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THE EFFECT OF VARIOUS POTASH FERTILIZERS ON THE

FIRMNESS AND KEEPING QUALITY OF APPLES, PEACHES

AND STRAWBERRIES

Introduction

The contention that the use of nitrogen fertilizers
injures the keeping quality of fruits has received wide-
spread attention among growers and research workers in
recent years, Many fruit commission men and brokers
have held that nitrogen causes fruit to deteriorate
rapidly in transit and in storage. These same people
have often penalized, to a greater or less extent, growers
who fertilize with nitrogen by giving them lower prices for
their products,

In an attempt to alleviate this condition, the
use of potassium fertilizers has been adopted to some
extent by fruit growers, many strawberry growers,
especially in Maryland, firmly believing that potash
fertilization will produce berries having a brighter
appearance and a superior shipping quality. The
effect of potash, however, has been attributed chiefly
to ite influence as a counteractant in overcoming the
supposedly deleterious effecte of nitrogen fertilizers

on keeping quality. In view of these contentions,



reliable evidence as to the value of potassium fertilizers
in improving keeping quality of fruits is of the greatest

importance.

Outline of Investigations

The present investigations were started in the
spring of 1928 in an attempt to study the problem from two
angles; first, to determine the firmness and storage quality
of fruits taken from field plots fertilized with potash
salts in various combinations with nitrogen and phosphorus
in comparison with a standard nitrogen treatment, and second,
to determine 1if any differences in chemical content or
chemical changes occurred in such fruit and to correlate if
possible any such differences with any differences in keepirng
gquality. Four potassium fertilizers were applied in
varying amounts and in various combinations with nitrogen
and phosphorus to four varieties of apples in different
orcharde, two varieties of peaches in four orchards, and
four varieties of strawberries, in cooperation with
commercial growers in the fruit producing sections of
Maryland. Samples of fruit were selected from the
fertilized plots at harvest time in 1928, 1929, and 1930
and subjected to various shipping and storage tests,

As a measure of the shipping and keeping
quality of strawberries the number: of decayed and soft
berries developing during the teste was recorded. Firm-

ness and rate of ripening of apples and peaches were
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measured by means of mechanical pressure testers, The
prevalence of decay and scald in apple storage samples
was also taken as an indication of keeping quality and
as a further criterion the rate of change of certain
chemical constituénts: of the fruit was studied.

In the presentation of the results, each yearts
work for each variety of each fruit is considered separate-—

ly and conclusions for each fruit are drawn independently,

Review of Literature

Studies of the effect of potash fertilizer on

" the keeping quality of fruits are extremely limited in
extent, McCue (35) in 1911 in connection with various
fertilizer studies on peaches me.de the statement that the
fruit from the potash treatment had a longer period of
soundness than the fruit from the other treatments,

Brown (4) in 1919 observed that during a warm season
strawberry plants which received appiications of sulfate
- of potash produced somewhat firmer berries, Dyring a
long cool picking season, however, no differences between
plots were apparents,

| Stuckey (31) presents some of the results of
fertilizer-tests on maturity and keeping quality of
peaches in Georgia in which potash increased the yield
considerably,'but had no appreciabe effect on the time

of maturity. However, it seemed to have a marked effect

in improving the keeping quality of the peaches and



lessening the susceptibility to disease organisms,

In 1928 Cooper (8) reports that neither phosphorus
nor potassium, when used with nitrogen, had any effect on
keeping quality of Ben Davis apples in any way. Pressure
tests of samples after being held in common and cold
storage for three months showed as great a difference within
lots as between treatments,

In another publication Cooper and Wiggans (9), as
a result of three years pressure testing on Elberta peaches
with a Magness and Taylor tester, state that no consistent
differences in firmness of fruit from different fertilizer
treatments, including potash, were observable, the same
plots frequently representing both extémes in firmness in
any one year, They attributed a great deal of this
variation to error in sampling,finding it practically im-
possible to collect large samples of equally mature fruit
from the different plots at the same time. The results
of two years storage and shipping tests showed only in-
consistent differences, Since records varied so much
they concluded there was no difference in firmness of
shipping quality of fruit from the different plots,

In a preliminary report on storage investigations
conducted in Washington, Magness and Overly (33) report
that there were no measurable differences in rate of
softening of Jonathan apples in storage, as measured by

the pressure test, which could be attributed to potash
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fertilizer treatment, ®sither alone or in combination with
nitrogen and phosphorus, The amount of physiological
breakdown at the end of the storage season was practically
unaffected, with no statistically significant differences
between the plots,

Wallace (32) in England presents data showing
that the use of sulfate of potash on Grenadier apples
markedly incr esed the number of decayed fruits in cold
storage. Furthermore, at ordinary temperature, potassium
deficient fruits showed considerably less breakdown than high
potassium fruits, but in cold storage the reverse occurred.
He states that "In these cases it appears that potassium
deficient fruits have a longer period of senescence than the
high potassium fruits, but that they are more susceptible to
Low Temperature Breakdown," It should be noted here that
reference is made to actual potassium deficiency; that is,
under the conditions of the above experiments potassium has
been a limiting factor to growth, a condition seldom found
in this country. Grubb (12) previously reported increases
in size of fruit and decrease in color resulting from potash
fertilization, so that the effect of the fertilizer on keep~
ing quality may possible be attributed to its influence on
g8ize and color, In general, smaller, well-colored apples
keep better in storage than large, poorly colored fruit,

Recently Kimbrough (18) observed that potash used
in a complete fertilizer had no effect on the moisture or

sugar content of strawberries. Rainfall appeared to be



the most important factor,
The literature includes no conclusive evidence
keeping
that potassium fertilizers have improved the firmness or/
quality of fruits in this courtry. On the other hand
the data are entirely too meager from which to draw a
definite conclusion that potash will not affect the keep-

ing quality of fruit,

CHEMICAL METHODS
Apples

Sampling, Each-applessample for chemical analyses
consisted of sections of flesh from twenty or more fruits,
which had previously been used for pressure testing.
Immediately after pressure testing of a given plot, in
the field or in storage, thin sections of flesh were re-
moved from each apple, dropped in a quantity of cold
~alcohol sufficient to give a final concentration of
eighty per cent by volume, and weighed. Four samples
of one-hundred grams each were prepared from each plot
at a given time, two for carbohydrate analyeis, and two
for pectin studies, Different fruits were used for
each duplicate. Immediately after weighing/gggboé
hydrate samples were bpoiled gently for several minutes,
but to avoid hydrolyzing the protopectin, the pectin
samples were not heated,

Dry Matter, The alcohol was decanted from the

insoluble residue of the carbohydrate samples and
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aliquots were dried forty—eight hours at 70°, weighed,
and then ground to pass a 60 mesh screen.

Reducing Sugar. An aliquot of the ground sample

was placed in Soxhlet apparatus with eighty per cent
alcohol and extracted for three hours, The alcoholic
extract was freed from alcohol on a sand bath by means
of an air blast, cleared with neutral lead acetate and
deleaded with potassium oxalate. The reducing value
was determined by the Bertrand-Walker-~Munson method.

Total Sugars. The reducing powers of the cleared

solution after acid hydrolysis with 2.5 per cent HCl1l for
twenty—-four hours at room temperature is reported as
total sugars, Seven normal sodium hydroxide was used
to neutralize the acid after hydrolysis,

Sucruse., The differences between total sugars
and reducing sugars is recorded as sucrose,

Acid Hydrolyzable Material, The residue of the

sugar extraction was refluxed for two and one-~half hours
with 2.5 per cent hydrochloric acid, After neutrali-

zation the reducing value of the solution wae determined
and is reported as aclid hydrolyzable material,

Starch. An aliquot of the extracted residue was
ground to pass a one-hundred mesh sieve, boiling water
added, and the mixture maintained at 100°¢ for an hour,
After cooling, saliva was added. An oven at 50°C.
was used for incubation during digestion. After an

hour, the material was removed and placed in a boiling
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water bath for fifteen minutes. Upon cooling the
digestion was repeated.

The liquid was cleared with seventy per cent
alcohol, freed from alcohol, and hydrolyzed with 2.5
per cent HO1l under a reflux condenser for two and one~
half hours, The reducing power of the solution is re—
ported as starch.

Titratable Acidity. At the time of chemical sampling

sections of the flesh were minced in a small grinder, and
the juice was pressed out through muslin, Titratable
acidity is given as the number of cc of ,1 N NaOH re-
quired to neutralize 10 cc of the expressed juice.
Pphenolphthalein was used as the indicator, |

Aotval Acidity. Ph of the expressed juice was

determined directly by means of a Youden hydrogen ion
apparatus,

Potassium, Potassium was determined by precipitat~
ion with sodium cobalt nitrate in alcoholic solution, An
aliquot of the sample was ashed with sulfuric acid in a
muffle furnace, taken up with water, acidified with acetic
acid, and treated with 5 cc of a twenty~five per cent
solution of sodium cobalt nitrate, in the presence of
sufficient alcohol to make a twenty-~five per cent
solution. The solution was goo%;d to 6 - 89C, allowed

o two

to stand for one and one—half/hours and filtered on an

asbestos pad. The precipate was taken up with hot
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water and titrated immediately with potassium permanganate
solution, Though difficulty was experienced in obtain-
ing very close checks on duplicates with this method,
determinations on a known solution checked within two

per cent of the calculated amounts.

Pectic Substances The alcohol was decanted from

the pectin samples and the insoluble residue dried at 80°C
and ground to pass a forty-mesh sieve, Half of the residue
was used for soluble pectin determination and half for

total pectin,

Soluble Pectin. Five hundred cc of water(was

added to one portion and the mixture shaken in a
mechanical shaker for an hour at 20°C. At the end of
the hour it was filtered immediately, the filtration
requiring less than thirty minutes. ‘Heating to
facilitate filtration as practiced by Nightingale, et al
(268) was found to increase the goluble pectin yield about
fifty per cent, indicating hydrolysis of protopectin.
Aliguots of the filtrate were used to determine
soluble pectin as calcium pectate, according to the Carrel
and Haynes method (8).

Total Pectic Material., The other portion of the

ground residue was refluxed in water for thirty minutes
and filtered with suction, The material was then re—
fluxed with 1/30 N HC1l for another thirty minute period,
and filtered, The latter procedure was repeated

twice, when hydrolysis had continued for two hours,
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Further hydrolysis with 1/30 N HC1l failed to produce
appreciable amounts of pectin. The filtrates were
combined, neutralized with Na OH and treated according

to the Carre' and Haynes method for determining pectin.

Peaches,

The same procedure followed with apples was used
with peaches with few excepti ms, Pressure tested fruit
was used for all samples, sections of the flesh from
thirty to forty-five fruits compesing one one-~hundred
gram sample, Since only one carbohydrate sample per
treatment was taken, only uniform and comparable fruits
were used. The samples were taken to compare the
effect of treatment on chemical composition, rather than
rate of chemical change.

Because of the impracticability of separating
skin from flesh, especially in the earlier stages of

ripening, the skin was included with the flesh in all

the samples,

Strawberries
Berries used in the étorage tests were also used
in preparing samples, Quarter sections of twenty or
more berries, sufficient to make one-~hundred grams, were
treated in a manner similar to that used in preserving
apple tissues,
In grinding the residue, reducing all seeds %o

a sixty mesh size was found impractical; consequently
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some of the residue was larger, though all would pass

through a twenty mesh sieve,

I, APPLE STUDIES

Four varieties of apples were included in the plans
of experiments laid out in the spring of 1928 -- Williams
at Berlin, Stayman Winesap at Salisbury, Rome Beauty at
Frederick, and York Imperial at Tonoloway, Hancock.

Because of crop failures and the small amounts of fruit
available for testing, the results of the Williams tests

are not included.

STAYMAN WINESAP ORCHARD AT SALISBURY

Description of Plote, An eighteen~year old

Stayman orchard near Salisbury, owned by W. F. Allen
Company, was divided into plote in the spring of 1928,
The soil, a Sassafras loamy sand, (30) was cultivated
and cover-cropped annually, The trees received a
moderate pruning and ten pounds of nitrate of soda each
year; consequently they were making a fairly vigorous
growth (table 1),

Eighteen adjoining rows of fifteen trees each re—
ceived treatment as shown in the plan of the experiment
in table 23, Four potash carriers were used: muriate of
potash, sulfate. of potash, sulfate of potash magnesia,
and kainit (20 per cent), The kainit was formerly
called double manure salts, or manure salts, Fertilizer

was applied in the latter part of March each year, at the



TABLE I.

Growth And Yield Records On Applp rertilizer ixperiments - Season of 1930,

(Terminal Growth And Yields were ustimated wor kach Tree, )

Stayman Winesap Rome Beauty : York Imperial

Fertilizer: :
Treatment :Terminal Growth:

Trunk Incremant:Yield in:Terminal Growth:Trunk Incremant:Yield in:Terminal Growth:Trunk Incremant:Yield in

in Inches : in  mm, : Bushels: in Inches : in  mm, : Bushels: in Inches : in mm. . Bushels
NaNOz only : 4.30 t ,44 : 36,92 £ 1,32 2.49 : 2,56 & , 14 : 15.33 t ,64 ¢ 1l.82 s :
N-KC1 . 4,55 t .46 . 36.36 £ £.24 : 3,67 + 4,00t ,16 : 17,00 £ ,96 : 2,17 ¢ 4,50 t 24  2l.12 £ 1,72 ¢ 16,33
single ; : : : : T : :
N-KoS50, . 4,10 £ ,58 : 40.20 1,98 ; 3,31 : 3,07 % .20 : 16.53 & .83 1,67 : 3.50 £ ,16 : 17,00 £ . ,658 : 11,73
single : : : : : : ol : : : :
N-K,Me(S04)p 5467 t .53 . 38,24 £ 1,82 . 4,02 . 3.14 & .21 ; 14,38t 1,23 . 1l.54 , 3,35 % ,15 : 20.21 £1,19 . 11.45
single : : : : : : : : :
. : 1,10 : 1.79 i 3,75 £ .20 : 19.42 £ 1,77 : 10.82

N-Kainit : 4,07 £ ,55 : 35.83 £ 1,18 : 3,55 : 2.60 £ ,15 : 13.13

I+
(R

018 : 25027

N-KC1. : 5,35 £ ,43 : 30,36 1 1,51 : B.73 : 2,73 & 12 . 12.67 %t .84 : 1.66 : 3.75 : 1.58 : 13,75

double : : : : : : : : :
N=-P-KC1 : 6,20 £ .62 .« 35,82 L 2,11 ¢ 4,12 : 3.83 % .15 : 15,83 % 2,01 : 1,87 : 3,33 % ,12 : 19.83 & ,98 : 15.22
Nailog 1 6.62 & ,54  : 34.62 1 1,90 : 5.75 : :

ES

Nitrate of.soda - Stayman ten pounds; Rome five pounds; and York eight pounds per tree.

Superphosphate - ten pounds per tree.

Potash single - five pounds muriate of potash or its equivalent,



Qutline of Fertilizer ‘I'reatments in sStayman Winesap Orchard at

Salisbury. | Single Applicaticn = Five Pounds Muriate of Potash

or Its Equivalent in Potash.

Row. Y'reatment, Amount.
1 Muriate of potash half
e Sulphate of potash half
3 Sulphate of potash magnesium -half
4 Kainit half
5 Nitrate of soda only
6 Muriate of potagh single
7 Muriate of .potash plus lime single
8 Sulphate of potash single
9 Sulphate of potash magnesium single

10 Kainit single

11  Nitrate of soda only

12 Muri/ ate of potash only

13 Muriate of potash double

14 Sulphate of potash double

15 Sulphate of potash magnesia double

16 Kainit double

17 L:omplete‘wi th muriate

18 Nitrate of soda only

All plots except 12 received nitrate of soda as a basic
treatment.

Superphosphate was applied at the rate of ten pounds per
tree on row 17.
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rate of five pounds of muriate of potash per tree or its
equivalent in potash in three other potash carriers (table
3). All plote except row 13 received nitrate of soda

each year as a basic treatment,

Investigations Conducted in 1928

Sampling and Testing. One to three bushels of

fruit comparable at the outset, were selected from the
various plots, Only apples of the same size and
maturity, covered with like amounts of blush and from
trees bearing average crops, were included in the sample,
All persons engaged in sampling, usually two or three,
assisted in selecting the fruit from any particular treat-
ment, In tnis way the error of the individual was re—
duced to a minimum,

In 1928 one bushel of fruit was selected from each
of the fertilizer itreatments on October 2 and placed
immediately in cold storage at 32°F in Salisbury. The
following day the samples were pressure tested with a
Magness and Taylor (24) pressure tester, having a plunger
of 7/16 inches in diameter, Three punches were made
in each of fifteen apples from each bushel, A piece of
skin about 1/2 inch in diameter was cut from the cheek of
the apple for each test. When the plunger had penetrat-—
ed the flesh to a depth of 5/16 inches, electrical contact
in the pressure tester caused a light to flash, The

pressure exerted on the apple was measured in pounds,.



'TABLE 3.

Rate of Application of Mertilizer Materials in Pounds

Per Apple Tree.

Half Single Double Percent K,0

Muriate of potash (KCl) 2.5 5.0 10.0 51.3

Sulfate of potash (X2S04) 246 5.3 10.5 49,0

Sulfate of potash magnesia 4.6 9.3 18.7 27.5
(Mg(KS0,)p) *

Kainit 5.9 11.9 23,9 21.5

Superphosphate 10.0

Note. =~ the amounts of nitrate of soda per tree varied with
different orchards depending on their age.

* Not a definite chemical compound, but used for convenience to
designate the potash salt, termed sulfate of potash magnesia,.
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At approximately monthly intervals during storage
the samples were pressure tested in the same manner,
This same general procedure was followed in all experi-
ments with apples,

Oiled paper was not mixed with the fruit, and
during storage the number of decayed and scalded apples
which developed were recorded as a further measure of the
keeping quality.

Results, The data of the pressure tests and
summary of the inspection counts are presented in table
4. Except for the N-P=+KC1l treatment, no sample was
significantly firmer or softer at time of picking'than
the scdium nitrate plots, This sample was softer at
time of picking, but in the succeeding pressure test,
December 8, it was no longer less firm., Probable
errors were determined on the basgis of the forty-five
individual punches,

At the end of the storage test on March 15 one
of the three plots receiving nitrate of soda only was
the least firm and another was the firmest, With this
variability in these triplicates, it would be impossible
to say that any of the potash fertilizers had affected
the keeping quality as far as the firmness of the fruit
was concerned.,

Decay and scald counts were quite variable and
showed ho marked differences between potash treatments

and the nitrogen checks at the end of the storage season,



TABLE 4.

Pressure ‘Pest and Storage vounts of; stayman winesap Apples uvaken from wertilizer Plots

at Salisbury. (Picked Oct., 2, 1928, and Held in uvold storage at 32%,)

rertilizer : Pressure ‘wests in Pounds : Storage uounts
Treatment * : i : : :Percent:Percent: Percent
:Qcte 3, 1928 : Dec, 8, 1928 : wreb. 1, 1929 :March 15, 1929: sound : becay : Scald
NaNog only : 17.00 &£ ,146 ; 13,62 £ ,126 : 11.91 & .084 : 10.50 £ ,109 : 55.2 : 3.6 : 4l.2
NaNoz only : 17.13 & ,159 : 14.58 * ,134 : 12.85 # ,105 : 11.64 £ ,122 : 78.0 : 3.3 : 18.7
N=-£C1l half : 16.40 £ ,185 ; 13.14 * ,089 : 11.81 £ ,090 : 10,89 £ ,078 : 59.5 : 2.4 : 38.1
N=KgS04 half : 16.30 £ ,180 : 12.23 £ ,100 : 11.21 £ .078 : 10,72 £ ,089 : 43,9 : 0.0 : 56,1
N-Mg| K504 )2 half : 16433 & 159 : 12.62 ¢ ,063 ; 11.61 £ 096 : 10.77 £ 067 ;: 67.8 : 2.8 : 29.4
N-Kainit half : 16,51 & ,168 ; 13,32 £ ,084 : 11.34 £ ,096 : 10,76 £ ,063 : 62.3 : 0.0 : 37.7
N-KC1 single : 16.39 £ ,162 ; 13,00 £ ,071 ; 11l.66 & ,085 ; 10,62 & ,071 : 82,6 : 5.5 : 11,9
N-KCl single :‘17.57 % ,168 : 13,8l £ ,126 : 12.31 * ,114 : 11,82 £ ,126 ; 80,4 : 1l.4 : 18.2
N-KoS04 single : 17.02 £,131 : 12.29 & ,122 : 11.67 £ .084 : 10,91 £ ,055 : 72.9 : 1,0 : 26,1
NhMg(KSO4)2 single : 18,04 % ,168 ; 13,04 £ ,063 : 11.73 % ,084 ; 11,60 & ,084 : 71,5 : Q4,0 : 28,5
N-Kainit single 2 13473 &£ ,193 ; 12,60 £ ,084 : 12.56 & ,095 ;: 11,12 ¥ ,100 : 758 : 1.3 : 22.9
N-KCl double : 17.35 £ ,188 ; 13,16 & ,118 ; 12.08 ¥ .138 ;: 10,85 & ,089 : 53,0 : 6.2 : 40.8
N-K2S04 dauble : 17,54 £ ,174.; 12.44 L ,095 : 11.68 £ .090 : 11.38 * ,044 : 61,0 : 4.4 : 34.6
N4Mg(KSO4)2 double : 16.71 + .165 : 12,34 L ,095 : 11.71 ¥ .085 : 11.08 &£ 071 : 65.9 : 0.0 : 34,1
N~Kainit double t 16.55 £ ,182 : 13,15 & 134 ; 12.63 & 006 : 1l.44 & ,083 3 7L5 : 3.3 : 25.2
N=-P=KC1 . 15,73 & ,153 : 13,14 £ ,100 : 11.55 & ,106 : 10.16 £ ,105 : 66.8 : 3,56 : 29,7

*¥ TNitrate of soda = ten pounds per tree.
Superphosphate -~ ten pounds per tree,

Potash single - five pounds muriate or equivalent.



~14~

Summary for 1928, The firmness and keeping

quality of Stayman apples has not been improved by appli~

cation of potash fertilizers.

Experiments Conducted in 1929

In 1939 the trees bore a very light crop and the
fruit was unusually large., No differences among the
fertilizer treatments in the vigor of the trees were
noficeable.

Sampling and Testing., On Sgptember 30, 19239

samples 6f one bushel each were selected from eight of
the Stayman plots, including two plots receiving sodium
nitrate only, four potasgsium fertilizer treatments in
single-amounts, one complete fertilizer, and one double
muriate of potash treatment,

Fifteen apples were pressure tested from each
bushel at time of picking énd at monthly intervals to
March 18, 1930, during cold storage in Salisbury. Because
of the low yields, one bushel of uniform fruit was the
largest sample obtainable from each treatment, and since
the fruit was unusually large, there weré not enough
apples remaining after the final pressure test to provide
8 fair sample for decay and scald counts, Hence the
latter were omitted.

Results, Pressure test averages of the fruit
during storage are presented in table 5, The results were

very uniform and no significant differences appeared



TABLE 5.

Pressure Tects of Staymaen Winesap Apples From rertilizer Plots at Salisbury.

(Picked Sept. 28, 1929, and Held in Storage at 32° F,)

Fertilizer : Average Pressure ‘rest in Pounds,
Treatment. ** : : : : : :
: Sept.28, 1929: Nov.Z2, 1929 : Dec.,l4, 1929 : Jan.l4, 1930 ; Feb,15, 1930 : iarch 18, 1930

- . .
. - e .

Nalox : 16.56 & ,134 : 14,68 ¢ ,119 : 12,53 £ ,125 ; 1ll.42 Tt ,074 : 11,79 & .098 : 9.00 t ,090
N-KC1 single : 16,36 £ ,108 : 15,65 ¢ 140 : 13,45 4 ,141 : 11,84 # ,188 ; 11.38 £ ,125 1 9.76 # ,097
: : . 12.11 £ .106%, 0.22 £ 078k
N-X,504 single : 16,37 £ ,209 : 15,93 & ,210 ; 14.18 £ ,114 ; 12,07 £ ,096 ; 11.95 # ,123 ; 9.18 £ ,005
: : : : : 11.863 £ ,042%: 9,39 £ ,086%
: : : : : 11,79 £ ,089%:10,13 & ,088%
15,67 £ ,247 ; 13,03 £ ,158 : 11,23 t ,165 : 11.48 £ ,104 : 9.22 £ ,0868

N-Kainit single : 16.33 t ,127

.084 : 11.57 # ,128 : 9.10

*0 [es o4 oo as o4

NaNoz : 16.61 £ ,137 : 16,10 £ ,182 : 13,72 £ ,207 : 11,35 Z £ ,075
1-KC1 double  : 16.35 £ ,128 : 16.52 L 1% : 13.18 ¢ ,132 ; 11,93 £ ,108 : 11.86 % ,056 : 9,50 £ ,091
N-P-KC1 . 17.16 £ .088 : 15.72 T .257 : 13.83 £ .246 : 11.80 £ 151 : 11,94 & ,120 : 9.38 £ ,072

: : H : s : 9.46 £ ,102

..
.

