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EFFECT OF LATE SUMMER AND EARLY FALL APPLICATIONS OF SODIUM
NITRATE UPON THE COLOR AND KEEPING QUALITY OF APPLES
THE SAME SEASON, AND UPON THE NITROGEN CONTENT

OF THE FRUIT, LEAVES, AND SPURS.

As a result of the comparatively recent work of
Hooker (6)(7), Hodsoll (8), Schrader and Auchter (12)(13),
Gourley (3), and Cooper (1) relative to the effect of fall
applications of nitrogenous fertilizers upon the growth and
spur composition of fruit trees, the question of the effect
of such applications upon the color and keeping quality of
the frult the same year has been raised, While the use of
fall nibrate 1s not as yet a widespread practice among fruit
growers, the question relative to its effect upon the c¢olor
and condition of the fruit has assumed greabk sclentific and
commercial Importance,

Because of these facfs careful experiments were begun
at the Maryland Experiment Station in 1928 to study this prob-
lem, Bearing apple trees in two commercial orchards were fertil-
1zed with sodium nitrate at two-week intervals from the middle
of August to the time of picking., To determine whether these
nitrate applications had any effect on the fruit, the effects
of these applications were studied in three ways: (a) red color
of the fruit, (b) keeping quality of the fruit, and (ci nitrogen

content of the fruit, leaves, and spurs,



1928 EXPERIMENT
Outline of Plots Used

In August a falrly vigorous, fourteen-year-old apple
orchard belonging to J. Rust Canby of Colesville, Md., was
selected. The trees had been pruned moderately the previous
winter, and had received 6 pounds of sodium nltrate in the
springes The trees were planted in the square system, 30 feet
aparts The soil, a fertile Upshur loam, had been cultlvated
occasionally in previous years, but at the time was in a weed
sod, which was not mowed until just before the picking commenceds

On August 19, 4 Stayman Winesap, 4 York Imperial, and 3
Rome Beauty trees were given 4 pounds of sodlum nitrate, by
spreading it uniformly on the ground'under the spread of the
limbs. On September 3, 6 Stayman Winesap, 4 York Imperial, and
2 Rome Beauﬁy trees were gilven 4 pounds of sodium nitrate in a
like manner, On September 16, 5 Stayman Winesap, 4 York Imperial,
and 3 Rome Beauty trees were also given 4 pounds of nitrate eachs
Ad jacent fo each group of trees nitrated, one or two trees were
designated as checks and recelved no nitrate, In all cases the
nitrate applicdﬁion was followed within a few days by sufficient
raln apparently to completely dissolve it, The dally precipita-
tion at College Park, 10 miles distant, is given in Table I.



TABLE I - Dates betweéen Ag%. 15 and Nove. 1, 1928, when more
than .o inches of ralnfall occurred,

Au%gst September October
Dates 18 ~ 21 25 3 6 19 29 15
Rainfall 1,36 43 1,04 1,68 1,01 1,45 .94 .45 «48
in Inches

Outline ef Results Secured

Color - At the start of the experiment, on Aug. 19, there

was very little red color on the frult of any of the trees, What
little color there was appeared to be equally distributed through-
out all the trees. By Septe 23 the frult had developed a consider-
able amount of red color. Since the fruit coloring this season
was earllier and greater than usu&l; it was thought advisable to
secure careful color records before pleking, in order that any
differences between treatments might be accurately recorded.
Consequently, on Sept. 23, the extent of the coloring of the
frult was estimated by examining 100 apples on all nltrated and
all check trees. The color of each apple was classified accordw
ing to the percentage of its surface having the red color char-
acteristic of the variety. In this classificatioﬁ, all frult was
recorded as having 1ts color included in one of the following
four color ranges: O te 25, 26 to 50, 650 to 76, or 75 to 100
per cent of the frultts surface wiﬁh red color,

The percentages of the frult in each of the four color
ranges are given for all three varletles in Tables II, III,

and IV.



TABLE I1

Tit,

- Effect of late summer and early fall applications of sodium nitrate
(4 lbs. per tree) on the extent ol color og STAYHAN WINESAPY T

Per cent of frult in each color class

T s Nitrated Trees Nitrated
reiugu t 13

Trees Nitrated

Check Trees 8 September 3 September 16
(No nitrate)
Color Class Color Class Color Class Color Class
Per cent Area Per cent Area Per cent Area Per cont Area
" wlth Red Color with Red Color with Red Color with Red Color
Treo O~ 25w 50« 75w Q= 25w 50« 75- O« 25« 50w 78w Ow 25m 50« TS5«
Number - 25 50 75 100 256 80 75 100 26 B0 75 100 25 50 75 100
1 5 @ 67 19 24 25 40 11 9 20 42 20 24 23 33 20‘
2 9 29 42 20 27 20 32 12 5 15 35 45 13 28 38 21
3 24 23 33 20 21 32 25 22 20 27 38 15 12 19 43 26
4 14 12 28 44 20 24 30 18 51 24 24 1 18 27 43 12
5 30 33 25 12 15 22 46 1% 13 23 39 25
lé 26 40 18
Average 16 21 39 23 25 28 32 15 19 24 38 19 16 24 39 21




TABLE III - Effect of late summer and early fall applications of sodium nitrate
{4 Ibs, per tree) on the extent of color of YORR IMPERIAL frult,

Per cent of frult in each color class

Check Trees Trees Nitrated Trees Nitrated Trees Nitrated
(No Nitrate) August 19 September 3 September 16
Color Class Color Class Color Class Color Class
Per cent Area ‘Per cent Area Per cent Ares Per cent Area
With Red Color With Red Color With Red Color With Red Color
Tree O= 25« 50= 75= O= 25 50w 756 Q= 2b6e 50w 75« Ow 25w 50« 75«

Number 256 50 75 100 26 50 75 100 25 50 75 100 26 50 75 100

1 26 23 34 17 43 17 32 8 17 23 37 23 10 24 38 28
2 21 18 32 29 35 24 27 14 9 14 36 41 17 26 30 27
3 15 21 35 29 26 29 34 11 7 22 46 25 5 14 37 44
g 10 13 37 40 46 26 26 2 12 20 46 22 10 21 35 24

Average 18 19 34 29 38 24 29 9 11 20 41 28 13 21 34 32




TABLE IV

= Effect of late summer and earl

(4 lbs. per tree) on the extent o

color o

fall a--lications'of sodium nitrate

Per cent of fruit in each color class

Tree
Number

Check Trees
(No Nitrate)

Trees Nitrated
August 19

Prees Nitrated
Seggpmber 3

Trees Nitrated
September 16

-Eblor Class
Per cent Area

With Red Color

Color Class
Per cent Area

With Red Color

Color Class
Per cent Area

With Red Color

Color Class
Per cent Ares

With Red Color

0- 25« 50« 75~
25 50 75 100

O- 25~ 50= 75-
26 60 75 100

O= 25= 50w 75=
25 50 75 100

O= 25« 50« 75«
25 50 75 100

35 35 28 2

58 32 10 O

30 20 36 b6

26 32 32 10

32 29 30 9

32 30 32 6

37 38 23 2

63 20 21 6

39 37 22 2

Average

47 33 19 1

29 30 33 8

35 34 27 4

46 30 19 6§




Thlis data indicates the large variatlion among the
trees as regards the extent of coloring, The color of the
fruit on the nitrated trees is, 1n general, as good as on
trees receiving no late summer nitrate. For simplication,
Table V is presented, glving the averages of the per cent
of frult in each color range for all trees., This summary
indicates that, in the cases of the Stayman Winesap and
York ;mperial fruit, 4 pounds of sodium nitrate per tree
applied on Aug. 19 slightly reduced the extent of the
red color of the frult, while appllications of nitrate on
Sept. 3 and Sept. 16 did not appear to reduce color for-
mation‘compared to the check. The Rome Beauty trees
nitrated on Aug. 19, however, produced fruit with appar=
ontly more red color than the check trees, The Rome Beauty
trees nitrated on later dates were similar to the other
two varietlies, having fruit of equal color to that on the

checks



TABLE V - Effect of late summer and early fall applications of sodium nltrate on
: T TaBEes TI gg!

color of frult. summary o , : and 1V, giving
the average percentage o ™ n each color class,

Three Varieties =~ Color Estimated September 23, 1928.

Per cent ;

of Fruit Stayman Winesap York Imperial Rome Beauty

Surface ,

Having Dates - Dates Dates

Normal Check Application Check Application Check Application

Red Color 4 1lbs, nltrate 4 1bs., nitrate 4 1lbs., nitrate
8el9 O3 9=16 8«19 9-3 9=16 8=l9 9=3 Owlb

0 =25 16 25 19 18 18 38 11 13 47 29 35 46

25 « 50 21 28 24 24 19 24 20 21 33 34 30 30

50 = 75 39 32 38 39 34 20 41 34 19 33 27 19

75 « 100 23 15 19 21 29 9 28 32 1l 8 4 5




Keeping Quallty « Frult for the keeping quality tests

was plcked at the time of commercial harvest for the respec-
tive varietiess On Oct. 5 the Stayman Winesap and York Imper-
ial frult were plcked, while the Rome Beauty was not picked
until Oct., 21. For each of the three varieties, two bushels
of frult were hand-picked from one tree of each of the four
treatments, making a total of 24 bushels for storage tests,
Three of these trees had recelived 4 pounds of sodium nitrate
on the three respective dates, = Aug. 19, Septs 3, and
Septe 16 - while the fourth tree, which had received no ni-
trate, was used for a check. Care was exercised in selecting
fru1t of approximately uniform color and size, simllar %o
that which would be selected by growers who "spot" pick their
fruite '

The firmness of 20 apples from each two«~bushel sample
was immedlately determined with a Magness and Taylor (12)
pressure tester, which indicated the pressure in pounds neces-
sary to force a rounded plunger, 7/16 of an inch in diameter,
into the fruilt to a depth of 5/18 of an inch, A disc of skin
the size of a dime was always removed, so that only the flesh
offered resistance to the plunger., Since three separats tests
were made on each apple, the 20 apples provided 60 tests, the
average of which was considered the firmness of the sample,

The two bushels were then divided, one bushel being

put into common storage in an ad jacent storage house, and the




TABLE VI - Effect of late summer &and earlv fall applications of sodium nitrate (4 1lbs,
per _tree) on the firmness % of STA SAY apples at picking
TIme and during storage.
Firmness expressed in pounds
Common Storage 40° Storage
Dates of Nitrate Application Dates of Nitrate Application
Check Check
Auge 19 Septe 3 Sept. 16 Aug. 19 Sept. 3 Sept. 16
Oct. 5 1'7.21.08 1704::_034 17.9:.10 1‘7.5:.1'7 17.2:.08 1704:.54 17091010 1705:.1.7
Difference -
from Check e2+.35 o3%e13 ol¢.19 +24.35 0 3+e13 el+.19
Jan, 4 Te6+e13 To6+.18 7426418  7.7+.26 8e9#¢18 8454456 9.04.26  8,7+.29
Difference
from Check e O+ 27 odv.22 +14430 e44.60 olee52 o2%e34
Febe1l0 7.5:.09 6.82-.10 '7.2:017 708:.11 '7.9:.12 797‘:.07 8.1:.10 8.5:.12
Difference

from Check .7:.15 03:019 053014:

02_"_'¢14 021016 06:.1.7

# Note: The flrmness was measured by the Magness end Taylor pressure tester.

bot -
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other bushel taken 17 mlles on a pneumatic tired truck to a
40-degree sto;age room at the Maryland Experiment Station,
The common storage was a ventilated cellar, with its temperaw
ture ranging from 45 to 60 degrees. The 40-degree storage had
a variable temperature, which ranged from 40 to 45 degrees,
and a relatively high humidity.

Throughout the fall and winter a fow apples showing
decay were removed from the stored lots at each inspection,
but a complets record of such decayed frult showed them to be
distributed quite evenly throughout all lots, By the end of
January; 1929, all Stayman Winesap and York Imperial fruit
had passed thelr normal storage life, All lots of Stayman
Vinesap were noticeably shriveled, while the York Imperial
had lost their crispness. The Rome Beauty, which had origin-
ally been slightly affected with Phoma poml were covered with
the black spots of the dlsease.

The average firmness for each treatment was determined
twice during the winter. The probable error of each mean was
then calculated, and is given; also the difference from the
check, with probable error of this difference., Such a differ=-
ence i3 not considered significént unless it is at least three
times its probable error,

Table VI shows the firmmess of all Stayman Winesap lots
at pilcking time and during the winter, All lots were equally
firm~at plcking time, and softened equally until January. By



TABLE VII - Effect of late summer and ear

per tree) on the firmness * O

1y fall applications of sodium nitrate (4 1lbs.

