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GENE HERMAN OBERLY ABSTRACT

Leaf, twig and fruit samples were collected from 15 Northern Spy
trees in each of 18 orchards located in the major apple producing areas of
Michigan.

Twig samples consisting of the 1957 shoot growth were collected in
March 1958. The average length of terminal growth was measured and the
average dry weight per centimeter of growth was calculated as a basis of
twig vigor. The percent of nitrogen and potassium in the twig samples was
determined.

Leaf samples were collected in July 1958 and analyzed for nitrogen,
phosphorus, potassium, calcium, magnesium, manganese, iron, copper and
boron.

Fruit samples were collected at harvest and stored at room tem-
perature for two weeks. The samples were weighed and then evaluated for
external and internal pitting. A section was removed from the center slice
of each apple. The fruit sample was analyzed for the same nine elements
as the leaves.

The 15 tree plots in each of 16 commercial orchards were divided
into three blocks of five trees each. Five trees received one pound of boric
acid per 100 gallons of spray six weeks following full bloom. Five trees re-

ceived two applications of calcium nitrate at one pound per 100 gallons of

-



GENE HERMAN OBERLY ABSTRACT - 2

spray at four and six weeks prior to harvest. Five trees were not treated.

Analysis of variance on the percentage of fruit free of bitter pit
fo.und in the 16 commercial orchards showed there were no significant differ-
ences due to treatments. A significant difference at the one percent level
did exist between orchards. The interaction between treatments and locations
was not significant,

Correlation coefficients were -alculated by orchards for 23 measured
variables on each of 17 orchards, and 20 variables on one orchard against the
percentage of bitter pit free fruit. All variables showed a significant correla-
tion in at 1—ea‘st one or more orchards with the exception of the percent of
manganese in the leaf samples.

Correlation coefficients were calculated for 23 observations on 250
trees against the percent of bitter pit free fruit. The results showed that the
percent of bitter pit increased as the weight of the fruit increased, as the
percentages of boron and potassium in the leaves increased and as the per-
centages of boron, potassium, nitrogen and phosphorus in the fruits increased.

The percent of fruits with bitter pit decreased as the percentages of
magnesium and manganese in the leaves increased and as the percentages of
calcium and manganese in the fruits increased.

Information obtained in relation to recent changes in cultural
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practices indicates that widespread use of potassium fertilizers increased
nitrogen applications and inadequate use of lime may be responsible for
the increased occurrence of bitter pit in recent years. The relationships

found for other nutrients are probably interactions between nutrients found

in the different orchards.
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INTRODUCTION

Michigan's most important processing apple is Northern Spy

(Malus domestica Bork.). However, this variety, along with many others,

has been afflicted with a physiological disorder known as bitter pit. Apple
fruits affected with this disorder have created much additional expense
and wastage during the processing and marketing of the fruits.

Michigan produces from one to two million bushels of Northern

Spy apples each year. According to data obtained from Cherry Growers

Incorporated (13), who purchase a large volume of Northern Spy apples

for processing, the percentage of apples with some form of bitter pit varies
from about one percent for some growers to about thirty-three percent for
other growers. The average percentage of apples showing bitter pit for
all growers was about 8.5 percent. It has been estimated that when
Michigan produces a crop of 900, 000 bushels of Northern Spy apples,
about 76, 500 bushels are lost each year due to bitter pit.

The purpose of this study was to determine the relationship of

mineral nutrition to the development of bitter pit in Northern Spy apples.



LITERATURE REVIEW

According to Carne (9) tl;le first unmistakable reference in the
literature to bitter pit was made by Jaeger in 1869.

Cobb (14) stated in 1895, "I would suggest that the name bitter
pit is one very suitable for the disease. It has received no common name
up to this date so far as I know."” Cobb (14) reported that he had known
and observed the disorder for about 20 years prior to his publication.

Bitter pit is known by many different common names. In Germany
the disorder is referred to as Stippen, Stippenflecke, Stippfleck, Stippig-

heit, Stippigwerden and Stippigfleckigheit. Throughout the United States,

Great Britian, Canada, Australia, South Africa and New Zealand, the disorder

is called bitter pit, Baldwin spot, tree pit or fruit spot. A Latin name has
not been given to the disorder.

Cobb (14) and Gourley and Howlett {24) reported that the pits were
bitter to taste. Heinicke {27) observed that it was only the old pits which
were bitter and that the newly formed pits did not have the characteristic
bitterness.

Bitter pit should not be confused with other corky diseases of apples.

Hill (29) and Smock (42) described the histological characteristics of the

disorder. The first external symptom appears as slightly discolored spots



on the epidermis of the fruit. On yellow apples the spots are a darker green
than the surrounding color and on red apples the spots are a deeper red.
The external symptoms may or may not appear on the fruits which are
affected with the disorder. It is necessary to slice through the apple to
detect the presence of the disorder when the pits occur below the hypodermal
layer of the fruit.

According to Smock (42) the disorder may be characterized by
small brown spots or streaks in the flesh of the fruit. The early stages
of development may be detected by a collapse of the cell wall of a group of
cells beneath the hypodermal layers of the fruit. As the disorder develops,
the cell walls not only continue to collapse, but may become torn. Between
the cell walls may be observed starch grains which remain for the life of
the fruit. As the pits develop, the cells may become dry in apzearance.
Smith (40) considered the drying out of the cells to be the result and not
the cause of the disorder.

Rose et al. (38) listed the varieties which were most susceptible
to bitter pit as Baldwin, Northern Spy, Rhode Island Greening, Yellow
Newtown, York Imperial, Rohe Beauty, Winter Banana, Stayman, Arkansas
(Mammoth Black Twig), Arkansas Black, Delicious and Gravenstein.

Cobb (14) reported that the late varieties were more susceptible to
bitter pit than the early or mid-season varieties. The late season varieties

which were more acid appeared more susceptible.



Many theories have been proposed as to the cause of bitter pit.
McAlpin (34) proposed the theory that the disorder was due to a rupturing
of the vascular net work.

