. 

Apo. 

Fig. 52.-Total nitrogen, in percent.ages of dry weight, in new 
growth of the spur. 1926. 

TABLE 27.-TOTAL NITROGEN-GRAMS PER 100 SPURS, 1926 

Apr. May May 1 May May May May l J une June 
26 1 6 11 17 22 27 1 7 
----------------

Jonathan 
Leaves • • •.•• -------· .378 .502 .529 .817 1.196 1.090 1.150 1.151 1.268 
New growth .••••• ••• . 105 ---- .134 . 125 .164 . 136 .146 . 128 .155 
Flowen-Fruit ••• ·---- .283 .408 .405 .507 . 762 .729 1.008 1.252 1.568 

King David 
Leaves _______ ------- . 277 .459 .390 .659 .853 .931 . 937 1.065 1. 369 
New growth _________ .080 .111 .090 . 111 .128 .110 .131 . 139 .183 
Flowers-Fruit. c .. --- . . 237 .423 .386 .362 .528 .640 .805- !. 321 1.688 

June 
12 

--
1.180 

. 154 
1.711 

1. 335 
.179 

2.287 
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the 1926 data deal with but a brief period of the most intense activity 

of the bearing spurs and, because of the close intervals of sampling, are 

comparable only in a general way with figures of the first four dates 

of 1925. 

~41r---------------------------------------, 

2.2 

2. 

!.8 

1.6 

§:: 
~ 

1 

---KD.· Leaves 
·------- " .-fJowees-f'ru!t 
--Jan.-Leaves 
··-·----" -FlO'Jet'S·Pt>Ulf: 

11 

' 

1/ 
/::1-------

;:;"'~-,__-~
----'~'7'-''7 

June! 7 12. 

Fig. 53.-Total nitrogen, in grams per 100 spurs, in leaves and flowers-fruit. 

1926. 

---K.M.:CIJ~h 
---Jon.·" " 

Fig. 54.-Total nitrogen, in grams per 100 spurs, in new growth 

of the spurs. 1926. 

DISCUSSION AND APPLICATION 

The presented data of a chemical investigation with four varieties 

of bearing apple spurs, extending through the period of flowering 

and fruit setting, make it unmistakably clear that the most important 

and dominating parts of these spurs are the reproductive organs. Con

sequently the path of movement of the largest amounts of synthesized 

organic compounds seems to be to the flowers and, after setting, to the 

fruits. At certain critical periods, as during full bloom and preceding 

the "June drop", really tremendous quantities of nutrient substances 

are required for the development of the various tissues associated 

either directly or indirectly with sexual reproduction. Hence, one may 

safely assume that under conditions of excessive fecundity a shortage 

may easily ensue, leading to an intense competition among the floral 
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organs for some of the necessary substances that may be in mzmmo, 
A heavy drop of either flowers or fruits should be considered as one 
of the direct consequences of such a situation. Naturally one must 
be mindful of many other, genetic and environmental factors, that 
often cause the various drops: This, however, in no sense minimizes 
the importance of nutrition in fruit setting. 
TABLE 28.-PERCENTAGE DisTRIBUTION oF ToTAL WEIGHT AND OF ToTAL AMOUNTS 

OF VARIOus SuBSTANCES IN ORGANS oF BEARING APPLE SPuRs. JON A-
THAN AND KING DAVID 1926 

Apr. 26 May6 May 22 June 1 June 12 ------------------
Jon. K.D. Jon. K. D. Jon. K. D. Jon. K.D. Jon. K.D. ------------------

Fresh Weight 
Leaves ________ ------ 48.0 45 .0 42.4 39 . 7 41.2 37.0 23.0 !9.5 12.6 10 .9 
New Growth-------- 13 . 3 14.6 10.5 9.7 4.3 4.5 2. 3 2.6 1.7 1.7 
Flowers-Fruit__--- ___ 38.7 40.4 47.1 50.6 54.5 58 .5 74.7 77.9 85.7 87.4 

Dry Weigh, 
Leaves ____ ----- - - ___ 53 . 3 50.0 46.3 44.4 58.6 56 .0 42.8 37.9 26.9 24.0 New Growth _________ 12.9 15.2 9.9 9.0 5.3 5.4 3.9 4 . 5 3.5 3 . 6 
Flowers-Fruit.. ______ 33.8 34.8 43.8 46.6 36.1 38.6 53.3 57.6 69.6 72.4 

Total Sugars 
Leav~s ------------- 60 .0 ---- 29 . 2 35.5 58.6 67.4 41.9 36.7 20.8 14.7 
New Growth-------- 16.6 ---- 3. 0 3.2 4.8 4.2 2.5 2 . 2 1.1 1.1 
Flowers-Fruit ________ 23.4 ---- 67.8 61.3 36.6 28.4 55.6 61.1 78 .I 84.2 

Starch 
Leaves ____________ -- 77.0 78.5 48.6 35.2 58.2 74.2 34.3 34.2 10.6 10.3 New Growth _________ 1.2 5.4 20 . 7 19.1 7 . 9 3.9 2.7 2.5 2.2 1.4 
Flowers-Fruit ________ 21.8 16.1 30 . 7 45.7 33.9 21.9 63.0 63.3 87.2 88.3 