PyoRE THPERTET sppTe

, apples at plcking

time and durlng storage.

Firmness expressed in pounds

Common_Storage

40 degree Storage

Dates of Check

Dates of Nitrate Applications Check

Dates of Nitrate Applications

Pressure
Testing Auge. 12 Sept. 3 Septe 16 Aug. 18 Septe 3 Sept. 16
Octe & 20.0:.05 20.1:.25 2205:.15 21.5:.21 20.0:.05 20o11.25 22.51.15 21.5:021
Difference
from Check 01425  245+416 1.3+.20 elee25  2.5+.16  1e3+.20
Jan, 4 10.7%.09 0e84:25 12:44412 10.14412 13,84.15 12,0409 1649509 13.,3¢408
Difference
from Check .Qt.26 1.7&.15 e64.15 1.8:.17 Selte34 o5+.16
FebelO 11e2#¢16 10.1#e33 12.845120 10,54,17 12.74.12 11l.3+,12 15.4+.24 13.7+,13
Difference ‘
from Check 101:'.037 2051.19 .7:.24 1.4&.18 2.71.2'7 1.0"’,17

# Note: The firmmess was measured by the Magness and Taylor pressure tester,
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Feb. ;0 the common storage fruit from the tree receiving
nitrate on Aug. 19 was significantly softer than the rest,
However, since the 40-degree storage frult from this same
tree showed no unusual softening, little importance can be
given to this small variation. All lots of fruit from trees
recelving nitrate on Sept. 3 or on Sept. 16 were fully as
firm as the check,

Table VII gives the firmmess of all York Imperial
fruit. At the time of picking the frult from all trees re-
ceiving sodium nitrate was as firm as the fruit from the
check tree, Fruit from trees receiving nitrate on Sept. 3 or
Septs 16 remained as firm as the check fruit throughout the
winter storage period.

During winter storage the frult from the York Imperial
trees nitrated on Aug. 19, however, in both kinds of storage,
became less firm than the check, the decreased firmness being
barely slgnificant, This softenlng 1s of particular interest,
in view of the fact that (see Table V) the color of this fruit
had also been reduced by this August nitrate application. Thus
it would seem in the case of the York Imperial varlety, that
4 pounds of sodium nitrate on Aug. 19 had slightly decreased
both color and keeping quallty of the frult,

In Table VIII are glven the results with the Rome Beauty
frulte. At picking time all frult from nltrated trees were firmer
than the fruit from the check trees, and those lots remained



TABLE VIII « Effect of late summer and earlz fall agglications of sodium nitrate (4 lbs,

per_tree) on the Ilrmmess # O . appiés at picking
TIme and during storage.

Firmness expressed in pounds

Common Storage ; 40° Storage

Check Dates of Nitrate Application Check Dates of Nitrate Application

Octe 21

Jan, 4

Feb, 10

Aug. 19 Sept. 3 Sept. 16 Auge 19 Sept. 3 Septe 16
15.54.15 1844+.10 16.5+4.19 16.3+.19 15454¢1l5 18444410 1645+419 16,34.19
Difference
from Check 2.9+.18 1.0+.24 oBr.24 2.9¢.18 1.0+.24 o8e.24
T«9+.06 Bo64.16 Be34408  To64.19 845+.07 9.1+,04 845+.08 8464407
Difference . . _
from Check  o7+.17 044,10 e34e24 «64.08 00+,10 el+.10
8.0:.97 8.9:.10 8.2:.05 '70'7:_.10 9001009 10¢0:¢14 9.3:.08 9.2:.12
Difference
from Check 091012 02:’08 05:015 1.q:.16 .53.12 .2:.15

# Note: The firmness was measured by the Magness and Taylor pressure tester,
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firmer throughout the winter in both types of storages. This
significantly greater firmness of the fruit from trees recelve
iné sodium nitrate on Aug. 19 18 of interest because the color
records in Table V show this frult to have more red color, This
variety showed increased firmness in February than a month
earlier, Degman (2), working with several large lots of fruit,
had observed this same behavior,

Nitrogen Content of the Frult, Leaves, and Spurs e

In addition to studying the effect of late summer and early
fall nitrate applications upon the color and keeping quality
of the fruit, it was thought deslrable to sscure data on the
nltrogen content of the frult, in ofder to determine how quickly
the nitrate reached the frult. In addition to determining
whether any nitrogen from the nitrate appliﬁations reached the
fruit; it seemed llikewlse of importance to know if any nitrogen
changes occurred 1n_the leaves and spurs. The importance of
studying leaves and spurs in fruit treq nutritional studles
has been demonstrated by many horticultural investigators,
Leaves have been found unusually sensitive to nutritional con=-
ditions and show a qulck responsevto fertiligers. Spurs have
been found (7)(8)(15)(16) to show increases in nitrogen content
following nitrate applications,

With this part of the study in mlnd, frult, leaf, and
spur samples of all three varieties were secured before apply=~

ing the sodlum nitrate, and at two-week intervals thereafter,



Samples of the check trees were secured at the same time.

For each variety and for each date of nitrate application

one set of samples was taken from each of two nitrated trees
and from one adjacent check tree. Né check tree was avallable
for the two Rome Beauty trees nltrated on Septe 3, and no leaf
and spur samples wers secured for any varlety on Sept. 3.

A fruit sample consisted of 10 apples of the same slze,
taken from well exposed positions on limbs about four feet above
the ground. In fact; these apples corresponded closely to those
plcked at harvest time for storage studles. Thé spur samples
were composed of from 30 to 50 non-bearing spurs of the same
length and diameter, of a slze characteristic of the majority
of spurs on that tree, while the leaf samples were made up of
all leaves on the spurs sampled, In lleu of spurs on the Rome
Beauty trees, non~bearing terminals of the same length and
diameter were secured.

The total nitrogen content for each sample was deterw
mined by the Kjeldahl method, with a modification by Gunning,
Jodlbawer, and Forester, to include nitrates. This method 1is
described in the Appendix. The analyses of the material from
the check (unfertilized) trees indicates the normal chénges in
the nitrogen content, which can be used as a basis for compari-
son in determining whether the nitrogen content of similar
material on the fertilized trees has been increesed by the
nltrate applications,



- 17 w

Frult - The analyses of the Staymen Winesep frult are
given in Table IX., From this data 1t is evident that the nlitro-
gen content of the fruit on different trees varied even before
any treatment were given (on Aug. 19). In every case the per
cent of nitrogen in the fruit decreased until Oct. 1, but the
absolute amount increased. Although the per cent of nitrogen
in the frult on the check trees was higher at the start, the
nltrogen in such trees decreased to a greater extent than did
the percentage of nitrogen in frult from nitrated trees. Check
tree A decreased 27,4 per cent as compared to 20,5 and 18,1
per cent decrease of the two adjacent nitrated trees, B and C,
Check tree D decreased 26.8 per cent as compared wlth an .8
per cent decrease of a nearby nitrafed tree F, Check tree G
also apparently had fruit decreasing 24.0 per cent in nitro-
gen while the fruit on the nitrated tree I decreased only 5
per cent and frult on nitrated tree H increased 4.3 per cent,
Thus, Judging from the figures for nitrogen content calculated
as per cent of dry welght, it would seem that more nitrogen
had entered the fruit on the nitrated than the check trees, On
the other hand, using the date giving the nltrogen in absolute
amount per apple, the results would indicate that the actual
milligrams of nitrogen going Into the fruit on nitrated trees
was no greater than that going into fruit on the check trees,
However, the figures for the absolute amounts ¢f nitrogen

are not strictly comparable, since there were no records made



TABLE IX - Effect of late summer and early fall applications of sodium

nitrate (4 1bs. ger tree) on the nitrogen content of
i rult,

Nitrogen expressed in per cent of dry welght

Date Nitrate Nitrate Nitrate
of Check Applied Check Applied Check Applied
mpling Aug. 19 Septes 3 Sept.16
Tree Tree Tree Tree Tree Tree Tree Tree Tree
A B C D E F G H I
ge 15 274 o244 0249
pt. 3 ‘258 «204 o21% 0298 - « 2358
pt.l6 «208 « 203 218 « 278 0194 218 «258 «188 221
t. 1 0199 .194 ‘204 .218‘ .179 .216 .196 .196 .220
r cent
erease
llowing 27.4 2045 18,1 26,8 - i . o8 24,0 4,3 % .5
rst
Elysis #* Increase
Nitrogen expressed in milligrams per fruit
Ze 15 21,05 27.30 27.95
pto 3 21.25 27090 27.60 33430 - . 25440
ptel6 41,65 42,55 42,40 495,10 38,90 384,20 29,10 27.30 34,65
te 1 46.15 49,45 47.30 47,05 53410 51.30 41,60 45,65 50,35
P cent

rease

Llowing 119,2

rst

glgsis

8ls2 6849 4143

102.0

43.0

67e2 453
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to show that the apple samples taken from each tree were
exactly the same size,

The analyses of the York Imperilal frult are given in
Table X, As in the case of the Stayman Winesap apples, the
frult from trees before any nitrate was applied had e different
‘nitrogen content, Thus trees J, K, and L had fruit, on Aug. 19,
with a nitrogen content of ,286, .271, and ,253 per cent re-
spectively., During the six weeks period until picking time,
the fruit from the check tree J decreased 14,7 per cent in
nitrogen, but the fruit from tree K, receiving 4 pounds of
sodium nitrate on Aug. 19, decreased only 5,9 per cent while
fruit from tree L, similarly nitrated, increased .5 per cent of
its original concentration, The data giving absolute amounts of
nitrogen per apple show only a 67,9 per cent increase of nitro-
gen of apples in check tree J, but show a 104,.,2 and 128,9 per
cent increase for nitrated trees X and L respectively., Thus the
nitrogen analyses, calculated either as per cent of dry weight
or as milligrams per apple, show a definitely increased nitrogen
intake in the fruit on trees receiving nitrate in August,

Nitrate applications made on Sept, 3 likewise caused
the fruit on the fertilized trees to take up more nitrogen than
fruit on the check tree, although the difference between the
fruit from nitrated and from check trees was not as great as
with those trees nitrated two weeks earlier, While the nitrogen

concentration of the fruit from check tree M decreased 14,9 per



TABLE X - Effect of late summer and earl

w 20 =»

fall applications of sodium

nItrate (4 Tbs. per tree) on the nitrogen content oi

Ok

rulit.

Nitrogen expressed in per cent of dry welght

alysis

#* Decreagse

Date Nitrate Nitrate Nitrate
of Check Applied Check Applied Check Applied
impling Aug. 19 Sept. 3 Sept.l1l6
Tre Tree Tree Tree Tree Tree Tree Tree Tree
J K L M N 0 P Q R

ge 19 «286 o271 o253

)pte 3 «258 2272 4312  L,261 «178 L212

)ptel6 «2686 0269 4252  ,217 212 ,225 .218 241  ,227

lt. 1 ¢224 .255 0254 0222 .214 018'7 -193 0240 .206
A r cent

Iereass

1lowlng 14,7 5.9 5% 14,9 20.,2% 1ll1l.8 11.5 5 9.25

rst

1alysis # Increase

Nitrogen expressed in milligrams per frult

ge 19 32485 26.95 24.20

pte 3 46,00 5750 56,30 58,70 41,40 44,80

pt.16 554,80 60.90 54.05 55,15 63485 51,20 52.80 50,00 63,25

te 1 ' 55,15 55,056 55440 60,50 57480 56,60 49,10 66635 62470

T cent

creoase

'110‘”1118 67.9 104,2 128,.,9 5.1 3906 26 o4 '7.0* 32 .'7 a 9%

rst




w 2] -

cent, 1t decreased only 11,8 per cent for nitrated tree 0 and
increased 2042 per cent for nitrated tree N. The data for the
increase of absolute amount of nitrogen per apple show only a
3.1 per cent increass for check tree M, but show 39.6 and 26.4
per cent increases for nitrated trees N and 0 respectively.

