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INTRODUCTION

On© ©f the problems causing considerable difficulty in 
fruit production is fruit cracking, which Is frequently 
found in wrious fruits, Including the apple* Although it 
is generally considered that tills cracking 1® most serious 
w x tb ftayman S'in© sap and healthy, York Imperial is also 
highly susceptible to cracking* In the ease of York Im
perial, cracking Is usually confined to the skin of the 
fruit or to the tissues immediately under the skin, whereas 
Stayman Wine sap and ’Wealthy often develop cracks from l/4 
to l/2 inches deep into the flesh. York skin-cracking also 
Is referred to as lenticel cracking.

The York Imperial Is the leading variety in the 
Western Maryland apple growing sections, as well as In most 
of the Shenandoah-Cumberlend region, and skin-cracking of 
this variety Is serious In many orchards in this region, 
causing ©ever© losses to the growers. York skin-cracking 
Is more sever© under some conditions than others, and In 
some cases as many aa 70-80 percent of the fruits may be 
affected* Cracked fruits can neither be placed in U. £.
Mo* 1 grad©, nor can they be utilised in by-product manu
facture unless they are used Issued lately after harvest, 
since affected fruit shrinks, wilts, and develops rots early 
in the storage period. Since cracking involves not only a 
serious economic loss to the grower, but also much wastage
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of fma.it,. trie solution of this problem Is considered highly 
important, and especially vital during the present need for 
greater food pro-duet Ion*

With this view of economic importance, as well as 
academic interest, the work was initiated with the purpose 
of determining factors which are responsible for or closely 
correlated with skin-cracking, fhe great variability In 
the percent of cracked fruit on individual trees without 
any apparent association with edaphlo or climatic factors, 
made it necessary to consider several approaches to this 
problem. Since it was believed that skin-cracking of York 
imperial apples is caused or aggravated either by factors 
peculiar to the individual fruits, or to a physiological 
condition of the tree which may depend upon the relation
ship between the soil and the tree, this investigation was 
approached from three distinct angles: (1) the treatment
of individual fruits, designed to Influence or alter the 
normal development of the fruit epidermis; (2) treatments 
in which only a branch of the tree was used as a unit in 
an effort to create differences in nutritional or physio
logical condition between that branch and the remainder of 
the tree; and (3) soil treatments in which an attempt was 
mad® to change root activity of the trees and to modify 
moisture end nutrient conditions of the soil.



3

r eview of i x teratuee

Although it was possible to find in horticultural 
literature a number of references to skin*-cracking of the 
York Imperial apples, most of the published material was 
in the nature of observations unsupported by any experi
mental data.

borne of the literature regarding fruit cracking of 
various fruits will be reviewed, but although this review 
does bring out some of the existing ideas on fruit ruptur
ing, it must not be assumed, however, that conditions pro
moting cracking of other fruits will necessarily cause 
skin-cracklag of the York Imperial apple.•

Skin-cracking of York Imperial apples was reported by 
Reed and Crabill (27) as occurring only w ♦ . . * very 
rarely In dry seasons1*, In later literature Gourley and 
Hewlett (17) stated that w * * . • a type of lentIcel 
cracking involving many small cracks is common in York Im
perial®. Schrader and limut (29) accentuated the above 
viewpoints in 1937 by stating that this Injury is now much 
more severe than when it was first reported. Reed and 
Crabill (27) found that skin-cracking occurred chiefly on 
trees under 15 years of age, but other authors (17), (29), 
made no statement limiting this trouble to any particular 
age of trees.

That cracking was limited almost entirely to the green 
side of the fruit was noticed by Reed and Crabill (27) and 
by Fisher (9), (10). They also agreed that cracking was
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nost serious under conditions of drought followed by ruin 
which, caused extensive swelling of the fruit* Reed and 
Crabill (27) suggested that perhaps 11 * * * * the skin on 
the shaded side of the fruit may he actually stretched to 
bursting by the unusual rapid multiplication and growth of 
pulp cells due to a sudden Increase In water supply8* *

Sliico skin-cracking of fork Imperial presents diffi
cult ies In apple washing, fisher (9), (10) while working 
on sp nay removal methods, made numerous observations on the 
occurrence of this trouble, he stated that the tendency of 
fruit to crack increased as the fruit approached maturity, 
it was more sever© on trees low in vigor and bearing a 
light crop, and the affected fruit was mere advanced in 
maturity. He also stated that the cracks showed a tendency 
to run In a latitudinal direction but, If insect or some 
other similar injury was present, cracks generally ran con
centrically around them.

Schrader and E&ut, (29) while conducting preliminary 
investigations on cracking of York Imperial,also found that 
low vigor and light crops are conducive to cracking. fluey 
suggested that cracking may be due to spray materials, es
pecially late arsenate sprays, ihey found, that growing 
fruits cither covered with whit© muslin bags, or washed 
with 1 percent hydrochloric acid, or dipped In miscibl© 
wax did not crack as much as untreated fruit, fiieIr find
ings ware not In agreement with Heed and irabill (27) who 
stated that 11 sprayed and unsprayed fruits are affected 
alike11.
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To tiie autkor? s knowledge tills exhausts all of the 
literature pertaining directly to skin-cracking of the 
fork Imperial apple. However, other* types of cracking 
of apples, as well as cracking of other fruits, had re
ceived attention by many workers*

Yerner (36) stated that: aIt has commonly been, stated
or implied that cracking of fruits is caused by a great
and sudden increase in water content of the soil, and that 
maintenance of a nearly constant soil—moisture content 
about the tree roots throughout the season of fruit growth 
should prevent cracking or greatly limit its severity.0

Cracking of apples In Western Australia was reported
by Corn© (5), (6), who was studying cracking on Dunnfs and
other varieties, he observed that it was more severe on 
trees low in vigor and bearing a light crop. He believed 
the trouble to be essentially related to sap movement 
caused by the irregularIty of fruit growth often accen
tuated by excessive rains.

Van dor Beji (39) also attributed cracking to uneven 
growth and adverse climatic conditions, hcAlpina, in 
studying Bunn1s apple in victoria, concluded that cracking 
was due to a "rush of sap" so rapid that the flesh Is 
unable to keep up with it and "sometiling must give way and 
small rents are produced as well as disruption of stomata .
. • ." Verner (36-), working on the causes of cracking of 
the Stayman Winesap apple, thought that, "apparently the 
immediate mechanical cause of cracking is a form of a tissue
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strain by which the skin and the adjacent tissues in the 
restricted area of the apple are excessively stretched be
cause of enlargement in deeper lying tissues beneath the 
same area”*

Miller (22) stated that intense heat without rains, 
poor rater holding capacity of so11, and russeting caused 
by spraying» greatly contribute to skin-cracking of apples* 
He added, that *it seems to us that too rapid evaporation of 
the water in the ©oil hardens the skin of the fruit and 
cracks the shin”.

Kagness {20),in discussing cracking of Stayman Winesap 
and Wealthy apples, stated that cracking was aggravated if 
the soil Is extremely dry before a heavy rainfall* Verner, 
(36), however, was unable to produce cracking on Stayman 
by withholding moisture supply of the tree until the soil 
moisture content in the upper 12 inches of soil was down to 
12*4 percent ana then Irrigating it repidly, thus increas
ing the moisture content of the soil to 20 percent in ten
C O ' U P S  *

Goodwin (16) recommended severe pruning, nairoriijg and 
cultivation to control cracking of apples. Gimpbell (3) 
added to these reeoruiendttions the use of non-caustic sprays* 
Came (5) tried to control apple cracking by lime-sulphur 
sprays but concluded that * there la no evidence that spray
ing is of any value in controlling this trouble”* Gagnes© 
(20) suggested the use of irrigation, moderate simmer cul
tivation and mulching as possible cures, or at least methods
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for decreasing apple cracking* Miller (22) also advocated 
due use of manure ana, in addition, some f art 11 iaation. 
throughout tiie growing season*

V e m e r  a n d  blodgcfc, (3d), w o r k i n g  o n  c r a c k i n g  of 
s weet cUerrieu, c o n c l u d e d  t&at u n u e r  xdaiio c o n d i t i o n s  it 
is du e  to a b s o r p t i o n  of m o i s t u r e  tnrouga. t d e  skin of
tiie fruit* ft w a y  be a g g r a v a t e d  by e n v i r o n m e n t a l  c o m  itions 

f a v o r i n g  low t r a m s p i r a t i o n  e s p e c i a l l y  if tne m o i s t u r e  c o b -  
tent of tke f r u i t  is a l r e a d y  dign* Ine y  f u r  tiier stat e d  
t b a t  o W o r  f a t  to r©  su e d  a s  d ig i t  te m p e r a tu r e ,  n ig n  s u g a r  

•contentp l a r g o  *»ise# a n d  inercaaitig m a t u r i t y  o f  t u e  fruit, 
als o  f a v ored c r a cking, a c c o r d i n g  to dues© authors soul 
m o i s t u r e  c o n t e n t  was n o t  c o r r e l a t e d  w i k u  c r a c k  lo^. ? , . \ o  t k e y  

w e r e  una b l e  to p r o d u c e  c r a c k i n g  a r t i f i c i a l l y  b y  a p p l i c a t i o n  
of w a t e r  to tiie soil.

Hartman and o u l l i s  \ 18) eiaimeu. that with eiuerriea 
11 * . * • cracking xwsuits from ejtcessivo water absorption 
eituer fcnrough sue root system or through tiie epidermis of 
fcke fxruit itself’5, kertess and debel (19) found that there 
is a possible correlation between susceptibility of various 
var±eflea of sweet aderrxcs to cracking a m  tiie aise of 
sub-epidenaal cells; more susceptible varieties possessing 
larger coils*

vsrne? iddi snowed that 1b ie possible to reduce crack- 
lag of ©weed c h e r r i e s  sprays containing calcium.*
He proved iimfc its was n e c e s s a r y  to apply fix® spray directly 
to tne fruit since s p r a y i n g  of tide foliage did not reduce
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cracking* lie stated that cherries with a rapid rate of 
absorption and a small capacity for expansion were found 
to be most susceptible*

cracking was reported on figs by nixford (26} who at
tributed it to high humidity out not necessarily accompanied 
by rain* he observed that figs 'borne on well**Irrigated 
trees were not very susceptible to this trouble* Accord
ing to him, cracking is caused by stimulated sap pressure 
which gorges the fruit with juice until the pressure is 
greater than the tender skin of the fruit ear* resist* If 
the soil is excessively dry he observed that sudden irri
gation may also produce cracking.

Crinkle of orange is reported by Came (6) as due to 
the irregularity of water supply, he believed that juice 
cells may swell up at such a rapid rate that rind and rag 
cannot expand fast enough to accommodate this increase in 
volume* As much as 7b percent of the fruit is affected 
in some seasons•

C-handler# (7), in discussing cracking of deciduous 
fruits in general, stated that cracking n * . * * of the 
fruit may result from a heavy irrlg&t ion late in its de
velopment If growth has been checked by lack of water 
earlier1** Gardner, Bradford, and hooker (lb) explain this 
further by sayings 11 Apparently the checking of growth is 
accompanied by changes in the fruit skit* rendering it less 
elastic so that when growth processes are accelerated fol
lowing a rain it is unable to expand rapidly enough to
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make provision for the developing tissue within*1*
The tomato also has been found to be highly susceptible 

to cracking. Barr© (2) found that tomato fruits approach
ing maturity were ©specially susceptible and that a rainy 
period following hot, dry weather promoted crack ins "°T fill
ing the fruit cells with water, thus causing rapid expansion* 
fool© (25) stated that the cause of tomato cracking is not 
known but if was thought to be due to irregular water supply 
during July and August* Frazier (12), (15), (14) found that 
cracking may b© produced by rapid water adsorption either 
through the cork;-* layer of the stem or through the soil, 
lie showed that tomatoes cracked most severely after a heavy 
irrigation following a prolonged dry period* The best 
remedy seemed to toe maintaining a constant moisture supply 
(25) and a uniform rate of growth (2) *

no far most of the literature review has centered on 
the external observations of fruits and the effect of 
©daphic and climatic conditions on the increase or decrease 
of akin-cracking. Obviously the skin or the epidermis of 
the apple is primarily involved in this trouble; therefore 
it Is of great interest to review some selected, liter©tar© 
concerning the possible structural relation of epidermis 
to skin**cracking;*

Tetley (52), studying anatomical development of var
ieties of English apples, found that mer1etematic cell 
division eeased during flowering and fruit setting stages 
and was replaced by cell division In vacuolating cells*
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fill© division continued to a later stag® In the subepl~ 
dermal layer and later still In the epidermal cells, thus 
enabling w* * * • tiie epidermis to keep pace with the 
increase in size of the Internal tissues”•

Smith (30), (31), In studying cell enlargemnt in 
apples, concluded that there Is a definite gradient In 
cell sizes, cell sizes increased radially from the cord 
outwards* He also stated that fruit size at maturity is 
determined by both the amount of cell multiplication and 
the degree of cell enlargement, either factor may be dom
inant In determining the final size of fruit at maturity* 

Clements (8) showed that the total number of stomata 
and lenticels per apple varies greatly not only between 
different varieties, but also within the same variety* lie 
proved that this number may be influenced by environmental 
conditions in the early stages of fruit development* It 
appears that new stomata are not formed after the fruit is 
two to four weeks old*

It was found (8), (52), (55) that lenticels are farmed 
from inactive stomata, from breaks in continuity of the 
epidermis left by falling out of trichomas, or from other 
epidermal breaks which may be either brought about by the 
inability of epIdeas Is to keep pace with expanding inner 
tissue, or by some other cause*

Clemente (8) stated that cell division underneath the 
stoma is stopped when the apple is ©till green and from 
two to four weeks old* hater, as a result of fruit enlarge**
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xnent, a tension Is developed at tills point which, often re
sults in a rupture and destruction of characteristic 
stoma struct tire. According to let ley (35) It was Im
possible, In the majority of cases, to determine the origin 
of a mature lenticel.

In some fruits, structure of the cut in may have a 
definite correlation with cracking, as was shown by Tetley 
(32). She separated varieties on the basis of their cufci- 
c-ular characteristics and concluded that varieties having 
cut in * * . . . .  deposited on tangential wall so time it 
touches the apex only of the radial wall • . . .IT are less 
susceptible to cracking* whereas, varieties having their 
cut in ” • . . . deposit extended thro ughout the length of 
radial wall or even completely surrounding the cell * . . *” 
are more subject to cracking. she also observed that cold 
periods produce a comparatively thick and unelastic type 
of cuticle, which was more likely to cevelop cracking.
This was especially true on the red. side of the fruit. She 
found that cut in was thicker on the green side than on the 
red side. This is In agreement with faker (1) who stated 
that on brimes apples the average thickness of O lu*. W Ih JL-S- or the 
green side was 18.0 microns, while on the rod side it was 
only 13.3 microns• he also stated that outin Irregularity 
is a result of the Irregular epidermal layer.

Verrxer (37;, in his Investigation of fruit cracking, 
attempted to discover some structural differences between 
varieties of varied susceptibility to cracking, he was uxi-



able to rind any consistent varietal differences in the
epidermal cells or In cubin, but he stated that there were 
striking dlfferenees in the hypodermal layers* btayman 
ft inesap, which i© very susceptible to cracking n • * » * 
showed unmistakable evidence of deficient growth rate in 
the later stages of fruit enlargement, but this was not so 
in the varieties resistant to eracking"• Tissues adjacent 
to or at tiie crack showed even greater evidence of excessive 
elongation or stretching. f£im» he concluded that 11 . . .  * 
susceptibility of Stayman Winesap apples to cracking is due 
chiefly to premature cessation or restriction of growth. In 
the hypodermal layer"#

MAT m ElIALb A Mb M & lk O ijS

During the seasons of 1959, 1940, and 1941, investi- 
gat ions on skin—cracking of York Imperial apples were con
ducted in two separate orchards, the Fotomac Highlands 
Orchard In Western Maryland, owned and operated by the Amer
ican Fruit Growers, Inc., and the University of Maryland 
Orchard at College lark, Maryland.