Hemicellulose 
Leaves ______ ----- ___ 44.7 47.0 52.6 51.1 64.5 59.7 45.9 40.0 25.7 22.2 New Growth _________ 16 . 1 18.9 9.6 7.4 4.9 6.9 5.1 5.5 4.3 4.0 
Flowers-Fruit ________ 39.2 34.1 37.8 41.5 30.6 33.4 49.0 54.5 70.0 73.8 

Soluble N 
Leaves __ ---- ________ 29.0 32.4 20.3 18.6 26.2 30.0 12.2 10.3 10.7 8. 3 
New Growth-------- 19.9 16.0 25 . 6 19.1 17.1 19.0 11 . 1 10.3 9.4 7.1 
Flowers-Fruit_ _______ 51.1 51.6 54.1 62.3 56.7 51.0 76.7 79.4 79.9 84.6 

Insoluble N 
Leaves--------- ___ -- 53.2 49.7 58.5 52.9 63.4 60.1 54.7 52.8 47.7 46.7 
New Growth-------- 12 . 6 12.9 8.4 7.8 4 . 3 4 . 1 3.4 3.9 3.7 3.7 
Flowers-Fruit.. ______ 34.2 37.4 33.1 39.3 32.3 35.8 41.9 43.3 48.6 49.6 

Total N 
Leaves __ ------------ 49.4 46.7 49 .5 45.0 55.8 55.3 45.5 42.1 38.8 35.1 
New Growth-------- 13.7 13.5 12.6 10.4 6.9 6.5 5.0 5.5 5.0 4.7 
Flowers-Fruit ________ 36 .9 39.8 37.9 44.6 37.3 38.2 49.5 52.4 56.2 60.2 

In many respects the leaves and the fruits have to be considered 
the two most important parts of the bearing spur. A particular empha
sis, therefore, must be placed on their chemical composition and physio
logical activities. Though p-ersisting only during the growing season, 
these organs nevertheless constitute the bulk of the spur system during 
the period of its greatest activity. An examination of Table 28 will 
show that by the time of fruit setting (May 6) approximately 90 per 
cent of either the fresh or the dry weight of the new tissues of bearing 
spurs was made up of the flowers and leaves. The recent vegetative 
extension of the spur, therefore, forms but a small fraction of the new 
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tissues. Very likely the secondary thickening of the old wood, resulting 
from cambial activity, constitutes a still smaller percentage of the 
total current development. Moreover, all of the vegetative parts of 
bearing apple spurs usually come to full size rather early in the season. 
The fruit is the only large and bulky organ that shows a comparatively 
long period of growth. Many winter varieties of apples continue to 
increase in size till late in the fall, meanwhile accumulating within 
their tissues organic substances to the very end of the season. Table 
28 shows that soon after the June drop Gune 12) already 70 per cent 
of the total dry weight of the three main parts of the spur had been 
formed by the fruit, while the new growth, for example, constituted 
less than 4 per cent. Coincident with its development this propor
tional amount of dry weight will most certainly increase still further 
in the fruit, for at this stage it was but half grown. 

Very intense physiological activities seem to proceed in the flowers 
at full bloom. This rather brief and transitory period of reproductive 
activity is characterized by a high demand for the more available forms 
of carbohydrates and nitrogenous substances. Consequently flowering 
is marked by high metabolism and very conspicuous chemical changes 
in all active parts of the spur system. Exceptionally high percentages 
of total sugars were found in the flowers. This rather sudden demand 
for large quantities of carbohydrates was met by hydrolysis of starch 
and hemicelluloses in various tissues. But at least a part of the sugars 
may have come from sources at a considerable distance back of the spur. 

As pointed out elsewhere, it is of great interest to know that large 
percentages of the sugars evidently are produced at this time through 
the hydrolysis of hemicellulose in tissues close to the flowers, especially 
the new growth of the spur. Hemicellulose of the type found in the apple 
therefore, should be considered a highly available form of carbohydrates. 

The flowers seem to make, likewise, a heavy demand on the nitrog
genous substances. Hence the percentage of soluble nitrogen is very 
high in all parts of the spur at full bloom. But the percentage concen
tration of soluble N in the reproductive organs does not decrease very 
markedly, as the sugars do. Quite the contrary, a further rise is shown 
in this respect, thus suggesting that nitrogen is just as important 
an ingredient, if not more so, immediately after, as during flowering. 
It is very probable, therefore, that many nitrogenous fertilizers are 
effective in increasing the set of fruit not only during full bloom but also 
for some time thereafter, especially at periods preceding the various 
"drops". 

Early in the spring nitrogen seems to be indispensable not merely 
to the flowers and fruit but to the new vegetative organs as well. The 
leaves in particular require large quantities of N for their proper growth 
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and development. In fact, at full bloom even more water insoluble 
and total N may be found in the leaves than the flowers, the former 
containing in some seasons as much as 60 per cent of the total nitro
gen of the spur11• Thus the competition for the available N supply 
may be especially keen early in the season between the reproductive 
organs and the leaves. 