The fruit of trees Q and R, recelving nitrate on Sept.
16, 4id not show a similar response of the nitrogen content,
The frult of tree R showed nlitrogen changes, calculated both
as per cent and as absolute amounts per apple, quite similar
to frult of check tree P, but nitrated tree Q, on the other
hand, decreased less in per cent of nitrogen and increased
more in milligrams of nitrogen per apple than did the frult
from the check tree. The lack of consistent behavior of the
two trees nitrated on Sept. 16 makes 1t undesirable to attempt
any conclusions in this case,

From the data for the York Imperial variety 1t would
seem that the nitrogen content of the fruit was higher followw
ing Auge. 19 and Sept. 3 sodium nitrate applications, than fruilt
from unfertilized trees,

Table XI gives the analyses of Rome Beauty fruit, Here
alsgo duplicate nitrated trees do not behave alike., While the
fruit of tree T nitrated on Aug. 19 increased in nitrogen more
than the fruit from check tree S, the other nitrated tree
(tree U) behaved quite simllar to the check relative to the
percentage of nitrogen in the frult, but showed only a 108.6

per cent increase in mllligrams per frult as compared with
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169.2 per cent increase for the check., The fruit from trees
v aﬁd‘w, recelving nitrate on Sept. 3, showed quite similar
nitrogen changes, and had a greatsr nitrogen intake than the
fruit from the nearby check tree S during the same period.
For trees Y and Z, nitrated on Sept., 16, the frult analyses
calculated as per cent of dry weight show a 23,3 per cent de=
crease in nitrogen for check tree X during two weeks, and a
20,3 por cent decrease for nitrated tree Z during the same perw
iod, but for the other nitrated tree (tree Y) the results show
a 3.3 per cent increase. However, when the analyses are calcu-
lated as milligrams per fruit, the fruit from nitrated trees
Y and Z increase in nitrogen 372 and 27.4 per cent respesctive-
ly, while the frult on check tree X apparently decreased 5,18
per cent in nitrogen,

The effect of late summer and early fall applicdtions
of sodium nitrate on the nitrogen content of the frult was not
consistent for all three varietles of apple studled. For the
Stayman Winesap and Rome Beauty varieties, duplicate nitrated
trees did not always show slmlilar response; so that the results
merely indicate nitrate may increase the nitrogen content of
fruite In the case of the York Imperial trees, however, the
results do indicate nitrogen increases in the fruit following
Auge 19 and Sept, 3 sodium nitrate applications,

Although, as previously mentloned, the analyses calcu-

lated as absolute amounts per frult are not strictly compare
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TABLE XI « Effect of late summer and early fall applications of sodium

nigracve

DSe pe
[4) .

T tree) on the nitrogen content of

Nitrogen expressed in per cent of dry weight

Date Nitrate Nitrate Nitrate
of Check Applled Check Applied Check Applisd

mpling Aug, 19 Septe 3 Sept.l6

Tree Tree Tree Tree Tree Tree Tree Tree Tree

-8 T U v w X Y A
e 19 + 3567 «210 286
'p‘b. 3 .459 .535 .298 63‘75 .552
Pptel6 o372 + 232 o273 3509 « 264 0335 «276 « 328
te 1 0341 272 « 268 0249 + 2556 « 257 0285 « 232
r cent
crease
llowing 7.1 29.,5% 6,3 33«2 30.3 3.3 B3k 29,3
rst
alysis # Inerease

Nitrogen expressed in mllligrams per frult

&e 19 24,05 18,08 30,45
pte 3 59,20 46,80 46,80 49,10 54,10
pt.16 68430 40,25 55,10 56425 47,70 63.40 42.35 58,40
te 1 64.80 61,08 63.50 61,90 59,80 60,10 €68.10 60,00
r cent
erease

llowing 169,2

rst
alysls

2381 108,6

26,6 10,5

# Decrease

5.18%

37.2 27.4
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able, some of the data is nevertheless worthy of particular
comment. In a number of cases (Table IX, tree D; Table X,
trees J, K, N, P, and R; Table XI, trees 8, and X) the abso-
lute amount of nitrogen per apple on Oct. 1 was less than on
Sept. 16, While this data does not prove that nitrogen actu-
ally leaves the apple, the data suggests that such may occur
in some cases. Pfelffer (13) in 1875 observed similar indica-
tions. No explanation can be offered at this time,

Leaves - The total nitrogen content of the leaf samples
are given in Tables XII, XIII, end XIV. Applying sodium nitrate
to Stayman Winesap on Aug. 19 caused, as shown by Table XII, a
643 per cent increase in the nitrogen content of the leaves of
tree B by Septe 16 and a 7,1 per cent increase in the leaves
of tree C by Oct. 1, while the check tree (tree A), not receiv-
ing any nitrate, had a 345 per cent decrease in leaf nitrogen
content, The leaves of the nitrated tree B reached their maxi-
mum nitrogen content by Septs. 16, the leaves thereafter losing
nitrogen, In the other nitrated tree (tree C) there was only a
slight increase by Sept. 16, with the greater increase by Oct, l.

Applying nitrate to Stayman Winesap trees on Sept, 3
caused between Sept. 16 and Oct, 1 a 2,2 per cent increase in
leaf nitrogen in tree E and a .6 per ceéent increase in tree F,
while the check tree D decreased 4,0 per cent in nitrogen. Sod-
ium nitrate applied on Sept. 16 did not prevent a 1;1 per cent

nitrogen decrease in the leaves of tree H, but did increase the
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leaf nitrogen of tree I 4.1 per cent. The check tree showed
no change, The data show that 4 pounds of sodium nitrate ap-
plied as early as Aug. 19 increased the nitrogen content of
the leaves as compared to a check tree, Nitrate applied on
Septe 3 apparently increased the leaf nitrogen, although the
increases are so small as to be of questionable significances
Nitrate applied as late as Sept. 16 apparently increased the
leaf nitrogen of one tree,

The results of applying nitrate to York Imperial trees,
glven in Table XIII, are somewhat similar to those in the case
of the Stayman Winesap trees. One (tree 1) of the two trees re-
celving nitrate on Aug. 19 showed an 8,5 per cent increase in
the total nitrogen in the leaves by Sept. 16, the other (tree K)
8 2,0 per cent increase by Oct. l. The leaves showing the sar=
lier increase in nitrogen had leost nitrogen by Oct. l. Applying
nitrate to York Imperial trees on Sept, 3 caunsed a 5,2 per cent
increase in leaf nitrogen in tree N, but apparently did not pre-
vent a 3.4 per cent decrease in tree 0, Check tree M had a leaf
nitrogen decrease of 5,6 per cent by Oct. l. Trees receiving
nitrate on Septe. 16 did not show as great an increase in nitro-
gen as did the adjacent check tree. This data for York Imperial
substantiates the results with the Stayman Winesap, in that 4
pounds of sodium nitrate applied on Aug, 19 causes an increase
in leaf nitrogen by the last of September, The York Imperial

results, when nitrate is applied on Sept. 3, are confllcting,
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one tree showing increase and one showlng decrease, As in the
case of the Stayman Winesap, York Imperial trees recelving
nitrate on Sept, 16 apparently show no increase in leaf nie
trogen,

The total nitrogen content of the Rome Beauty leaves
is given in Pable XIV. Several of the stored samples of Rome
Beauty leaves were injured by water from a leaking draln pipe,
and had to be discarded., The leaves remained on the trees
longer than those of the other two varietlies, allowing leaf
studies to be continued untlil Oct. 15, at which time the
leaves, trees T and U, nitrated on Aug. 19, had more nitrogen
than the check tree S, One nitrated tree (tree U) increased
84,5 per cent in leaf nitrogen, Although the other nitrated tree
(tree T) showed a 5,0 per cent decrease in nitrogen, the adja=
cent check tree (tree S) showed a 15,2 per cent decrease, Ni-
trate applied on Sept. 16 caused no leaf nitrogen increase, In
fact, the trees Y and Z, nitrated on Sept. 16, decreased in ni-
trogen 17,5 and 5,9 per cent respectively, while the check tree
showed no change in elther direction. The Rome Beauty results
are like those for Stayman Winesap and York Imperial, in that
they show that nitrogen appllied as early as Aug. 19 or Septs 3
increased leaf nitrogen by picking time, and that nitrate ap-
plied on Sept, 16 dld not increase leaf nitrogen&over the check,

Although the leaves had too deep a green color initlally

to show any apparent change in color of the follage following
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late summer nitrate applications, the chemlcal analyses of
the leaves for total nitrogen have shown that nitrate appli-
cations made on Aug. 19 increased the leaf nitrogen in the
three varleties; and therefore such applications must have
resulted in increased nitrogen absorption by the tree. The
leaf analyses of trees receiving nitrate on Sept. 3 are not
as éonclusive in showing nitrogen absorption, but they do
indicate that ln some trees a slight amount of absorption of
the applied nitrate dild take placee In the case of the trees
nitrated on Sept. 16, the data do not show any more nitrogen
in the leaves on Oct. 1 than in the leaves of the check tree.
When increased absorption of nitrogen by the leaves
‘does follow nitrate applications, it would seem as if more
nitrogen might enter the frult as well as the leaves. That
late summer nltrate appllcations can inerease the nitrogen
content of the fruit as well as the leaves has already been
shown for York Imperlal trees nitrated on Aug. 19, In the
case of Staymen Winesap and Rome Beauty the leaf anslyses
indicating more nitrogen absorption followling the Aug. 19
nitrate application, than in the check, strengthens the in-
dications (in Tables IX and XI) that the nitrogen content
of the frult of these two varlieties was slightly increased

alsce
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BLE XII - Effects of late summer and early fall applications of sodium

nlvrate (4 lbs.

A N TAYMAN WINESAT

er tree) on the nltrogen content o1

AP leaves on non-bearing spurs.

Nitrogen expressed as per cent of dry weight

Date Nitrate Nitrate Nitrate
of Check Applied Check Applied Check Applied
mpling Aug. 19 Septs 3 Sept.l6
Tree Tree Tree Tree Tree Tree ’ Tree Tree Tree
A B C D B F G H I
ge 19 1,70 1,74 1.83
ptel6 1l.64 1.92 1.85 1.99 1,80 1.73 1.92 l.83 1,97
te 1 1.64 1485 1,96 1,91 1.84 1.72 1,92 1.81 1.89
r cent
ange
llewm -3g5 6ed 7.1 -4.0 2.2 «6 0 wlol who]l
rst

alysis
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fall agplications of sodiunm

TABLE XI1I - Effects of late summer and earlzi
er tree) on the

nltrate (4 lbs. E

nitrogen content of

leaves on non-beari@g 8purss

Nitrogen expressed as per cent of dry welght

Date Nitrate Nitrate Nitrate
of Check Applied Check Applied Check Applied
Sampling Aug. 19 Septe 3 Septe.l6
Tree Tree Tree Tree Tree Tree Tree Pree Tree
J K L M N 0 P Q R
. Auge 19  1.83 2,05 2,05
Sept.l16 1,78 203 2020 1,77 1.74 1,77 1.73 1.95 1,75
Octe 1 1,80 2.14 200 . 1,67 1,83 1.71 1l.88 1,92 1.79
Per cent
Change .
Fo:l.lowmg "1.6 4.4 2.0 “-’5.6 5.2 "5.4 8.6 "1.5 2‘3

First
Analysis
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TABLE XIV - Effects of late summer and early fall applications of sodium

nitrate (4 l1bs,.
""‘R’E“BEWM

‘leaves on non-bearing termi

er tree) on the nitrogen content of

nals.

Nitrogen expressed as per cent of dry welght

Date Nitrate Nitrate Nitrate
of Check Applied Check Applied Check Applied
Sampling Aug. 19 Septe 3 Sept.16
Tree Tree Tree Pree Tree Tree Tree Treé
s T U \'f w X Y Z
Auge 19 1.91 1.82 1.65
Septelé 1,96 1,86 1.90 1,21 2006 1.94 2.12 1.87
Octe 1 - o - n 1,59 1.85 1.91 - - o ow - o
Octe, 15 1,62 1,73 1,79 1.75 - 1,95 1,75 1,76
Per cent
Change :
FOllOWj.ng 15,2 5,0 BebH - 8 «17¢5 5,9

First
Analysis

-8.4
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§EEE£ » Since the analyses of fruit and leaf samples
have shown that nitrogen absorption occurs in some trees, it
would seem that the spurs through which the increased nitro-
gen passed might have an increased nitrogen content, Tables
XV, XVI, and XVII give the total nitrogen content of the cur-
rent season's growth of non-bearing spurs. The sample analy-
ses include one set taken on Nov. 5, about a month after the
fruit harvest. It was hoped the anslysis of spurs taken at
this time would indicate whether any increased nltrogen abe
sorption had taken place during the warm weather immedlately
following the removal of the frult from the tree.