In the American Fruit Growers1 Orchard, which will be 
referred to as the Western Maryland Orchard, two plots of 
trees were selected. Although these plots were only half 
m mile apart, one was considered to be severely affected 
by skin-cracking, and the other was considered to be rela
tively free from this trouble; the first plot will be re
ferred to ms plot 1, and the latter as plot 2. The soil
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type In till© orchard was classified as Dekalb shale loam 
with an average pH of around 5*0. Tiie trees were fairly 
uniform In sis© and age in each plot, and bore a heavy 
crop ©very other year. In pilot 1, the trees were £7 years 
old and were only fairly vigorous, while In plot 2 the 
trees wore 25 years old and in ® good vigorous condition.
In both plots the trees were set 30* x 32* ©part*

Previous to the initiation of this experiment plot 1 
was in clean cultivation, and a rye cover crop was seeded 
each fall, during 1940 It was seeded to grass and a good 
sod was established by 1941. Plot 2 was in a heavy grass 
sod for a number of years, and remained in sod for the 
duration of tills investigation.

The soil in the College lark Orchard is classified as 
Sassafras gravelly loam with an average pH of around 5.0*
At the start of the exp ariment in 1939, tiie trees were 
nine years old and spaced 20* x 40* apart. The orchard 
was maintained in clean cultivation and ©n annual winter 
cover crop until 1936 when it was allowed to grow into 
volunteer sod. The sod was poor and the trees were only 
fairly vigorous.

Soll-Moisture* All soil moisture determinations were 
made on. samples taken with a soil tub© to the depth of 18 
Inches, and usually two or three borings were made for each 
sample, boll samples were taken once or twice m month 
from early spring until harvest*

hoot-1runim: mud Paper Mulch. Three trees were
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selected at random on May 24, 1939 for treatments in plot 
2 involving the use or root-pruning and paper mulching* A 
trench about one and one-half feet deep and one foot wide 
was dug arc mid the tree ends of branches, and all
of the roots within this area were severed. The entire 
area from the trunk to two feet beyond the trench was cov
ered with a heavy mulch paper, which was fastened to the 
ground by sixty-penny nails* (Plate 2). When the paper 
was torn by wind, or became badly weathered, a new layer 
was placed on top of the old paper*

Three trees in the College Park Orchard were treated 
in a similar manner, except that the treatment was started 
on June 7, 8, and 9, 1939*

In the spring of 1940 these treatments were repeated 
on the same trees in both orchards except tree 20 in plot 
2 in the Western Maryland Orchard, because this tree ap
peared very much weakened and lacking in vigor and also 
had developed severe fruit cracking, as a result of the 
previous year*B treatment, the paper mulch was removed and 
a straw mulch was applied* Three additional trees were 
root pruned and paper mulched in plot 1* These trees were 
root pruned more severely than the trees of the same 
treatment in plot 2 and in the College lark Orchard, in 
that a trench was dug only five to six feet from the trunk 
instead of near the ends of branches* depth of root prun
ing was determined by root distribution and digging was 
terminated only when no more roots were encountered* In



bome eases the depth of the trench was two to three feet 
below the surface of the soil.

Straw Mulches# Freshly-cut rye straw was used to 
mulch trees Ir plot 2 or June 14, 1938. This mulch was 
only two to three inches in thickness and was considered 
as only a start for further mulching.

On ••larch 16, 1940, the three trees previously mulched
In plot 2 and three additional trees in plot 1 were heavi
ly mulched with straw* The mulch was about two feet coop 
and coversci the area from the trunk to two feet beyond
the ends of hrarch.es. A week, later a thin covering of

ilate 1 .
manure was spread on top of the straw./ On April 2, three 
trees were similarly treated in the College lark Orchard, 
but no manure was used*

On January 12, 1941, all trees previously mulched In 
the Western Maryland Orchard received an additional 200 
lbs. of straw mrulch, and three more trees ware mulched
with 600 lbs* of straw in plot 1. This straw was obtained
from stables and contained about 15 percent manure. Mq 
mulch was added to trees in the College lark Orchard dur
ing this season.

furface Irrigation. Three trees were selected in the. 
College lark Orchard for irrigation studies which extended 
from Jure 20 to August 9, 1939* A dike was constructed 
arGune each tree and water was applied with a hose at 
regular intervals so that tiie moisture supply was more than 
adequate throughout this period, every tree receiving from
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10-13 acre- inches of water*
Pert Ills at ion, Three tree a in each, of the plot a in 

the Western Uirir2m,^.OTishm^-;4̂ T m  selected Tor heavy 
.... ..sodium nitrate fertllisat Ion* The fir at application of 
^ nitrogen was made on Jure B5, 1240, when seven pounds of 

fertiliser were broadcast under the ends of the branches 
in a band;,;three to. four, feet wide*. ;, Additional applications 
during 1940 wares nine pounds on July 12, 2*3 pounds on 
July 30, three pounds on August 13, 7*5 pounds on September 
2* and 15 pounds on October 19* Three more trees were 
fertilised similarly in the College lark Orchard, but the 
fertiliser applications were from three to five days later 
than, in the Western Maryland Orchard*

In 1941, sodium nitrate fertilisation was terminated 
in the College Park Orchard, but in the Western Maryland 
Orchard it was continued with the following applications!
22 pounds per tree on April 11, 14 pounds per tree on May 
2, and 4*5 pounds on Inly 2, and on June U  each of the 
nitrated trees received surface application of 50 pounds of 
hydrated lime*

Since it seemed possible that trees In the Western 
Maryland Orchard, especially those in plot 1, were suffering 
from some mineral deficiency, seven trees were fertilised 
with a finely ground mineral mixture of 04 minor elements* 
This fertiliser was prepared and furnished by Research. 
Foundation, Inc*, 10 Mark Avenue, Bow Yorfc, Mew York* It 
contained the following el omenta s Fe, Yi, Mn, Or, 3a, Sr,
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Zn, Fb# B, As, Qu, F, 1, HI, Sb, Co, W, Mo, Cd, B1, Li,
Se, To, Br, V, Ag, Kb, Ga, fl, in, Cs, Ge, C©, La, hr,
KB, 11, 8m, So, T, Xb, By, TG, Hr, Bo, ite, Lu, Hu, Qd,
Th, II, Ac, Po, Fa, Ba, &n, Be, ilg, Zr, US, T&, Cb, Ee, Ma#
Three trees received three pounds of this Fertiliser per 
tree on duly 12, 1940, three trees received 2*5 pounds per 
tree on Bun© 20, and an additional 6*5 pounds on July 13, 
and one tree received 15 pounds of this fertiliser on.
July 12, In 1541, each of the above trees received tore© 
wore pounds of the fertiliser on April 11* Fertilizer was 
poured into holes sad© with a soil tube from one to on© 
and a half feat deep under the ends of branches; from three 
to five drillings were made for each pound of fertiliser ap
plied.

Loaf Samples* To determine the effect of soil treat- 
merits on foliage (ms measured by dry weight), leaf samples 
were collected from three trees of the paper and straw 
treatments, two trees receiving sodium nitrate treatment, 
and from three cheek trees in both plots in the Aastern 
M&xylanc Orchard, but in plot 2 only two trees with paper 
mulch were available. Two full grown leave® (usually the 
fourth and fifth leaf) from fifty terminals and all leaves 
fror. fifty spurs were collected. Lpur leaves were separated 
into snail and large leaves, counted, dried, and weighed 
separately, A small leaf w&s arbitrarily classified, as any 
leaf measuring one sual one-half inches or less from the tip 
to the base of the blade. Terminal loaves were chemically



analysed for nitrogen, phosphorus, and potassium* Total 
nitrogen dm tern inafc ions were road® by the Kjel&ahl method 
as mod If led by iU X* kurnaek and i* li* do ins® (23}* The 
potassium content was determined by the eobaltinltrit® 
method a© outlined by h# V* kiloox (40), and the color1- 
metric method as outlined by f iske and bubbarow (11} was 
used lor phosphorus determinations*

Histological dtudies* Fruit samples for histological 
studies on thickness of cutin were collected during hardest 
time* All fruits of a sample were picked from the east 
side of the trees about three-quarters of the way up the 
tree, but only well-exposed fruits were used* fruits were 
divided into three classes on the basis of their sis®, and 
whenever possible, sixteen fruits of each else were selected 
from three trees In each of the straw-manure mulch, root 
pruned-paper mulched, and ciieck treatments* Two sections 
were taken from each fruit, one from the red side and on® 
from the green sic.® of the fruit* The red arid green sections 
frees each of the three sl&e classes were kept separately* 
factions were cut out with a 5/8 inch cork borer and brimmed 
to approximately i/B inch in thickness and Immediately 
placed in formal in-ace t o-alcohol killing and fixing solu
tion* After two months in this solution, six sections from 
each sample were run through a regular butyl ale olio 1 de
hydrating aerie© a m  embedded in tiasuemat*

bectious were cut 14 microns in thickness and. stained 
in wudta IV and uismark .brown* Cons id or able difficulty was
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experienced in working out a staining and mounting pro
cedure sine© either alcohol 1b concentrations over 85 
percent or even a. trace of xylol removed Sudan IV stain 
from the cut In# The following procedure was adopted and 
proved to be quit© satisfactory* 2-6 minutes in. xylol,
2-3 minutes In 100 percent ethyl alcohol, 2*6 minutes In 
95 percent alcohol, 6—B hours In Sudan XV In 95 percent 
alcohol, 1-2 minutes In 86 percent alcohol, 2*4 minutes 
In Blsmark Brown In 60 percent alcohol, 1*2 minutes In 
76 percent alcohol, 2*5 minutes In 80 percent alcohol, 
and mount In glycerine jelly#

After the glycerine jelly was hardened, the slides 
were examined under a microscope and the cut in thickness 
was measured with a Baush and Lomb eyepiece micrometer# In 
measuring cutin thickness extreme difficulty was encountered 
due to the great Irregularity of eutin thickness which was 
especially variable on the green side of the fruit# It was 
finally decided to measure cut In thickness only over the 
center of a wnormalw cell (Plate 8) Instead of taking 
measurements entirely at random# A “normal11 cell was con
sidered to be any cell which was In the proper position 
in relation to other cells and which did not show any signs 
of collapse, undue stretching, or compressing# In this man
ner, It was thought, a more comparable average of cut In 
thickness was obtained, since all measurements were taken 
in similar and, apparently normal locations* Sine measure
ment a were made on each of the six sections from a fruit,
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making a total of 54 measurements for each of the red and 
green aides of fruit from a given tree.

Branch. Treatment©# On June 14, 1940, a number of 
large limbs (5-8 inches in diameter) were selected on dif
ferent trees for sugar and minor elements injection. Using 
a 3/S-inch drill, fora* or five holes Ij inches deep were 
drilled in each limb and from 2§~3 grama of either Domino 
sugar or minor elements mixture (the same as was used for 
soil applications) were placed in each hole which was imme
diately sealed with grafting wax.

Branch girdling and defoliation experiments were started 
in 1940. Selected branches were girdled with a curved saw 
by cutting a groove l/S inch-l/4 Inch wide down to the cam
bium layer, and the cuts were immediately covered with 
grafting wax. Various branches were defoliated, leaving 
only three leaves per fruit* Defoliation and girdling in 
Western Maryland were executed on the same day, September 
12, 1959, July 11, 1940, and July 1, 1941 respectively, 
while in the College Fark Orchard defoliation and girdling 
were accomplished two or three days earlier or later than 
Western Maryland.

uru.it Treatments. Bruits, selected at random through
out the tree but not higher than 6-7 feet from the ground, 
were treated on the tree with wax or absolute ethyl alcohol. 
The alcohol was expected to increase and the wax to decrease 
the water loss from the surface of the fruit* Ihe fruits 
were waxed with ,#Brytene 489-A1* eassaerelal mlaclble wax,
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ione part wax to on® part water), accomplished toy either 
dipping the fruit in tills mixture or toy pouring the mix
ture o?@r the fruit, in either ease this procedure was 
repeated until the fruit was thoroughly covered* Fruit© 
which were treated with absolute alcohol were treated in 
a si®liar manner. The treatments were started on June 
21, 1939, and repeated on the same fruits at approximately 
two-week intervals until harvest*

Fruits were bagged with white muslin, black sateen, 
or cellophane from July 11, 1939 and from July 12, 1940, 
until harvest In each season* Fruit© for this purpose were 
selected throughout the entire tree, and In most cases a 
number of leaves were Included in a bag with the fruit*
In 1939, from 20-35 fruits were bagged on many different 
trees, but In 1940, 75-126 fruits were bagged on four trees*

A rubber band, treatment, which was applied on June 21, 
1939, consisted In covering a narrow circular portion of a 
fruit with a thick rubber band* Varied sizes of bands were 
used to insure a tight fit and as fruits Increased In size 
bands were replaced with larger sizes* Other fruits were 
similarly treated with a band of par&film*i/ A tight fit 
was obtained by stretching the parafilis wh 11© wrapping and by 
pressing it against the fruit* These parafila band treatments 
were also started on June 21, 1939, and bands were replaced 
from time to time in order to maintain a tight and cout .in-

i/^anufactured^by &e.nasha Products Co*, Kenasha, Wisconsin*
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uoub band on ©aeh fruit*
Since it was believed (28) that son® caustic ©prays 

may aggravate skin-cracking of York Imperial apples* a 
few selected branches were sprayed with arsenate of lead*
12 pounds to 100 gallons of water* and a few were sprayed 
with a lime ©pray* 12 pounds to 100 gallons of water* 
Spraying was started on June 26* .1038, and repeated on the 
same branches at 10 to 15 day intervals, making a total of 
seven sprays applied through the season* doth sprays were 
applied in addition to the regular orchard spray program* 

Fruitone§^ a mixture of growth-promoting substances 
used for stopping pre-harvest drop* and potassium thio- 
cyan&ts spray© were applied to individual branches in 1940 
and 1941* After trying various amounts of Fruitone to find 
tli© highest concentration which could be used without 
severe Injury to foliage* It was finally decided to us© 
one gram of Fruitone, (double the recommended strength), 
to on© quart of water; this concentration produced some 
injury* but none of the branch©© lost more than 10 percent 
of their foliage* The spray was applied approximately 
every two weeks beginning on July 30* 1940* and. on July 
23* 1941* during the respective season®* lotassics© thlo- 
cyanate spray was used at the same concentration and ap
plied at the same time as Fruit one during the season, of 
1940* This spray was not used in 1941*

Manufactured by American Chemical Paint Company* Ambler* 
Perin sylvan ia *



To further Investigate any possible effect which 
sprays itJIght have on skin-eraeking, all sprays after the 
calyx spray fere omitted from some trees In 1939 and 1940j 
all worsay or diseased .fruits were picked off by hand, through* 
out each season.*

Tree Growth Measurements* Terminal growth measurement© 
war© made dicing the dormant season and 60 measurements, to 
the nearest 0*5 centimeter, were made on each tree* All 
measurements were made on terminals not higher thim seven 
feet from the ground and although they were ©elected, at 
random., it was attempted to have the® fairly evenly dis
tributed throughout the tree* These measurements were 
averaged for each tree, and although there was considerable 
variation within them, it was assumed that 80 was a suffi
cient sample for estimation of the average terminal growth 
for any particular tree*

Yield and Fruit Grading* go yield records were takenIM irnw*#dm*wwi— »»ni i —ft1 u .mW«'" **»■■! MwWmuMWiiri i»ii*ii*h Ii*«ll|i|lwt *•*

in 1939* In 1940, It was noticed that there might be some 
relationship 'between the yield of a tree and the percent 
of cracked fruit on that tree; therefore, the trees were 
classed an producing high, medium, or low yield# Those 
estimates soor-ed to have a definite correlation with crack- 
lug, and In 1911, the yield of each trom was recorded*
The else of the fruit was not taken Into consideration, 
but on. a few trees a bushel or more of fruit was graded 
into three classes; small (2~%/8 inehes«2'j| Inches), 
medium (2-5/3 inches-3 Inches), and large (3-l/B inches and
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over) * The percentage of cracked fruit was determined for 
each else*