Herbert (28) in his investigations proposed the crushed cell theory.
The crushed cell theory was based on the following observations:

"A. Sunken spots constitute the first external symptom.
B. The skin is intact over the pitted area.
C. The vascular bundles frequently extend through a pit
spot and supply normal tissue beyond.
D. Starch is present in the pit cells.
E. The tensile strength of cellulose is sufficient to eliminate
the possibility of bursting. ™

Herbert (28) also reported that individual cells of the flesh of an
apple would not burst when placed in water. Also, if the disorder was
caused by rupturing of the vascular system, the epidermis should burst or
at least form a bump instead of a depression.

Smock (43) could show no indication that the pits were assoctated
with the vascular bundles in the flesh of the apple. A vascular bundle was
always close to a pit in the apple. However, the presence of numerous
vascular bundles in the periphery of the fruit would make it very difficult
to find a pit which would not be adjacent to a vascular bundle.

Many persons have advanced theories, in one way or another, that

the collapse of the cells was caused by a water stress. Darnel-Smith (19)

submitted the theory that pitting may be due to a water stress as a result



of either a loss of water which could increase the cell sap concentration
of acids and kill the cells, or a rupturing of the cells due to an excess of
water.

Chandler (12) reports that under drought conditions the cell sap
of the leaves had a higher concentration than the cells of green fruits.
Under these conditions the osmotic flow would be from the fruits to the
leaves. Smock (43) found that by ringing limbs, the osmotic value of the
leaves could be increased proportionally more than the osmotic value of
the fruit. By partial girdling of the fruit stem, Smock (43) found the
fruits were more susceptible to bitter pit. This technique presumably
increased the osmotic value of the leaves to more than that of the fruits.

Glssow (25) reported that Wortman in 1892 concluded the malady
to be due to a superabundance of an acid in the apple, which was caused
by a shortage of water during the dry years. The susceptibility for apples
to form bitter pit appeared o increase, according to Carne (8) when the
acid distribution within the fruit became uneven.

Carne (8) concluded that the cause of bitter pit was due to excessive
transpiration from the surface of the fruit. The loss of water from the
surface of the fruit caused an osmotic gradient to be established which
pulled water from the starch filled cells, causing the cells to become

plasmolized. Rigg and Tiller (37) also found that bitter pit was more



severe under conditions of excessive transpiration. Heinicke (27) noted
that the affected fruits were ones which would also be first affected if the
water supply was to become limited.

Britton et al. (4) concluded that the seasonal weather conditions
exerted an important influence on the development of bitter pit. The cli-
matic conditions were also noted by Hutton (31) as being an important
factor in the development of the disorder. This was particularly true if
high temperatures, low humidity and a fluxuating soil moisture occurred
at the time the fruit commenced to mature.

Hill (29) noted bitter pit to be more severe on shallow soils during
years of low rainfall, Brooks and Fisher (5) reported the disorder varied
with the water holding capacity of the soil, particularly the sub-soil. The
disorder was most severe when the soil moisture was limited.

Cummings (16) found bitter pit to be just as prevalent on irrigated
soils as non-irrigated soils. Hill (29) could not associate bitter pit with
soil moisture. Several workers (16, 18, 38, 40) reported that heavy rain-
fall during the growing season increased bitter pit more than when the
season was dry.

The maturity and sugar content of apple fruits were affected by
temperature treatments according to Smock (41). Limbs of individual

trees and not whole trees were vs<ed for this study. Under these conditions



there were no differences in the percentage of bitter pit due to the different
temperature treatments.

Cummings (17) concluded that bitter pit was a climatic and water
loss disease for which there was no control.

Cobb (14) in 1895 could show no evidence that bitter pit was due to
a fungus. However, he recommended removal of the tree if the disorder
persisted for two years.

According to Carne et al. (10), Attanasoff's virus theory was based
on preliminary work done by McAlpine in 1913. McAlpine had taken bud
wood from a tree which had been producing bitter pit apples and from a
tree supposedly free of bitter pit. The scions were then grafted on trees
free of bitter pit. The tree which had been used for bitter pit free scion
wood in 1913 had 67 percent pitted fruits in 1914. Other workers (7, 26, 38)
have confirmed Carne's report that bitter pit was non-parasitic.

Darnell-Smith (19} concluded, from studies with different apple
varieties and rootstock combinations, that the stock had no effect on the
expression of bitter pit, and that it was the nature of the scion which be-
came the determining factor.

Young trees bearing a light crop of apples may create conditions
which favor the development of bitter pit (4, 24, 31, 34). Palmer (36) re-

ported that a light crop appeared to be very susceptible to pitting if it had



been preceded by a heavy crop. However, Palmer (36) elucidated further
by stating that the susceptability to pitting could be reduced by allowing the
fruit to mature for a longer period on the tree before it was harvested.

A crop of large apples, according to several workers (8, 19, 24, 35)
have a greater percentage of the fruits pitted than a crop of small apples.
This was true, particularly in the case of fruits which had been growing
rapidly because of excessive pruning or fruit thinning.

The position of the apple on the fruiting spur has been reported by
Heinicke (27) and confirmed by others (8, 24) to be an important factor in
the development of bitter pit. Heinicke (27) observed four conditions re-
garding the position of the apple on the spur and position of the spur to the
limb in the development of bitte1; pit.

1. On adjacent spurs, terminal fruits without lateral
fruits showed less bitter pit than terminal fruits with
lateral fruits.

2. On adjacent spurs, single terminal fruits without
lateral fruits showed less bitter pit than single lateral

fruits without terminal fruits.

3. Basal spurs showed more bitter pit than spurs towards
the terminal portion of the limb.

4. Vigorous spurs originating on the upper surface of the
limb had less bitter pit than weak hanging spurs.

Heinicke (27) substantiated his observations on the basis of the

percentage of good seed in the apples. He reported that lateral apples



required a larger percentage of good seeds than a terminal apple if they
were both on the same spur. Heinicke (27) found that apples with a low
percentage of good seeds were more inclined to be pitted than apples
with a high percentage of good seeds.

Smock (42) found somewhat different results. On‘unthinned limbs,
the lateral fruits of a cluster were more likely to show bitter pit than
terminal fruits.

According to Smock (42) when limbs were shaded during the grow-
ing season, the percentage of pitted apples was less than on limbs exposed
to sunlight.

