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Introduction

The investigations of Kraus and Kreybill (12) published
in 1918 stimulated much interest among plant physiologists and
horticulturists in the cerbohydrate-nitrogen relationships of
plants as related to their vegetetive-reproductive activities.
Horticulturists found that the explanations given by Kraus and
Kraybill (12) of their results could be used in many ceses in
explaining differences in growth occurring in the plants which
they had under investigation. It seemed in the case of apple
trees to explain certein conditions of growith and fruiting
through which they pass from the succulent, rapidly growing, une
fruitful tree to the more mature, slower growing but fruitful
tree and of the more or less decadent tree of poor growth and
low yield typified in neglected orchards. It was alsc felt that
apple trees might be changed from one class or condition of
growth to another through varylng certain fertilizer, pruning

and cultural treatments.

Studies, as shown under Review of Literaturs, have been
conducted to determine whether growth conditions of apple trees
corresponded to the varying carbohydrate-nitrogen relationships
in & manner similar to the tomato plant, but due to the type of
material selected for analysis, and particularly to the fsct

that the trees used did not always differ materially in their



growth relationships, the results have not all been in agreement.

Review of Literature

Due to the very lérge amount of literature desling
with the response in growth and fruiting of plahts in relation to
thelr composition, reference herein will be made only to that

which is closely related to the problem at hand.

Kraus and Kraybill (12) in 1918, observed that tomato
plants responded very differently in growth, blossoming and
fruiting to a varying supply of nitrogen. With plants typical
of different conditions of growth, chemical analyses revealed
that & different C/N relationship existed for each. This led to
the establishment of their well known four clasags of growth
and reproduction based on the carbohydrate-nitrogen relationship

of plants,

in studies of the carbohydrate-nitrogen relationships
of apple trees, pomologists have used several types of material,
namely bearing and nonwbearing spurs, terminsl shoots and entire
young trees. The investigations have developed along several
different lines of thought. Knowing from observation that non=
bearing spurs usually form fruit buds and that bearing spurs
usually do not, the earlier investigations were conducted with
the purpose in mind of comparing the composition of these two

different types of spurs just prior to the time of blossom bud

2
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differentiation. particularly, although some studies were con=

ducted covering the entire year.

The f£irst study conducted to determine the applica=
bility of Kraus and Kraybill's (12) principles to apple trees
was probably by Hooker (11). He studied the C/N relationships
0of barren, non-bearing and bearing spurs. He concluded that the
Starch/N relationship was of more importance with the apple than
the Total Carbohydrate/N relationship. He found the non-bearing
spurs to have a higher starch and lower nitrogen conteat than

bearing spurs.

Kraybill (13) found in the case of Yellow Transparent
with which he worked that the vegetative spurs wers higher in
carbohydrates and lower in moisture and total nitrogen than

bearing spurs, which is in accord with Hooker (I1).

Harley (5)lin a study of the normal variation in the
chemical composition of frult spurs and the relation of com=~
position to fruit bud formation found greater variability in the
old growth than in the new growth of non-bearing spurs. He
pointed out also that spurs of varylng length are more variable
than those of similar length. His results on the relative comw
position of non-bearing and bearing spurs corroborate the results
of Hooker (11) in that he found nonebearing spurs at the time

of fruit bud differentiation to be relatively high in starch

compared to nitrogen content, whereas bearing spurs at the same



period were relatively low in starch compared to their nitrogen

content.

The problem has also been attacked by noting the
differences in the chemical composition of spurs and trees under

different fertilizer treatments,

Roberts (21) as early e&s 1921 grew young tress in
small conteiners under sbundant and restricted nitrogen supply
and then studied the C/N relationship of the two year wood. The
trees were then reversed with respect to thelr nutrient conditions
and the carbohydrate chenges resulting noted. He found that
carbohydrates decreased with an increasse in nitrogen content
and that blossom bud formation occurred only when intermediate

amounts of nitrogen and earbohydrates were present.

Potter and Kraybill, et al (19) made & study of
fruit spur composition as related to frult bud formation in the
case of Beldwin apple trees under different fertilizer treatw
ment. Most of their results were explainable on a C/N
relationship basis with one exception which seemed difficult
of explanation, namely, that ® bearing spurs on the sod plots
and nonwbearing spurs on the nitrate fertilized plots are
similer in cerbohydrate-totalenlitrogen relationships, while
the former preduced no fruit buds and the letter formed o, 4

per cent fruit buds.," They suggest this similarity in



chemical conditions but marked difference in fruit bud forw
mation may be due to the dominant effect of fruit on the
bearing spur. They found bearing spurs higher in nitrogen end
moisture and lower in starch and total carbohydraies than none
bearing spurs from the same plot. They conclude that ®the

data is t00 meagre to permit drawing definite conclusions.”

Schrader and Auchter (22) in studff%he first year's
effect of differsent nlirogen fertilizers on bearing apple trees
low in vigor, noted an immediate response in color of foliage
nitrogen content and terminal end spur growth. Anslyses of the
spurs showed that spur growth eand soluble nltrogen content at

blossoming time were most closely related.

Marsh (18) enalyzed bearing and non-bearing spurs from

twenty-six year old Winesap apple trees and found that all beare

ing spurs contained a higher percentage of nitrogen than nonw

bearing spurs.

Lagasse (14) workirg with Jonathan apple trees that

had been under different fertilizer treatment for seventeen

years noted a rather close agreement betwsen the C/N relationship

of the new growth of vegetative and bearing spurs (cluster base
included) and the type of growth and productivity of the trees.
Undoubtedly the great length of time the trees had been under

trestment and the utilizetion of only the new growth of the



apurs, as suggested by the work of Harley (5) had much to do
|

with the results obtained.

Potter and Phillips (20) in a continuation of the
study on composition and fruit bud fermation in Baldwin apple
trees, ceme to the conclusion that insoluble nitrogen is more
ilosely correlated with fruit bud formation than any other
constituent, They found carbohydratesnitrogen ratios not to

have been of significance.

Harvey and Murneek (7) early recognized and mentioned
the greater difficulties sncountered in studying the C/N
relationships of apples as compared with the tomato plant.
They found that defoliation of spurs increased the C/N relationw

ship largely by decreasing the amount of nitrogen present.

Harvey (€) in studying the growth of summer shoots
of the apple, particularly with respect to the role of
carbohydrates and nitrogen, found that defoliation decreased
the carbohydrate~nitrogen ratio in the upper portions of the
gshoots, He found the same to hold true in the bases of the

shoots excepting to a less degree.

Kraybill (13) studied the C/N relationships of nonw
beering spurs of young ringed and unringed Mcintosh apple trees.
He found that ringing increased the carbohydrate and decreased

the nltrogen content of nonwbearing spurs. Increased fruit bud



formation also resulted on the ringed trees.

Thomas and Anthony (25), using Staymen Winesap spple
trees.on roots vegetatively propagated from the same parent,
studied the effect of various cultural and fertilizer treatw
ments on the composition of the leaves and one and two year
branches. The results of the first year's snalyses showed the
Checks in both sod and tillage to have C/N relationship in

the case 0f the one year wood than the trees receiving NPK,

Stuart (23) studied the effect of heavy nitrogen
applications on the metabolism of young apple trees and found
a higher nitrogen and lower carbohydrate content in the lesves
of the trees receiving nitrogen which results in a narrower

C/N ratio.

Thomas (2U4), who has gone inte a more detemiled study
of the nitrogenous metabolism of the apple than other investiw
gators, has found changes occurring in nonwbearing spurs
between the starting of growth and the time of blossoming which
led him to believe that the material for the development of
flowers was being drawn rapldly from the reserve proteins. He
also notes that the course of the fluctuathbon of the nonw-bearing

spurs follows that of the one and two year old branch growth.

Several workers in a somewhat more detziled study

of the problem have sepamated the bearing and nonebeering spurs

Te



inte several portions and analyzed each separately with respect

to its C/N relationships.

Lagassé (15) found upon separate analysis of the
cluster base and secondary vegetative growth of bearing spurs
that the cluster base was, on a percentage basis, higher in
nitrogen and total carbohydrates than the secondary vegetative
portion of the bearing spurs. The same held on an absolute
amount basis except in the case of starch in several instances.
The percentage starch and total carbohydrate-total nitirogen
ratios of the cluster base were only one~half to two~thirds as

large as those of the secondary vegetative growth.

Heinicke (9) found that the C/N ratio of apple bud
tissues mey cover a rather wide range just prior to the time
that they differentiate without reducing the percentage of
flowers formed. He also found thet the spur portion has a
greater carbohydrate and a smaller nitrogen concentration than
the bud. He suggests that, "it is probably too much to expect,
with our usual methods of chemical analysis that we cen deter#
mine the chemical factors which are primarily responsible for
the differentiation of flowers. Such factor of factors may

exist in concentrations of perts per million rather than in

8.

percentages and it may be a very illusive substence of the nature

of vitemins, for example."
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1t is thus seen from this brief review of some of
the literature on the subject that the growth relationships
and fruit bud formation of &pple.irees as related to their
chemical composition has been given serious consideration but

that the problem is in need of further study.
Materials and Methods

History of the Trees Used

An excellent opportunit& for a study of the chemical
composition and growth behavior of spple trees under different
levels of nutrition presented ifselt at the time the author
assumed duties at the Delaware Agricultural Experiment Station
in ths fell of 1925, At that time a seventeen year old fertilizer
study was concluded. Certain trees in this orchard had never
received fertilizer of any kind, whereas other trees in the orchard
had received nitrogen, phosphate, and potash in varying amounts
during the seventeen year period. These fertilizer treatments had
resulted in the development of trees very divergent in growth and
8ize as well as in productivity. Those not having received
nitrogen were small in size (Fig. I). The folisge was yellowishe
green in color and the trees were making short spur and terminal
growths and the yields were very low. Those which had received
nitrogen alone or in combination with phosphorous or potassium
were much lerger in size, (Pigi.1I), carried dark green folisge,

had made faeir to excellent spur and terminal growth and had



FIGURE I
A seventeen year old Jonathan apple tree that
has never received nitrogen. It is small of size, with
poor terminal and spur growth and typical of the Check and

PK trees studied*



Figure II

A seventeen year old Jonathan apple tree that has
received nitrogen in addition to phosphate and potash since
planting. It is of good size and carries many fruiting
branches. It is making fairly good terminal and spur growth
and its yields have been good. It is typical of the nitrogen

trees studied.

11.
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Yielded abundantly.

Horticulturists felt that trees in the different plots
might be grouped irnto certain of the classes described by Kreus
and Kraybill (12). A prelimirery study of the C/N relationships
of these trees was made in 1926 for the purpose of determining

whether this was actually the case (1lU).

The results showed that the various growth conditions
of the trees under study were correlated with internal com=
position with respect to carbohydrates and nitrogen, thus
indicating that the C/N relationship was sappliceble in the case
of apple trees in very different conditions of growth. It then
seemed desirable to determine whether it was possible to change
both the growth conditions of the tree and the C/N relationships.
Accordingly, changes in fertilizer treatment were made in the
spring of 1927. Certain of the Check trees that had been making
poor growth and upon analysis waré.found to have a high C/N re-
lationship were changed to heavy nitrogen treatments. Certain
other Check trees were intended to serve as Checks but through
accident received nitrogen so have been discarded from the study.
Other trees that had received only P and K treatments during the
previous seventeen years and which were elso poor in appearsnce
and high in their C/N relationships were also given heavy appli-
cations of nitrogen. Also certain of the trees formerly receive

ing nitrogen, phosphorous, and potassium which were normal in



appearance and had yielded well, but which hed been found to have
a lower C/N relationshié than the Check or P or K trees, were
given additional emounts of nitrogen. From certain others of
this group the nitrogen was withheld. At the end of a five year
period ( spring of 1932) when externel changes such as color of
foliage, terminal growth, spur growth, circumference and yield
records indicated that the trees had been materielly affected by
the new fertlllzer treatment, they were sampled to determine

whether their internal composition had changed since 1926.

Description of Trees and Treatments.

_Irees,

The Jonathan trees were located at the Delaware
Agricultural Experiment Station and were eightsen years old in
1927. ‘The soil was a clay loam deisgnated by the Agromomy
Department of the Station as a Sassafras silt loam. The orchard
sloped moderately from north to south with some slope occurring
from wesi to east, Good drainage resulted, although washing
also occurred in times of heavy storms. The orchard was
originally set 20'x20' but in 1923 every other row was removed

lengthwise of the orchard thus leaving the trees 4orxe0!, with

the trees this close some cross-feeding probably occurred during the

latter part of this study. There were a number of varieties
other than Jonathen remaining in the orchard so that ample crosse
pollination wes provided. A system of cultivetion end sown cover

crops was used during their earlier years but more recently
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1

cultivation has been practised during the early part of the growing
&eason and natural weed growth permitted during the latter part.
The trees have been cered for uniformly during their life with
respect to spraying, pruning =and cultural treatment and the study
of the effect of fertilizer treatment on growth and yields has!

always been the main objective.

ggaatmengs

The trees had been under fertilizer treatment
since the time of planting (1909) in the orchard. These former
treatments, henceforth referred to as the "0ld Treatment", and
the change in treatment mads to each trese in the spring of 1927
and referred to in the future as the "New Treatment', are given
in Table 1. Nitrogen, phosphorous and potassium wherever applied
up to and including 1926, were applied at the rate of fifty pounds
each per acre. The applicatlon of each of these materisls and in
these smounts is indicated respectively by N, P and K. Double or
triple samounts of one or more of the elemente is indicated by the
appropriate numeral following the symbol, example NE. Nitrogen,
phosphorous, and potassium applied at the rate of f£ifty pounds per
acre, when converted to a per tree basis (forty per acre) in terms
of sodium nitrate, superphosphate, and muriate of potash is
equivalent to 3.06, 2.88, and .92 pounds respectively. It will be
noted in Table 1 that the applications of these fertilizers ranged
from 0 to 9 poundﬁ per tree in the case of nitrate of soda, from O

to 6 pounds per tree in the case of superphosphate and from 0 to 1



TABLE 1

Presentation of the Fertilizer Treatment of Individual Trees Under
014 and New Treatments ~ Newark, Delaware.

01d Treatment in Pounds | New Treatment in Pounds
Tree A
No. NaNOz wuom K50 zpzom‘ mnom K0
Bl 0 0 .92 L 25 0 .92
Bt 0 0 92 I 10 0 -92
*3U.8 0 0 .92 25 0 .92
Foult 0 0 .92 0 0 .92
36mb 0 ] .92 10 0 .92
*36.8 0 0 .92 e5 0 .92
34e10 0 0 0 15 0 0
3412 0 0 0 25 0 0
* 3610 0 0 0 25 0 0
3611 0 ] 0 15 0 0
*36.12 0 0 0 25 0 0
3wy 3.06 2,88 0 0 2.88 0
*34.06 3.06 2.88 0 10 2.88 0
*36.26 | 3.06 2.88 0 0 2.88 0
3 wo 0 0 0 0 0 0
3432 0 o} 0 0 0 0
36=30 0 0 0 ) 0 0
umsmm 0 0 0 0 0 0
34 3.06 2.88 .92 0 2.88 .92
*3U ke | 3,06 2.88 .92 10 2.88 .92
36=40 3.06 2,88 .92 0 2.88 .92
*36-42 | 3,06 2.88 .92 0 2.88 .92
*38-10 0 5.T6 0 25 5.76 0
4010 0 5.76 o 25 65.76 0
40-22 0 576 o H 25 5«16 0
ERT 0 Be 76 o || 10 5.76 0
srlpa12 0 576 0 10 5¢76 0
38020 0 0 0 15 0 0
*140n20 0 0 0 25 0 “ 0
*}40.22 0 0 o 15 0 0
Lo.22 0 0 0 25 0 0
38-26 3.06 0 .92 0 0 »92
How2l 3.06 0 .92 0 0 .92
* glN@ u . Qw 0 . WN 0 0 L] WN
*40.28 | 3.06 0 .92 10 0 .92
hoe2s~ | 3.06 0 .92 10 0 +92
.10 0 ] 0 25 0 0
salilp 0 0 0 10 0 0
*}46-10 0 0 0 10 0 0
Youl2 0 0 0 25 0 0
siloaly } 3,06 0 0 10 0 0
*U46m16 | 3.06 0 0 0 0 0
Khu26 9,18 2,88 .92 0 2,88 .92
4521 9.18 2.88 .92 25 2.88 .92
*L6-26 9,18 2.28 »92 25 2.88 .92
* 4628 9,18 2.88 .92 0 2.88 .92
4h.30 0 0 0 25 0 0
Yha32 0 0 0 30 0 ]
*U6m30 0 0 0 r 25 0 0
1

*Trees used in 1926 study.

**Received nitrogen by mistake.

P205 indicates superphosphate. . :

K50 indicates muriate of potash with exception 0f several years during the war when sulphate of
potash was used. .

‘1
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pound per tree in the case of muriate of potash.

Beginning in the spring of 1927 a change in the
nitrogen fertilizer #pplication to certain trees was made.
These changes are indicated in Table 1. It is noted in Table
1 that changes in fertilizer tremtment were made in 1927 to other
trees in addition to those studied in 1926. It is seen from
Table 1 that very contrasting changes were made in the treatment
of the trees. The Check and PK, low yielding, high C/N trees
were given heavy applications of nitrate of soda. Nitrogen was
withheld from certain high ylelding trees that had formerly ree
ceived it. To csrtain)others of this group the amount of nitro~
gen appliked was increased greatly. These changes in fertilizer
treatment were made for the purpose of studying the growth
changes produced and their essociation with the C/N relationship
of the trees. It should be kept in mind thaet the 0ld Treatment
covered the period 1909 to 1926 end that the New Treatment bew
gan in the spring of 1927 and contimed through 1932, In all
instances where a tree hed previously received superphosphate
or muriante of potash or both, the application of these materials
was continued regardless of whether the amount of nltirogen
applieﬁ was increased or decreased. All fertilizer applications
as in the past were made in the spring at about the time the buds

began to swell,
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Descrigtion of Methods

Growth Meagurements®
Circumference:» The yearly circumference measuree
ments were taken with a steel tape at a2 point about one foo+t
above soil level marked by a nail driven part way into the

tree,

Terminal Growth:= When the study was begun in 1927
it was considered advisable to determine the amount of terminal
growth that the trees had made during the seasons of 1924, 1925,
and 1926 before any change in fertilizer treatment was made. Such
deta were not obtained by those formerly in charge of the earlier
experiments. Accordingly, forty terminal growths were selected
at rendom from among the branches within reach from the ground.
The annual growth made during the seasons of 1924, 1925, and
1926 was measured in centimeters with a steel tape. Measurements
of forty terminael growths in centimeters were made yearly

thereafter.