In determining the percentage of cracked fruit for a 
tree, a number of fruits, picked at random throughout the 
tree, were carefully examined for skin-cracks a m  the num
bers of uncracked, slightly cracked, any severely cracked 
fruits were recorded* A fruit was considered slightly 
cracked If moat of the cracks were healed over arid/or the 
area Involved was not more than 20 percent of the entire 
surface, a medium cracked fruit on© witn few open cracks 
and/or having not more than 50 percent and not leas than 
20 percent of its area affected, and a severely cracked 
fruit any fruit with more than 15 percent of open cracks 
and/or with more than 50 percent of it© surface affected by 
cracking* A large number of fruits dropped just before 
harvest due to a strong wind, accounting for the smell num
ber of fruits in the 1959 sample* because of the distinct 
biennial bearing habit of these trees It was also Impossible, 
in some cases, to obtain adequate number® of fruits per tree 
in 1940 and 1941*

in order to have one numerical value which would in
clude percentage of cracked fruit as well as the severity 
of cracking, a "cracking, index1* was formulated* fhia index 
was calculated by assigning; a value of 0 to an uncracked 
fruit, 1 to a slightly cracked fruit, 5 to medium, and 5 to 
a severely cracked fruit* Although %z was observed that 
f ruit with a good, smooth, or greasy finish did not develop



cracks, It was thought advisable to obtain some numerical 
value to esb&hXiah this pointf therefore, fruits on selected 
trees were graded in regard to their finish, as well as de
gree of ©racking# The best finish. © a a fruit was given a 
ranking of 10, media* 6, and poor finish 2* The direst Ion 
of eraeks seemed to have some relationship to the main axis 
of growth or elongation of a fruit* and in order to have a 
numerical measure of this tendency, M O O  ©racked fruits 
were classified into two groups $ Fruits which had cracks 
running parallel, mad fruits with cracks perpendicular to 
the main axis of growth of the fruit* Cracked fruits for 
this class if lost ion were taken from 34 different trees 
regardless of the differential fruit or tree treatments*
Other fruits were separated Into three groups on a differ
ent basis* those which had cracks on the red side of Hie 
fruit, those with eraeks on the green side* and. those which 
had cracking appearing on both the green and the red side*

Effect of Soil Mulches, Hoot Pruning,Irrigation, and Fertilisation on Skin- Cracking ant Related Responses of York Imperial Apples

Before studying the results of. any of these treatments, 
it should he noted that there was war lability among the un
treated trees as to the percentage of ©racked fruit produced* 
Therefore, in order far any treatment to be considered de
finitely effective, it must not only be consistent In its
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affect, 'but it also must produce h..inferences rreefctr t han 
the differences oxlstlip., within untreated trees*

oklii-dyackfiig* fixe results Tor the plot 1 for 1940 
mid 1941 seasons are presented In Tables 1 and 2*

Mo d idler one# a in skin-cracking in 1940 were produced, 
by the straw-manure treatment, in fact, every tree ir tills 
treatment produced as nigh & percentage of cracked fruit as 
the average of the ‘untreated trees, although this treatment 
proved effective in the next season* The st raw-men vtr e •milch 
was applied during the month of fared, and evidence of 
straw decomposition was not present until early July* This®, 
it is possible that this treatment was not influencing tree 
growth in 1940 to any great extent (not consider lag the ef
fect on soil moisture) until late summer* Throughout the 
summer and fall there was no apparent difference between 
these and the check trees, but some differences were noted 
at the time of leaf fall* The straw mulched trees, which 
had a deeper green foliage, retained their foliage about a 
week longer*

Three more trees were added to the straw-manure mulch 
treatment in 1941, exit since straw-manure in its second 
year may have a different or more pronounced effect on the 
tree or fruit growth, these trees are grouped separately*

Tree® in the efcraw-isanur e mulch treatment were notice
ably more vigorous in 1941 than in 1940* This difference, 
which was noticed in the early spring, was expressed In 
greener and larger foliage, in thicker mid longer terminal
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fable 1
EFFECT OF SOIL MULCHES, HOOT PRUNIHG, FERTILIZATION? AMD SPRAT 

OMISSION OK SRIN-GRACKING- OF YORK IMPERIAL APPLES
Western Maryland Orchard Plot 1

1940 Season
tPercent'of: sfteXative
cracked :Index ofstree growth 
fruit sTree Treatment •acklng status

0.52 good -
0.66 medium
0.35 medium 4

0.39 medium 41.42 poor 4

0*27 medium 4

0.72 medium
0.48 medium
1.21 poor 4

0.82 medium -

0.20 medium
0.90 medium
0.68 medium0.60 medium
0.74 medium
0.59 medium •

t
61# 
62
72
54#66
77
55#
65
70
59
64
73
56
71 
76
74

60
68
53
57 
78 
67 
75# 
69 
63# 
52
58 
51

S traw-manure mulch.

Root pruned and paper 
mulched

Kea-sry fertilization 
with nitrate of soda##

3 lbs* minor elements 
fertilizer

9 lbs* minor elements 
fertilizer

15 lbs* minor elements 
fertilizer

None

35*5
44.2 
30.8
29.5
65.520.2
44.1
58.2
60.7
51.0
15.1
48.1
37.6 
46.0 
47.4
58.8

15.3 
16.6
22.3 
22.6
27.5 
35.1 
42.9
45.5
48.3 
55*1
56.5 
56.7

0.19
0.21
0.57
0.28
0.28
0.57
0.52
0.69
0.75
0.93
0.94
0.83

medium 
medium 
medlum 
medium 
medium 
medium 
medium 
medium 
poor 4 
medium - 
medium - 
poor 4

From 150 to 280 fruits were used for each sample.
#A11 sprays after calyx spray were omitted on these trees 
##R&ch tree received 44 lbs. of nitrate of soda.
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Tab!© 2
EFFECT OF SOIL MULCHES, ROOT PRUNING AWD FERTILIZATION TREATMENTS OK SKIII- CEAOKI MG OF YORK IMPERIAL APPLES

Western Maryland Orchard Plot 1
1941 Season

-  ̂ , , . . _  - ^ere ©iffofs iHelatlve
s s cracked sindex of3tree growthTree s Treatment_________ s fruit torackln^sstatus_____♦• •* 3 am

5 1 : Straw-manure mulch »• 2.0 s 0.02 3 medium 4
58 t 1 year 3 2.0 : 0.02 •* medium
69 3 •

m 0.0 s 0.00 * 3 medium 4
61

s
jStraw-manure mulch

«
•* 0.0 3 0.00 ♦* excellent

62 : 2 years ** 0.0 3 0.00 3 excellent
72 3 *** 0.0 3 0.00 

•
s
at
good *#

54
m
sMoot pruned and paper

••• 59.5 0.92 #•• medium -
66 ; mulched *« 82.2 1.7© t poor -
77 *« ** 0.0 0.00 3 medium *
55

*
:heavy fertilisation

4*4 1 . 1 0.01
*»♦ medium —

65 swlth nitrate of soda* 3 41.9 s 0.57 medium
70 •♦%

••• 52.5 s 0.47
9

•*
m mad itsa

56
I
sZ lbs. minor elements

♦
•* 11.6 s 0.12

9
*• medium

59 s fertiliser •4 71.6 1.08 •• medium -
64 3 m• 52.0 I 0.54 medium
71 3 3 19.0 s 0.19 ** medium
78 3 3 56.9 s 0.75 medium
74 ♦* •• 51.9 s 0.52 *♦ medium
76 •# *•9 48.1 0.54 «* medium
65

5
3 lone

#*
9 00.0 0.00

#*• medium -
78 3 3 16.5 0.16 ** aed lum
68 •* *• 18.5 0.21 *• medium
55 •* •• 21.9 0.25 *

4 medium -
57 •* * 56.4 0.40 ** medium -
52 •• •*• 56.7 0.45 4* medium -
SO •• * 48.5 0.50 4 medium -
75 3 3 49.7 0.51 4* medium
67 3 ♦♦ 59.0 1.31 04 poor

From 100 to 150 fruits were used for each sample.
■&Rach tree received 40 lbs. of nitrate of soda plus 50 lbs* 

of hydrated lime.
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growth, and also. In longer retention of foliage in the 
fall* These difference® wore noticed not only on trees 
havlug a straw—manura mulch for the second year, but also 
on trees having this treatment for only 1941 • The differ* 
cnees in the latter were not as pronounced, but were still 
noticeable even by untrained observers, lust why this of* 
feet was not produced in 1940 is not known, but it may be 
partially due to the feet that the straw mulch in 1940 was 
applied in Inarch, while in 1941 it was applied in January, 
thue giving it a longer time for decomposition and accumu
lation of moisture in the deeper layers of soil. bo 
records on root distribution were taken but, upon examina
tion, it was found that trees with atraw-manure mulch had 
developed numerous fibrous .roots immediately under the 
straw. These root® were also more numerous under the two 
year than on© year old stPMwaaaur© mulch*

Prom data in Table 2, it m y  be safe to conclude that 
the straw*iaanure mulch decreased cracking, but on® should 
take into consideration that 1941 was the first ymmr that 
such an effect was observed and, as will be discussed later, 
data in Table 5 will show that cracking is more or leas a 
fluctuating phenomenon and it takes three years to complete 
a cycle* In order to Just ify conclusions as to the effect 
of straw mulch on akin-cracking in plot 1, records should 
be taken again in 1942* Tree 63 illustrates this point 
quit® clearly* This tree produced 48*3 percent of cracked 
fruit in 1940, many of the fruits, as shown by cracking
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index, were more than slightly cracked, but in 1941 this 
tree was absolutely Tree I’rom cracking and, since no treat
ment was applied, this change certainly cannot be attri
buted to any treatment.

toot pruned and paper mulched trees were also seemingly 
unaffected oy their treatments in 1940, witxi the exception 
of tree 66, whicn produced an abnormally high index of 
cracked fruits. fills tree was somewhat smaller tiiax- the 
rest of the trees in this plot and It may be that a greater 
proportion of Its roots was removed during root pruning, 
s&ifch the exception of this one tree, the percentage of 
cracked fruit was not altered sufficiently to draw any con
clusion*

In 1941, root pruned and paper mulched trees 54 an! 66, 
a® a result of treatment, had snort, thin- terminal growth 
and ©mail, sparse foliage which began to turn yellow before 
harvest* This condition was much more pronounced on tree 
66 then on 54* it is hard to offer any explanation for the 
behavior of tree 77 since, although the terminal growth on 
this tree was reduced, the general apparent vigor of the 
tree, judging from tne appearance and sis© of its foliage, 
was good* fruit on this tree had a good finish and dark 
green ground color resembling more closely the fruit on 
straw-manure mulched trees than on other paper mulched trees*

The data show that, although the actual percentage of 
cracked fruit was different in 1941 than 1940, these trees 
maintained their respective positions within this treatment*
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Tree 66 produced the hipest percentage of cracked fruit 
in bo til years, and tree 77 the lowest* boot pruning and 
paper mulching may nave increased cracking, but apparently 
these treatments were not major influences*

The growth status of the trees was derived from ob
servations throughout the growing period, taking into 
consideration terminal growth, size, amount, and color of 
foliage and the time of leaf drop. Ike trees were divided 
into four classes 3 Excellent, good, meaiwm, and poor; plus 
and minus were used to designate variations within each 
class*

It may be observed from Tables 1 and 2 that there is 
a close correlation between the growth status of & tree and 
the percentage of cracked fruit on that tree* This is In 
agreement with fisher <©), (10) who found that trees lack
ing in vigor were more subject to akin-cracking, the corre
lation Is especially noticeable in case of tree 66* It 
may be that a tree in poorer physiological condition will 
suffer more readily from a drastic treatment, such as root 
pruning and paper mulching, than a tree in good condition 
and having a greater amount of reserve food.

heavy nitrogen fertilisation was used In an attempt to 
Increase vigor of frees which, in turn, was considered as 
possibly effective in reduction of skin-cracking. The re
sults obtained were not only negative but, In the case of 
tree 70, seemed to Increase skln-cracking*

In 1941 the same three trees were again fertilized with



5 2

sodium nitrate, hut, in addition, 50 lbs* of hydrated 11m#
was spread around each tree. Two weeks after the applica
tion of lias# a typical nitrogen injury was apparent on 
trees 55 and 55* This injury was slight on tree 65, but 
tre# 65 lost about 45 percent of Its foliage* most of the 
fruit for grading had to be picked from defoliated branch##, 
which averaged about 70 percent rod color, thus accounting 
for the low percentage of cracked, fruit from this tree,
Crelationship of skin-cracking to color will be discussed 
later!

The minor element mixture was applied to seven trees. 
Different amounts of this fertiliser were used, in order 
to determine if rat# of application would provide any ad
ditional data or, the effect of this fertiliser on skin- 
cracking* From Table 1 It is obvious that there was no dif
ference between fertilised and non-fertlllsed trees, as well 
as between the trees receiving different amounts of minor 
elements fertiliser*

Trees receiving different amounts of minor elements 
fertiliser in 1040 were all given the same amount of ferti
lizer In 1941,and again the results obtained were not in
dicative of any effect produced by this fertiliser*

before discussing the data for plot 2, It should be 
stated that, although all trees in this plot were fairly 
uniform, trees 20 and 21 were located on the edge of the 
plot where the soil was much poorer, almost devoid of sod, 
and suffering badly from soil erosion* Tree 52 was in a
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aim liar location but on the opposite end of the plot where 
soil variability was not so pronounced*

Three years1 data for plot 2 are presented, in Table 5* 
In examining these data, it la interesting to note the 
presence of seasonal variation* Taking plot 2 as a unit* 
ekin-cracking was alight in 1959, sever© In 1940 and again 
slight in 1941, thus indicating that there may he some re
lationship between biennial bearing and occurrence of 
cracking* This belief Is strengthened by the fact that the 
only two trees which were definitely in their ^ff" year in 
1941 (trees 24 and 52) produced the highest percentage of 
cracked fruit In this plot* This will be discussed In 
greater detail later* In 1959, three unsprayed trees were 
considered a© checks and used as standards In determining 
the effectiveness of mulch and root pruning treatments* The 
result a in Table 5 are very similar to the two previous 
tables, in that they have not shown any striking differences 
In skln-cracklng, during the tore© seasons, Indicating that 
the treatments applied had no pronounced effect*

The effect on foliage by the at raw-manure mulch treat
ment in plot 2 was not nearly as pronounced as in plot 1, 
but the trees with paper mulch and root pruning were no
ticeably lacking In vigor, and the latter trees were char
acterised by poor foliage which was turning yellow even 
before harvest, and by their short, thin, terminal growth* 
The fruits on the ©traw-mulcheci trees were exceptionally 
small, but did not have a light yellow ground color which



fable %
EFFECT OF El# HtSLCUEon m  i

HOOf' 
.F- CRACK I

[o, FWTiimfioi m & a m m
Yv.iL x i hlitb AffLES

Western Maryland Orchard. Hot 2
TUitSI 
per $

ilercent of 
: cracked 
s fruit

i :Relative8index of:tree growth teracklng:status*♦
w*

*
i 1959

*•
Season

•> i•*#
21

*•ft m
»
: Straw mulched

•• 11*7
*
ft 0.15 # medium

25 e* 67 *♦ *♦ 3*0 »* 0.03 «# good
29 #* SO »•#

a*♦ 3*3 *.•» 0.06 *
ft good

20
**# 50

•
:Eoot pruned and

•#* 25.5
•*« 0.57 ft

t medium
26 •* 46 : paper mulched e♦ 0*0 ftft 0.00 »ftmedium 4
27 ** 49 «*

*
*»• 0*0 ftftf 0.00 :ftmedium ft

22
I
* 50 : Unsprayed*

*♦4 0.0
e• 0.00

•*a good
23 i 31 ♦* ft# 0*0 ftft 0.00 # good
24 #* 41 #* ftft 18.2 ♦ft 0.18 Ift good -4«* I 1940 «

