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INTRCDUCTION

Cne of the problems csusing considerable difficulty in
fruit production 1s fruilt crecking, which is frequently
fourd in various fruits, inciuding the apple. Although it
is generally considered that thils eracking is most serious
with Jtaymen Winesap and Vealthy, York Imperisl is also
nighly suscerptible to cracking. In the case of York Im-
rerisl, cracking is usually confined to the skin of the
fruit or to the tissues Immediately under the skin, whereas
stayman Winesapr and Wealthy often develor cracks from 1/4
to 1/2 inches deep into the flesn. York skin-cracking also
is referred to as lenticel craciing.

The Yourk Imperisl 1s the leading vsriety in the
Yestern Jaryland apple growing sections, as well as in most
of the Shenandoah-Cumberlend region, and skin-cracking of
tiis variety is serious in meny orchards in this region,
causing severe losses to the growers., York skin-cracking
is more gevere under soms conditions then others, snd in
sowe cases as many as 70-8B0 percent of the frulits may be
affected. Cracked {fruits can nelther be placed in L. I,
¥o. 1 grade, nor can they be utilized in by-product manu-
facture unless they are used lmmediately aflfter hawyvest,
since affected frult s=shirinks, wilts, and develops rots early
in the storsasge yeriod. oSince cracking involves not only s

serious economic loss to the grower, but also much wastage
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of fruit, the sclution of thils probvlem 1s considered highly
important, and especially vital during the rresent need for
greater food production.

With this view of economic lumrortance, ss well as
acedemic interest, the work was Initisted with the purpose
of deternining fsctors wiich are resyponsibie for or closely
correlated with skin-cracking. “Yhe great variabllity in
the percent of cracked fruit on individuval trees without
any arrerent associatlon with edeaprhic or climetic factors,
made it necessary to consider several epproaches to this
preblem. Since it was belleved that skin-cracking of York
imperisl aprles is caused or agsravated either by factors
reculiar to the individoual fruits, or to a physiologicel
condition of the tree wihilch may depend upon the relation-
siir between the soll and the tree, this investigetion was
sprroached from three distinect angles: (1) the trestment
of individual fruits, designed to influence or slter the
normal develorment of the frult eridermis; (2) treatments
i whici only & branch of the tree was wsed as & unit in
an effort to create differences Iin nutritionsi or rhysio-
logical condition between that branch and the remainder of
tize tree; and (3) soil treatments in which en attempt was
mede tc change root actlivity of the trees and to modifly

molsture and nubtrient conditions of the =0il,



BEViIEW OF LITERATURE

Although 1t was possgible to find in horticultural
literature & number of reilerences to skin-ecracking of the
Yorlt Imrerlsl srprles, most of the published material was
in the nature of ouservaticns urnsupported by any exyperi-
mental data.

wowme o the literature regarding frult crscking of
various frults will ve reviewsd, but althouglh this review
dues bring out some of tine existing idess on frult rupture
ing, it must not e assumed, however, that conditions pro-
moting crackimg 0 other fruits will necessarily csuse
skin-cracking of the York Imperisl aprple. .

Skin-cracking of York Imperisl spples wes reported by
Heed and Crebill (27) as occurring orly ¥ . . . . very
rarely in dry seasons™. In later litersture Gourley and
owlett (17) stated that " . . . . & type of lenticel
cracking involving meny smaell cracks 1s common in York Ime-
rerial®. Schrader and haut (2¢) sccentusted the above
viewpoints 1in 1037 by ststing that this Injury is now much
more severe than when it was flrst reported. Reed and
Crabill {27) found that skin-crecking 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 saluwost entirely to the green
side of the fruit was noticed by Reed and Crebill (27) and
by Fisher (9), (10). They slso agreed that cracking was
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mosat serious under conditlions of drought followed by rain
wilch caused extensive swelling of the fruit. Reed arnd
Cralbill (27} suggested that perheprs ¥ . . « « the skin on
the shacded side of ihe Iruilt mey be actuslly stretched to
vursting by the unusuel rapid multiplicetion and growth of
rulp cells due to a suaden increase ir water supply”

since skin-crackKing of York Imperial presents diffi-
cultics lu srple wasuing, Fisher (9), (12) while workilng
on spray reasovel metiiods, msede numercus coservations o the
ccecurrence of tiils troubls. Iie stated thet the tendeuncy of
frvit to crack iuncreased as the frult spproscrhed maturity,
it was more severe ¢n trees low in vigor and tearing a
li:ht cror, and the aflfccted frult was ucre sdvanced in
maturlty. e also steted thet the cracks suowed a tendency
to run in & letitudinel direction but, if lnsect or some
otiier similer Injury was prescni, cracks generally ran con-

entrically around them.