Growth of Vegetative Spurs:w
Length of Vegetative Spurs:~ In order to

obtein further informetion as to the condition or state of growth

*The author is especially grateful to those preceding him who
secured the annual circumference and yield records of the irees
used in this study from 1909 to 1925. Those having taken part
in this work are: R.R.Pailthorpe, W.J.Young, C.C.Wiggans, N.L.
Partridge, R.C.Nehf, G.F.Gray, L.R.Detjen, C.A.McCue, M.S.Gressner,
Orchard Forman, J.E.Vaile, J.H.Clark, L.H.Strubinger and B. Davison,
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that the various trees which w;re to be used in this study were
in, forty-five spurs which had not blossomed the two previous
seasons (1925-1926) were selected at random on each tree. Their
length was measured in centimeters before growth began in the
spring of 1927. Yearly thereafter (1928+1931) forty-five
vegotative spurs of the previous semson were sslected at random
on each tree and similarly measured in the spring before growth

started,

Blossoming end Fruiting Records
Annuel Per Cent Bloom:= An estimate of the per

cent bloom of individual irees was made yearly from 1926 to
1932, This estimate was obtained by considering a tree which
was practicelly white or in full bloom as 100%. Estimates be=
tween 0 and 100% were then made. It is acknowledged that this
estimate is not as accurate as counting the number of possible
blossoming points on a tree and determining the percentage of
these that are asctually in bloom, but with the large number of
trees under study the letter method was impracticable. The
value of the estimate lies in the fact that it is relative and
might have served in case of emergency (such as loss of crop
through hail) as an index to the general physiological condition
of the trees that season. As actual crop yields per tree are
available but slight importance need be attached to the blossome

ing records although they are presented.
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Yield Records:s» The annual yield per tree in
pounds was obtained Sy placing the frult, as brought to the
ground by the pickers, in a tered one~half bushel basket and
weighing to the nearest quarter of & pound. The total annual
yield per tree, as used in this study, was obtained by summating
the total weight of the several pickings, including drops, culls
and picked fruit and roundihg Aff the total weight in pounds and

ounces to the nearest pound.

Chemical Methods

 Sampling:~ In sampling in both 1926 and 1932
vegetative spurs of a tree were selected of a lemgth that would
epproximate the average for that tree. An attémpt to do like=
wise for bearing spurs was made using the length of sscondary
vegetative growth as an index, but this was found impossible as
most of the bearing spurs had made but very }little to no seconde
ary growth at the time the samples were taken. In fact plans
had been made to separate the secondary growth from the cluster
base for analysi# but these hed to be abendoned because thers
wes not sufficient secondary growth present to permit of analysis
unless prohibitive numbers of spurs were used. The lack of
secondary vegetative growth oh bearing spurs at the time of

sampling (June 26, 1932) is shown in Figure III.

Only the new growth was used as information (5)

to date indicated that it was more closely correlated with the



FIGURE TIIT

Note the small amount of secondary growth that
had been made by bearing spurs at time of sampling June

26, 1932.
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performance of the spur than old wood.

Spur samples were taken in 1926 between June 24
and Jun® 30 and in 1932 between June 25 and July 5., This
period in the year was selected as being approximately the time

of the beginning of fruit bud differentiation.

Days for sampling were selected which were clear
and which followed & clear day. An attempt was made to sample
at the same hours of the day, 10 A.M. to 2 P.M., but with the
volume 0f the material to be sampled it was later than this on

several of the days before the quota for the day was obtained.

The spurs were clipped from the trees with pruning
shears, end the new growth, which was separated from the old,
dropped with foliage attached to an assistant on the ground.

The leaves of vegetative snd bearing spurs from each tree
sampled were removed and placed'in'separate peper bags and teken
to the laboratory for weighing and counting. The new growth of
the spurs was placed immediately in previously weighed and
stoppered Erlenmeyer flasks. In the case of bearing spurs, the
fruits were also removed. In 1926, they wers placed in paper
bags and weighed and counted upon arrival at the laboratory but
this was not done in 1932, Upon arrival at the laboretory the
flasks were reweighed and the green weight of spurs obtained by
difference. They were then counted, cut into thin slices with

pruning shears end dropped into boiling alcohol to which .25
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grame of calcium carbonate was added. The contents were brought
to the boiling point and refluxed.at 78°C for twenty minutes,

cooled, stoppered, and set awey for snelysis,

Anglvtical Methods:« The alcoholic extract was
separated from the residue by filtration and the residue dried
for forty-cight hours at 70°C. At the end of this time it was
cooled to room temperature énd weighed in a covered dish, after
which it was ground to pass an eighty mesh sleve. The dry matter
of the alcoholic exfract was determined by evaporating a 1/10
aliquot to w dryness at 70°C and weighing the remaining residue.
The total dry weight of the sample was obtained by multiplying
the weight of the dried aliquot by ten, adding to it the dry
weight of the insoluble residue and subtracting .25 gms. to come

pensate for the Cal0z added at time of sampling.

Sugars
Aliquots of the ground residuse for the
determination of starch and for the determination of p&lxsaccharides
were placed in separate paper extraction thimbles and the open end
of sach was plugged with glass wool. They were then placed t0-
gether in e Soxhlet extraction tube above 1l25cc of 50% alcohol and
extracted for four hours at such e pete that the extract was

siphoned seven or eight times per hour.

At the end of the extraction period the

contants of the extraction flask were transferred to an
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eveporating dish and the proper aliquot of the original elcoholic
extract was added. The evaporating dishes were placed on a hot
water bath and the alcohol driven off, water being added from
time to time to replace it. The mlcohol free extract was trans-
ferred to a 250cc volumetric flask, and sufficient neutral lead o
acetate added to precipitate the proteins. After cooling to |
room temperature, 1t was made to volume and filtered. The excess
of lead usually present was removed by the addition of a small
quantity of anhydrous sodium cerbonate. Filtration through a
double filter paper yielded a clear extract, portions of which
wers used for the determination of free reducing and totel sugars.
The Rertrand modification of the Munson Walker method was used for

all sugar determinations.

Free Reducing Sugers - The reducing power

of a 50cc portion of this cleared sugar solution was determined

and calculated sas glucoss.

Total Sugars - A 25cc portion of the
cleared suger solution was placed in a 100cc volumetric flask
conteining 25ce of distilled water. Five cc of 37% hydrochloric
acid was then added and the sugar hydrolyzed at room temperature
for twenty-four hours. The solution was then neutralized with
anhydrous sodium carbormate, the contents made to volume and
filtered. A 50cc portion was then used for the determination of

total sugars and the results calculated as invert sugar.
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Sucrose ~ Sucrose was calculated as the

difference between total and free reducing sugars.

Acid~Hydrolyzable Substances

One of the aliquots of the insocluble re-
sidue from the sugar extractiona‘was transferred to a 500cec
Florence flask to which 150 cc of distilled water and 15¢c of 37%
hydrochloric acid were added. The mixture was then placed beneath
e condenser and refluxed for three hours. At the end of this
hydrolysis: the mixture was neutralized with analydrous sodium
carbonate, made to 250cc volume and filtered. Fifty cc of this
solutior was used in determining its reducing power. Resulis

were calculated &s glucose.

Starch 1926

Starch was determined by a modification of
the method reported by Walton and Coe (26). The alcchol extracted
tissue was transferred from the extraction cone to a 250cc Erlenw
meyer flask, 50cc of water added and the contents brought to
boiling to thoroughly mix them. The flasks were then placed in
en sutoclave at fifieen pounds pressure for one hour. Upon ree
moval, the mixtures were ellowed to cool to 40°C. whereupon 15cc
of salive was added to each as they were placed on a water bath
held at 40°C. They were maintained at this temperature for one
hour, tested for starch, trensferred to a 250cc volumeiric flask

end handled from here on sccording to the method of Walton and
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Coe which includes precipitation of gums and pectins with 60%
alcohol, replacement of the alcohol by water and hydrolysis of
maltose to glucose. A blank was run in duplicate with each set
of determinations sand its average reducing value subtracted from

each determination.

Starch 1932
Starch was determined in 1932 by a modi-

fication of the method of Walton and Coe (26) as described by
Boswell (1), excepting a 1% solution of take~dimstase was used
in place of a 5% solution of diastese. A blank was run with

each set of determinations and its reducing value subiracted from

each determination.

Nitrogen
Total Nitrogen- Total nlitirogen was detere

rined by adding an aliquot of the original alcohollic extract to
e Kjeldahl flask, adding one gram of salicylic acid, *placing on
water beth and driving off the elcohol and moisturs. Then a
similar aliquot of the powdered residue was added and the usual

Gunning~Kjeldahl method followed.

Soluble Nitrogen =« Soluble nitrogen was

determined by combining an aliquot of the original alccholic

*In 1932 a blower, as described by Gerdner (4) with certain
modifications was used to remove the alcohol, which saved much
time.



extract with an aliquot of that obtained by extraction of the
powdered residue, driving off the alcohol and water in the
presence of salicylic acid and then following the usuzl Gunningw

ﬁjeldahl method,

Alcohol Insoluble Nitrogen » Alcohol inw

soluble nitrogen was determined as the difference between total

and soluble nitrogen.

Gatalase

Catalase determinations® were run on the
leaves from bearing and vegetative spurs sampled in 1932, A type
of apparatus similer to that deseribed by Heinicke (8) was used
and each determination run in duplicate. Two discs, lecm. in
dismeter, were cut from ssch of ien leaves which were of average
size for the groupe The twenty discs were welghed immedistely
and placed in & mortar. An equal weight of calcium carbonate and
of finely ground sand was added and then one~fifth of the water
required to give a dilution of 1 to 20. The discs were coated
with this calcium wash and the tissue ground to a smooth paste
in exactly two minutes., It was then diluted 1 to 50 and transe
ferred to a small bottle which was al room temperatures Two cc.
of Dioxygen previously neutralized by the addition of calclum

carbonate was pipetted into one arm of a Bunzel reaction tube.

*The writer gratefully acknowledges the receipt of helpful

suggestions from Mr. I.C.Haut, of the Horticultural Department of the

University of Myryland, relative to the determinstion of catalase
activity.

o6.
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After shaking the sample ten times and allowlng fifteen seconds

for it to settle, two cc. of the macerated leaf tissue extract
end calcium wash was withdrewn with a plpette and placed in the
other end. The reaction tube was connected with the burette end
immersed in & water bath kept at 2500. When the tube and contents
had reached the temperature of the water bath and the water level
in the burette adjusted to zero, the liquids in the reaction tube
were mixed at the rate of one~half turn per second. A stop
watch was started when the liquids were first mixed and the
number of seconds required to displace successive cubic centiw
meters of water from the buretie were recorded until a total of
ten cc. had been removed or the reaction so slowed up that it
became too prolonged. This served as the measurs of catalase

activity of sach sample.

Statistical Methods.

In studying fhe significance of the difference
in chemical composition of the spurs in 1926 and 1932, Studentd Odds
were used as recalculated by Love (17). 0dds of 30 to 1 have been
considered significent. In making o comparison of the growth and
yields of the trees during the five year periods before and after
treatment, Fisherts (3) method for the analysis of wariance was
used by means of which variation due to trees and years was ree

moved in the determination of the standard error.

27,
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esulis

For convenience of expression the following terminology
will be used in reference to the verious groups of trees in
discussing the results of the study. The untreated trees will
be termed Check — Check. The Check trees which received appli-
cations of nitrogen will be designated as Check-—> N. The trees
formerly receiving X or P and to which nitrogen was added will be
designated as KeP__—>N. Those trees which had received NPK and
from which nitrogen was withheld will be designated N-—0, and if
additionsl amounts of nitrogen were supplicd as N—> N. Wherever
trees had previously received K or P, such treatment was continued

ragardless of change in nitrogen treatment,

Growth Responges of the Trees
Circumference Growth (Table 2)

The trees receiving nitrogen showed

the most growth in circumference during the period 1922.1326
and 1t is noted from Table 2 that their circumference at the
beginning of the experiment in 1921 was considerably greater
than that of either the Check trees or trees receiving F or K
only. It is evident also that the trees.receiving P or K alone
were not as lerge as the fhecks in 1921. Since the average
yearly girth increments of the P-K trses from 1922-1926 ine
clﬁaive, and the average circumference at the beginning of the

experiment were smaller than that obtained from the Check tres,
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it would indicate that the P-K trees may have been adversely
affected by the treatment prior to 1921 as well as during the

years 1922 to 1926.

-The group 02 P<K—-N trees showed the
greatest average gein 17.4 f 2.31 millimeters per tree of any
group. Nitrogen undoubtedly was a limiting factor in the growth
of these trees and as has been mentioned, K or P under these
conditions may have had s deleteriocus effect which was overe

come by the nitrogen.

Figure IVdepicts graphically the data
in Table 2 showing more clearly the effect of the change in
fertilizer treeatment on the amount of circumferential lncrease
made, It is seen that one group of the Check trees and the P-K
trees were making about the seme amount of circumference growth
between 1922 and 1926. The other group of Check trees which
wers located in s slightly more famvorable area of the orchard
were making somewhat better growih but not nearly as much as
the trees receiving nitrogen. Between 1927 and 1931 the Check
trees without treatment contimied in an slmost straight line
whereas the P~-K end Check trees receiving the heavy aeppli=-
cations of nitrogen immedietely increased their rate of growth
(1927), and continued %o diverge from their former line of

growth until 1931,



TABLE 2
Comparison of Yearly Gain in Circumference in Millimeters of Jonathan
Apple Trees When Under Old and New Fertillzer Treatments

0ld Average | No. Average Girth Increase New Avergge Girth Increase Ave. Anhual | Difference % Gain
Treat- {Circum- | of per Tres Treats per Tree Increase per With or
ment {ference| Trees | 19221923 19214- 1925] 1926 [ment 19271 1928 19291 1930} 1931 Tree Standard Loss
1908« | 1921 1927« 1922. | 1927~ Error

1926 1931 1926 | 1971

Check | 510 4 7.3} 7.0[12.3| 9.5/19.0 Jcheck | 18.0| 11.8| 8.8 13.8|11.3{] 11.0 | 12.7 | 1.7 .’f 1.81 "15.1;5
Check 509 12 [20.313.4[27.9 2.3 15.7 N 40.4 19.6| 33.9] 30.3{19.8]| 15.9 | 28.8 | 12.9 Z 1.27 "‘81.13
P or K| ko3 5 {10.0{ 5.0{10.4] 8.4 &.2 | NPk | 41,0{19.0|23.8 27.2|18.2{| 8.4 | 25.8 | 17.4 £ 2.31 7‘207.114
NFK 651 11 |30.529.2 |34.5 [po.5[18.4 || Bk 38.5|19.6|25.1]15. 4] 16.5]| 26.6 | 23.0 | 3.6 4 177 | = 1353
NPK 695 7 29.1 eg.1 31.14‘211.7 18.1 | NPK | 35.8]17.5|29.14 19.7 20.7Ji 26.3 | 24,6 1.7 .’f 2.73] - 6.46

Explanstory Nots =
0ld Treatment
Groups labelled = Check indicates trees have not received fertilizer of any kind.
P or X indicates trees have received at least 3 lbs. of superphosphate or at 1eaat 1l 1b,
of muriate of potash annually per tree.
NPK indicates trees received at least 3 1lbs. and not more than 9 lbs. of nitrate of sods

L]

L]

"

New Treatment

Groups lgbelled
H 1

See Table /..

for individuml Tree Treatment.

|

1

annually per tree.

Check indicates trees have not received fertilizer of any kind.
N indicates trees received from 10 to 25 1bs. of nitrate of soda annuzlly per tree.

NPK indicates trees received from 10 to 25 1lbs, of nitrate of soda annually per tree
and same quantity of P or K as under 0ld Treatment.

P and X when applied was at least in quantity given under P or K.

*0¢
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The group N—>0 trees showed (1927-1931) an
average annual increase in circumference of 3.6 f 1.77
millimeters less than in the earlier period. The stendard
‘error of the difference shows this to be a significant decreass,
The N—N group of trees, it is observed, have made slightly
less (1.7 f 2.73 millimeters) than in the former period. The
standard error shows, however, that this decrease is not

significant.

It can be noted (Figure ) that the almost
straight and parallel lines of growth made by the N —0 and
N—N groups of trees before the 1927 change in treatment show
that the trees were in a very simllar condition of growth be
fore any change in nitrogen treatment was made. During the
1927-1931 period there was a falling off in growth in both groups
but as noted in Table 2 only that in the N—0 group is signiw
ficant. It is noted that during the last two years the N-—0
group have dropped slightly below the trees which have received
heavy applications of nitrogen between 1927-1931. It also is
apparent that nitrogen deficient trees increased in their rate of
circumference growth the first year that nitrate of soda was
epplied, indicating that the nitrogen is utilized by the tres

soon after application under such conditions.

The column in Table 2 presepting the above gains

or iosses on a percentage basis shows the direction and amount of
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FIGURE IV
Comparison of the total circumference increment
in millimeters made by the various groups of trees

before and after trestment,

Comparison of -
Total Circumference Incremeats in Millimeters = -

Before Treatment ATter Treatment

=y

2]

160

80

are 1922 1923 1924 1925 1926 1927 1928 1929 1930
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change but possibly unduly accentuates the gains made by the P-K
group of trees due to the small amount of growth they made bew

tween 1922 and 1926.