*
Season•

#•#
ft#*

4
21*1 273

ft: £ tr aw-m&nur© •s 67.4
ft«* 1.53

eft« poor *t
25 ftft 269 : mulched ! 13.1 ftft 0.18 5 medium ft
29 * 81 ** iftft 1.1 «* 0.01 s medium ft
20*

* : ft 272
*
iHoot primed and

ft•ft 68.9
#•« 1.24

ftftftpoor
26 ftft 277 * paper mulched *ft 31.0 ft* 0.51 •« medium ft
27 4* 200 *« 5 54.0 *ft 1.21 ftftmedium -

i : t % I
23 t 259 : Heavy fertilise- I 43.6 a♦ 0.78 I medium
50 : 258 stion with nitrate : 14.0 aft 0.18 ftftmedium ft
31 % 264 ;of soda** ; 16.5 ; 0.22 I medium ♦** • t * s
22*: 18 sMon© *ft 38.9 : 0.50 f medium ft
24 : 502 : ft* 11.3 *« 0.15 I medium ft
32 :# 306 s• :• 22.5 #ftft 0.26 ftftft poor ft

*«• I 1941
•Season •

:
::

$ a» s : :
21 t« 92 iStraw-manur© : 3.2 : 0.03 t good -
25 : too : mulched •a 0.0 : 0.00 s excellent
29 i 200 s# «>e• 0.0 se 0.00 :a excellent
26

:: 263 sEoot pruned and ** 5.3
ee• 0.05

i: medium
27 : 248 i paper mulched i 1.6 ! 0.02 s medium

i : fte : :
23 : 200 slleavy fertllisa- : 0.0 ee 0.00 : good
50 •* 149 it ion with nitrate : 18.8 •• 0.19 : good -
51 ** 197 tof soda** s 0.5 $ 0.01 : good: : 5 : :
22 : 200 iSone : 0.0 t 0.00 : good
24 t 150 : : 50.0 #« 0.56 : medium
52 i 104 •* : §0.6 t 0.61 * medium
*AU sprats after calyx spray were omitted*
»Each tree received 44 lbs. of nitrate of soda in 1940 and 
40 lbs* of nitrate of soda plus 50 lbs. of hydrated lime 
in 1941*
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was found to bo so characteristic of cracked fruit*
Sine© tree 20 was cbanged from the root-pruning and 

paper mulch treatment to a straw-manure treatment during 
January, 1941, it was not included in the table, but the
records of this tree show that it produced 34*3 percent of 
cracked fruit in 1941* It may seem that the reduction in 
the percentage of cracked fruit from 68*9 In 1940 to 34*3 
In 1941 may be attributed to the change from paper to straw 
mulch, but when we examine trees' 26 and 27 on which a simi
lar reduction occurred, although they remained in the aame 
treatment, it is obvious that no such conclusion could be 
Justified*

Whenever the percentage of cracked fruit was high there 
was a higher percentage of badly cracked fruit, which is 
represented by th© magnitude of-the cracking index* This 
suggests that the tendency or susceptibility of a tree is 
expressed not only in the number of fruits which may be af
fected, but also in the severity of cracking*

In the College Park Orchard, Table 4, the effect of 
straw-mulch on. the vigor of trees was similar to plot 2 in 
the Western Maryland Orchard, a1th© ugh it was estimated to 
be slightly more pronounced#

The effect of all mulches and root pruning treatments 
was similar in this orchard to the Western herylend Orchard* 
It may be mentioned again, that these trees alao maintained 
their respective position© within th© treatment from 1939 
to 1940* Tree 166 was In a very poor gravelly soil. Ter-
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College Park Orchard

Tree
Fruit a
per
sample

c
4

«
4

Treatment
Percent of 
cracked 
fruit

4
4

index of 
cracking

Relative 
tree growth 
status

•
•

1939 Season
107 32 uioot pruned and 21.8 0.25 medium
110 35 paper mulched 3.0 0.03 medium
114 34 17.2 0.17 medium
116 37 81.1 1.68 poor
101 23 Rone 60.9 1.09 mediiM -
103 20 20.0 0.20 med lum'
104 25 0.0 0.00 medium
105 14 21.4 0.21 medium
106 19 77.7 1.22 medium -
108 o c

C i t J 68.1 1.41 medium -
109 26 30.8 0.38 medium
111 31 25.8 0.38 medium
112 15 53.3 0.53 medium -
115 32 0.0 0.00 med iwi
117 37 46.6 0.60 medium
118 14 : 42.9 0 . medium -
119 40 i 30.0 0.35 medium

*

1940 Season
201** 145 {Straw mulch 17.2 0.17 good
205 109 * 9.2 0.09 good
208 152 *•

»
12.8 0.13 good

♦

107**i 80
»

{Root pruned and 23.8 0.26 medium
110 160 * paper mulched 11.3 * 0*11 medium
114 S 137 S 21.9 0.22 medium
116 152

»
62.5 0.86 poor

115 : 106 {Heavy fertiliza- 4.7 { 0.05 medium
206 : 140 stion with nitrate 30.7 0.32 medium
207*** 115 of soda* 20.0 0.20 medium
108 ! Ill Unsprayed** 87.4 1*34 medium -
204 * 101 54.5 0.74 e medium
209 * 145 s 44.1 0.46 { medium
109 * 127 * Irrigated*** 12.6

•

* 0.13 * medium
119 * 114 » 13.2 { 0.13 medium
205 { 107 hft

*
15.1 { 0.17 * medium 

■, *

101 i 134
s
:Mone

• •  •

43.3 * 0.49 * medium -
105 * 80 X 53.8 * 0.54 : medium
106 i 155 X 30.3 x 0.32 { medium
112 138 I 18.8 { 0.22 medium
210 157 * E 23.6 s 0.24 medium
211 130 X { 23.1 ! jO. 23 medium
220 160 X { 18.1 * 0.18 medium

*lach tree received 44 lbs. of nitrate of soda.
**A11 sprays after the calyx spray were omitted on these trees. 
sHHf-Bach tree received about 3000-4000 gal. water from June 20 

to Aug. 9.
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minal growth was short and thin and foliage condition, in 
general, was much wore© than In any of th© otter trees in
cluded in the root-pruning and paper mulching treatment*

Although trees 109 and 110 showed no special responses, 
both of these trees received an additional treatment on 
August IS, 1939, consisting of Irrigation with 900 gallons 
of water* dome of the water was applied to the surface of 
the soil, but most of It was applied In the subsoil, by in
serting three-foot long Irrigating rod© attached to a spray 
house* In this manner water was forced (with the pressure 
from the spray pump) into the soil two to three feet below 
th© surface, boll moisture content before Irrigation was 
between 2 and 3 percent under both trees* Since this treat
ment produced, no influence on cracking of the fruit during 
the next few weeks, these tree© were not considered as a 
separate treatment* Varner (36), who performed a similar 
experiment, has also reported that no increase in cracking 
of Staymsn Winesap apples was produced by sudden increase 
In soli moisture* In 1940, trees 109, 119, and. 205 were 
surface Irrigated from June 20 to August 9* In general, 
tills treatment seemed to reduce skin-cracking but too much 
emphasis should not be placed on on© yearf s results*

Because 1941 was an *off" year for th© trees In College 
Park Orchard, the amount of fruit produced, was not suffi
cient to warrant continnation of treatments.

Soil Moisture* lie suits of soil moisture determinations 
in th© Western Maryland Orchard are presented in Table 5.
In ascribing any effect to soil moisture. It must b© remem-



Table §
SOIL MOISTURE CONTENT IN WESTERN MARYLAHP ORCHARD

1940 Season 1941 Season

■
Treatment

»» Percent of Moisture * • • e Percent of Moisture{July
31

Aug
32

Sept.
2

:Sept. 
8 17

:S©pt. 
s 27

f t • #
8 3

Apr.
12

{May sJune:July:JulylAug.lAug.5C 
10 s 12 8 1 * 23 I 10 t 29 3

3 c t.
24.......•• •• Plot 1 8 8 8 8 8 3 i

S t raw-manure »• *• 8 8 3 8 8 3 1 S 2
mulched 15 •8 17.9 15.3 813.5 820.3 8 8 15.9:15.2:13.ItlS..4:14,,8:11,2:15,,61 7.8»• *• • * ♦ 1 * 8 8 3 ** 3 3

Paper mulched s *« • * # ♦ 8 8 3 t 2 3
and root pruned 4 «8 6.0 7.2 8 9.9 8 6.7 8 8 14.3i(12.38 6.28 6.9 3 8,,3:10.83 7,.93 4.3•• 8 8 8 ti 8 S 3 8 •e 8
Hone 9.2 8.7 16.9 812.0 813.1 8 8 14• 4 311.6 ild.lill,,4:10,,8: 9.7112.42 7.1•• *• # s• • 8 3 3 8 3 3

8 •• Plot 2 8 8 8 3 8 ♦• 3** •« 3 8 8 3 8 S 2 S81 raw-ma mire : *• ♦• • •» * 8 S 3 8 3 3
mulched 10.7 10.4:13.3 312.5 :16.7 8 8 16.1 12.©{14.0:11,,5:14,4 f15.6 314«5: 5.3«• 3 8 8 8 1 3 I 8 3

Paper mulched : •• 8 • * • * 8 8 3 3 8 1
and root pruned 4.3 4.6: 5.3 8 5.9 8 5.4 8 8 12.7 9.8: 5.73 4,B3 5.5: 4.9: 4.48 4.644 8 «# 8 8 8 3 8 3 : 8
Hone 7.1 10.4:17.9 810.1 817.1 • •* 1 15.6:12.1:12.1310,,63 9,,6:10.4*13,68 4.9
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bered that all determirmt Ions war© mad# on th# upper 18 
inches of the soil, arid naturally may not necessarily In
dicate moisture cond it Ions below tills depth* It Is evident 
that the moisture content ox the soil was markedly decreased 
under the pap©r mulch and somewhat Increased under the 
straw mulch*

dome inconsistencies among difference© In soil moisture 
between the three treatments may be attributed to the time 
of soil sampling* Th© amount of water from a light rainfall 
does not penetrate the ©traw-muleh and therefor®, whenever 
©oil sample© were taken soon after such a. rain, differences 
In mo 1st w e  content between the straw mulenea soil and un- 
mulched soil were decreased* whenever the soil samples were 
taken following a heavy rainfall, which was sufficient oc
casionally to penetrate or seep under the paper mulch as 
well as the straw mulch, the soil moisture differences be
tween these two treatments were also decreased* This was 
true not only immediately following such a rain, but for a 
considerable time afterwards, as both paper and straw-mulch 
restricted evaporation from the soil*

The soil moisture content under th© paper was often 
found to be less than half of that under the untreated trees 
In any particular plotj therefore, It may be safely stated 
that if the moisture supply in th© upper 18 Inches was a 
determining factor in causing ©kin—cracking, th© trees in 
this treatment should have produced a consistently higher 
percentage of cracked, fruit, but from examining Tables 1,
2, 3, and 4 It Is obvious that this was not the case,
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separated on th® baaii of color* fruits over 2*5 inch®a 
in diameter were subdivided into two groups: Those possess
ing more than 15 percent of color and those with color less 
than 15 percent*

If the atraw-saanur© treatment is disregarded, the other 
treatments show a definite relatlonshlp between the total 
yield and the percentage of small fruits | the higher the 
yield, the higher is th® percentage of small fruits* This 
relationship, however, does not hold in the case of the 
straw—maniire■ mulched trees* Two of these trees show an 
exceptionally high percentage of small fruits and th© re
lationship between the yield ami sise of fruit is reversed* 
Tree 62, producing th© lowest yield in this group, produced 
th© highest percentage of small fruits* These trees have 
also produced the lowest percentage of wall colored fruit*
The leek of color may be explained by the fact that these 
trees were in vigorous vegetative condition, which caused 
excessive shading of thm fruit* Although ground color of 
the fruit was not recorded, it was observed that trees re
ceiving the root pruning and paper mulch treatments produced 
fruit with yellow ground color. Indicating a more advanced 
maturity of the fra it, while the fra it from the s traw-manured 
trees had a darker green ground color, was firmer, and had 
much smoother and a more greasy finish*

Leaf Development* Table 7 susnxaarl&es the effect of the 
mulch and fertilisation treatments on relative amount of 
foliage* All leaves from 50 spurs and two leaves from each.



T a b le  7

Treatment

EFFECT OP SOIL TREATMENTS 07 THE WEIGHT OP SPUE AMD TERMIHAD LEAVES
1941 Season

; ■ limber'.of leaves"
per 50 spurs

weight of leavesper i
;5Q spur leaves (in grams) a Dry weight of 
~ Small s Large 5 Total *100 terminalSmall s Large : Total 

leaves : leaves t leaves i leaves i leaves i leaves *leavea(In grama) 
s
i

straw-manure 
mulched

Root pruned and 
paper mulched

heavy fertilization 
with nitrate of soda
Mon©

Straw-manure 
mulched

Hoot pruned and 
paper mulched

Heavy fertilization : 
with nitrate of soda
Mon©

115.3

70,7

106.0
107.3

135.0

127.0

127.0 
131.7

130.7 

102.3
s
j 128.5 
:
111 * 5

145.7 

116.5

155.0
126.7

•• t s X
Western Maryland Orchard Plot 1 t•• I : 2

: I s 1244.0 : 5.6 £ 25.0 2 31.6 2 43.7•* : 2 2*• £ 2 2181.0 : 2.8 £ 12.9 2 15.7 2 30.0
£ 5 2 £♦e •« 2 S

234.5 • 3.2 j 20.0 2 23.2 : 39.5
9* 99 2 £218.6 ; 4.8 £ 17.4 9• 22.2 9♦ 35.©*« 9• •9 X

Western Maryland Orchard * * Plot 29 X
£•

♦•
•99

9
2

•
i280.7 £ 6.0 s 26.2 2 32.2 j 35.5•• * 2 £9• 9• : £245.5 2 6.7 : 19.6 2 26.3 £ 30.1•• 9 i I99 «9 2 £280.0 ! 5.1 s 27.2 2 32.3 £ 40.2♦* * 2 £258.3 2 5.8 s 20.6 2 26.4 9• 32.8
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of 50 tormina Is were collected on September 13, 1941. The 
t o t a l  number of leaves per 60 spurs was greatest on trees 
In the s traw-nnnure treatment j the o t h e r s  in d e c r e a s i n g  
order were: Heavy fertilisation, check, and root priming
plus p  ap er mulching. The d i f f e r e n c e s  b e t w e e n  t r e a t m e n t s  

were more pronounced in p l o t  1, i n d i c a t i n g  t h a t  t h e y  w e r e  

more effectire in that riot than in plot 2, both as to num
ber and weight* Or the dry weight basis, there was prac
tically no difference between straw-manure mulch a n d  heavy 
ferti 1 IzatIon in plot 2* .Dry weights indicate t h a t  a l l  

trees In plot £ produced a larger amount of dry weight of 
spur leaves than tree 3 in t lot 1 (with the except i o n  of 
straw-manure t r e a t m e n t ) « Judging from the data in t h i s  

table, it is safe to conclude that root pruning end p a p e r  

mulching decreased foliage d e v e l o p m e n t  more i n  plot 1 t h a n  

plot 2, which may be attributed to greater s e v e r i t y  of root 
pruning in that plot.

i.-ry weights of terminal leaves indicate similar' differ
ences but to a greater degree, thus substantiating th© re
sults obtained. with spur leaves.