Thp analyses of the Stayman Winesap spurs are given
in Table XV. The nltrogen content of the spurs on trees A, B,
and C varied from a low percentage value of .86 for tree B to
1,21 for tree A. The nitrogen in the spurs of all three of
these trees increased between Aug. 19 and Sept. 16. During
the last of September the spurs on the check tree A decreased
in nitrogen, while the spurs from the two trees B and C, re-
celving 4 pounds of nitrate on Aug. 19, continued to increase
in nitrogene By Nov. 5, the check tree A had decreased 11,6
per cent in spur nitrogen, while the nitrated tree B had in-
creased 19.8 per cent and nitrated tree C had increased 7.3
per cent, = Evidently the Aug. 19 nltrate application in-
creased the nitrogen content of the spurs over that in the

check,
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Trees recelving nitrate on Sept. 3 do not show any
such nltrogen increase in the spurs. However, since there
are no analyses to show the nitrogen content of the trees on
Sept. 3, before any nitrate was applied, there is no way of
knowing whether the spurs on nitrated tree increased, up to
Sept. 16, more than the checks., Between Sept. 16 and Nov. §
the spurs of the nitrated trees showed no more nitrogen ine
crease than did the check, for while check tree D showed a
spur nitrogen decrease of 3,0 per cent, one of the nitrated
trees (tree E) showed a spur nitrogen increase of 2,1 per
cent, and the other (tree F) showed a decrease of 8.3 per
cent during the same 7-week period,

Applying nitrate on Sept. 16 increased the spur nitro-
gen, for while the nitrated tree H showed & o7 per cent ine
crease, and the nitrated tree I a 6,9 per cent increase, the
adjacent check tree G showed a nltrogen decrease of 9.9 per
cente This spur nitrogen increase following Sept. 16 nitrate
applications did not occur by Oct. 1, but apparently took
place sometime between Oct. 1 and Nov. 5.

These results show, that in the.case of Stayman Winesap,
nitrate applied on Aug. 19 resulted in more nitrogen in the
spurs as well as in the leaves. Apparently no spur nitrogen
increase over the check followed Sept. 3 nitrate applications,
but nitrogen increases did follow nitrate on Sept. l&,
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TABLE XV - Effects of late summer and early fall applications of sodium

nitrate (4 Ibs., per tree) on the nitrogen content of
the current aeason's_gg_ wth of oT Yﬁﬁﬁ WINESAP

non=pe ng spurse

Nitrogen expressed as per cent of dry weight

Date Nitrate Nitrate Nitrate
of Check Applied Check Applied Check Applied

Sampling ' Aug. 19 Septe 3 Sept,. 16

Pree Tree Tree Tree Tree Tree Tree Tree Tree
A B C D B F G H I

Aug. 19 1.21 «86 1.10

Sept.l6 1,38 «98 l.24 1,67 l.44 le61 1.51 1.46 le44

Octe 1 1.02 1,04 1,66 1,56 1.37 1,41 1,30 1,36 1.47

Nove. 5 1.07 1.03 1.18 1062 1047 1,46 1.36 l.4%7 1.54

Per cent

Change

Following =11l.6 16.8 Ted =3,0 2.1 wB8e¢3 =9,9 o7 69

First

Analysis




In Table XVI are presented the spur analyses for York
Imperial. The spurs on trees K and L, receiving sodium nitrate
on Aug. 19, showed a larger nltrogen increase by Sept. 16 than
did spurs of the check tree J. After Sept. 16, however, the
spur nitrogen of the check tree J increased more rapidly than
the spur nitrogen of either of the nitrated t;eea K and L, un-
til by Nov., 5 the check tree had made a 36,6 per cent increase
in spur nitrogen as compared with 26,3 and 17,1 per pent in-
creases for nitrated trees K and L respectively.

In trees nitrated on Sept. 3 the spur nitrogen did not
change materilially from Sept. 16 to Oct., 1, while the spur nitro-
gen of the check tree decreased; but from Oct. 1 to Nov. 5, ale-
though the spur nitrogen in all three trees increased, the ni-
trogen of the check spurs increased by far the most. It would
seem that only at picking time d1d the Sept. 3 nlitrate applica-
tions result in more nitrogen in the spurs of these nitrated
trees than in the check,

York Imperlal trees nitrated on Sept. 16 did not show
any nltrogen increase in their non-bearing spurs, which is
quite contrary'to the results with Stayman Winesap nitrated at
the same time, The fact that the Staymen Winesap showed nitro-
gen increases, when the York Imperial did not, may be explained
by the fact that the Stayman Winesap trees were‘smaller in size,
and were growing in a part of the orchard having slightly poor-
er soil, Under such conditions, appllcations of nitrate would

be expected to show prompter and more noticeable effects,



TABLE XVI - Effects of late summer and early fall applications of sodium

nitrate (4 1bs, per tree) on the nItroEen content of
the current season's growth o
) non=pearing spurse

Nitrogen expressed as per cent of dry welght

Date Nitrate Nitrate Nitrate
of Check Appllied Check Applled Check Applied

Sampling Aug. 19 Sept, 3 Sept. 16

Tree Tree Tree Treeo Tree Tree Tree Tree Tree
J K L M N 0 P Q R

Auge 19 «90 l.14 1.11

Sept.16 1.05 1e4l 1,38 1,12 1.22 1,24 1.08 1.10  1.21

Octe 1 l.11 1l.34 l1.23 1,07 1.27 ls22 1l.15 1,07 1.08

Nov. & 1423 1e4d 1430 1425 1440 133 1.29 1.30 1,33

Per cent

Increase

Following 36.6 263 17.1 11,6 14,7 T7e3 19.4 18,2 9.9

Pirst

Analysis
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Table XVII gives the total nitrogen content of
the Rome Beauty non-bearing terminels. The terminals of
the trees (T and U) nitrated on Aug. 19, showed, as did
the spurs of the Stayman Winesap and York Imperial trees,
an increase in nitrogen by Sept. 16. At the same time
the Rome Beauty check tres S showed a loss of nitrogen.
The increase of nitrogen in the nitrated trees continued
until Oct. 15, and by Nov. 5 thils increase was 67,7 per
cent for tree T and 36,5 per cent for tree U, During this
time check tree S showed only a 446 per cent increase,

Between Sept. 16 and Nov. 5 the other check tree
{(tree X) showed a 9.4 per cent nitrogen increase. During
the same period, trees V and W, nitrated on Sept. 3,
showed nitrogen increases of 38,9 and 19,5 per cent re-
spectively; while trees Y and Z, nitrated on Sept. 16,
‘had nitrogen increases of 19,3 and 18,5 per cent respecw
tively, Thus it would seem that, in the carse of the Rome
Beauty trees, all late summer nitrate applications result-
ed in increased nitrogen in terminals as compared with

check tree terminals,
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TABLE XVII ~ Effects of late summer and early fall applications of sodium
nitrate (4 1bs. per tree] on the nitrogen content of
entire current season's growth of
terminals,

-

Nitrogen expresgsed as per cent of dry weight

Date Nitrate Nitrate Nitrate
of Check Applied Check Applied Check Applied

Sampling Aug. 19 Sept. 3 Sept. 16

Tree Tree Tree Tree Tree Tree Tree Tree
S T U v W X Y Z

Aug. 19 _ 87 65 '« 63

Sept.16 - 81 «80 082 712 082 +85 .88 «81

Octe 1 ‘92 '85 « 93 84 «80 . «86 79 .'73

Oct. 15 .83 1.07 093 098 -93 086 079 074

Nove & «91 1,09 «86 1.00 .98 «93 1,05 +96

Per cent

Increase

FOllOWing 4,6 677 365 38,9 19.5 Oed 19,3 18.5

First

Analysls
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Summary of the 1928 Experiment - In an orchard of

fairly vigorous trees, which had received 6 pounds of sod-
jum nitrate in the spring, the effect of Aug. 19, Sept. 3,
and Sept. 16 applications of sodium nitrate (4 pounds per
tres) upon the color, keeping quality, and nitrogen content
of the frult was studied. The fruit color was reduced slight-
1y in the case of Staymen Winesap and York Imperial trees ni-
trated on Aug. 19. The keeoping quglity was decreased only in
the case of the York Imperial trees nitrated on Auge. 19. Ni-
trate applied on Sept. 3 or on Sept. 16 reduced neither the
colof nor the keeping quality, although nitrate applied to
Rome Beauty on Aug. 19 apparently did increase both the color
and keeping quality of the fruit. From the chemical analyses
it would seem that nitrate applicatlons made on Aug. 19 re-
sulted in an increased nltrogen intake by the frult, as com=
pared with the check, but only in the case of the York Imper~
1al trees nitrated then did this frult nitrogen increase oc-
cur to any marked extent by the middle of September. It will
be recalled that this frult had poorer color on Sept. 23, and
that it had poorer keepling quality,

Leaf analyses show that in all varletles sodium nitrate
applied on Aug. 192 was absorbed by the tree at least within
30 days. If analyses had been made of leaves on Sept. 3, they
might have indlicated that there was even more rapid nitrogen

absorption by the tree. Leaves on trees recelving nitrate on
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Sept., 3 or Sept. 16 apparently did not increase in nitrogen
as compared with the check, but this situation might have
been due to the more rapid translocatiﬁn of nitrogen out of
the leaves in the nitrated trees than in the check, which
prevented any nitrogen accumulation. Spur and terminal anal-
yses show that In most cases such late summer nitrate appli-
cations resulted in increased nitrogen in the spurs and ter=
minals before the end of October,

The fact that some trees did not show increased nitro-
gen following late summer or early fall nitrate applications
was probably due to the fact that In such trees nitrogen from
the 6~pound spring application of sodlum nitrate was still
avallable in suffic;ent quantities to maintain the tree in
high vigor. This explanation has been substantiated by fur-
ther work in this orchard, in the course of which it was
found that many of the trees showed no increase in spur nitro-
gen following nitrate applications, even when the nitrate was
applied the following spring. The results of this work just
mentioned will be published in a separate report,

Since the vigor of the trees in this orchard apparently
in many cases obscured the effects of these late summer and
early fall nitrate applicatlions, it was thought that less vig-
orous trees, showing apparent nltrogen deficlency, would be
more suitable for conducting further experiments. Accordingly,
the following year another orchard, rather low in vigor, was

selected for the second yearts work,
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1929 EXPERIMENT
Cutline of Plots Used

The orchard used in the second yesar's experiments was
located on the edge of the J, Pumphrey orchard, near Glen-
burnle, Md. A devitallzed block of fifteen-year-old York
Imperial apple trees growing in a weed sod were selected;
Having recelved neither nitrate nor pruning, the trees were
extremely low in vigor, with a terminal growth hardly an inch
long and with sparse foliage of a yellowish green color. The
top soll was a poor sandy loam, underlaid by a heavy clay sube
soil, All the trees used in the experiment were bearing a mod-
erately heavy crope.

Six poundsvof‘sodium nitrate was applied to each of
six trees on Aug. 15, to slx more trees on Sept. 1, and to
six more on Sept. 154 Slx trees, distributed thrbughout the
block and in all cases on slightly higher ground, were desig-
‘nated as checks and were not nitrated, It was felt that 1if
fall nitrate applications had any detrimental effect on the
crop of frult, such effects would readily be noticed in this
orchard, |

Outline of Results Secured

Color « General observations on the color of the fruit
were made from time to time, On Aug. 15, before any nitrate
had been applied, there was almost no color on any of the

fruit, Thereafter, the frult on all trees, regardless of treate
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ment, colored apparently equally well and developed a high
"finish." To secure more accurate data on the amount of fruit
color, 100 apples on each tree in the experiments were classi-
fied as to color by the same method as used in the 1928 exper-
iment. On Septs 1 such a classification of the frult was made
for all the six check trees and the six trees which had re-
ceived nitrate on Aug. 154 The per cent of frult found in each
color class for each tree is glven in Table XVIII. On Sept. 14
the color records were agaln obtalned, the group of trees ni-
trated on Sept. 1 being included also, These results are given
in Table XIX. It 1s evident that the color variation between
different trees treated alike was much less than in the 1928
experiment, The average for each group of slx trees is given
in Table XX,

In Table XX there 1s a very slight indication that on
Sept. 1, two wesks after applying 6 pounds of sodium nitrate,
fruit on the nitrated trees had a little more red color than
the fruit on trees not receiving nitrate (check). This in-
creased color following 6 pounds of nitrate would not be wor-
thy of consideration but for the fact that on Sept. 14 the
same color difference was still Indicated. The trees recelve
ing nitrate on Sept. 1, however, had fruit with practically
the same color as the check trees.