Discussion

I4 is apparent from the circumference measure=-
ments that the Check trees which had not received fertilizer of
any kind for a seventeen year period were able to utilize nitrogen
readily when it was epplied. It is seen also that trees having
received P or K made a much greater percentage gain in clrocumm
ference than the Check tress but less on an actusl amount basis.
The N—>0 group of trees showed a significant falling off in
yearly girth increment. However, the nitirogen reserve of these
trees, in addition to the possibility of cross-feeding, was
apparently sufficient to enable them to make a fair amount of
growth., Nitrogen analyses of these trees (Appendix Tables
P end G) show that the nitrogen content of their spurs is higher
in nitrogen even in 1932 then Check irees were in 1926. However,
they are, in general, lower in nitrogen than they were in 1926,
indicating that their reserves have been utilized to some extent.
Roberts (21) has shown that young apple trees having been grown
with a good supply of nitrogen would continue to make reasonably
good growth the next season even though placed under conditions
where the supply of nitrogen was very low. Crane (2) has also

shown similar results with peaches. The application of large
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amounts of nitrogen to trees already well supplied with it did
not increase the amount of circumference growth but seemed ine
stead to have possibly a deleterious effect. It may be an
accumulative toxic effect that will increase as time goes on, to
the point where it will become significent. However, at present
the standard error of the difference shows it to be entirely

within experimental error.

Terminal Growth (Table 3)

It is noted first that there are several
more trees included than was the case with respect to the cir-
cunference measurements presented in Table 2. This is dues to
the fact that several trees hed to be omitied from the circume
ference study as result of error involved in making yearly
circnmferenée measurements. The terminal growth msasurements
of such trees, howsver, can well be included in this study. An
exemination of Table 3 shows that the different groups have in
general responded much the same in terminal as in circumference

growth although there is a significant gain in the N—0 group

instead of a decrease as noted in Table 2.

The graphs of Figure V based on the
accumulated yearly terminal growth of the different groups de~
pict clearly the beneficial effect of nitrogen treatment on the
growth of the trees. It is noted that the effect of nitrogen

does not appear to be quite as marked the firsi year (1927) as

in the case of the circumference growth. The second season,



TABLE 3

Comparison of Yearly Terminal Growth in Centimeters Under 0ld
and New Fertilizer Tréatment.

014 No. Average Growth New Average Growth Annual ‘Ave.. Difference with %ﬁGain
Treat- |of er Tree Treat- per Tree Growth per Standard Error or
ment Tress | 1924 1925 1926 Jment 1927 | 1928 | 1929 1930 |1931 Tree Loss
1908- 1927- 192 1927w

1926 1931 1926 | 1931

Check L 2.75] 3.57{ 7.0 |Check | 9.17| 6.50]11.27| 9.32}10.80] 4.4k | 9.,u1 4,97 ?-‘ .663 rc111.93
Check | 1k 4,81 6.00] 7.47] N 14.96 | 21.44 20.39 14, U4|17.21] 6.09 |17.69 | 11.60 ¢ .592 F190.48
PorK| 8 2.98] 3.36] 5.29| NPK  {13.08 | 20.06] 2k.14}13.76|217.39] 3.87 |17.69 | 13.82 ?f .860 [ 357.11
NPK 11 12.64|10.93) 9.78 | PK 12.04 ] 13.20| 14.09{10.60{13.77|11.11 | 12.72 1,61 f .600 £ 14.49
NPK 7 14,16{11.49{11.14 | NPK  |15.30 | 17.17]18.68{11.35|15.17|12.25 |15.5% | 3.28 ?f .927 |¥ 26.78

Explanatory Note «
01d Treatment

Groups labelled -

L]

13

New Tregtment

Groups lahelled -

ft
[}

See Table /3.

"
"

(.2

]

Check indicates trees have not received fertilizer of any kind.

P or K indicates trees have received at least 3 1lbs. of superphosphate or at least 1 1b.
of muriate of potash annually per iree.

NPK indicates trees received at least 3 1lbs. and not more than 9 1lbs. of nitrate of soda

P and K when applied was at least in quantity given under P or X.

annuglly per tree.

Check indicates trees have not received fertilizer of any kind.

N indicates trees received from 10 to 25 1lbs. of nitrate of scda anmally per tree.

NPK indicates trees received from 10 to 25 lbs. of nitrate of soda annually per trese and
same quantity of P or K as under 0ld Treatment.

for individual Tree Treatment.

*q¢
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FIGURE V

A comparison of the total terminal growth in
centimsters made by the trees of the different crops
before and after treatment. Note how those receiving

nitrogen have diverged from the Check group.

Comparison of the Yearly Terminal Growth in Centimeters

N—N

Check —N

105

P or k=¥
N0

Before After
‘Preatment Treatment

Check

Centimeters

N 1925 1926 1927 1926 1929 1930 93
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however, shows a sharp upwerd trend in the groups receiving it
as compared to the Checks. The N—0 group of trees have made
considerably less total growth during the period than the N—=>N
group of trees. It is thus seen that the terminal growth of the
trees was affected in much the same way as circumference growth

by the various treatments given the trees.

Growth of Vegetative Spurs

A comparison df the average amount of
growth made by vegetetive spurs of the same trees before end
after treatment is presented in Table 4 and Figure VI. The
same general trend as that noted in the case of circumerence is
evident with the exception of the Check and N ~>N groups which
here show & significant incresse. It is noted that here also
nitrogen applications have caused marked increases in the Check
—> N and P«K —> N groups, although the results are not as
striking as in tne case of the more acdurate circumference

measursments.



Comparison of

TABLE Y4

01ld and New Fertilizer Treatments.

the Yearly Growth of Vegetative Spurs in Centimeters Under

01d No. lAverage Growth | New Average Growth per Tres Annual Averagd Difference with f%’Gain
Treat~ { of per g;ae Treat= | 1927 | 1928 ] 1929 | 1930 { 1931 | Growth per Standard Error or
ment |Trees | 1925 192 ment Tres Loss
1908 1927« 1925~ | 1927+

1926 1931 1926 | 1931

Check L RITS 1.00 | Check 2.81| 3.28( 3,44} 1.92| 1.5U .73 | 2,60 1.87 4 « 387 M256.2
Check | 14 .62 1.08 | N 2.70| 2.37] 5.42] U.02{ 2.42 .85 | 3.39| 2.54 4 173 rags.s
PorK| &8 .54 .98 | NFK 3.72| 2.19] ¥.95] 3.23| 2.02 76 | 3.22] 2.6 E .721L323.7
NFK 11 1.08 1.b2 | K 2.63| 2.24) 5.01| 2.71] 2.06 1.25 | 2.93| 1.68 ¢ .11 13h.h
NPK 7 1.58 | 1.30 | NPFK 2.96| 2.61] 6.09| 3.76) 2.32 | 1.4l4 | 3,55 ] 2,11 ’-‘ .aahflhs.s

Explanatory Note =
01ld Treatment

Groups labelled
"

#

#

New Treatment

See Table (5.

Groups lahelled
#

B

i
]

1 1b. of muriate of potash annually per tree.

|

[}

of soda annually per trese.

given under F or K,

for individusl Tree Treatment.

Check indicates trees have not received fertilizer of any kind.
P or K indicates trees have received at least 3 1lbs. of superphosphate or at least

Check indicates trees have not received fertilizer of any kind.
N indicates trees received from 10 to 25 lbs. of nitrate of soda annuelly per tres.
NPK indicates trees received from 10 to 25 lbs. of nitrate of soda annually per tree.
and sare quantity of P or K as under 0ld Treatment.

NPK indicates trees received at least 3 1lbs. and not more than 9 lbs. of nitrate
P and K when applied was at least in quantity

*3¢
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FIGURE VI

A comparison of the total growth of vegetative
spurs in centimeters before and after treatment. Note
that all groups ars above the Check trses but that the

group from which nitrogen was withheld is next lowest.

Comparison of Fertilizer Treatment on the Growth of Vegetative Spurs in Centimeters
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N—s¥
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Check =N
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Blossoming and Fruiting Response
Blooming Behavior

It is apparent from the average of the
blooming records for the 192(-1933 period presented in Teble 5
that ell trees receiving nitrogen applications have averaged a
nigher percentage bloom than the Checks. The N—~>0 trees
meintained nearly as high blossoming as the N —> N trees even
though no nitrogen was applied. The nitrogen reserves of the
latter irees apparently have helped in this respect. Tne
biennial habit of the tree seems to be much more infiuential on

the average percentege bloom produced than the treatiment.

Yield Records
The yield records of the tree is one of
the ultimate measures by which to Judge whether the trees have
been cnhanged in growth gnd composition. It is also the measure
by which one mey determine whether a given fertilizer ireatment

has been profitable or not.

It is realized now that in the desire to
have a2 many treated trees within & group as possible that there
was not as many Check trees left as would have been desirable.
Thus, four additional Check trees in the orchard have been used

for comparison.

The unmal yield in pounds per tree are



TABLE 5

Comparison of the Average Percentage Bloom of Trees Under Different

Fertilizer Treatments 1926-1933 Inclusive = Newark,

Delaware.

No. 0ld Average || New Avker'g e Per cent Bloom Ave. %
of Treatment | % Bloom Treatment | 1927 | 1928 | 1929| 1930 1931 } 1932 | 1933 Bloom
Trees 1926 1927-1933
P Check 5.0. Check 40.0 38,0 14.0| 55.01 1.4 | 34.2| 4.2 31,97
13 Check 34,2 10-25 N 30.7 4.2 11.9] u8.1| 3h.1 u7.7|1 85.4 47,4k
g K=Fp 28.7 Kor P§ ]10.6 | 75.6 |15.6 | 73.1 | 20.2 | 23.1] 8.3 43.21
10-25 N .
11 NFK 53.0 PK 30.9 80.9 {16.3 | 65.9 | 13.6 39.1 | 53.5 42,88
6 NPK 78.3 PK # 11.6 80.8 [10.0 | 57.5 | 16.6 35.8 | 79.1 41.60
g* 10-25 N _
TOTAL | 199.2 123.8 | 349.5 | 67.8 |299.6 | 85.9 | 179.9 |3U3.5
AVERAGE 39.8 24.7 59.9 { 13.5 | 59.9 | 17.1 35.9 | 68.7

[ ] '[ﬂ



presented for the'years 1921 to 1932 inclusive in Appendix Table E.
The average annual yield per tree of each pa;ticular treatment
from 19211932 is presented in Table 6, It 1s noted first

that the Check trees have yielded about 81.:‘8.86 pounds more per
tres, or a 219 per cent increase, during the 1927~1932 period
then during the 1921-1926 period which is a significant increase.
The cause may be due to their receiving some wash from an ade
Joining alfalfa fields The individual yield record of these
trees, Appendix Table E, shows that one tree decreased in yield
whereas the other trees increased sufficiently to cause o
slgnificant difference, The possibility of a gradual increase
in size of trec might be the cause but circumference measure=
ments show that they have not gained significantly in growth rate
during this latter period. The possibility of better growing
conditions due to seasonal variation suggests itself, But with
the well known drought years of 1929, 1930 and 1931 occurring
during this latter period this thought becomes untenable. With
a positive explanation of the cause of this large increase in
yield of the Check trees lacking, it was felt justifiable to
determine how other trees in the orchard which had not received

nitrogen had reacted during this perlod with respect to yield.

Accordingly, the yields of seven Jonathan
trees that had received acid phosphate and potash since time
of planting were compiled and are also presented in Table 6.

It is observed that these trees also yielded more during the
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TABLE 6
Comperison of Average Annual Yield in Pounds per Tree Whei Under 0ld and New Fertillzer Treatments. L
Ave. Ann. Difference .1 %
0ld No. Average Yield per Tree | New Averige Yield per Tree Yield per With Gain
Treat- of 1921 | 1922 | 1923 [192k | 1925 [1926 | Treatment {1927 [.928 | 1929 [1930 | 1931 | 1932 | Tree in lbse Standard . er
ment Trees i ; 1927-1932 1921-} 1927« Error Lo#s
1909-1926 i 1926 { 1932
Check Lt '10.5 251 20.0 | W.25{ 113,7 {75.0 | Gheck 745 1 h0.7[ 50.5 |22k.5] 17.2]|204.2| 37.11]118.60 81.h9’:s.36 - 4219, 58
Check 14 14.85] 58.78 ; UL5.64 e}.hu‘ 81.U31222,0; 10-25 N J118.5 | 30,3 21.8 [2M1.5| 204,6)13k. 2| 74.36[175.18 1oo.sef30.05.¢135;53
PK 7 16.1 {139.7 63.1 19%.8 | 115.3 [357.7| PK 38,8 | H7.31 70.L 1389.1 95.u4|3u5.8(171.8 197.& 66.0’115.15 #50:07
P-X 8 9.75| 28.1 7.75] 5.0 24,2 [139.6| 10-25 N # “0-2§ 96.8] 35.75/329.91 69.9{110.5| 35.73|147.18. 111.h5f13.01 £311.92
P=K
NPK 11 49.5 {410.2 |157.0 {265.2] 373.9 [550.%] P-K 100.2 | 12.2) 63.3 |428.2] 139.5|365.2]301.03 234,76 66.e7fg3.oo -22.00
NPK 7 61.8 ‘509.6 168.7 |282.0] 248.1 |7uB.2| 10-25 N 4 | 48.9 | 19.6] 36.6 [4M2.1] 206.3|Y433,7|336.L {281.2 55.gof21,oo ~16.50




1927-1932 period than durﬁng the 1921«1926 periocd but it was
only s 50% increase as compared to the 219% increase of the
Check trees. The standard error of the difference shows this
to be a significant increase, however.

It 1s felt, therefore, that causes beyond the ones common to
the other plots are responsible for the increase in yield of
these Check trees but chief among them maybe the seepage of

nitrogen from the alfalfe field above.

The group of P-K—>N trees have shown
the highest percentage gain (311%) of all groups. This greater
response of the P=K trees when nitrogen was addes is noticeable
with respect to circumference, iterminal growth and vegetative

spur messurements as will be recalled.

When nitrogen was withheld from trees
that had formerly received it, e significant reduction in yield
occurred of 22% due probsbly to » gradual reduction in nitrogen
reserves. Then 10-25 1lbs. of nitrate of sode wes applied tc
trees that had received nitrogen since time of planting, a
significant decresse also occurred due possibly to = toxic effect
although no outward signs of such a phenomena have as yet become

evident.

It is felt that any sbnormalities occur-
ing during the progress of a study, whether they result from

natural or other causeg, should be given particular thought in
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the interpretation of the effect of treatment on yields. The
two points in questiorn involve the omission of the yields of
1926 and 1927 and the reasons for such a procedure are pre-

sented in the following parsagraphs.

It will be noted from Table 6 that 1926
was a year of unusuelly heavy yield with the exception of the
first group of Check trees which had borne e proportionally
heavy crop in 1925. The trees receiving nitrogen bore more than
they had ever borne in & single year (1921-1926) and the FK
group and one group of Check trees bhore more in 1926 than they had
borne in the entire previous five year period. The explanation
of this exceptionally heavy yleld, particularly in the cese of
trees that had not received nitrogen, lies, it is believed, in:

a gredual accumulation of nutrient materials particularly carbos
hydrates and quantities of nitrogen until a point wae reached in
their composition in 1925 that was extremely favorable to fruit
bud formation. With optimum weather for polliination prevailing
during the blooming period in 1926, & heavy set resulted and as
previously mentioned they produced more fruit in 192b then in all
of the previous five yeer period. Fortunstely, this exceptional
increase in yield occurred previous to, rather than several yemrs
after the epplicat ion of large amounts of nitrate of soda to
these nitrogen deficient trees, for otherwise the nitrogen treate

ment would surely have been credited with a result for which it
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would have been in no way responsible. The writer, therefors,
feels justified in excluding the abnormal yields of 192b in a
proper interpretation of the results, &s being not typical of the

period under consideration.

The second point in question, namely the
exclusion of the 1927 yields when interpretating results seems
even more justifiable for it is based entirely on ine bearing
habit of the apple tree.. It is a well known fact that the fruit
of the apple is borme principally on wood that is at least two_
yeers old. Therefore the effect of the eapplication or omission
of nitrate of soda in the spring of 1927 is impossible of
measurement in the yields of 192] except with respect to its
effect in increasing the set of fruit (10), (1b). It is evident,
therefore, that any influence it may have on yleld through ine
creased frult bud formetion, should it oeccur, cannot be measured

until 1928 or thereafter.

With the above two points ln mind,
Teble 7 was constructed which eliminates the years 1926 and
192] and presents the ylelds for the two five year periods,
1921 to 1925 and 1928 to 1932. It is noted that an increase
of 97 f 24.U47 in yield has occurred in the case of the Check
trees compered with the increase 1Ul.73 f 4g.63 produced in the
case of the nitrogen treated Check trees. Of the various trses

under study there were only seven others that might have received



Comparlson of

TABLE 7

and New Fertilizer Treatments.

Average Annual Yield in Pounds per Tree When Under 0ld

ﬁiﬁ No. Average Yield ver Tres New J Average Yield per Tree Bve. Annual Difference [b Gain

Treat~| of 1921 11922 (1923 | 1924 1925 |[Treat- 1928 {1929 [ 1930 (1931 |1932 Iield per and or

ment ! Trees pent e in Lbs. Standard .08s

1909 927-132 1921« [1928- | Error of

1926 ﬂ‘ 92k 19%2 |Difference

Check ! U 10.5 25 .200  4.25 113.75Y Check 140.75) 50.5 ] 224.5 ] 17.25 204.25] 29.75 {127.45 97.7of8h.h7 ¥328.4

Check |14 14.85] K8.78l 5.6 23.U2 8l.42ll 10-25 N | 330.35] 21.8% 241.5 1 218.93| 134, U3} bk, 82 |186.55 1&1.73fus.63 $316.22

FK 7 16.1 {139.7 { 63.1| 98.8 |115.3 || FX 247.3 | 70.4 ) 389.1 | 95.4 | 3u5.8 186.6 |229.6 1h3.0f17.76 #165,12

P=X g 9.75} 27.12] 7.79 5.0 24,25} PK f 10~ 296.75] 35.7H 329.87] 69.75{110.5 {14.78 [168.52 153.7uf1u.7o #1040, 18
25 N

NPK 11 19.54|410.1 {157.0 | 265.18] 373.9 1| P=K 312,18 63.36 U28.27) 139. 54 365,18 25L.14{261.71 1o.55fa6.13 ¥ W20

NPK 7 61.85!509.57 162,71 282.0 2UB.1% FK 4 10« 519.57] 36.57) 4u2.1l 206.28] U33.71! 254,05)327.65 73.60f23.51 £28.97
25 N

.Lﬂ



some wash from the elfalfe field but all of these had previously
been receiving nitrogen and it consequently would not have in-
fluenced them to m similar degree. This point is particularly
well supported by comparison of the significant average increase
#1041% made' by PK trees to which nitrogen was added with that
(28.97%) made by NPK trees to which additional nitrogen was

applied.