The same terminal leaves were chemically analysed for 
total nitrogen, phosphorous, and potassium content. From 
the da^n obtained, (Table 8), there were no significant 
differences between any of the treatments and none of th© 
leaves seemed to approach a deficiency level for any of the 
analysed elements, thus indicating that these trees were 
not suffering from nitrogen, phosphorous and potassium
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deficiency*

Table S
CHEMICAL AnALlBlB OF TERMINAL LEAVES 

Fonr i u j  m i A L  aiflks 
(Expressed in percent of d r y  weight)

W e s t e r n  Maryland Orchard H o t  1
1941 Season

_ _  _ "Wotal ~ "T " ” ~ ~V ~  *
snitrogen sPhosphorus : PotassiumTree i Treatment s Content *Content iContent

64
ts&oot pruned

«.
t 1.10

*«»# 0.221
*

** 1.579
66 t and *e 1* 06 ♦# 0.150 ♦* 1.306
77 s paper mulched: 1.11 8♦ 0.170 :• 1.200
61

*
$ 61 r aw-man ure

♦

• 1.06
*#• 0.166

«-*# 1.260
62 : mulched ** 1*04 •» 0.200 t 1.185
72 m •*

*
.93 •• 0.157 t 1.181

5 7
%s Check S 1.10 3

s 0.147
t
: 1,502

6 7 * «* 1.07 «♦ 0.173 ¥* 1.364
7 6 8 : 1.17 s 0.146 • 1.082

Relatl o n s h i p  of Cutin T h ic k n e s s  and 
Structure of York Imperial Apples to Size 
and Color of Fruit, Soil Treatments and

Skin-cracking•
Th# average cutIn t h i c k n e s s  for th© red and green 

sides of medium and large sized fruits is simsaarlzed in 
Table 9* With t h e  exception of trees 66 and 72, c u t  i n  

t h i c k n e s s  was greater o n  t h e  green than on the red aide of 
the fruit. This Is i n  a g r e e m e n t  w i t h  t h e  f i n d i n g s  of F a k e r  

( 1 )  who was s t u d y i n g  c u t  i n  on Grime© Golden, apples. It is 
possible t h a t  medium fru.it from tree 66 had developed nearly 
th# maximum thickness of cut in, and therefore normal d i f 

f e r e n c e s  were not present, but fee data obtained from th# 
medium f r u i t  of t r e e  72 cannot be explained and can only
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Id© a t t r i b u t e d  t o  e x p e r i m e n t a l  e r r o r *

Table 9
RKJLAT- Gjillbli dbT«i;.l*K

;• :; i  nx :- /“■' ■ m  ; r *'->*: \ :  t i c  uU  *U JL Uv* I--’ \ •*■ ‘. Jl J U« «ito j. .u •*,&- -iv-̂ I i ; >' 1.^9 W

1941 reason

Tree

**•*
s
P©rcent 
cracked 
fruit

of 3m*«-e
Thickness of cutla 

C In micron®)
Mod side s dreen side

s Mean 
s eutln 
1 thickness

1 s 3 1
: Medium sized fruit$ (2-5/8 -5 )

66 s
I 82*0

*
s 16.3

a
3 16*3 i 16.5

67 I 69*0 ; 13*5 3 15.4 f 11.4
54 % 59*5 3 14.4 3 15.5 f 15.0
76 : 48.1 3 14*2 3 15.5 : 14.©
57 1 30*4 3 14.1 1 14.9 J 14.6
62 mm 0.0 3 14*1 3 15.9 i 15.0
77 t 0*0 : 13.5 3 15.5 3 15.4
72 % 0.0 3 13.3 3 10.6 3 11.9
61 t

m
0.0 3 10.7 3

a
11*8 * 11.3

I
t

•
large slsed

*
fruit (3W and

3up)
I 3 t :

66 3 82*0 s 15.1 i 16.0 t 16.0
67 » 69.0 s 13.7 l 16.2 1 14.0
64 t 59.3 $ 15.8 3 17*4 2 16.6
76 3 48.1 ## 13.7 1 15.0 3 14.8
57 s 50.4 $ 15.7 $ 16.2 3 14.9
62 •• 0.0 3 15.0 1 14.4 8 14.1
72 *• 0.0 3 12.0 1 12.5 8 12.8
61 •• 0.0 3 11.4 s 12.0 3 11.7
Each. f i & u r e  represent© 9 m e a s u r e m e n ts  per fruit o n  6 
f r u i t s  T54 meas u r © m e a ts )«

Til© correlation c o e f f i c i e n t  for cut In thickness and 
tli® percental® of cracked fruit o n  a  t r e e  was c a l c u l a t e d  

to d e t e r m in e  t h e  d e c r e e  of relationship between t h e s e  

measurements. In. m e d iim  s i z e d  fruit, t h e  correlations be
tween percentage of cracked fruit and cut in t h i c k n e s s  on 
the red side, green side a n d  the mean cutIn thickness were 
■#0*661, *0*688 a n d  #0*731 r e s p e c t i v e l y *  Correlation co
efficient n e e d e d  f o r  s i g n i f i c a n c e  a t  t h e  5  percent l e v e l  I®

£i*
a :
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0 . 6 6 6 ,  t h u s  i n d i c a t i n g  t h a t  tlx® o n l y  correlation not s i g 

n i f i c a n t s  at tills level was between c u t  In t h i c k n e s s  on the 
reel side and t h e  percentage o f  cracked fruit*

T h e  c a l c u l a t e d  correlation coefficients between cut In 
t h i c k n e s s  of large fruits on t h e  red and green aides, mean 
o u t  i n  thickness and percentages of cracked, fruit w e r e t  

4 0 * 6 9 2 ,  4 0 * 8 1 7  and 4 0 * 7 8 2  respectively, fix© correlation 
c o e f  fI c lent needed for significance at t h e  5 percent level 
I s  0 * 7 0 7  a n d  at the 2  percent level it is 0 * 7 8 © .  In c o l -  

l o o t i n g  s a m p le s  of large fruit, It was impossible to obtain 
a n y  f r u i t  of t h i s  s isse  I n  tlx® selected location, n a m e ly ,  o n  

the @ast side o f  the tree, f r o m  tree 7 7 *

I t  may be concluded from t h e s e  c o r r e l a t i o n s  t h a t  the 
relationship between cut In t h i c k n e s s  a n d  the percentage of 
cracked fruit is very p r o n o u n c e d ,  but d u e  to o c c a s i o n a l  

variability and probably an I n s u f f i c i e n t  n u m b e r  of trees 
examined, they are not s i g n i f i c a n t  at the 1 percent level* 
h o w e v e r ,  s i n c e  most of the correlations are significant at 
t h e  5 p e r c e n t  l e v e l ,  they ar@  i n d i c a t i v e  of a close direct 
relationship b e t w e e n  s k i n - c r a c k i n g  a n d  cutIn t h i c k n e s s *

In order to d e t e r m in e  I f  t h e  treatments had any effect 
on cutIn t h i c k n e s s  thee© m e a s u r e m e n ts  were a n a ly s e d  b y  

aim lysis of variance. It s h o u ld  b e  m e n t io n e d  t h a t  t h e  d i f 

f e r e n c e s  b e tw e e n  measurement© on t h e  sam e f r u i t  a n d  b e tw e e n  

different fruit© on t h e  same tree were f o u n d  t o  be not sig
nificant a n d  therefore only a v e r a g e s  for t h e  whole tree were 
used In further statistical analysis. T h e  result® are p r e -
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gent at! In Tati© 10.
It was round that the differences between all treat- 

sents, except on©, were highly significant. The nonsig- 
r,lf Ic&nc* between the root pruning plus paper mulching 
treatment and untreated trees In medium sized fruit is 
probably clue to thin cut in on the fruit from tree 77#
This tree, ms was mentioned before, was not characteris
tic of it© group#

In examining these data further, it may bo observed 
that in the large fruit there are no significant differ
ences in cut In thickness between trees in any one treat
ment, with the exception of tree 02 of *tr«t-*uanur« treat
ment, but the trees of any one treatment were significantly 
different from trees In other treatments# The same rela
tionship Is true In medium fruit, but In addition to tree 
02, tree 77 Is also significantly different from trees of 
the same treatment#

It is apparent that treatments t@nd.lng to increase 
cracking produced thicker cutIn, while treatments reducing 
cracking produced thinner cutin# It is also interesting to 
not© that the green side of the fruit, which ia more sub
ject to cracking, has a significantly thicker cut In than 
the red side*

It was observed that, in addition to different cutin 
thickness on the red and green aid© of the fruit, there la 
also a definite structural difference peculiar to each side. 
The cut-in surface on the red side was found, to be much

mailto:t@nd.lng
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‘Table 10
cu^xh T n i m n m s  of t o m  i m m i A L  aiilbs
AS X^FLUEHCED BSC BOIL TPr&X MiTS, ROOT 

Hiuiam, AMD CO LORA 1 IO , _ FRUITS

   1941 Season: : s Cut in thickness' ~ *Average
: sSXse of» in microns s bo to

Treatment threat fruit s sides
2

s t raw-manure «* 61 : large *# 12*0 *11.4 *11*7
mulched a• 62 ♦m 0 e* 14*4 :15.9 • 14 * 1

I 72 I f* ** 12.5 *12.0 812*2
Mean ** •♦ «* l 8 12.7

2 i «• % X
Boot pruned -and $ 54 % large 2 17.4 *15.8 816.6
paper mulched * 66 2 H 1 16*9 : 15 • 1 816.0

Mean * •*a
*
■* % 16.3

Hon®
*»* 57

•*♦ large
•** 16.2 2X3.7

£
814.9

X 67 •• ft »• 16.2 *15.7 814.9*• 76 •* I* : 15*9 513.7 814.8
Mean «£ 2 : 15*2 s 13.7 l 14*9

S *• 4 2 s«* ** *S ; t
S traw—manure 2 61 t medium s 11.8 fl0.7 sll.3
mulched # 62 2 « 2 15.9 *14.1 115.0«* 72 : » 2 10.5 813.3 811.9
Mean «* 2 ** 8 8 12.7

I : i ; 8Root pruned and «• 54 •a medium 2 15.5 814.4 815.0paper mulched 2 66 ** « * 1©.5 816.5 *16.3a* 77 t tr ; 15.5 : 13 * 3 s 13 *4
Mean «e# t 1 e* 8 14.9*e : I i 8

lone 2 57 *# medium •• 14.9 :14.1 814.5
2 67 * « e* 15.4 813.3 814.4*<* 76 *• 18 : 15.6 814.2 814*8Mean 2 *# % 14.4 s 15.7 8 14.6

Plfferenee required for signlficance large fruit medium fruit
*3_gjt 41 IS 41 a ligbetween treatments 0*672 0*759 0 *564 0*482between trees 0*80© 1*076 0.630 0*866between sides 0.405 0.656 0*297 0.595
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smoother and showed much less Irregularity (Hates 13 and 
14) « CutIn on the groan slue was characterl&ed by sharp, 
and often deep, indentations and by the odd shaped cells In 
the epidemal layer* liie epidermal cells on the green aid© 
were often found to be entirely separated from each, other 
by a layer of cut in, and although till® was also noticed on 
tiie red & Me, the separations between cells were not as 
frequent or as long* letley (32} has found that varieties 
with uneven cut in, which penetrated between cell®, were more 
subject to cracking than varieties having the cut In which 
touched only the apex of the radial wall of the epidermal 
cells#

In tnls study if was impossible to determine whether a  

break In the apple skin, similar to one shown, in Plate 9, 1® 
a lentieel o r  a  a k i n - c r a c k *  It w a s  suggested toy B e r n e r  (37) 
that lentieel hypertrophy may constitute an Initial stag© 
of fruit crackingj letley (32), however, stated that many 
cracks may o c c u r  on the fruit ?t. * * * w h ic h  have no ref
erence to the bases o f  hairs or to the X e n t i e e W *  Prom 
s t u d y i n g  p r e p a r e d  al i d e a  of fork it was concluded teat 
even though some cracks may have originated from lentieel®, 
the origin of cracking can be only partially attributed t o  

this source# M a n y  open crack®, without any format i o n  o f  a  

c o r k y  layer, w a r©  found on the slide® examined* rhea© 
crack®, obviously, h a d  n o  connection with previously fo r m e d  

lent ice Is, but whenever a small crack h a d  a corky l a y e r ,  It 
was Impossible to distinguish It from a normal lentieel*
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In some cases a lentieel may he broken open and thus be
come a crack* From a study of I late 11, It may b© observed
that although pert of the side Is corked over, there is no
cork formation at the lower part of the lesion, thus In
dicating that It Is a crack and not a lentieel, hurt it m y
have originated from a lentieel, which, however, la im p o s 

sible to determine at this stage. Hates 10 and, 12 show 
cracks which have fo r m e d  a well" defined cork layer, but 
here again, .It is impossible to determine their origin*

Skin-cracking of York Imperial Apples 
As Influenced by Individual Branch and Fruit Treatment a

Branch g i r d l i n g  data are presented I n  Table 11  * In 
1939 girdling was not done until the early part of S e p te m 

b e r ,  which accounts for the inconsistency of the data ob
tained* In 1940 and 1941, however, whan girdling was don© 
In June, this t r e a t m e n t  increased cracking on every tree 
which, produced, some cracked fruit on untreated branches.
By comparing differences In the percentage of cracking and. 
the differences in cracking index, it Is observed that an 
increase in percentage was not always followed by an equi
valent increase in severity of c r a c k i n g ,  but in most in
stances girdling, increased the severity as well as the per
centage of cracked fruit*

branch defoliation, which, was performed, on the same 
date as branch girdling, produced opposite results from 
branch girdling* The data In table 12 also bear out the
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ble 11
iir £* FIT OF nhPihCh GIRDLING 00 SKIK~CRACKING OF YORK IMPERIAL APPLES

Tree*
ercent o: .;=! fruit

Check
uirdledbr&nchee

j t
?Difference due: 
: to treatment ?

Index of Cracking s!’jr dirdlea sDifference dueCheck ? branches? to treatment

3 36.4 (55)

t
*•
ft

**I 57.1 (14)##

•«
?
3J

1
1939 Season: •

ft2 0.7 s 0.47

«•
I•ft
t

t
t
ft

0.57 i 10,10
23 0.0 (31) 0.0 (25) 3 0.0 3 0.00 t 0.00 ? 0.00
26 0.0 (46) 0.0 (2 1) 3 0.0 0.00 t 0.00 ? 0.00
27 0.0 (49) 0.0 (25) ftft 0.0 ? 0.00 I 0.00 s 0.00

110 3.0 (S3) 0.0 (26) •• -3.0 0.03 «« 0.00 5 -0.03
111 25.8 (31) 60.0 (2 0 ) ft• ft34.2 s 0.38 ft• 0.80 i 10.42
112 53.3 (15) 20.0 (15) 3 —22.2 : 0.53 s 0.20 s -0.33
119 30.0 (40) 53.8 (13) : ft23.8 s 0.35 ftft 0.69 l 10.54

52 53.1 (147) 65.3 (49)
*•♦4
5

1940 Season^
ft!2.2 ; 0 .93

•»ft»ft«
#ft
5

1.18 I 10.25
60 15*3 (23d) s 66.0 (116) ft* ft40.7 s 0.19 •ft 1.13 ? 10.94

101 43.3 (134) 76.5 (51) 3 ftS3.2 : 0.49 *• 0.88 ? 10.39
105 53.8 (60) 56.1 (6 6 ) •• ft 2 . 3 s 0.54 *ft 0.69 i 10.15

21 3.2 (92) 4.0 (28)
3*ft
I

ft
1941 Season!

ftO.8 : 0.03
ft«•
fta

s
i

0.04 s 10.01
22 0.0 (2 0 0) 0.0 (35) ftft 0.0 : 0.00 ft# 0.00 * 0.00
26 5.3 (263) 7.0 (2 0 ) ftft ftl.7 : 0.05 s 0.07 s 10.02
27 1.6 (248) 4.0 (23) ftft ft2.4 0.02 ftft 0.04 ? 10.02
30 18.8 (149) 25.0 (27) ftft ft6 .2 : 0.19 s 0.25 s 10.06
31 0.5 (197) 0.5 (30) ftft 0.0 s 0.01 ftft 0.01 ? 0.00
54 59,3 (491) 75.1 (58) ftft ftl5.8 : 0.92 s 1.12 t 10.20
60 46.5 (236) 71.0 (1 0 0) ftft <♦24 • 5 : 0.15 ? 1.63 : 11.48
62 0.0 (260) 0.0 (1 0 0) ftft 0.0 s 0.00 ftft 0.00 s 0.00
63 s 0.0 (259) 10.7 (38) ftft ftlO.7 i 0.00 s 0.11 ? iO,ll
65 41.9 (238) 57.9 (19) ft f t ie .o  % 0.57 ftft 0.58 s 10.01
70 32.5 (270) 68*5 (106) ft ft35.8 s 0.47 ft• 0.84 t 10.37
72 0.0 (254) 0.0 (48) ft

0 0.0 * 0.00 : 0.00 S 0.00
r y r j  t f 0.0 (252) 0.0 (43) ftft 0.0 : 0.00 «ft 0.00 s 0.00

^Irees 20 to 32 were located in Western Maryland Orchard plot 1, trees 1 to 10 and 51 to
79 in Western Maryland Orchard plot 2, and trees 101 and above In College Park Orchard.

