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Certain Responses of Apple Trees to Nitrogen 
Applications of Different Kinds and at 

Different Seasons. 
H. D. HOOKER, JR. 

A careful study of the literature dealing with fertilizer appli
cations to fruit plants shows that those most commonly effective 
involve nitrogen. Other elements have been shown to be beneficial 
in many cases when applied to fruit plants, but not so consistently 
nor so strikingly. The relatively distinct effects that follow occa
sional applications of iron constitute an exception to the general 
statement, but only because the symptoms of iron deficiency are 
easily recognized and generally understood. For this reason, iron 
is seldom used as a fertilizer except where its requirement is clearly 
indicated by chlorosis, Were it possible to tell as readily when the 
other essential mineral elements become limiting factors of growth 
and production, the problem of fertilizer requirements would be 
relatively simple. In the absence of any symptoms more marked 
than a pale green color of the leaves or a small amount of new 
growth-conditions that may result from anyone of a number of 
different causes-it is inevitable that many fertilizer applications 
should be without important effect, for they meet no requirement. 
On the whole, it is remarkable that nitrogen applications should 
be effective in increasing growth and crop producing power as 
generally as they do, a fact which indicates that nitrogen is more 
often the limiting factor of growth and yield in fruit trees than 
any of the essential mineral elements. 

Nitrogenous fertilizers applied to fruit trees have quite general
ly increased the set of fruit, favored vegetative growth and increas
ed yields. The experimental work by which these facts have been de
termined has been for the most part empirical. The orchard ferti
lizer problem has been attacked as a simple matter of generally in
creasing growth and productiveness. These are, to be sure, th'e 
objects of ultimate interest and of greatest importance, but the' 
fertilizer problem is more complex. The response in terms of 
growth and yields is the culmination of many different activities
absorption, elaboration, utilization and storage-of correlative ef
fects on other constituents, of distinct processes of growth, fruit 
bud differentiation, fruit setting and development, each of which is 
conditioned by different factors . or sets of factors. For example: 
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Have the increased yields following the application of nitrogenous 
fertilizers resulted only from the better set of fruit and the in
creased size of the tree, or have nitrogen applications had a direct 
or indirect influence on fruit bud differentiation? Little attention 
has been given the effects of fertilizer applications made at times 
other than early spring. Is the season of application which is best 
for increasing the set of fruit likewise best for increasing fruit bud 
differentiation? The possible advantages to be derived from ferti
lizer applications evidently have not been exhausted. 

The fertilizer problem should be studied as a problem in nu
trition and the effects of nitrogen applications should be measured 
in terms of the chemical changes produced in various parts of the 
plant as well as in terms of growth and yield. Only by this method 
can principles of more or less general significance be determined. 
The following questions present themselves: Is the nitrogen con
tent of a fruit tree increased by nitrogen applications? Does one 
form of nitrogenous fertilizer produce a greater immediate effect 
than another? Is the content of other constituents, particularly var
ious forms of carbohydrate, altered? Are significant changes evident 
at the time of fruit bud differentiation and are different effects 
produced by applications at different seasons? In the hope of 
throwing light on some of these questions, the present investiga
tion was begun in the spring of 1920. 

MATERIALS AND METHODS 

Through the kindness Of Dr. J. C. Jones, President of the 
University of Missouri, two apple orchards at McBaine, Mis
souri, were placed at the disposal of the Department of Horticul
ture for experimental treatment and sampling. Each orchard con
tained York trees in good condition; those in the south orchard 
were 20 years old and bore in even years; those in the north or
chard were 16 years old and bore in odd years. These trees were 
fertilized in a manner to be described presently and samples of spurs 
and of bark from the scaffold limbs, four to six inches in diameter, 
were collected at intervals during the year. The bark samples con
sisted of strips three-quarters of an inch wide and six to eight 
inches long, pointed at each end and including all tissue outside of 
the cambium. Not more than three strips were taken from a sin
gle tree at one sampling. The wounds were covered with white 
lead paint to prevent infection and undue water loss. The spur 
samples included 1919 and 1920 growth. 
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The other trees used for experimental purposes were at the 
Experiment Station Fruit Farm, Turner Station, Mo. Samples of 
spurs including 1919 and 1920 growth were collected from ferti
lized and check trees of J ona than and Ben Davis varieties growing 
in bottom land and seven years old in 1920, when the samples were 
collected. Another fertilizer experiment was conducted on vigor
ous four-year-old Grimes trees at the Fruit Farm. Samples of 
spurs of various lengths were collected from mature Ben Davis 
trees growing in the University orchard at Columbia. 

The chemical analyses were made after the manner detailed 
in Research Bulletin 40 of this Station. Determinations were made 
of dry weight, ash, potassium, phosphorus, nitrogen, reducing sug
ars, total sugars and starch. 