* 4 duplicate test was made on these samples,

** Nitrate of soda ~ ten pounds per tree.
Superphosphate - ten pounds per tree.
Potash single - five pounds muriate or equivalent.



between treatments either at time of picking or during
storage with one exception. In two of the final
three tegts the Bulfate: of potash magnesia fruit was
significantly firmer than fruit from either of the
nitrate only plots and in each of the other three tests
the sample was slightly firmer., Pairing the two
treatments on each date, Student's Method gives odds of
475:1 that the difference in favor of sulfate of potash
magnesia treatment was not due to error in pressure
testing, or variability in the sample. There is a
possibility that this effect of treatment was ih reality
due to error in sampling. Thie point will be diescussed
later.

Summary for 1929, Sulfate of potash magnesia was

the only potash treatment which gave any indication of im—

provement in the firmness and keeping quality of the fruit,

Investigations Conducted in 1930.

The yield in the Stayman orchard was again light
in 1930, averaging less than four bushels per tree,
The dry season did not affect the size of the fruit
markedly. No differences between treatment in the
vigor of the trees were apparent,

Sampling and Testing. Two bushels of extremely

uniform apples were selected from eight plots on September
30, 1930, These plots included the usual six potassium

treatments (table 8) used in peach studies, and two plots
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receiving nitrate of soda only. Immediately after
picking the samples were pressure tested with a Magness
and Taylor tester, fifteen apples per bushel, and then
placed in cold storage at Salisbury. At monthly inter-
vals the samples were pressure tested, and when necessary,
inspectéd for decayed and scalded fruit,

Results, Table 6 shows the results of the pressure
tests and inspections, Because of the larger samples a
different method of statistical analysis of the data has
beren applied.

In all previous work when only one bushel of fruit
was selected from each treatment there was no method of
estimating the error due to sampling. Once the sample
was obtained, there was no trouble in finding the varia—
bility of that particular lot of fruit, but no comparison
could be made between that sample and the fruit remaining
on the tree, other than the pickerts own judgment, Un~
questionable if a person, after picking one sample, should
select another sample immediately afterwards from the same
trees, the two samples would not be exactly comparable.

It was to evaluate this error that three bushels of fruit
were taken from each plot in 1930, Each bushel was
treated as an individual sample and probable errors were
based on the average of fifteen apples from each bushel
rather than on the individual punch as heretofore. In

that way the error of sampling, the error of pressure



TABLE 86,

Pressure Tests and Storage vounts of Staymen winesap Apples from Fertilizer Plots

at Salisbury. (Picked sept. 30, 1930 and Held in Cold Storage at 32°F.)

Fertilizer ; - Pressure Tests in Pounds : Storage Counts
Treatment. * : : : : : :Percent : Percent: Percent
- :Sept. 30, 1930; Nov.l0, 1930 : Dec,l4, 1930 : Jan.26, 1931 :March 2, 1931 :Sound : Decay : Scald
NaNo ; 19.12 : 17.23 : 14,71 : 12,95 : 12,43 : 42,7 : 4,2 : 53.1
N-KC1l single ; 18.80 : 17.64 : 15.65 : 13.21 : 12.54 : 48,3 : 0.0 i 51,7
N-KoS04single ; 19.32 ; 18,51 ; 15.26 ; 13.06 ; 12,98 ; 39.7 : 0.0 : 60¢3
Nng(KSO4)2 single: 19,66 § 17,95 : 15,94 : 13.67 ; 13.45 : 45,0 ; 0.0 ; 55.0
N-Kainit single § 18.28 ; 17.45 : 15.73 ; 13.41 : 13.29 ; 52,6 : l.4 : 46,0
NeNogz only ; 19, 04 i 17.63 : 15.61 : 13,10 : 12,70 : 50,0 : 0.0 : 50,0
N-KC1 double : 19.534 z 17,76 ; 15,95 ; 13,34 : 13.21 : 6247 ; 1.7 : 35.6
N-P-KC1 : 19,43 : 17,76 : 16.07 :‘ 12.98 : 12.60 : 43,8 : l.4 : 54.8

..
.
.

Difference required for 30:1 odds = 5.37 pounds.

* Nitrate of soda - ten pounds per tree.
Superphosphate - ten pounds per tree.
Potash single - five pounds muriate of potash or its equivalent.
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testing, the variability of the fruit -- in fact all
possible sources of error were included in determining the
reliability of the results,

The method employed was to treat all the pressure
test averages of a single variety during the entire
storage period as a population and determine the variance
of each average. By means of simultaneous equations the
correlated variance due to treatment, date of testing,
etc. was removed from this item, leaving only the un—
correlated variance which was desired. From this
value the average standard deviation of a single bushel
average was determined by taking the square root, and
since no correlation between the three bushels from one
treatment and the three bushels from another could be
expected, the usual formula G,.,:= Ye2+s, for determin~
ing the standard deviation of the difference was
applied. This deviation is then applicable to the
difference between any two bushel averages from any two
treatments at a particular date,

Since small numbers are involved, two or three
items in each comparison, Student's method is employed
here, for in determining odds by Student's allowances are
made for small numbers, Where N=3, 2z must equal 2.65
in order that odds may be 30:1, Substituting this value

, Difference
in the formula z= g Difference , and knowing the standard

deviation of the difference from above, the difference
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which must be present between plot averages for signifi-
cance in each of the three varieties has been .determined.
In the Yorks for example the standard deviation is .577,
The difference equals 2.65 x .577 = 1,53, which represents
the smallest difference between treatments on a single
date which can be given significance,

Using the same proceduwre, the standard deviation
based on the individual apple, thereby eliminating the
sampling error, has been determined for Yorks. That
value substituted in Siudentts equation requires only
a difference of 0,101 pounds to give significance,
Consideration oflzgzual data would eliminate the lattver
method of calculation as a means of interpreting
significance of differences,

Because only two-bushel samples were obtained
from the Stayman plots in 1830, the error was corresponding—
ly increased, and a difference between treatments of 5,37
pounds had to be estéblished before odds of 30:1 were
obtained by Studentts me thod, None of the four
potassium salts in single amounts influenced the firmness
of the fruit to that extent at picking time (table 6).

The same is true of the double muriate and complete treat—
ments,

Sulfate of potash magnesia fruit, was the firmest
sample of the lot throughout the storage test, and the
odds were 6:1 that the difference in firmress of .54

pounds at picking time between it and the nitrate of soda
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only fruit was not due to chance.  However, the odds
by Studentts Method‘that the sample was firmer through-
out the entire storage period were 832:1. Considering
the results obtained the previoug year and the results
in other orchards during the same year, with regards to
this treatment, which will be presented later, the 6:1
odds that the difference was due to treatment and not
error in sampling appear more logical,

Inspection counts of the same fruit (table 8)
.8how that the six potash treatments studied have not
affected the ﬁrevalence of scalded or decayed fruit,
All potash treatments averaged about fifty per cent
scalded fruit; and the nitrate only fruit was fifty-three
per cent scalded, |

Summary for 1930, Sulfate of potash magnesia was

the only potash treatment studied which gave any indication
of increase in firmness and decrease in rate of ripening of

the fruit,

Discussion of Stayman Studies

In the first year of the experiments on Stayman
apples no evidence resulted to show that the fertilizer
applied had any influence whatsoever on the trees or on
the fruit, This was not surprising since apple trees
are much slower to respond to fertilizer treatments than

many other horticultural crops,
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In the second year a distinct influence of sulfate
of potash magnesia on the firmmess of the fruit was noted,
though at the time its importance was questioned because
of the great variability involved in studies of this nature,
Even with probable errors based on the individual pressure
test punch, the differences between the sulfate of potash
magnesia sample and the nitrate only fruit was not
significant at picking time.

When the influence was again noted in 1930 and an
effort was made to evaluate the error in sampling, it was
possible to more fully appreciate the significanbe of the
effect of the treatment. The fruit from the magnesia
treatment was unquestionably firmer than the sample from
the nitrate only plot, and the odds were distinctly in
favor of this differemce being due %o treatment, How~
ever, from a commercial standpoint the benefits of the
treatment were not important, The amount of scald and
decay was not affected appreciably, and a difference in
firmness of seven per cent is tooAsmall to be considered,
from a practical standpoint,

0f the five other potash treatments studied in
1929 and 1930 tests, none gave the slightest indication
of having affected the firmmness or keeping quality.

General Summary of Stayman Studies

In this Stayman orchard where four different

potassium fertilizers were used in varying amounts and
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combinations, one treatment, magnesia sulfate of potash in-
creased the firmness of the fruit during the second and
third year of the experiment to a slight extent, and also
improved the keeping quality as measured by a pressure
‘tester, but not as measured by development of decay and
scald. The three other potash fertilizers studied -—
muriate of potash, sulfate of potash, and kainit -— were
ineffective, A complete fertilizer with muriate of

potash likewise had no influence on the keeping quality.

ROME BEAUTY ORCHARD AT FREDERICK

Description of Plots. A4 fourteen year old Rome

orchard, owned by E. D, McCain near Frederick in Frederick
County, was included in the studies in 1928, The trees
were on an Upshur gravelly loam, (19), cultivated and cover
cropped., Eaéh tree received five pounds of nitrate of
soda annually, and e moderate pruning, The terminal
growth was comparatively short, averaging three inches in
1930 (table 1) principally because of the lack of rainfall
in 1929 and 1930, The trees suffered severely from the
two dry seasonsg, and some failed to recover,

Eight rows of twenty—eight trees each were divided
into sixteen plots as shown in table 7, receiving the same
treatments and the same amounts as the Stayman experiments,
The Rome trees were interplanted with Grimes in the row,
Peach tree fillers between the first four rows of the

experiment were removed early in 1928, Fertilizer



TABLE 7.

Outline of Fertilizer Wreatments in wrome seauty Orchard at

Frederick. Single Application= #ive Pounds Muriate of Potash

Or lte kguivalent.

Row. Trees 1 = 13 Amount.
1 Muriate of potash half
2 Sulphate of potash half
3 Sulphate of potash magnesia half
4 Kainit half
5 Complete with muriate
6 Muriate of potash plus lime
7 Nitrate of soda only
8 Superphosphate

Rowe I'rees 14 - 28 Amount.
1 Muriate of potash single
2 sulphate of potash single
3 Sulphate of potash magnesia single
4 Kainit single
5 Muriate of potash double
6 Sulphate of potash double
7 Sulphate of potash magnesia double
8 Kainit doutle

All plots received five pounds of nitrate of soda as a basic
treatment.

supe rphospha te was applied at the rate of ten pounds per tree.



TABLE 8,

Al

Pressure Tests and Storage Counts of Rome Beauty Apples fran rertilizer Plots at krederick.

(Picked Oct. 13, 1928 and Held in Cold Storage at 32CF,)

Vi

(23

Storage Counts
:Percent :Percent :Percent
April 6, 192¢: Sound : Decay : Scald

Fertilizer : Pressure Tests in Pounds

Treatment. * : : : - :
:0ct.15, 1928 : Dec.14,1928 : Jen.18, 1929 :ilarch 2, 1929

.
* . . .

e ww

..

077 ¢+ 67,3 ¢

NaNoz only : 17.65 & ,123 : 13.33 & ,118 : 11.13 & ,095 : 11l.11 # ,079 : 11,01 # 2.5 1 30,2
N-KCl half : 16,95 £ ,127 ¢ 11.91 £ (071 : 10.8B0 £ 063 : 10,64 £ ,07L : 9.96 £ ,07) : 68,8 : 1.7 : 29.5.
N—Kst hal?f : 17,17 & ,138 : 12,51 £ ,067 : 9,99 3 .055 : 10,42 * ,064 : 11,32 # ,071 : 8646 .: 1.5 : 13.9
N—Kgmg?Sgilg half : 16,84 # ,104 ; 11.82 = ,089 : 10,16 £ ,063 : 10,564 £ 3077 : 10,25 = ,071 : 95,9 : 0.5 : 3.6
N~Kainit half : 16,30 £ ,188 ; 12,00 £ ,100 ; 10.51 £ ,078 : 10451 &£ ,045 : 10,35 & ,077 : 83.9 ': l.2 : 14,9
N-KCl single : 17,10 £ ,152 : 12.24 £ ,100 ; 10.25 £ ,100 : 10,39 £ ,077 : 10,07 £ ,063 : 9842 : 1,1 : 0.7
N-KpS0 single : 16,84 £ ,104 : 11.82 & ,089 : 10,16 £ ,063 ; 10.53 £ ,077 : 10,85 & 071 : 88.4 : 1.6 : 10,0
N-Koilg(S04)g single: 17.17 & 141 : 13,10 £ ,063 : 11,15 £ .089 : 10,55 %+ ,088 ; 10,61 4 ,072 : 94,0 : 1,0 5.0
N-Kainit single : 17.61 & 127 : 12,48 £ ,100 : 10.68 & ,078 : 11.16 = ,071 : 10,96 % ,055 : 68,3 : 4.3 : 27.4
N-KC1l double + 17,13 & ,100 : 12,53 £ ,063 : 10.78 £ ,071 : 10,89 £ .,084 : 11.25 & ,084 : 70,5 : 1l.2 : 28,3
N=-KoS04 double ;s 17.22 &£ ,168 ; 12,832 ,088 ;: 10,12 £ ,071 : 10,84 £ ,083 : 10,42 % ,084 : 893 : 2.1 : 8.6
N—KgMg(Sqélz_double: 17.28 & ,131 : 12.88 £ ,071 : 10.87 2 100 : 10,40 £ ,055 : 10,74 = ,084 : 92,8 : 1,1 : 6.1
N-Kainit double : 17.65 £ ,128 : 13,17 £ ,089 : 11l.26 £ ,063 : 11,22 & ,071 ; 11.01 & 077 : 87,9 : 0,0 : 12,1
N-P~KC1 : 17,70 £ ,088 ; 13.49 & ,0685 : 11,13 £ ,105 : 11,00 * ,071 : 11.11 % ,095 : 61.8 2.2 : 56,0
N-KCl lime : 17,60 t ,134 : 12,57 £ ,084 : 11.23 & ,082 ; 10,85 £ 077 : 11.35 & ,064 : 79.3 4,8 : 15,9
N=P s 17,87 % ,134 : 12,84 t ,084 : 11,43 « ,095 : 11,52 2 ,095 : 10.93 & ,004 ;: 52,8 : 7.0 : 40,2

¥ Nitrate of soda - five poands per tree.
Superphosphate - ten pounds per tree.
Potash single - five pounds of muriate of potesh or equivalent,
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applications were made each year about the first of April,

depending upon the earliness of the season.

Investigations Conducted in 19238

The average yield in 1928 was four bushels per
tree, No difference between plots in the appearance
of the trees were observable at time of harvesting.

Samgiigg and Testing, On October 13, 1938 two
bushels of uniform fruit were selected from each of the
plots, These were pressure tested October 15, and
placed in cold storage in Hagerstown, twenty-five miles
distant, Péessure tests with a Magness and Taylor
tester and inspection counts were made at approximately
monthly intervals during storage until April 6, 1929,

Results, In table 8 are presented the results
of this test. The samples were remarkably uniform in
size, color, and maturity and hence the probable errors
of the averages, based on the forty-five individual
punches, were extremely small, The fruit softened
rapidly in storage to January 18, decreasing from an
average test of all plots of 20,5 pounds to 14,7 pounds,
but on April 6, three months later, the average of all
plots was still 14,7 pounds,

Throughout the storage season the fruit from the
nitrogen plot was among the firmest samples and thus no

benefit in increased firmness could be ascribed to the

use of potash fertilizers, Several potash treatments,
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including the muriate in single and half amounts, were
significantly softer at the end of the storage test;

but as mentioned previously, the values of the probable
errors a8 determined in this table were not all-inclusive,
and in addition the differences were not large enough to
be conéidered commercially important.

The results of decay and scald counts (table 8)
showed the development of decay during storage to be un—
affected by treatment, but scald had been dietinctly re-
duced on the sulfate of potash magnesium and the sulfate
of potash treatments, compared with nitrogen only, to an
extent greater than three times the probable errors of the
differences, The nitrate only plot showed 30.8 per cent
scald and all the Mg (KSO4)2 and K2804 plots only 4.9 per
cent and 10,8 per cent respectively. The average of all
muriate plots was 19,5 per cent and kainit 18,1 per cent,
but these last two fertilizers were not significantly lower
than nitrate only.

Summary for 1938 The first yearts tests on Rome

indicate that the potash treatments have not increased
the firmness of the fruit, though fruit from two of the

fertilizer treatments showed less scald in storage.

Investigations Conducted in 1929

The Rome orchard experienced an almost complete
crop failure in 1929 and no samples were taken for

storage studies,
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Investigations Conducted in 1930

Although the trees set a fair crop in the spring of
1930, the season was so dry that much of the fruit was too
small to be worth harvesting in the fall, The trees
wilted badly and lost a great many leaves, Though the
apples used in the storage tests lacked color and size, the
fruit ripened slowly in storage and kept much better than
the fruit used two years previously.

Chemical studies and respiration determinations were
made on samples of fruit from this orchard in this year,
in addition to the usual pressure tests and storage studies,

as further measures of keeping quality.

Pregsgure Tests and Storage Studies,

Sampline and Testing, Three bushels of two and one—

fourth inch apples, the largest fruit on any of the plots,
were selected from six potassium treatments and the
nitrogen only plot on October 18, 1930, The fruit was
pressure tested immediately with a Magness and Taylor
pressure tester, and hauled to Washington where it was placed
in cold storage at 32°F, Pressure tests were made at
monthly intervals during storage. On the date of the
last pressure test, April 14, no scalded or decayed fruit
wag8 evident in any of the samples,

Results, Table 2 shows the results of the pressure
tests,. I, these samples a difference of at least 1.59

pounds must be present between plot averages before odds



TABLE 9.

Pressure Tests of Rome Beauty Apples from Fertilizer Plots at Frederick,

(Picked Oct. 17, 1930 and Held in Cold Storage at 32°F.)

Fertilizer : Pressure Tests in Pounds.,

Treatment. * : : ‘ :

Oct. 18, 1930: Nov.25, 1930 : Jen. 6, 1931 : Feb, 7, 1931 ;March 9, 1931 :April 14, 1931

N&NO5 only : 22466 H 19,59 ; 17.44 ; 14.69 : 15,09 : 15.99
N-KC} single ; 22.49 ; 10.46 : 16.15 ; 14,21 i 14,64 : 15,28
N-Ko504 single ; 23,98 ; 20.82 : 16.98 ; 16.11 ; 15,33 : 15.71
N_Mg(K504)2 single i 25,85%* ; 22.94 ; 18.63 ; 18.13 : 17.42 : 15,94
N-Kainit ; 23.86 : 20.48 ; i7.10 : 16.30 : 15.60 : 16,18
N~-PKC1 : 22.87 ; 19.71 : 16.56 i 15.63 ; 15,32 : 16.20
N-KC1 double : 22.08 ; 19,72 ; 16.33 ; 15.12 ; 14,12 : 15,09

..

Difference reguired for 30:1 odds = 1.59 pounds.
* Nitrate of soda - five pounds per tree.
Superphosohate - ten pounds per tree.
Potash single -~ five pounds of muriate of potash or its equivaelent.

** Two-bushel sample,
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of 30:1 are obtained by Student®s method, Only one
treatment, sulfate of potash magnesia, had affected the
firmness of the fruit to that extent at picking time,
it being 3.2 pounds firmer than the nitrate only sample,
In the final test on April 14 the sample was still two
pounds firmer than the nitrogen check, showing that the
treatment had increased the firmness and improved the
keeping quality of the fruit markedly. None of the
other potassium salts affected the pressure test
averages appreciably.

The fruit at time of picking averaged five pounds
greater in firmness than the 1928 samples, Whether this
difference was due entirely to the smaller size of the
fruit or whether lack of moisture had an influence can
only be surmised, but unquestionably the keeping quality
was greatly improved.

Respiration Studies.

Measurement of the products of respiration has long
been considered a reliable way of measuring the rate of
metabolism taking place in fruit in storage. Though the
003 measurement represents only a summary of the metabolic
processes, it furnishes a valuable index to the rate at
which certain changes are taking place, Numerous in-
vestigatopws have studies the relation between respiration,
rate of softening , and keeping quality. Kidd and
West (168) found an inverse relationship between rate of

respiration, nitrogen content of the fruits and keeping quality,
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rate of respiration, and the poorer the keeping quality.
In a study of the rate of senescence in the apple, Kidd
(17) observed that a mature apple had a respiratory
activity of about 1/10 that of the young apple fruit.
About the time that apples are normally gathered the
respiratory activity was found to be at a minimum, and
then as full maturity was reached a second maximum was
attained followed by a falling off in activity correspond—’
ing to the initiation of senescence. The final values
attained at the end of the life of the apple were about
equal to the original minimum, or about half of the rate
of the second meximum, Magness, et. al. (232) notes &
close porrelation between rate of respiration and rate of
softening of apples at different temperatures, In
another publication, Magness and Burroughs (230) observed
that respiration was greatest early in the storage life
of the apple, the rate decreasing as senescence approaches,
Methods. As part of the 1930 studies, duplicate
samples, each of fifteen pounds, from the nitrate only,
muriate, and complete plots of the Rome orchard were re-
moved from cold storage in the latter part of January and
placed in five=gallon glass jare for respiration studies,
The apparatus, shown in figure 1 was similar to that
described by Harding (14). The jars were held at a
constant temperature of 15°C. in a 9' x 3' x 3t chamber
with thermostatic control, A hot plate served as a

heating element, and an electric fan produced the necessary



Figure 1. Section of respiration outfit, showing

design and arrangement of apparatus*



air circulation. Air flow through the jars was regulated
with water manometers at approximately five liters per hour,
Soda lime was used to remove the carbon dioxide from the
air as it entered the jars, and normal NaOH to absorb the
CO5 respired. Barium hydroxide served as a check on the
efficiency of both absorbents. The double titration
method a8 used by Gore (11l) was employed to determine the
amount of 002, phenolphthalein and methyl orange being

the indicators used. Titrations were made daily on

each variety for a period of three weeks,

Results, The data of the Rome studies are present-
ed in table 10, Despite the use of a mercury trap in the
system to maintain a constant air pressure in the apparatus,
variation in the city wdter pressure produced changes in
the average daily flow,. Since there was at all times an
accumulation of GOB in the jars, daily changes in the air
flow affected the CO_ determinations appreciably. Each
jar was affected to :he same degree, however, resulting in
a definite correlation from day %o day. For this
reagon Student®s method was employed in determining the
reliability of the differences.

The Rome samples respired at approximately the
same rate, regardless of treatment (table 10). In all
comparisons the odds according to.Student?s method were
less than 31:1 and in addition the differences of 0.086
and 0,18 milligramé COg per kilogram hour were so small

as to be negligible,



TABLE 10,

Respiration at 15° C. of Rome Beauty Apples from Fertilizer Plots at

Erederick,. Picked Oct. 17, 1930 and Held in Cold Storage to Januvary 27.