The group of NFK {rees from which the
nitrogen was withheld showed an increase of 4,20% which was not
gsignificant. It is most interesting to note how well the average
yield of this group of trees has been maintained over e five year
period without the addition of nitrogen. These trees, however,
a8 previously mentioned were subject to some cross<feeding due

to theilr proximlty to nitrogen treated trees.

Discussion

It is thus evident that quantities of
nitrogen such as that apparently reaching the Check trees will
cause large increeses in yield. The Check trees that were
nitrated made o greater yearly average gain in pounds (141) of
fruit produced than the untreated Checks (97) but the latter
group made a greater gain on a'percentage basis. It also seems
apprarent that nitrogen applied to trees that have received K or
P for a period of years has resulted in greater increases both in

actual amounts and on a percentage basis than when applied to



trees that had not previously received K or P. Trees that have
received a reasonable aupply of nitrogen for a long period of
time wers apparently able to maintain their yield fairly well for
e five year period, Similar trees to which nitrogen was added
gave & significant increase on an actual amount basis but it was
very much less than that produced by the addition of nitrogen to
the Check or KP trees. Apperently apple trees that have received
nitrogen over a period of years do not respond to additional

amounts as do those which have previously received little or none.

Chemicel Studies (Percentage Dry Weight Basis).

As the difference in the carbohydrate and nitrogen

content of the spurs of the tress before and after trsatment is

an important part of the chemical phase of this study, the in-
creases or decreases of the verious constitusnts in the spurs
analyzed are presented in the tables found in the body of the
paper. An increase is considered to have occurred if the analysis
was higher for any constituent in 1932 than in 1926. The in-
dividual trees comprising the groups representative of the varlous
New Treatments are presented in Table 8. For convenience the
Check or K or P trees to which nitrogen was epplied will be desigw
nated as Check—»N and K or P—>N, the NPK—>PK group as N—>0 and
the NPK—>N + PK group as N—>N. The individual analysis of each
tree in 1926 and 1932 can be found in Appendix Tables F and G
respectively. As the changes in acid hydrolyzrble materials

closely resemble those changes occurring in the case of the total

49.



Tabls 8.

Trees Analyzed for Their Garbohydrzte and Nitrogen
Constituents in 1926 and 1932 -~ See Aprendix
Tables F and G for Results of Individual
Trees.

Vegeotative Spurs.

Check—>N | K or P—N " N—>0 ; N—>N

Tree No, ' Tree No, Tree No. Trea No.
46e10 348 L6126 Yl ks
Yon22 T6m8 36meb 342t
3610 28.10 4o-26 40-2¢
36ml2 62 Ylip
4020 b€ Be26
4630

Bearing Spurs.

Check or K—>N N—>0 N—>N
_Tree No. Tree_No. Tree No,
46.10 U6.16 Y1k
3610 36m26 34a26
36ng : ho-26 40..28
5 36-L2 3helip
4e-28 4626




carbonydrates, only the latter mre discussed in detail.

Vegetative Spurs
Sugars
Free Reducing Sugars - In Table 9 are

presented the differences on & percentage dry weight basis of
the various constituents of vegetative spurs in 1926 and 1932.
It is noted that the free reducing substances decreased signi-
ficantly under all treatments, even including the one where
nitrogen was omitted from trees which previously had received
it. They might have been expected to increase under this treate
ment due to the withholding of nitrogen and the theoretical

retarding of growth but such apparently was not the case.

Total Sugars - Total sugars also decreased
in all substances, but not significantly in the K«P —>N or

N——>N groups.

Sucrose -~ Sucrose on the other hend has
increased in all instances and significantly in the Check —> N

and nearly so in the N—>0 group.

Total Carbohydrates
The total carbohydrates have decreased in

all groups end significantly in the case of the Check—>N, N— 0
and N——>N treatments. The reason that the odds are not significant

in tne K-P—>N group is due to0 tne small number of individuals



TABLE 9

Comparison of the Difference in Vegetative Spurs in
1926 and 1932 With Respect to the Constituents for

Which They Were Analyzed.
Dry Weight Basis.

Expressed on a Percentage

See Appendix Tables F and G for Results on Individusl
Trees in 1926-1932.

Vegetative Spurs

Constituents eck N PwK N N—— 0 N—=>N _
Average| Odds! Average | Odds Averagef Odds| Average| Odds
Mean Mean Mean Mean
Difforw Differe Differs Differw
snce encs ence encs
Total Nitrogen !¥.140 158] #.518 18 | ~.124f 25| -.022 1
InSO]-uble *0 081 132 lo u‘lo 12 "0075 8 - 0096 )'"
Nitrogen
Soluble #.036 11| #.108 37 -.058 | ush | £,074 | 168
Nitrogen
Free Reducing |[«.813 |3,332]| -1.00 322 ~1.04 | 4,999| -.935 249
Sugars
Total Sugars [~.U76 98! =1.01 27 | =.540 212! -3.198 | 132
Sucrose £.335 51 £.256 5 | £.398 28| 4.214 2
Total Carbo- [=2.604 [9,999! =2.309 11 | «l.135] 32| «-1.438 g6
hydrates
Acid Hydrolyg=|~2.15 |4,999]| -1.256 3 «. 594 7! «.586 8
able Substances
Sterch -4.968 {1,999 -5.443 | 1ub6 -3.046] 908] =3.198 | 132
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used for a decrease occurred in all tnree trees. As tne
changes occurring in the case of ecid-hydrolyzable matsrials
are of a very similar to those of tne total carbohydrates

they are not discussed.

Starch

Unfortunately starch was determined by
a different method in 1932 than in 1926 (See pages 2i and 25).
For greatar convenience taka-diastase was used in 1932 instead
of saliva and very much lower results were obtsined even though
tests of the samples witn IKI indicated that all starch had
been nydrolyzéd. The cause is not explainable but the exceed-
ingly lower results in all instances indicate that tne two
methods, at least on the type or material in question, probably
yields diftrerent results. It is planned to carry out a study
on tne comparison ot the two methods on apple spur materiel in

the near future.

Nitrogen
Total Nitrogen - It is noted in Table 9 that

only the Checks receiving nitrogen applications increased signi-
ficantly in tneir percentage total nitrogen. The N—> 0 group
decreased to an extent epproaching significance. The K~P—>N
group increased considermbly but not significantly. The sure

prising thing was that the N—>N group decreased very sligntly.
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Soluble Nitrogen « Soluble nitrogen increased
significantly in the K=~P—>N and N—>N groups and decreased
fignificantly in the N—0 groups where nitrogen wes omitted.

The Check —> N group showed an insignificant increase.

Insoluble Nitrogen - Insoluble nitrogen increased
significantly in the Check —N group but not so in the KeP —>N
group. In the N—0 group & non-significant decrease occurred
as was also the case in the N——>N group. It is apparent from
the above that the soluble nitrogen changes have been more con=
gsistent with respect to treatment giwen than Insoluble or Total

Nitrogen.

Bearing Spurs
The differsnces in the various constituents (1926w

1932) on a percentage dry weight basis with their respective odds
are also presented in Table 10. It is noted that no bearing
spurs of the K«P—>N group were analyzed in 1932. This was due

to the scarcity of blossoming spurs present on these trees.

Sugars
Free Reducing Sugars = It is noted in Table 10

that the free reducing sugers decressed significantly in the
Check—>N and the N—0 groups. A decrease but not a significant
one occurred elso in the N—>N group. It will be recalled that
similar decresses slso occurred in the case of vegetative spurs

and that all were significant.



TABLE

10

Comparison of the Difference in Bearing Spurs in 1926
and 1932 With Respect to the Constituents for Which

They Were Analyzed.

Weight Basis.

See Appendix Tables F&G for Results on Individual Trees

in 1926~1932.,

Bearing Spurs

Expressed on a Percentage Dry

55

Constituents Check —> N N N —== N
Average | Odds | Average| 0dds| Average | Odds
Mean Mean Mean
Differe Differ- Differs
ence ance encs
Total Nitrogen #.493 12 | =.385 18 | ».387 18
Insoluble Nitrogen|f.25U T |=.316 8 | ».209 5
Soluble Nitrogen |[#.219 66 | =.069 4 | «,186 60
Free Reducing -.79 102 | ~1.098 | 168 | =.612 17
Sugars
Total Sugars " bl 6 |-.084 18 | «.437 17
Sucrose ¢.15 1 |4k 86 | $.27 6
Total Carbohydratel=3.72 30 {=1.89 60 | «. 476 2
Acid Hydrolyzable |«3.08 15 | «1.21 12 | «.20 1
Substancs
Starch «6.622 | 146 | w3.318 {1666 | =3.187 | 908
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Total Sugars » In the case of total sugars de~
creases occurred but none were of significence. Decreases occurred
in vegetative spurs of these groups also but they were significant

with the exception of the N—N group.

Sucrose = Sucrose, as was the case with vegew-
tetive spurs increased in gll of the groups. A significant
increase is noted here only in the N—0 group whereas the N—0

group in the case of vegetative spurs was just below significance.

Totel Cerbohydrates
Total Carbohydrates decreased significantly

in the Check~K—>N and the N—0 but not significantly in the N-—>N
group. The acid hydreclyzable materials also decreased in all in-

stences but none were of significance.

Starch

As mentioned in the case of vegetative
spurs, a different method anslysis for starch was used in 1932
than in 1926 which it is felt is largely responsible for the

very significent decreases obteined in all groups.

Nitrogen
Total Nitrogen ~ The total nitrogen content of

the bearing spurs varled in a manner similar to those of the

vegetative spurs in thet an increase occurred in the Check—>N
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group and decreasses in both the N—>0 and the N—>N groups. In
the case of the vegetative‘spurs, however, the difference was
significant in the Check—sN group but was not in the case of
bearing spurs from those trees. The decreases which occurred in
both the vegetative and bearing spurs in groups N—>0 and N-—>N

were not significant.

Soluble Nitrogen = Soluble ni{rogen showed a
significant increase in the case of the Check—N group, a signi-
ficant decrease in the N—>N group and a nonesignificant decrease
in the N—0 group. The trend of the Check—>N and N-—0 is the
seme as in the vegetative spurs but the N—N group is just the

reverse but significant in both instances.

Insoluble Nitrggen » There is & non-gignificant
increase in the Check —N group end non-significant decreases in
both the N—0 and N—N groups. The same results occurred in the
cese 0f the vegetative spurs excepting the increase was signlie

ficant in the Check—> N group.

Discussion
It is noted that on a percentage dry weight basis
that both vegetative and bearing spurs on all nitrogen plets have
decreased under all treatments with respect to their free reducing,
total sugars and ecid hydrolyzeble materiels. Sterch decreased

also but probaebly this was due to the different methods of
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determination used in the two seasons. Sucrose is the only
carbohydrate to have increased consistently elthough not always
significantly. Decreases in the carbohydrates of the Check—oN
and K-P—5N trees might be expected as they were found in 1926
to be somewhat higher in carbohydrates and with the addition of
nitrogen these carbohydrates probably were used in growth. The
N—-0 group, however, might have been expected to have increased
in carbohydrates for by the withholding of nitrogen less growth
should have occurred and an accumulstion of carbohydrates re-
sulted. However, such ias not the case. Sucrose increased in
goeneral in both vegetative and bearing spurs but significantly

in only two of seven instances.

Total, soluble and insoluble nitrogen increased in all
instances in the Check—>N and KP—> N treatments but significantly
in only four of them. In the case of the N—0, as might be ex~
pected, withholding of nitrogen has csused a decrease in all
forms of nitrogen in both vegetative and bearing spurs, although
these decreases have been significant in only one instance. The
N— N group behaved quite differently than one would expect for
it showed decreases in five out of six instances, but only one
of which was signifcant. The increase in the case of soluble

nitrogen in vegetative spurs was significant.



Carbohydrate~Ni trogen Relationships. (Percentage Dry
Weight Basis). Vegetative Spurs.

The changes resulting in the carbohydrate-nitrogen
relationships of vegetet ive spurs, as a result of treatment, are
presented in Teble 11 on the total, soluble and insoluble nitroe

gen basis,

Sugars

Free Reducing Sugers-Totel Niirogen Relationw-
ship = The odds are very significant that a decresse in the re-
lationships has occurred, under all treatments with respect to
the Free Reducing Sugar-total, soluble and insoluble nitrogen
relationships with one exception. This was in the case of
soluble nitrogen under the N—0 treatment where a decrease that

was not significant resulted.

Total Sugar-Totsl Nitrogen Relationship « In

the case of total sugars, it 1s noted that significant decreasss
occur when rll three forms of nitrogen are considered under the
Check—>N and K or P—>N treatments., Non-significant decreases
occur in the case of total and insoluble nitrogen and a non-
gignificant increase with soluble nitrogen under the N—0 treat-
ment. Under the N— N treatment non-significant decreases have
resulted in the cese of total and insoluble nitrogen whereas a
significant decrease has occurred in the case of soluble nitroe-

gen.



TABLE 11

Comparison of the Differences in the C/N Ratios of Vegetative Spurs in 1926 and
1932, Percentage Dry Weight Basis,

Constituents Change in Odds Change in Odds Change in| 0dds Change in 0Odds
Ratio Ratio Ratio Ratio
Total Nitrogen
Ceck N Kor F___ N ) N N
Free Reducing Sugars | =1,U41 Infinite | «2.33 g3.0 T 269.0 «1l.03 178
Total Sugars -1.17 1999 «»2.86 122.0 -.29 6.0 - 460 4.0
Sucrose ¥ .09 1.0 - .54 25.0 #.54 32.0 # o 2.0
Total Carbohydrates «9.13 666 ~18.37 23.1 ¥2.23 8.0 ~1.16 22.
Acid Hydrolyzable Sub. =7.97 ug99 - 15.54 18.7 #2.53 1k,2 - .82 1.
Starch «7.73 1666 ~10.45 | 102.0 =2.8% 1103.0 -2,2k Lo,
Soluble Nitrocgen
Free Reducing Sugers |{~13.72 26.0 24, 71 369.0 -l ol 16.0 =12.71 Eg.
Totel Suga.rs ~12.82 79.0 "31-16 322.0 # 098 2.0 "'11067 °
Sucrose $ .90 2.0 =6.U5 30.0 4.18 40.0 -2.3& 2.
Total Carbohydrates $125.5 14,0 -229.0 66.0 #U1.85 12.0 -05,U47 35.
Acid Hydrolyzable Sub.p112,66 12.0 |-197.78 51.0 #40.8 16.0 ~83.78 32.
Starch =70.82 32.0 |-108.4 66.0 | -11,2 1.0 ~29,.6Y4 12.
Insoluble Nitrogen
Free Reducing Sugars | ~1.60 Infinite| w=2.53 51.0 ~1.32 212.0 1.0 60.0
Totel Sugars =1.27 269.0 -3.10 66.0 - +50 8.0 -sBl 2.0
Suerose ¢ .32 6.0 - .57 20.0 f .63 32.0 4.36 3.0
Total Cerbchydretes : .| -2.78 322.0 «19.17 14.0 #1.29 2.0 #1.06 1.0
Acid Hydrolyzable Sub.| =7.51 2€9.0 «16.08 11.0 #$1.78 k.0 ¥1.57 2.0
Starch -8.25 555.0 | =11.45 83.0 w375 111.0 | -3.U5 20.0

009




61.

Sucrose~Total Nitrogen Relatiénship - In the

case of sucrose three increases occurred with respect to total
nitrogen but only that under the Ne~>0 treatment wes significant.
A decrease occurred under the PK—>N which was not significant.
When based on soluble nitrogen it is noted that a significant ine
crease occurred under the N—>0 treatment and a significant de-
crease under the K or P—>N treatment. An increase resulted
under the Check—>N group and & decrease under the N—>N treat-

ment, neither of which was significant.

Total Carbohydrates-Nitrogen Relationships - It

is noted thet a significant decreass resulted when total nitro-
gen is considered under the Check—>N treatment. Decressss that
were not significant resulted in the K or P—N and N—N

groups and a nonw~significant increase in the N—0 group. The
same trend wes shown with respect to soluble nltrogen but the
decreases were significant under the K or P—N and N—->N groups.
The decrease under the Check—>N and the lancrease under the N 0
were not significent., Decreases occurred in the case of the
Check —>N and K or P—N group but was significent only in the
former instance. Increases that were not significant resulted

in the N— 0 and N— N groups,

As the acid hydrolyzable-nitrogen re=
lationships follow so closely those of the total carbohydrate

substances, even to significance of odds under each treatmsnt
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and with each form of nitrogen, they will not be discussed

separately.

Starch-Nitrogen Relationships ¢ The starch-

nitrogen relationships decreased under every treatmnent with
respect to total, soluble and insoluble nitrogen and with two
exceptions these decreases were significant. One of these ex-
ceptions occurs in the N0 group in the case of soluble nitroe
gen and the other 1n the N—>N group in the case of insoluble
nitrogen. However, as mentioned previously, it is felt that
the results based on starch are subtject to error due te the

different methods used during the two seasons.