•>W’]umLer of fruits per sample.



52

’able 12

ree^

iAV OF YORK IMimXAL Allhm

Percent of
Check

■ racked Prn.it defoliated
br&nenes

Index of'Trac'Hnii: t
shiffar©nee due: s
t to treatment J Cheek s

kefoliated:Difference due 
branches s to treatment

; ft s s t•• aft 1939 beeson t $ ;
5 78.6 (28)*# 54.0 (13)** 5 -24.6 »• 1.25 3 0,54 ' g -0,71
6 35.0 {20} •a 50.0 (14) f• -15.0 *» 0,56 * 0.50 s -0.05

20 23.3 (30) «a 46.7 (15) ft• *23.4 •* 0.37 2 0.47 I *0.10
23 0.0 (31) a« 6.7 (15) •ft *6.7 *# 0.00 s 0.67 S *0.67

111 25.8 (51) •* 27.3 (2 2 ) ftft -1.5 ♦* 0,38 2 0.36 s -0.04
112 53.5 (15) *ft 42.5 (7) •ft *10.4 « 0,53 : 0.43 s *0.10
117 46.6 (37) 4* 33.4 (1 2) I -1.3 * 0.80 s 0.33 s -0.27
118 42.9 (14) «a 28.6 (14) ftft -14.3 4ft 0.43 ftft 0.29 : -0.14a

j
ftftft 1940 beacon ft

ftft
2
s

ft•
s

24 11.3 (302) 4a 0.0 ( ) ftft -11.3 *ft 0.15 s 0.00 s -0.15
52 53 * 1 (147) ** 7.8 (69) • -45.5 «ft 0,93 s 0.07 s -0.86
60 15.3 (236) % 1.1 (SB) ft -14.2 ftft 0.19 #ft 0.01 1 -0.18

101 43.3 (134) ! 5.0 (50) ft♦ -38.3 ft• 0.49 ftft 0,05 ftft —0.44
105 : 53*8 (80) 4 5.1 (32) ftft -50.7 ftft 0.54 i 0,03 s -0,51
106 30.3 (155) 4• 0.0 (74) ftft -30.3 ftft 0.32 •a 0,00 s -0,32•4•

ftftft 1941 beason
ftft :

i
s
t

21 3.2 (92) i*» 0.0 (2 0 ) ftft -5.2 ftft 0.05 i 0.00 s -0,03
22 0.0 (2 0 0) 3t• 0.0 (25) S 0,0 ftft 0,00 s 0.00 s 0.00
24 50.0 (150) aa 0.0 (30) ftft -50.0 ftft 0.56 •• 0,00 t -0,56
26 5.3 (263) fta 0.0 (23) t -5.5 ft4 0.05 2 0.00 «* -0,05
27 1.6 (248) » 0.0 (31) ft -1.6 • 0.02 i 0,00 s -0.02
30 18.8 (149) *• 0.0 (40) ftft -18.8 0.19 : 0,00 ftft -0.19
31 0.5 (1971 * 0.0 (27) ftft -0.5 ftft 0.01 : 0.00 ftft —0 « 01
54 59.3 (491) • 9.5 (2 1 ) «ft -49.8 ft 0.92 •# 0,10 ftft -0.82
62 0.0 (260) s 0.0 (4C) ftft 0.0 ftft 0.00 s 0.00 s 0.00
63 0.0 v 2o 9) e8 0.0 (35) * 0.0 ftft 0,00 t* 0.00 s 0.00
65 41.9 (25.) * 14*8 (27) ftft -27.1 * 0,57 : 0.15 ftft -0*42
70 32.5 (270) ft4 20.0 (2 0) ftft -12.5 ft 0,47 s 0.20 1 -0.27
72 0.0 (250) ftft 0.0 (97) I 0.0 ft 0,00 s 0,00 3 0.00
75 49.7 (254) *• 0.0 (25) ft -49.7 kft 0,51 : 0.00 S -0.51
77 0.0 (252) «9 0.0 (25 ) ft 0.0 Pft 0.00 ftft 0.00 3 0.00

•screes to 32 were located in the western Maryland ;j v chard plot X, tree® 1 to
and 51 to 79 in the Western Maryland 
th© College Fark orchard*#*Kumber of fruits per sample•

jrchard plot 2, and trees 101 and above In
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fact that defoliation late in the season was not as ef-
factive as that which was done earlier* In 1939 when the
branches were girded in early September, this treatment,
in some instances, seemed to increase cracking* This, how
ever, may foe attributed to variability in the percentage of
cracked fruits within the tree* The data for 1940 and 1941
snow a very consistent reduction in cracking in every case
whenever there was any evidence of cracking on the check
fruits* This cons is teuoy of the results may he attributed
to the greater effectiveness of the treatment, which, ap
parently, was sufficient to overcome any variability within
a tree*

The data (expressed as percentage of cracked fruit) on
the effect of bagging fruits with various types of bags are
presented in Table 13* These data were also calculated on
the basis of cracking index but, since no additional con
clusions could be drawn from these figures, they are not
presented*

Bagging reduced cracking on a few trees during the
1939 season, but the prevalence of increased cracking pro
duced on the rest of the trees indicates that bagging, in
general, increased ©racking* The results are more consist
ent In 1940, but the Increase in ©racking produced by bag
ging still varies considerably from tree to tree* This is
not In agreement with Verner (36) who, while working on
cracking of Bteyman alnesaj* stated that fruits bagged with
paper bags did not develop cracking*



Table 15
K.J:'' SSCT Of .Dii vjutJ.SLi' US i ;;L>!XV UcAjL STî  ii't; Uh CiiAuKXHG Q & STOHi£

J t j r IrFLES

•• percent of cracked fruits u n d e r : *d i f f e r e n c e b v  eoi&par i s on t o  no b a g g i n g
T r e e * * i t o bessinF?Black ban White b a h z 'C e llo p h a n e baw;: black bags W h i t e  b a h s€©l lo p h a n e -ba«_ ________•*•# 1039

•
S e a s o n

:
ft«

©«
:•

5
ft
ft* 36 • 4 45.8 40,9 50.0 % ft6»4

«
ftft 44.5

e
i 413*6

5 ** 78.6 92.0 30.0 66.6 * ♦13.4 9 41*4 : -9,0
7 ** or a 53.8 21.1 o % P-.4^ e  tv? s ft26.2 J -4.5 5 -2.1
8 ** 50.0 77.8 46.7 50.0 9# 427.8 t -3,3 «a 0.0
9 *• 45.8 54.5 58.8 50.0 ft* 48.7 ftft 413*0 t 44.2
10 • 42.9 66.7 21,4 87.5 ftft 423.8 ftft -21.5 i 444.6
25 *• 0.0 30.0 18.2 10.0 •ft 430.0 ft• 410.2 3 410.0
24 ft• 18.2 14.3 27.3 20.6 ftft -5.9 ftft 49.1 ftft 410.4
25 *ft 3.0 0.0 0,0 0.0 #* -3.0 * -3*0 ftft -3.0
26 I 0.0 7.7 0.0 0.0 *ft 47,7 : 0*0 ft 0.0
27 «♦ 0.0 0.0 0.0 0.0 «ft 0,0 * 0.0 ft« 0.0
28 « 3.3 •28.6 0.0 40.0 ftft 425.3 : -5*3 : 436.7
101 0 60.9 50.0 100.0 100.0 ftft -10.9 : 438*1 ae 438.1
110 ft« 3.0 11.1 25.0 40.0 ftft 48.1 99 422*0 aa 437.0
114 * 17.2 37.5 40.0 44.4 ft• 420.3 afta 422.8 ft# 427.2

* 1940
ft

Season
«
i 4*4

24
*

* 10.1 27.5 19.8 29,6
9
4ft 417.4

*

« 49*7
4

: 419.5
32 • 26.4 37.1 43.6 36,1 ? 410.7 ? 417.2 : 49,7
53 ftft 10.3 55 * o 21.6 24.0 ft- 425.0 s 411.3 t 415.7
78 ** 23.4 25.5 27.5 21.4 ftft 41.9 : 43.9 •ft - 2.0

tiroes 
79 in

20 to 02 were located in Western naryland orchard plot 1, tree# 1 to 10 and 51 to 
Western Maryland Orchard plot 2, and trees 101 and above In College Park Orchard*
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The relative effectiveness or different types of bags
is not definite* It s eems that In 1959 the wn ite hags
ware least effective in inducing cracking, but in 1940 this
was not the case. There is even less relationship between
the effects of black ana cellophane nags* Apparently the
type of bag; was not- a very Important factor*

ruxts bagg©b witi* olao i*. Dfij j S  were devoid of any red
color end had developed, at time of harvest, a bright yellow
ground color* In a number of instances these fruits were
found to have developed ©kin-cracking completely arouiia the
fruit, that was never found on. normally exposed fruit*

nine© par&fllm bands, rubber bands, waxing and alcohol
wash all increased cracking in every case, the uata were
summarized and only the means for each treatment are pre
sented in Table 14*

The difference in cracking of fruit areas under the
band and outside the band was used to calculate the effective
ness or these treatments* m e  characteristic effect of bands
is shown on Plate 4* Xhe treatments in tne order of their
a b 111, ty to Indue © crack lag are : f araf ilia band s , rub ber band s ,
waxing, and alcohol wasa. o©verity of cracking was noticeably
increased by the first two trea Chi I ito p out due last two had
less effect in tala respect*

The effect of lime spray, as shown in. T ible 15, was in
consistent In that Increases ana decrease© in cracking re
sulted from this treatment* The results of arsenic sprays
were equally erratic. Taking Into consideration the trees



Table 14
EFFECT OF FA RAF I Lid BAUDS, RUBBER BA KBS, WAXIMG, AMD ALCOHOL WASH 01

SKIN-CilACKIMG OF YORK IM FERIAL AF1LES
1939 Season

135¥r of T  
trees s

If ©an percentag© o £ f
cracked fruit iTreatment San index"of

cracking
17 Farafilm bands 

Under the band 
Outside the band 

Mean difference
90,9
27.2 t63.7

2.330.29 l2*Q4
12

14

11

j Rubber bands 
: Under the band
: Outside the band
s Mean difference

Waxing
Waxed
Check

Mean difference
Alcohol wash 
Washed 
Check

Mean difference

77.5
27.9

59.2
17.7

38.3
15.2

149.6

141.5

123.1

1.170.27

0.670.26

0.450.21

10.90

10.41

10.24
From 100 to 500 fruits were used for each sample.
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without any cracking of wisp rayed fruits, tlitre 1© a pre
dominance or evidence that cracking was not induced by
either 15m© or arsenic sprays. To determine farther any
possible err act that regular fruit sprays might have on
#kln~eracking, some trees had all sprays, after a calyx
spray, omitted* The data presented in Table© 1, 5 and 4
are insuff I©lent to draw any definite conclusion as to ef
fect of sprays on cracking, but It is obvious that under
the condition# of this experiment, sprays did not decrease
cracking# 'Ibis is ©specially evident from the data ob
tained. in 1940, plot 2, Table 5# One tree was left un- 
sprayed in eech of the mulched treatment# in addition to
untreated check tree# In ©very case the unsprayed treesthe
produceg/highest percentage of cracked fruits within their
respective treatments# This was further substantiated by
data from the College iark Orchard, Table 4, where two irn—
sprayed trees, 108 and 204, produced first and third high
est percentage of cracked fruit in the whole plot# These
results are not in agreement with the suggestion made by
hehreder and kaufc (28) that cracking may be aggravated
caustic sprays used comm#reX&lly in orchard spraying#

The data for potassium thlooy&mte sprays, presented,
in table 15, inaicat© that, in general,a reduction in crack
ing was obtained as a result of application of this material#
dprayed fruit developed a better color, which may be partially
responsible for the reduction in cracking#

mats for hr ml ton© spraying, presented in the same table.



show a consistent reduction in cracking* It was found that,
usually, the higher tie percentage of cracking of ur: sprayed
fruits, the greater the reduction obtained with. Fraitone
spray* Sprayed fruit developed a. slightly better color and
finisii than check fruits, but this may be attributed only
partially to a sXlgi.it defoliation caused by this spray*

Two branches on each of tne three trees were selected
for sugar and ninor element injections. Branches injected
with minor elements produced higher percentage of cracked
fruits, but the increase varied from 2.1 percent to 20*6
percent* Sugar injections in two out of three cases have
also caused an increase in the percentage of cracked fruit,
but in the other case a decrease of 1 percent was recorded.
Since these results were tending to increase rather than
decrease skin-cracking, this experiment was not repeated in
1941* Ho residual effect of these injections was noticed
in 1941.

Other Factors Associated with Skin- 
cracking of fork Imperial Apples

Tieid* There' is a definite correlation between the
percentage of cracked fruits and the yield of a tree. It
may be observed in Table 16 that this correlation is not
perfect and that a number of exceptions are present In each
plot* since these trees were grouped regardless of their
treatments, some of the variations can be definitely attri
buted to the effect of a treatment. Tree 68 Is the only
atraw-manure mulched tree which produced an exceptionally
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low yield in 1941 and apparently this treatment had enough 
effect to overbalance the effect of low yield. Tree 69* 
which was also in the same treatment* did not produce any 
cracking In spite of Its light yield# It Is Interesting t© 
note the degree of relationship between yield and percentage 
of cracked fruit# The coefficient of correlation was found 
t© be -0*670 and the coefficient of correlation required 
for significance for 24 degrees of freedom is* at 1 percent 
level* 0.496* Therefore* it 1© obvious that notwithstanding 
the differences produced by various treatments* toe corre
lation is highly significant#

In plot 2* trees 20 and 27 produced exceptionally mall 
fruit* anti the also of fruit on tra© 27 was mailer than on 
tree 26* The size of fra it, which was apparently reduced by 
the root pruning and paper mulching treatment* account® for 
the lower yield on these trees* sine© the yield was measured 
in bushels and not in number of fruit® produced* Sine© the 
calculated correlation coefficient between the percentage 
of cracked, fruit anti the yield was <0*749 and the correlation 
coefficient needed for significance at 1 percent level Is 
0*684, It I© obvious that this relationship was highly sig
nificant* These findings are In agreement with Fisher (9) 
and Schrader and iiaut (29) who have also- found that fork 
Imperial apple trees bearing a heavy yield were lea® bus- 
ceptibis to- this trouble*

Altnough there Is a close relationship between the per
centage of cracked fruit and ttim yield within each plot,
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there la a distinct difference between the two plots. In 
plot 1| whenever tlie tree yield exceeded 10 bushels there 
was practically no cracking produced on those trees, while 
In plot 2, the tree yield had to exceed. 23 bushel a before 
the same effect was produced* This is probably due to a 
difference in vigor of the trees in the two plots*

Biennial hear inis* This relationship between yields 
and caps eking of fork Imperial apples is emphasised further 
when biennial bearing is considered* from the data pre
sented in Table 17, it is apparent that there la a definite 
fluctuation in the degree of cracking from year to year*
This fluctuation is Just the opposite to the biennial bear
ing habit of these trees* A higher percentage of cracked 
fruits Is always associated with the Moffw year of a tree, 
and vice versa for the monn year. It may be mentioned that 
this relationship apparently supercedes the effect of any 
treatment which may have been applied to the tree, since 
these trees, similarly to Table 16, were grouped.regardless 
of their treatments* It must be remembered that this rela
tionship may be partially due to the higher percentage of 
small fruits produced by the tree In Its Montt year.