Cobb (14) noted the presence of starch grains in the pitted area
and wrote:

"The cells of the spongy brown mass still contains starch
grains, and if the apple ripens as well as it can under
the circumstances, it will be found that the cells adjacent
to the bitter pit, and which are not turned brown, ripen,
i.e., their starch is converted into other substances as
is usual in ripening fruit.™

Carne (9, 11) observed the starch grains in the pitted area and
theorized that they must have an important bearing on bitter pit develop-
ment. He reported that the more irregularly the starch was hydrolyzed

in an apple the more susceptible it was to bitter pit.

Darnell-Smith (19) concluded that the susceptibility of an apple to



pitting, was determined while the apples were still on the tree and before
the starch had been hydrolyzed to sugar.

Smock (43) detected starch grains in both the healthy tissue and the
necrotic tissue. Starch grains were also found between the collapsed cell
walls. Smock (43) suggested that perhaps the starch grains were the re-
sult of the disorder, and not the causal agent.

Most persons who have studied the bitter pit problem appear to be
in agreement as to the stage of maturity at which the apples should be har-
vested. Apples harvested at an immature state are more likely to develop
bitter pit than fully mature fruits (1, 4, 5, 7,l8, 11, 24, 31, 35, 36, 38, 40).

Attempts have been made to differentiate between the pits which
occur on the tree and those which occurred after the fruit had been placed
in storage.

Biinemann (6) detected starch grains in the preharvest pits with an
iodine test, but could not detect the starch grains in the pits which had

developed while the fruit was in storage. Smock (43) could show no differ-

ences between the pits which developed in storage and those which developed

prior to storage.
Prompt storage at 32*F after harvest (4, 24, 31, 40) reduced the per-
centage of post-harvest bitter pit. However, according to Gourley and

Howlett (24), placing the apples in cold storage only delayed the expression

10.



of bitter pit, because bitter pit developed after the fruit had been removed
from the storage.

Smock (42) reported that controlled atmospheric storage may delay
the appearance of bitter pit, however it did not reduce the percentage of
affected fruits. Smock (42) also found that a high relative humidity in the
storage helped to retard the rate of development of bitter pit in apples.

Allen (1) added ethylene gas to a cold storage room in order to
increase the rate of respiration of the apples. It was reported that the
increased rate of respiration may have reduced the perce‘ntage of bitter
pit, but that the results were not conclusive.

Smock (42) reported that California Gravenstein, Northern Spy
and Baldwin apples which had been dipped in certain wax emulsions did
not develop bitter pit as rapidly as untreated fruits. When shredded
oiled paper was added to the containers with the apples, there appeared
to be an increase in the percentage of fruits which became pitted. Smock
(41) explained this increase as being an indirect effect caused by a lower-
ing of the relative humidity surrounding the apples.

Mulching with hay increased the yield of apples, according to
Butler and Dunn (7), but had no effect upon the percentage of fruits which
had bitter pit.

The theory that bitter pit may be caused by an unbalanced nutri-

11.
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tional condition is shared by many persons (7, 16, 18, 20, 22, 23, 24, 29, 38,
42, 46, 47).

Hill (29) associated bitter pit with high vigor, particularly when
high nitrogen symptoms existed. Heinicke (27) found contradictory results.
When one-half of a tree was fertilized with sodium nitrate, the side of the
tree receiving the fertilizer had less bitter pit than the side of the tree
which received no fertilizer.

Butler and Dunn (10) reported that nitrogen and potassium increased
bitter pit, while phosphate decreased bitter pit. It was reported also that
sulfur and phosphorus tend to counteract the effects brought about by nitro-
gen and potassium.

Van Schreven (44) reported that apples with bitter pit contained
a higher content of nitrogen, phosphorus and potassium than apples without
the disorder.

Ross and others (38) stated that the presence of a high concentra-
tion of certain salts in tﬁe irrigation water caused pits in apples which resembled
bitter pit. They reported that, in the Pacific Northwest, high concentrations
of magnesium sulfate may cause a type of pitting to occur.

DeLong (21) found low levels of calcium in the fruit to be associated
with an increase in the percentage of fruit which had bitter pit. Garman and

Mathis (23) also found that calcium may be the critical element in the develop-
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ment of Baldwin spot in Connecticut. They reported a very definite positive
correlation between the ratio of the calcium content of the leaves divided by the
calcium content of the fruit and an increase in the percentage of pitted apples.
Several persons (7, 23, 35, 46, 47) could show no relationship between
bitter pit and boron. However, boron was effective in all reported studies
for the control of drought spot and corky core. Dunlap and Thompson (22)
reported that heavy boron applications at blossom time and at petal fall
were effective in controlling bitter pit disorders on York Imperial apples in
Maryland.
Van Stuivenberg and Pouwar (45) reported effective control of
bitter pit in the variety Notaris, in Holland, by applying borax sprays during
mid-July. They also found that the same results could be obtained by apply-
ing B-indolylacetic acid in July.
Woodbridge (47) reported that the boron content of apple twigs
was lower on trees which had the disorder than on trees which were not

affected.
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MATERIALS AND METHODS

A preliminary study, to test the effectiveness of calcium nitrate
sprays for the control of bitter pit, was initiated on 29 Northern Spy
apple trees in the Rogers Incorporated orchard located near Honor,
Michigan, during the 1957 growing season.

An immature fruit sample was collected from each of 18 trees
during July, 1957. The samples were weighed and the weight per apple
was calculated to the nearest one-tenth of a gram. A section was re-
moved from each apple in the samples to form a composite fruit sample
from each tree for a chemical analysis.

The 18 fruit samples were oven dried at 160*F for two days and
then ground in a Wiley mill with a 20 mesh screen. The ground samples
were placed in screw cap bottles, stored and later analyzed.

Two applications of calcium nitrate at the rate of one pound per
100 gallons of spray were made by the owner to trees in a block near those
from which the green fruit samples had been collected. The applications
were made approximately four and six weeks prior to harvest, following
the recommendations of Garman and Mathis (23).

Mature fruit samples, consisting of 25 fruits, were collected from

each of the 29 trees (18 untreated and 11 treated) on October 10, 1957.



The samples were held in a heated shed at the Horticultural farm in
polyethylene lined boxes until November 1, 1957.

The ripe fruit samples were weighed and the average weight per
fruit was calculated to the nearest one-tenth gram.

The apples were then examined for external pit symptoms and
the number of affected fruits were recorded. The apples were then cut
into approximately one-fourth inch slices and examined for internal pitting,
the number of affected fruits were recorded.