Sehrader end Haut, (29) while concducting preliminary
irvestigations on c¢racking of York imypericl,slsc found that
low vigor end 1light crors are coanducive to cracking. Ilhey
sugsested that crackilng mey ve due to spray meterisls, es-

recially late arsenate sprays. They found that zrowing

ey

Trults citiner covered with whilte muslin bags, or washed
witix 1 percent hydrochloric acid, or dippred in miscible
wex did not crack as much g8 untreated fruit. Their {ind-
lngs were not in agreement with Reed and Zravill (27) who
stated that "sprayed snd unsprayed Ifruits sre affected

alike"



To the author's knowledge this exhausts all of tine
literature rertalining directly to skin-cracking of the
York Imperial epple. However, other types of creckinrg
of arples, &s well as cracking of otner fruits, had re-~
ceived attention by many workers.

Verner (36) stated that: PIt has commonly been stated
or imrlied that craciting of Irults is csosused by a great
and sudden increase in water content of the soil, and that
maintenance of a nearly constant soil-molsture content
about the tres voots throuvhout the season of frult growth
should prevent cracking or greatly limit its severity."”

Cracking of arpples in Vestern Australia was reported
by Carne (3), (6), wio was studying cracking on Durmn's and
othier varietlies. .iie ouserved that it was more severe on
trees low In vigor and bearing a light crop. ile believed
the trouble to e essentislly related to sarp movement
causeG Ly ths irregularity of fruilt growthh citen accen-
tusted by excessive rains.

Van der Bejli (39) also attributed cracking to uneven
growtihh and adverse climstic conditions. wcAlyine, in
studying Lunn's apple in Victoris, concluded theai cracking
was duve to a "rush of sap” 80 rapid that the {lecsh is
unable to keep up with it and "something must pive way and
small rents are yroduced ag well as disruption of stonata .

e « o7 Verner {36}, working on the causes of ecracking of

the Stayman VWiinesap apple, thought that, "aprarently the

immediaste mechanicel causge of cracking is a form of a tissue



atrain by which the skin and the adjacent tlssues in the
restricted sren of the srple are excessively stretehsed be~
cevse of euvlargement in deeper lying tilssues veneatu the
seme area”.

iller (2Z2) stated thet intense neat without rains,
poor vater nOlling capacity ol soll, and ruassetlng caused
by srreying, (reatly contrilute to skin-eracking of arples.
ile acdded that "1t seems to us that too ropic evaporatlion of
the water in the 201l nordens the akin of the frult and
crucks the siifin’,

Yamess (20}, in dlscuvssing cracking of Ltaymen Winesap
end VWealthy arprles, stated thet cracking wae eggsraveted if

tive moll 1s extrescely 4ry belore & Lhesvy rainfell. Verrer,

o

o

{(36), ncwever, was unetls to zroduvee cracking on Staywman

_s«-
8

ture

UJ‘

by withlwoldin, @mo upply of the tree until the soil
moisture content in the urrer 12 irchies of s0ll was Jdown to
12,4 percent and then irrigetir; 1t rooidly, thus iacreas-
ing the nolsture content of the s0il to 20 percent in ten
LONDE .

Coodwln (14) recommendszd severe jrunin., usnualng and
cult Ivation to combtrol cracking cof azrles, oeunpbell (3)
added tc these recommendetions the use of rnon-ceoustic sprays.
Carne {3) tried to control aprle crecking by lime-sulyhur
srravs hubt concludied that "there is no evidence tuet spray-
ing is of any value In controlling this trouble” Logness
(20) suggested the use ol irrigation, moderate suuser cul-

tivation and mulehing as possible cures, or at lesst methods



for decreasing apple craciking. willer (22, alsc advocated
tioe use of manure eanu, Iin addition, sowme fertilizeaition
PLrow Lout wWie £l0wing Seas0n.