Bearing Spurs
It is noted from Table 12 that, in the

case of bearing spurs, acid hydrolyzsble materiasls end tetal
carbohydrates again behave very similarly. Accordingly, only
the ecid hydrolyzable materials will be discussed as they form
the greater portion of the total carbohydrate constlituents.
Insignificant decreases occur in the acid hydrolyzabls~nitrogen
relationships under the Check or K—N treatment with respect to
totel, soluble and insoluble nitrogen. Non-significant increases
occur under the N—0 and N—N treatments with all three forms of
nitrogen., Starch decreases in its relationship with all three
forms of nitrogen and under the three treatments. All of these

decreanses are significant except one which occurs under the



TABLE 12

Changes in the C/N Ratios Betwesn 1926 and
1932. (Percentage Dry Weight Basis)

Bearing Sours
Total Nitrogen
Constituents Check or K~ N N—= 0 N—= N
Change {Odds | Change | Odds| Change | Odds
Total Carbohydrate -9% 13 | #1.61 5 7&.3_5_ 12
Acid Hydrolyzable =8, U8 | 12 | #1.7 8 | #3.97| 1k
Subs tances
Starch "'6. 70 36 "'l.o,"s 21"2 wl, 133
Soluble Nitrogen
Total Carbohydrate | «57.3% | 22 1. 1 | £16.99] 25
Acid Hydrolyzable «50.27 | 19 f2.53 1| #15.80f 25
Substances
Insoluble Nitrogen
Total Cerbohydrate | «»10.68 9 | d2.u2f U1 46,66 3
_ Acid Hydrolyzable | ~9.28 8 | J2.697 T 1| £6.18 4
Substances
Starch -8, 50 39 =2,12) 122 | «2,16 | 79

63.
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N—N treatment.

Catalase Activit

At the time of taking spur samples in 1932, deterw
mination of catalase activity of the leaves was made of vegetutive
end bearing spurs and the resulis are presented in Tables 13 and

1L and Figures VII and VIII.

Vegetative Spurs.
It is noted from Tauble 13 that catalase is

very low in the case of the Check trees to which no nitrogen
applications had been made, for each cc. of water was displaced
at a much slower rate than in the case of any of the trees re-~
ceilving nitrogen. The graphs shown in Figure VII emphasize this
point particularly well. It is noted that the trees from which
nitrogen had been omitted in the second period were next lowest,
with the N~—N, PK—->N and Check-—N being very much alike with
respect to catalase activity.

Leaves of Bearing Spurs.

The catalaze activity of the leaves of
besring spurs is presented in Table 14. It is noted that the
catalase sctivity of the Check tree sampled was very low rew
quiring 97 seconds to displece the five cublic centimeters of
water. Three Check trees to which twenty~five pounds of nitrate

of soda had been applied for six years showed very much higher



'comparison of the Catalase Activity of the Leaves of *Vegetative
Spurs, June 1932 -« Newark, Delaware.

TABLE 13

014 New No. Number of seconds required to displace each cubic centimeter of water.
Treatment | Treatment | of verage of two determinations.

Trees 1st 2nd 3rd th 5th th 7th 8th 9th 10th

ce ce cc cC cc cc cc cc cc ce

Check Check e 17.2 | 26.7 | 28.5| 33.2}| 37.0 42.0 47.0 552 65.2 17.0
Check N 6 805 805 907 11.4 12.0 1305 1309 150}4‘ 16.9 1709
Kor?p N¢KorP ) 9.5 8.2 { 10,1 | 11.2 } 12.5 13.7 14.5 15.3 17.0 17.9
NFK KP 71 10,9 | 11.7 | 13.1 | 15.4 | 16.7 18.3 19.9 22.1 23.8 20.6
NPK N # KP 6 9.2 9.3 | 10,5} 11.8 | 13.1 145 15.3 16.5 17.8 19.8

* For trees meking up the various groups sese Appendix Table H.
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Table 14,

Comparison of the Catalase Activity of ths Leaves of *Bearing
Spurs, June 1932 - Newark, Delawars.

0ld New No. Number of seconds required to‘displace each cublc centimeter of wster,
Treatment Treatment of Average of two determinstions.
trees 1st |2nd Ird |Uth 5th th ith 8th 9th 10th
CC. cCs CCs | CCs |} CC» | CCa CCe CCa ce, ceC.
Check Check 1 32.0 {47.5 | 58.0f 75.0} 97.0 {128.5 | w " - -
Check N 1 26.5 |34.0 | U5.5] 59.0} 90.5 - - " - -
Check or K N 3 12.5 f13.3 |15.6f 18,0} 19.6 | 23.0 {2l.8 28.8% 33.3 38.3
';, —— P
NPK KP 7 16.3 119.6 | 23.3| 27.4] 31.1 { 36.4 {36.7 h3.7% 55.1 69.0
i
NPK N « KP 5 11.6 j13.8 | 16.3{ 19.5 20.2 | 22.7 {26.2 | 29.4| 33.1 38.3

“For trees makimg up the various groups see Appendix Table I.

*99
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FIGURE VII

A comparison of the catmlase activity of the
leaves of vegetative spurs from the differently
fertilizer groups of trees. It is noted that the
leaves of the Checks are much lower in catalase

activity than those having received nitrogen.
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100 40-20
36-12 NPE—*N + FK
36-10 Tree Yo. 40-28
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§u 26 Check:—ych.eckal
k-8
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6
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Figure VIII.

A Comparison of the catalase activity of the leaves
of besring spurs. It is noted that the Check is lowsst
in catzlase activity but that a Check which has
received nitrogen is slso quite low, It is pointed
out to show that exceptlons do occur. The rest of the
trees receiving nitrogen are higher in catalase activity
than the NPK—®FK.
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catalase activity requiring only twenty seconds to displace{;he
cc. of water. A Check tree,however, to which only ten pounds of
nitrate of soda had been applied yearly did not show nearly as
much catalase activity requiring nearly as long to displace five
cc. of water as the unireated Check tree. This extreme result is
an exception but 1s presented as an example of what may occur.
The NPK—FK group is less active with respect to catalase than
trees receiving nitrogen, with the exception of the individual
case Just noted. The results are graphically depicted in Figure
VIII and show the ampperent effect of the nitrogen applications
very well. The break in the graph of the NPK—PK group at seven

cc. indicates that only five trees were averaged beyond this point.

Discussion

In genersl it seems that increase in the cata-
lase activity of the leaves of vegetative and bearing spurs is
often associated with high metabolic activity in the apple tree.
It was noted that it appeared most active where the trees were
growing most rapidly, as in the case of those receiving nitrogen.
Also vegetative spurs which attain greater growth in length than
bearing spurs bear foliage of greater catalase sctivity. When
nitrogen is withheld from trees previously recelving it, the
catalase activity of the leaves of their vegetative and besring

spurs becomes less than that of similar trees to which nitrogen

wes added.
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A comparison of the catalase sactivity of the leaves of
vegetative and bearing spurs of the same trees is graphically
presented in Pigures IX and X. It is noted in Fig. IX that in
all instences the leaves from vegetative spurs have greater
catalase activity than the leaves from bearing spurs of the same
tree. However, the leaves of bearing spurs from the heavily
nitrated tree (36-10) are seen to have exhibited greater catalase
activity than the leaves from vegetative spurs of the Check tree
36-32. It is also evident Figs. IXand X. that based on the
averages of several trees the leaves of vegetative spurs dis-
played greeter catalase activity than those from bearing spurs.
The trees from which nitrogen has been withheld are less active
in catalase activity than those that have been receiving it dure

ing the last five years.

A study of the average catalase activity of the leaves
of vegetative spurs of & number of K or P or Check trees that hed
received varying amounts of nitrogen ten, fifteen, and jwenty—
five pounds revealed on the average slightly more sctivity where

twenty~-five pounds of nitrate of soda wes added than where ten

pounds was applied.
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FIGURE IX

A comparison of the catalase activity of the
leaves of vegetetive spurs with those of bearing
spurs from the same tree. The leaves of vegetative
spurs are ssen to have greater catalase activity in

all instances,
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FIGURE X

A compariscon of the catalaese activity of the
leaves of vegetative and bearing spurs. The leaves
of the bearing spurs of nitrated trees are seen to
be higher in catalase activity than the leaves from

vegetative spurs of trees not receiving nitrogen.
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Discussion

Having found (14) that after seventsen years of different
fertilizer treatments Jonathan apple trees in the different plots
could well be grouped meccording to their growth conditions and
carbohydrate~nitrogen relationships into some of the classes estaw
blished by Kraus and Kraybill, the plan of the experiment was
radically changed. The trees which had not been receiving Nitrogen
were divided into two groups. One group remained as a Check while
nitrogen was added to the balance. The trees which had received
nitrogen were also divided into two groups, one in which nitrogen
was withheld and the other to which large applications of nitrogen
wore continued. The changes produced in growth of the trees
following these changes in treatment were siudied during a five
year period and et the end of that time their carbohydrate-
nitrogen relationships were determined so that they might be come

pared with those of 1926, before changes in treatments were made.

Very marked increases in circumference, terminal and
vegetative spur growth occurred soon after the addition of
nitrogen to the Check and PK, nitrogen deficient trees. Yields
also incremsed, but as would be expected, more gradually for
they mre quite largely dependent on size of tree. The P-K
trees that were deficient in nitrogen have made greater growth
and yield responses than the Check trees which may indicate a

better utilization of the nitrogen when it became avalilable.



Both of theses groups, however, are now making growth equally as
great or greater than that of the former NPK trees were in 1926,
Thelr foliage is of a good green color and they would met be
classed as reasonably productive although they are still, of
courss, much smaller in size than the trees having received
nitrogen since 1909. Thess trees showed s marked decrease in
total carbohydrates and an increase in total nitrogen content,

and their C/N relationship was in general reduced. In fact the
decrease occurring in the Check group is such as to make the ratio
(28.02) practically the same as that of the NPK group in 1926

(28.39) Table 15.

The K—N group of trees show a somewhat lower ratio
(20.52) then the NPK trees in 1926 due largely to an increesed
nitrogen content. This closely approaches the N}PK group of
1926 which were mentioned at that time as possibly moving from
Class III to Class II which apparently has considerable latitude.
In fact there is undoubtedly such a gradual merging of one class
into another that distinct and sharp class lines do not exist end
could hardly be expected to, with the large normal variation ex-

isting in this type of material.

The group of trees from which nitrogen was withheld have
chenged comperatively little in growth response or yield. The
color of foliage has chenged to a somewhat lighter green only in

the last two years. It would seem that as shown by Roberts (21)
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Table 15.

A Comparison of the Total Carbohydrate/Total Nitrogen

Relationships of Vegetative Spurs 1926w1932,

Treatment | Treatment| C/N C/N Ave. Yield Aves Yield
1926 1932 1926 1932 | per tree per tres
per year in per year in
lbs. 1921-1925 lbs. 1928-1932
Check N 37.13 | 28.02 4,2 29.8
K N 38.91 | 20.52 2.4 24,2
NPK 0 28.39 | 29.87 £9.08 69.2
NPK N 28.39 | 26.02 57.20 75.0
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in the case of young trees that old apple trees also apparently
build up a nitrogen reserve that they may utilize when an external
deficiency occurs. Ths carbohydrete-nitrogen relationship of this
group in contrast to that of the Check—>N and P«K —>N groups has
increased but little between 1926 and 1932 (Table 15), and altho-
ugh the change is not 2 statistically significant one, it is in
the direction that would be theoretically expected. As these
trees have not changed significantly in growth and yield since
1926, their C/N relationship might be e¢xpected to be the same.

As this is the case thess trees may still be termed as of Class

IIl.

The NPK—>N group of trees heve in most instances made
slightly increased growth although in the case of circumfersnce
a2 non-significant decrease in rate was noted. The increase in
yield of this group was stetistically significent. With the
addition of large emounts of nitrogen to these trees one might
expect that e decreese in their C/N relationships would result
through a grester utilization of carbohydrates in growth and an
increase in the nitrogen content of the tissues. A slight
decrease did occur which was not statistically significant.
There was & slight decrease in carbchydrates but practically
no increese in nitrogen content indicating that at least under
the conditions of this study that the spurs of trees alrsady
supplied with nitrogen were not incressed in their nitrogen

content by the addition of large amounts of nitrete of soda.



IE is thus seen that lar;e additional amounts of nitrogen applied
to trees slready well supplied with it has increased the growth
in most instances, as well as yleld, but efter a five year period
has failed to significantly change the C/N relationship of the

trees.

The generel trend of results is the same whether calw
culated on a dry weight or absolute amounts basis. In general
total cerbohydrates and total nitrogen show the most significant
trends although changes in sucrose and soluble nitrogen heve in

some instances been of significance.

The results of this study have not shown as clear cut
differences existing between the differently treated trees as
those that were found to exist at the time of the analysis in 1926.
Perhaps & five year perlod iIs too short a period of study when one
considers the nature of growth and longevity of the apple tree.

As mentioned in 1926 it was felt that the very contrasting results
obtained were in part due to the great length of time (seventeen
years that the trees had been under treatment) end it is now felt

that the changes noted may continue and greater differences occur

in the next five year period.
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Summary

A study wes conducted over a five year period in which
radical changes were made in the niirogen treatment of eighteen

Year old Jonathan apple trees.

Growth Response

Trees that had formerly received no fertilizer of any
kind and those that had received only superphosphate or muriate
of potash over a seventeen year period, responded greatly to

heavy applications of nitrogen.

Yearly circumference increments were greatly increased,
es well as the length of terminals and vegetative spurs in com=

parison to Check trees.

Yields were also greatly increased although even larger

increases can be expected in the future.

The trees formerly having received either acid pheosphate
or muriate of potash in genersl made greater gains on a pere

centege basis, than former Check tress,

Trees formerly having received nitrogen but to which
none has been applied for a five yeer period, have becen able to
make in general approximmtely the ssme amoung of growth as

previously, due probably to the utilization of nitrogen reserves.



The yields of these trees, 1927-1931, has, however,

decreased somewhat.

Trees formerly receiving nitrogen or nitrogen and
acid phosphate and potash combined and to which much more nitrogen
was added have decreased slightly (1927w1931) in circumference
increment.  Although they have increased in length of terminal
growth and length of vegetative spurs. The yields of these trees
decreassd somewhat (1927-1932), The response of these trees {0
nitrogen, however, was not neaerly &s large as that made by the
nitrogen deficisnt irees on a percentage basis and in certain

instances was loweér in actual smount.

Chemical Gﬁaqggp (Percentage Dry Weight Basis).

In general, there was a decrease in the carbohydrate
content of the trees wherever nitrogen was applied, and nitrogen in
general incressed, although such changes were not always signi-

ficant.

Trees formerly receiving nitrogen but from which it

was omitted for five years also decreased in carbohydrates.

The same changes in general occurred in the various

groups when the coastituents were calculated as absolute amounts.

parbohydrate~Nitrogen Relationships.

The changes having occurred in the carbohydrate-nitrogen

relatlonships of vegetative spurs of the trees since change in

19+
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treatment were not as clear cut as those found to exist between
the trees of diffdrent fertilizer plots when analyzed in 1926.
However, there does seem to have been quite & consistent decrease
in the carbohydrate-nitrogen reletionships of trees when they

were given heavy applications of nitrogen.

Those trees from which nitrogen was withheld showed
fewer decreases but not many of the incrsases wers significant,.
The bearing spurs did not respond as consistently as the nonw

bearing spurs.

Catalase Activity

Cetalase activity was greater in the leaves of spurs
from heavily nitrated trees than in the Checks. It was also
greater in the case of leaves from noawbearing spurs than in

those of bearing spurs.



5e

8.

gl,

Literature Cited

Boswell, Victor Re.
Changes in Quality and Chemical Composition of Parsnips
Under Various Storage Conditions. Md. Agr. Exp. Station
Bul. No. 258, 1923.

Crane, H, L.
Experiments in the Fertilization of Peach Trees. W. Va.
Agr. BExp. Sta. Bul. No. 183, 192l

Fisher, R. A.
Statistical Methods for Reserach Workers. Oliver and
Body, London, 1932.

Gardner, F. E.
Useful Device for Evaporating Alcohol from Plant
Extracts. .
Plant Physiology Vol. 5, No. 4, 1930,

Harley, C.F.
Normal Variation in the Chemical Composition of Fruit
Spurs anéd the Relation of Composition to Fruit Bud
Formation. Proc. Amer. Soc. Hort. Sei., p. 134, 1925,

Harvey, E. M.
A Btudy of Growth in Summer Shoots of the Apple with
S8pecial Consideration of the Role of Carbohydrates
and Nitrogen. Ore. Agr. Exp. Sta. Bul. 200, 1923.

Harvey, E.M. and Murneek, A.E.
The Relation of Carbohydrates and Nitrogen to the
Behavior of Apple Spurs. Ore. Agr. Exp. Sta. Bul.
176, 1921.

Heinicke, A. J.
Factors Influsncing Catalass Activity of Apple Leaf
M™Masue. Cornell Univ. Agr. Exp. Sta. Memoir 62,
1923,

Composition of Fruit Bud eand Spur Tissues of Wealthy
Apples Under Different Conditions of Nutrition.
Proc. Amer. Soc. Hort. Sci. 27: p. 190-198, 1930,

The Set of Apples as Affected by Some Treatments Given
Shortly Before and After the Flowers Open. Proc. Amer.



ge.

Hort. Sci. 20 (1923), 19«25, 192L,

11. Hooker, H.D., Jr.
Seasonal Changes ih the Chemical Composition of
Apple Spurs. Mo. Agr. Exp. Sta. Bul. 40: 3-51,
1920,

12. Kraus, E.J. and Kraybill, H.R.
Vegetation and Reproduction With Special Reference
to the Tomato. Ore. Agr. Exp. Sta. Bul. 149, 1918,

13. Kraybill, H. R.
Effect of Shading and Ringing Upon the Chemical Come
position of Apple and Peach Trees. New Hempshire
Ag.l". Expo Sta. Tech. Bul. 23;3*27' 1923.

14, Lagesse, F.8,
The Effect of Fertilizer on the Chemical Constituents
of Fruit Spurs. Amer. Soc. Hort. Sci. 23:332-3%38,
1926,

15.

Some Chemical Constituents of the Cluster Bese and
Secondary Vegetative Growth of Bearing Spurs of the
Yellow Transparent Apple. Proc. Amer. Soc. Hort.
Seci. p. 199-205, 1930,

16. Lewis, C, D. and Brown G. G.
Influence of Commercial Fertiilizer Upon the Bsaring
Apple Tree. Ors Agr. Exp. Sta. Bul, 1U1:37.47, 1017,

17. Love, H. H.
A Modification of Students Tables for Use in Inter-
preting Experimental Results. Jowr. Amer. Soce.
Agroh, 16:68473,

18. Mar‘h, R. S.
Preliminary Study of Commercial Forms of Nitrogen
Pertilizers Applied to Winesap Apple Trees. Proc.
Amer. Soc. Hort. Sci. 23; p. 218-221, 1926.