A portion of the carbohydrates, but in particular of the nitrogen, 
evidently is returned to the spur system preceding the abscission 
of flowers and young fruits. Considerable amounts of N are perforce 
lost through the usual normal dropping of flowers and fruits. This, 
however, cannot be compared to the much larger quantities of N 
lost by way of the exfoliating leaves in the autumn. 

The loss of nitrogen through premature dropping of foliage, as 
in years of early frost, is a factor in the nutrition of the apple tree 
requiring further attention and detailed examination. Really tremendous 
quantities of nitrogen evidently are lost when the leaves are killed 
and drop before the normal yellowing and abscission. Hence in the spring 
following an unusually early defoliation the tree may be in greater 
need of nitrogenous fertilizers, to compensate for the exceptional loss 
sustained in the previous fall. In order to supply the necessary quantity 
or concentration of N required for the development of leaves and re
productive organs a proper dosage of a nitrogenous fertilizer in readily 
available form should be supplied either late in the fall or early 
the following spring. 

Once the fruit has become permanently set, it becomes the domi
nating organ of the spur system. It shows not only an extraordinarily 
rapid enlargement but likewise a rapid increase in dry matter and in 
practically all forms of carbohydrates and nitrogen. It is not surpris
ing, then, that by the middle of June 60 to 80 per cent of the dry matter, 
carbohydrates, and nitrogen was found concentrated in the fruit. 
Further augmentation in these substances, of course, is to be expected, 
since growth of the fruit continued undiminished, while to all evidence 
it had long ceased elsewhere in the spur system. 

Per quantity of dry matter laid down, comparatively large amounts 
of nitrogen seem to be required by the fruit early in the season, but more 
carbohydrates later on (Table 28). 

Because of the exceptionally large demand for nitrogen during 
the early period of development of the reproductive organs, fruit thin
ning, when necessary, should be done promptly and with dispatch. 
Thereby the usual exhaustion of the tree incident to the bearing of an 
exceptionally heavy crop may be alleviated. It does not seem to be 
advisable to delay apple thinning much beyond the time of the "June 
drop". 
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SUMMARY 

1. Leaves, new growth and reproductive organs (flowers-fruits) 

of bearing apple spurs of the Jonathan, Paynes Late Keeper, 

and King David varieties show characteristic changes in chem

ical composition during the time of flowering and fruit setting. 

These alterations are distinctive of specific functional activities 

and the attendant morphological development. 

2. Throughout the considered period (and most probably till the 

fruit attains full growth) the reproductive organs seem to domi

nate, directly or indirectly, the metabolism of the bearing 

spur complex. 

3. Flowering is characterized by marked increase in all active 

forms of carbohydrates and nitrogen. In the opened flowers 

in particular, total sugars and soluble nitrogen show very high 

percentages. An increase in these organic substances being 

likewise noted elsewhere in the spur at this time, translocation 

to the floral parts must have been very rapid indeed. 

4. The sudden increase in sugars at full bloom most likely resulted 

from hydrolysis of starch, but a considerable fraction of soluble 

carbohydrates evidently was supplied by hemicellulose, which 

shows a conspicuous drop at this period. The significance 

of hemicellulose as an available form of carbohydrates IS 

emphasized. 

5. Not only soluble but total nitrogen as well comes to a max

imum concentration in the considered organs at flowering. 

Hence nitrogenous substances are moved into the bearing 

spur in abundance during fertilization and fruit setting. 

6. Both carbohydrates and nitrogen seemingly are reabsorbed 

from the dropping . blossoms preparatory to their abscission. 

The former is again deposited largely as hemicellulose or as 

starch in the leaves and the new growth of the spur. Nitrogen 

seems to return primarily to the foliage. Considerable quanti

ties of organic substances, however, are lost through the various 

"drops". 

7. After flowering, the direction of movement of most organic 

compounds seems to be primarily, if not exclusively, to the 

fruits that have set. Throughout the growing season the total 

amounts of carbohydrates and nitrogen show an ever increasing 

accumulation in the fruit. However, as a result of the rapid 
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enlargement in volume and increase in dry weight of this organ, 
the percentage concentration of some of the nitrogenous sub
stances naturally decreases. 

8. Hemicellulose accretion reaches a maximum in the fruit in 
mid-summer, thence decreasing rapidly. Thus, in addition 
to starch, hemicellulose must be considered a source of sugars 
for the flesh of the apple. 

9. The development of both leaves and fruit is characterized 
by an accumulation of N in water insoluble form. Early in the 
season more total N is formed in the leaves than the young 
fruit. As soon as the latter begins to develop this situation 
is reversed. 

10. Throughout its growth the fruit shows conspicuously high
er percentage distribution of the total water soluble N and 
hence, in aggregate, more developmental activity than any 
other organ. Late in the season, however, the fruit is likewise 
a carbohydrate organ of incomparably larger volume and 
higher concentration of sugars, starch and hemicellulose than 
the vegetative parts of the bearing spur system. 
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