(Average length of run 10 hours)

Mgms. COs produced per Kilogram hour

Date : :
: NaNo3 : N-KC1 : N-P=KC
: I : IT : I : IT : I : 1T

Jan, 27 : B8.44 : B8.30 : 8.95 : 8.48 : 7.83 : 0.16
Jem. 28 : 8,98 : 8450 : 7.12 : 9,00 : 7,71 : 8.42
Jan, 30 1 997 : 9,54 ; 10,03 : 9,86 : 9.15 : -

Jan. 30 : 9,96 : 10,13 : 11.25 : 9487 : 9.52 : 0.13
Tem. BL & 9.78 : 9630 : 10446 : 9.67 : 8.73 : -9.06
Feb, 1 : 11.93 : 11.67 : 11,50 : 11.58 : 10.92 : 10.91
Febe 2 : 10461 : 10433 : 10,76 : == 3 9465 : 9.81
Febe 3 3 12,21 : 12,85 3 12,55 : == s 12,36 : 11.45
Teb. 4 3 9,77 : 9497 : 9453 : == 3 10,00 : 9,70
Feb, 5 : 8.84 : 9,00 : 9.22 : 9,13 : 8,44 : 9,02
Febe 6 : 9482 : 10,12 : 10.14 : 9485 : 9,74 : 90.62
Feb, 7 : 11,15 : 10456 : 10,25 : 10,79 : 9,98 : 10,82
Feb., 8 : 9,92 : 9.69 : 10,01 : 10,61 : 10.25 : 10,29
Febe O : 045 : == & 942 i == i 9,48 : 9.47
Feb. 10 : 10.14 : 10.48 : 9,78 : 10.37 : 10.30 : 10.65
Febe 11 : 1008 : 10,39 : 10,55 : 10480 ;: 10.11 : 9,82
:E‘ebo 12 M 9.54 . 9031 9'17 9026 : 9.93 : 9056
Tebs 13 ¢ 9479 : 10,14 : 9493 : 9,42 : 9.98 1 9.8
Febo 14 : 9439 : 9,66 : 9.44 : —— i 9.5 : 9.48
Febe 15 : 0,78 : 8492 : 9,04 : 9,03 : 9,66 -
Febo 16 H 9.4:4 . B8.24 : 8.&3 . 9.27 P 9044 : 9.75

Average 9495 : 9.86 : 9.87 : 9.8l : 9.66 : 9.7S

9,80 : 9.84 s 9,72

Difference between NaNoz and N-KCl = .06 0dds 1l:1

Difference between NaNoS and N-P-KC1 = .18 0Qdds 20:1
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Chemical Studies,

During the storage season of 1930-1931, chemical
analyses of the pressure tested fruits from three of the
Rome plots were made to determine what effect potash ferti-
lizer treatments might have on the normal rate of change
taking place with certain of the chemical constituents, and
to ascertain if the chemical analyses could be correlated
with the results of storage studies,

Results, The data of the Rome analyses are pre—
sented in table 11, Pectin changes were closely corre—
lated with changes in firmness as shown graphically in
figure 3, The muriate fruit, having less dry weight,
was uniformly lower in protopectin on a fresh weight
basis, The soluble pectin content, however, was
practically identical for all the plots on date of pick—
ing, and remained so until January 6. From then on the
pectin content of the nitrate fruit increased but slightly
compared with the two potash plots.

An interesting relation is evident in this data,
although whether it could be ascribed to treatment is
questionable, There appeared to be an g}most perfect
correlation between firmness of the fruit, moisture
content, and protopectin content, The complete plot
had the firmest fruit, which in turn had the least moisture
and the most protopectin., The muriate fruit represented

the other extreme, with nitrate only fruit occupying a

median position, On a dry weight basis, however, the



Pectic constituents and pressure tests of

Rome apples during storage.,.

Figure 2.
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Analysis of Rome Apples from Fertilizer Plots at Frederick During 1930 Storage Tests.

(Results with the exception of pectin and acidity expressed as percentage dry weight.)
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differences between treatments in protopectin content
practically disappeared. The slight, though consistent
differences in firmness, may therefore be partially
attrivuted to moisture content, Whether this in turn

was due to fertilizer treatment is doubtful. The
season of 1930 was extremely abnormal as regards rainfall,
and this particular expepiment suffered more severely from
lack of moisture than any other orchard, Factors other
than treatment which are difficult to evaluate and which in
normal seasons can be disregarded must therefore be taken
into consideration.

The figures on titratable acidity (table 11) show
wide differences between plots, the nitrate only fruit
having had considerably less acid than fruit from either
the muriate or complete plots, The straight lines of
closest fit to the date are presented in figure 3, The
nitrate only and muriate samples decreased in ccidity at
practically the same rate, the lines being parallel; but
the complete plot, with the most acid at picking time
lost acid at more than twice the rate of the other plots.
Opne month more in storage possibly would have brought its
acidity to a point lower than the nitrate plot, This
rapid loss of acid was apparently independent of other
chemical changes, for there was no corresponding increase
in respiration rate, pectin changes, or sugar changes,
Furthermore, the low acid content of the nitrate only

fruit did not influence the rate of change taking place



Total acidity of Rome apples during storage

with straight lines of closest fit.

Figure 3.
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in other chemical constituents. A possible explanat—
ion of this lies in the Ph determinations as presented
in table 11. _Though there were wide differences in
titratable acidity, the hydrogen-ion concentration was
but elightly affected, with the nitrate only fruit having
a coneistently higher Ph than the other samples,

Rome apples contained little starch at time of
picking (table 11) consequently the changes in sugar
content during storage were slight, Sucrose was slowly
but constantly hydrolyzed to reducing sugar. No doubgt
sampling and analytical errors involved masked any of the
small differences in rate of change which might have been
present, The acid hydrolyzable material which presumably
is aséociated more closely with cell wall material and
firmness than the other carbohydrate constituents was

practically identical for all three treatments,

Summary for 1930.

1. The firmness of the fruit in 1930 was affected
only by the sulfate of potash magnesia treatment, where a
decided increase in firmness and keeping quality was
noted, Muriate of potash, sulfate of potash, kainit, and
complete fertilizer treatments had no effect on the keeping
quality of the fruit.

8, Muriate of potash, used in combination with
nitrogen, or nitrogen and phosphorus, applied to Rome

apple trees, did not affect the rate of respiration of the
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fruit in storage.

3. Pectic constituents of fruit were practically
unaffected by muriate of potash applications,

4, The potash treatments produced fruit having
the greatest acid content, but the complete fertilizer
sample lost acid at double the rate of the other two
samples,

5. Potassium content of the fruit was almost
identical for all three treatments.

6 No differences in carbohydrate content or

carbohydrate changes could be attributed to treatment,

Discugsion of Rome Studies

In these Rome experiments no differences in the
firmness of the samples of fruit taken in 1928 could be
attributed to fertilizer treatments. With one or two
exceptions, all pressure test averages fell within a
comparatively narrow range at all cdates in this first year
of the experiment, The significant part of that year's
results lay in the storage counts, which showed that the
fruit from the sulfate of potash and sulfate of potash
magnesig plots had less scald than the nitrate only fruit,
beyond the limits of error, While the reliability of
the probable error may be questioned, where such small
numbers are involved, t he differences were quite large.

In the third year of this experiment occurred the
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only effect of treatment on the firmmness of apples great
enough to be considered important in any of the experiments,
Sulfate of potash magnesia fruit was distinctly firmer than
the fruit from any of the other six treatments sampled, at
time of picking and at all dates during storage. Nome of
the other potash treatmenis appeared to have any appreciable
influence on firmmess of the fruit, Just what relation
the extremely dry weather may have had in accentuating the
effect of the fertilizer cannot be judged, but it should be
remembered that the fruit used in the samples was abnormally

small in size and poor in color,

General Summary of Rome Studies

1. The first yeart!s treatment produced no differences
in the firmness of the fruit, The samples from the sulfate
of potash and magnesia sulfate of potash plots had signi-
ficantly less scald in storage than fruit from the plot re—
ceiving nitrate of soda only.

3, The third year of treatment, the magnesia
sulfate of potash treatment produced fruit which was
decidedly firmer than the nitrogen check fruit, both at
time of picking and seven months later in cold storage.

3, The results of pressure test determinations were
closely correlated with the results of the chemical studies,
Except for a more rapid loss of acid in the complete ferti-
lizer sample, differences in the rate of change of the other

chemical constituents studied were negligible.
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YORK IMPERIAL ORCHARD AT HANCOCK

Description of Experiment, The York orchard used

in this experiment was owned by the American Fruit Growers,
Incorporated, and was situated on the east side of Tonoloway
ridge, near Hancock in Washington County. The land was
in blue grass sod for the most part, with occasional patches
of alfalfa, The s0il was classified as Hagerstown clay
loam (5). Limestone outcroppings were frequent, The
orchard was twenty-eight years old when the experiment was
begun in 1928, An application of eight pounds of
nitrate of soda was given each tree annually during the
experiment, ‘

The rows of trees ran perpendicular to the ridge.
Twenty rows of sixteen trees each were given treatments
as shown in a plan of the experiment in table 13. Ferti-
lizer was appl;ed about April 1, each year at the rate of
five pounds of muriate of potash or its equivalent in the
single applications, The plots receiving nitrate of
soda only were included in an adjoining nitrogen fertilizer

experiment begun in 1926,

Investigations Conducted in 1928

As indicated by their age, the trees in this experi-
ment were large, and the average yield of seven bushels per
tree borne in 1928 was by no means a heavy crop, As far
as could be determined by careful observation during the
summe r and at harvesting time, the fertilizer treatments had

no effect on the growth or general vigor of the trees,



TABLE 12,

OQutline of Fertilizer ‘reatments in York Imperial Orchard at Hancock.

Single Application = Five Pounds of Muriate of Potash or Its Equivalent,

Row. Lreatment. Amount.,
1 complete with sulphate of pot’ash double
2 Superphosphate
3 Complete with muriate of potash double
4 Murieate of potash plus lime single
5 complete with muriate of potash singie
6 vomplete with sulphate of potash single
7 vomplete with sulphate of potash magnesia single
8 vomplete with keinit ‘single

9 - 24 Nitrogen fertilizer experiment

25 Muriate of potash double
26 Sulphate of potash double
27 Sulphate of potash magnesia double
28 ‘Kainit double
29 Muriate of potash single
30 Sulphate of potash single
31 Sulphate of potash mgresia single
32 Kainit single
33 Muriate of potash half
34 sulphate of potash half
35 Sulphate of potash magnesia half
36 Kainit half

A1l trees received eight paunts of nitrate of soda as a basic
treatment.
Superphosphate was applied at the rate of ten pounds per tree.
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Pressure Tests and Storage Studies

Sampling and Testing., On October 11, 1928, samples

of one bushel each were selected in the usual manner from
each plot, After pressure testing with a Magness tester,
the fruit was placed in cold storage in Hagerstown. At
four later dates, the final one April 6, pressure tests and
inspections were made,

Results. The results of the rressure test work and
inspections are presented in table 13. York apples showed
more variability in firmness than Stayman or Rome, as
evident by the size of the probable errors based on individuel
punches, The two samples from the nitrogen only treatment
duplicates represented with but two exceptions the firmest
and the softest samples at time of picking. The fruit
from the half applications of muriate of potash was
appreciably firmer than the nitrogen check, but in the
second pressure test on December 15, the difference had
disappeared,

Throughout the storage test no consistent
differences appeared in favor of any potash treatment,
and in the final pressure test on April 6, there was no
evidence that any treatment had improved the keeping
quality.

No single potassium salt had lessened scald con-
sistently; and the total average of all potassium plots
on April 6 was 71:8 per cent scalded fruit, while the

fruit of the nitrate only plots had 69:8 per cent scald.



TABLE 13,

Pressure Tests and Starage Counts of York Imperial Apples from Fertilizer Plots at Hancock.

(Pieked Oct. 12, 1928 and Held in Cold Storage at 32°F.)

.
.

Fertilizer : Pressure 1ests in Pounds. : Storage Counts
Treatment. * : : : : : :Percent:Percent:Percent
: Octell, 1928 :pec, 15, 1928 : Jan,19, 1929 ;March 1, 1929 :April &, 1929 : Sound ; Decay : Scald

NaNo, : 21,35 & ,301 : 20420 £ ,100 : 18.42 &+ ,259 : 17.00 £ ,247 : 14.91 £ ,117 : 24,1 : 3.8 : 72.1
NaNog : 10,12 £ ,205 : 17.88 2 ,105 : 16.70 £ 4134 ¢ 15,39 & ,005 : 14,40 & ,102 : 288.6 : 3.9 : 67.5
N-KCl half 1 23,20 % ,288 : 19.04 & ,132 : 16,99 & ,201 : 15.89 &£ ,174 : 15,09 & ,145 : 36.0 2.9 : 61l.1
N-K-80,4 half : 19,99 £ ,238 : 18,01 £ ,152 : 15.46 & ,194 : 15.87 & ,159 : 14,66 £ ,164 : 12,8 2.0 : 85,2
N-Mg(KSO4)2 half 1 20,79 & ,159 : 18,88 & ,142 : 16.77 £ .225 : 16.56 & ,145 : 14,90 L ,159 : 44,3 : 0,0 : 55.7
N-XCl single : 20,68 + ,278 : 18,83 £ ,156 : 17,10 & ,205 : 15,14 & ,168 : 13,61 % ,171 : 26,9 : 0,0 : 73,1
N-K,50, single : 21,02 3 ,374 ;: 18.61 & ,115 : 15.80 £ (139 : 15.16 & 089 : 14,61 1 ,138 : 48,1 : 0,9 : 51,0
N=KC1 double : 19,95 & ,265 : 18,12 £ ,156 : 17.09 & 142 : 15.48 & 135 : ——— ¢ 14.2 ; 2.7 : 83,1
N-KpS04 double : 19.60 & ,227 ¢+ 17,40 £ ,149 : 17,05 & ,165 : 16.39 &£ ,193 : 14,96 £ ,201 : 30,6 : 3.8 ; 69545
N-M@(KS04)p double : 21,07 £ ,224 : 17.50 & ,153 : 16448 + 174 : 14,54 ¢ ,114 : ——— 2 17.5 ¢ 0.0 : 82,5
N-Kainit double : 19.42 & ,300 : 17,32 & ,119 : 16.68 & ,115 : 15.14 % 168 : 13.61 & L,171 : 85.2 : 3.7 : 7i.l
N-P-KC1 : 20,79 & ,268 : 20,27 & ,152 : 19,01 £ ,224 : 16.20 & ,182 : 14,03 + ,131 : 30,4 : 2,2 : 58.4
N-P-K2504 : 20014 & L2061 : 18.43 & L,162 : 16.8L £ .193 : 17,08 & ,185 ; 14,87 & 312 : 13,7 : 3.9 : 82.4
N-P-Mg(K804)2 : 20,11 & ,825 1 19,54 £ ,138 : 17.37 & ,123 : 16,40 & ,182 : 14,24 £ ,123 : 54,7 : 1.7 : 43.6
N=-P=Kainit : 18,18 & ,379 : 17.03 £ ,127 : 16,33 £ ,164 : 15.46 £ ,162 ; 13.86 & ,123 : 44,1 : 0,8 : 55.1
KC1 lime : 19,48 £ ,217 ; 19,17 £ ,174 : 17.67 £ 205 : 16,39 £ ,142 : —— t 8.0 3 1,3 : 89.7
Phosphate only : 20468 & ,246 ; 17.28 &£ 174 : 16.21 £ ,149 : 14,01 & ,156 : 13.88 & ,100 : 34,7 Be7 58,6

* Witrate of soda - eight poinds per tree.
Superphosphate - ten pounds per tree,
Potash single - five pounds muriate of potash or equivalents
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Summary for 1928. Firmness and keeping quality of

York apples was not affected appreciably in this year by

application of various potash fertilizers,

Investigations Conducted in 1929

Sampling and Testing. The crop on the York orchard

was very light in 19239 and as a result the one-bushel
samples obtained from each oi ten plots were not as uniform
as usual, The fruit was picked on October 16, pressure
tested immediately, and then placed in cold storage in
Hagerstown, Pressure tests were made at monthly inter-
vals during storage until March 30, 1830.

Results., Pressure test averages for these samples
are presented in table 1l4. Since only one bushel was
obtained from each plot, it was impossible to evaluate the
sampling error, Disregarding this error, and considering
only the error due to variability within each sample. and
to pressure testing, none of the fruit from the eight
potassium plots sampled were significantly firmer or softer
than the nitrate only sample on consecutive dates,

Nevertheless, the sulfate of potash magnesia treat-—
ments, both single and double, were firmer than the
nitrogen check plot in practically every tvest, The
average differenée for all dates between the sulfate of
potash magnesia double sample and the nitrate only samples
was 0.78 pounds in favor of the former, with odds greater
than 9999:1, With the single magnesia treatment the

average difference was 0,75 pounds, with odds of 65:1 that



TABLE 14,

Pressure 'lests of York lmperial Apples from rertilizer Plots at Hancock. (Picked Oct. 5, 1929

(and Held in Cold storage at 329, )

Fertilizer : Pressure ‘tests in Pounds,
Treatment . * : :

:0ct. 6, 1929 : nov.8, 1929 : Dec.6, 1929 : Jan.l0, 1930

s los

reb.22, 1930 ; March 30, 1830

..
.

NaNog : 21,96 1,232, : 21,61 £ ,211 : 20.26 L ,179 : 19.26 £ ,192 : 17,76 £ ,239 : 17.82 t ,144
N-KC1 1lime : 20,16 & .202 : 20,21 ¢ ,187 : 19.53 & ,152 : 18,60 £ ,176 : 15,96 + ,148 : 18.12 % ,168
N-P-KC1 : 21,10 £ ,187 : 20,52 & ,159 ; 20,50 * ,177 : 19,20 & ,152 ; 16.76 & .168 : 17.82 £ ,148
N-P-KC1 : 21,37 £ .182 : 19,67 & ,191 : 19,99 & ,146 : 18,96 * ,115 : 16,79 * ,153 : 17.87 £ ,162
N-EC1 double : 21,41 £ ,209 : 20.32 £ ,189 : 18,82 & ,197 : 18,70 & ,159 : 17,18 ¥ ,187 : 16.43 £ ,156
N-iig(KSO4)p double : 22,69 * ,206 : 21,99 & ,177 : 21,70 £ ,232 : 19.67 £ ,148 : 18.62 £ ,262 : 18.77 + ,133
N-KC1 single : 22,20 *+ ,214 : 20,81 ¢ .226 : 21.18 % ,185 : 19,64 4 ,206 : 17,43 £ ,210 : 18,68 & .134
N-KoS04 single : 21,62 ¥ .147 : 22.26 1 ,238 : 20.20 & ,184 : 18.81 # .215 : 16,57 & .224 : 17.75 ¥ ,136
N-Mg(KS0, ), single : 23.76 * .268 : 21,77 £ .290 : 21.36 4 ,263 : 19,06 & .131 : 19,04 %+ .259 : 18.87 ¢ ,154
N-Kainit single : 24.25 * ,286 : 22,75 % .34 : 21,72 t .238 : 19,91 ¢ .147 : 18,21 ¢ ,172 : 17.93 % 182

* Nitrate of scda - eight pounds per tree.
Superphosphate = ten pounds per tree,
Potash single - five pounds of muriate of potash or equivalent.
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it was not due to chance. These odds prove definitely
that the fruit from these trecatments was firmer than that
from the nitrogen only treatment, though not necessarily

due to treatment., When later results are considered,

however, the date becomes more significant,

Summary for 1939, Sulfate of potash magnesia treat-—
ment was the only treatment which appeared to increase the

firmness and improve the keeping quality of the fruit,

Investigations Conducted in 1930

In 1930 the trees yielded an average of fourteen
bushels per tree. The crop was scattered though,
certain limbs bearing fruit to the point of breaking while
adjacent limbs were bare of fruit, This condition made
it difficult to obtain comparable samples. During the
summer the trees in the experiment were irrigated at inter—
vals, and hence suffered little from lack of rainfall.

Chemical studies and respiration determinations
were made in addition to pressure tests in the 1930

studies in this orchard.

Pressure Tes8ts and Storage Studies,

Sampling and Testing., Three bushels of apples were

selected from the usual seven treatments on October 16.
Only one bushel was obtained from the sulfate of potash
magnesia treatment and two from the kainit plot, The

samples were pressure tested with a Magness and Taylor

tester immediately and then placed in cold storage in



Hagerstown, Four pressure tests were made during storage,

and also a final inspection.

Results, The results of the test are presented in
table 15, According to the error value based on the bushel

average, a difference of 1:53 pounds must be established be-
tween plot averages before it may be considered significant.
Again the suifate of potash magnesia treatement produced the
only sample significantly firmer than the nitrate only fruit,
the difference being 1.85 pounds, Since only one bushel
of fruit constituted the former sample, the error should be
correspondingly increased. The difference, however, was
evident to the final pressure test, distinctly in favor of
the potash treatment, None of the other three potassium
salts appeared to have affected the firmness to an appreci-
able extent,

Inspection counts made on the final two pressure
test dates showed no differences among treatments in the
amount of decay. The sulfate of potash magnesia sample,
however, had only 19 per cent scald compared with 39 per
cent scald on the nitrate only fruit. The double muriate
sample on the other hand had 72.6 per cent scald; and all
of the other four potash treatments had distinctly more

secald than the nitrate only sample,

Respiration Studies,

On February 20th, 1930, duplicate samples of York

apples from the nitrate only, muriate of potash, and



LABLE 15.

Pressure Testis and Storage Counts of York Imperial Apples from Fertilizer Plots at Hancock

(Picked Oct. 15, 1930 and Held in Cold Storage at 329F.)

Fertilizer : Pressure Tests in Pounds : Storage Counts
Treatinent. x** R : : : : : :Percent:Percent;Percent
:0ct,16, 193Q Nov,.29,1930:Jan.8,1931 :Feb,10,1931 ;iMarch 7,1931l:April 20,1931: Sound : Decay : Scald

. . . .
. . . . . . .

NalNo, ; 21.65 ; 19.57 : 16.94 : 16419 : 15.85 : 14.87 : 57.0 : 0.4 : O32.6
N-KC1l single ; 20.63 ; 1¢.83 ; 16.32 : 16.01 : 14.98 ; 14,74 : 5343 ; 0.9 : 435.8
N-Ks50, single : 22e 35 2 2l.11 ; 17.07 i 15.92 ; 16.46 ; 15,13 ; 5849 ; 1.9 ; 39,2
NFMg(KSO4)2 single? 23,50% : 21.08 ; 17.41 : —-— : 17,31 : 15.40 : 7849 : 2e1 ; 19.0
N-Kainit single ; R2,76%* ; 21.04 ; 17.97 : 16.81 : 16.80 ; 15.66 : 53.9 ; 0.0 z 46.1
N-KC1 double ; 21.69 ; 1e.72 ; 16.21 ; 15444 ; 15.88 ; 15.44 ; 26,9 ; 0«5 ; 72,6
H-P~KC1 : 22,03 : 20,24 ; l6.16 ; 16.01 : 15.71 : 15,62 : D7 : 0.5 .; 46.8

. . .
3 - . .

Nifference reguired for 30:1 odds = 1.55 pounds.

* 1 bushel
% 2 hudels

*¥** Nitrate of soda - eight pounds per tree.
Superphosphate - ten pounds per tree.
Potash esingle - five pounds muriate of potash or equivelent
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complete plots, which had been held in cold storage, were
placed in the respiration chambers at 15°C, The same
procedure used with the Rome samples, previously described,
was employed with this fruit,

Results. The data for the CO, determinations are

2
presented in table 16, They show that the nitrate only
fruit respired the most rapidly with the odds greater than
9999:1 that the differences between it and the muriate fruit
was not due to chance., The odds between the muriate and
complete samples are 17:1 in favor of the former so that the
nitrate plot respired at a significantly faster rate than
either of the potash treatments. Two views may be taken
of this difference; one that because the nitrate fruit was
respiring more rapidly, it was breaking down at a faster
Irate and catabolic changes were accelerated, or on the other
hand that the nitrate fruit had not yet, on the date the
tests were begun -- February 18, -— reached the point in

its storage life where the approach of senescence would re—
tard respiration.

While the first viewpoint appears the most logical,
contemporary studies indicate that the nitrogen only fruit
did not exhibit the poorest keeping quality. Pressure
tests of the fruit upon removal from the respiration
dhambers showed the nitrogen only fruit to have been the
firmest, testing 14.05 pounds, compared with the muriate
and complete samples which tested 13.58 and 13,16 pounds

respectively. Chemical studies which will be considered

later likewise favored the nitrate only fruit, in regards



TABLE 16,

Respiration at 15°C. of York Imperial Apples frou kertilizer Plots at

Hancock, Picked Oct. 15, 1930 and Held in Cold Storage to Feb. 20, 1931,

(Average length of run - 24 hours)

ligmse COo per kilogram hour

Date : NalNoz : N=KC1 : N=-P=KC1l
: L LI : L : II : 1 : II

Febe 2L 1 7.83 : B8B.,58 : 7.72 : 7.3l : 7,34 : 6.89
rebe B2 1 8B40 1 8,92 ¢ T7.67 : 68,99 : 7JA1l : 17.35
Feb, 83 : 7,93 : 8,867 7e30 :+ 7.88 : Te24 : 7.04
Feb, 24 M 7087 : 8.59 7.22 . 7.12 H 7.33 : 7‘26
Febc 25 M 7.56 H 8032 M 6,97 . ‘7010 . 6.66 s 6.94
ebe B6 : 7456 ¢ 8,00 : 6,95 : 7.7 — 1 6.56
Feb. 27 : 7,67 ; 7.99 : 7.05 : 6,60 : 7,01 6464
Febe 288 1 T.67 1 T.99 7.0 : 6.60 : 7.01 : 6.84
March 1 : 7.67 : 7.99 7,05 6,60 : 7,01 : 6,64
March 2 1 7487 1 7,99 : 705 : 6,60 : 7,01 : 6.64
:M:arch 3 M 7098 M 7t74 : 6089 . 7009 H 6.29 M 6.48
March 4 : 7.67 : 8,58 1 7.29 : 7,18 7.09 : 6,93
March 5 ; 7.60 1 Bo03 ¢t 6,65 : 6,68 : T7.11 : 6,34
March 8 : 7.30 ¢ 7.60 : 6,38 : ©6.49 6427 3 6433
March 7 3 7e24 : 7.67 : 6485 046 : 6455 6.58
March 8 : 7.10 : 7489 : 6428 : 6.37 : 6449 ! 6,26
March © 3 6,91 1 7449 : 5,95 ¢ 6.3l : 6,38 : 6.40

Average  7.63 : B.11 : 6.93 : 6.85 : 6.87 : 6.70

7.87 : : 6.89 H . 6.78 M

Difference between NaNog and N-KCL = [.98 mgs. 0dds 9999:1

Difference between N-KCl and N-P-KCl = . ,11 mgs. Qdds 17:1



to keeping quality.