In the spring of 1921 practically all blossoms in the orchards 
under study were killed by late frosts. Since it was impossible to 
determine the effects of all the fertilizer treatments as originally 
planned, some of the treatments were repeated in 1921. However, 
a large body of data had been collected which it seems advisable 
to publish, incomplete and fragmentary though it be, since it shows 
some significant and rather unexpected facts. 

SPRING APPLICATIONS OF VARIOUS NITROGENOUS 
FERTILIZERS 

This first experiment was made on York trees in their bearing 
year. Four plots of 15 trees each were selected; one was left as a 
check; another received 5 pounds of sodium nitrate per tree; an
other received 3 pounds of ammonium sulphate per tree and the 
other 5 pounds of a high grade of dried blood. By this treatment 
each fertilized tree received approximately the same amount of 
nitrogen. The applications were made March 19, 1920. 

The greater crop produced by the fertilized plots was the most 
striking effect produced. The yields from the plots were as fol
lows: 285 bushels from the check plot or 19.7 bushels per tree; 
375 bushels from the blood plot or 25.0 bushels per tree; 381 bush
els from the nitrate plot or 25.4 bushels per tree; 376 bushels from 
the ammonium sulphate plot or 25.1 bushels per tree. These fig
ures show that the three types of fertilizers used produced practi
cally the same effect in increasing yield. There were minor vari
ations within the plots: one tree on the blood plot produced 40 
bushels of apples; one tree on the ammonium sulphate plot bore so 
large a crop that the tree split to the ground under the weight of 
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fruit; the yields of the trees on the nitrate plot were more nearly 
uniform. No definite figures are available but the apples from the 
nitrate plot seemed to be slightly larger and somewhat less highly 
colored than those from the other plots. 

The data in Table 1 show that neither the bearing nor the non
bearing spurs of the fertilized trees formed a larger number of 
leaves during the current season than did corresponding spurs on 
the unfertilized trees. The following spring there was no bloom 
on any of the plots. The chief effects of the fertilizer treatments 
observed were a deeper color of the foliage and an increased set of 

TABLE l.-AvERAGE NUMBER OF LEAVES PER SPUR ON FERTILIZED AND U NFERTI
LIZED YORK TREES. 

May 3 May 15 May 22 

BEARING SPURS 
Check plot -------------- 7.0 9.1 9.25 
Nitrate plot -------------- 4.8 7.2 7.34 
Amm. sulphate plot ------ 6.8 8.4 8.6 
Blood plot -------------- 5.8 7.4 7.9 

NON-BEARING SPURS 
Check plot --------------- 6.6 8.0 8.2 
Nitrate plot -------------- 5.2 7.2 7.4 
Amm. sulphate plot ------ 6.0 7.4 7.6 
Blood plot -------------- 5.7 7.1 7.4 

fruit: 23.7 percent of the blossoming spurs on the check trees 
bore fruit and approximately 32 percent of the blossoming spurs 
on the fertilized trees, as determined by actual count. . 

Samples of spurs and of bark were collected from the trees 
on these plots at five dates; May 22, June 19, September 6, Novem
ber 20, 1920, and April 2, 1921. The analytical determinations on 
these samples are given in Table 2. (See pages 8 and 9.) 

The greater set of fruit on the fertilized trees is probably to 
be associated with the greater nitrogen content of their spurs on 
May 22, as suggested by Harvey and Murneek (Ore. Agr. Expt. 
Sta. Bu!. 176). At this time the nitrogen content of the spurs is 
on the decline, as reference to Figure 10 in Research Bulletin 40 
of this Station shows. 

Except for this tempcfrary increase in nitrogen content there 
is no very significant difference between the composition of the 
fertilized and unfertilized trees. The absence of such variations 
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is striking. There has been no marked starch accumulation in any 
of the spurs by June 19, immediately before the period of fruit bud 
differentiation. Moreover, on April 2 the following spring, the spurs 
of the fertilized trees contained very little more nitrogen than the 
check spurs, the difference found being well within the limits of 
experimental error. Similarly, though the nitrogen content of the 
bark from the nitrated trees is slightly greater than that of the 
check trees, the sulphate and blood trees have less. Consequently 
no consistent difference is evident. 

The comparison between the chemical composition of spurs 
and bark from the same trees as afforded by the data presented is 
of considerable interest. In general, the variations in the chemical 
composition of the bark follow rather closely those in the spurs. 
The low starch content of the former in May and June is particu
larly striking as it indicates that the factors which prevent carbo
hydrate accumulation in the bearing spurs likewise affect the 'bark 
of the scaffold limqs. The high total sugar content of the bark 
during the winter and especially in April is apparently character
istic. The bark contains, during most of the year, about half the 
percentage of nitrogen that the spurs contain; its percentage phos
phortls content is also, for the most part, much less but the per
centage potassium content of these two portions of the tree is of 
the same order and during part of the year the bark contains an 
even higher percentage than the spurs. This is consistently 
true in the June and September analyses. The percentage ash 
content of bark is usually greater than that of the spurs though the 
difference is very nearly wiped out in the spring. 