A section was removed from each of the 25 ripe fruits collected
from each tree and composited to form a ripe fruit sample for a chemical
analysis.

’I‘he composite samples were weighed and then oven dried at 160°'C
for three days. After drying, the samples were reweighed and the per-
centages of moisture of the samples were calculated.

The dried fresh fruit samples were then ground in a Wiley mill
with a 20 mesh screen and placed in. screw cap bottles.

Both the green and ripe fruit samples were analyzed for nine mineral
elements. Nitrogen was determined by the Kjeldahl method, using a one
gram aliquot of the sample. Potassium was determined by the flame-

photometer according to the proceedure outlined by the Association of

Official Agricultural Chemists (2). Borom, calcium, copper, iron,

15.
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magnesium, manganese and phosphorus were determined spectrographi-
cally according to the method of the Association of Official Agricultural
Chemists (3), with a modification whereby the solution was placed on a
flat polished electrode instead of a graphite-filled electrode.

Eighteen orchards were selected for a more comprehensive study
during 1958. Ten trees were selected from the variety-fertilizer trial
block at the Michigan State University Horticultural farm, East Lansing,
Michigan, 20 trees selected from a Northern Spy fertilizer block on the
Graham Experiment Station, Grand Rapids, Michigan, and 15 trees in
each of 16 commercial orchards located in the major apple producing
areas of central and northern Michigan.

The 16 commercial orchards were selected from a grower list

furnished by the Cherry Growers Incorporated (13). Three years data

had been compiled from the processing records, showing the percentage
of bitter pit found in each orchard where fruit had been purchased. By

the use of these data it was possible to select orchards which had previous
records of high and low percentages of bitter pit. In the selection of the
orchrds, age of the trees, vigor of the trees and location within the State
were given consideration. The selections were made to provide a wide
range in the occurrence of bitter pit between orchards and between major

fruit producing areas.



Twig samples, consisting of about 15 to 20 shoots of the preceding
year's growth, were collected from all trees, except the 20 trees located
at the Graham Station. The twig samples were collected from about
shoulder height (5 feet) around the periphery of the tree. The length of
each twig was measured to the nearest one-half centimeter and the aver-
age length of the twigs for each tree calculated.

The twigs were oven dried at 160°F for three days and weighed
on a torsion balance to the nearest one-half gram. The average weight
per centimeter of growth was calculated on a dried weight basis as a
means of evaluating twig vigor. The twigs were then ground in a Wiley
mill with a 20 mesh screen and placed in screw cap bottles.

The twig samples were analyzed chemically for nitrogen by the

Kjeldahl method and potassium by the flamephotometer (2).

In cooperation with the Cherry Growers Incorporated (13), a ques-
tionnaire (see appendix) was sent to about 200 commercial apple growers

in Michigan. The purpose of the questionnaire was to obtain information

concerning the orchard management practices, soil management practices,

fertilization program and spray program for the years 1956, 1957 and 1958.
Boron spray treatments at the rate of one pound of boric acid per
100 gallons of spray were made to five of the fifteen trees in the commer-

cial orchards. The boron treatments were applied from ]ul‘y 8 to 15, 1958.

17.
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Calcium nitrate spray applications were made to five of the fifteen
trees in the sixteen commercial orchards, and to ten of the twenty trees
located at the Graham Experiment Station. Two applications of one pound
of calcium nitrate per 100 gallons of spray were made four and six weeks
prior to harvest. The time of application for each major fruit area varied
to correspond with the differences in the harvest dates.

Leaf samples were collected from around the periphery of each
tree in the 18 orchards. Mature leaves, which were about midway between
the base of the shoot and the terminal leaf and free of insect or disease
damage, were selected. The leaf samples were collected from July 28
to August 6, 1938,

The apple leaf samples were washed in an aqueous solution, using
Dreft as the detergent, rinsed in tap water and in distilled water. The
leaves were oven dried at 160°F for two days and ground in a Wiley mill
with a 20 mesh screen. The ground samples were placed in two ounce
screw cap bottles.

The ground leaf samples were analyzed for the same nine elements
and in the same manner as the green fruit samples which were previously
described.

Mature fruit samples were collected from October 7 to 16, 1958.

Fifty fruits were collected from around the periphery of the tree at about
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the height of five feet. An attempt was made (o select fruits which were
representative of the majority of the fruits on the tree. The harvested
samples were then taken to East Lansing and stored in one of the food
technology laboratories at about 72°F.

Two weeks after harvest, 40 apples were selected from each of
the 270 samples. The 40 apples were weighed and the average weight per
apple was calculated.

Each apple was then examined for external pitting and scored on
the following basis:

0--no observed pits.

1--one to several scattered pits.
2--many pits in a localized area.
3--many pits covering the fruit.

The apples were then sliced with a commercial french fry potato
cutter, with the cross blades removed. The apples were individually
scored for internal pits on the following basis:

0--no observed pits.

1--pits occurring only beneath the hypodermis.

2--pits occurring beneath the hypodermis and scattered
pits in the flesh of the apple.

3--heavily pitted throughout the flesh of the apple.



A wedge was removed from the center slice ofeach apple and the
40 wedges were composited to form a fruit sample for a chemical analysis.

The ripe apple fruit samples were pléced in cheese cloth bags and

‘oven dried for two weeks at 160°F. The dried apple fruit samples were
then placed in four ounce screw-cap bottles and stored. At the time the
samples were to be analyzed, the bottles containing the samples were
pla.c,ed in a drying oven and re-dried [or two days at 160°F. The sample_s
were then emptied into a Wiley mill and ground through a 20 mesh screen.
The samples were collected in the same bottles in which they were driéd,
sealed with Saran wrap and re -capped.

Aliquots were taken from the ground sample for nitrogen, potassium
and spectrographic determinations without re-drying the sample. There
was no caking of the ground sample. One gram samples were used for
nitrogen determinations by the Kjeldahl method, one-half gram samples for
potassium by the flame photometer (2) and one-half gram samples for the
spectrographic analysis (15) for boron, calcium, copper, iron, magnesium,
manganese and phosphorous.

The data obtained from this study were statistically analyzed by using
the Michigan State University Electronic Digital Computér. Analysis of
variance was calculated for the percent bitter pit, using a split plot design.