Chemical S+tudies;

During the storage season of 1930-~1931 chemical
analyses of the pressure~tested fruits from three of the
plots in the York Orchard were made. Methods of analyses -
were the same as those previously described with Rome
apples,

Results, In table 17 are presented the results of
the chemical analyses of the fruit from the nitrate only,
muriate of potash, and complete with muriate treatments,
As shown more clearly in figure 4, pectin changes were
closely correlated with changes in firmness, The same
relation has previously been reported by Haller (13) who

found the rate of softening at different temperatures to

be proportional to the rate of conversion of insoluble
pectic substances into soluble form, The curves in
figure 4 show that the greatest drop in firmness in any
one period, —— November 29 to January 8 —-— was accompanied
by the greatest increase in soluble pectin. Insoluble
protopectin likewise showed the greatest decrease in the
same period. It would seem, therefore, that pectin
changes are a reliable indication of ripening, and an
important factor in keeping quality. The curves for
the three plots parallel each other closely and there is mno
indication that fertilizer treatments have affected the
amounts of the pectic conetituents of the fruit. The

close correlation of pectin changes with pressure tests



Pressure test and pectic constituents

of York apples in storage.

Figure 4.
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(Results with the exception of pectin and acidity expressed as percentage dry weight.)

Analysis of York Apples from Pertilizer Plots at Hancock imring 1930 Storage Tests.
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Figure 5 Starch in York Apples during storage.
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adds additional evidence that the keeping quality was not
influenced by the fertilizer treatments,

The chemical constituent showing the gre#test
change during storage was starch, which decreased from
fifteen per cent to one and one-half per cent in less than
three months (figure 5)e The fruit from muriate and
nitrogen only plots had slightly more starch at time of
picking than the fruit from complete fertilizer plot, but
the rate of loss was slmost in direct proportion to the
amounts present, so that on January 8 the differénces were
negligible,

As the starch content decreased, sugar, especially
gsucrose, increased and when starch had practically disappear—
ed, the sucrose content began to decrease, Reducing
sugars, however, continued to increase to the final sampling
on March 7, It~ will be remembered that the nitrate fruit
had the greatest respiration rate, approximately twelve
per cent greater than either of the other samples.,

But in spite of this greater loss of dry material, the
sugar content on a dry weight basis was practically un—
affected.

Acidity determinations of the expressed juice show
the nitrate only fruit to have had slightly more titratable
acid content, which was in keeping with the slightly greater
firmness, During storage the acidity of the fruit de-

creased. Ph likewise increased, but the differences
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between treatments were small and inconsistent.

Potassium content of the fruit was unatffected by
treatment., This i8 contrary to what Wallace (31) found
in England, but his experiments were conducted on a soil
which was markedly deficient in available potassium, and
the trees showed effects of such lack of potash,

Summary for 1930,

1. . Sulfate of potash magnesia treatment again
increased the firmness of the York apples markedly at
the time of picking, and during storage. None of the
other three potash salts were effective,

2« The magnesia treatment appeared to reduce the
amount of scald, and the double muriate of potash treat—
ment on the other hand had the greatest amount of scald.

3, The fruit from the York plot receiving nitrate
of soda respired at a distinctly faster rate than either
the muriate of potash or complete fertilizer samples,

4, The changes in pectic constituents during
storage fully corroborate the pressure test studies, in
that no differences ascribable to muriate of potash treat—
ment were evident.

5, Potassium content was identical for all three
gsamples, and sugar loss and starch changes were not
influenced by the“muriate of potash or superphosphate

treatments,



-4 2

Discussion of York Studies.

The results in the storage tests of fruit from the
York orchard were very similar to those obtained with the
Stayman and Rome varieties. Potash fertilizer treat-—
menta had no effect upon any of the factors studied in the
first year of application. In the second year,samples
from both the single and double applications of sulfate of
potash magnesia were firmer than the fruit from the nitrate
only treatment, and in the third year the same effect was
evident. Muriate of potash, sulfate of potash, and
kainit in single amounts and muriate of potash with super—
phosphate again did not affect the firmness or the rate of
ripening of the fruit in any year.

From a commercial standpoint the effect of the
magnesia treatment on the fruit was not important in either
1929 or 1930, The two—-pound difference in firmness in
the latter year in favor of the potash treatment, though
significant at time of picking, diminished during storage
to a point at the end of the storage period where it was no
longer significant. Further mention of this point is made

in the general discussion,

General Summary of York Studies,

1. In this York Experiment only one treatment,
sulfate of potash magnesia, had any appreciable influence
on the firmness or the keeping quality of the fruit.

2. Applications of muriate of potash, sulfate of
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potash, and kainit were inefrective on the f{irmness or
keeping quality.

3. 'The sulfate of potash magnesia treatment in-
creased the firmness ot the fruit to a small degree during
the second and third years of the experiment, and the
effect was still noticeable at the end ot the usual
storage period, The amount of scald was also lessened
somewhat in the third year by the treatment.

4, Muriate of potash treatments, in combination
with nitrogen and nitrogen and phosphorus, compared with
nitrogen only, had no influence on the keeping quality of

the fruit, as measured by chemical changes during storage.

YORK AND STAYMAN APPLES FROM STATE COLLEGE, PENNSYLVANIA
Through the courtesy of Dr. R. D. Anthony of the
Pennsylvania State College, samples of frult were obtained
from the old York and Stayman fertilizer experiments at
State College, in 19239, The orchard was approximately
thirty years old and was on a clay loam soil of limestone
origin. The fruit was picked on October 12 by Dr.
Anthony as a random sample, representative of the apples
on each particular treatment. Consequently a great deal
of variation in size and color was evident within a
gample and between samples. Records were taken of the
average slze of the fruit and the amount of color present
for each treatment. From picking time until October 27,

the frult was held in cold storage at State College, then
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the fruit was hauled to Arlington, Virginia by truck and
placed at 32°F. Pressure tests were made on October
28, December 5, January 15, February 18, March 27, and
April 26,

York Variety. The data for four of the York

plots are given in table 18, Potassium in combination
with nitrogen or with nitrogen and phosphorus has shown
neither a significant nor consistent effect on the firm—
ness of the fruit, Small differences occurred among the
various tests. The maximum difference between two
treatments was l.41 pounds which was found on October 28.
At the end of storage the largest difference was 0,38
pound, The potash plots had more scalded and wilted |
apples on April 26, the date of inspection, but on the
other hand these samples had less color, Since fruit
which lacks color is more apt to scald and wilt, the inter-
pretation of the results is difficult.

Stayman Variety. Two bushels of Stayman apples

from trees receiving the same ftreatments as the York samples
were included in these tests and in addition a bushel each
from P~KC1l and P~K2804 treatments, The latter two samples,
from trees lacking nitrogen, were small and very highly
colored (table 19). They were much firmer than the other
samples, at time of picking and during storage, and showed
practically no scald or decay. The fruit from the sulfate
plot , with smaller apples, was slightly firmer (0.78 pounds)

than fruit from the muriate plot, but had considerably more



TABLE 18,

Pressure Tests and Storage Counts ‘of York Apples from pertilizer Plots at State College, Pa,

(Picked Oct. 19', 1929 and Held in Cold Storage at 32° at Arlington, Va.)

.

Fertilizer: : Percent ' Pressure ‘iests in Pounds : Storage Counts
Ireatment : Size ¢olor :0ct.28, 1929 : Dec.5, 1929 :Jan.ld5, 1930 : reb,18, 1930:March 27,1930:April 26,1930 :Percent:Percent:Percent

: : : : : : : Sound : Decay :Scald:Wilt
NelNo,, : 22 - 3" 68,5 :  25,14% : 82,07 :  20.17 i 20,57 19.21 i 18476  .: 83,1 : 5.9 : 1.5: 9.5
N-~KC1 : 22" : 57,6 23,75 : 22,35 : 20.45 20,58 : 19,54 : 19,04 : B67.4 4,1 ¢ 2,9 : 15.6
N=-P : 2’2—" 62.0 24,10 : 22,37 : 20 .22 20,05 : 19,25 : 18.90 : 82,1 ¢ 341 ¢ 0.7 : 14,1
N-P-KC1 : 2% - 3% 44,7 23473 : 21.26 : 19.93 19.54 18.46 : 18,94 : 68,1 : 8e2 ¢ 4,6 : 19,1

* P.E t ,258 2,337 £,158 £,302 t ,215 t ,835



TABLE 19,

Pressure Tests and Storage Counts of Stayman Apples from kertilizer Plots at State College, Pa.

(Picked Oct, 19, 1929 and Held in Cold Storage at Arlington,Va.)

.
.

e e

Fertilizer: Pregsure Tests in Pounds. Storage Counts
Treatment.: tPercent: : : : :Percent:Percent:Psrcent:Percent
Size : Color :0ct.R8, 1929 :Dec, 5, 1929 :Jan.l5, 1930 ;Feb, 18, 1930: Sound ; Decay : Scald : Wilt
NaNo : 22 an i 58,6 ; 18.83 : 15,87 ; 13.40 : 13.62 : 53.8 ; 1.3 : 19.1 : 25.8
N-KC1 ; 2in i 60,0 : 18,97 : 14,96 : 12.87 ; 13.67 ;: 5843 : 1.3 : o6 : 30.8
N-P : 3" ; 5642 ; 17.53 : 15477 : 11.46 ; 12,62 ; 56,7 :: 303 : 20,0 : 25,0
N~P-KC1 ; 3-3%" i 55.8 ; 17,35 : 14,80 : 12,185 ; 12,80 : 27.4 : 0.0 : 5543 ; 1743
PokGL  :25-2E0 : 85,5 1 22.00 1643 & 18.80 i 14.67  : 9.6 i 0.0 : 101 9.4
P-K/S0, 2%" ::83.5 22478 16.89 13, 28 15.21 75.0 1.9 1.7 22,4
: P.E.M : £,005 £.222 +,084 x,257 E
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wilted apples at the end of the test, 0f the other
treatments, muriate of potash with nitrogen had the least
scald, but also the most highly colored fruit, The
complete plot with the largest fruit and the least color,
had over fifty per cent scald compared to N~P with twenty
per cent scald, The firmness of the fruit was unaffect—
ed by the potash treatments, In the final test,
February 18, the potash fruit averaged 13.67 and 12,80
against 13.62 and 12,62 pounds respectively for the no—

potash treatments,

Discussion

The advisability of taking samples of fruit of uni-
form color, size, and maturity in order to study the effect
of fertilizer treatments on keeping quality was well em—
phasized in these results, It is a matter of common
knowledge that small, well-colored apples, in general, will
be firmer and will keep better than large, poorly-colored
fruit. Where fertilizer or other cultural treatments
affect the size and color of the fruit markedly one may
reasonably expect that the firmness and keeping quality
will also be affected.

That is the situation which existed in the samples
of fruit from State College. The variables of size
and color, which were practically impossible to evaluate,
had such a great influence on the keeping quality that any

possible direct influence of fertilizer treatment could not
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be detected. The practical method in studies of thie
nature ie to eliminate these variables by selecting only
uniform fruit from the fertilizer treatments.

Sumnary of Results., Random samples of fruit from

York and Stayman fertilizer experiments at Sate College,
Pennsylvania failed to show any evidence of a direct
effect of potash treatment during storage in rate of

ripening, wilting, or development of scald and decay.,

General Discussion of Apple Results

Only one treatment, sulfate of potash magnesia, has
affected the firmness or keeping quality of the fruit to any
extent, compared with nitrogen only, In every sample of
every variety taken from this treatment during the past two
years, the fruit was firmer than the nitrogen check at time
of picking. While the differences in &ach case were not
significant, the comnsistency with which they appear adds
immensely to their validity. By Student!s method the
odds were 2400 to 1 against these differences at time of
picking due to change alone,

From a commercial standpoint, the differences were
important in only one orchard, the Rome experiments,

Here a consistent difference of two to three pounds in
favor of the magnesium sulfate of potash treatment over
the nitrate only was maintained throughout the storage
period. On April 14, 1930, thirty Rome apples from each

of the two treatmente was removed from cold storage and
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held at room temperature %o determine how the samples
would hold up under/gg;ggzions. Ten days later the
nitrate only fruit had over fifty per cent scald while
the potash samples had less than five per cent scald,
S8ize and color factors, of course, were eliminated in
these tests, A similar test on the York fruit in 1930
showed no benefits for this potash treatment, for although
less scald was evident on the sulfate of potash magnesia
sample, more apples were decayed; so that each treatment
had practically the same number of sound fruits ten days
after removal from storage.

That these differences were due directly or in-
directly to magnesium and not to potassium, was evidenced
by the fact that the potassium sulfate fertilizer contain-
ing the same ingredients with the exception of magnesium,
as the sulfate of potash, magnesia fertilizer, falled %o
show any appreciable effect on firmness or keeping quality
of the fruit. Fletcher (10) reports that ten pounds of
magnesium sulfate applied %o York Imperial trees at
Tonoloway, Hancock, produced foliage of a deeper green
color, though the color of the fruit was not affected.

In two Elberta peach experiments at Berlin and Mount
Airy, to be discussed later under peaches, the sulfate
of potash magnesia double treatment was observed to have
the densest and greenest foliasge of any plots, with a
slight delay in maturity of the fruit in 1929, The

first year of the experiment, and during the dry season
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of 1930, this effect was not noticeable. I, the more
vigorous Belle and Elberta orchards at Salisbury and Hancock
also, no differences due to this treatment were observable,
In the case of apple trees no potash treatment appeared to
effect the vigor of the trees in any orchard, though because
of the inherent variability of trees within plots, minox
differences would not be readily noticeable.

That the extremely dry season of 1930 and lack of
rain in western Maryland in 1929 limited the possible effects
of fertilizers was unquestionable, for moisture was a
limiting factor in growth, Also growerse reported that
nitrate of soda, a very soluble fertilizer, applied in the
spring of 1930, remained on the surface of the ground until
fall of the same year. Under normal conditions, there-
fore, one might expect the differences observed to be
amplified.,

As far es the chemical studies are concerned, it
appeared that firmness and keeping quality of fruits were
not associated closely with any particular chemical
constituent, except pectic substances, While the
York nitrate only fruit respired the most rapidly, acid
and sugar changes were not correspondingly increased an§
starch hydrolysis was not hastened, on a dry weight basis,
All constituents appeared to be lost at a proportional
rate.

With Rome apples, no difference between treatments

were found in respiration rate, though in the chemical
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studies it was found that the complete fruit lost acid at
twice the rate of either the nitrate only or the muriate
samples, Furthermore, the nitrate only sample had
conslderably less acid than either the muriate or the
complete samples. Neither of these conditions was
correlated with firmness, but the nitrate only fruit had
more s8cald in 1938 and again in 1930 than the magnesia
sulfate of potash treatment. Since scalded fruit
presents an unattractive appearance to the prospective
buyer, and is much more susceptible to decay organisms,
than sound fruit, this factor is of importance in measur-
ing keeping quality.

I appears that the chief factors concefned with
firmness and keeping quality of apples were the pectic
constituents. The gradual change of protopectin, the
substance cementing the cell walls together, to soluble
pectin, was closely associated with a decrease in firmness
in the fruit, and within a variety the proportion of proto=

pectin to pectin was a fair measure of keeping quality.

General Conclusions

Applicatione of potash fertilizers do not affect the
firmness or keeping quality of apples in Maryland to an
extent great enough to be considered important commercially.
There is8 & positive indication that sulfate of potash
magnesia treatment increases the firmness of fruit %o a

certain degree, and in one year in one variety under very
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abnormal moisture relations, the effect was very marked,

This treatment likewise appears to lessen the development
of scald in storage, though further verification of this

point is necessary.

A higher rate of respiration of apples from
different fertilizer ﬁreatments is not necessarily associat-
ed with poorer keeping quality. The same is true of acid
changes,

Carbohydrate content of apples and carbohydrate
changes in storage, as well as pectin changes, are not
influenced by applications of muriate of potash used in

combination with nitrogen and phosphorus,

General Summary

l, The investigations included York, Rome, and
Stayman varieties on three different soil types.

3. Four different potassium fertilizers were used:
muriate of potagh, sulfate of potash, sulfate of potash -
magneeia and kaini%, in varying amounts and in combination
with superphosphate.

3. The effect of fertilizers on the firmness of the
fruit at time of picking and the rate of softening during
cold storage was measured by means of a Magness and Taylor
pressure tester,

4, All fruit used in storage studies was uniform in
size, maturity, and color, The method of selection

corresponded to "spot-picking" as practiced by many careful
gTOWETS,
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5. The development of decay and scald in storage
was aleo used as an index to keeping quality.

6. Muriate of potash, sulfate of potash, and kainit
did not affect the firmness of the fruit or the rate of
softening in any variety or test.

7. Fruit from the sulfate of potash treatments in
the Rome orchard had less scald than the no-potash treat=
ment in the first yeart's study. In no other instance
was the development of scald and decay affected by the
muriate, sulfate, or kainit% treatment,

8. The sulfate of potash magnesia treatments in
the second and third years of all experiments produced
firmer fruit than the no-potash treatment. The effect re-
mained noticeable to the end of the storage season. Only
one variety, Rome, under very abnormal moisture‘rélations,
wag affected to a degree considered to be commercially im-
portant. Scald on the York and Rome fruits,but not on
Stayman, was also decreased by the treatment, but this re-
sult needs further study to arrive at definite conclusions,

9, Rate of change in the pectic cénstituents of Rome
and York apples was not affected by applications of muriate
of potash, alone or in combination with superphosphate.

10, Muriate treatments likewiee did not affect
carbohydrate content or rate of change in starch and sugar
constituents,

11, A twe;ve per ceﬁt greater respiration rate in

a York sample was not accompanied by poorer keeping quality
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of the fruit, as measured by other means,

12. The amount of acid or rate of loss of acid in
Rome apples did not influence the rate of ripening as
measured by firmness, respiration, changes in pectic
constituents, carbohydrates, and starch, and development
of decay and scald.

13. The potassium content of Rome and York fruit was

. not affected by applications of muriate of potash.

14. Rgndom samples of fruit from York and Stayman
fertilizer experiments at State College, Pennsylvania,
failed to show any evidence of a direct effect of potash
treatment during storage in rate of ripening, wilting or
development of scald and decay.

15, Three annual applications of four potassium
fertilizers had no measurable effect on the general vigor

of trees of any variety.

II, PEACH STUDIES

In cooperation with the owners of four peach orchards
in different sections of the state, a series of fertilizer
experiments was laid out in the spring of 1928, A Belle
of Georgia orchard at Salisbury and an Elberta orchard at
Berlin were selected as representative of the Eastern Shore,
and in western Maryland an Elberta orchard near Hancock and
an Elberta orchard near Mount Airy were used. These
locations represent widely different soil types and climatic

conditions,
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In 1928, 1939, and 1930 samples of fruit were taken
from the various fertilizer plots at harvest time for
studies on firmness and keeping quality, as measured by a
mechanical pressure tester and the development of decay.

In 1930 additional studies on the changes taking place in
the pectin conetituents were made on Salisbury Belle and
Berlin Elberta samples, as a further measure of keeping

quality.

ELBERTA ORCHARD AT MOUNT AIRY

Description of Pilots. An Elberta orchard at Mount

Airy, in Frederick County, owned by W. Walker, which con=
sisted of eight rows of fifty-four trees each, was divided
into fﬁentyufour plots, three plots in each row. ‘The
trees were six years old in 1928, were pruned moderately,
and were given one and one-half pounds of sodium nitrate
annually. The soil type was classified as Manor loam
(19). The system of soil management used was cultivat—
ion and cover crops, though the seasons of 1929 and 1930
were too dry for a cover crop to catch. Bean leaves
from a canning factory were plowed under in 1930 at the
rate of twelve téns per acre, The dry weather affected
the size of fruit and terminal growth to some extent, es-
pecially in 1930, While it wae not the purpose of this
experiment to determine the effect of potassium fertilizers
on growth and yield, supplementary records were taken each
year of yield, average terminal growth, and trunk circum-—

ference, The 1930 data for seven of the plots are pre~-



TABLE 20,

1930 Growth and Yield Measurements on Peach Fertilizer Experiments.

Belle - Salisbury : Elberta - Berlin : Elberta = Mt. Airy 3 Elberta - Hancock .
t Terminal :Trunk Incre~3;Yield : Terminal  :Trunk Incre-:Yield : Terminal s:Trunk Incre-:Yield : Terminal :Trunk Incre-:Yield
‘l‘reatmentzcrowth. Ins : ment, mm. : Bu., :Growth. In., : ment. mms : Bu., :Growth. In., : ment. mm. : Ba. :Growth. In., : ment, mme : Bu.
t s ‘ : : : s ot T : H : :
" NaNog : 8.20 £ ,27 134,60 % 2,163 2.20 : 5.38 % ,23 132,85 £ 1.38; .40 : 6.62 # ,236:48,00 4 5095 1.10 3 ——— : —~—— :
o $ H H H ‘ ' : : H H : H H :
N=KC1 & 8450 % .43 :31.87 & 1,07: 4,12 : 5,20 £ (11 327,80 4 1.72: .31 : 6.16 £ ,294:49.86 £ .546: 1,31 : 2,00 £ ,14 127,50 £ 1,10: .22
single : : : 3. H s H - H H 3 :
N-K580, @ : : : 3 : : : 3 -3 L :
single : 6.44 % ,27 136,88 % 1,46: 3.94 : 5,24 L .14 329,23 ¥ 1.23: .24 : 6.56 L ,297:52,77 £ .474: 1,06 3 2.20 & ,09 129,00 £ 1.60: .21
H H H : : : : - H H s : $ H
F-EMG{S0, ) 52 : : : : : : : : : t :
single ~: 6487 £ .27 132,08 £ 1.41: 4.23 : 5,21 L .15 :29.36 £ ,90: .34 : 5,36 L .352:51.19 & .706: 1,07 1 2443 £ ,18 128,79 & 1.19;: .19
H H H : H : : H H $ H H
H H H H : $ H H 3 $ H H
H H : : H H : : H -8 .8 :
F-Rainit s : : : : s $ s : s s
single ¢ 7.93 4 (47 $33.92 £ 1.86: 3462 : 5.57 L .18 133,18 & 2.01: .33 : 6.08 £ .216:54,10 £ .477; 57 3 1,93 £ ,14:28,71 £ 1.62: .26
H H : H H H H H $ $ H H
N-KC1 H : .8 : : : : ¢ . H H H H
double : 930 % .49 333,79 £ 1.98: 3414 : 5.50 &£ .16 134,71 £ 1,241 .32 : 6.64 L ,286:52,66 L ,627: 1.88 3 2,38 L ,40 23,69 £ 1,17: .20
H H H H : : H : : H : H
N-P=KC1 3 8467 £ 41 :34,67 £ 1,541 4412 : 5,92 L ,17 136,42 £ 1,48: .06 : 6.58 £ ,301:48426 & 4435: 75 1 2,13 £ ,18 :28,60 £ 1.13: .41
Nalo, : : : t 5.54 L ,15 136438 + 1.48: .15 ¢ : : : : :
H H H $ H H H : H H H H
H H : H : : H : 3 . : :
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sented in table 20, An idea of the vigor and uniformity
of the trees thus can be obtained.

A plan of the experiment is given in table 23. TFour
potassium salts were used: muriéte of potash, sulfate of
potash, sulfate of potash magnesia, and kainit (20 percent
KBO), applied at the rate of three pounds of muriate salt,
or its equivalent in posash in the other carriers per bearing

tree, Half and double amounts of this single application

TABLE 21

Rate of Application of Fertilizer Materials in Pounds

Per Peach Tree.