In this experiment the various types of nitrogenous fertilizers 
have produced essentially the same effects as shown both by the 
chemical analyses and the crop yields. This effect has consisted 
principally in an increased set. There has been no effect in in
creasing the number of leaves during the current season and very 
little effect, if any, on the rate of growth. There has been no effect 
on fruit bud differentiation nor any tendet:cy in that direction, such 
as might be evidenced by an accumulation of starch in the spurs 
during the period of fruit bud differentiation. In fact, the greater 
carbohydrate utilization following the increased set of fruit would 
tend to decrease the chances for starch accumulation in the ab
sence of an increased leaf area per spur. 

Nitrogenous fertilizers should, therefore, be applied to bien
nially bearing apple trees in the spring of their crop year with ex-
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treme caution, for such a practice is likely to lead to overproduc
tion with its attendant evils. 

TABLE 2.-ANALYSES OJ' SPURS AWD BARK FROM FERTILIZED AND UNFERTILIZED 
YORK TREES IN THEIR BEARING YEAR. 

(Percentages of dry weight) 

Dry Reduc'g Total Starch Ash K P N 
weight sugars sugan 

----------
May 22, 1920 

BEARING SPURS 
Check --------- 40.2 0.79 1.95 0.68 9.73 0.678 0.170 1.020 
Nitrate -------- 43.2 1.00 1.65 1.15 8.74 0.626 0.162 1.047 
Sulphate ------ 43.6 0.66 1.59 0.00 11.32 0.649 0.138 1.164 
Blood ---_ ... _--- 41.2 0.70 2.79 0.45 7.69 0.665 0.174 1.221 

BARK 
Check --------- 43.4 1.48 1.74 0.11 7.97 0.621 0.060 0.578 
Nitrate ----- --- 43.1 1.61 1.89 0.20 12.79 0.648 0.064 0.565 
Sulphate ------ 42.7 1.69 1.74 0.00 8.12 0.585 0.072 0.605 
Blood ----_._--- 42.3 1.53 2.10 6.14 8.32 0.513 0.075 0.526 

June 19, 1920 
BEARING SPURS 

Check -------- 44.4 1.26 1.65 0.00 6.44 0.554 0.140 0.916 
Nitrate -------- 45.7 1.26 1.29 0.00 6.59 0.362 0.141 0.912 
Sulphate ------ 42.5 0.77 1.08 0.36 6.02 0.639 0.148 1.024 
Blood -------- 43.1 0.86 1.20 0.00 7.21 0.558 0.209 1.166 

BARK 
Check -------- 47.9 1.32 1.62 0.00 9.91 0.570 0.145 0.578 
Nitrate -------- 42.3 1.71 2.00 0.38 8.41 0.583 0.108 0.546 
Sulphate ------ 42.6 1.62 1.89 0.70 8.11 0.647 0.086 0.575 
Blood -------- 48.1 1.73 2.04 0.54 7.77 0.522 0.096 0.551 

September 6, 1920 
BEARING SPURS 

Check --------- 46.7 1.21 2.25 2.88 7.97 0.408 0.155 1.030 
Nitrate -------- 45.6 0.88 1.38 1.98 7.29 0.371 0.164 0.880 
Sulphate ---- -- 45.3 0.72 1.14 2.41 7.29 0.420 0.211 1.110 
Blood --------- 48.8 0.72 1.20 1.98 6.58 0.414 0.176 1.010 

BARK 
Check ----... ---- 44.9 1.87 2.70 2.53 10.76 0.457 0.110 0.52 
Nitrate -------- 40.6 1.72 2.60 2.27 11.45 0.411 0.107 0.44 
Sulphate - ----- 43.6 1.65 2.55 2.36 11.08 0.502 0.108 0.58 
Blood -------_ ... 44.6 1.45 1.86 2.66 12.00 0.459 0.136 0.54 

November 20, 1920 
SPURS 

Check --------- 48.4 2.95 3.15 1.08 9.05 0.489 0.222 1.22 
Nitrate -------- 47.9 1.98 2.73 1.19 8.01 0.457 0.230 1.14 
Sulphate ------ 49.6 1.94 2.71 1.28 8.53 0.473 0.177 1.09 
Blood --------- 48.5 1.73 2.16 1.15 8.69 0.513 0.241 1.20 
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TABf,I\ 2.-(Continucel.) 