Correlation coefficients were calculated for 24 observations on each tree

20.



on an orchard basis, and then on an overall problem with 250 individual,
thus making a total of 5, 700 correlation determinations of correlation

coefficients.

21.
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RESULTS

Preliminary Studies - 1957

It was found that the treated trees had an average of 14. 95 percent
internal pitting, while the non-treated trees had 23. 67 percent internal
pitting. The analysis of variance, as shown in Table I, for the 1957 data
showed no significant difference between the amount of bitter pit on the

trees sprayed with calcium nitrate and those which were not sprayed.

TABLE 1

Analysis of Variance for Percent Bitter Pit Apples on 11 Trees Sprayed with
Calcium Nitrate and 18 Non-treated Trees, 1957*

Source of d. f. Sum of Variance P
Variation Squares

Total 23 9, 841

Between treatments 1 513 513 1. 50 NS
Within treatments 27 9, 228 342

“Table 1 of the Appendix presents the data for the above statistical
analysis.
Results obtained from the studies (Table II) indicated that the weight
of the apples was correlated to the percentage of bitter pit free fruits.
The concentration of calcium in both the green and mature fruits was

less than the minimum amount which could be measured spectrographically (3).



TABLE 1I

Correlation of the Percentage of Bitter Pit Fruit with Weight of Green and
Ripe Fruits, Percent Dry Weight of Ripe Fruit and Mineral Composi-
tion of Ripe and Green Fruits, 1957

Correlation coefficients
Factors measured

29 trees 18 trees

Average weight of ripe fruit -. 493%* -. 347
Percent dry weight of sample +. 131 +.179
Composition of ripe fruit....Boron +.023 +.400
Copper +.018 +.315

Iron +.226 +. 426

Potassium -. 349 -. 328

Magne sium +.291 +. 368

Manganese +.114 +.114

Nitrogen -. 273 -. 246

Phosphorus -. 186 -. 053

Average weight - green fruit -. 116
Composition of green fruit...Boron +.216
Copper +.403

Iron +. 287

Potassium -. 003

Magnesium +.214

Manganese +. 038

Nitrogen -. 028

Phosphorus -. 196

**Significant at the 1 percent level.



Therefore, the values obtained for calcium were often an estimate, rather
than being a quantitative determination. Several correlation coefficients

approached significance, thus justifying a more intensive study in

1958.

Orchard Survey - 1958

An evaluation of the survey sheets on cultural practices, which
were returned by the commercial growers, failed to indicate any particular
feature of orchard management practice that was consistently related to
high percentage of bitter pit in some orchards and not in others.

The mean for all orchards (Table III) showed that there was 93. 7
percent of fruit free from bitter pit. Analysis of variance (Table IV),
computed on a split plot design, showed that the boron and calcium nitrate
treatments had no significant effect on the percentage of bitter pit free
fruits*. A significant difference, in the occurrence of bitter pit, at the one
percent level was shown to exist.between orchards. The interaction between
orchards and treatments was not significant.

Correlation coefficients were calculated to show the relationship bet-
ween fruit free of bitt.er pit and 19 observations on each of 20 trees located
at the Michigan State University Graham Experiment Station, 23 observa-

tions for each of 15.trees in the 16 commercial orchards and 10 trees at

the Michigan State University Horticultural farm (Table V).

*The percentages of fruit free of bitter pit was used for all statistical analysis

in order to remove all zero values from the data.
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TABLE III

Percent of Fruit Free of Bitter Pit by Treatments and Orchards. Average
of Five Single Tree Replicates

Orchard Spray

; _ Check Average
No. Boron Calcium Nitrate

1. 91.0 94. 5 90.5 92.0

2. 96. 5 98.0 98.5 97.7
3. 93.5 97.5 95.5 95.5

4. 95.5 96. 5 97.0 96.3

S. 84. 4 88.0 91.0 87.8

6. 96. 5 98.5 97.5 97.5

7. 97.5 99.5 80.0 92.3

8. 99.5 99. 5 99.5 99.5

9. 86.5 79.0 89.0 84.8
10. 94.0 88.5 92.0 91.5
11. 100. 0 93.5 100. 0 97.8
12. 94.5 95.0 97.5 95. 7
13. 97.5 100. 0 99.5 99.0
14. 98.0 97.0 99.5 98. 2
15. 80.5 80.0 78.7 79.7
16. 89.0 97.5 95.0 93. 8
Average 93. 4 93.9 93.8 93.7




TABLE IV

Analysis of Variance: Percentage Fruit Free of Bitter
3 Treatments at

16 Locations—=

}Dit; 5 Tree Replicates,

. Sum of _
Source Variation D. f. Squares Variance F
Replications 4 31, 075
Treatments 2 1, 089 555 0.041
Error (A) 8 107, 497 13, 442
Locations 15 691, 046 46, 069 3.888%*
Treatments x locations 30 210, 783 7,030 0. 593
Error (B) 180 2,131, 989 11, 849
Total 239 3,173, 482

**Significant at the one percent level.

l’Zl"able 2 of the Appendix presents all the data for the 1958 statistical

analysis.
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Correlation coefficients were also calculated for an overall evaluation
of the relationship between the percentage of fruit free of bitter pit and the 23
observations taken on 250 trees located in the different orchards (Table V).

The correlation coefficients for individual orchards showed that the
percentage of fruit free of bitter pit was related significantly to all of the 23
variables except leaf manganese. The relationship was significant in one,
two or three orchards, but not more than three orchards for any one variable.
Both positive and negative correlations were found for the average length of
twigs, twig vigor and the percentage of magnesium, manganese and phosphorous
in the fruit samples, depending upon location.

When all of the locations were used to determine an over-all relation-
ship of bitter pit to the different variables, significant correlation coefficients
were found for 11 variables.

Significant negative relationships were found for weight of fruit, leaf
potassium; leaf boron, fruit nitrogen, fruit phosphorus, fruit potassium, and
fruit boron. These relationships indicated that the percentage of fruit free
from bitter pit decreased as the levels of these variables increased.
Conversely, as the levels of these variables increased the percent of fruit
affected with bitter pit would increase.

Significant positive relationships were found for leaf magnesium, leaf

manganese, fruit calcium, and fruit manganese. These relationships indicated

29.



30.

that the percentage of fruit free from bitter pit would increase as the levels
of these variables increased. Conversely, as the levels of these variables
increased, the percent of fruit affected with bitter pit would decrease.