19. Potter, G. F. and Kraybill, H. R.
Fruit Spur Composition in Relation to Fruit Bud
Formstion. Proc. Amer. Soc. Hort. Sci. p. 1U6~150,
1925 also Kraybill, H.R., Botter, G. F. et al.,
Some Chemical Cors tituents of Fruit Spurs Associated
With Blossom Bud Formation in the Baldwin Apple.
N. H. Agr. Exp. Sta. Tech. Bul. No. 29, 1925.



20.

2l.

22.

23.

24,

25.

26'

83

Potter, G. F. and Phillips, T. J.
Composition and Fruit Bud Formation in Non-Bearing
Spurs of the Baldwin Apple, N.H. Agr. Exp. Sta.
Tech. Bul. U2, June 1930.

Roberts, R. H.
Apple Physiology, Growth, Composition and Fruiting
Responses in Apple Trees. Wis. Res. Bul. 68, 1926,

Schrader, A. L. and Auchiber, E. C.
The First Yearts Effect of Different Nitrogen Fertilizers
on Bearing Apple Trees Low in Vigor. Proc. Amer.
Hért. Soc. 22; Pe 150-161, 19250

Stua.rt, N. We
Nitrogen Metabolism of Young Apple Trees as Affected
by Excessive Applications of Sodium Nitrate. N. H.
Agr. Exp. Sta. Bul. 50, June 1932.

Thomas, Walter
Nitrogenous Metabolism of Pyrus Malus L. III. The
Partition of Nitrogen in the Leaves, One and Two
Year Branch Growth and NonwBearing Spurs Throughout
a Yearts Cycle. Flant Physiology 2, 55-70, 1927.

Thomas, W. and Anthony, R.D.
Eleminating Some of the Variables in Apple Fertilizer
Experiments. Proc. Amer. Soc. Hort. Sci. 23: p. 81l
87, 1926.

Welton, G. P., and Coe, M. R.
Determination of Starch Content in the Presence of
Interfering Polysaccharides. Jour. Agr. Res., Vol.

3, pp. 995-1006, 1923.



gh,

Acknowledgments

The author feels perticulerly grateful tc Dr. E. C.
Auchter of the University of Maryland under whose direction
the study was carried on and to Dean C. A. McCue of the
dniversity of Delaware who has made the study possible. Hs

is also appreciative of the many suggestions and kindly advice

received from Dr. J. H. Beaumont and Dr. A. Lee Schrader.



APPENDIY TABLE I
Catalase Activiiy of Bearing Spurs - Average of Two Determinations

Tree | 01d New Number of Seconds Required to Displace Each Cubic Centimeter of Water
No. Treate | Treatment lce 2ce 3ce Yee hee bee ! Tee 8cc 9¢c 10cc
ment
36-321 Check | Check 32.0 | u47.5,; 58.0 | 75.0 { 97.0 | 128.% - - - -
—
3hlt 1 K K425 N 16,0 | 16.0 ! 19.0 | 22,5 | 23.% 29,0 32.0 38.0 | k5.5 53.5
3= | K K £ 25 N 11,5 1 12,5 1 15,0 I 16.5 | 18.5 22.5 23,01 26,51 30.5 | 734.K
36=10) Check | 25 N 0.0 ' 11,5 ! 13,0 t 15,0 ! 17.0 17.51 19,51 22.01 2u4.0 1 27.0
TOTAL 37.5 ! H0.0 | 47,0 | 4.0 | ©9.0 69.0 ! Ju4.5! ®&.5 | 100,0 | 115.0
- AVERAGE 12,51 13,3 1 15.6 ! 18.0 | 19.6 23,0] 2u4.8: 28,81 33,3 | 3813
46«10 Check 10 N 26.5 34,0 45.5 59.0 90.5 - “ @ - -
46-28 | N3PK PK 23,0 25.5 31,0 3,5 2,0 505 - - - -
4u.26 | N3PK PK 19.0 | 25.0 | 28.5 |} 34.0 39.5 45.0 - - - -
LEI6 I N 0 15.5 1 17.5 | 20.5 | 24.0 | 27.5 31.5 ) 37,01 U5, BE} B6.5 1 73.5
4026 | NK K 17.5 1 23.0 | 27.5 | 33.0 | 36.0 42,51 50.0 1 63.0 ¥ 80,0 | 107.5
b-U2 | NPK PK 17.5 | 20.5 | 26.0 | 21.0 | 33.5 4o.5 |_50.0 | B4.0 1 71.5 | 92.0
342l | wp P 10,0 } 10.0 § 11,0 | 14,0 | 15K.0 16,0 } 18.0 | 18.5 & 22,5 1 22,5
36o~26| NP P 11.5 | 16,0 ; 18,5 } 21,5 | 2.0 29.0 i 28,61 37.6 1 U5.0 § ug.®
TOTAL 114,0 } 137.5 1 163.0 }192,0 }217.5 | 255.0 1 183.5 | 218.5 } 275.5 ! 345.0
AVERAGE 16.3 | 19.6 1 23.3 | 27.4% | 31.1 36.U 1 3.7 1 U3, 7t HR.1 69.0
4626 | N2PK 25 N 9.5 | 10.5 | 12.0 | 13.5 | 15.0 17.0 | 18,5 ; 19.5 | 22.0 | 2L,5
Uhellt [ N 10N 10.0 y 12.0 4 1h.5 1 17.0 | 17.5 19.h § 21.0 ! 23.5 { 25.0 | 28,0
326 | NP 10 N 15.5 ¢ 19.0 | 23.5 | 29.5 1 29.0 35.5 + U0eh | U7e5 | 56.0 | 68.5
4028 | NK 10 N 12,0 15.5 | 19.0 21.0 22.5 23.0 30.5 | 33.5 38,0 ul, 0
3U-lp | NPK 10 N 11.0 12.0 12.5 16.5 17.0 18.5 20.5 23.0 24,5 26.5
TOTAL 58.0 | 69.0 | 81.5 |} 97,5 1101.0 | 113.5 | 131.0 ! 1u47.0 | 165.5 1191.5
_ AVERAGE 1 1.6t 13,8 | 16,3 | 19.5 | 20.2 22, 26,2 { 29.4 | 33.1 | 38,3



B T e i v Ao erT == 33,9 0.3 39.m 2.
669 35 35 23 W 22 Pk 3w WM FF Iy @z
700 31 25 3 28 _FK 10 1 1 1
gg:ag_ﬂzx 588 W 3% - 25 o2 pK §7 25 28 13 16
=2l NIK L 2825 28 10 19 PK 311310 19 22
3L00 NPK 166 22 3§ 25 22 19 PK 31 38 28 3 25
36=40 NPK 138 6 28 10 19 PK 38 3 35 10 16
bwh2 NPK 688 25 35 28 W 3 K A3 1625 16 19
28 NPK u97 28 13 25 13 10 PK 31 10 13 13 16
4h.26 NFK 622 31 38 38 28 10 PK 47 19 22 10 13
Total 71 22 380 225 202 4p3 216 276 169 181 4
Average 651 30.5 29.2 34,5 20.5 18.4 28.5 19,6 25.1 15.4 16.5  26.6 23.6 =3.6 = 1,77 ~13.53
W3l NPK 725 b 319 60 13 25 PK { 50 16 16 L7 25
10-29N
2426 NPK THY 3% 25 31 35 38 PX¢ 6 25 38 3 35
10-25N
12-.28 NFK 613 22 25 25 25 13 PK # 31 10 25 25 22
10258
Low28 NEK 738 25 31 38 28 16 PFK 4 By 25 1 16 16
_10=25N
3L-U2 NPK 735 25 41 22 31 16 K # 3B 31 35 3 28
10-25N
Uom26 NPK 622 25 28 13 19 b6 PFK 4§ 38 13 13 19 13
10-25N
Ubm2U NPK 691 28 28 31 22 13 KX 75r' L7 3 38 25 b
10-25N
Total USAE 204 197 220 153 127 _ 251 123 206 138 1hU5 #
Aversge 695 29,1 28,1 31,4 24,7 18.1 37,8 17.5 29.4 19.7 20.7  26.3 2o wl.7 L 2.73  «b.UE

Exolanatory Note «

01d Trestiment
Check indicates no fertilizer was applied.
P indicates tree had received about 3 lbs. of superphosphate annually.
X indicates tree had received about 1 lb. of muriate of potash anunually.
N indicatss tree had received about 3 lbs. of nitrate of soda annuglly.
N3 indicates the tree had received about 9 1lbdbs.

New Treaiment
Check indicates no fertilizer was applied.
K or P indicates tree received about 1 lb. of muriate of potash or 3 lbs. of superphosphate annually,.

10-25 N indicates the tree received either 10 or 25 lbs. of nitrate of soda.

L0-28 | NK 10 N 12.0 | 15.5 [ 19.0 | 21.0 | 22.5 23.0 | 30,5 | 33.58 | 38.0 | Lh4.0

3442 | NPK 10 N 11,0 12.0 12.5 16.5 17.0 18.5 20.5 23,0 2L.5 26.5
TOTAL 58.0 69.0 gl.5 | 97.5 {101.0 | 113.5 | 131.0 ! 147.0 | 165.5 §191.5

_ AVERAGE | 1.6 j 13.8 | 16, 19, 20,2 22.7 § 26.2 | 29.4 .1 8.




APFPENDIX TABLE A

Comparison of Yearly Gain in Circumference in Millimeters of Individual
Jonathan Apple Trees When Under 0ld and New Fertilizer Treatments
at Newark, Delawars.

Tree 01d Circumm Girth Increase New _Girth Increase Total Girth Difference % Gain
No. Treate ference 1922 1923 1G24 1925 1926 Treat- 9"—‘7 1928 1929 1930 1971 Increasge with or
ment 1921 ment 1922 1927~ Stendard Error Loss
1909 1927 = 1926 1931
1926 19731

36-30 Check  hgh 6 13 6__19 Check 6 2 6 13 19
10

6 5
34.32 Check K97 0 10 10 13 19 Check 25 3 10 13 1C
34-30 Check  U2m 10 6 13 b6 19 Check 22 6 13 19 6

36=32 Check  H2h 13 6 13 13 19 Check 19 13 6 10 10
Total 20Ul 20 28 49 38 76 724 3% 5 U 4
Average AL0 1.3 7.012.3 9,5 19.0 18 11.8 8.8 13,8 11.3 11,0 12,7 1.7 I 1.8  Ji15.45
422 Check 581 25 28 28 28 22 10N 31 44 W7 28 19
-10 Check 500 28 13 31 6 =22 10N ML 30 W 38 22
4022 Check Uil 3 6 10 3 10 15 N 31 19 25 25 19
g-20 Check 422 16 6 13 13 13 1K N 1 28 78 28 25
30 Check 391 7L.__10 22 13 25 25 N % 19 38 38 10
10-20 Check 425 10 10 10 6 10 25N 3116 16 22 2%
6=12 Chack 1438 6 3 10 3 6 25N 47 13 38 %8 25
12 Check 481 3 6 b 3 10 25N 16 13 16 25 10
-22 Check U481 10 13 16 19 13 25 N 1) 8 28 22 16
Hi-10 Check 600 35 16 19 10 19 25 N 47 19 L4y 33 19
6212 Check __ 625 2822 19 oo 10 25N RO 13 38 31 35
4ia30 Check 713 %s 19__ 31 ﬁg 28 25N 1'30 1 g 63 als
Total _ 6111 243 161 215 148 188 _%553153__1__3____3__
Average 509 20.1 13,5 17.9 12,3 15.7 .4 19.6 33,9 30,3 19,8  15.9 __28.8  12.9 4 1.27 481,13
b IK GETd 60 10 10 _  10-2HhN__ 38 o5 19 2o _og
3 10 10 3 10—253»: 4 22 28 35 b
(o] y. : s L9 =2

348 PK 506 6
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TOTAL 33.8 | 2.9 pHry ) oo N N LY NN PR e » o] A B
AVERAGE 2.98 3.36] 5.29 I [ 13.08&] 20.06]| 2u4.2b [13,.7€6] 17.39 H}.ZL_! 17.92 | 13.%2 - 250V | po0fetd
h6.16]N 11.8 | 14,4 |10.0 0 12,3 | 14,9 | 14,7 12,7 | 13.6
6=26| NP 11.2 | 10.3 | 8.8 P 15.6 | 12.4 | 17.3 ]10.0 | 13.8
342U NP 12.1 §11.,1 |11.0 P 11.0 | 19.6 | 14.7 1i3.9 | 18.1
40-26] NK 11,5 [11.0 | 8.4 K 11.5 | 8.1 | 1h.5 [31.6 | 16.9
28-26| NK 9.1 |12.8 |10.2 K 16.2 | 11.5 | 13.6 Fe2 5.5
402Ul v 7.6 _[10.3 | k.2 K 5.6 7.0 | 11.4 9.5 8.5
34-ho| NPK 6.6 | 5.4 7.4 PK 13.0 § 10.1 | 13.9 | 7.4 ] 11.8
|36=110| NPK 12.7 | 9.3 | 9.9 PK 13.7 | 19.0 | 16.8 [12,6 | 15.4
| 36= 42| NPK 20.7 | 12.8 ]10.7 PK 12,2 | 11.8 | 14,1 12,2 | 17.9
\ ~28[NTPK | 12.2 | 10.8 | 6.3 || BK 10.3 | 1.4 | 7.9 [11.6] 12.3
LL..26{ N3PK 23.5 | 12.0 {19.7 PK 11.0 | 18.3 | 6.1 | 9.9 | 17.7
TOTAL | 139.0 [120.2 |107.6 132.% [1W4.1 [155.0 116.6 |1R1.5_
AVERAGE | 12,641 10.93| 9.78 12.04] 13.10] 1M4.09 [10.60] 13,77 11.11 12.72 | 1.61 £ 600 14,49
NS B g 115.2 | 7.1 10 N 13.3 | 12.2 | 16.0 9.6 1 15.9
34.26] NP 11.4 1310.2 [ 9.5 P /Z1oN | 13,1 | 20.4 | 24.37 [13.8 | 14.6
4o.28] MK 17.0 111.7 1 9.7 Hx /1on 117.8 | 21.7 24,1 | 9.7.{ 13.0
40-28{ NK 20.7 (14,1 | 9.7 lIlk#£3oN |17.8 | 18.7 | 21.4 {iu.1 ] 18.9
3h.uo] NPK 13,5 |10.7 ]10.7 PK £ 10N |18, | 17.8 | 19.0 [10.9 | 18.5
46.26] NZPK 9,2 7.6 | 8.9 PK f 25 N| 13.5 9.8 7.4 [10,1 ] 11,3
yo.ofwepx [ 18,9 110.9 [21.8 [Pk # 25 N} 13.5 | 19.6 | 18,6 [11,3 | 1k.0
TOTAL |_99.1 |80.4 |78,0 107.1 [120,2 1130.8 | 79.5 [106.2
AVERAGE 14,15 ( 11.49/11.1% 15.3 7.17] 18.68 {11.35| 15.17} 12.25 15.54 |3.28 f .927 26.78

Explanatory Nols =

014 Treatment
Check indicates no fertilizer was appllied.
P indicates tree had received about 3 1lbs. of superphosphate annually.
K indicates tree had received about 1 lb. of muriate of potash annually.
N indicates itree hed received about 3 lbe. of nitrate of soda annually.
N3 indicates the tree had received about 9 1lbs. of nitrate of soda annually.

New Treatment
Check indicates no fertilizer was applied.
K or P indicates tree received about 1 lb. of muriate of potash or 3 lbs. of superphosphate annually.
0 indicates that the former annual nitrogen application was not epplied.
10-25N indicates the tree received either 10 or 25 lbs. of nitrate of soda.