Dry Reduc'g Total 
··.veight sugars sugars Starch Ash K P N 
-- ----------

BARK 
Check ---_ ... _--- 44.1 2.68 3.78 1.58 12.35 0.498 0.098 0.69 
Nitrate -------- 45.3 3.07 4.32 1.72 11.48 0.393 0.102 0.61 
Sulphate ------ 46.9 2.81 .3.42 1.58 12.33 0.385 0.075 0.64 
Blooel --------- 44.1 2.38 3.27 1.98 11.43 0.397 0.106 0.58 

April 2, 1921 
SPURS 

Check --------- 48.5 2.44 3.06 1.53 9.28 0,498 0.210 0.86 
Nitrate -------- 46.9 2.36 3.37 2.34 9.71 0.428 0.212 0.92 
Sulphate ------ 47.2 2.07 3.21 1.35 9.81 0.441 0.183 0.89 
Blood --------- 44.7 2.47 3.45 1.71 10.11 0.490 0.202 0.88 

BARK 
Check --------- 46.1 5.57 6.56 2.55 9.22 0.405 0.122 0.58 
Nitrate -------- 46.7 5.93 6.36 2.52 10.63 0.354 0.104 0.62 
Sulphate ------ 46.4 5.68 5.94 2.34 10.19 0.346 0.147 0.52 
Blood --------- 47.1 5.79 6.00 2.43 9.63 0.430 0.144 0.56 

EFFECT OF SPRING APPLICATIONS OF NITRATE IN 
PROMOTING GROWTH 

Spring applications of nitrogenous fertilizers not only have an 
effect on the setting of fruit, but. as is well known, they frequently 
increase the amount of growth. This effect is shown by an experi
ment on Ben Davis and Jonathan trees at the University Fruit 
Farm. Two trees of each variety were treated with three pounds 
of sodium nitrate in the spring of 1919 and again March 29, 1920. 
The effects of this treatment have been revealed in the greater size 
of the fertilized ~rees as compared with checJ.:: trees of the same 
variety in the same rows. These trees blossomed for the first time 
in 1921 but the entire bloom was killed by spring frost. 

Samples of spurs were collected from the fertilized· trees and 
the checks at three dates, March 29, May 22 and June 19, 1920. 
The analyses of these spurs are given in Table :3. 

The percentage nitrogen content of the spurs from the ferti
lized trees was less on March 29 than that of the check spurs, show
ing that the fertilizer applied the year before did not increase the 
nitrogen content of the spurs. In May, the fertilized spurs con
tained a higher percentage of nitrogen than the checks; but since 
their percentage nitrogen content continued to decline during the 
month following, while that of the checks increased, the fertilized 
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TABLE 3.-ANALYSES OF SPURS ON FERTILIZED AND UNFERTILIZED JONATHAN AND 
BEN DAVIS TREES. 

(Percentages of dry weight) 

Dry Reduc'g Total Starch Ash K P N 
weight sugars sugars 

.----------
March 29, 1920 

JONATHAN 
Nitrated ------- ---- 1.64 1.92 1.35 5.315 0.489 0.193 1.23 
Check ----- .. ---- ---- 1.71 1.77 1.08 6.480 0.558 0.220 1.35 

BEN DAVIS 
Check --------- ---- 1.98 2.13 0.47 8.020 0.414 0.190 1.30 
Nitrated ---- ._- ---- 1.31 2.25 0.72 7.925 0.402 0.200 1.245 

May 22, 1920 
JONATHAN 

Check --------- 42.9 1.04 1.88 1.01 4.76 0.722 0.131 0.857 
Nitrated ---- - - - 40.9 1.22 2.34 0.00 4.70 0.423 0.127 0.927 

BEN DAVIS 
Check -----_ ... _- 44.1 1.04 1.65 0.36 4.59 0.514 0.100 0.699 
Nitrated ------- 43.9 1.01 1.77 0.90 4.33 0.480 0.103 0.822 

June 19, 1920 
JONATHAN 

Check -----_ .. --- 45.1 1.08 2.67 2.16 4.64 0.457 0.157 0.897 
Nitrated ------- 47.1 0.70 1.86 1.60 4.51 0.455 0.144 0.820 

BEN DAVIS 
Check --------- 49.3 1.08 1.38 1.42 5.94 0.325 0.224 1.128 
Nitrated ------- 47.6 0.65 1.35 1.10 4.60 0.321 0.134 0.792 

spurs again contained less than the checks on June 19. This slight 
difference in itself may not be particularly significant at this time, 
immediately preceding the period of fruit bud differentiation, but 
when considered in its relation with other conditions with which 
it is associated and for which it may possibly be responsible, it may 
assume great importance. At this time the starch content in the 
spurs of the fertilized trees was distinctly less than in . the check 
spurs. This indicates clearly that the conditions for fruit bud dif
ferentiation were not improved and in fact were made less favor
able by the spring application of nitrate of soda. The smaller ac
cumulation of starch in the spurs of fertilized trees immediately 
before the period of fruit bud differentiation is probably related to, 
if not actually caused by, the more vigorous growth of the ferti
lized trees. 