. ' f

Fertilizer : Half : Single : Double : Per Cent

: : : s K20

Muriate of Potash : 1.5 ¢ 3.0 : 6.0 i B51.3
(xC1) : : : :

Sulfate. of Potash : 1.6 : 3.1 & 6.3 : 49.0

(Kp804) : : : ‘
Magnesia : : : :

Sulfate of Potash ¢ 2.8 : 5.6 s 11.3 T 27,5
_(M(XS04)2) : : : H

Kainit i 3.6 & 7.2 i 14.3 i 21.5
Superphosphate ; : ; 6.0 ;

Note: The amounts of nitrate of soda per tree varied
with different orchards, depending on their age.
also were used, the double application of kainit amounting
to fourteen pounde per tree, All plots recelved nitrate

of soda except row I, in which muriate and sulfate of potash



TABLE 22.

Outline of Pertilizer Treatments in Elberta Orchard at Mt.diry.

Single Application = Three Pounds of Potash or Its Equivalent.

Row., Trees 1=16.
1 RCL double
2 N=-KC1 half
3 N-K,S0, half
4 NBNOS only
- ha
5 I Mg(KSO4}2 1f
6 N-Kainit half
? N‘P-Késo4 single
8 N=-P~Kainit single

Trees 17-33.

Ky

N-KC1l single

SO4 double

N—KZSO4 single
Nanoz only
N=Mg(Kso4)2 single
N=-Kainit single
N-P-KC1 single

N=-P-KC1l 1lime single

Treed 34 - b4,

N-KCl double
N~K550, double
N’a.I\To3 only
N‘MQ(KSO4)2 double
N~-Kainit double

N-P~Mg (XSO single

4]2

N=P- 1lime single

Trees in all rows except mumber one received 1 %‘pounds of nitrate
of soda. '

Phosphate was applied at the rate of six pounds per tree.
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were used alone., The fertilizer was applied each year,
19238, 1929, 1930, about two weeks before blooming time.

It was in this orchard that Auchter and Schrader
in 1938 reported increases in growth and yield from the
uge of muriate of potash and acid phosphate (2).

Investigations Conducted in 1928

This first year of the experiment the trees were
making about eight inches terminal growth and yielded about
five bushels of fruit per tree. Fertilizer treatments
appeared to have no influence on either growth or yield.

The firmness of the ripe fruit was measured by means
of a corn pressure tester and the keeping quality by counting
the number of decayed fruits developing during the storage or
shipping test, Busghel samples were taken from each plot and
hauled by truck to College Park, where they were held at
80° - 70°F for a number of days.

Sampling, The samples were selected in such a way
that fruits from all the plots were on a comparable basis
of maturity, size, and color at the outset, since random
gampling of ripe and green fruit as found on peach trees
at any time during harvest was obviously impracticable as
a means of obtaining comparable samples,due to the fact
that peaches do not ripen uniformly on all trees within a
given treatment or among fertilizer treatments, There=
fore samples of shipping ripe fruit were selected from
each plot just as the grower would pick and grade them

for commercial purposes, Thus, all the fruit used in
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a single storage test was of the same degree of maturity,
of similar size and shape, similar ground color, covered
with like amounts of blush, and was from trees with normal
or average amounts of crop. In this way extraneous
factors which would affect firmness and keeping quality
were eliminated, and the direct effect of the fertilizer
treatment on keeping quality could be studied.

Though the ideal method of sampling would have been
to divide all the fruit of a plot into various sizes, take
samples from each size, and record the percentage of the
crop falling into each size, the time and facilities avail-
able made this impracticable, Consequently tests were con-—
ducted on a single size representing the average fruit of the
treatment, Inasmuch as no differences in size or color of
fruit were observable among the plote, except in cases noted,
a selected sample, although limited to a certain size, con—
stituted a representative sample as well.

Pregssure Testing., The pressure tester used in 1928

was the Magoon and Culpepper corn tester, manufactured by
J. Chatillon Company, of New York, It consisted of a
hollow metal tube, inside of which was suspended a plunger
on a spring. The instrument was used in a vertical
position, A 1/32 inch needle plunger penetrated the
flesh as far as the collar would permit, and the force re-
quired for puncture was registered in grams. Ten tests
were made on each peach at definite points, through the

skine. When the peach ripened the resistance of the flesh
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a2lone to the needle was barely sufficient to register and
because of this fact the tester proved unsatisfactory. As
the peach ripened the skin became an increasingly important
factor, compared with the flesh, in determining the firmness
of the fruit, and the measurement was chiefly the resistance
of the skin to puncture, rather than the firmness of the
fruit,. In addition a wide variation in individual

adjacent punctures on the same peach existed, indicating a
lack of reliability. In succeeding years, another pressure
tester, which will be described later, was used.

Results, As previously mentioned, a bushel of uni-
form fruit was selected from each treatment on September 1,
1928, and hauled to College Park by truck, a distance of
forty-five miles, where the samples were held at prevail=
ing temperatures, On September 5, the same samples were
inspected for decayed fruit, and were pressure tested with
the corn tester, The results are shown in table 23,

The percentages of sound fruit (table 33) were
fairly uniform among treatments, The per cent of the
fruit unaccounted for represented the decayed peaches.

The samples were too small to say that any of the narrow
differences in number of sound fruite were significant,

Summary for 1928, No differences were evident in

the data this year to show that potash fertilizers had
affected the keeping quality of Elberta peaches. How-
ever, samples from each plot were small and the results

of pressure tests were unsatisfactory,



TABLE 23.

Pressure Tests and Storage Counts of Elberta Peaches from Fertilizer Plots

at Mt. Airye* (Pressure Tests made with Corn Tester - #16 needle plunger.)

Pertilizer : Percent H Pressure
Treabtment . ** : Sound H Test. gmse.
mambs : 83.9 : 239.9
NaNb3 H 78.2 : 227.1
N-KCl single : 93.0 : 244,1
N-K2504 single H 95.4 : 229.4
N-Mg(KS04)2 single : 91.3 : 23942
N-Kainit single : 9344 : 23444
N-KC1l double : 95,6 : 264,1
NhKéBO4 double : 93.4 : 265.9
N-Mg(KSO4) o double : 89.4 : 25349
N=-Kainit double : 95.8 : 260,0
N-P-KC1 : 92.0 : 256.5
N=-P-K,S0 : 89.9 : 241.8
2" 4
N-P-Mg(KSO4)g : 88,9 : 224.,4
N~-P-Rainit : 20.3 : 23047
: 88,0 : 2589.4

N=KC1l plus lime

* picked Sept. 1 = Hauled by truck forty-five miles.
Inspected and tested Septe. 5.

** YNitrate of soda ~- one and one-half pounds per tree.
Superphosphate == six pounds per tree.
Potash single -~ three pounds Muriate of Potash or equivalent.



=58

Investigations Conducted in 1929

Rainfall was below normel in western Maryland during
the summer of 1929, and the fruit was slightly smaller than
would usually be expected. The crop averaged approximate—
ly three bushels of fruit per tree. The plots receiving
muriate of potash and sulfate of potash only, ripened their
fruit two or three days earlier than the other plots which
had received nitrogen. The sulfate of potash magnesia
double plot appeared to ripen a day or two later than the
nitrate treatment and the foliage had a darker appearance and
was somewhat thicker, The adjoining plot which received
fourteen pounds of kainit per tree appeared to be injured by
the treatment. The branches bore fewer leaves, and the
foliage was considerably less dense and of a lighter color,
However, this treatment bore a normel crop in 1929 and again
in 1830, Terminal growth also was not decreased by the

treatment,

Pressure Tests and Storage Studies.

Sampling, The same method of sampling used the
previous year was employed again, except that three bushels
of fruit were taken from each treatment, and the number of
treatments sampled was reduced to eleven (table 24), The
samples were picked August 23,f§gid six days in open shed
until they had reached a soft—ripe condition,

Pressure Testing. Since the needle pressure tester

had proved inadequate, it was thought that a preesure tester
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having a larger plunger would be more satisfactory and re-—
liable for several reasons: (1) a greater area of the
peach surface would be invol¥ed, lessening variation, (2)
less emphasis would be placed on the resiliency of the skin
rather than upon the ability of the flesh to support the skin,
and (3) the larger plunger would more nearly simulate con—
ditions of bruising met in shipping and handling, Hence,
a pressure tester having a 3/16 inch plunger and registering
the pressure in pounds was used in all peach studies in
1929, and 1930, This tester was developed at the New
Jersey Experiment Station in 19289 and is called the Blake
peach tester (3).

At daily intervals the samples, held in open sheds,
were pressure tested, thirty peaches from each bushel, and
six tests per peach at equal intervals on the circumference,
midway between stem/;ig apex., Fifteen thousand punches
was the maximum number required to be made in a single day
in any of the experiments,

All pressure tests were made with unpeeled peaches,
However, in the second sampling of Elbertas at Berlin in
1929, tests were made at picking and during storage on both
peeled and unpeeled fruit from five treatments (three
bushels per treatment) to determine the effect of removal
of the skin upon the results of pressure tests, On each
occasion thirty fruite taken at random from each bushel were
pressure tested with the skin removed, The data preeented

in table 25 are the results of over 10,000 punches on 1,800



TABLE 24.

Pressure Tests of Elberta Peaches from Fertilizer Treatments at Mt. Alry.

(Picked Aug. 23, 1929 and Held in an Open Shed.. Blake Peach Tester.)

Fertilizer Pressure Tests in Pounds.

Treatment. *** : Bug. ': Aug. : Aug. : Aug. t Aug. ¢ Auge.
: 23 : 25 : 26 : 27 : 28 : 29
KC1l only t B8.34 : 6,23 : 5,07 : 4,11 : 3.38 : 3.02
K2S04 only t 8458 1 7.65 : 6,01 1 5.37 1 3.81 : 3.50
N=-RC1 single t 9.11 ¢ 8420 3 7,34 3 6.62 : 4,99 : 4,10
N-K2S04 single t 9403 1 7.87 : 7,12 2 6,03 : 4,78 : 3,98
N*Mg{KSO4)2 gingle : 8.72 1 7.54 3 6.73 : 5,13 : 4,08 : '3.36
N=Kainit single t 9409 1 7.99 ¢ 6.88 31 5,38 : 4.15 : 3,70
N—P—KGI H 9.18 : 8.09 .. 7.12 H 6.84: 4 4-.63 H 4.05
N=-P-Kainit : 8448 3 721l 3 6445 1 4,42 : B.58 3 3.28
N-KC1 double t 9427 ¢ 8,20 1 7.60 : 5,89 : 4.84 -
N-Kainit double s BuBB* 3 763 1 6,46 3 5,38 : 3.97 : 3.95
N=-P-KC1l ** 2.05 6.96 6,13 4,96 4,96 4,05

* One bushel.

** Sample taken from trees which had received treatment for seven years.

*x  Nitrate of soda - one and one-half pounds per tree.
. Superphosphate = six pounds per tree.
Potash single - three pounds muriate of potash or equivalents



TABLE 25,

Effédt of Skin Removal on Pressure Test of Elberta Peaches from Fertilizer Plots at Berlin.

(Picked Aug. 9. Averages of three Bushels per Plot ~ Blake Peach Tester.)

2 Pregsure Tests in Pounds. _
Fertilizer Aligust 9 : . August 12 ‘ :+ August 9-12 : August 8-12
Treatment. : Unpeeled T Peeled* : Unpeeled : Peeled : Peeled calculated : Difference : Difference

:5/16" plunger:3/16" plungeras/lﬁ" plunger:5/16"‘plunger:to 3/16" plunger H Unpeeled Peeled
Nalo, : 8.62 : 5.45 : 7.53 : 7.75 : 4.81 : 1,09 : .64
Kainit : 8,05 : 4,83 : 6.09 s 4,89 : 3.04 : 1,96 : 1,79
N=-P-KC1l H 8,33 : 5.12 : 6.08 : 5,91 : 3467 H 2.25 s 1.45
N—P—KZSO4 H 8,40 H 5426 H 8469 : 10,07 : 6,23 K =o29 H =297
N~PWz(KS04) 2 8e42 i 5,14 6.57 3 6631 ¢ 3.92 : 1.85 1.22

: : : s : s $

* Dpifferent peacheé from

same sample,



Flgure 6. Pressure tests of Elberta samples from fertilizer plots at
Mt. Ailry during storage at prevailing temperatures.
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peaches, The fruit was too soft on August 12 to use the
3/16 inch plunger on the peeled samples, so a 5/16 inch
plunger was substituted, In assembling the data the
5/16 inch piunger tests were converted to a 3/16 inch basgis,
The correlation coefficient between the change in firmness
as measured by pressure tests of peeled fruit and change in
firmness as measured by pressure tests on unpeeled fruit
during the three~day storage period was + 0,986, Since the
skin factor becoﬁes more important as the fruit becomes

ripe as shown by Blake (3) the difference in the case of

the peeled fruit may be greater, which would tend to in-
crease the correlation. This high degree of correlat-
ion between different tests of different fruits of the same
samples shows: (1) that peeled or unpeeled fruits are
equally reliable in showing the effect of fertility treat—
ments and (2) that the pressure tester, employing the number
of peachee mentioned for a given test from any plot (90
peaches) is a safe measure of the firmmess of & given lot

of fruit,

Results, The averages of the pressure tests during
the storage period are presented in table 24 and graphically
in figure 6., The effect of the various fertilizers upon
the firmmness of the fruit is shown in the pressure test
averages on the date of picking, August 23. Only in
one or two cases was the fruit from any one plot appreciably
firmer or softer than the fruit from any other plot. One

‘ptance was the greater ripeness of the fruit from the two
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plots which did not receive nitrogen, the muriate and sulfate

of potash only treatments, These samples tested more than
the
a half pound less than/nitrate of soda only sample. As

stated before, these plots ripened earlier than the other
treatments and the tendency of the picker was to select a
riper sample from them. This was an error in sampling
which entered in every time fruit was in different stages
of ripeness on different plots, and was practically unavoid—
able where sampling was done on & large scale in & limited
time, Consequently a great deal, if not all, of the
variability which existe in the firmness of the samples
from the different treatments, at picking time, must be
attributed largely to sampling error, Also where the
samples appeared uniform in color, size, and maturity as
far as could be judged by external appearance, a difference
of at least a pound of firmness between two samples must be
present before one could be considered significantly firmer
than the other, because of the variability in the firmness
of the fruit within a sample,

In studying the factor of keeping quality, one might
assume that all samples were of the same degree of ripeness
in the beginning of the storage test, since they were
selected with that purpose in view; then by comparing the
firmness of the samples at later dates, one could study the
rate of ripening and the keeping quality as affected by
fertilizer treatment, Obviously such a procedure would

not be justified, for as shown in figure 6, the initial
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firmness of a sample had a marked effect on the keeping
quality and subsequent firmness, for a definite correlation
existed between the pressure tests at time of picking and at
the end of the storage test, By means of regreésion this
influence of initial firmness was removed from the final
pressure tests, and in table 26 are given the differences
between treatments at the end of the storage tests, with

the plot receiving nitrate of soda only as O,

The results fully justified the method of inter-
pretation. Though the fruit from the plots receiving
muriate and sulfate only were softer at picking time and at
the end of the storage test, the data in table 26 shows that
the fruit ripened at almost identically the same rate as that
from the nitrate of soda plot. This can also be seen in
figure 6, All the other treatments studied show the same
results —— the effect of the fertilizer treatments on the
keeping quality has been negligible,

Data for a sample of fruit from a complete fertilizer
plot in an adjoining nitrogen fertilizer experiment which
had received treatment for seven years are included in table
24, At time of picking this sample was 0,13 pounds less
firm than the nitrate of soda only sample, and in the final
test the diffe}ence was only 0,04 pounds, indicating no effect
of potash or superphosphate,

Summary for 1929, No postive indication that

potash had improved the keeping quality of increased the

firmness of Elberta peaches was evident in the 1929 studies,



TABLE 26.

Bffect of fertilizers on the Keepine Juality of Peaches in 1929 Showing Differences Between#

Pirmness of Fruit from Various Plots at End of Storage Tests, Computed on the Basis of

Nitrogen only as Zero. (Blake Peach Tester.)

—

Elberta Variety Belle Variety

ee oe loe a0

Fertilizer : H H H :

Treatment. : Mb. Airy : Hancock : Berlin : Berlin Salisbury : Salisbury
: Aug. 23-28: Aug.22-28 : Aug. 7-11 : Aug. 9-13 : Aug. 3-5 1 Aug. 5~7
: (4.74)* @ {4e4R)* : (6.62)* ¢ (B.33)*% : (3.65)% 1 [4.73)%

I\Ia.l\Io5 s .00 : 00 : -.08 : -.25 : .00 : «00

Nal\To3 H : : -.31 t  +.25 : :

Nalo < : : : + 440 5 _ : :

N-KCl single : + o34 : -.16 : -2.25 : ~-.05 : 4+ .85 s .21

=K SO Single . 1t 050 H fOO5 H + 014 H "'065 H + 002 : + .24

N-—Né(Kgozﬁz single +.09 -.26 :  =1l.94 : =1,10 : 4 W44 : 1 .38

N-Kainit single : -.29 : -.53 s -.05 : +1.25 : -.83 3 -.02

N~KC1l double : -.01 : -.28 : +.61 s +1.75 : .22 : «21

N-KZSO4 double : H $  +3D : +.43 : :

N-M2{XS50,). double : t  +.66 : +2.20 3 :

N-Kainit "dcuble : -.31 H -7 : : H :

N=PKCl single : -.09 : -e35 T =47 : T+ W74 :  =.11

N—P—K2304 gingle : H t + W43 : : :

N-Mg(KSO4)2 single : : : =. 80 H : :

N=pP=Kainit single : -.03 : -.37 3 - 57 : +2.42 : :

KC1 double H +.02 : : H : :

KoS04 double : +05 : : : : :

* Figures in parenthesis represent actual pressure test averages,
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although larger samples (thfee bushels per plot) than in
1928 were used and firmness was measured with a Blake peach
tester,

Investigatione Conducted in 1930

The season of 1930 was extremely dry and the lack of
moisture was reflected in the shorter termina} growth and the
size of the peaches, though the crop was light, averaging about
a bushel per tree (table 20), Except for the two plots
which did not receive nitrate of soda, no treatment affected
the vigor of the trees or the stage of maturity of the fruit,
Nitrate of soda again caused the fruit to ripen later,
whether applied alone or in various combinations with
potash and super phosphate,

Sampling and Testing, A very uniform sample of three

bushels per plot was selected on August 30 from seven of the
treatments (table 27). These were placed in an open shed
and held until September 3, for daily pressure testing with
the Blake peach tester, as in the previous year,

Results, The daily pressure test averages are
presented in table 27, The samples from the various treat—
mente were remarkably uniform in firmness at time of picking,
The largest difference between the nitrate of soda only
plot and any one of the six potash plots was less than 0,3
pounds. At the end of the storage test (table 28), after
removal of the effect of the initial firmness, no potash

treatment was significantly firmer than nitrate only.



TABLE 28.

Effect of Fertilizers on the Keeping Juality of Peaches in 1930

Showing Differences between Firmness of Fruit from Various Plots at end

of Storage Tests, Computed on the Basis of Nitrogen Only Treatment as Zero. Blake Peach Tester.

Elberta Variety Belle Variety

Fertilizer : Mt. Alry : Hancock : Berlin : Salisbury : Salisbury
Treatment :Auge30 ~ Septe2; Aug. 27 - 29 : Aug. 16 - 20 : Aug. 12 - 16 : Aug. 13 - 17

. 0000 H 0.00 : | 0.00 H 0.00 H 0.00
Na.No3 : (369K : (2.94) : (5.62) : (2435) : (2.81}
N_KC]. Single < "029 H - 27 H -.12 : + 056 4 +o 17
N’--K'gso4 gsingle : -.29 : -y 24 : 3 +.30 2 + .23
N-Mg(KSO,); single + 453 : -.36 : ~13 : .76 : .18
N=Kainit Single : -.19 : -,08 H -.05 H *1-44 : +035
N-KCl double : -7 : —e 37 s +.63 : +1.19 : -,01
N=-P=-XC1 : +;06 H ‘f.58 : — ; +q4l ; + 27

* PFigures in parenthesis represent actual pressure test averages.
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TABLE 27

Pressure Tests of Elberta Peaches From Fertilizer Plots

at Mount Airy

(Picked 8/30/30 and Held at Prevailing Temperatures)
(Blake Peach Tester Used)

Fertilizer ; Pressure Tests in Pounds
Treatment*® : : : : :
: Aug, 30 : Aug, 31 : Sept. 1 : Sept. @8 ¢ Sept 3
NaNOs : 7.53 : 6.29 : 4,68 : 3.69 : 2,12
N-KC1 single : 7.50 : 6.28 ¢ 4.61 : 3.38 : 2.28
N-KS04eingle: 7.37 :: 5.98 i 4.44 1 3,20 : 3.239
N-Mg (KSO4)3 @ : : : :
single :+ 7.58 : 6,92 3 5.61 @ 4,16 : 23.80
N-Kainit s 7.78 i B.88 i 4.92 i 3,66 : 8,59
N-KC1 double : 7.37 : 6.73 : B8.08 : 3.7l i 2.68
N-P—KC1 s 7.83 **: B.90 : 5,98 i 4,00 : 2.71

* Nitrate of soda -~ 1-1/2 pounds per tree.

Superphosphate -- B pounds per tree,

Potash single -~ 3 pounds muriate of potash or equivalent
*% One bushel sanple.

Summary for ;939
As in 1928 and 19229 the fruit used in storage studies
in 1930 failed to show any benefit from the use of potash
fertilizer, Differences were small and not significant
in every ocase,

Summary of Mount Airy Experiment

Storage tests conducted for three yeare show that
potash fertilizers have not affected the firmness or keep-—

ing quality of Elberta peaches grown near Mount Airy.
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Elberta Orchard at Hancock

Description of Plots. Fertilizer treatments were

applied in the spring of 19238 to a six year old Elberta
orchard near Hancock owned by M. W. Fulton. The soil
type was Upshur gravelly loam(5). The land was cultivated
each year and a rye cover crop was sown in late summer.
The trees were relatively small because of heavy pruning
received. During 1928 terminal growths as long as seventy-
two inches were recorded, but the extremely dry seasons of
1929 and 1930 reduced the average terminal growth to less
than three inches, Each tree received an annual applicat-
ion of two pounde of nitrate of soda during the experiment,
Growth and yield records for 1930 are presented in table 20,
The peach trees were fillers for apple trees and,
since only the full peach rows received treatment, plots were
separated from each other by buffer rows. Nineteen treat—
ments were included in this experiment as shown in table 29,
each plot consisting of fifteen trees. The standard
amounts of fertilizer as presented in table 21 were applied
pei tree, Trees receiving nitrate of soda only were

located on both sides of the experiment,

Investigations Conducted in 1928

The first year of the experiment the trees made a
very vigorous growth and yielded on the average one bushel
per tree, The fertilizer treatments had no effect on

the size of the crop or the vigor of the trees,

Sampling and Testing, On August 39 a bushel of




TABLE 29.

Gutline of Fertilizer Treatments in Elberta Orchard at Hancock.

Single Applic&tion = Three Pounds of Muriate of Potash or Its

Equivalent.

Row, Plot. Treatment. Amount.

1l 1l Muriate of potash half

3 2 Sulfate of potash half

5 3 Sulfate of potash maghesia half

7 4 Kainit helf
9 5 Mariate qf potash gingle
11 6 Sulfate of potash single
13 7 Sulfate of potash magnesia single
15 8 Kainit single
17 9 Mariate of potash double
19 10 Sulfate of potash double
21 11 sulfate of potash magnesia double
23 12 Kainit double
25 13 Complete with muriate single
a7 14 Complete with sulfate single
29 15 Complete with sulfat~ magnesia single
31 16 ‘Complete with kainit single
33 17 Muriate of potash plus lime single
35 18 Superphosphate only
37 19 Complete with muriate plus lime single

A1l trees received two pounds nitrate of soda as a basic treatment.

Superphosphate was ap lied at the rate of six pounds per tree,
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uniform fruit was selected from each of fifteen plots (table
30), and hauled to College Park by truck, a distance of one-
hundred miles, The fruit was held in a cool room until
September 5, when a count was made of the number of peaches
which had decayed., Pressure tests with the corn tester
were also made, ten punctures on each of twenty peaches from
each bushel,

Results. The data of the inspection and pressure
tests are presented in table 30, None of the four

TABLE 30

Pressure Tests and Storage Counte of Elberta Peaches

From Fertilizer Plots at Hancock.*

(Pressure Tests Made With Corn Tester, #16 Needle Plunger)

Fertilizer .  Per Cent : Pressure Test

Treatment ** : Sound : gne,
NaNO., : 797 i 315.3
NaNO® : 82.4 . 304.4
N-Kc3 single : 81,7 : 307,0
N-K3S0,4 single . 7742 . 324,86
N-Mg (KSO4)g single : 85,7 : 329.5
N-Kainit aingle . 85.1 : 303, 7
N-KC1l double : 84,4 : 301,9
N-K280,4_double : 78,2 . 33045
N-Mg (KSOs4)a double : 85.5 i 299.7
N-%§i£it 4)2 : 87.2 : 268,.8
NP-K5S04 . 75,3 : 281,86
N-P-Mg (KSO,) : 86.6 . 285,9
N-P-Kainit = ° : 87,7 : 301,1
N-KC1 + Lime . 85,8 : 312, 8

*Picked August 29 -- Shipped by express 100 miles, Held at
prevailing temperature, Inspected and tested Septemper 3,

*Nitrate of soda, 2 pounds per tree, Superphosphate, 6
pounds per tree, Potash single, 3 pounds muriate of potash
or equivalent,
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potassium salts in single or double applications or with
phosphorus appeared to have influenced the susceptibility
of the fruit to decay organisms, The percentages of sound
fruits for all ploté fell within a narrow range of twelve per-
cent, with the nitrate only plots occupying a median
position, Considering the small size of the samples this
uniformity was remarkable,

The pressure test averages (table 30) show but little
variability, with no potassium fertilizer treatment consistent-
ly firmer or softer than the nitrate only.