Means for each of the 24 observations were calculated for each orchard.
The orchard means were arranged in descending order, from the highest to
the lowest mean percentage of fruit free of bitter pit. As shown in Table VI,
the orchards were divided according to the percentage of fruit fr;ze of bitter pit
into three groups of six orchards each. The group averages for the percentage
of fruit free of bitter pit were compared to the group averages for each of the
11 factors which were found to be correlated to the percent of fruit free of
bitter pit at the one percent level.

The average weight of fruit varied from 167 grams for the high group
to 186 grams for the medium group and 185 grams for the low group. The
negative relationship of the average fruit weight to the average percentage of
fruit free of bitter pit is shown in Figure 1.

The average percent boron in the apple leaves was . 0029 for the high
group and . 0029 for the medium group. However, the low bitter pit free
group increased to . 0031 percent boron, as shown in Figure 4.

The other nine factors, which were shown by correlation coefficients

to be related to bitter pit, followed a general pattern. High levels of calcium

in the fruits, magnesium in the leaves, manganese in both leaves and fruits
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Figure 1

Average percent of fruit free of bitter pit as affected by the average
weight of fruit. (Data presented in Table VI. Values are rounded to

the nearest whole number)



33.

1Ty eexy 47d J0997d % 1°88 .
aTnay eoay 9Td 20947d § L°96 X
1Ry ooy 31d J09914 ¥ 8°86 N

swedd - 4TIII JO *M °AY
G6T SBT SLT  S9T  SST ST €T

AN XX A RN N L AHN
...... 0000000200000 %00 %00 %0 % %0 %0 %0 %0 %% %,

00004

T oam3t4



34.

was correlated to bitter pit free fruit. The relationships of these four ele-
ments to bitter pit free fruit are in Figures 2, 3, 8 and 9. With all four
factors, the high group of bitter pit free fruit and the highest levels, the medium
group had levels approximately midway between the high and low groups, and
the low group had the lowest levels.

Low levels of boron 1n the fruits (Figure 5), potassium in leaves and
fruits (Figures 6 and 7), nitrogen in the fruits (Figure 10), and phosphate in
the fruits (Figure 11) which were shown by correlation coefficients to be asso-
ciated with a high percentage of bitter pit free fruit, also followed a general
pattern. The high group of bitter pit free iruit had the lowest level with all
five factors. The low group had the highest levels and the medium group, with
the exception of leaf potassium, had levels about midway between the high and
low groups. Leaf potassium showed a considerable increase between the
medium and low level of bitter pit free fruit. .

Shear, Crane and Myers (39) reported that when the proportion of

magnesium to boron in the leaves of tung trees (Aleurites fordii Hemsl) became

low, boron toxicity occurred.

In the leaf samples, neither the boron content or the ratio of magnesium
to boron were such as to suspect boron toxicity. However, in the fruit samples,
the ratio between the percentage of magnesium and the percentage of boron

decreased as the percentage of bitter pit increased. The ratios obtained by



Figure 2
Average percent of fruit free of bitter pit as affected by the average
percent of calcium in the fruits. (Data presented in Table VI. Values

are rounded to the nearest second decimal)

Figure 3
Average percent of fruit free of bitter pit as affected by the average
percent of magnesium in the leaves. ( Data presented in Table VI.

Values are rounded to the nearest second decimal)
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Figure 4
Average percent of fruit free of bitter pit as affected by the average
percent of boron in the leaves. (Data presented in Table VI. Values

are rounded to the nearest whole number)

Figure 5
Average percent of fruit free of bitter pit as affected by the average
percent of boron in the fruits. (Data presented in Table VI. Values

are rounded to the nearest whole number)
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Figure 6
Average percent of fruit free of bitter pit as affected by the per-
cent of potassium in the leaves. (Data presented in Table VL

Values rounded to the nearest second decimal)

Figure 7
Average percent of fruit free of bitter pit as affected by the per-
cent of potassium in the fruifs. (Data presented in Table VL

Values rounded to the nearest second decimal)
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Figure 8
Average percent of fruit free of bitter pit as affected by the average
percent of manganese in the leaves. (Data presented in Table VL

Values are rounded to the nearest whole number)

Figure 9
Average percent of fruit free of bitter pit as affected by the average
percent of manganese in the fruits. Data presented in Table VI.

Values are rounded to the nearest whole number)
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Figure 10
Average percent of fruit free of bitter pit as affected by the average
percent of nitrogen in the fruits. (Data are presented in Table VI.

Values are rounded to the nearest second decimal)

Figure 11
Average percent of fruit free of bitter pit as affected by the average
percent of phosphorus in the fruits. Data are presented in Table VI.

Values are rounded to the nearest second decimal)
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dividing the percent of magnesium by the percent boron gave values of 20. 8,
18.6, 15.4 for the low, medium and high percent bitter pit groups, respec-
tively. These values, according to Shear, Crane and Myers (39) would have
produced slight boron toxicity symptoms on the tung trees.

Although the boron content of the Northern Spy apple leaves did not
appear to be in excess or deficiency, when the boron content of the fruit
greatly exceeded the boron content of the leaves, there appeared to be an
increase in the percentage of pitted apples.

Dunlap and Thompson (22) reported effective control, of what they
called bitter pit in Maryland, on the York Imperial variety. They used
heavy applications of Solubor during full bloom and at petal fall.

Boron applications applied during the later stages of fruit development
did not significantly decrease or increase the percentage of pitted apples.
However, higher boron levels may be required during the early stages of
seed formation and fruit development than may be required during the periods
of fruit enlargment and maturat.ion. Therefore, boron applications made

later in the season may be ineffective in altering the occurrence of bitter

pit.
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DISCUSSION

Of the 23 factors, which were studied as a possibility of having an in-
fluence on he development of bitter pit, the percentage of manganese found
in the leaf samples was the only factor which did not correlate with bitter
pit development in at least one or more orchards. These findings help to
explain some of the discrepancies which are found in the literature.

Studies confined to a single orchard may not agree with the finding of
a larger population. For example, the entire population of the 18 orchards
showed a significant relationship between the occurrence of bitter pit and
leaf manganese. However, no one orchard showed such a relationship.