It is evident that the minimum nitrogen content occurred 
much sooner in the spurs of the check trees than in those of the 
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fertilized trees and this minimum is related to the time of growth 
cessation, for an accumulation of nitrogen as shown by an in
creased'percentage does not usually occur in spurs until growth has 
ceased. The figures in Table 3 show that the potasssium and total 
ash content of the fertilized spurs is consistently less than in the 
check spurs and for the most part this is true also of the phosphorus 
content. These conditions may be interpreted as further conse
quences of the more vigorous growth of the fertilized trees for it is a 
general rule that the greater the length of the spur growth, the low
er is its ash content at the close of the growing season. This is 
shown by the data in Table 4 vvhich are analyses of Ben Davis spurs 
collected May 21 and July 2, 1920. The samples were collected ac
cording to spur lengths as shown in this table. It will be seen that 
the ash, phosphorus a~d nitrogen content is less, the longer the 
spur growth of the current season. 

TABLE 4.-ANALYSES OF BEN DAVIS SPURS ACCORDING TO LENGTH 
(1919 and 1920 wood included) 
(Percentages of dry weight) 

Spur length Dry Ash K P N 
in centimeters weight 

May 21, 1920 
0.5- 1.0 ------------- 48.8 6.15 0.597 0.179 0.891 
1.1-l.S ------------- 45.6 5.28 0.568 0.177 0.876 
1.6- 3.0. ------------- 41.2 4.91 0.536 0.137 0.705 
3.1-10.0 ------------- 36.9 4.49 0.572 0.133 0.700 

July 2, 1920 
0.5- 1.0 ------------- 48.4 6.44 0.513 0.142 0.754 
1.1-15 ------------- 47.3 5.53 0.531 0.134 0.754 
1.6- 3.G ------------- 46.9 5.04 0.527 0.138 0.726 
3.1-10.0 ------------- 46.8 4.18 0.475 0.118 0.684 

THE EFFECT OF SPRING APPLICATIONS ON IMMA
TURE TREES 

On March 29, 1920, two plots of young Grimes apples were 
fertilized, one with 2 pounds of nitrate of soda and one with 2 
pounds of dried blood to the tree. Each plot contained 10 trees 
and a similar block of 10 trees was left as a check. About 50 short, 
spur-like growths and 13 leaders on the trees of each plot were 
labeled, Growth measurements were made on these spur-like 
growths and on the four shoots arising from the terminal portion 
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of each leader. The effects of the fertilizer treatments on the 
growth of these trees is shown in Table 5. It is evident that the ni
trate of soda had a greater effect on the shoot growth than did the 
dried blood. Practically no difference is evident between the rates 
of growth from the short spur-like branches. 

Chemical analyses of these two types of growth are shown in 
Table 6. The absence of any marked differences between the va
rious plots is quite striking. Differences do appear, however, in 
the chemical composition of the terminal growth as compared with 
that of the shorter spur-like branches. In the former there is no 
complete disappearance of starch in June and the nitrogen content 

TABLE 5.-AVERAGE LENGTHS IN CENTIMETERS OF GROWTHS FROM LEADERS AND 
SpUR-LIKE BRANCHES ON FOUR-YEAR-OLD GRIMES. 

May 5 May 14 May 21 May 31 June 14 July 9 

LEADER GROWTH 
Check ---------- 2.24 8.5 12.2 19.5 28.0 35.8 
Nitrate ------_._- 2.23 9.8 14.7 22.5 31.9 42.6 
Blood ---------- 2.18 8.7 12.5 19.0 27.5 34.6 

TWIG GROWTH 
Check ---------- 2.4 7.2 9.4 13.0 15.3 16.1 
Nitrate --------- 2.2 7.5 10.6 13.9 15.6 16.0 
Blood ---------- 2.7 9.3 10.4 13.3 15.8 16.8 

AVERAGE NUMBER OF LEAVES ON TWIG GROWTH 
Check ---------- 6.0 9.3 10.0 12.0 13.9 14.2 
Nitrate --------- 7.2 . 8.9 10.1 11.8 12.9 13.1 
Blood -------- 7.5 9.8 10.8 12.3 13.5 14.6 

rises to a high maximum in May, much as in bearing spurs on ma
ture trees. 