One explanation for this increase in color following

the Aug. 15 nitrate application might be, that the increased
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nitfogen absorption by the tree increased leaf activity., If
such a leaf activity as photosynthesis were thus increased,
there would be more carbohydrates produced, and thus more
carbohydrates would be available to the fruit for pigment
development. The fact that the leaves of the trees receiving
nitrate showed a very noticeable darkening in color strongly
supports this explanation.

Another possible explanation, which should be mention-
ed, is that the late summer nitrate application might have in-
creased the camblal growth in the trunk and limbs. This cambial
growth might supply more and bigger conductive tissue to proe
vide the fruit with an increased water supply; and there 1is
mach practical evidence to indicate that water may be a limit-
ing factor in the coloring of frult,



PABLE XVIII - Effect of late summer and early fall applications of sodium nitrate (6 1bs.
T Yogﬂ TMPERIAL T

per tree) on the extent of color o

rult on

nltrogen deflclient trees.

Per cent of fruit 1n each color class on Séptember 1.

Check =-- No Nitrate Applied 6 1lbs, Nitrate Applied Aug. 15
Tree
Per cent Area with Red Color Per cent Area with Red Color
Number
0=25 25«50 50=75 765=100 0=256 25«50 50«75 75-100
[}
>
o
1l 58 21 18 3 42 36 15 9 ]
2 62 24 11 -3 35 32 33 10
3 49 21 25 5 25 19 33 23
4 64 28 5 3 37 24 24 24
b 55 23 13 o 65 27 8 0
6 39 18 31 12 60 29 7 4
Average 56 22 17 6 43 28 20 11




TABLE XIX - Effect of late summer appllications of sodium nitrate (6 1bs. per tree) on the
extent o 6 color o rult on
nltrogen deficient trees.

Per cent of fruit in each color class on September 14

Check --«-« NO Nitrate 6 lbs. Nitrate Aug, 15 6 lbs, Nitrate Sept. 1 '
Tree
' Per cent Area with Per cent Area with Per cent Area with
Red Color Red Color Red Color
Number :
025 25«50 5078 75-100 Owl2b 25«50 50«75 75100 0=25 25«50 50«75 75-100
1 25 33 29 13 l9 28 30 23 23 37 30 10
2 9 32 45 14 32 32 30 8 45 24 25 -6
3 43 27 26 4 3 16 31 50 20 29 356 16
4 21 30 33 16 25 22 4] 12 39 32 26 3
5 48 27 18 7 14 19 33 34 13 7 41 19
6 29 29 30 12 13 20 40 27 16 33 39 12

Average 29 30 30 11 13 23 34 16 26 30 34 11

uffc



TABLE XX - Effect of late summer and early fall applications of sodium

nitPate (6 1bs, per tree) on the extent of color of YO
IMPERIAL gruit on nitrogen deficient trees,

Summary of Tables XVIII and XIX,

Per cent of frult (average of 6 trees) in each color class,

Color Estimated Sept, 1 Color Estimated Sept, 14

Per Cent

of fruit Check 6 lbs, Check 6 1lbs, 6 1lbs,
Surface Nitrate Nitrate Nitrate
Having No Nitrate on No Nitrate on on
Red Aug, 15 Aug, 15 Sept. 1
Color

0=25 55 45 29 13 26

25«50 22 28 30 23 30

S50="75 17 20 30 34 34
75-100 6 11 11 16 11




Keeping Quality -~ The 1929 experiment gave an

opportunity to further study the effect of late summer
applications of sodium nitrate on fruit firmmess and
keeping quality. In order to determine whether any undue
softening occurred while the frult was on the tree,

frult taken for chemical anelysis on Sept. 1 and Sept. 15,
wag tested for flrmness by the same method used in the
1928 experiment. The figures for firmness are not entirely
accurate, since in a number of cases the firmmess was
greater than 30 1bs,, the maximum 1imit on the scale of
the pressure tester, Such readings had to be considered
"30" in calculating the mean for a given treatment,

On Sept. 28 the frult for storage tests wes picked
by hand, one bushel being removed from each of the trees
in the experiment. Since there were six trees for each
treatment, each storage sample contalned six bushels, Each
storage sample was thoroughly mixed and divided in half,
One 3«bushel portion from each sample was put in common
storaege at the Canby orchard, while the other 3-bushel
portion was put in cold (32°) storage at Arlington Farm,
Vae The firmness of all lots of fruit were tested when
picked, and on Wov. 23, Jan. 10, and March 20 respectively.
The meen firmmess, with 1ts probable error, for each lot

is given in Table XXI.



TABLE XXI ~ Effect of late summer and early fall agplications of sodium nitrate (6 lbs. per

Tree) on the rirmmess#* o apples just before picking
time and thereafter during storage.

Firmness expressed in pounds

Date Check trees Trees Nitrated Trees Nltrated Trees Nitrated
(Unfertilized) Aug. 15 Sept. 1 Septes 15
Oon the Sept. 1 7.9 + .3 293 + .1 277 & o2
tree pre- Difference led + o3 2+ 4
vious te from Check
picking
Sept.l‘l: 26.9 : «6 27.6 * 3 27.0 : 8
Difference o7 = .6 1+ 1.0
from Check -
At Sept .28 4.3 + .3 24.5 ¢ .4 24.4 + .4 25.1 + .3
Picking Difference 2 ¢ .5 el + .5 8 ¥ .5
Time from Check = -
Common Cold Common Cold Common Cold Cold

During Nove 28 T5.0 & 6 Z3.6%.0 T14.6%.% 23.Be.Z TZ V.3 T3.Z+.2 Z0.5+.2
Common DiffeTence - - - -

and from Check 1.5_4;.6 c4105 102"07 .4'!'.3 5.1#.3
Cold - - -

Storaga Jano 18 1602 : .5 25001;1 15.8:.1 22.2*.2 15054‘.1 22.6*01 22,9+,1
Difference = - - -

from ChGCk 04105 08:02 0.7_"_‘.03 04:¢2 .1:.2

Mar. 20 1802:.2 1805:.1 1701+02 17.4+,1
Difference - -

from Check 011.2 olicg 101103 .8:..3

# Firmness was measured by the Magness and Taylor pressure ﬁester.

nbiﬂ



From Table XXI it is evident that on Sept. 1 the
fruit on the trees receiving 6 lbs. of nitrate on Aug. 15
woere l.4 pounds firmer than the fruit from the check trees.
Since the probable error of this difference is .3, the
cosfficient of odds are 4.6 to 1 that this increased firm-
ness is significant, The firmness of the fruit on trees ni-
trated Sept. 1 is practically the same as check, Thereafter,
however, in both common and cold storage the difference bew-
tween the fruit from trees nitrated on Aug. 15 and the fruit
from check trees never became significant. The frulit from
the trees recelving nitrate on Sept. 1 had practlically the
same firmmess at plcking time and during the storage period
until March 20, when the fruit from the nitrated trees was
significantly softer by a coefficlent of odds of 346 to ls
Fruit on trees nitrated on Sept., 15 had at plcking time a
firmmess nearly equal to that of the check frult. Although
this nitrated fruit seemed significantly séfter than the
check fruit on Nov, 28, pressure test determinations on
Jan. 18 and March 20 showed no significant differences,

Thus, in three cases the fruit from nitrated trees
was shown to be significantly different in firmmess from the
check fruite In one case the fruit was firmer on Sept. 1l; in
another case frult from trees nitrated Sept. 1l was not softw
er than the check until the end of the storage pericd, and

in the third and last case the frult from trees nitrated on
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Sept. 15 was softer than check fruit at the Nov. 28 examin-
ation only. These three cases do not seem to be in any way
related, and can not be considered as showing any particu-
lar effect of the sodium nitrate applications upon fruit
keeping quality. The fruit in common storage was completely
destroyed by mice the last of January, but up to that time
no scald or decay had appeared. All cold storage fruit ree
mained without decay or scald until May 1, when it was dis-
carded. The conclusion to be drawn from the 1929 keeping
quallity studies is, therefore, that a six-pound nitrate ap-
plication to nitrogen deficient York Imperial trees, made
on Augs 15, Sept. 1, or Sept. 15, did not effect the keeping
qualify of the frult that season,

Nitrogen Content of the Fruit, Leaves, Spurs, and Bark -

Samples for chemlical analysis for nltrogen were taken before
adding the sodium nitrate and thereafter at two-week intervals,
in much the same manner as was used in the 1928 experiment.
However, since the variablllity of the analyses in the 1928 ex-
periment had emphasized the necesslty of obtaining very uni-
form material, particular pains were taken to make all samples
strictly compaerable, Instead of using for one sample material
from a single tree, a2s was done 1n 1928, each sample was a
composite of an equel asmount of material from each of the six
trees under a glven treatment, Spur uniformity was used as a

basis for securing compareble samples of not only spurs, but
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alsc fruit and leaves, Since Harley (5) has demonstrated that
spurs of aproximately the same yearly growth in length are
much more constant in chemical composition than spurs of var-
ied lengths, only spurs of uniform growth lengths were taken,

Twelve bearing spurs were taken from each tree, Since
all the trees had been chosen for their uniformity of vigor,
spurs of exactly the same length and diameter of current
season's lateral growth were selected for all samples, In an
endeavor to secure fruit growing under aproximately similar
nutritional conditions, fruit growing on these uniform spurs
were taken, The two most uniform apples among the 12 on the
spurs from each tree were used, the entire sample being a
composite of 12 apples, 2 from each of the six trees, The leaf
samples were composed of all the leaves on the spurs selected,
Only the cluster base and current season's lateral growth
were used tc make the spur samples,

The bark samples were of two kinds: trunk bark and
scaffold 1limb bark, A trunk bark sample was the composite of
6 sections of bark, 3 inches long and % inch wide, one section
being taken from the trunk of each of six trees, The limb
bark sample was likewlse a composite, using sections 3 inches
by 3/8 inches, and securing a single section from each of two
scaffold limbs,

The seeds were separated from the frult samples, were

counted, and preserved separately by drying them, In all
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other respects the fruit, leaves, and spurs were pre-
served in the same manner as in the 1928 experiment. The
bark samples were preserved by drying, in a manner simi-
lar to that used for the spurss. Alcohol insoluble as well
as total nitrogen was determined by the Kjeldahl method,
with a modification by Guming, Jodlbauer, and Forester,
as described in the Appendix, The method of extracting
the alcohol soluble nitrogen is also given in the Appen-
dixe Alcohol soluble nitrogen was calculated as the total

minus the alcohol insoluble nitrogen,
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Fruit = The results of the analyses of the fruit,
including all of the apple except the seeds, are given in
Table XXII. The nitrogen content has been calculated both
as per cent of dry weight and as milligrams of nitrogen per
apple, The data giving milligrams of nitrogen per fruit is
not strictly comparable, for the apples sampled from the
uniform spurs were not always of the same size, However,
large differences in absolute amounts are indicative; sven
if not concluéive.

The fruilt analyses for total nitrogen show much less
variation than those for the 1928 experiment, On Aug. 15 the
fruit of both the check trees and those to be given the ni-
trate showed the same per cent of total nitrogen, but the
fruit from the trees to be nitrated had 4.3 milligrams less
per apple than the check fruit, On Sept. 1 the per cent of
total nitrogen in the frult of the check trees had an increase
of only 1,8 per cent over its original concentration, while
the fruit from the trees receiving nitrate on Auge. 15 had a
nitrogen increase of 7.9 per cent. In terms of absolute
amounts, the fruit from the check trees had a 5.3 milligram
.increase, and the frult from the Aug. 15 nltrated trees had
an 8,1 milligram increase, It would seem that the frult on
trees receiving a 6—poun& sodium niltrate application on Aug.
15 took up a little more nitrogen than did the frult on trees
not nitrated, Apparently this increase was due to increased

soluble nitrogen, Followling Sept. 1 both lotg of fruit had
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exactly thé same increase in per cent total nitrogen,
and both apparently took up about 14 milligrams of
nitrogen,

‘ The fruit from trees nitrated on Sept. 1 was in-
itially comparatively high in nitrogen, whlch decrsased
ﬁhereafter, both in per cent of dry weight and in millle
grams per'apple. Betwsaen Sept, 15 and Sept. 28, in the
fruit from both pheck and Aug. 15 nitrated trees, there
was 2 rather large nltrogen increase, due to an Iincrease
in soluble nitrogen, Thlis increase can not well be &xw
plained, although it might have been caused by the nitro-
gen moving into the fruit from the leaves at thls time,

It will be noted that fruit on trees receiving
nitrate on Sept. 1 and on Sept. 15 showed the decrsease
in absolute amounts of nitrogen, which was suggested in

the 1928 experiment.