»../ x&o of fruit* To determine the relationship between 
the percentage of small fruit C2-l/8w-2|Jf) and. cracking on 
u particular tree, twenty trees from two plots in the West
ern Maryland Orchard were selected* Between one and three 
bushels of fruit were picked at random throughout the tree 
from each of these trees* The percentage of small fruit was



'fable 17
HELAflO.NS.air BETWEEN BIENNIAL BEARING AND SKIN-CRACKING

OP YORK IMPERIAL APPLES
Western Maryland Orchard

Tree
"On* o r

Year
193© Season 
"Off" : Percent of 

icracked fruits
wOn or

Year
1940 Season 
lr0fFI

s
s Percent of s 
scracked fruiti

W7wW0nw or 
Year

1941 Season 
“Off" s Percent of 

scracked fruit1 ♦ • • *• a• 1• •* * •• Plot 1 :
51 s

*
S n Off” «•# 56.7 "On"

8
8 2.0

61 S 5 , « • *• 35.5 II 8 0.0
62 : s « « • 44.2 » 8 0.0
63 s s f ft *« 48.3 ft 8 0.0
72 : * ff• *• 30.8 " «* 0.0
77 : : • ff* •• 20.2 $ " •* 0.0
54 t s s "On" ** 29.5 8 "Off” 8 59.3
60 s t * 1* * # 15.3 I * 8 46.5
64 : « If « a* 15.1 t * 8 52.0
67 : * •  ̂# ••# 56.1 W 8• 69.0

: i 
8 !

••• Plot 2
J#•

s s 
20 : "On1* : 23.3 : "Off"

4t• 68.9 "On"
*
8 34.3

21 : " : 11.7 . H «a 67.4 8 8 3.2
OO t ff *CjCj • • 0.0 » 11 • *• 58. 9 ft 8 0.0
23 : " : 0.0 s *• 43.6 8 8 0.0
25 : " s 3.0 s ** 13.4 8 8 0.0
26 : " s 0.0 W« s 31.0 8 8 5.3
27 : " : 0.0 * •• 54.0 s " ** 1.6
24 : "Off11 16.2 s "On" ♦ 11.5 t "Off" 8 60.0
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calculated, for each tree and. the coefficient of correlation 
between the percentage of small fruit and cracking was cal
culated* The coefficient of correlation, waled was found 
to be -0*785, la highly significant at the 1 percent level*
It was interesting, to note that whenever the percentage of 
email fruits exceeded 22 percent, there was no cracking in 
excess of 5*2 percent on any of the trees*

Finish and Color of Fruit* There was also a definite 
relationship between the finish of a fruit and the degree 
of cracking* fruits from eleven trees, while being graded 
for cracking, war© also graded in regard to their finish*
A coefficient of correlation of -0*914 was obtained between 
finish and the percentage of cracking* This exceptionally 
high negative correlation clearly indicates that fruit with 
smoother, greasy finish is less likely to develop skin- 
cracking than fruit with a dry, rough finish*

It was found that most of the skin-cracking occurs on 
the unblushed side of the fruit* mate presented in Table 
18 clearly bear out this poInt* Out of 1100 cracked fruit®, 
Table 18

fiXU il»LUi>; Ai'ii--' Uii**/kuXxA XX Ol' CtiitG£L JLu X 0
RELATION TO TEE COLORATION OF THE X!H,X7IHuAL 

TiiUXX*b OA Ywiik LuLLiiXAL AJPlLXu 
1959

_ _  , .. — r"g   t Total per-
Location of cracks iSllghtlytMedium sbeverely* eentage of Ks.la 11 ve to Color scracke& scrackedtcracked seracIced fruit

t t t %
Only on green side s 60*2 : 11*6: 1*8 t 75*6
Qn botii green and i s s t

red sides s 14.5 5 6*5? 2*8 s 25*6
Only on red side : 2*8? 0*0? 0*0 i 2*8
*1100 cracked fruits from 54 different trees and 5 different

plots were examined*
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75#8 percent cracked on the green side* while only 2.8 
percent had cracking on the red side alone. It was ob
served that most of the cracked fra its had a yellow instead 
of groan ground color. Fisher (9) and Head and Grabill {27} 
have also found that most of the cracking in fork Imperial 
apples appeared on the shaded side of the fruit* but Verner 
(36), working with St&yman blnes&p apples, stated that 
cracking was usually never found on a densely shaded fruit 
and that most cracking developed on the blushed side.
Tetley (55) has also stated that on James orieve and Beauty 
of Bath apples, cracking first appeared on the red side of 
the x ru it •

Axis of Fruit Growth* rata in Table 19 Indicate that 
Table 19

j uK-i i V* n A  v./ tc- x's.xlilA 'x'x P.r< TO 1.1...&  j$- a.ix. vx 
GnEATEB uKOWTH OF FRLIT

1940 neason
—  ~ ~ TTarc¥ntagei~~oT V  ™ " ~

; with cracks______  :
z31 Igiit ly s Med ium s Severely 8 

.Direction of cracks : cracked ; cracked.scracked t Totals
8 * £ •

Cracks perpendicular s : : :
to main axis of : s : :
growth z 62.7 ; 16*8 s 5.0 : 84.5

s : t  :
Cracks parallel to i : ; s
main axis of i t t t
growth ; 12.5 : 5*0 : 0.0 : 15*5

♦Total of 580 cracked fruits were examined.
84.5 percent of the skin cracks are perpendicular to the axis 
of greatest fruit growth. The cracking around injured spots 
on the fruit was not taken Into consideration because In
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tillb case cracks were concentric around the Injury. both 
of these relationships are illustrated in Pistes 6 and 7* 
Fisher (10) has noticed the same relationship between loca
tion of cracking and insect injury on the fruit, and also 
stated that nost of the cracks ran perpendleular to the axis 
of the apple. Schrader and li&ui (29) found that the di
rection of a cracking was usually parallel with the ground 
regardless of the fruit ax1 a.

Fruits from ten trees were further subdivided into 
medium (2-5/o*-5H ) and large (3-1/8** and over) sizes and 
the percentage of cracked fruit within each of these three 
classes was calculated. The calculated percentage of crack
ing for small-fruits was 10.5 4.58, for medium sized
fruit 45.8 * 15.67, and lame sized fruit 61.6 <t 20.81.* "■** mmm

The standard, errors for each of these classes clearly in
dicate that the small fruits developed a signifleantly lower 
percentage of cracked fruit, but that the standard errors of 
medium and large sized fruit indicate that there Is a dis
tinct overlapping, indicating that there Is no clear separa
tion between these two classes in their susceptibility to 
cracking.

A asop iat ion of Fao tora. The relationships between 
the percentage of cracked fruit on the tree aid other asso
ciated factors are presented, in Table 20. The correlation 
coefficient representing the relation of the percentage of 
cracked fruit to terminal growth was found to be -0*759, 
to dry weight of spur leave© -0.745, to the dry weight of



Table 20
HEXĴ ITCIu; I 1 F CF T1 

WEiGhi Ui
ORACFED FEDIT TO TEE TERMINAL GROWTH,

i,; / \ , i , E.JU. j ,.n TREE, CUTIC THICKNESS,
A).■■.& x H i G L g  x>a. j.T

1S41 Season

Tree:

Iercents 5 
of {Terminal: 

cracked: growth t 
fruit i(in cm.):

Fry 
of 
from 
{in

weight s 
leaves : 
50 spurs: grams) :

Dry
100

leave
weight of 
terminal s (in crams)

: t xFarcant of 
: field : Mean cutin sfruit less :per trees thickness xthan 2j” In s(in bu.)i(In microns): diameter

66 : 82.0 : o • 06 «• 11.32 • 24.45 : 1.5 : 16.2 14.3
67 : 60*0 I 7.96 0ft 23.67 54.85 : 4.5 : 14.6 ft• 5,7
54 : 52.3 : 5.10 ft 17.68 20.05 : 5.5 ft 15,8 #4 17.3
76 s 48.1 : 8.70 ft• 20.35 • o4 • o 7 : 7.0 s 14.8 : 15.7
57 : 36.4 : 11.67 ftft 22.90 * 37.95 : 9.0 «• 14.7 : 21,8
77 : 0.0 s 7.49 •ft 19.08 • 36.50 x 13.5 i 13.4 • 23.4
62 s 0.0 s 22.35 s 33.55 t 40.08 s 12.0 ft* 14.5 ft« 56.2
61 : 0.0 s 25.26 « 88.59 ««r 45. / 8 x 13.0 : 11.5 i 39.8
72 : 0.0 : 15.70 *• 3n. 46 « 47.20 : 25.0 #ft 12.0 t 82,2

The ontin thickness Is a mean for red and green sides of medium and large 
sizes of fruit. Tree 977 had only medium sized fruit available.
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terminal leaves -0*750, to the yield of the tree -0*839,
to the mean exit in thickness <#0*813 and to the percentage 
of email fruit® -0*795* bine# the correlation coefficient 
necessary for significance at 1 percent level la 0*798, and 
at 5 percent level 0*666, it may be concluded that all of 
the factors presented In tills table were associated in 
varying degrees with the occurrence of akln-c rack lag *

Terminal growth measurements were also taken In 1940 
and 1841 on additional trees to those presented in table 
20, in the Western Maryland Orchard* A highly significant 
correlation between terminal growth and the percentage of 
cracked fruit on a tree was obtained In 1940, but in 1941, 
this relationship was not nearly so pronounced*

On some trees the terminal growth and percentage of 
cracking data was available for three consecutive years*
It 1 Illustrated that generally, an increase in terminal 
growth was accomp anled by a decrease in percentage of 
cracked fruit* On tree 62 terminal growth in 1940 averaged 
7*0 cis* and the tree produced 44*2 percent of cracked fruit, 
while In 1941 the same tree had averaged 25*3 cm* of ter
minal growth and was entirely free from cracking* Tree 25 
had an average terminal growth of 18*2 cm,, 16*8 cm*, and 
21*6 cm* for 1959, 1840, and 1941 respectively, hut the 
percei".tag® of cracked fruit on this tree showed a reverse 
trend, 3*0 percent, 13*4 percent and 0*0 percent for fees© 
same years* There were some exceptions, as in the case of 
tree 77, in which the average terminal growth was reduced 
from 23*3 cm* in 1940 to 7*3 cm* in 1941, but the percentage
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of cracking was also reduced from 20*2 percent in 1040 to 
0*0 percent in 1941* 1b general* however* most of the 
trees ©bowed a decrease in the percentage of cracked fruit 
produced whenever the average terminal growth was Increased*

Some partial correlation© were determined on the data 
presented in Iteble 20* It was interesting to not© that* 
when terminal growth and cutin thickness were kept constant, 
the correlation between the percentage of cracked fruit and 
the yield was increased from -0.859 to -0*964 indicating, 
that whenever cutin thickness and terminal growth are the 
same on a number of trees* yield is the determining factor 
in causing cracking* On the other hand* if terminal growth 
and yield are kept constant* the correlation between cut In 
thickness and the percentage of cracked fruit is reduced to 
*0.0047* thus Indicating’ that cut in thickness depend© to a 
great degree on terminal growth and yield* and that it© re
lation to cracking Is In reality due to the close relation
ship of cracking to yield, and terminal growth. However* It 
still may be a contributing factor in increasing fruit sus
ceptibility to this trouble*

hlSClSSiOl

Although it is not Intended to attempt an explanation 
of the mechanics which are actually responsible- for the 
formation of ©kin cracks* it is probably the Inability of 
the outer tissues of the fruit to compensate for the in
crease in volume of the Inner tissues of the fruit* This
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la tii@ accepted, viewpoint or moat of the investigators who 
have observed or investigated fra it cracking* fills con* 
elusion is further substantiated by observations mad© on 
the direction of ©racks on the fruit in relation to the
axis of greatest growth, as shown on Plate 6, which Illus
trates quite clearly that cracks are formed perpendicular 
to the axis of greatest growth and, conceivably, to the 
direction of greatest ©train or pull on the epidermal tis
sues, thus indicating, that the force was either too great
or the expansion too rapid for the outer tissues to compen
sate for this enlargement* The type of cracking found 
around insect sting© or similar injuries, as shown In Plat© 
7, Illustrates that whenever any part of a fruit is Injured, 
cracks formed around that spot alao follow the natural 
lines of greatest stress. The same concentric location of 
cracks around injured spots on apples was recorded by 
Fisher (9), and gobrader and iiaut (29).

Why do apples from one tree develop skln-cracking, 
while the fruit on another tree remain uncracked?

In an attempt to answer this question, the various 
character1stIce of cracked and uneracked fruits can now be 
compared on the baais of the experimental results, as given* 
The uacrecked fruit was characterised by a deep green ground 
color, greenish flesh, smooth, greasy finish, small to me
dium else, and. the ability to hang on the tree for two or 
three weeks after the commercial harvest date. The cracked 
fruit, however, had a yellowish green or, more often, yellow
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ground color, yellowish, flesh, rough# dry finish, medium 
to large else, and dropped badly even before the time of 
normal harvest.

Considering the entire picture of both tree and fruit 
characteristics associated with akIn-cracking, It Is possible 
to make some clear separation mm listed in Table 21, impor
tant point® of which will be discussed In more detail.