The only apparent difference associated with the greater ter
minal shoot growth of the nitrated trees is shown in a higher per
centage of starch and total sugar and a lower percentage of ash, 
potassium and phosphorus in June. In September these shoots 
ha ve the highest percentage of ash and potassium and the lowest 
of phosphorus and nitrogen. 

The data presented indicate a differential effect between ni
trate of soda and dried blood, which may be associated with the 
more quickly available character of the former. Different parts of 
a tree evidently may react in different ways to the same fertilizer 
treatment. A comparison of the responses of these four-year-old 
trees with those of the Ben Davis, Jonathan and York trees indi-
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TAnLE 6.-ANALYSES OF GROWTHS FROM LEADERS AND SpUR-LIKE BRANCHES ON 
FOUR-YEAR-OLD GRIMES. 

(Percentages of dry weight) 

Dry Reduc'g Total Starch Ash K P N 
weight sugars sugars 

----------
May 21, 1920 

LEADER GROWTH 
Check --------- 25.8 0.97 1.17 2.09 4.49 1.435 0.234 1.625 
Nitrate -------- 25.1 0.77 1.35 2.05 4.61 0.669 0.236 1.625 
Blood ____ 0 •• ___ - 25.2 1.01 1.26 2.70 4.56 1.011 0.216 1.615 

SPUR-LIKE GROWTH 
Check --------- 31.0 0.86 1.44 1.96 4.63 0.599 0.204 1.299 
Nitrate -------- 33.6 0.90 1.08 1.51 4.17 0.706 0.152 1.045 
Blood --------- 33.0 1.08 1.08 1.58 4.26 0.579 0.181 1.150 

June 19, 1920 
LEADER GROWTH 

Check --------- 38.7 0.88 1.62 2.18 3.64 0.791 0.147 0.845 
Nitrate -------- 38.5 1.10 1.95 2.75 3.08 0.642 0.137 0.952 
Blood --------- 38.7 1.28 1.62 2.12 3.54 0.697 0.142 1.063 

SPUR-LIKE GROWTH 
Check -------- 46.8 0.95 1.41 0.02 4.20 0.578 0.163 0.739 
Nitrate -------- 44.0 0.90 1.47 0.00 4.19 0.689 0.183 0.829 
Blood --------- 46.8 1.13 1.72 0.00 4.00 0.299 0.145 0.675 

September 4, 1920 
LEADER GROWTH 

Check --------- 39.0 0.54 0.90 1.40 3.08 0.319 0 . .177 0.76 
Nitrate -------- 39.6 0.67 1.05 1.44 3.55 0.685 0.150 0.64 
Blood --------- 39.4 0.29 0.60 1.73 3.23 0.554 0.153 0.66 

SPUR-LIKE GROWTH 
Check --------- 53.0 0.50 0.75 2.30 5.31 0.433 0.189 0.75 
Nitrate -------- 53.0 0.81 1.23 1.89 4.98 0.411 0.197 0.73 
Blood --------- 54.3 0.68 1.23 2.05 6.01 0.406 0.196 0.81 

cates that the age of the tree may be an important factor, although 
it is quite possible that the observed differences may have been due 
to the conditions under which the various trees were growing. 

THE EFFECT OF APPLICATIONS AT DIFFERENT 
SEASONS 

Fertilizer applications were made on 16-year-old York trees 
in their off year. One plot of 15 trees was fertilized March 29 with 
dried blood and another on June 20. Both times 5 pounds of fer
tilizer were applied to each tree. On September 20 another plot 
of 15 trees was given 5 pounds of sodium nitrate to the tree. Be-



14 MISSOURI AGR. Exp. STA. RESEARCH BULLETIN SO 

~ause of the severe spring frosts of 1921, the effects on these trees 
could not be measured except in terms of the chemical changes ob
served in the bark and spurs. These are given in Table 7. 

The data afford a comparison with Table 1 of the chemical 
composition of bark on bearing and non-bearing trees. In gener
al the seasonal changes in the chemical composition of the bark 
on the scaffold limbs of these alternate bearing trees follow those 
of the spurs. In June there is already an accumulation of carbo
hydrate in the form of starch. In May the nitrogen content is 
somewhat less in the non-bearing trees. During the winter the 
sugar content of the bark is exceptionally high, much higher in 
the non-bearing than in the bearing trees. From September 
through March the potassium content of the non-bearing trees is 
·distinctly higher and the phosphorus and nitrogen content like
,vise, though to a lesser extent. 