AFPTENDIX TABLE B

Comparison of Yearly Terminal Growth in Centimeters of Individusl
Jonathan Apple Trees When Under Qld and New Fertilizer
Treatments at Newark, Delaware

Tree | 01d Terminal Growth in New Terminal Growth in Centimeters Average Terminal| Difference with| % Gain
No. | Treat- Centimeters Treate 1927| 1928 19291 1930f 1931 Growth in Standard Error or
ment 1924 | 1925 1926] ment | Centlmeters Loss
1909~ .| 1927-1931 192k 1927~
1926 1926 1931
36~30| Check 2.7 4,0 5.4 Check 10.7 1 7.5 1o.7 | 11.2 ] 12.8
34-32| Check 2.71 3.1] 9.2 1| Check 11,6 | 1.6] 13,4} 8.0 | 13.3
31""30 Check 300 3-6 5-5 Check Tog 9t5 E.O 11,2 80!5
36=~122| Check 2.6 2,6) 7.9 Check 6.6 7.4 9.0 6.9 8,6
TOTAL 11.00[ 14.30] 28.0 36,701 26.0 | 45.10| 37.30] 43.20 ¥
AVERAGE 2.75 3.571 7.0 9.171 6.5| 11.28] 9.32] 10.820 | 4.kl 9.1n 4.97 « .663| 4111.93
4. 22| Check 7.8 ] 11.9] 9.2 | 10K 17.1 | 22,8 15.3 | 11.7 | 16.2
46+10] Check 5.8 8.3 |11.0 10 N 22,31 18,91 20.7 | 13.6 ] 19.
40u22] Cheek | 31.5| 1.5 3.6 ] 25 N 7.7} 27,21 25.6 | 19.8 | 19.2
24.10| Check 1.4] 1.1] 1.7 15 N 1.3 | 33.0 1 13,4 [1h,0 ] 11.6
3820 Check 5.6 ] &.0] 7.4 ] 15 N 26.6 | 28.1 | 22,3 | 16.7 | 18.6
86-20] Check 7.7 | 11.2] 7.b |l 25 N 2.7 | 21.1 | 16.0 8.6 | 11.8
Bo-20] check 4.3 ] 3.771 5.9 ]l 25N 17.0 | 35.7 ] 31.0 [ 17.8 | 17.0
36w12] Check .8 91 1.3 ||l 25 N 7.8 | 19.2 _g%.l 20.6 | 2.1
6=+10] Check 2.1 1.8 | b.2 25 N R.6 | 14,1 ] 24,0 [ 15,7 | 12.7
12] Check 2.6 2.5 | 6,1 25 N 5.4 1 10,71 18.7 | 12.9 | 15.3
»22| Check 5.l 5.8 | 7.4 [] 25 N .41 13.9 | 12,8 [ 10.4 | 11.3
10| Check | 6.0 | 2.9 9.8 [[ 25 N 22,6 | 22.3 | 20.5 | 1.3 | 14,0
=12| Check .9 | 8,0 112.0 || 25 N 23,2 | 28,7 | 24,3 113.,5 | 21.b
30 Gheck 10-] 9!9 yob gﬁ N 21.8 __gli.h 17-7 12.6 28-1
TOTAL | 67.3 | 84,1 |308,6 }209.5 | 300.5 [285.4 |202,2 | 241,0
AVERAGE | W.81[ 6.00] 7. 14.97] 21.46] 20.39 | 14. W4 17.21 /6.0 17,69 | 11.60 £ .592 ] #100.k¢
ot | 7)) 5. .5 || X 4 10N 6.9 | 19.6 | 19.0 [1r.2 | 21.
Szfg é 1.8 2.? 5.3' E £ ;0§ 19.9 29.3 | 29.9 [ihk.6 | 17.1

o= N =7
P
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0-12] Pp .43 1.09 Pp £ 25N | 3.25 | 1.58 A5.se 5.3 | 1.20
TOTAL 4,340 1.820 29.86 117.480]39.620] 25.90 | 16.179 :
AVERAGE . 5U2 . . 2,18 .952] 3.237 2,02 .76 .22 | 2.46 4 .721 23,
L46.16[N .82 .18 0 1.4 ] 2.56 | 6.62 ] 2,4 ] 2.6 1
1%%26 NP .62 1 P 2,03 ] 3.27 16.06] 2.3 ] 1.62
24| NP 1,34 +96 P 2,94 | 2,47 4,33 | 2.3 | 2.
zg'gg_% ‘lo 30 1088 K 2. ih 2- ib 6628 5-2 25
28.26] 3 1,33 2.88 X 3.31 | 2.97 |1 5.01 | 2.5 | 1.3
L0=24| NK 1.38 2.31 *ﬁ K 2,51 | 1.11 | 2. 3.4 1 1.70
10| NPK <98 1,08 IK 2.38 | 1.90 | 3.66 | 3.1 1,4
b=l0| NPK .10 .86 FK 2.91] 1,69 | 5.46] 2.4 | 1,61
b=12] NPK 1.17 1.30 PK 2.80 § 1.79 | 3.29 1 2.5 | 2.03
46-28] N3PK 1.06 .85 PK 2.36 ] 2.58 | 6.05 | 3.5 2.14 |
L4 26] N3PK 1.23 2.07 PX 3.55] 1.60 | 5.92 | 2.2 2,83

.12 129.80 | 22.69

N
‘:F
n

o

TOTAL | 11.93 | 15.6 28,99
—__AVERAGE 1.08l 1, 2.6;% 2451 5,011 2,709 2.06 1.25 2,93 | 1.68 4 L4t 1134&.1;
LhaaL|N 2.08 2.30 10N .26 2.7% 6.30 | 3.5 | 2.84
3426 NP 2.88 1.67 Py 10N 3,655 | 1,04 | 6.36 | U | 2,17
InoognK 1,04 .93 K J 10 N 1.93 | 2.82 \8.64 | B8 | 2.60
UL U2 NPK 99 1.1 XKAION | 3,77 1 3,55 [4.85 | 2.2 | 1.68
Lbe 26| N3PK .93 .68 PK £ 25 N | 1.8 | 2,14 J4.58 | 2.6 | 2.37

o~ 24| NFK .72 17 PK 25N | .65} 2.29 [7.05 | 3.3 | 2.90
TOTAL |_11.09 | 9.08 20,70 |18.24 [u2.66 |26.30 [16.26 4
AVERAGE f _1.58% | 1.297 2.957] 2.606] 6,00 3.757] 2.323)l .44 | 3.55 |2.11 I 224 |41k6.5

BExplanatory Note =

01ld Treatment
Check indicates no fertilizer was applied.
P indicates tree had received about 3 1lbs. of superphosphate annually.
K indicates trse had received about 1 1lb. of muriate of potash anmally.
N indicates tree had received ebout 3 1lbs. of nitrate of soda annually,
N3 indicates the tree had received about 9 lbs. of nitrate of soda annually.

New Treatment
Check indicates no fertilizer was applied.
K or P indicates tree received about 1 1lb. of muriate of potash or 3 1lbs. of superphosphate annually.

0 indicates that the former annusl nitrogen application was not applied.
10-25 N indicates the tree received either 10 or 25 1lbs. of nitrate of soda.




Comparison of Yearly Growth of Vegetative Spurs in Centimetisrs of Jonathan

APPENDIX TABLE C

Apple Trees When Under 0ld and New Fertilizer Treatments at Newark,

Delagware.,
Tree | 014 Growth of Veg- New Treat- {Growth of Vegetative Spurs in Averarse Growth Difference with % Gain
No. Treat-| etative Spurs ment Centimeters of Vegetative Standard Error or
ment in Centimeters 1927-1931 18927 (1928 (1929 | 1930 | 1931 Spurs in Centi- i Losg
1909- 1925 1926 meters
1926 1924. | 1927-
—_— 1926 19731
36-20] Check .37 .18 Check 1.53 | 8.26 | 3.92] 1.8
34-32] Chedk .51 1.25 Check 4,12 1 1.99 | 2.72] 2.0
34.30] Check <51 1.01 Check 2.4 11,63 | 3.79] 1.9
36=32 Check . 97 Check 3.15 | 1.24 | 3.321 2,0
TOTAL 1.850 | L.01 11.22 |13.12 [13.75 1 7.7 /
AVERAGE . 1.00 2.81 | 3.28 | 3. 44 ] 1.92 13_1 2.60 1.87 = ,387] 4256.2
)1%:32 Check 1,21 1.87 N L b2 13,56 7.gh 4,2 '
19] Check .56 1,11 N 2 2078 _5- 7 5'5
L0223 Chack <20 Iy [ N “’"T.'gig | 1.82 | 4,80 | 3.3
24.10{ Check <39 U7 15 N 1.33 LI | 1.94 ] 1.8
38~20| Check .64 1.12 15 N 300 L2179 | H.70 | 5.6
16a30| Check .69 1,60 25 N 2,62 | 3,94 | 8.36] 3.0
40-20] Check .49 1,14 25 N 2.12 | 2.°77 .18 1 5.1
E‘"l?. Check Ojl- 086 25 N 1:)40 1065 605_3 2-5
36-10| Check LU0 .67 25 N 2.34 1 2.55 [ 1.24] 3.9
T.E 12| Check .56 1.19 25 N_ 1,83 11.68 LU | 3.0
22| Check .52 1.08 25 N 2,16 | 1,62 | 4,94 | 5.0
Y1) check | .81 1. 38 25 N 2.99 | 3.0% | B. 77 | 4.3
I6=i2[Check | .41 1N 25 N 2.64 [ 3.50 [ 7.3 | k.9
L-30]Check K 1.48 25 N 2.75 [2.00 1 5.98 | 6,2
TOTAL | €.52_ | 18.12 37.1%_[33.24 [75.9 J56. . 4 l
AVERAGE .6157] 1.08M 2.0 2. 274l 5. 4211 T.020 2. .85 3.39 2.54 L .173 | J298.8
;‘—-;-"-—*}'_—:—___—r———__.‘__:?—i_ 1,34 X £ 10 N 3755 2.06 3.55__ 3.1 3.67 (
: . s SR o e TR SR WS \
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AFPENDIX TABLE D

Estimation of Percentage Bloom for Years
192641933 Inclusive, Newark, Delaware

Tree . 0ld  New 1926 1927 1928 1929 1930 1931 1932 1933
No. Treat« Treatment
ment
34«30 Check Check 0 15 15 5 15 2 1 35
34e32 " " 10 8 70 35 95 5 60 70
36=30 " " 5 30 50 5 90 0 35 50
w32 " " 5 15 55 25 15 0__75__10
AVERAGE M) g 1l 1.4 34,2 K1.2
3512 Check 25 N 5 85 65 60 % 50 5 90
36=10 " 25 N 80 0 85 5 W 15 6 65
36w12 " 25 N 60 5 65 15 35 80 0o 85
gg:lo ® 15N 5 10 7% 5 65 3 1 9%
20 # 25N 60 1% 80 10 65 10 10 70
ag-ao " 15N 15 10 70 5 30 15 2 95
-22 " 25 N 15 5 75 10 Eg 70 5 65
4ow22 " 15N 20 30 85 20 25 1 90
4410 " 25N 25 5 90 5 40 U5 1 95
4612 " 25N 70 5 15 5 4 25 5 &5
4610 u 10 N 10 70 90 5 70 10 20 90
mzo u 25 N 10 85 ZO 10 30 70 1 95
20 m 25N 10 2 0 075 29 5 9
AVERAGE G, 2 6.5 74,23 11,02 LU8.08 34,08 47.69 85.1
et K KF1O0N 25 5 95 15 85 2 5 90
s K KON U0 0 35 5 80 5 5 80
36e8 K K¢10N 5 50 5 30 70 10 25 65
34e8 K Kfd25N 65 5 75 5 715 50 5 90
3l K Kf25N 20 10 8 110 70 5 10 90
38«10 Pp Pod 25N 35 0 &0 5 35 45 15 85
40.10 P> Pog 25N 25 5 95 c 9 25 95 &5
4o.12 Ps Ppfd25N 15 10 95 10 8 20 25 90
AVERAGE 28.76 10.6 7h.b 15,6 73.1 20.2 23.1 8&U,
76=26 NP P B 25 95 5 95 5 55
342k NP P 90 5 80 5 70 5 15 60
3440 NFK PK g 10 95 5 90 5 1 35
36-40 NPK PK 75 10 70 5 5 20 10 25
J6mlt2  NIK PK 90 0 85 5 90 10 55 10
38-26 NK K 10 4o 80 15 7% 30 25 85
46e16 N 0 10 75 65 3% 5 W 20 9%
4o-24  NK K 15 6 75 10 5 5 1 60
4026 NK K 16 9% 75 30 65 10 EO L5
L4.26  N3PFK PK 15 5 75 10 4 10 5 715
46e?8  NZPK PK B0 15 95 10 95 10 90 us
3426 NP PF10N 90 5 85 5 50 10 20 85
34.b2  NPK PK § 10N 75 3 75 10 70 4o 60 65
40-28 NK KON 70 20 75 5 2 a2 25 85
ou28 MK K410N 70 5 15 5 2 10 35 50
Wit N 10N 90 5 95 5 &0 5 a 9
46e26  N3PK PK # 25N 15 0___ 80 _ _30___95 15 K0 95
AVERAGE 78.3 11,6 80.8 10,0 57.5 16,6 35.8 79.1
36-4% K K 0 0 1 15 0 U5 0 20
42.12 5 20 90 10 65 15 5 95
R ST 90 0 80 10 65 45 10 95



AFPPENDIX TABLE E

Presentation of the Individual Annual Yields of the Trees From 1921 to
1932 in Pounds of Fruit per Tree

Tree 0ld Treaiment New Treatment
No. 1921 11922 11923 | 192k | 1925 | 1926 1927 | 1928 | 1929 | 1930 | 1931 ] 1932
314230 | Check 3 0 3 0 0] 13f Check 0 65 0 50 )
34.72 | Check 16 0 33 41 1h46| 120 Check | 137 | 187 18 528 N Y
36-30 | Check 1 0] _25 of 1k 83|l Check 55 1155 ho | 290 274 178
36-32 | Check 16 ! 1] 19] 313] 160| 80J Check | 106 | 156 gY 30 112712
b=l K 0 0 0 0 0 ollk £ 0 0 38 g2 0 16 0
4-12 | Check 17 11 27 6] 651 16(IN 134§ 280 | 1ug | 171 | 2k 26
36=10 | Check 12 1130 yT™ 28] 13| 200N 0 | Wi | 1b | 296 l% 331
36w12 | Check 3] 19 0 0 1%4 B g | 2n 18 | 138 | 2 0
314.10 Chegk 2] 171 1o 6] 14 N B | 2o L] 325 g 13
=20 | Check 21 0 37 201 85i 1K7THN 37 | 187 15 | 174 33 gl
38220 | Chack 3 0] 2i] 36} 151 1|l N 2y | 173 5 112 187 26
4222 | Check 18 76 30 15 231 2900 N 13 124 10 19 19% | 5ou
50221 Check 271 ot 14 51 74l 162|IN 95 | 2 62 | 2ub 95 24
4510 ) Check 13 | 1210 74| 171 90} 3p5QIN 2h8 | 622 g | Wmp | 377 24
46-12 | Check 16 2 651 421 29l WI9lIN 22 | 398 3 241 | 1761 163
46~10 | Check | 16 2) Yo| 4] Lol ql7lin 300 | U5l It 39 71| 229
430 | Check 56 | 408 | 258 ] 119 430] GUIHN 615 | 7501 9| 246 | 718 | 177
4630 | Check 0 0] 231 11 gl TuEN b7 1 115 31 23 | 108 28
4432 { Check Bl oW\] 33] 13 9] LN 33 | 9 0] 303 | 36| 223
3heb K 15 | 2i 9 7] 351 coiflk 4 | 32 | Lss 55 | U433 3y | 163
36-5 1K Y 161 7] 21 81 1050k 4 N § | 195 nl e | 131 L7
36-8 X L1 s5 1 18 2] m6] 3BEK LN 95 | 232 g8 | 2L | 3u | 1Lg
U8 X 1 5 sl 10 47 160 KA N | 11 | 195 69 | 169 { 137 29
TS P 23 1110] 30] au} k] ee3lls#a | 215 § 603 ] 59 1 Mo3 | 1781 182
Eg-m P 1 il 2 3 ) 56 lPo A N e | 137 0 123 90 &iy
=10 [Py 20 o} .2 14 2811 N]_216 | 307 2 298 1 10
=12 | P. 10 0t 9i 1} hyl adeBe Fwt kx | omp g 1 3% By 16
3626 | N(PK) oU | W11 § 275 | 260 | 4ob | us2 I (P 202 | u37 77 ] W23 | 218 | W7
3Un2lt | N(FK) 37 w03 j 1271 373 1 170 | 6764 (FK 95 1 330 18 | 349 | 322 | 2678
3440 | N(PK) 43 lej5 | 2271 5551 971 | 9 PK 99 | 231 | 256 | W71 T 118 %g
36140 | N(PK) 3 1688 | 268 | Mol jtami | 751 W (px)0 Al | 370 2 g g1
36-42 | N(PK) 62 | 755 | 12k | uo7 i 340 11019 (PK)O 1 ] U473 30 | 615 ZE 613
8=26 | N(PK) 17 | 110 29 2 PK)O | 120 | 181 339 61 | 102
16 | N(PK) 30 | 269 | 14| 12 %I 39u I (FR)0 | 206 | 3Lk | F_:Tis’ W9 1 301 | 316"
'u?."ag' N(PK 35 1149 | 285 1&2 122 | 126 (P 68 18 30 | 128 99 56 _
40-2 1280 1550 1 230} 1] 593 1 3g5 h(pkjo | 28% | €16 § 130 656 3
w26 | N(PK) 2L [ 38k | 118 | 204 | 182 PK)0 10 | 216 '_éé‘“—;a_—ac’rfﬁ-—ﬂ‘ 302
Y6-2¢ [N(PK) 20 |18 13| U3 | 98 | 329 || (FK)0 5 | 158 3 | 163 | 85 | 135
26 | N(PK) 1> [ 612 | 223 | 369 | 278 | 901 1 U 62 | 365 | 26
1\?&2 N(PK) Y% [R89 | 237 | 320 | 619 N _1%2—'—1% 78 | &% | 1 _&g'
0-28 |N(PK) | 86 | 578 | 120 | 2@1 | 387 | &1L IN 61 20_9 29 | 5ig 1'7;22_ b
=28 | N(PK) 2U E}a 286 | 103 | 719 N 9 | 576 U2K 1 2
11 | NCPK) 65 1438 | 92| 228 | 114 | 767 kN o | 837 ;‘_ BUg_| 117 | 523
4ow2lt | N(PK 2l 1515 | 430 | Pul | 247 | 643 §N 70 350 1 2 371
%6-26 | N(FK) 48 15031 341 2U61 931 & T ] 282 T"—l CTTI B 361




APPENDIX TABLE F

Chemical Analyses of Current Season's Growth of Jonathan Apple Spurs
from Various Fertilizer Plots at Newark, Delawsarse.