The possibility of forecasting the occurrence of bitter pit from leaf,
fruit or twig analysis would appear to be relatively remote. However, the
relationships found for the entire population suggest that the occurrence
of bitter pit may be related to nutritional conditions. The best method of
assessing the nutritional factor is not immediately apparent. Consideration
of the relative level of nutrition in individual orchards will be necessary to
more accurately diagnose the factor or factors influencing bitter pit develop-
ment.

Throughout the literature, references were made to boron as being
effective in the control of other corky disorders, without having an effect on

the control of bitter pit.
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Results from this study indicate that high levels of boron in the leaf
Oor mature fruit tissue may increase the tendency for Northern Spy apples
to pit.

Boron appears to function in certain enzymatic systems as a catalyst or
reaction regulator. When boron is in either excess or is deficient, necrotic
areas appear in the flesh of the fruit. Because of the similarity in appear-
ance between bitter pit and other physiological disorders, most of the re-
search has been with the addition of boron in an attempt to correct the dis-
order.

High levels of phosphorus in the flesh of the apple appeared to increase
the percentage of pitted fruits.

Phosphorus is essential for the formation of nucleic acids, lecithin
and nucleo-proteins. Phosphorus is also very essential in the respiratory
processes involving high energy phosphate bonds. If the respiratory pro-
cesses were increased, collapse of the cell wall could possibly occur. It
would then be necessary to establish whether the high phosphorus levels
increased the rates of respiration, or the increased rate of respiration brought
about the high phosphorus levels.

Although leaf nitrogen did not appear to have an effect on the percentage
of bitter pit, the amount of nitrogen in the flesh of the apple apparently did

increase the percentage of pitted apples. As the percent of nitrogen increased
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in the apple flesh, the percentage of pitted apples also increased. Excessive
nitrogen levels in the fruit has a tendency to reduce the soluble solids and
help create a large soft fruit, with a short storage life. The high nitrogen
values found in the low percent bitter pit free group would support this
theory. Many of the trees which had the highest percentage of pitted apples
were also very high in nitrogen.

Butler and Dunn (7) reported that high potassium levels appeared to
increase the percentage of bitter pit and this was particularly true if high
levels of nitrogen were also present. The orchards which had the highest
percentage of pitted fruit in this study were also orchards which were high
in both nitrogen and potassium.

Of all the factors which were correlated to an increase in the percentage
of bitter pit, potassium probably has the greatest influence. Averages of
1. 82, 1.89 and 2. 03 percent potassium were found in the low, medium and
high percent bitter pit groups respectively. As the percentage of potassium
increased in the leaves and in the fruits, the percent of bitter pit fruit in-
creased.

The values for the percent of potassium found in the leaves were con-
siderably higher than the standgrd composition value of 1. 50 percent reported
by Kenworthy (33).

The high potassium values found in the leaves may account for the



significant positive correlation coefficients obtained'between leaf potassium
and the percent of magnesium found in the leaves and the percent manganese
found in the leaves and the fruits. An excess of potassium decreased the
absorption of magnesium and manganese. As the levels of potassium in-
creased in the leaf samples, the percent of magnesium and manganese

found in the leaves decreased. Highly significant negative correlation co-
efficients of -. 654 existed between leaf potassium and leaf magnesium and

-. 329 between leaf potassium and leaf manganese. A correlation coefficient-
of . 160 was needed to be significant at the one percent level.

A significant negative correlation of -. 193 existed between the per-
cent potassium in the leaves and tile percent manganese in the fruit and a
significant correlation coefficient, at the five percent level between the
fruit potassium and the fruit manganese.

Although the percent of magnesium found in the leaves and the percent
manganese found in both the fruits and leaves _showed significant positive
correlation coefficients at the one percent level with the percent of bitter
pit fruit, they probably had little if any effect upon fruit pitting. The rela-
tionship between the occurrence of bitter pit and either magnesium or man-
ganese may be directly related to potassium, since potassium fertilizers
have been applied, thus the level of potassium may be the operative factor.

Additional studies would have to be conducted with lower levels of



potassium to determine whether or not magnesium and/or manganese could
be considered factors in reducing the percent of bitter pit fruit.

The average calcium percentage for the 250 Northern Spy trees, which
were under observation, was 1.16 percent. Only five orchards out of the 18
used in this study approached the standard composition value of 1. 40 percent,
which was reported by Kenworthy (33), and five orchards had an average of
1. 00 percent or less.

In this study, the percent of calcium in the leaves did not appear to
influence the percent of calcium in the fruits. The correlation coefficient
between the leaf calcium and the fruit calcium was +. 050, whereas . 125
was needed to be significant at the five percent level. This relationship was
also apparent from the leaf calcium means. The orchards with the high
calcium in the leaves were found in the high, medium and low bitter pit
groups.

Low levels of calcium have been associated to some extent with soft
fruits. General observations indicated that the most severely affected fruits
were those which had the appearance of being soft and adnormally large.

Low clacium levels in the fruit were also found by Del.ong (20) to be
associated with an increase in the percentage of bitter pit.

An interaction between potassium and calcium also exists. As the per-
centage of potassium increases, the percentage of calcium decreases. Signifi-

cant negative correlation coefficients existed between the percent of calcium



found in the fruit and percent of pqtassiurn found in both the leaves and
fruits.

It is interesting to note that high levels of the three major.el_ements,
(nitrogen, pho{sphorus and potassium) appear to increase the percentage
of bitter pit fruits, while magnesium and calcium tend to decrease the
‘percentage of bitter pit.

The survey sheets returned by he growers indicated no orchard
operations or soil management practices, during the last three years,
which could account for the differepces in the percentage of bitter pit between
orchards. However, some general observations could be made by reviewing
changes which have occurred during the last fifteen years.

Prior to 1946, bitter pit was not the problem it appears to be at the
present time, -as bitter pit was not reported as being severe on older bear-
ing trees. However, bitter pit has always been a problem on yo'ung Northern
Spy trees just coming into production.

About 1946, the processors started to demand larger apples, as
apples under 2 1/2 inches in diameter were graded down because of the
’ wastage which occurred during the peeling process. To obtain the larger
apples a shift was made in the fertilizer program to increase the level of
nitrogen. Also, about 1948, the general use of complete fertilizers began

according to Kenworthy (32). At the same time, speed-sprayers were

46.