PABLE XXII - Effect of late summer and early fall applications of sodium nlitrate (6 1lbs. er
tree) on the nitrogen content of YORK EEPEEIIE aEEIea!*-{ncInEIﬂg
esh and sklin

® core, »

Nitrogen expressed in per cent of dry weight

Alcohol Soluble Nitrogen Aleohdl Insoluble Nitrogen Total Nitrogen
Dates Dates ol application Dates of application ~Dates of application
of Check of Nitrate Check of Nltrate Check " of Nltrate
Samp-
ling Aug.l5 Sept.l Sept.l15 Aug.15 Septe.l Sept.15 Auge.l5 Sept.l Sep.l1ld
Auge 15 +« 007 160 « 169 «16%7 «165
Sept. 1 .036 « 0568 «110 o134  L,120 o144 0170 + 178 «254

Sept.15 .01l 025 0044 «072 0125 4120 138 130 0136 «145 182 « 202

Sept.28 L.040 .044 .054 003 L1256 .130 «131 » 133 o165 L174 L184 L1136

Per cent Increase Fol- -
lowing Pirst Analysis -21,8 -23.0 1.2 5.5

Nitrogen expressed in milligrams per apple

Septs 1 7,91 11,21 20,25 27,51 22,70 25.75 35.42 33.91 45,90

SeptelS 2450 5412 Be6l 14,40 24.88 23,66 26,53 25,55 27,38 28,78 35,14 40.00

Septe28 15438 12,51 11,48 6.34 24,92 25.20 27.40 264,48 40,30 37.73 38,88 32,82

Per cent Increase Fol-
lowing First Analysis =117 =5.10 33.7 46,3

# Sample is composite of two apples from each of six trees.

- PG =



Seeds « The seeds of the frult were analyzed sep-
arately, the results in Table XXIII being presented in
three ways: nitrogen as per cent of dry weight, nitrogen
in milligrams per fruit, and nitrogen in milligrams per
seed, The figures giving the per cent of totael nltrogen
show nltrogen increased in all cases following nitrate
applications to the trees, The check, with the exception
of the Sept. 15 analysis, showed a decrease in nitrogen.
From‘Aug. 15 to Sept. 28 the seeds from the check trees
108t 645 per cent of their total nitrogen, while seeds
from fruit on trees nitrated on Aug. 15 showed 8,9 per
cent gain in nitrogen.

If the nitrogen enters the apple underAa force
within the tree, then it would seem that the absolute
amount of nitrogen per fruit would give a better indica=
tion of the effect of increased nitrate supplye. These rew
sults in Table XXIII show a steady, 18.5 per cent nitro-
gen decrease in seeds from unfertilized trees, while the
seeds from the trees nitrated on Aug. 15 show a rather
irregular 6,5 per cent increase,

If, on the other hand, the nutrient supply to the
fruit 1s determined to some extent by the number or silze
of the seeds, the absolute amount of nitrogen per seed

should be the best criterion. These results show 33 per



TADLI AALLL = KITOCT Or late summer and early rall applications of sodlum nitrate (6 1lbsa.,
per Ereo’ on the niErogon content 05 YORK IMPERIAL seeds.

Nitrogen expressed in per cent of dry weight

Alcehel Soluble Nitrogen Alcohol Insoluble Nitrogen _Total Nitrogen
Dates Dates of appIIca%{on Pates of applicatfon Dates of appllication
of Check of Nitrate Check of Nitrate Check of Nitrate
Samp=- T
ling Aug.l5 Sept.l Sept.ld Aug.15 Sept.l Sept.1l5 Aug.15 Sept.l Sep.l5
Auge 15 17 04 4,56 4,67 A 5623 4,71
ggpt. 1 «OY . 1D « 10 ‘1755%7 4,84 4498 4.95 Iogg Iogg
Sept.Ib .21 14 - 1T .24 4,91 4,95 4.96 4,89 b.l2 b.09 4.96 4.80
Vept.28 .21 07 .29 .09 4,68  5.08 4.885  b.1Z4 2.8 G5.1I5 b5.12 b5.23
Per cent Change Fol- «
lowing First Analysis +2.6 +8.4 -6.5 +8.9

Nitrogen expressed in milligrams per fruit

Auge 15 1843 ogtA 125.,0 120,0 143,33 12049

®8pte 1 2e4 50 2.0 128,90 148.8 124.1 131, e .

ept.ld el Se 40¥% 6.5 Iqu,’ 11,4 124,49 130.8  126.0 114,.6 Viggag 138.8
FEFEE“‘op . Bl 1.9 GeB I.8 T ITII.7 126,09 180,27 108.0 116.8 1g8.8 127.0 109.8
Per cent Change FolI= B

lowing First Analysis «10.68  +5.8 «1l8e5 46,5 .

Nitrogen expressed 1n milligrams per seed

Aug. 15 216 012 l.,422 1,501 1,688 1,613
8e te 1 QOll « 054 0033: 71:872_N10253M lo?Oﬁi ] 410903” Iogﬁ, I.?Sg
Sept.15 L077 053  ,063 e (DY Le 1859 ' 816 1,910 1.89¢
33?15123 « 097 028 «104 ' : ' 7 o245 2,01 o819

Peér cent Change Fole
lowing First Analyseis +50.6 $32,0 233435  +33.1

- 99 -
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cent total and insoluble nitrogen increases by the
seeds from both the check and the Aug. 15 nitrated
trees, although the 1ncreaée in the case of the ni-
trated trees was the more regular,

The results of analyzing the seeds are not
altogether conclusive, but they do show that follow=-
ing the Aug. 15 nitrate application there was slightly
more nitrogen taken up by the seeds of the frult than
in the case of the check trees, More precise methods
of sampling frult will have to be used before it will
be possible to measure any small increases of nitro-
gen which mlight follow nlitrate applicationsa.

Leaves - Although the late summer nitrate appli-
cations did not materially increase the nitrogen in the
fruit, it did temporarily increase the insoluble nitre-~
gen in the leaves. The soluble nltrogen was not affected.
From Table XXIV, it is apparent that the per cent of ni-
trogen in both the check and Aug. 15 nitrated trees in-
creased until Sept, 1l. After Sept. 1, in the case of the
normal (check), unfertilized trees the leaf nitrogen de-
creased., Apparently the nitrogen moved out of the leaves,
as Lincoln (9) and others have suggested. This hypothew
gis is further advanced by the fact that these check

leaves, showing the greatest nitrogen decrease, have a
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very high soluble nitrogen content, which would indicate
a preparatory stage in nitrogen translocation,

In the case of trees receiving nitrate on Aug. 15,
on the other hand, the leaves continued to increase in ni-
trogen from Sept. 1 until Sept. 15, and then showed 8 de-
crease, Evidently the nitrate application delayed this .
decrease in nitrogen content, With trees receiving nitrate
on Sept. 1, the leaves showed the same nitrogen increase by
Sept. 15, as did the leaves on the Aug, 15 nitrated trees;
and likewise showed a decrease 1n nltrogen after Sept. 15.
In the case of trees receiving nitrate on Sept, 15, however,
there was no resulting leaf nitrogen increase, but rather a
decrease similar to that in the trees nitrated on the pre-
ceding dates, \

The fact that late summer and esrly fail nitrate
applications were absorbed by the tree and affected the
leaves was indicated bj leaf color observations. On Sept. 1
casual observations showed a deeper green color of the leaves
of trees nitrated Aug. 15, Two weeks later, on Sept, 15,
trees fertilized on Sept. 1 had as great an increase in deep
green color of the leaves as trees fertilized on Aug. 15,

On Sept. 28 the differences. in leaf color were not as con-
spicuous, To verify the observations on leaf color, the

catalase activity of terminal branch leaves was measured,



TABLE XXIV ~ Effect of late summer applicatioms of sodium nitrate (6 1lbs. per tree) on the
nitrogen content oFf leaves from Lhe current season'g_gyowfﬁ of
“YORK INPERIAL bearing spurs.

Nitrogen expressed in per cent of dry weight

Alcohol Soluble Nitrogem  Alcohol Insoluble Nitrogen Total Nitrogen
Dates Dates of application Dates of application ~“Dates of applicatiocm
of Check . of Nitrate Check of Nltrate Check of Nitrate
Samp=-
ling Auge.15 Sept.l Sept.lb Aug.l5 Sept.l Sept.l5 Aug.l5 Sept.l Sep.l5
Aug. 156 4194 ,L206 «861 879 1.066 1.085
Septe. l .194 <178 . 168 «958 + 980 961 1.152 1,158 1,129

Septeld +,190 L194 108 0173 ,B896 1,009 1,061 «893 1.086 1.203 1,169 1,066

Sept.28 .,215 ,183 L0117 .165 .,875 .982 1l.129 o880 1,090 1,165 1,146 1,045

Per cent

Change :

Follewing +10,8 =11,1 +1.6 #11.7 4543 +7e4
First '

Analysis

- 69 -



Also, the number of leaves on three limbs of four trees in
each group was determined on Sept. 28, and then again on
Oct. 20, to estimate which group of trees held their leaves
longest. The results of these leaf studies are given in
Table XXV, The nitrogen analyses of leaves from bearing
spurs, taken from Table XXIV, are given for comparison with
catalase activity. The fact that increased catalase activity
1s paralleled by increased nitrogen cantent bears out the
statements of Heinicke (5), The effect of the late summer
nitrate in delaying leaf absclssion is shown in Plates I to
IV, inclusive, showing tpe appearance of typical trees in

each group on Oct, 20,
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TABLE XXV - Effect of late summer applications of sodium nitrate
on the color, catalase, total nitrogen,
and abscission of leaves,

Date of Type of Check Trees Recelving 6 1lbs. of Nitrate
dbservation Observation Trees Aug. 15 Septe 1 Sept. 15
Dull Dark Bright Dull
Sept. 28 Foliage Color Green Green Green Green
Catalase % 271 4,50 6.21 2440
jept. 28 Activity # 2.12 4,32 7633 3.91
Total
Jept, 28 Nitrogen @ 1.090 1.165 1,146 1,045

Per cent of
ete 20 Leaves Left 30.4 37,0 54,9 6241
on Tree .

NOTES:

#% Activity is expressed In cublc centimeters of oxygen
liberated during the first minute of contact with
hydrogen peroxide.

# The two figures for each determination represent the
results on samples from two different trees.

@ - The total nltrogen is expressed in per cent of dary
welght,. - '



Plate I » Hltrogen deficient York Imperial trees on October 20#
This tree has never received any sodium nitrate*

Not©® the extent of the normal fall defoliation*
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Plat© II e Nitrogen deficient York apple tree on October 20#
This tree received 6 lbs* of sodium nitrate
on Aug* 15%

Note that this tree has more foliage than the
tree in Plat© I which received no nitrate*
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Plat© III - Nitrogen deficient York apple tree on October 20*
This received 6 lbs# of sodium nitrate on Sept.l#

Note that this tree has more foliage than other
trees in Plates I, 11 and IV#
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Plat© IV - Nitrogen deficient York apple tree on October 20*
This tree received 6 lbs* of sodium nitrate
on Sept* 15*

Note that the amount of foliage is intermediate

between that on the tree not receiving any ni-

trate (Plate I) and that on the tree receiving
6 lbs* of nitrate on Aug* 15 (Plate II)*
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Spurs - The nitrogen content of the spurs, bearing
the leaves and fruilt analyzed, 1s glven in Table XXVI. Be=
tween Auge. 15 and Sept. 1 both the soluble and insoluble
nltrogen content of the spurs, on both check trees and
those nitrated on Aug. 15, showed a decrease, Apparently,
the decrease in soluble nitrogen was less in the nitrated
trees than in the check trees, which might indicate a slight
effect from the nitrate application, Between Sept. 1 and
Septe 15 the soluble nitrogen of the check spurs, as comparw
ed with the spurs of the Aug. 15 nitrated trees, showed a
slightly greater increase; but between Sept. 15 and Sept. 28
this soluble nitrogen increase was very much greater, The
insoluble nitrogen, on the other hand, decreased equally in
the spurs of both treatments between Sept. 1 and Sept. 15,
but between Sept. 15 and Sept. 28, the insoluble nitrogen
of the Aug. 15 nitrated trees increased so much more than
did the 1nsoluble spur nltrogen of the check trees that the
total nitrogen in these nitrated trees was greater than in
the check spurs.