The differential effects from applying these fertilizers at va
rious seasons is most evident in the nitrogen content of the spurs. 
On March 30, 1921, the nitrogen content of the spurs varies with 
the lateness of application the previous season. The check spurs 
have the least, the spring fertilized trees next, the summer ferti
lized trees more and the fall fertilized trees most of all. Moreover 
these differences in nitrogen content are by no means insignificant. 
It is unfortunate that weather conditions made it impossible to 
follow the later effects associated with these differences in the ni
trogen content of the spurs. It is impossible to say what advan
tage might accrue from increasing the nitrogen content of spurs 
in the spring of their bearing year but it is clear that late sum
mer or early fall applications of nitrogenous fertilizers are much 
more effective in this respect than spring applications. 

The effect of spring application of blood on these non-bearing 
trees is essentially the same as that observed on the Ben Davis 
and Jonathan trees. The accumulation of starch in the spurs to
ward the end of June at the critical time of fruit bud differentia
tion is reduced by the spring application of dried blood just as it 
was by the nitrate of soda in the Ben Davis and Jonathan spurs. 
Moreover, the residual effect of the spring fertilizer, as shown by 
the analyses of March 30, 1921, is practically nil, as in the case of 
the bearing York trees. 

The most marked effect on the nitrogen content of the bark 
was produced by the summer application of dried blood. In Sep
tember and December the nitrogen content of the bark on the sum-
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TABLE 7. ANALYSES OF SPURS AND BARK FROM FERTILIZED AND UNFER'I'ILIZED 
YORK TREES IN THEIR OFF YEAR. 

(Percentages of dry weight) 

Dry Reduc'g Total Starch Ash K P N 
weight sugars sugars 

----------
May 27, 1920 

SPURS 
Check --------- 45.6 1.17 1.50 0.92 8.98 0.593 0.123 0.773 
Blood --------- 44.3 1.30 1.56 1.13 8.99 0.659 0.125 0.800 

BARK 
Check --------- 42.1 1.38 1.77 0.72 11.62 0.601 0.083 0.555 
Blood --------- 42.5 1.51 1.59 0.72 11.80 0.503 0.064 0.576 

June 24, 1920 
SPURS 

Ckeck --------- 49.4 0.92 1.38 2.88 6.665 0.516 0.227 0.960 
Blood --------- 48.1 0.83 1.56 1.87 5.818 0.615 0.142 0.706 

BARK 
Check --------- 43.5 0.94 ---- 2.30 7.845 0.558 0.084 0.550 
Blood --------- 43.8 1.10 1.89 2.00 7.640 0.540 0.144 0.721 

September 20, 1920 
SPURS 

Check --------- 53.9 0.79 1.24 2.75 10.38 0.445 0.202 0.95 
Spring blood -- 55.6 0.61 0.90 2.48 8.66 0.394 0.182 0.90 
Summer blood 56.4 0.61 1.30 1.69 11.25 0.461 0.217 1.04 

BARK 
Check -----_ ... _- 48.1 0.90 1.08 3.19 8.87 0.579 0.113 0.58 
Spring blood __ 44.8 0.70 1.02 2.23 9.56 0.603 0.079 0.52 
Summer blood 45.6 0.79 0.99 2.25 9.05 0.658 0.117 0.66 

December 3, 1920 
SPURS 

Check --------- 44.7 2.78 2.79 1.51 8.85 0.539 0.233 1.09 
Spring blood __ 46.1 2.90 3.00 2.09 10.17 0.437 0.214 1.17 
Summer blood 46.0 3.05 3.30 2.23 9.96 0.461 0.240 1.19 
Fan nitrate ____ 46.8 2.32 2.70 2.18 8.82 0.450 0.253 1.33 

BARK 
Check -----_.-,-- 53.8 4.22 5.70 1.91 10.28 0.587 0.110 0.72 
Spring blood -- 53.4 5.17 5.58 1.13 10.14 0.626 0.106 0.72 
Summer blood 54.6 4.57 4.98 1.93 9.84 0.659 0.123 0.91 
Fall nitrate ____ 54.4 5.02 5.22 1.22 9.82 0.595 0..159 0.77 

March 30, 1921 
SPURS 

Check ---_ ... _--- 48.1 1.46 1.83 0.81 11.90 0.531 0.181 0.85 
Spring blood -- 46.3 1.40 1.74 0.77 10.24 0.525 0.223 0.92 
Summer blood 45.2 1.26 1.59 0.45 10.72 0.539 0.242 1.01 
Fall nitrate ___ _ 46.2 1.19 1.29 0.88 9.89 0.438 0.194 1.17 

BARK 
Check --------- 47.3 4.86 5.73 1.40 8.82 0.624 0.171 0.65 
Spring blood -- 47.2 4.48 5.16 2.79 8.78 0.666 0.139 0.68 
Summer blood 48.3 4.73 5.13 2.14 8.73 0.654 0.137 0.65 
Fall nitrate ____ 47.1 4.00 4.77 3.58 8.74 0.656 0.155 0.70 



16 MISSOURI AGR. Exp. STA. RESEARCH BULLETIN 50 

mer-fertilized trees was distinctly higher than that on the others 
but this difference had completely disappeared by the end of 
March, 1921. 