47.

coming into practice and to facilitate the new method of spraying, heavy
pruning practices were adopted. The extra pruning resulted in the same
effect as the addition of heavy applications of nitrogen fertilizer.

The years following World War II were good years for the apple
producers. Most of the orchardists made money on apples, consequently
more money was spent for fertilizer than ever before.

By 1933 or 1954, the full effect of the increased fertilizer program
plus the more rigorous pruning practices were beginning to have their full
effect. Since 1953-54, bitter pit has become a major problem with the
Northern Spy apple producers. Not only are the more susceptible varieties
bothered with this disorder, but it is now being observed in varieties such
as Delicious, which have had a resistance to the disorder.

From this study, it would appear that perhaps the percentage of bitter
pit apples may be reduced by discontinuing the indiscriminate use of ferti-
lizer, particularly potassium, and applying Dolomitic lime to increase the
level of magnesium and calcium. With an increase of calcium, the level of
boron and potassium may be reduced. However, as heavy lime applica-
tions become effective, an abundance of nitrogen, which could also be
detrimental, may be released and the potassium level become too low.

There is no doubt in the author's opinion that other factors, such
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as climatic conditions, may be correlated to bitter pit development. There
is also no doubt that a balanced nutritional program is one of the major
factors in reducing the percentage of bitter pit within an orchard. How-
ever, it appears doubtful that any one treatment will solve the bitter pit
problem. With so many factors to consider as causal agents, each orchard,
or even sections of an orchard may have to be considered independently.
When hypothetical values for leaf and fruit composition were calcu-

lated from the variance and co-variance of each factor, the hypothetical
value of each of the eleven factors found to be associated with bitter pit,
were very similar to the average values for the six orchards which had

the least amount of bitter pit.



SUMMARY

Many varieties of apples are affected with a physiological disorder
known as bitter pit. The Northern Spy variety, Michigan's leading process-
ing apple, is severely affected by this disorder.

This study was undertaken to determine the effect of mineral nutri-
tion on the occurrence of bitter pit in Northern Spy apples in Michigan.

Ten trees at the Michigan State University Horticultural farm, East
Lansing, 20 trees at the Michigan State University Graham Ekperiment
Station, Grand Rapids, and 15 trees in eacﬁ of 16 commercial orchards
located in the major 'apple producing areas, were used for this study.

Twig samples consisting of the 1957 shoot growth were collected
from all trees in March 1958, except.the 20 located at the Graham Experi-
ment Station. The average length of terminal growth was measured and
the average dry weight per centimeter of growth was calculated. The per-
cent of nitrogen and potassium was determined in the twig samples.

Leaf samples were collected from all trees in J;ﬂy 1958 and analyzed
for boron, calcium, copper, iron, magnesium, manganese, nitrogen, phos-
phorus, and potassium.

To test the effectiveness of calcium nitrate and boron sprays for the

control of bitter pit, the 15 trees in each of the 16 commercial orchards
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were divided into three blocks of five trees each. Five trees received
one pound of boric acid per 100 gallons of spray six weeks following full
bloom. Five trees received two applications of calcium nitrate at one
pound per 100 gallons of spray at four and six weeks prior to harvest.
Five trees were not treated.

Fifty apples were collected from each tree at harvest and stored for
two weeks at room temperature. Forty apples were then selected, weighed,
evaluated for external pitting, sliced, and evaluated for internal pitting.

A section was taken from the center slice of each apple to form avfruit
sample, which was analyzed for the same nine elements that are listed for
the leaf samples.

Analysis of variance on the percentage of fruit free of bitter pit found
in the sixteen commercial orchards showed there were no significant differ-
ences due to treatments. - A significant difference at the one percent level
did exist between orchards. The interaction between treatments and loca-
tions was not significant.

Correlation coefficients were calculated by orchards for 23 measured
variables on each tree in 17 orchards, apd 20 variables on the 20 trees at
the Graham Experiment Station, against the percentage of bitter pit free
fruit. All variables showed a significant correlation in at least one or more

orchards with the exception of the percent manganese in the leaf samples.
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Correlation coefficients were calculated for 23 observations on 250
trees against the percent of bitter pit free fruit. The results showed the
following relationships:

. 1. The percent of fruit with bitter pit increased as:
‘a. Size of fruit increased.
b. Boron in the leaves increased.
c. Boron in the fruits increased.
- d. Potassium in the leaves increased.
e. Potassium in the fruits increased. .
f. Nitrogen in the fruits increased.
g. Phosphorus in the fruits increased.
2. The percent of fruits with bitter pit decreased as:
a. Calcium in the fruits increased. ’
b. Magnesium in the leaves increased.
¢. Manganese in the leaves increased.
d. ‘Manganese in the fruits increased.

From this study it would appear that bitter pit could be caused by
many factors. It was noted that when one or more of the above elements
was out of balance the percentage of bitter pit was increased. However,
as a general program, the discontinuation of the use of complete fertili-.
zers to reduce the potassium levels and applications of dolomitic lime to
increase the calcium levels and decrease the levels of boron and potassium
are recommended.

With a proper balance of mineral nutrition, it would appear that the

percentage of bitter pit apples may be reduced.
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GROWER INFORMATION FOR BITTER PIT STUDY, 1958

Th<‘a information requested below is to be used in helping to determine the factors
which cause bitter pit in Northern Spy apples. This study is being conducted by

the Department of Horticulture, Michigan State University, in cooperation with
The Cherry Growers, Inc.

Owner (oxr name of orchard) Address:
Age of trees: Date of full bloom:
Weather conditions during bloom: warm, cool, cold, calm, slight
breeze, windy, no rain, light rain, heavy rain.
Yield: 1958 (estimated) 1957 1956
Light
Medium
Heavy

Fertilizer program for the past three years:
Year Type of fertilizer Amount used Time of application Methodof application

1958

1957

1956
Has the orchard been limed? when type of lime used amount
Soil management: sod, sod plus mulch, clean cultivation
Pruning program for last three years: 1958 (estimated) 1957 1956

None

Light

Medium . _

Heavy
Average length of the terminal growth: inches. It was

weak, medium, vigorous

Spray program:
Method of thinning:
Spray materials:

Insecticides:
Fungicides:

Stop-drop sprays:

General remarks:



Each page of Table 2 presents the data collected from one
orchard, with the exception of the last two pages, which present the

data collected from one orchard.
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