Apparently, light is one of the important factors pro* 
venting cracking# The red aide of the fruit generally 
possessed a better finish and was free from cracking, ©van 
on the fruit which was In the senescent state* An interest
ing feature was observed on fruit© bagged with cellophane 
wh lei: were well exposed to sunlight* i'll© leaves adjacent 
to the fruit were usually bagged, with the fruit and In some 
Instances they were pressed against the red side of the 
frx It* Whenever such apples were affected, the cracking 
had invariably developed on the area directly under the 
pressed, leaf, while the exposed colored portion of the fruit 
remained unaffected* This Is Illustrated in flat© &• The 
Increased cracking of bagged fruit may be attributed, at 
least In part, to the exclusion of light and Increased hu
midity# The black bag© were obviously more effective in 
excluding light, while an increase In humidity was undoubt
edly the more Important factor In the cellophane bags*
Verner (58) has found that a low evaporation rate was very 
closely associated with crack 1* of Stayman ®ineaap apples* 
lie also stated that s 11 There appears to be no correlation at
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Table 21
THEE AMD FEU IT CHARACTERISTICS ASSOCIATED WITH 

CRACK EH A HE !?0M~CRACEBb FRUIT OF XG HE IMIEHIAL AT FEES

^ S S S i c t S r  1 s t S e a  fc S a S e T
a tea with no n~e r e c k e d  
fruits____________

Characteristics ms®Del
ated. with cracked fruit

Vigors
Tree C liar act e r i s t i c ©

medium to good 
long thick terminal 

growth 
large leaves 
dark green foliage
heavy crop

medium to poor 
short t h i n  terminal 
growth 

medium to small leaves 
green to light green 

foliage 
l i g h t  crop

Fruit Characteristics
Sises 
Color s

Finish!
Maturity!

u torage s

Cutins

mall to medium 
green ground color

smooth and greasy 
matures later 
hangs until late fall

keeps well

t h i n n e r  s m o o th e r

medium to large
yellow green to yellow 

ground color
rough and dry
matures earlier
drop® easily at harvest 

time o r  before
shrivels and develops 

rots
thicker r o u g h e r
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all between alr-temperature fluctuation and the occurrence
of cracking * * »n

It was found that the thickness of cut In was closely 
correlated with the susceptibility of fruit to skin-cracking* 
It Is interesting to note that cutin formation was smoother, 
thinner, and more regular on the blushed side. Tetley (32) 
found that apples with Irregular cut in are more subject to 
cracking, which also appears to be true In the present in
vestigation, for the cutin on the green side of fork apples 
was characterised by deep Indentations (Hate 14), thus 
suggesting that cracks cmy often occur at these points*
The epidermal and subeplelermal layers of cells also ex
hibited pronounced irregularities in shape and arrangement 
on the green side of the fruit* It is si ^ested that these 
Irregularities of cut In format Ion and of tissues Immediately 
underneath the cut in may Influence the susceptibility of the 
fruit to cracking* It Is natural to suppose that thin, 
smooth, cont lnuous cut in with a more regular epidermal layer 
Is more resistant to the stress caused by the Internal in
crease In volume than the thick cut in with Indentations 
often penetrating between the epidermal cells which are 
pulled apart and otherwise distorted* It may be that this 
latter condition could be referred to as a precursor of 
cracking*

It is suggested that these irregular1tlas in the cutin
and epidermal cells or, the shaded ©Ida of the fruits may be 
due either to a lack of direct sunlight or to an Insufficient
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amount of it* If this la t m ,  it may be assumed that 
since the cells are More active on the sunny side of the 
f ruIt they are capable of greater growth and stretching, 
and that the formation of cut in proceeds at a normal rate, 
thus maintaining a smooth, uninterrupted cut in layer* The 
decrease of skln-cracking caused by defoliation may also be 
partially attributed to these phenomena, since defoliated 
fruit developed, as much as 90 percent red color*

In general terms, it appears that skin-cracking is 
due to the physiological condition of the fruit, which In 
turn depends upon the vigor of the tree and the sis© of 
the crop* it is possible that the differences between 
©racked arid uncracked fruit may be explained on the basis 
of ** pays lo log leal age* of the fruit i therefore, the term 
*senescent* will be used to designate those fruits which 
had reached a certain stage of growth or maturity and 
possessed characteristics of cracking* This tarm was se
lected because if Indioatoa old age, which la normally 
associated with the loss of activity and ability of the 
epidermal cells to adapt themselves to environmental changes* 
Tim term 14active fruit" will be used to designate the fruit 
in which the epidermis has not lost its green color ana the 
cells apparently are carrying on the normal functions of 
living cells*

The ground color of fruit on the defoliated branches 
was always greener than, that of untreated fruit on the same 
tree. Indicating that the fruit on the defoliated branches 
was in a more active state of growth* Whenever the girdling
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treatment was effective in increasing cracking, the fruits 
were always more mature and exhibited the more typical 
character!stlea of a senescent fruit than check fruits on 
the same tree,

The effect® of girdling and defoliation may also he ex
plained on m nutritional basis* Obviously, the carbohydrate 
content of the defoliated 'branches was reduced, thus delay
ing maturity of the fruit* birdling, on the other hand, 
resulted in an Increased supply of synthesised material 
which forced the fruit Into maturity at much earlier date*
It is interesting t© note that girdling was relatively In
effective on the tree® which produced fruits that were 
definitely in an active state, nil lie defoliation was not 
very effective on trees which were producing fruit In a 
senescent state of growth* These differences again Indi
cate that the Influence of the relative vigor of the tree 
is very strong and Is often greater than the effect of the 
treatment*

The results of all the fruit and branch treatments 
clearly indicate that the effectiveness of some treatments
which Induce cracking largely depends upon the vigor and 
the yield of the tree* These two factors are closely re
lated. and are practically Inseparable* It was found that 
whenever a combinstlon of these two factors was present it 
was more difficult to Induce cracking by artificial means*
A vigorous tree with m heavy crop invariably produced an 
active type of fruit, while a tree which lacked vigor and
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bore a light or medium crop produced. the senescent type or 
fruit* When a tree bearing a heavy crop- was artificially 
reduced in vigor (as in the case of trees 26 and 27 in 
1941) the fruits retained the active state, Indicating the 
presence of other factors* On® of these factors was found 
to be th® biennial bearing habit of the trees* As was pre
viously pointed out, the percentage of cracked fruit was 
always higher in the ffoffH year. Indicating that the actual 
number of bushel© produced per tree is not the only factor 
affecting the susceptibility of fruit to cracking, but that 
the condition of the tree In its non® and 11 off1* years Is 
also exerting ©oxr*e influence* The other factor was found 
to be the sim® of the fruit* dmall-sised fruit rarely 
cracked, but It is impossible to state whether this was 
due mainly to its else, or to its physlological age, since 
small fruits were not classified according to active or 
senescent characteristics* From observetions, however. It 
was concluded that the low percentage of cracked fruit 
among this ©is© was mainly due to their active state of 
growth and not to their sis© since most of the smell fruits 
in the senescent state, although few in number, were af
fected by cracking*

On tlx© other it may be surmised that whenever
vigor of the tree Is definitely Increased, cracking may be 
decreased, notwithstanding the small crop produced by the 
tree* ibis point, however, needs further verification, 
since most of the trees on which vigor was definitely In-
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erwsed try str&w-f&anur© tsulch wore bearing a h e avy crop*
It la realised that the acne scant and act It© tenas 

indicate © difference In the physiological age of & fruit, 
although no accurst© measurcmenta of coll activities, such 
as respiration or photosynthesis, were attempted* It la 
realised tart some mameureasnts of the relative activity 
of calls should have been taken In order to determine def
initely If m diffor©no© in physiological age was actually 
present in these different types of fruit* An Iodine 
starch test- was attempted at harvest time* All fruits., 
however, contained large amounts of starch and therefor©
It was Impossible to- distinguish between these two types 
of fruit on the basis of starch content* ft arch taste war© 
tried, again after $—4 months of storage, and although the 
m m b e v  o f samples was Ineuffic lent to draw any definite 
conclusions, there was a clear Indication that the cracked 
fruit contained larger amounts of starch than the fruit In 
the active state* Eh©ther or not this mmj be considered 
a© mn indication that senescent fruit was lacking in the 
capacity to change starch to si jar Is not certain and is 
merely suggested as a possible proof of senescence* It la 
further realised that this arbitrary classification of fruits 
also involved many f m  it © which exhibited Intermediate char
acteristics* Katurmlly, the Question ©rises a© to whether 
or not all fruits on ©very tree may eventually reach the 
senescent stage* dome of the uncracked fruits on good, 
vigorous trees, which were left from two to four weeks after



78

tii© nons&l harvest date, still retained all characteristic© 
ox active fruits and did not develop a ay skin-cracking*

To further determine the rate of decline of an active 
fruit to a state of senescence* some of the fruit exhibit
ing all characteristics of the active state were placed 
in cold storage on October 15* 1941* This fruit was still 
In the active state during the last examination* April 27, 
1942. Ooia.® changes in appear&nee were noticed, but none of 
the fruit possessed ck&racterlstica of a senescent fruit* 
This indicates that the conditions under which the fruit is 
growing are determining factors as to whether the fruit will 
develop Into a senescent type or remain active for a long 
time after harvest* It Is possible, however* that the 
fruit whIch is developing senescent characteristics may be 
retarded or even prevented from reaching that state* 'The 
effect of rr niton© sprays may be attributed to the fact 
that this spray contains growth-promotlug substances maleh 
permit tlx© fruit cells to remain in an active state* The 
fruit© sprayed with bruitone had a greener ground color and 
better finish than check fruits on the same tree, further 
indicating retardation of senescence* It is probable that 
f’ruitone may also prevent the formation of premature ab
ac las ion layers In the stem* thereby delaying the transmis
sion from the active to the senescent state*

whenever the fruit r©acues the senescent state it be
comes susceptible to cracking and will crack whenever the 
conditions causing cracking are present* However* when the
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fruit is in the active state, it Is capable of resisting
or adapting Itself to unfavorable conditions, and therefore 
remains uncracked. In exceptional cases, conditions caus
ing cracking may overbalance this adaptation or ability of 
an active fruit to resist this trouble*

It appears that the condition of the outer layers of 
cells of the fruit is a© important as the condition of the 
whole fruit and, it is not unlikely, that In some cases the 
*senescent state” may be confined only to these outer layers# 
It was possible to cause cracking on specific Isolated areas 
of a fruit by changing the environmental conditions surround
ing these portions. This was done by parafilm and rubber 
band treatments* Excessive cracking was formed under the 
band while, In many cases, the rest of the fruit was free 
from any skin-cracking. Although, in.some eases, areas of 
a given fruit which were not covered by the band developed 
cracking, in every case cracking was increased to a great 
extent under the band. Sections of the epidermis which wars 
covered by bands usually developed a greenish yellow or 
yellow color. It is suggested that the natural functions 
of epidermal cells underneath the band were either greatly 
reduced or stopped because of the lack of oxygen and light, 
thus forcing those cells Into an Inactive or senescent 
state, and rendering them incapable or less capable of fur
ther growth and stretching*

la it not possible, therefore, that the phenomena of 
fruit susceptibility to skin-cracking may be explained on 
the basis of the physiological age of the fruit?
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SUBMABY ABL CQtiCLl'&lOm

Tuls study was undertaken in an attempt to discover 
the possible causes and. remedies- of akIn-eraeking of the 
York Imperial apple* The Investigation was conducted is 
the American Fruit ‘-.-rowersf Orchard in western Maryland and 
in the university Orchard at College Park, Maryland, from 
1959 to 1941*

Various treatments* in an attempt to alter the ex
ternal environment and nutritional conditions of a tree, 
a branch, an individual fruit, or a part of a fruit, were 
applied* Free treatment© Included straw-manure mulch, 
root pruning plus paper mulching, fertilisation with nitrate 
of soda or minor elements mixture, irrigation, and omission 
of all regular ©prays after the ealyx ©pray* The effect of 
various soil treatment© on ©oil moisture, dry weight and 
chemical composition of leaves (total nitrogen, phosphorous 
and potassium), was also studied, developing fruits were 
bagged with black sateen, whit® muslin or cellophane bags, 
waxed with Brytene 489-A miscibl© wax, washed In absolute 
ethyl alcohol, or banded with rubber or parafilm bands* 
Branches were defoliated, girdled, Injected with minor ele
ments fertiliser or sugar, or ©prayed with lime, arsenic, 
potassium thlocyanate, or i-rultone ©prays*

Measurements on factors associated with or influencing 
cracking included records on sis©, color, finish of fruit, 
biennial bearing, yield, terminal growth, general vigor of
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the tree, and cutIn development, especially in relation 
to thickness and surface smoothness* The following con
clusions were reached:

1* btraw-manure muled definitely Increased tbe vigor 
of the tree and seemed to markedly decrease skin-cracking 
of fruit, but on© more year’s results are necessary to con
firm this tendency*

2* Root pruning and paper mulching, which effectively 
decreased soil moisture to m low level, decreased vigor of 
the tree but did not Induce skin—cracking of fruit to any 
considerable extent on trees bearing a heavy crop. hkin- 
c rack ing of fruit on trees with a light or medium crop 
seemed to he increased by this combination of treatments*

3* hone of the soil fertilisation treatmenta bad any 
effect on skin-cracking*

4* Soil moisture was increased under straw-manur© 
mtleli and greatly decreased under paper mulch, but soil 
moisture is not considered a major feetor in causing skin- 
cracking, although heavy irrigations seemed to have a 
slight tendency to decrease cracking*

5. There was no apparent effect of any of the soil 
treatments on the total nitrogen, potassium and phosphorous 
content of leaves*

6* Fruits with thin cutin were less susceptible to 
skin-era eking* The red side of the fruit, which is less 
subject to skin—e rack ing, possessed thin, regular cut-in and 
showed little distortion of the epidermal and subepidenaal
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layers of cells. The cut in on the green side was thick, 
irregular, and the epidermal and subepldermal layers of 
cell® showed much distortion. A significant correlation 
was found to exist between tnicknees of cut in and the 
percentage of cracked fruits on a given tree*

7. CHrdling increased, while defoliation decreased 
skin-cracking. injections of minor elements or sugar had 
no consistent effect*

8. Baggios, waxing, banding or alcohol wash increased 
skin-cracking.

9* S p r a y  omission had no effect on skin-craclfcing.
Lime and arsenate spray applications did not increase crack
ing. Potassium thlocyanate spray© increased color of fruit 
but the effects on cracking were not consistent. Fruitone 
sprays definitely decreased cracking.

10. Biennial bearing had a definite relation to skin- 
cracking. A higher percentage of cracked fruit was found 
on the "off* year than on the won” year. frees with heavy 
crops were less s u s c e p t i b l e  to skin-cracking*

11. Bmall, highly finished fruit with a deep green 
ground color was less susceptible to skIn-ecracking.

12. Fruits on highly vigorous trees were less sus
ceptible to skin-cracking* Terminal growth and foliage 
development were closely related to the percentage of 
cracked fruit on a given tree*

13* It is believed that cracking is caused by the in
ability of the outer cell layers of the fruit to compensate
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t o r  t h e  i n t e r  m l  i n c r e a s e  in v o l u m e *  Tills b e l i e f  i s  s u b *  

• t a a t l a t e d  b y  t h e  f a c t  t h a t  m a t  o f  t b s  ® k i n ~ e r a c k s  w e r e  

foundI t o  b e  p e r p e n d i c u l a r  t o  t h e  m a i n  s a l s  o f  g r o w t h *

14* I t  is s u g g e s t e d  t h a t  t h e  p h y s i o l o g i c a l  a g e  o f  a  

f r u i t  d e t e r m i n e s  i t s  s u s c e p t i b i l i t y  t o  c r a c k i n g !  t h e  o l d e r  

t h e  f r u i t  ( p h y s i o l o g i c a l l y )  t h e  m o r e  s u s c e p t i b l e  It 1® t o  

t h i s  t r o u b l e *
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Flat© 1* York Imperial apple tree in Western Maryland.Orchard, plot 2, heavily mulched with straw and manure*

£*
4
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Flat© 2* York Imperial apple tree in the College Fark Orchard mulched with paper# The extent of paper coverage ia representative of all trees receiving this treatment#
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Flat# 5* From left to right* York Imperial apples rap* raaentativ© or u»cracked* slightly cracked eiad severely cracked fruit*
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Plate 4. Effect of parafilm (left) and rubber band (right) on skin-cracking of the York Imperial apple*
Mote concentration of cracks in areas previously covered by bands*
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Plate 5. A York Imperial apple showing skin-cracking on areas which were covered, closely with leaves, while enclosed in a cellophane bag*



Plate 6. The relationship of direction of cracks to the greatest axis of growth. Top, greatest enlarge sent of fruit perpendicular to core axis with cracks parallel to core axis* Bottom, greatest enlargement parallel with core axis and cracks perpendicular to core axis.
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Ilet® 7. Concentric skln-cracka or York Imperial apples 
developed around insect injury#



Hate 8. Cross section through the red side of the York Imperial apple showing very regular cutin and epidermal layers* Arrow Indicates the representative point at which all cut in measurements were taken* Approximately x300

r

Flat© ©. Cross section through the green side of the York Imperial apple showing a break through the cut In and epidermal layers. Approximately x9Q.
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Flats 10* Cross section showing a corked-over skin-crack 
ot York Imperial apple which may have origi
nated from a lentleel. Approximately x90*

Hate 11* Cross section of a skin-crack, similar to the
on® in flat® 10, but with the cork layer broken 
and thereby exposing the cortical tissue* 
Approximately x90*
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Flat© 12. Cross section through a corked-over skin^crack
of the York Imperial apple. Approximately xlBO.
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Plat® 15* Cross soot Ion through tho rod old# of a York lap or la 1 applo shooing tho smooth and. regular development or eutln* Approximately x650.
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flat# 14* Croat Motion t&roogfc fcbo groan slda of a Xork Xjaporlal appl# afeMwIag irrogular out In and 
e « U  distortion In to# o p M o w a l  lay or*
ApproxSmat #ly x6S0.
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