These nitrogen changes just outlined seem rather
closely related to the leaf nltrogen changes, The increases
in soluble nitrogen of the check spurs occurred at the same
time that the insoluble nitrogen of the check leaves de-

creased, The final large increase in soluble nitrogen in the
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check spurs occurred the last of September when the
leaves showed a sudden rise in soluble nitrogen, It
would seem, then, that the spur nitrogen changes in the
check trees support the theory that the nitrogen of the
leaves moved out into the spurse

It will be noted in Table XXVI that the spur ni-
trogen of trees nitrated on Sept. 1 showed lincreases in
insoluble nitrogen between Sept. 1 and Sept. 28, greater
than occurred In the check, but less than occurred in
the trees nitrated on Aug. 15, Thms these trees nitrated
on Septe 1 showed spur nitrogen increases as compared
with the check trees, but the increases were not as great
as in trees receliving nitrate on Aug. 15

In the case of trees recelving nitrate on Sept. 15,
the data shows no definite spur nltrogen increase follow-

ing the nitrate application,



TABLE XXVI « Effect of late summer applications of sodium nitrate (6 lbs, psr tree) on the
ﬁItrgggn conton% of YORK IMPERIAL EearIng spurs

(current season's growth onTi).

Nitrogen axgggséed in per cent of dry weight

Alcohol Soluble Nitrogen  Alcohol Insoluble Nitrogen Total Nltrogen
Dates Dateés of application Dates ol application Dates of epplication
of Check of Nitrate Check of Nltrate Check of Nitrate
Sampw- .
ling Aug.l5 Septel Sept.l5 ‘Aug.l5 Sept.l Sept.ld Aug.l5 Sept.l Sep.l1lS
Auge. 15 395 2440 1.21¢ 1.175 1,605 1.6156
Sept. 1 ,240 +315 375 1,195 1,155 1,100 1.435 1.470 1.475

Sept.1lf 415 «450 +415 e455 14155 1.1056 1,156 1.226 1,570 1,556 1,870 1.680

Sept.28 o525 +400 0330 o325 1,160 1,380 1.340 1.280 1.685 1,780 1.670 1.605

Per cent

Change

Following 32,9 =1040 wd,1 ¢17.4 $5.0 + 9.7
Pirst

Analysis

“89"
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Bark - The analyses of the bark from the trunks of
the trees are given in Table XXVII. The per cent of nitrogen
in the trunk bark did not change during the period Aug. 15 to
Septs 1, 1n either the check or Auge 15 nitrated trees, From
Septe. 1 to Sept. 28 the nitrogen in the bark of nitrated and
check trees showed essentlally similar increases in insoluble
or total nitrogen, except in the case of trees nltrated on
Auge. 15, which showed a nitrogen decrease on Sept, 28. The
data, while being fairly consistent, shows no nitrogen increase
following the nitrate applicationse

The andlyses of the scaffold limb bark are glven in
Table XXVIII. The nitrogen content of these scaffold limb bark
samples was apparently qulite variable, with the result that no
correlation can be obtained between nltrate applications and
changes in bark nltrogen,

The variability of the bark analyses was probably due
to the difficulty in securing comparable samples from the in-
dividual trees in each treatment, The nitrogen content of a
single section of bark was probably more affected by the ace
tivity of the roots directly below than by the amount of nile
trate available in the soll, Since the same tree had to be
sampled repeatedly, only small sectlons of bark could be taken
each time; and these small sections 0f bark undoubtedly d4id

not give samples representative of the entlire tree,



PABLE XXVII « Effects of late summer applications of sodium nitrate (6 lbs. per tree) on
nitrogen content o e trunk bark of nitrogen~deficlent
o ORK trees,

Nitrogen expressed in per cent of dry welght

Alcohol Soluble Nitrogen  Alcohol Insoluble Nitrogen Total Nitrogen _
Dates Dates ol application Dates of application Dates of applicatlion
of Check of Nitrate Check of Nitrate Check of Nltrate
Samp~
ling Aug.l5 Septel Septeld Auge.ls Sept.l Sept.ls Augel5 Septs.l Sept.l&
Aug. 15 4041 ,032 412 0449 .453 481
Septe 1 023 017 090 «436 4465 4465 e458  .482 585

SepteslE L0033 LO1% «021 022 L,504 ,502 2448 4446 L5507 519  ,469 «468

Sept.28 L0017 L,024 ,L,019 o018 o507 473 528 o543 524 @ ,497 o 54% «561




TABLE XXVIII « Effects of late summer applications of sodium nitrate (6 lbs. per tree) on
the nIErogpn content of the scalfold llmb bark of

nitrogen-dericlent YORK trees.

Nitrogen expressed in per cent of dry welght

Alcohol Soluble Nltrogen Alcohol Insoluble Nitrogen Total Nitrogen

Dates — Dates of applica%Ion Dates of application Dates of appllcation

of Check of Nitrate Check of Nitrate Check of Nitrate t

Samp~ -3

ling Aug.l5 Sept.l Sept.ls Aug.l5 Sept.l Sept.l5 Aug.ld Sept.l Sept.ld
¢

Auge, 15 L211 +106 «309 «49% « 520 «602

Septe 1 ,093 «065 » 040 * 389 4906 o442 482 « 5569 482

SeptelE 4006 0036 ,038 2033 0536 0514 L4800  ,462 .632 4549 «518 «495

Sept.28 «014 o041 «046 « 095 +475 « D74 o419 24775 « 489 «8156 0465 « 570
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Surmary of the 1929 Experiment - In the 1929 experi-

ment, a sodium nitrate application of 6 pounds per tree, made
on Auge. 15, Septe 1, or Sept, 16, dld not cause any decrease

in the color or keeping quality of the fruit that same season.
Chemical analyses showed no .greater increase in . - nitrogen
in frult (minus seeds) on nitrated trees than in fruit on check
treess In the case of trees receiving nitrate on Aug. 15, the
data indicates a very slight nitrogen increase over the check,
but thils increase was so slight as to be of questionable signif-
icances The seeds of this fruit, however, apparently did ine
crease in nitrogen following all nitrate applications, while
the seeds of check fruit decreased in nitrogen. The leaves un=
questionably showed the effects of the nitrate by a deeper
green color within two weeks after its application. The effects
of nitrate on the leaves by Sept. 28 were deeper green color,
higher nitrogen content, higher catalase activity, and a retar-
dation of leaf abscisslon, as compared with the checke, The
spurs showed increased nitrogen over the check only in the

cagse of trees nitrated on Auge 15 and on Sept. 1, and the in-
¢creases were very slight, Neither the trunk nor the scaffold
1limb bark showed any nitrogen increases following nitrate ap=-
ﬁlications. It would seem, therefore, that the leaves are the
principle part of the tree affected following late summer
nitrate applicatlions,
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GENERAL DISCUSSION OF RESULTS

Recent horticultural investigations have reported
the effect of fall applications of sodium nitrate in apple
production. Experiments extending over a two-year period
have been conducted to determine the effect of fall appli-
cations upon the color and keeping quallity of the fruit,
In interpreting the effects of such nitrate applicatilons,
the time of application, amounts used and the vigor and
age of the trees involved must be carefully considered,

Nelther the color nor the keeping quality of the
frult from vigorous trees of Stayman Winesap, York Imperw
ial, and Rome Beauty varleties of apple were affected by
early fall (Sept. 3 and Sept. 16) sodium nitrate applica=
tions, Furthermore, in the case of nitrogen deficient York
Imperial trees, the color and keeping quality of the fruit
was not affected by early fall nitrate applications,

The frult color was slightly affected when the ni-
trate applications were made In the late summer about Aug,
15. The red color of Stayman Winesap and York Imperial
fruit on vigorous trees nitrated on Aug, 19 was somewhat
less than on adjacent vigorous check trees. Howsver, thils
decreased color was so slight, as compared with the check,

that 1t could not be notliced by casual inspection of the
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fruit, either on the tree or after being picked. Careful
detailed records of the amount of color on 100 apples on
each tree were necessary to show color differencesas

On the other hand, the color of the frult on vigor-
ous Rome Beauty trees and on nitrogen deficient York Imper-
ial trees was increased, as compared with the check, by mid-
August nitrate applications, The color increase of the Rome
Beauty frult was easily apparent at first glance, not only
because the frult had more of its surface colored, but bew
cause the color was a much deeper rede The color increase in
the nitrogen deficient York Imperial fruit was very slight,
and could not be observed by casual inspection, Since the
leaves were conspicuously greener in this case, they may have
been more. actlive photosythetlcally, with the result that more
carbohydrates were produced; and the increased carbohydrates
might have resulted in a slightly greater pigment formetion,
A study of these leaves on Sept. 28 showed the deeper green
cdlor to be assoclated with a higher catalase activity,

The keeping quality of fruit from each treatment was
tested in common and cold storage. The kesplng quality of
Staymen Winesap and Rome Beauty fruit from vigorous treses,
and of York Imperial fruit from nitrogen deficlent trees, was
not decreased by sodium nitrate applications made in the
early fall (Sept. 3 and 16). Only in the case of a sodium ni-

trate application made in the late summer on Aug. 19, to vig-
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orous York Imperlal trees, was there any decrease in keep=-
Ing quality as compared with the check fruit, This decrease
in keeping quality was exhlibited as a greater decrease in
flesh firmness than with the check fruite. Although this dew
crease in firmness was significant, the reduced firmmess
would hardly have been apparent to the fruit "trade".

Thus the 1928 and 1929 results have shown no effect
on either the color or the keeping quality of fruit follow=-
ing sodium nitrate applications made in September, It was
only when the nitrate applications were made in August that
the color or keeping quality were affected, Since nitrate,
when used in commercilal orchards in the fall, is applied
about the middle of September or later rather than in Aug=-
ust, its application at that time should have no deleterious
effect on the frult color or keeping quality,

With all three varietles studled the nitrogen in the
sodlum nitrate applications was absorbed by the roots of ths
trees before picking time (about Oct. 1), as was shown by
the total nltrogen analyses of the fruit, leaves, and spurs,
In the case of the vigorous trees receliving nitrate on Auga
19, the fruit of the Rome Beauty trees had increased in ni-
trogen over the check by Septs 1; the fruit of the York Ime
perial trees had a nitrogen increase over the check by Septs

16; while the frult of the Stayman Winesap dld not show any
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nitrogen increase as compared with the check until Oct. 1.
The apparent differences in the time required for the ine-
creased nitrogen to reach the frult are probably due not so
much to varietal differences as to differences in the vigor
of the 1lndividual trees, This explanation is borne out by
the varying response of the duplicate nitrated trees, one of
which would show a declded nitrogen increase as compared
with the check, while the other would behave in a manner
similar to the check,

Increased nitrogen in the fruit was also found in the
case of Rome Beauty trees nitrated on both Sept, 3 and on
Septes 16, but in the case of York Imperial no nitrates appliw
cation made after Sept. 3 caused any frult nitrogen increase,
The Rome Beauty fruit, ripening fully two weeks later than
the York Imperial, would be expected to show lncreased nitrom
gen from a later application of nitrate,

The fruit on the nitrogen deficient York Imperial
trees showed no nltrogen increase over the check following
Septs 1 or Sept. 16 nitrate applications, but did show a very
slight insoluble nitrogen increase within two weeks after the
Aug. 15 application,

It is interesting to note, that while it has been
shown that nitrate applications have in many cases resulted
in an increased amount of nitrogen in the fruit, in only one

case did the fruit show a lessened keeping qualitye Evident-



1y the nitrogen in the fruit may be increased slightly
without its keeping quality being affected, In the one
instance that the keeplng gquality was reduced, the in-
crease in amount of nitrogen in the fruit was greater

than in any other case, However, Gourley and Hopkins (3a)
have shown that the nitrogen content of apples may be in-
creased 100 per cent followlnp spring nitrate applications
without any apparent injury to the keeping quality. The re=
sults obtained in 1929, when the seeds were analyzed separ=
ately from the fruit, indicated practically no increased
nitrogen over the check in the case of the combined flesh,
skin, and core, but did . ' show nitrogen increases over

the check in the seeds from those same apples. The increassd
nitrogen in the seeds rather than in the frult flesh may of=
fer one explanation why lncreasing the nitrogen in the wholé
frult does not affect the condition of the flesh,

Nitrogen increases in the leaves and spurs of the
vigorous trees, following the sodlium nitrate applications,
were not consistently shown, Leaf nitrogen was increased
over the check, following nitrate applications, in a suffi-
¢ient number of cases to indicate that in general the trees
had been absorbing the nifrate. In some cases, however,
there were no nitrogen increases, as compared with the check,
either in the spurs or in the leaves, The reason for this

apparent lack of response in 1928 was that there may have
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been sufficient nitrogen available from the 6-pound spring
appllcation to maintain a high nitrogen content of these
trees,

In September, according to the leaf analyses, there
apparently 1s a movement of nlitrogen out of the leaves, as
shown by Lincoln (9) and others, The large increase in sol-
uble nitrogen in the check spurs at this time seems to lend
proof to this theory. This apparent nltrogen translocation
took place earlier in September in the nitrogen deficient
trees than in the vigorous trees. This earlier nitrogen
translocation in the nitrogen doficient‘trees was probably
due to their earliier maturity and earlier leaf falls In the
1929 experiments, the nitrate applications retarded this
nitrogen decrease in the leaves and also retarded the leaf
fall, In the case of the more vigorous leaves in the 1928
experiments, the nitrogen decrease was slightly retarded by
nitrate applications, but the results were not as pronounced.