It is interesting that the nitrogen content of the bark on the 
spring-fertilized trees was apparently increased at the end of 
June while the nitrogen content of the spurs was much less at that 
time. 

DISCUSSION 

The analyses reported in this paper confirm and extend those 
published in Research Bulletin 40 of this Station. Certain season
al chemical changes characteristic of bearing and of non-bearing 
apple spurs and certain changes in bark and spurs characteristic of 
apple trees in their on and off years-the years of fruit production 
and those of fruit bud differentiation respectively-may be consid
ered established. Particular physiological processes are apparent
ly associated with definite chemical conditions existing in the spur 
at critical times. Fruit bud differentiation, for example, is asso
ciated with starch accumulation in the spur late in June and, since 
no exception has been found to this rule, it seems safe to conclude 
that the conditions which bring starch accumulation about are 
among the factors that determine fruit bud differentiation, though 
the existence of other factors which are at times decisive is un
questionable. In order to account for the known facts relative to 
the initiation of the fruitful state it seems necessary to postulate 
two conditions for fruit bud differentiation: (1) that carbohydrate 
(or starch) accumulation be possible and (2) that no other factor 
such as nitrate, water or heat supply be limiting to the extent that 
vegetative development is stopped or seriously retarded. These 
points are discussed in Research Bulletin. 47 of this Station, where 
it is also shown that the conditions determining starch accumula
tion and fruit bud differentiation are not always confined to the 
spurs. In a similar way other processes are found to be associated 
with particular features of the seasonal chemical picture. Thus 
recent investigators have pointed out that fruit setting seems to 
be related to the nitrogen content of the spur in May and vegeta
tive extension is evidently related to a number of factors. 

The data presented in this paper also show some of the effects 
of applying nitrogenous fertilizers of various kinds and at different 
seasons with special reference to the chemical composition of bark 
and spurs. These effects depe?d primarily on the condition of the 
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tree and might well be influenced also by climatic conditions. All 
the work reported here deals with apple trees in fairly good con
dition. The type of nitrogenous fertilizer is evidently important 
under certain circumstances; under others it is not. Various physi
ological processes are affected more or less independently and 
there are indications that the season when the applications are 
made is an important factor in determining how these processes 
are affected. 

An intelligent use of fertilizers evidently must be based on a 
recognition of the particular process which it is advisable to con
trol and on a knowledge of the effects that applications of various 
kinds and at different seasons will have on this process. In the 
past when nitrogenous fertilizers have appeared necessary, a suit
able amount has been determined on and has been applied in the 
cheapest or most readily available form in early spring. This pre
cedure is inadequate as a panacea and the facts presented show 
that it may produce effects directly opposite to those desired. 
Trees that bear light crops regularly every year and in whose an
nual yield a material increase is desired present a case for treat
ment as different from that of trees which bear heavy crops bien
nially and which it is desired to make regular producers as this in 
turn is different from the case of trees which bloom profusely 
every spring but set little or no crop because nitrogen is a lim
iting factor. In one case it may be a question of stimulating 
general vegetative growth and vigor; in another of affecting fruit 
bud differentiation; in another of increasing the set of fruit. The 
same treatment will not bring about the desired result in all cases. 
Each is a problem for separate consideration and each involves 
phases which should be studied under a wide variety of conditions. 
There are, of course, limits to the effectiveness of nitrogenous fer
tilizers, but even where :;t. requirement for nitrogen can be estab
lished, the best method of application in one instance may be, en
tirely different from the best for some other case. The effect of 
early spring applications of quickly available nitrogenous fertilizers 
in aiding the set of fruit has been established and evidence is giv
en that fruit bud differentiation and vegetative development also 
can be influenced in specific directions according to the time and 
type of application. 
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CONCLUSION 

The chief effects of spring applications of nitrogenous ferti
lizers to healthy apple trees are, on bearing trees, an increased 
set of fruit associated with a greater nitrogen content in the spurs 
during the period of fruit setting and in non-bearing trees an in
creased rate of growth. Different .types of quickly available ni
trogenous fertilizers produce essentially the same effects though 
nitrate of soda stimulated leader growth on very young trees more 
than dried blood. Spring applications of nitrogenous fertilizers do 
not favor starch accumulation at the period of fruit bud differen
tiation and consequently they could not be expected to favor 
this process. No effects of spring applications are evident in the 
percentage nitrogen content the spring following the treatment, 
though larger absolute amounts would be present in the larger 
trees. 

The later in the season nitrogenous fertilizers are applied, the 
greater is the nitrogen content of the spurs the following spring 
immediately before growth begins. 
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