Summary for 1928, The results of these tests indi-

cated that potash fertilizers applied for the first time in
1988 had not affected the shipping or keeping quality of
Elberta peaches as determined by the development of decay
during storage and by measurements of firmness with a

needle plunger,

Investigations Conducted in 19239

The summer of 1939 was extremely dry in the Hancock
region and the trees and fruit suffered severely. The
trees were bearing their heaviest crop, averaging between
two and three bushels per tree, The peaches were
extremely small, however, and numbered about three hundred
per bushel. The fertilizer treatments had no effect on
the stage of maturity of the fruit on the trees or omn the

vigor of the trees,
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Sampling and Testing. On August 22 two bushels of

carefully selected, shipping—ripe fruit were taken from each
of nine plots (table 31). These plote included the four
potessium salts in single amounts, one nitrate only, and the
muriate and kainit éalts in double amounts and in complete
fertilizers., The fruit was pressure tested immediately
with a Blake peach tester, forty peaches from each bushel,
It was then hauled sixty miles to Mount Airy by truck,

where it was held in an open shed and pressure tested daily
until August 29,

Results., The daily pressure test averages for each
sample are presented in table 31, At time of picking the
fruit from all plots was of the same degree of firmness.
None of the differences in pressure tests between treatments
were large enough to be considered significant. The
maximum difference was only 0.83 pounds, The average of
all plots receiving potash was 9,40 pounds compared with
nitrate of soda only, 9,50 pounds. However the effect of
differences in initial firmness on the rate of ripening was
again evident; the softer samples at time of picking testing
the least at the end of the storage test, In table 26
are presented the pressure test averages of August 28, after
removal of this correlation, The figures in this table,
which represent the actual effect the fertilizer treatments
have had on the keeping quality of the fruit, are all
negative with one exception —- the K580, treatment which had
a value of +0,05 pounds. This indicates that the effect



LABLE 31l.

Pressure tests of mlberta Peaches from fertilizer Plots at Hancock.

(Picked Aug.22, 1929 amd Held in Open Shed at Mbt.,iiry. Blake Peach Tester.)

Fertilizer : Pressure Tests in Pounds.
Treatment. * s Aug. : Aug. : AUE. @ AUE, : AUE. : AUE. : AUZ.
28 : 24 : 28 ; 826 : 27 : 268 : 29
NaNO . 9.50 : 9.25 H 8'21 M 6.51. M 5.4:2 . 4‘042 : -
NPKC? single : 8.86%% 8,06 : 6.88 : 5.86 : 4,26 : 4,16 : 3,12
N-K5504 single 1 9441 : 9,61 : 7.34 : 8,76 : D.24 : 4.4D ; 3,72
N-Mg(KSOy)o single : 9427 : 9,60 : 8.74 : 6.79 : 5.31 : 4,12 : 3.84
N-Kainit single : 9.40 : 8.99 : 7.00 8.55 1 4,72 3.87 3 3,17
N-KC1 double : 9447 @ 9.25 : 8,35 5,88 : 4,91 : 4.10 : 3.50
N-Keinit double ¢ Q24 ¢ 8.75 + T.20 : 5.76 4,77 : 3464 ; 2.5D
N-P-KC1 1 9446%FF 9,43 1 7,95 ; 6,41 : 4.88 : 4,07 : 3,19
‘N-P-Kainit T 9469 1 0445 : 7.79 1 6,55 : 4.43 : 4,08 ; 3.64

- .
. . . Kl

- . .
- 4 -

* Mitrate of soda - two pounds per tree.
Superphosphate - six pounds per tree.
Potash single - three pounds muriate of potash or equivalent.

*k Qne bushel.
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of potash, if any, has been harmful rather than beneficieal,

though in no instance were the differences significant,

Summary for 1939. In the second year of the
experiment on Elberta peaches at Hancock, potash has shown
no beneficial effects on firmness or keeping quality of the
fruit,

Investigations Conducted in 1930

The summer of 1930 was the driest this section has
- ¢ experienced in many years, Terminal growth was'rcﬁ
duced to less than three inches and the average yield per
tree was less than a half-bushel, All plots received
the same fertilizer treatments applied the previous years,
inecluding nitrate of soda, but no influence of treatment

on vigor of tree or yield was evident (table 20).

Sampling and Testing, On August 87 three bushels
of uniform fruit were taken from seven of the plots —~ the
four potassium éalts in single amounts, muriate of potash
double, muriate salt in a complete fertilizer, anrd nitrate
of soda only. The fruit was pressure-tested immediately
with a Blake peach tester, thirty peaches from each bushel,
It was then hauled one~hundred miles by truck to College
Park where it was held at prevailing temperatures for several
days. Daily pressure tests, using thirty peaches from
each bushel were made with the Blake peach tester,

Results, The daily pressure test averages are
shown in table 32, Because of the lack of moisture, the

fruit was small, and lacked firmness and color, To all
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TABLE 32

Pressure Tests of Elberta Peaches From Fertilizer Plots

at Hancock

(Picked 8/27/30, Hauled to College Park, and Held at 60 — 709F)
(Blake Peach Tester Used)

Pressure Tests in Pounds.

Fertilizer i
Treatment.™ : : :
: _Aug, 27 : Aug, @8 :  Aug, 29

Na NOs : 5.86 i 4,87 : 2.94
N-KCl single § 6,03 g 4.56 § 3.78
N-K5S50, single ; 6.02 ; 5.06 : 2.90
N-Mg (KSO,), single S 8.33  : 475 i 3.16
F=Kainit ; 5.74 : 4,59 : 2.73
N~KC1l double ; 8.19 § 4,60 i 2,98
N~P=KC1 ; 6,31 ; 5,84 ; 3.87

* Nitrate of soda —— 2 pounds per tree,

Superphosphate —- 6 pounds per tree.
- Potash single —- 3 pounds muriate of potash or equivalent,
appearances the samples in this year were no riper than the
samples selected in 1929, and the difference in size of fruit
was negligible., However, at ftime of picking, the samples
of the previous season tested three pounds higher in firmness,
Fruit from all plots in 1930 though were of practically equal
firmness at that time (table 32)., The maximum difference in
firmness between potash and no potash treatments was less
than a half pound in favor of sulfate of potash magnesia,

In two days the fruit had ripened to the stage

where it was too soft to be handled. The rate of ripening,
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was not influenced to a significant degree by any of the
fertilizer treatments (table 28) compared with nitrate of
soda only, though in the brief inferval of two days the
average decrease in firmness was about three pounds,

Summary of 1930, Again as in 1928 and 1929 the use

of potash fertilizers on Elberta peaches at Hancock, Maryland
have not affected the firmness or keeping quality of the

fruit,

Summary of Hancock Experiment

In three years studies on the effect of potassium
fertilizers of different types, used in varying amounts, on
the firmness and keeping quality of Elberta peaches grown
near Hancock, only negative results weré obtained, indicating
that the eftect of potash, if any, on these factors is
negligible,

BELLE OF GEORGIA ORCHARD AT SALISBURY

Description of Plotss. The orchard used in this

experiment consisted of Belle of Georgia peach trees twelve
years old in 1938, owned by W. F. Allen and Company. The
trees were planted twenfyﬁthree feet by twenty—-five feet on a
SaSSaf:as loamy sand (30). They were pruned regularly, and
received an annual application of five pounds of sodium
nitrate per tree. Soil management consisted of frequent
cultivation plus cover crope in late summer,

Eighteen adjoining rows of sixteen trees each were
included in the experiment, each receiving a different treat-

ment as shown in table 33, Materials were applied in the



TABLE 33,

Outline of rertilizer treatments in Belle of Georgia Orchard at

Salisbury. Single Application = Three Pounds of Muriate of Potash or

Its Iiquivalent.

RoOW.. Treatment. Amount.
l Muriate of potash half
2 Sul fate of potash half
3 Sulfate of potash magnecia half
4 Kainit bhalf
5 Muriate of imtash single
6 Muriate of potash plus lime single
7 Sulfate of potash single
8 Sulfate of potash magnesia single
¢ Kainit single
10 Muriate of potash double
11 Sulfate of potash double
12 Sulfate of potash magnesia double
13 Kainit double
14 Complete with muriate single
15 Complate with sulfate single
16 Complete with sulfate magnesia single
17 Complete with Kainit single
18 Nitrate of soda only

All trees received five pounds of nitrate of soda as a basic
treatmeat.

Superphosphate was applied at the rate of six pounds per tree,
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amounts given in table 31, standard for all peach experiments
reported. Applications of fertilizer were made in the

latter part of March in 1928, when the experiments were begun
and likewise in 1229 and 1930, Because of an almost complete
crop failure due to frost, no studies on keeping quality could

be made in 1928,

Investigations Conducted in 19239

The average crop in 19289 was approximately six
bushels per tree, The season was very nearly normal as
regards rainfall, The fertilizer applications had no
effect on the vigor of the trees or the stage of maturity
of the crop.

Sampling and Testing., Samples of two or three

bushels of uniform, shipping-ripe fruit were selected on
August 3 and August 5 respectively from each of eight plots,
This group included the same treatments which were studied
in the other orchards -— the four potassium salts in single
amounte, one double application of potash, one complete
fertilizer, and the nitrate only treatment. The samples
were held in a well ventilated cellar until the fruit was in
a soft-ripe condition. Pressure tests, thirty peaches per
bushel, were made with a Blake peach tester at time of pick-
ing and at daily intervals thereafter.

Results., The daily pressure test averages of the
two tests are presented in tables 34 and 35. Belle of

Georgia peaches ripen more rapidly after picking than the
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TABLE 34

Pressure Tests of Belle Peaches From Fertilizer Plois

at Salisbury

(Picked 8/3/29 and Held in Cellar. Blake Peach Tester)

Fertilizer : Pressure Test in Pounds
Treatment.™ : T s :
: Aug, & : Aug., 4 : Aug., 5 : Aug, 6%*
Na NO, only : 9,91 : 7,71 i 3.96 ; 4,98
N-KC1 single T 8,95 i 8.39 : 4.81 i 5,75
N-KC1 + Lime . 9.38 : 8.85 : 4,03 i 6,50
N-K,80, single . 8.80 : B8.70 : 3,98 : 4.68
N-Mg (KSO,)y single : 9,41 : 7.01 : 4.40 : 5,83
N-Kainit single . 8,98 : 7.75 i 3,13 : 5,14
N-KC1 double : 9,66 : 8,11 : 4,18 : 5.83
N-P-K01 s 8,18 3 7.37 i 4,70 i 4.64
*Nitrate of soda -— 5 pounds.per tree,
Superphosphate -—— 6 pounds per tree,
Potash single — 3 pounds muriate of potash or its equivalent.

** 5/18 plungeT.

Elberta fruit in the other experiments and on the third day
in storage it was necessary to use a 5/16 inch plunger on the
Blake tester instead of a 3/16 inch plunger. In addition
about thirty per cent of the fruit in the samples, infested
with Oriental fruit moth, had to be discarded while pressure
testing. Thus the variability of the samples was appreci-
ably larger than that of the other experiments, Consequent—

ly, though fairly larger differences existed in the firmness

¢
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TABLE 35

Pressure Tests of Belle Peaches From Fertilizer Plots

at Salisbury

(Picked 8/5/29 and Held in Cellar. Blake Peach Tester)

Fertilizer i fressuxe Tests in Pdunds
Treatment.* : : : .
;3 Aug, 5 3 Aug, 6 3 Aug, 7 i Aug, 8 **

Na Nﬁs only g 8.98 ; 7.14 : 4,73 ; 4,52
N-KO1 single P 8.82  : 8.1 i 4,96 : 4.79
N-KC1l + Lime : 8.70 § 8.63 i 5,30 ; 5.63
N-K3 504 single § 8.91 § 7.76 _i 4,88 i 4,94
N-Mg (K80,), single§ 8.47 ; 747 § 5.09 § 5.89
N—-Kainit single : 9.37 : 8,99 : 4,60 : 5,51
N-EC1 double : 8.39 i 745 : 5,04 § 5.41
N-P-KC1l : 8,58 : 8,50 ; 4,68 : 5,19

®* Nitrate of soda —-— 5 pounds per tree,
Superphosphate —-— 6 pounds per tree,
Potash single ~—- 3 pounds muriate or equivalent,

»* 5/16 inch plunger

of the fruit from different treatments at time of picking in
the August 3 test (table 34), it is questionable whether
these differences can be considered significant. Incidently
the firmest fruit was from the plot receiving nitrate of soda
only.

In the August 5 test none of thé differences between
treatments at time of picking was large enough to be consider—~

ed eignificant, A great deal of the variability in the
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results was undoubtedly due to sampling error. After re—
moval of the effect of differences in initial firmness on the
final pressure test averages, the effect of the fertilizer
treatments on rate of ripening can be seen in.table 26, for
both tests, No treatment influenced the firmness of the
fruit to the extent of one pound in the August 3 picking,
while in the August 5 test the greatest differences was less
than four-tenths of a pound compared with nitrogen. The
complete fertilizer treatment and single application of
muriate of potash furnished fruit which was significantly
firmer than the kainit treatment in the first storage test,
but in the second test the differences were negligible,

Summery for 1939, One may conclude, therefore,

from the 1929 seasonts work, that potash fertilizers have

had no appreciable effect on Belle of Georgia peaches,

Investigations Conducted in 1930

While there was & deficiency in rainfall in the
Salisbury section during 1930,the trees did not suffer
nearly as much as those in western Maryland, The
terminal growth: averages six to ten inches (table 20) and
the fruit was only slightly smaller than the previous year,
The trees bore an average crop of four bushels, The
infestation of Oriental fruit moth, which had caused great
difficulty in the storage tests of 1929 was no longer an

important factor,
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Pressure Tests and Storage Studies.

Sampling and Testing.

Samples of three bushels of

carefully selected, shipping-ripe fruit were taken from the

usual seven treatments on August 11, and again on August 13

(table 36 and 37).

Pressure tests were made at time of

picking, and at daily intervals during storage in an open

shed, with a Blake pressure tester, using twenty and thirty

peaches from each bushel,

TABLE 36
Pressure Tests of Belle Peaches from Fertilizer Plots
gt Salisburye.
(Picked 8/11/30 and Held in an Open Shed. Blake Peach

lrest

er)

Fertilizer : Pressure Tests in Pounds.,
Treatment.™: : T : :
: Aug., 11 : Avg, 12 : Aug, 14 : Aug, 15 : Aug, 18

NaNOy only : 7.83 : 7.36 : 5,82 : 3.52 i 2,35
N-KC1 : : : : :

gingle + 8,30 ¢ 8.47 : 6,43 : 4,91 H 3,59
N-K580 : : : $ :

SIng%e s 8,43 t B,77 : 6,88 : 4,80 : 3,51
N-Mg (KSO4): : : : :

g%néle 4’2 351 i 8.70 i 7,00 i 5.41 i 4,08
N-Keinit 3 : : : :

single & 7.93 : 8,69 i 6.99 : 5,09 : 3,94
N~KCl ..~ : : : :

double : 8.1¢ ¢ 8,34 s .6.,78 ¢ 4,73 : 4,086
N-P-KC1 3 7,83 _: 8,16 3 5,52 i 4,13 : 2.87

* Nitrate of soda —--~ 5 pounds per tree,

SuperthSphate - 8 pounds per tree,
Potash single —~- 3 pounds muriate of potash or equivalent,



Pressure Tests of Belle Peaches From Fertilizer Plots

TABLE 37

at Salisbury

(Picked 8/13/30 and Held in an Open Shed, Blake Tester Used)

'

\
Fertilizer ; Pregssure T.8tg8 in Pounds
Treatment.”* : : : : :
: Aug. 13 :1Aug, 14 ¢ Aug,15 : Aug.16 tAug,17
NaNO; only i 8.17 § 8.11 : 6.80 :; 3,81 : 2,65
N-KC1l single § 8.71 § 9.09 : 7.69 : 5.27 ; 3,45
N—KZSO4 single ; 8.50 i 9.08 § 7456 ; 5,39 ; 5433
N-Mg (KS0,)gsingle : 9,34 i 9.54 : 8.19 : 5.33 & 4,08
N-Kainit single : 9.16 ; 0.30 ; 8.15 § B.57 ; 4,15
N-KC1 double P 9.02 : 9.31 i 8.37 i 5.61 § 3.6l
N-P-KC1 ; 8.04 ; 8,66 ; 7.13 ; 4,90 ; 877

* Nitrate of soda —-—
Superphosphate =——
Potash single —-

5 pounds per tree,
6 pounds per tree,
3 pounds muriate of potash or equivalent,

Results., The data are presented in tables 36 and

37. In both tests the fruit from the complete fertilizer

and nitrate of soda treatments were softer than the fruit

from any of the other treatments at time of picking.

This

difference in ripeness was evident before the samples were

pressure tested and was purely the result of sampling error.

Five persons assisted in picking the samples

occasion,

produced fruit which was firmer or softer than the fruit

on each

No single potash salt in either of the tests

from any other treatment at time of picking, with the ex~
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ceptione noted,

In table 28 are presented the results of the pressure
tests.on Belk peaches at the end of the storage period, com—
pared with the check (nitrogen only). In the first pick=—
ing the fruit from the kainit single and muriate double treat—
ments showed distinctly less softening than the nitrgte only,
the values being + 1.44 and + 1.19 pounds respectively com~
pared with nitrogen only, O, All the potash treatments,
however, are preceded by a positive sign, indicating a
beneficial influence, In the second storage test the
initial greater ripeness of the fruit from the nitrogen plot
wae compensated for in the method of interpretation (table
28) and the greatest difference due to treatment was only

0,35 pounds.,

Chemical Studies

Sampling., During the second storage tests of 1930
with Belle peaches, chemical samples were obtained a& time
of picking and four days later, in order to study the effect
of potash treatment on keeping quality as measured by changes
in pectic constituents and acid content. A sample was
al1s80 obtained for studies in carbohydrate and potassium
content of the fruit four days after picking,

Three treatments were included —— nitrate of soda
only, muriate of potash single, and complete with muriate
of potash, Detailed methods of sampling and analyses are

described on page 6,
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Results. Bectin studies of Belle of Georgia fruit
Bampled during the second storage test of 1930 showed a large
change in the pectic constituente during storage (table 38),
A loss of protopectin during storage was accompanied by a
corresponding increase in soluble pectin. The increase
noted in total pectic materials on the second date of sampling
was probably due to loss of moisture, Fruit from the
nitrate plot had less protopectin at picking time than the
potash treatments, but several days later the difference had
disappeared. At the end of the test the muriate of potash
fruit, the firmest according to the pressure test, had the
least protopectin, Soluble pectin content was practically
identical among treatments,

likewise

Appleman and Conrad (1) and Conrad (7)/found a
decrease in protopectin in peaches during storage to be
accompanied by an increase in soluble pectin, with little
change in total pectic material. This transformation they
considered the chief process responsible for the softening
of the fruit.

Nightingale et al (26) studying pectin changes in
Elberta peaches ripening on the trees, also found a consider—
able decrease in protopectin during the last stages of ripen~
ing, but without a corresponding increase in soluble pectin.
However, in all cases their values for soluble pectin were
one~hundred per cent larger than those of the Maryland
Elbertas at time of picking. This difference in results

was probably due to a difference in the methods of extraction,



TABLE 38.

Analyses of Belle of Georgia Peaches from Fertilizer Plots at Salisbury

During Storage. Picked Aug.ld, 1930. IExpressed as Percentage Green Welght.

te of : : Pressure : Soluble : Proto-~ : Total :Titratable:

wpling: ‘ireatment : Test : Pectin : Pectin : Pectin : Acidity *; Ph

g, 13 : NalNog ©B.17 i W77 i W779 i 956 i B5,0 i B.62
N-KC1l 8.71 «154 : «810 : 964 58.8 : 373

. we se e
.

N-P-KC1 8.04 154 : .84 : 968 : 858.0 : 3,71

20 17 : Naliog ;2465 i .455 i .555 : 1,008 : 59.8 : B.68
: N-KC1 : B.45 1 457 i .527 i 984 1 6L.2 i 3.76

£ N-P-KCL : 2,77 i .444 :  .564 : 1.008 : 60.8 : B5.62

. e

.
.

cec. Oof 1/50 N Na OH reqired to neutralize 10 c.c. cf juice.
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rather than composition of the fruit.

Titratable acidity determination showed that there
was a slight increase in acid content of Belle peaches during
ripening. The differences among treatments, however, were
too small to be considered significant, in view of the vari-
ability involved, The Ph of the juice was 3.7 at time of
picking/%g% not change appreciably in the ripening process,

Other chemical analyses of Belle of Georgia show
(table 39) that the potassium content of the flesh was not
affected by applications of muriate of potash. The fruit
from the complete plot had the highest reducing sugar
content, the muriate fruit the highest sucrose content,
and the nitrate fruit the most acid hysrolyzable material,
The data are too meager to fully appreciate the significance

of this condition,

TABLE 39 .
Analyses of Belle Peaches From Fertilizer Plots at

Salisbury

(Picked 8/13/30 -— Sampled 8/17/30)
(Analyses Expressed as Percentage Dry Weight)

: ; : : * Hydro- °
Treatment., ¢ Dry iReducing® Sucrose’ Total :1yzable ‘potas—

iWeight i Sugars i iSugars iMaterialisium
Na_ NOg : 14,47 : 19.09 : 34,91 : 54,00 : 9.29 : .509
N-KC1 : 14,35 ; 31.50 : 40,13 : 81,83 : 7.76 : .538
N-P-KC1 ¢ 14,48 : 24,55 ¢ 31.86 : 55,81 : 7.48 : .461

Summary for 1930,

l. Thus the results of the 1930 pressure tests pre-
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sent no conclusive evidence to show that potash fertilizers
have improved the keeping quality of Belle peaches.

3« No differences in potash content, sugar content,
acidity, or pectic constituents among the samples of Belle
of Georgia peaches from fertilizer plots.could be attributed

to muriate of potash treatments,

Summary of Salisbury Experiment

Three years results of storage studies on Belle of
Georgia peaches from trees receiving different amounts of
various potash fertilizers show no benefits for the treat—
ments in increased firmness of the fruit or superior
shipping quality, compared with fruit from trees fertilized
with nitrogen only,.

Chemical studies with fruit from muriate of potash
treatments compared with fruit from nitrogen only trecatments
show no effects of potash on pectic constituents or potash,

sugar and acid content,

ELBERTA ORCHARD AT BERLIN

2 W A 4w e Arues i a4 nr e

Description of Plots, In the spring of 1928 a ferti=-

lizer experiment was laid out in a nine-year old Elberta

orchard owned by Harrisons! Hurseries at Berlin, The lami
was cultivated and cover cropped each year, The soil was
classified as a Sassafras fine sandy loam (27), The trees,

planted twanty-two by eighteen feet, were in only a moderately
vigorous condition (table 230). They received a light

pruning each year and two pounds of nitrate of soda per tree
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annually during the experiment.,

Twenty—~seven adjoining rowé of fifteen trees each re-
ceived treatment as shown in a plan of the experiment in
table 40, Every fifth row received nitrate of soda only.
The standard amounts of the various fertilizers for peach
trees as given in table 31 were used, Applications were

made annually in the latter part of March,

investigations Conducted in 1938

The season of 1928 was normal as regards rainfall and
the trees bore an average crop of three bushels of fruit,
No effect of fertilizers on the vigor of the trees, or the
maturity of the crop was evident in this first year of the
experiment,

Sampling and Testing. On August 32 one or two
bushels from certain of the treatments as mentioned in
table 41 were taken just as they were harvested by the
pickers, Fruit of all sizes and stages of maturity were
thus included. Since some samples had more green or
ripe fruit than others, each sample was divided into a
ripe and green lot. The fruit was placed in an open
shed, and inspected and pressure tested with a corn tester
three days after picking.