There may be two explanations far this effect of ni-
trate applications upon nitrogen movement out of the leaves,
The nitrate applications may supply enough nitrogen to the
spurs to reduce any nitrogen deficit that may normally result
in an earlier movement of nitrogen out of the leaves, with
the result that the nitrogen does not move out of these leaves
as early as it does in the leaves of the check trees, The other

explanation i1s that in the nitrated frees there is a period
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following the nitrate application during which the
nitrogen may move into the leaves as rapidly as it
moves out, but that after this period the movement
out of the leaves becomes the greater,

The two years! experiments have shown that
early fall sodium nitrate applications (Sept. 1 to
Septe 16) have not resulted in any measurable effect
upon the color and keepling quality of the fruit of
three varleties of apple, - Stayman Winesap, York Im-
perial, and Rome Beauty. Late summer applications
(Auge 15 to 19) increased the fruit color of vigorous
Rome Beauty trees and nitrogen deficlient York Imperial
trees, but slightly decreased the frult color of vigor-
ous Stayman Winesap and'York Imperial trees. Only in the
case of vigorous York Imperial trees did the late summer

applications cause any injury to keeping quality,
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SUMMARY AND CONCLUSIONS

1928 Experiment

1l = On bearing apple trees in the fall of 1928 sod=
lum nitrate was applied (4 pounds per tree) to one plot on
Aug. 19, on another plot on Septs 3, and on still another
plot on Sept. 16 of each of the three vaerieties, - Stayman
Winesap, York Imperial,and Rome Beauty. One tree in each
plot was left unfertilized as a check, All these trees had
received a spring application of 6 pounds of sodium nitrate,

2 « Early fall nltrate applications made on Sept, 3
end on Sept. 16 had no effect on the frult color or keeping
quallty in common or cold storage.

3 = The Auge. 19 application of sodium nitrate slightly
decreased the red color of the Stayman Winesap and York Impers
lal fruit, but increased the color of Rome Beauty frult,

4 « Only in the case of the York Imperial trees nitrat-
ed on Auge 19 did the nitrate application result in slightly
decreased firmmess of the frult during storage, as compared
with the check fruit,

5 = In the case of the Stayman Winesap and Rome Beauty
trees, the late summer (Aug. 19) nitrate application had no
effect on the keeping quality of the frult in either common

or cold storage,
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6 = From the analyses of the fruit of all varie-
ties for total nitrogen, it would seem that in most cases
nitrate applications on Aug. 19 and on Sept. 3 resulted in
increased nitrogen in the fruit before picking time as com-
pared with the check, In the case of Rome Beauty, the Sept,
16 nitrate application also lncreased the frult nitrogen
over the check,

7 = In the case of the York Imperial fruit on trees
fertilized on Aug. 19 which showed both decreased color and
keeping quality as compared with the check, the fruit niw-
trogen increase over the check was much larger than in any
other case,

8 » With all three varlieties sodium nitrato applled
on Aug. 19 increased the total nitrogen in the leaves and
spurs, as compared with the check, within a period of from
one to five weeks following the nitrate application, the
greater increase occurring in the leaves,

9 = The data does not show concluslively that nitrate
applications on Sept. 1 or Sept. 16 increased either the
leaf or spur nitrogen by Oct. 1,

1929 Experiment

10 « In the fall of 1929, sodium nitrate was applied
(6 pounds per tree) to six nitrogen deficient York Imperlal
apple trees on Aug. 15, to six more on Sept. 1, and to six

more on Sept. 1l5. Six trees were left unfertilized as checks,
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1l ~ The Auge 15 nltrate application slightly in-
creased the red color of the frult by Sept. 1, as compared
to the check, which was contrary to the results with vigor-
ous trees in 1928,

12 = The Sept. 1 and Sept. 15 nitrate application had
no effect on the color of the frult, similar to the results
in 1928 with vigorous trees of three varietles,

13 « None of the sodium nitrate applications had any
effect on the keeping quallity of the fruit in common or cold
storage,

14 « Analyses of the fruit (minus the seeds) for in-
soluble and total nitrogen did not show that the nitrate ape
plications had increased the nitrogen of the frult appreclably.,.

15 = Analyses of the seeds showed nltrogen increases
as compared with the check, following nitrate applications on
all three dates,

16 = Sodium nitrate applications on Auge. 15 and on
Sept. 1 affected the leaves within two weeks, and by Sept. 28
had increased the green color, the catalase activity, and
the nitrogen content, as compared to the checks

17 -~ Nitrate applications on all three dates decreased
the rate of normal fall defoliation.

18 = In normal (check) trees the nitrogen apparently
began to move out of the leaves into the spurs after Sept. 1.

19~« The nitrate applications had the effect of delay-

ing this decrease in leaf nitrogen about two weeks,
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20 = Nitrate applications on Aug. 15 and on
Sept. 1 slightly increased the insoluble nitrogen in
the spurs,

21 « The bark samples from the trunk and from
the scaffold limbs did not show any increased nitrogen
following the nitrate appllications,
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APPENDIX

Preservation of Samples for Analysils

Frult « The apples of each sample were sliced into
2=-quart preserving jars contalning enough hot, 95-per cent,
ethyl alcohol to give (assuming the apples to be 85 per
cent water) a final alcoholic concentration of 60 per cent.
The jar was then put in a water bath, and the contents
heated with slight bubbling for 30 minutes.

Leaves =~ The leaves were removed from the spurs,
placed in paper trays (using the lower 4 inches of manila
bags), dried for 48 hours at 70 degrees (Centrigrade) in an
electric oven, and then stored.

Spurs = The current season's growth on the spurs was
separated from the remainder of the spur, placed in an evap~
orating dish, and dried in the oven at 70 degrees for 72
hours. The spurs were then put In envelcpes and stored,

Terminals « The terminals were cut pleces one~half

inch in length and dried es were the spurss

Bark « All bark samples were drlied as were the spurs,
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Preparation of Sample for Analysis

Fruilt - The alcoholic extract In the jars of each
fruit sample was decanted off, leaving only the last pore
tion, which contained more or less sediment, and was placed
in a 2000 ccs volumetric flask, The fruit slices and the
remaining alcoholic extract were put in two large crockery
soup plates, and placed in an electric oven at 70 degrees
for 48 hourse. At the end of this time all the shrivelled
slices could be crowded into three weilghed aluminum sampling
cangs, The dried resldue on the plate was scrapped loose wlith
e spatula and brushed into the welghing cens. The soup plate
was then washed with 60 per cent alcohol, the washings being
added to the alcohollc extract, which was then masde up to
volume, The dried sample was replaced in the oven and dried
for 12 hourse, The cans were then covered tightly, cooled in
a dessicator, and weighed to 5 milligrams. The sample was
again dried for 12 hours, and then rewelghed. If both welgh=
ings agreed within 10 mllligrams the materlal was consldered
completely dry. The sample was then ground in a hand mill
until about 95 per cent of it would pass through a 40-mesh
sieve, put in a glass bottle, dried for 10 hours 1n the oven
to remove hygroscopic moisture, and finally cooled and stor=-

ed in a desslcator,
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Leaves =~ Each sample was heated in the oven
for 3 hours to render the tissue crisp. The tissue
was then crushed by the fingers, put in an aluminum
welghing can, and dried to within 5 milligrams of
constant welght, This dried sample was put through a
hand mill once, put in a glass bottle, redried to
remove hygroscople water, and stored in a dessicators

Spurs, Terminals, and Bark - These samples

were put in welghing bottles and dried once for 12
hours in a vacuum oven at 70 degrees and 28 mm. pres-
gure. Each sample was then cooled, welghed to .1 of
a milligram, and ground in a hand mill until 95 per
cent of it would pass through & 40emesh sleve., The
ground sample was dried for 5 hours and stored in a

dessicator,
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Method of Analysis for Nitrogen

The dry welghts of the leaves, spurs and bark
were given by the final welghts in each case. The ary
welght of the fruit was the final welght of the dried
fruit, plus the dry weight of the alcoholic extract,
obtained by evaporating an allquot to constant weight.

A sample of frult for analysis was obtalned as
follows: An aliquot of the thoroughly shaken extract \
was pipetted into a 500 cc. Kjeldahl flask, which was \\\
placed over the aperture on a steam bath, with the neck
of the flask at an angle, When the steam had reduced the
extract to a gummy mass, still fluld enough to run slow=
ly when the flask was turned, the flask was removed and
allowed to stand in warm air until the neck of the flask
was perfectly drye. To the flask was then added a similar
aliquot of the dried residue.

Semples of all other material for analysis were
obtained by weighing out an aliquot (approximately 1,5
gramé) of the ground material, and adding it to & per-
fectly dry Kjeldahl flask,

Digestion «~ The Gunning-Jodlbauer-Torester modifi-
cation of the Kjeldahl method to include nitrates was

utilized in the following manner. To the semple in the
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flask was added 30 cce (50 ¢c. in the case of the larg-
er fruit sample) of a sulphuric-salicylic acid mixture
(1 gram of salicylic to 30 cc. of concentrated sulphuric
" acld). The flask was shaken gently to secure complete
mixing, using great care not to splash any material into
the neck of the flask. In case any of the material re-
mained stuck to the bottom of the flask, untouched by
the acld, the flask was heated a few minutes over a tiny
flame, untll the mixture was warm enough to loosen all
material, After being allowed to stand about 30 minutes,
the flask was agaln shaken gently, and set aside for at
least 10 hours.

Five grams of sodium thiosulphate were added with
a measuring dipper, and the mixture shaken and heated very
gently until dense white fumes were given off, whereupon
heating was stopped. When the flask had cooled to about
609, 10 grams of potassium sulphate were added with a
measuring dipper, and the mixture heated with a very small
flame. When the black mixture had all been dissolved from
the sides, the flame was increased to medium intensity,
Heating was then continued at moderate intensity until the
gsolution was colorless, and thereafter for one hour, When

the flask had cooled, 230 cc., of distilled water was added,
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Distillation = 20 cce. of standardized sulphuric

acld (approximately .1 normal) was run into a 600 cce
flask from a burette, and enough distilled water added
to bring the liquid level 3/4 inch above the bottom of
the flask, Three drops of the indicator methyl red were
addeds This flask was placed with the glass delivery
tube of the distillation apparatus reaching within 1/4
inch of the bottom,

To the completely cooled Kjeldahl was added a
little powdered zinec with a shaker, and 3 drops of phe-
nolphthalein, After the neck of the flask was rinsed
with distilled water, 60 cce (100 cce when 50 cc. of
acid mixture had been used in digestion) of saturated
sodium hydroxide was poured slowly down the side of the
flask. The flask was immedlately connected with the dis-
tillation apparatus, the rubber stopper being pushed very
firmly into the neck. Lastly, the previously lighted
burner was increased 1n intensity, and a second or so
later the flask shaken to completely mix the contents,
If the solution in the flask had become alkaline, as de=
sired, the phenolopthalein turned pink.

The distillatlion was continued until nearly all
the water had been removed, as indlcated by the commence-~

ment of frothing of the alkell in the bottom. The flame
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was then cut off and the receiving flask removed, care
being taken te rinse out the delivery tube,

The acld in the recelving flask, remaining unneuw-
tralized by the ammonlia in the distillate, was titrated
with standardized sodium hydroxide (approx. .1 normal),
using as the endpoint the transition of pink to yellow
color of methyl red,

Alcohol Insoluble Nltrogen =~ An aliquot of the

dried residue was put in an asbestos cone, and extracted
in a Soxhlet with 654 (approx.) alcohol for 4 hours, mak=
ing sure that the extractor alcohol syphoned out of the
Soxhlet at least 6 times per hour. The drled residue after
this extraction was handled just as was the materlal for
total nitrogen.,

Alcohol Soluble Nitrogen = The soluble nitrogen

fraction was calculated by subtracting the insoluble ni~

trogen from the total nitrogen,
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