V a Vegoetative

June 2”-30, 1926 Expressed on Percentage Dry Weight Basis
Tree |Treat- Yield|Type] % |% Dry |Total | Free~ |[Sucrose|Poly~ | Starch{Total Total | Soluble | Insoluble
No. |ment Bloom| in | of | Mois~ [Welght|Sugars { Reduc- saccha~ Carbo~ [Nitroe | Nitro- Nitrogen
1908w 19261 1lbs.|Spur{ ture ing rides hydrates| gen gen
1926 1926 Sugars
46-.10{ Check 10 147 B [58.833[W.167] 3.473 | 2,389 1.08k4 [24.618 | 9.445[28,091 [1.238 274 .964
V| 50.654|49. 3461 3.125 | 2.280] .845 |2L.36U4 | 9.610{27.489 | .68 .102 519
40.22 | Check 20 | 162|__p161.476]38,52U] 2,910 | 2.169] .7h2 [24.590 | 7.590/27.500 }3.U03 JU89 | 2,914
vV |51.5391u8.461 ] 2.721 | 1.768] .947 24,397 | 6.862|27.108 . 656 .08l 512
36-10{Check g0 | 201]__ B |64.021]35.971] 3,980 | 2.702] 1.278 [23.797 | 7.931 2£.111 1,297 o 34T .9l6
v | 58.197141.803] 2,652 | 2,090 .562 [23.999 | 9.u57]26.651 | .728 - -
36m12|Check 60 78| _B | 62.321]37.676| 3.377 | 2.u46| .931 |2b.ulg | g8, Ul2]27.795 |1.021 2218 803
v | 57.586142, u1l] 2,743 | 2.160] ,583 [23.6M4 [ 9.715]|26.387 .799 +129 670
4020 | Check 60 | 157{_B |60.885[39.115] 3.0676 | 2.626] 1,050 |23.240 | 6.387]26.916 |1.914 2111 1,803
v | 53.222|46.778] 2.578 | 2.030| 548 [23.972 | 6, ull|26.550 | .820 +139 +681
46w30 [Check | 10 T4|_B [59.626]u0.374| 2,647 | 1.7161 .871 |23.090 | 8.290[{25.637 |1.580 . 4ol 1,176
v [51.038[48.962] 1.708 | 1.655] .049 |2h.%00 | 9.25Lj26.104 [ .668 . 047 . 621
ThE | K 65 | 161|_B |66.674[33.326] 3.806 | 2.715 1.031 23.157 %.“756 26.963 |1.309 393 917
v 160,781]39.219] 3.395 | 2.550} .&845 j24.102 | 8.783|27.497 | .627 081 . 5u6
36-€ | K 5 38| _B |62.105]37.895] 3.158 | 1,981 1,177 [26.620 |11.132129.778 | .958 212 . (16
- v 23.62(3) 8.35{ §.£§§ Sjé% .632_|23. ? 2.917‘2 26. 754 .652 .03611 .582
38"10 P 35 5 B 102 : L] [ . _g(aa 5 .0 2 3 01 l' 03 O 1-01
!l 2 SR ALK LN o B Aol BT N SO RN IR 5 L 3 P ol MY 1
U-16] N 10 | 394]_B 163.137|36.863] 3.572 | 2,548 | 1,024 |23,532 | 5.887|27.104 {1,560 . 1.108
~ V |53.109|46.891 | 2.169 | 2.415| .46 [22.175 | 8.411 @4?‘@"""?263_"_.'% 688
TomsG | WP 75 | W2 3 |E-52a36. 1o 3,720 | 2,860 ] .80 To2. 03l EW—%M Bh 1T.742 | .56 | 1.173
, v +8921H5,108] 2,639 | 2.290 | .349 [21.878 o[ 38| 2BeBL] .98 .190 « {96
Low26| NK 10 | 395|_3B |b3.772]36.228] 1,808 | 1,704 | ,10L 122,609 | 6.063[2U.U17 2,587 M58 | 2.120
V {55,553 W UL7 | 2,179 | 2,206 | ,183 |2U.618 | 6.386]27.097 | .910 .166 o [l
36-li2 | NPK 90 [1019] B 167.355|32.6U5] 3.934 | 2.898 | 1,036 |20.793 | 5.130|24.727 11.819 125 1,094
v |58.972|11.008 | 2,722 | 2.020 | .702 |22.112 | 7.922[k.834 | .867 | .221 .66
Yow2¢ | NyPK | 50 [ 329 | B _|61.297 38,03 | 1.892 | 1,072 | LU20 [20.870 | 5.797|22.(62 [2.020 +662 1,358
V_158.186(UL.8141 2,320 | 2.081 | .238 [20.894 | 6.519!23.21% 1,132 190 942
Wb | W 90 | 767 |_:B:}60.266}39.73U | 2.803 -- 1805 {-:5998 122390 |- 6.931}24.293 |1.725 | 576 { - 1.149 - :
v 153.296[ub. 7Ok | 2.837 | 2,310 ] .527 |21.783 | 6.842|2ML, 620 .827 073 LI54
326 | NP 56 [ 901 LB 165.695]31.3051 1.752 { = _ | - —J23.li0] h.992|25.162 [1.867 m 1. 305
V 157.435142,565 | 2.14% | 1e508] 636 [23.061 | 5.034125.205 |1.157 «155 1.002
To.se | MK 70 | 871 |_B_l65.437134,563 2.%324 | 2,138 | .186 l21.k 5.320] 23, 1,437 1 L6671 808
' i 56.337 13.997] 2.786 | 2.103] .683 |23, 5.20 gﬁ.gg 971 _.%eh .s%
62. L5511 3.280 | 2,272 11,017 |20.971 | 5.105|2M. 1.597 651 )
Sl N [T5 | 195 LR T e T 010 852 120:?’15—_—%1%_3_7_2 667 | .926 | 182 | . 7ul
T6-26| NgPK | 15 | 542 [ B [oh. 0.&56_;65;_: o | T-5M[ .o%f 21,455 | 5.6he123.935 12.122 .704 | 1,198
3 v si20 46,188 1.817 | = | .=  ]21.033 | 6.499[22.850 [1.158 | .087 | 1.071
Note =
B = Bearing



APPENDIX TABLE G

Chemical Analyses of Current Season's Growth of Jonathan Apple Spurs from
Various Fertillzer Plots at Newark, Delaware.

Juns 25-July 5,1932 Expressed on percentage Dry Weight Basis

Tree | Treatment 4 [Yield {Type % Total |Free- |8u~ |Poly- |Starch| Total Totel | Sol- Insol-
No. 01d New ploom} 1in | of |Mois~j§ Dry Sugars [Reduc~| crose|saccha~ Carbo~ [Nitro~| uble uble
1bs. Spurj ture | Weight ing rides hydrates| gen Nitro-| Nitro-

1932 Sugars en en

46w10{Chack [ 10 N 20 229 | B |60.44] 39,56 | 3.29 | 1.5 ]1.79 |22.32 | 2.70 |25.61 1.42 .ﬁs' —'.%1“'"‘

visi.52f g, g | 2.88 | 1,5 [1.38 |21.96 | 3.78 | 24.84 .90 | .19 .71

36-10{Check | 25 N 60 3311 B |61.09] 38.91 | 2.53 | 1.8 +13 |22.2 2.70 | 24.76 1.71 S8 11,17
vis4.72] 45.2¢8 J 2.4%3 | 1,5 | .93 21.3& 2,97 |23.76 98 | .17 .81

40 221 Check | 15 N 1 2] v [sh.oul us. 06 | 2.02 | 1.2 .82 |22.1 3.87 | 24.16 .83 .13 « 10
%6-12_0_}3%1: 25 N 0 0] vis4.92|Y4r.08 11.83 | 1.1 | .73 121.50 | 3.78 | 23.34 85 | .12 .13
-20|Check | 25 N 10 L] Vv |53.36] be.64 | 1.87 | .9 T .97 [22.50 | 3.96 | 24.37 8L | .12 .72
46~30| Check | 25 N 5 281 v |h49.08] 50.92 | 1,60 -9 70 122.59 | 3.15 | 24.19 .79 | .12 67
36u8 [K X ¢ 25 8|25 14g| B [61.99 33.01 2.87 1 1.4 fi.u7 21,2 | 3.4 [oW,31  [1.78 | .%0 | 1.28
vIG6,78] b3.22 | 2.31 | 1.2 11.11 j21.33 | 3.42 [ 23.64 1.49 | .20 [1.29

3WE |K K 425 N 5 29| v 15%.55] 45.45 | 2.13 | 1.0 | .73 21,78 | 3.87 | 23.91 1,13 | .10 .99
38-10|P» Bf 25 Ni1H gh| v 153.33 67 | 1.73 | 1.3 43 121,60 3.78 | 23.33 .95 .20 .75
UYo-16{N - 20 316| B [59.76( 40.24 | 2.92 | 1.4 1,52 {20.52 2,88 | 23.u44 1.5% RT3 1,05
v |52.00] 48,00 | 1.84 | 1.3 54 121,60 1 4,68 | 23.44 81 | .14 .67

36-26|NP P 5 17| B 159.62] B0.3€ | 2,45 | 1.3 |1,15 |21, b2 [ 1,89 | 23.87 1,58 | 48 | 1,06
vy isu.ou]l 45.00 | 2,37 | 1.2 ]1.17 f22.05 | 2.70 [2h.L2 79 ] .12 .67

UY0m26 |NK K 50 659 _B |60.39] 39.61 | 2.01 | 1.1 .91 [20.79 2.70 122,80 1.51 R 1.03
V 52,69 47.3L | 1.87 | 1.0 | .87 |22.59 | U.32 | oW, UG .80 | .10 . 70

T6-T2 |NEK PK 55 673 B | 60.89 | 39,11 | 2.39 | 1.2 |1,19 121.60_ | 2. 23,99 103 | .50 1.0

V| 5H.06| 45,00 | 1,81 | 1,1 | .f1 |22.32 | 3.(8 |284.13 85 | .18 z%——

B5~2E [N<PK FK 90 135|_B | 53.08 | ¥6.92 | 1.73 | 1,0 | .73 |20.3% | 1.26 |22.07 1.79 | .68 [1.11
V 159.56 | o, U4 11,72 | 1.3 | 42 120.16 | 3.24 |21.88 .85 | .14 2l

U1l N 10 N 25 5231 B [60.32139.68 | 2.01 | 1.4 |1.m1 [22.1 2.61 | 25.08 +95 . g o
vV | 53.43 | U6, 2.63 | 1.3 11.33 |21, 02 | 3,33 |2U.06 1,01 | .23 .80

3‘1-2@@ P # 10 N|20 375 LB _|61.91 Is.'iqu 215 | 1.5 | .85 |2k.02 | 2.52 |23.5( 1.6 | 42 1 1.0%
Y 157331 H2.67 {2.96 1 2.2 | .76 120,97 | 2.79 |§22.93 1.02 | .22 .80

Ye2B K . [X # 10 N[25. .| 456 ). B 160.78]39.22 [1.92 | %2 | .8 123.49 1 3.42 120.40 _11.24 | .33 91
v 154.59 M 11331 .7 | .43 122,59 | 3.60 | 23.72 .99 | .20 +19

3442 [NFK | PK# 10 N|60 462 ] B [62.90] 37.10 {1 2.50 | 1.7 11.20 {20.6) | 1.62 | 23.11 1.78 { .59 [ 1.19
v Ir6.47 [ 43.53 | 1.62 | 1.3 .32 {20.88 3.06 | 22.50 1.10 25 | .85

Wt hroor | prd 25 N{/0 €1 ] B |68.76| M1.24 1.8 | 1.2 | .62 {19.98 | 1.89 | 21.80 1.38 | .39 .99

’ v 151.79 1\‘.21 2.15 .9 11.26 119,98 3.63 EE.JJL 8l | .1% .bb
i - 2 Check Check 0 ___B__ !@loa l- 1 2. 1.2 ALO 22.23_ j_‘t__g 2 .57 1.2: -31 .96
36-3 K v [%0.82[ 19.18 | 1.7% | 1.1 Lol [22.95 | ¥.05 [ 24.69 o711 .07 , 70
‘3430 [Check | Chack 1 0 | v ]5i.78) #8.22 | 1.53 | 1.0 | .53 {23.04 | 3.42 [|2U.57 .74 | .08 266
'33-% X X 0 0 1 VI%59.36]| 45.6% | 1.91 | 1,1 | .81 |21.51 | 3.51 |23. | 1,00 | .08 .92
Thalh X K ¢ 25 Nj10 1621 B 162.61 | 37.39 | 2.69 | 1.4 _[1.29 122.05 | 3.15 |2k.7h 1.93 43 ]11.50

¥ 155.02] 44,98 | 2.46 | 1.5 | .96 [22.1 | 3.96 |2U.g (1,48 | .22 11,26
a2l | NP P 15 258 |_B 161.96] 3€.04 | 2.2% | .8 [1.uh [20.16 [ 2.25 |22, 1.49 252 .97
’ v |56.02] 43.98 | 1.86 | 1.4 | .46 (21,06 | 2.61 |22.92 1.21 gé .Zg

*Whe26{NzFK | PK T3 302{ B |58.121 41,88 | 2.23 | 1,2 [3.03 |21.50 3,15 | 23. 1 1,11 . .

; “v|%1.81] 48.19 | 1.36 | .7 | .66 |19.53 | 3.78 | 20.89 19 | .1 .66
624 [NZPK | PKy 25 N| 10 3774 v}isl.51] ke, 1. 1,1 | .38 |19.62 | 3.51 | 21.10 .07 | .21 86
ti2e12|pPs Pp 5 59| v{51.13| 48.87 | 1.79 | 1.1 | .69 {22.15 | 5.13 | 22.94 .82 | .11 T2
'IN.15] Check] Check 110 160] Vv ]&51.U9] Be.; | 2.0 | 1,2 [1.2) |23.04 | 3.78 | 25.U5 <131 .11 .62

Note =

B « Beoaring Spurs

V ¢ Vegetative Spurs

* « Analyzed only in 1932

10 1bs. NaNO3 applied by mistake in 1927.

L L)



APPENDIX TABLE H
Catalase Activity of Vegetative Spurs « Aversge of Two Determinations

Tree | 0ld New Number of Ssconds Required to Displace Each Cubic Centimeter of Water
No. Treat-| Treatment lee 2¢cc 3cc lce Bce %cc Tec &cc 9¢cc 10ce
ment
36w Y K K 25.0 | 59.0°| 98.5 | 1u45.5[198.5| 271.5] 374.5| = - -
3430 | Check | Check 20.51 31.5 | 31.0 38,5 2.0 ug.0| s54.5| 65.0! 77.01 91.5
36=32 Check | Check 14.0 | 22.0 | 26.0 28.0 r_,1%.0 36,01 39.5] u45.51 53.5] 62.5
TOTAL 34,51 83.51 97.0 | 66.51 74.0| 84,0} 94.0]110.5| 130.5] 154.0
AVERAGE 17.2 | 26. 28. .2 0] 42,01 .01 55.2] 65.2] 77.0
4630 Check | 4 25 N 9.9 1 10,0 { 11,0 | 13,54 13,0] 15.0] 15.0{ 16.5) 18,0} 19.0
'10 Check 10 N 900 1000 10-!i 11.!2 1 . 1 oo 1!2-0 1800 1 .0 1302
-22 | Check 15 N 8,51 8.0 9.0 { 10,5 11,5] 12.,5] 13.0] 13.,5] 16.0] 17.0
4020 Check | £ 25 N 8,51 8.5 1100 | 12.0} 12,5} 14,0} 15.5} 16,5 17.5] 20.0
bw12 Check | # 25 N g.01 801 9.0} 10.51)11.5} 13.5] 13,0} 15,0 15,0 17.0
3610 | Check | 25 N | 80 ] 6.5 ] 9.0 %o_.i_ 10, 11,01 12.0] 13,0 | 1u4,0] 15.0
TOTAL 1.0 | 51.0 | 78.5 8,5 | 72.5 1 8l.0| 83.5] 92.5 1 96.5 [107.5
AVERAGE g.5 1 8.5+t 9.7 | 11.4 1! 12,01} 33,5} 13.9| 15.41 16.01 17.9
34l K K£25N 9.5 1 1. 10.0 9.5 1 11, 13.51 13,0} 14.5] 15.5] 16.5
38-10 Po Po# 25N | 11.5] 12.5 | 15.0 | 16.5 | 19.0 | 19.5] 21.5| 23,0 | 26.0] 27.0
&8 1 K K425 N 8,51 6,01 7.0 g.51 9.0] 10.0f 11.071 11,01 12.51 12.5
W8 | K KL25 N 8.5 | 7.0 | €5 | 10,5 | 11.0] 12.0] 12.5] 13,0 ! 140§ 15.5
TOTAL 38.0 | 33.0 | Ho.5 | U5.0 | 0.0 | 55.0] ©58.0 1.5 68.01 T1.5
— AVERAGE 9.5 4 8.2 10,1 | 11,2 | 12 13.7)] ik5{ 15.3] 17.01 17.9
4616 N 0 11.0 | 11.5 | 13.5 | 15.0 | 16,0 | 19,0 19.5} 22.5] 23.5! 27.0
BITL 0 W R 0 PP LopAtaQ. 1. 9051 32.5.4.23.5 1 4.5 1 16,51 16,0} 19,0} 19, .
=26 NP P __l12.5 115.0 1-5 20.5 gﬁ_.L__g&,i_a_s_gj,__}_Q;i _ 34,51 38.5
-26 | NK K 9.5 10.0 11.0 13.0 14.0 15.5 16.5H 17. 18.5 21.0
%“3 NPK PK ]22.5 { 16.0 | 16.0 20,5 | 22,0 | 21,5 27.0} 28.5| 33.0[ 35.0
Wa o | WGPY PR - Do RIS 3 el < 7o g ek -0 19050103050 111,51 10,51 - 1015
Y26 | N3PK | PK 12.0 ! 13.0 | 15.0 | 17.0 | 18,5 ] 21.0] 21.5| 25,0 | 27.0] 30,
TOTAL 6.0 | 82.0 | 91.5 |108.0 {117.0 |128.0]139.0 | 154,51 166.5 | 186.0
AVERAGE 10. 11, 13.1 | 15, 1%. 18, 19.9 1 22,1 | 23.8] 26.6
40.28 | NK 10 1bs. N | 10.5 | 10.0 | 21,0 | 12,0 j 14.5 | 15,0 16.0] 17.5| 19, 21.0
i6-26 | N3PK | 25 1bs. N 8.5 9,0 | 10.0 | 10,5 | 11.5 ] 13.0 | iK4.0 _;E_s_ 12.°i,_.1_.__8.°
%-2E N;PK 2!2 1bso N 900 900 1000 ll.!i _lgos 11>00 l‘-E'S 1 .0 1 ° 11.5
W1l | N 10 1bs. N 8.5] 85 ] 95 | 11.0 | 11.B 1‘%.9 14,01 151 1b. 16.0
3l NPK 10 _1bs. N g.51 &5 |10.,0 | 12.0 112,51} 10| 1h0] 16.0 1 17,071 18,5
TOTAL 55eh | 5620 | 63.5 | 71.0 | 79.0 | 87.0 | 92.0 | 99.0 107.0 ] 119.0
AVERAGE 9.2 . 10. 11.8 | 13.1 | 14.5] 1k, 16, 17.2 1 19.8