Results, The percentages of sound fruit found on
inspection together with the pressure tests are presented
in table 41, There appeared to be no correlation among

treatments in the number of decayed fruits developing during



TABLE 40,

Outline of Fertilizer Treatments in Elberta Orchard at Berlin.

Single Application = Three Pounds of Muriate or Potash, or Its

Eguivalent,

Row, Treatment. Amount,
2, 3 Sulfate of potash magnesia double
4 Muriate of potash half
5 Sulfate of potash half
6 Sulfate of potash magnesia half
7 Kainit half
8 Nitrate of soda only .

9 Muriate of potash single
10 Sulfate of potash single
11 Sulfate of potash magnesia single
12 Kainit single
13 Nitrate of soda only
14 Muriate of potash double
15 Sulfate of potash double
16 Sulfate of potash double
17 Kainit double
18 Nitrate of soda only
19 Complete with muriate gingle
20 Complete with sulfate single
21 Complete with sulfate magnesia single
22 Complete with kainit single
23 Muriate of potash plus lime single
24 Muriate of potash only single
25 Ssulfate of potash only single
26 Sulfate of potash magnesia only single
21 Keinit only single

Rows 1 to 23 inclusive received two pounds of nitruaté
of soda as a basic treatment.

Superphosphate was applied at the rate of five pounds
per tree.
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TABLE 41
Pressure Tests and Storage Counts_of Elberta Peaches

From Berlin.*

Fertilizer ; Ripe Samples. ; __Green Samples
Treatment, : per Cent : Pressure: Per Cent: Pressure
i Sound :Test, gms.: Sound :Test. gms,
Na NOg ; 100 § 335.1 i 22,5 § 379.1
Na NOg P 100 . 294.2 i 98.8 i 369.5
N-KC1l single ; 93.4 § 335.8 § 100 ; 406,4
N-K,S0, single ; 93.4 ; 32,5 i 100 ; 391.3
NOMg (K80,), single :  93.3 : 280.9 P 87.3 1 B7L.Y
N-Kainit single i 98.0 ; 341,53 : 91.4 ; 412,.5
N-KCl1l double : 97.0 : 374.8 i 98.6 § 383,7
Naxzso4 double ; 90.4 ; 293.1 ; 86.9 ; 383.6
N=Kainit : 94,4 S R55.1 3 98.1 E 374.9

* Picked August 22nd, Held in common storage, Inspected and

tested August 25th,

the storage test. In fact, the greener samples which should
have remained sound for the ‘longer period had just as many de-
cayed peaches as the riper samples. -It would seem, there—
fore, that other factors besides meturity were important in
determining the susceptibility of fruit to decay organisms.
For that reason, in the storage tests in later years, inspect—

ion counts on the samples were omitted in all peach experiments
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and attention was concentrated on pressure test studies.

Pressure tests made on three samples of Elberta
peaches three days afterpricking with a needle plunder on a
corn tester, showed that none of the treatments studied had
affected the firmness, compared with nitrate of soda only.
The differences were praoticaily all less than ten per cent,
with not as great a difference between the firmmness of the
ripe and green samples as one might reasonably expect.

Summary foxr 1938, Potash fertilizer treatments

had no effect on the development of decay in storage of
Elberta peaches, or on the firmness of the flesh as measured

with a #16 needle plunger.

Investigations Conducted in 1929.

In this experiment an influence of the fertilizer
treatments on the vigor of the tree and maturity of the crop
was first noticed in the summer of 1929, Here as in the
Elberta orchard at Mount Airy, the plot receiving a double
application of sulfate of potash magnesia had the darkest and
apparently the densest foliage of any plot. The fruit also
seemed a little slower in maturing. The double applicat=—
ion of kainit appeared to have injured the trees %o a slight
degree, The foliage on this treatment was sickly and
resembled to some extent adjacent plotes which had not received
nitrate of soda, The ripest fruit in the experiment was

to be found in the plots lacking nitrogen. The average

yield per tree amounted to over four bushels,
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Sampline and Testing. Three bushel samples of uni-—

form fruit were carefully selected from each of fourteen plots
on August 7, and a duplicate sample of three bushels from the
same plots on August 9, The fruit was pressure tested with
a Blake tester immediately after picking and then placed in an
open shed, Daily pressure tests, thirty peaches per bushel,
were made during the storage of four days.

Results,. The results of the pressure tests on the
stored fruit are presented in tables 42 and 43, Analysis
of the figures representing the firmness of the fruit at time
of picking shows that no consistent differences existed
between samples from plois receiving nitrate only and any of
the/gg%;ssium salts, when the latter were used in single
amounts, double amounts, and in a complete fertilizer, The
usual variability of a pound or less which was principally
due to sampling error, was present. The plot receiving
the double application of sulfate of potash magnesia was the
firmest sample in both tests. The cause of this was
probably the difference in maturity of fruit on the trees of
this treatment, since the single amounts were only of average'
firmness.,

During storage all samples showed the same general
trend of ripening (tables 423 and 43) which occurred in the
other storage testis, During the first two days some
gamples showed an increase in firmness over the day of pick—

ing,followéd by a rapid softening,



TABLE 42,

Pressure Tests of Tlberta Peaches from Fertilizer Plots at Berlin.,

(

(Picked Aug. 7, 1929 and Held in Open Shed.

Bleke Peach Tester.)

Fertilizer : Pressure Tests in Pounds;
Treatment. * : : ' : :
: August 7 & August 8 : August 9 ¢ August 1l

NaNo, only i B.85 i 9,58 : 8,19 :  6.73
NaNoz only : 8.41 9.18 B.64 6.26
NaNoz only : 8.% : 9,17 : 9,00 : 6,95
N~KC1l single : 8483 : 9.28 : 7:66 : 4,52
N—K2804 single : 9.17 : 9476 : 8.88 7.13
31_1\118(11504)j single : 8.68 9.12 7435 4,77
N-Kainit single : 8,76 2.58 : 8.69 : 6.70
N-KC1l dauble : 8,49 946 : Q.43 : 7e23
N-K5S0, dovble S 876 i 9,61 i 9.71 i 7.10
N-Mg (KSO,)o double : 9,34 : 10,05 : 9.78 : 7.74
N-P-KC1 : 8.05 : 9,14 : 8.10 : 5,90
N-P=-Ko50, : 8.13 : 9.44 8.91 : 6.85
N-P-Mg(KSO4)2 : 7.95 : 9,10 : 7.75 : 5.52
N-P-Xainit : 8.09 : Q.07 : 9.07 H 6.96
* Nitr8te of soda -~ two pounds per tree.

Superphosphate -~ five pounds per tree.
Potash single - three pounds muriate of potash or equivalent,



RABLE 45,

Pregsure Tests of Elberta Peaches from #ertilizer Plots at Berlin.,

(Picked Aug,9, 192¢ and Held in Open Shed.

Blake Peach Tester.)

Fertilizer : Pressure 'ests in Pounds,
Treatment ¥ : : Kokoks : : * ok

: Auge 9 : Aug. 9 : Augl.ll : Aug.l® : Aug. 12: Aug.ld
Nalog only : B.46 : 7.85 ¢ 6,83 ;. 5.08
NaNoz only 1 B.28 i 7.96 8,23 ¢ : 5.58
NaNo, only t B.62 : 5.45 : 8.98 7.53 3 7.75%%;
N-KC1l single s B30 8.08 : 5,52 ¢ D5.28
N-K2504 single i 8445 Be97 : 7.67 : 5496
N—Mg(KSO4) single : 8.32 t 7.69 : 4.33
N-Kainit single : 8,19 ¢ 9.,03 ¢ 7,52 : 6,55
N-KC1l double : B.05 8.92 : 7.48 : : 7.08
N-KoS04 double : 8.48 v 8.71 ¢ 7,03 : 5,73
N-Mg(KSO4) double : 8.75 : : 9459 @ 7.92 : 7.53
N-Kainit? ouble : 8.05 : 4.85 : 7.24 : 6,09 4.89 :
§~P-KC1 : 8,33 : 5,12 : 8.0 : 6,08 : 5.91
N~-P~KoS04 : 8,40 : 5,26 ¢ 9,13 : 8.69 : 1l0.07 3
N~P-11g (KS04 )5 T 8,42 i 5,14 : 7.64 : 6,57 : 6.31
N~P-Kainit : 8.5 ¢ s 8.71 ¢ 7490 i 7.75

* Nitrate of sodaa-

two pounds per tree.

Superphosphate - five pounds per tree.
Potash single - three pounds of muriate of potash or equivelent.

** 5/16" plunger.

*** skin off.
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In table 28 are presented figures representing the
actual influence of the fertilizer on the rate of ripening,
in comparison with nitrate of'soda only, Muriate and
sulfate of potash magnesia treatments in single amounts
have apparently had a detrimental effect on the keeping
quality in both tests, but the double amounts of these
salts show an equally large beneficial effect. Hence,
it is doubtful whether these differences can be attributed
to the fertilizer treatments, The sulfate of potash and
kainit salts have not been influential %o an appreciable
degree,

Summary for 1929, The results of this seasonts work

are fully in accord with those of the other experiments.
The use of potash has not proven beneficial to the firmness

or keeping quality of Elberta pedches,

Investigations Conducted in 1930

No effects of the fertilizer treatments on the vigor
of the trees and maturity of the crop, noted in 1929, were
noticeable in 1930, Part of this may be due to the fact
that the average yield was less than one~fourth bushel per
tree, While the rainfall for the season was below normal,
the size of the fruit was not affedted and the trees made a

fair terminal growth of six to eight inches (table 20).

Pressure Testis and Storage Studies.,

Sampling and Testing, Because of the small yield a
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two—bushel sample of selected fruit from five plots in the
Berlin Elberta orchard constituted the extent of the storage
studies, This sample was picked on August 18th and held
in an open shed. Pressure tests were made on August

16th and held in an open shed. Pressure tests were made
on August 16, 18, 19, and 20, using twenty or thirty peaches
per bushel,

Results., Table 44 shows the resulte of the pressure
tests, No differences in firmness at time of picking between
any two of the five plots sampled which do not fall within
the sampling error were evident. The largest difference
was slightly more than a half pound.,

The values in table 38 show that gt the end of the
test only one treatment, muriate of potash double, had
affected the keeping quality appreciably, (+ 0.63 pounds)
but this effect was too small to be considered significant.
Muriate of potash, sulfate of potash magnesium, and kainit

had no effect.

Chemical Tests

Sampling, Samples for pectin analyses were taken
from the storage samples of nitrate of soda only and muriate
of potash treatments in the Berlin Elberta orchard on

August 16, and again on August 21, 1930,

Results. The results of these studies are present-
ed in table 45, ‘The sodium nitrate fruit, having more

total pectic material, had more protopectin than the muriate



TABLE 44,

Pressure Tests of Elberta Peaches From Fertilizer Plots

at Berlin

(Picked 8/16/30 and Held in an Open Shed. Blake Tester Used)

N-KC1

Fertilizer ; Pregsure Test in Pounds
Treatment.,* : : : :
: Aug, 16 : Aug, 18 : Aug, 19 : Aug. 20
Na NO, T 9,14 3 7.81 i  B.87 i 5.49
N-KC1 single : 9,08 i 7.83 + 7.41 i 5.50
N-Mg ( KSO4 ) 2 : : : :
single s 8.78 i 7.47 T B.45 . 5,49
N-Kainit single : 8,80 : 7.80 . 7.41 . 5,57
:  8.74 i 8,13 . B.,79 i 8,35

* Nitrate of soda -— 2 pounds per tree.

Superphosphate -- 5 pounds per tree,

Potash single —- 3 pounds muriate of potash or equivalent.
of potash samples, (.824 and .775 per cent respectively) but
‘considering the loss of protopectin as part of the ripening
process we find very little difference between the two treat—
ments, Pressure tests of the same fruit were almost
identical in’value, corroborating the above results,

Other chemical analyses of the same samples, for
which fruit was selected, however, for uniformity in
maturity, show only slight differences between treatments,
(table 48). Moisture content, total acidity, Ph, and
potassium content were practically identical for the two

treatments, and carbohydrate results show but little

variation, Acidity determinations (table 45) showed a



TABLE 45.

Analyses of Elberta Peaches from Fertilizer Plots at Berlin

During Storage. (Picked Aug. 16, 1930 Expressed as Percentage Green Weight.)

pate of :

(1)

.

: Proto- : Total

.

.

-
.
-

. as B8 sa

s ss ae s

ss se ee o

: Pressure : Soluble : Titratable:
Sampling: Treatment : ‘'est : Pectin : Pectin : Pectin : Acidity* : Ph
] ' ] s ' ] :
“Aug. 16 NHNO3 : 9,14 : +160 H «824 . «984 ¢ 735 : 340
: N=KCl single 2.08 : +185 H <775 : «960 : 70.4 : 3657
Mug, 20 : Nalo : 5.49 1 JBR2 i .662 i .984 : 80,3 : 3,51
: K=-KC1l single: 5.50 : o312 +520 « 932 79.2 3,45

*ec.c, Oof

1/50 N NaOH reguired to neutralize 10 c.c. of juice,
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TABLE 46

Analyses of Elberta Peaches From Fertilized Plots

at Berlin

(Picked 8/16/30 ~- Sampled 8/20/30)
(Analyses Expressed as Percentage Dry Weight)

L3
.

Total : Hydro—-: Potas—

; Dry ;Reducing ; Sucrose ;
Treatment : Weight : Sugars : tSugars :;lyzable: sium,
H : : : tlaterial
Na NO, s 14.60 i 19.80 i 32,91 : 52.71 : 7.65 : .498
N-KC1 : 14,65 : 18.25 : 33.25 : 51.50 : 8.03 : .514

marked increase in acid during storage of ten per cent, but

no effect of treatment.

Summary for 1930.

1. In this final storage study nothing new has
developed, the data fully corroborating previously discussed
results for 1928 and 1929.

3., Muriate of potash has not influenced the pectin
constituents of sugar, acid,and potassium content of Elberta

peaches to an appreciable degree.

Summary of Berlin Experiment

The use of notassium fertilizer has not affected
appreciably the firmness or the keeping quality of the
Elperta peaches in this orchard,

One treatment, magnesia sulfate of potash double,

increased the vigor of the trees during the second year, but



the firmness of fruit of similar appearance was not
influenced,

Applications of muriate of potash have not affected
the pectic constituents, or sugar, acid and potassium content

of the fruit to a marked degree.

General Discussion

The results with peaches are practically all negative,
that is, no consistent effects of fertilizer treatment on firm—
ness or keeping quality are discernible. During the course
of the experiment over three—~hundred bushels of peaches were
tested. Probable errors, hased on the single bushel
average as the individual, were determined on certain of the
plot averages of the last pressure tests in storage during
1929 and 1930, These errors are not presented in the
tables because they are not strictly applicatle to the me thod
of interpretation of the data employéd. However they do
give an idea of the variability between bushel averages of a
gingle treatment, With few exceptions, all differences
between treatments greater than a pound are sigﬁificant,
practically all of the probable errors based on bushel
averages falling between the values two-tenths and three-—
fenths., Considering the number of duplications made in
orchards, in plots, in individual samples smaller difference
ghould be detectable; but from a commercial standpoint,
differences of less than a pound in firmness are not important,

At least a pound difference between two lots of fruit must be
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present in most cases before it is recognizable without the

use of a mechanical tester,

Conclusions

Under the conditions of these experiments, appli-
cations of potash fertilizers to peach trees do not increase
the firmness or improve the keeping quality of the fruit,

Under certain conditions, heavy applications of
sulfate of potash magnesia causes peach trees to have a
more vigorous appearance, and will delay the maturity of the
fruit slightly.

Muriate of potash fertilizer does not influence the
rate of change of pectic constituents or acidity. Carbo-
hydrate and potassium content of peaches, though variable,

appear to be unaffected.

Summary of Peach Studies

1, Elberta peach trees in three orchards and Belle
of Georgila peach trees in one orchard were fertilized with
four different potash fertilizers in various amounts and
combinations, beginning in 1928,

8. During the three)years the experiments were
conducted, more than three hundred bushels of carefully
selected fruit from the various treatments were tested at
prevailing temperatures until in a soft ripe condition.

3. Over two hundred and fifty thousand pressure

tests, made with a Blake peach tester on this fruit at time



of picking and during storage failed to show that potash has
influenced appreciably the firmness or the keeping quality
of the fruit.

4, Pectic changes during storage (though not
correlated with potash treatments) are quite marked; but the
actual amounts of the pectic constituents are not fine
criteria of the firmmness of the fruit,

5. Applications of muriate of potash in combination
with nitrogen, and nitrogen and phosphate, have not affected
the potassium or sugar content of Belle and Elberta peaches
noticeably.

6« Superphosphate used in a complete fertilizer has
not influenced the firmness or the keeping quality of the
fruit.

7« The trees on the sulfate of potash magnesia
double plots in the Berlin Elberta and Mount Airy Elberta
orcharde had a greener appearance of foliage in 1929,

Double application of kainit appeared injurious in the same
orchards, The effect wae not evident in the Salisbury

Belle and Hancock Elberta orchards.

III., STRAWBERRY STUDIES

In cooperation with certain strawberry growers on
the Eastern Shore of Maryland, various fertilizer plots were
laid out on Missionary and Gandy varieties in 1928, and
Chesapeake and Premier (Howard 17) in 1929 and 1930, Two

of the experiments begun in 1929 were continued a second year,
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the second fruiting year of the plants.

MISSIONARY AND GANDY VARIETIES AT MARION.*

Description of Plots, Two very uniform one-—year

old plantings of strawberries of the Missionary and Gandy
varieties were selected in the spring of 1928 for experi-
mentation, They were located on the farm of Mr., P. G,
Gunby at Marion Station, Somerset County, the center of

one of the largest strawberry-producing sections in the
state, The soil of the region was classified as

Elkton loam (29). The soil was very fertile and fertilizer
treatments showed no increases in yield, although nitrogen
fertilizers increased the growth of the plants. The plants
were gro%n under the matted row system of training, the
method used almost exclusively by Eastern Shore strawberry
growers,

The fertilizer treatments consisted of a topdress—
ing in March of the first fruiting year with various combi-
nations of nitrate of soda, muriate of potash, sulfate of
potash, sulfate of potash magnesia, kainit (30 per cent)
and super phosphate, as shown in table 47, Each plot,
twenty-nine feet long, sixteen rows wide, covered apnroximate-
1y 1/30 of an acre. Applications of each element were
made in amounts equivalent to six~hundred pounds per acre
of a 5-8-8 fertilizer, Where one of the fertilizer
constituents was omitted on a particular plot, the rate of

application of the remaining constituents was not inrcreased,
*Work at Marion was performed by A. L., Schrader,
W. E. Whitehouse, et. al,



TABLE 47.

Plans of 1928 Strawberry Fertilizer Experiments at P.G. Gunby, Marion Station.

kN
X

Plot No. Missionary Treatment. Gandy Treatment.
1l ¥XC1 Xcl
2 N-KC1 N = KC1
3 KgS504 K550,
4 N-K550, N - K SO
5 Mg(XS04)2 Mg(Kso
6 N - M;,(KSO4),2 %Kso4)2
7 Kainit Kalnlt
8 N - Kainit N - Kainit
9 Acid Phosphate Acid Phosphate
10 N = Acid Phosphate N - Acid Phosphate
11 Check Check
12 N-p-KC3 N-P-KC1
13 N—P—K2804 N=P~K550,
14 N=-P-Mg(ES0, ) 5 N=P-1gz (KSO 4:)
15 N=-pP=Kainit N-P~Kainit
16 P=-KC1l P-KC1
17 I\Ta.No Nallo
18 ?2 S04 (NHAL?Z S04
19 N-P—K
20 n-r
21 P
22 Check
23 (NHA__)z 504
24 P=K
25 NaNo (double)
26 aNo

3
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Sampling, In 1928 as the berries were harvested for
commercial purposes a certain number of boxes were taken from
each treatment for various holding and shipping tests, Each
worker, after picking a ploty brought the berries to a central
point, where a record was made of the yield and a part of <the
fruit was set aside for testing purposes, This method of
sampling was not entirely satisfactory since all pickers did
not have the same conception of proper size and maturity; and
also the amount of bruising from handling varied with each
plot, Size, maturity, and injury were very important
factors in determining the keeping quality of the fruit, and
in this particular year may have been responsible for a great
deal of the variability in the results. Without question,
'the sampling error is the greatest difficulty to be overcome
in work of this nature,

Testing., To measure the keeping quality, counts
were made of the number of soft and decayed berries which
developed during storage and shipping tests. A "soft" berry
was easily recognizable by its darkened appearance. Samples
of sixteen boxes of berries from each plot at two pickings
were used in these studies. These were divided into four
lots: (1) those shipped to College Park by pony express
refrigerator, (2) those hauled one-hundred miles by automo—
pile, and held for a number of days, (3) those placed in
cold storage at 35°F. and those held at prevailing

temperatures on the farm,
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A great many teste of the firmness of the berries
were made with a small nailhead plunger, one-fourth inch
in diameter, on a Magoon and Culpepper corn pressure tester,
Numerous types of plungers were experimented with, but the
nailhead appeared to be the most satisfactory. A pressure
tester eimilar in design to the Magness and Taylor pressure
tester for apples was tried also, Some differences in
firmness were found, although not consistent for various
pickinge; but these differences were not correlated with the
results of shipping and storage tests, Tests on fruit the
day after picking frequently showed increased firmness over
the tests on the day of picking. Hence the pressure tester
was not considered a true measure of shipping or keeping
quality and its use was discontinued in 1929,

Shoemaker and Greve in 1930 (88) found differences
in pressure tests of fruit from fertilizex plots, yet the
shipping quality was unaffected by treatment.

Resulis -~ Missionary Variety. A summary of the

resulte of 1928 are presented in table 48, The per cent
of sound soft, and decayed fruit in the four shipping and
holding tests were averaged, since the results in the
individual tests were practically identical as far as ftreat-
ments were concerned, Each average represents counts on
sixteen quarts of berries,

As shown by the data in table 48, none of the
different potash carriers appreciably affected the number

of decayed or soft berries developing during storage,



TABLE 48

From Fertilizer Plots at Marion.

Summary of Storage Counts of Missionary Strawberries
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600 1bs. of a 5-8-8 fertilizer, per acre.

»Each fertilizer element was applied in amounts equivalent to
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While small differences in the per cent of sound berries
were evident between treatments, they were not significant,
considering the method of sampling and the resulting varia~
bility. The average per cent of sound berries from all
plots receiving potash regardless of date of picking, was
67.1 per cent, while the similar averages for all no potash
plots was 66.2 per cent,

Summary., There is no indication in these tests
that potash fertilizers have affected the shipping quality of
Missionary strawberries.

Results -~ Gandy Varietv. The results of the

1928 tests with Gandy are summarized in table 49, Each
average represents the average of the four shipping and hold-
ing tests on a total of sixteen quarts of berries, In the
second picking, however, the truck shipment test was omitted,
so only twelve quarts are included in the averages of the
later test,

The larger size of the Gandy berries and the.
consequent fewer number per box were reflected in averages 6f
decayed and soft berries in that considerably more variability
was evident than in the Missionary variety. The nitrate
only and check plots had the greatest number of decayed berries
ip both pickings, However the other two plots which did not
receive potash, namely, phosphate only and phosphate with
nitrate of soda, did not show the same results, It is doubt=
ful then whether any of the differences between potash and no

potash treatments can be considered significant., The percent-
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TABLE 49

Summary of Storage Counts of Gandy Strawberries From
Fertilizer Plots at Marion
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» Each fertilizer element was applied in amounts equivalent to
600 pounds per acre of a 5=8«8 fertilizer,
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ages of soft berries developing during tﬁe tests varied

a great deal among treatments, and were too inconsistent

from which to draw postive conclusions, The average per

cent of sound berries from all plots receiving potash was

65.2 per cent while the no potash plots had 64.3 per cent,

The differences of 0,9 per cent is relatively unimportant,
Summary., The results of the tests with Gandy do

not show any beneficial effect of potash fertilizers on keep~

ing quality.

CHESAPEAKE VARIETY AT PARKER'S, PARSONSBURG

Description of Plots., 1In 1929 investigations were

begun on the farm of W, F. Parker near Pittsville, also a
large strawberry growing section in Maryland, The character—
istic s0il of the region was classified as Sassafras sandy
loam (30),a type which is very well adapted to strawberry
production, The matted row system of training was used,
The beds were comparatively free from weeds, and had a good
gtand of plants,

Twenty—-one rows of plants were divided into seven
plots of three rows each, Each plot covered approximately
1/30 of an acre, Fertilizer applications were made as a
top—~dressing in March of the first fruiting year. Each
fertilizer element was applied in amounts equivalent to those
in a four hundred pggngcre application of a 5-«8~5 fertilizer.
One potash fertilizer, muriate of potash, was used in combi-—

nation with nitrogen, and with nitrogen and phosphate, The
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nitrogen, and nitrogen plus phosphorus treatments,
respectively, served as checks for the treatments which
included potash, In addition two plots receiving four
hundred and six hundred pounds respectively of a commercial
5-8=5 fertilizer were included, as shown in table 50.

Since the soil was very fertile, the fertilizer elements

including nitrogen, had no appreclable influence on the

growth of plants,

Investigatione Conducted in 189239

Sampling, In order to aveid the errors in sampling
introduced by having a large number of pickers take the
samples, all sampling was done carefully by/gg;e two or
three persons each time, including the author, Each
person picked a proportionate share of the sample from
each treatment, thereby eliminating as far as possible
the error of the individual, Only berries of the same
size and maturity were taken for the samples, corresponding
in every way with the fruit the grower picked for commercial
purposes, except that the berries were of uniform size, and
entirely free from defects,. The size selected was
slightly larger than the average run of the fruit, but the
largest berries were avoided,

Testing., On May 35, the date of the first commerclal
picking on these experiments, eight quarts of fruit were
gelected from each plot, and placed in a shed where they

would be exposed to the prevailing air temperature

(60 - 70°F). Counts of the number of decayed and soft
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berries developing were made on succeeding days. On
May 237, another sample of four quarts per treatment was
picked, and hauled to College Park, a distance of one-=
hundred miles, by car, The latter samples were stored
at room temperature and inspected on succeeding days,

Results. The results of the final inspection are
presented in table 50, One of the aims in taking a
sample of eight boxes of berries, and studying each box
separately, was $0 obtain an idea of the variability ex-
isting among boxes and thereby determine the reliability
of the averages. The latter is shown in the probable
errors of the averageé of the sound fruits. In order
for one treatment to have a significantly greater number
of sound berries than another treatment, a difference of
at least three times the probable error of the difference
must be present.

As shown in table 50, the averages were quite uni-

form, and in only instance, namely, the complete ferti-

lizer treatment in the May 37 picking, were the differences

significant, This plot had a much greater percentage of
soft berries in the shipping test, though the previous
holding test showed no differences. It was noted at

the time of inspection that the boxes which were in the

bottom of the crate while they were being hauled to College

Park suffered more bruising than those in the upper layers,
and since all four boxes of the complete treatment

happened to be in the lower tier, the greater number of



TABLE 50.

Summary of 1929 Storage Counts on Chesapeake Strawberries

from Fertilizer Plots at Parker's, Parsonburg.

Picked May 25, Picked May 27,

Fertilizer : Final Inspected lay 27. 3 Inspected May 29,
Treatment.* : : : s ‘

s No. : Percent of Fruit ¢ No. Percent of Fruit

squarts: Sound :+ Decay : Soft :Quartis: Sound : Decay : Soft
NaNo., s 8 73,1 £ 1,79 & 6.7 3 20,2 1 4 :45.8 £ 1,96 : 10.9 : 43.3
N-P : B 73,0 £1.,44 ¢ 7,56 :19.56 : 4 145.,5 + 2,31 : 8.0 3 46,5
¥-KC1. T 8 76,6 £ 2,35 : 3.8 3 19.6 : 4 345,32 1,20 : 7.l 3 47.6
N-P-KC1 : 8 76,2 % 1,80 ¢ 6,0 :17.8 : 4 :31,0 & .67 ¢ 8,0 : 61,0
5-8-5(600%) : 8 :79.4 £ 1.16 : 8.8 : 1l.8 : : 2 :

* TWertilizer elements applied in amounts equivalent to those in 400 pounds
per acre application of a 5-8-5 fertilizer.



=103

8oft berries may have been due to mishandling rather than
fertilizer treatment.

Summary. Potash has not shown a beneficial effect on
keeping or shipping quality in these tests on the Chesapeake

variety.

Investigations Conducted in 1930

The beds were tarried over a second fruiting year by
the grower and the experiments were continued by repeating
the fertilizer treatments of the previous year, The
amounts of application were increased from four hundred to
8ix hundred pounds per acre, In this year nitrogen
fertilizers increased the growth of plants but potash had
no effect,

Sampling, The same method of sampling employed the
previous year was used again, Two persons selected all
the samples, for uniformity in size and maturity and free-
dom from defects,

Testing, Two tests were made in these experiments,
beginning May 26 and May 238 respectively. 8ix quarts
of berries were selected from each treatment on each
occasion and held in an open shed for later inspection.
Thfee days after picking, when the fruit was ripened
somewhat, samples from the May 26 lot were preserved for
chemical studies, to determine what effect the fertilizer

treatments might have on the carbohydrate and potassium

content of the fruit,



TABLE 51.

Summary of 1930 Storage Counts on Chesapeake Strawberries

frdm Fertilizer Plots at Parker's, Parsonburge.

Picked May 26,

: : Picked May 28,
Fertilizer : Final Inspection May 3l. : Final Inspection June 2.
reatment, * : : : :

t No. : Percent of Fruit : No. : Percent of Fruit

:Quarts: Sound : Decay : Soft :Quarts: Sound : Decay : Soft
Woz : 6 356,00 T 1,33: 7.84 3 36.16 : 6 270436 £ 4,551 4.23 ;3 32.46
Woz * KC1 : 6 155,65 £ 2,29: 6,625: 37,90 6 364,94 T 1.,85: 3,38 : 31.68
Wog + P,05 t KCl: 6 263,15 T 2.45: 9446 : 27.4 6 66,52 # 2,71: 3.11 : 30,37

| Pertilizer elements applied in amounts equivalent to those in a 600 pound per

| acre application of a 6=8~5 fertilizer.
i
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Results. The per cent of decayed and soft berries
found in the final inspections for each test on May 31 and
June 2 respectively are shown in table 51, together with the
probable errors on the per cent of sound fruit. The
chemical analyses are presented in table 53.

The picking season of 1930 was much colder than that
of 1929, As a consequence the fruit softened more slowly
and five days were required to reach the same stage of
maturity after picking as was attained the previous season
in two days. However the different treatments were remark-
able uniform in the number of decayed and soft fruits develop-
ing during storage (table 51) and none of the differences
between treatments was significant,

The sugar content (table 53) was quite variable
among treatments, The two potash treatments were not

TABLE 52

Chemical Analyses of Chesapeake Strawberries From

Fertility Plot at Parkert!s, Parsonsburg.

(Picked 5/26/30. Sampled 3/29/30. Analyses Expressed in
Percentage Dry Weight).

. \

Fertilizer ¢ Dry : Reducing:Bucrose : Total ¢! Hydro— : Pgtas—
Treatment : Weight ; Sugars ; :Sugars :lyzable : sium,
: : e . :Material.
N : 10,58 : 41,056 : 3.26 ¢ 44,31 : 7,328 : 479
N-KC1 ¢+ 10,54 ¢ 37,93 : 2,09 : 40,02 : 6,35 : ,494
N-P : 9.64 : 34,39 : 2,87 : 37.26 ¢ 7,228 ¢
N-P-KC1l 10,54 ¢ 40,37 : 2,47 : 42,74 : 6,98 : .484

e 09

consistent in their influence on these constituents and con—-

sequently one cannot conclude that the differences were due
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to treatment. The potassium content of the fruit also
has not been affected by the potash applications,
Summary. Potash applications made in the second
successive year had no infiuencé on the keeping and
shipping quality of strawberries, just as applications

made in the first year of fruiting were ineffective,

CHESAPEAKE VARIETY AT ESHAM'S, PARSONSBURG

Description of Plots, Plots were laid out on a

Chesapeake planting on the farm of R, S. Esham, which
practically adjoined that of W, F. Parker, The soil
type was Sassafras sandy loam (30). The experiment was
begun in 19239, the first fruiting year, with applications
of nitrogen, phosphorus and potassium fertilizers in
anounts equivalent to those in a four hundred pound per
acre application of a 5=8-5 fertilizer, Each plot con=
sisted of three adjoining rows and inciuded approximately
1/19 of an acre. The same treatments used on Chesapeakes
at Parkerts were repeated in this experiment (table 53),
The soil was of medium fertility and though nitrogen ferti-
lizer increased growth remarkably, potash had no effect on
the vigor of the plants,

Sampling, The same method of sampling employed in
1929 on Parker's Chesapeake planting was used, However,
‘the maximum amount of uniform fruit obtainable on a single
date from each treatment was only three quarts,

Iesting, A single holding test at prevailing

temperature was begun on May 26, The number of decayed
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and soft berries found during the two days was recorded.
Results, The results of the inspections in terms of

per cent are given in table 53. Since only three boxes of

TABLE 53

Survey of Storage Counts on Chesapeake Strawberries

From Fertilizer Plots at Esham's,

Pittsville,

Picked May 26, Inspected May 28,

Fertilizer Percent of Fruit.

Treatment.® : is t s
: No, of ¢+ Sound : Decay Soft

: _Quarts,: » : :
NaNOg : 3 1 67,9 : L7 i 30.4
NP : 3 : 69.1 : 5.3 i 25.8
F-KO1 : 3 2 73.0 : B8.8 i 20.4
N-P=KC1 : 3 : 63.3 : 7.5 i 29.2
5-8-5 (400#) : 6 i 67.1 i 4,1 i 28,8
5<g-5 (BOO#) : 4 i B7.9 1 8.4 1 33,7

*Fertilizer elements applied in amounts equivalent to those

in 400 pounds per acre application for 5-8«5 fertilizer.
fruit were available, probable errors of the averages were
not determined, However, the maximum differences in per
cent of sound berries between a potash treatment and its
check was six per cent. Even with a larger sample this
difference would not be significant,

Summsry., Potash fertilizers again proved ineffec-

tive in influencing the keeping quality of Chesapeake straw-

berries,
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PREMIER VARIETY AT ESHAM'S, PARSONSBURG

Description of Plots., This experiment was on a

planting of Premier strawberries in the same field as the
Chesapeake plots, The soil, plan of plots, amounts of
applications, and size of plots were identical in every
respect,

Investigations Conducted in 1839

Sampling and Testing. Eight quarts of berries of

uniform size and maturity were selected from each of the
treatments on May 15, These were placed in an open shed
and inspected on two succeeding days,

Results, The data taken at the final inspection of

the fruit on May 17, are presented in table 54 in terms of

TABLE 54.

Summary of 1939 Storage CGounts on Premier Straw-

berries at Esham's, Pittsville.

(Picked May 15. Inspected May 17)

e 00

Per Cent of Fruit

Fertilizer : : : :
Treatment.*: No. of: Sound : Decay @ Soft

tQuarts, 3 f
NaNO ; 8 ; 68,3 + 1.59 § 3,0 % 28,7
N-P : 8 :683 x 204: 4.1 P 37.6
N-KC1 ; 8 :68.4 £ .73:% 4.3 g 26,3
N-P~KC1 % 8 i86.4 % 3.13F 2.3 i 31.3
5~8=5 (400#) % 8 ; 54,5 T 1.94 : 5.2 : 40,3
5-8~5 (600#) : 8 i 3.8 1 1,32 : 3.0 : 44,8
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per cent. The differences between the two potash treat-
ments and their checks, N and N-P respectivel&, in the per
cent of decayed and soft fruits were well within the limits
of the probable error, The two commercial fertilizer
treatments had significantly more soft berries than any of
the other treatments, To what this detrimental effect
may be due is difficult to determine, for the other complete
fertilizer composed of nitrate of soda, superphosphate, and
muriate of potash in the same amounts did not have a similar
effect.

Summary. There is no evidence in these tests that
potash has influenced the keeping quality of Premier straw-
berries,

Investigations Conducted in 1930

The same plots of Premiers at Esham®s which were
used in 1939 were continuéd a second year, the amounts of
applications being increased from four-hundred pounds to
six hundred pounds per acre. The yield was low and the
berries were extremely small, Consequently it was 1 1
possible to obtain a suitable sample for a holding test.
However, a sample for chemical analyses was picked on May
35 and preserved on May 27, after the berries had ripened
appreciably.

The resulte of the analyses are tabulated in table
55, Since two nitrate: only samples are included, an
idea of the variability within a treatment may be obtained,

The data show that there was a greater difference in this
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TABLE 55.

Chemical Analyses of Premier Strawberries from Fertilizer Plots at

Esham, Pittsville. (Picked May 25, 1930 - Sampled May 27, 1930).

(Analyses expressed in percentage dry weight.)

Fertilizer ; Dry :Reducing: Sucrose: Total :Hydrolyzable:Potassium
Treatment., : Weight : Sugars : : Sugars : Material

N : 12.10 :: 41.50 : 11,39 : 52.89 : 6435 : «363
N : 13,98 : 38,77 : 5.89 : 44,66 : Hedd : o=
N-KC1l : 12,55 : 38409 : 8417 : 46,26 : 5.71 : «467
N-P : 11.98 : 34,89 : 7445 : 42,34 : 6.22 : o m——
N-P-KC1 : 11.92 ; 40.95 : 5495 : 464,90 : 6429 ; «370
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case within a treatment than between treatments as far as
carbohydrates were concerned. The per cent of dry weight
also varied among plotis, Undoubtedly a great deal of the
variability may be attributed to the small number of berries
which were used for each sample. The potassium analysgs
(table55) indicate that the muriate of potash treatment

had increased the potassium content of the fruit, though
when used with phosphate, the same fertilizer was ins
effective in this respect, This lack of corroboration,
together with the lack of substantiation in other varieties
indicates that the difference might be dué to error in

sampling and analysis,

PREMIER VARIETY AT HAMLIN, PITTSVILLE

Description of Pjots. An experiment was begun in

the spring of 1929 on a Premier planting on the farm of
Mr. A, J. Hamlin near Pittsville in Wicomico County. The
s80il was classified as Sassafras sandy loam type (30) but
lacked fertility. The growth of the plants was compara=—
tively weak, considering the usual vigor of the beds used
in theee experiments, and the stand of plants was only
fair, There was a marked response in growth from
nitrogen fertilizers, though potash had no effect,

The planting was divided into plots, each plot
consistihg of three adjoining rows, A plot included
approximately 1/20 of an acre. The treatments were

the same as those given the plots of Premier of Esham's,
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Parsonsburg (table 55). Each fertilizer element was
applied in amounts equivalent to those in a four~hundred
pound per acre application of a 5-8-5 fertilizer, The
80il was comparatively poor and nitrogen fertilizer in-—
cceased growth of plants markedly. Potash fertilizers
had practically no affect on either growth or yield of
plants,

Sampling, The same method of sampling used in
the other Premier studies was employed in this experiment.

Testing, A sample of four quarts per plot was
selected from five plots on May 18 and hauled to Collge
Park by auto, The fruit was inspected the following
day and the number of decayed and soft berries recorded,

Results, The data in per cent are given in table
66, together with the probable eriors. Practically no
decay had developed, though there was a fair number of
eoft berries, The difference between treatments, how-
ever, were not significant as far as potash was concerned.
The greatest percentage of sound berries was found in the
four hundred pound application of a 5-8<5 fertilizer, in
contrast to the Premier results at Esham's where this
treatment had the least number of sound berries,

Summary. Potash fertilizer again showed no
influence 6n the keeping quality of Premier strawberries,

CHESAPEAKE VARIETY AT SHOCKLEY!S, PITTSVILLE
Description of Pjots., In the spring of 1930 a

fertilizer experiment was begun on a one year old planting
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TABLE 56

Summary of 1939 Storage Counts on Premier Straw

berries From Hamlin'®s, Pittsville

(Carried 100 miles by Auto. Picked May 18. Inepect—
ed May 19). .

Per Cent of Fruit.

H
Fertilizer i : : :
Treatment.” : No. of Sound ¢+ Decay : Soft
s _Quarts : : :
NaNOg : 4 170.8 + 1.50: .8 i 28.4
N-P i 4 :70.2 % 1.47: .8 i 29,0
N-X01 : 4 1690 % 19 : .8 : 30.2
N-P~KC1 P 3 31621 % 1.37: : 37.9
5-8-5 (4004) : 3 i 78,6 .° : 1 37,4

* Fertilizer elements applied in amounts equivalent to
those in 400 pounds per acre applications of a 5-8~5
fertilizer.

of Chesapeake strawberries on the farm of Wm, Shockley near

Pittsville in Wicomico County. The soil type was Sassa-

fras sandy loam (30), The matted row beds had an exception~

ally good stand of plants, and were fairly free from weeds,

Though the land was very fertile, nitrogen fertilizers in—

creased the growth of the plants markedly. Potash ferti-

lizers on the other hand had no observable eftfect on growth
or yield.
In order to reduce soil variability to a minimum,

adjoining rows, approximately 180 feet long, were given
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different treatments, A series of five <{reatmentis,
which included a no fertvilizer treatment, nitrate of soda
only, nitrate of soda plus muriate of potash, nitrate of
soda plus superphosphate, and nitrate plus phosphate plus
muriate, was repeated five times in the experiment,

Rows 1, 6, 11, 16, etc. received tne same treatment., Each
fertilizer element was applied in amounts equivalent to
those in & 400 pound per acre application of a 5—=8-bH
fertilizer,

gampling., The same method of sampling was used in
this experiment as in the other 1930 experiments, Only
‘uniform berries of the same size and maturity, and entirely
free from defects were selected,

Testing, Ten boxes of berries were selected from
each treatment on May 28, 1930 and held on an open porch,
Inspections were made at intervals to June 2 and records
were taken on the number of decayed and soft berries develop-
ing during the test, Three days after picking samples
were taken from this lot for chemical analyses, On May
31 another sample of six boxes per treatment was selected
and held on an open porch until June 3 when they were
carried to College Park by auco, The final inspection
was made Jyne 5,

Results, The data of the final inspections are
presented in table 57, together with the probable errors

on the per cent of sound berries, The results of the



TABLE 57.

Summary of 1930 Storage Counts on Chesapeake Strawberries

from Fertilizer Plots at Shockley's, Pittsville.

Picked May 28, Picked May 31,

nilizer : Final Inspection June 2. : Final Inspection June 5.
istmente * : : : :

: No. : Percent of Fruit ¢ No. ¢ Percent of Fruit

suarts: Sound t Decay : Soft :Quarts: Sound : Decay : Soft
i3 : 10 ::61.2 % 73 : 2,9 : 35.9: 6 230,22 £ 1.94: 10.92 : 58.86
fog + XKC1 : 10 :57.8 £1.,26 : 1,8 : 40,4 : 6 :31.34 4 1.93: 10.16 : 58.50
psf P205 + 10 :59.5+ 1.0l : 2,9 : 37.6 : 6 227,87 * 1,33: 10.61 : 61.52
h"s t 1’205 + KC1: 10 61,1 £ 1,33 ¢ 3.2 ¢ 35,7 : 6 228,24 iA 3.47: 9.68 : 62.08

b
!
E

Fertilizer elements applied in amounts equivalent to those in a 400 pound per acre
application of a 5=8=5 fertilizer.
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carbohydrate and potassium determinations are given in
table 58,
TABLE 58,

Chemical Analyses of Chesapeake Strawberries From

Fertilizer Plots at Shockley!s, Pittsville.
(Picked 5/28/30, Samples 5/31/30)

Fertilizer : Dry :Reduc= :Sucrose: Total iHydros : Pobtas-
Material. : Weight ¢ ing : tSugars :lyzable: sium

: s Sugars H sMaterigl
N : 10,02 : 41.03 : 1.19 : 43.22 : 6.88 § 471
N-KC1 : 9,93 3 40,80 : B8.30 : 48,90 : 7.18 : 475
NP + O.55 : 41,35 : 5.6l : 46.98 : 7.88 ¢
N-P-KC1 % 11,31 : 38.50 § 5.62 : 44,81 : 6,81 ¢ .450

As previously stated, the picking season of 1930 was
unusually cool, and at the end of the five day holding test,
80 per cent of the berries of the first test rémained
perfectly sound. The differences between the potash
treatments and their checks (table 57) in the per cent of
sound berries were not significant, and even if they were
significant, were so small as to be practically negligible,

I, the second test (table 57) five days after pick-
ing, only 30 per cent of the berries remained sound, In
spite of this great change, the greatest difference between
the potash and the complete treatments and their checks in
the per cent of soft berries, or in the per cent of decayed

fruit was less than one per cent, This uniiformity among
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treatments indicates that the methods of sampling and
testing employed were reliable,

The data on chemical composition (table 58) resemble
the chemical studies in the previous experiments in that the
difference between treatments lack consistency. As far as
potassium is concerned one cannot say that the sugar content
of the fruit on the dry weight basis has been affécted.

The fruit from these plots contained more sucrose than the
Chesapeake berries at Parkerts though the reducing sugar
content was practically the same,

The potassium content of the fruit has not been
aftected by the treatments,

Summary. There was not the slightest indication
in this test thatpotash fertilizers have influenced the

keeping or shipping quality of the fruit.,

General Discussion

Growth and yield records taken each year on all
plots showed that the vigor of the plants had not been
affected by potash fertilizers, The so0ils on which the
experiments were located were of low, medium and high
fertility, representative of the soils used for straw-
berry growing in Maryland. Had the fertilizer increased
or decreased the size of the berry, an indirect effect of
potash on keeping quality might have resulted, since, in
general, small berries keep and ship better than large

ones., However, no differences due to treatment in
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s8ize of berries, or maturity,could be observed, Conse-
qQuently, the selected frult used in the 1939 and 1930
experiments was more or less representative of the fruit
factors

on the particular plots and no other/than fertilizer treat=-
ments need be coneidéred in drawing conclusions,

Since the results of this work are all megative
from a practical stapdpoint, that is, the potassium treat~-
ments have not influenced:the keeping or shipping quality
significantly, the question arises as to whether any
differences which could be proven significant in these
data are small enough to be considered unimportant
commerdially.' Unless that is the.case, the resulis are
practically valueless, for variability in the data might
conceal important effects of treatment. The question
can best be answered by consulting the values for the
probable errors, The average error in the per cent of
sound fruits for the 1929 and 1930 work is approximately
two per cent. Thus an eight or nine per cent difference
in a single test could be cohsidered significant, How-
ever, because of the number of duplications made in tests,
in plots, and in varieties, any difference due to treatment
greater than three per cent would be made significant in
the data by the frequency with which it would appear, From
a commercial standpoint a difference of three per cent in
the number of sound berries, the equivalent of one or two

goft berries per box, is unimportant, Therefore the
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resulte of these experiments are a fair indication of what

one should expect in actual practice on a commercial scale,

CONCLUSIONS

It is apparently safe to conclude from these extensive
studies,that at least{ under Maryland conditions, the use of
potassium fertilizers, alone or in combination with nitrogen
gnd phOSpﬁorus, does not influence the keeping or shipping
quality of strawberries, Thus it cannot be considered as
a corrective for any possible effects nitrogen fertilizers

might have on the shipping quality of the fruit,

SUMMARY

l, Rendom samples of Missionmary and Gandy straw-
berries from field plots receiving muriate of potash, sulfate
of potash, sulfate of potash magnesia, or kainit, alone or
in combination with nitrogen and phosphorus, showed practi=~
cally identical shipping and keeping qualities regardless
of treatment in 1928,

2. Selected samples of uniform fruit from Premier and
Chesapeake fertilizer plote in 1929 and 1930 had, within the
limits of error, the same number of decayed and soft berries
at the end of a holding test at prevailing temperatures,
indicating that muriate of potash, in combination with
nitrogen or nitrogen and phosphorus) does not influence
the keeping quality,

3« Observations on growth and vigor of plants showed

no effect of potash treatments in these experiments,



1] 7=

4, Sugar and potassium content of the Premier and
berries
Chesapeake/ though variable, was not correlated with potash
treatments. 5
5., Superphosphate, used with potash, also had not

affected the keeping quality of strawberries.

GENERAL CONCLUSIONS

As a result of three years study, potash fertilizers
cannot be considered as improving the shipping or keeping
quality of peaches and strawberries in Maryland, since fruit
from plots receiving potash in addition to nitrogen was no
firmer at time of picking and withstood storage in no better
condition than fruit from plots receiving nitrogen only,
Thus potash also cannot be considered as a counteractant
in overcoming any supposedly deleterious effects of
nitrogen fertilizer on the shipping or keeping quality of
peaches and strawberries,

The same conclusion is applicable to apples with the
exception of one_potash fertilizer, sulfate of potash
magnesia, A definite increase in firmness and improve-
ment in keeping quality may be attributed to this treat-
ment, though under normal moisture conditions the effect
wag of no practical significance, Muriate of potash,
sulfate of potash and kainit, on the other hand, were almost
totally ineffective,

Fruit growers who fertilize with the muriate, sulfate
or kainit potash carriers need expect no improvement in firme

ness and keeping quality of the fruit, or increases in yield



118~

and growth, under conditions similar to those in Mary-

land,
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