Verner and slodget, (35), working on craciklng of
swoet cuerrle., cooviuded Ltosr uower idaho conditions 1t
I ol li.ay WUe Lo E0S0CE Lavi. 01 moisture tnrow.sn toe siin of
tlie Liilbe 4l wBy ve s pruveied by enviromsental concitions
iaveray, 1ow Lrauspiratlon eéspoecialldy i1l toe molsture Ccone
tenit o L froil s edresdy naigin. They further stated
i v wluwr facowrs sucl as uigh temperature, nign sugor
conieni, large size, anu iucreasin, maturity oi the fruit,
alsue lavurked cracking. #ccording Lw tuese euwlioyrs sozl
WOlsLwie CUNLELE Was nl correlatod wicu cracein. o they
were unaiule to jaoduce cracking srtviiicleliy by appiication
os waier tu tue soil.

saprtman aod ouldlis glé)Aalaxm@u Cim € wita onerries
W e ¢ o Cracking resulive {rom sxcessive water absorption
@ ibuer Larous. wie oot systes Or tuurousl: tie epidermis of
Llig iiwit itseldld’s wsertesz anc sebel (1v) rounu that there
i a possiuvle correlation vetween susceptlieviliby o vericus
Vealri@uies 0l swoeel cueriries O Ccrscxing ol tiie size of
suv=epidermnl cells; wmore susceptivlie varievies possessing
lar ey coellis.

W ErNREF S0, Baowed btLat v le yossivie to reduce cracke
lug 04 SwWeele Cusrriles Uy usin, 8piays coutelning cslcliume
e proved puat it weas necessary bo appldy tie spyay directly

to tue Jrult since syprayving ol the foliage did not reduce



cracking. He stoted thet cherries witi & reypid rete of
ebsorption and & smell cerpecity for expansion were found
to be most suscerticle.

uracking wes reported on Iigs by nixiord (<&t) who at-
tributea it to nigh humidity out not necessarily sccompanied
Uy rein. ke observed thet 1igs borne on wsll-Ilrrigsted
trees were not very suscertivle to this trouble. Accord-
ing to nim, cracking 18 caused by stimuleted sap rressure
waica gorges the iruibt wit: Julce until tue rressure is
grester then tihe bender skin o6 the [rulit csn resist. IT
tie scil is excessively dry he cbserved that sudden irri-
gation wmey &1l80 produce cracking.

Crinkle of orange is reported by Carie (6) &g due to
the irregularity orf weter supply. Le Lellevea tiuat Juice
ceils mey swell up at swen & replid rate tuebt rind and rag
cannot expand fast envugh Lo accommodate tals incresse in
volue. £8 much as Yo percent of the frult is afilected
in some seasons.

Chendler, (7), in discuseing eracking of deciduous
fruits in genersl, stated thet crecking " . . . « of tne
irult mey result {rom a oneavy irrigaetioun leate ln its de-
veloprent it growin has been chneciked Ly lacik ol water
earliier’, Gardner, bradford, and Looker (1d) explsin this
uwpther by saying: “iAppsrently tue cueciing of growth is
accomyanicd Wy changes in the fruit skin rendering 1t lecs
elastic 8o that when growti: processes sre sccelerated foli-

lowing & rein it iz uneble to expari repidly enough to



meke provision for the develol ing tlssue within.®

The tomato slso has been found to be nirnly suscentible
to crackins. boarre () found that tometo frults srproach-
ing maturity were especially suscaptible end that & rainy
veriod following hot, dry weather rromoted cracking by £ille
ing the frult cells with water, thus causing rapid expansion.
Foole (25) steted thnet the ceuse of tomato ecracking is not
knowrn bubt it was thought to be due to irreguler weter supply
during July and Aupgust. rezier (12), (13}, (14) found that
ceracking may be produced Ly repld water spsorrtion either
throush the cork: laver of tne atem or throuw ' the soil,
iie snowed that tometoes cracked most severely after 2 hesvy
irrigation following & rrolonged dry perilod. The besat
remedy seemed to be maintaining a constent moisture supply
{(25) and 8 mmiform rate of growth (2).

3o fer most of the litersture review has centered on
the external observations of fruits and the effect of
edavhic and climatic conditionz on the incscase or decrease
of skin-crecking. Cbvicusly the skin or tine eridermis of
the apyle is rrimarily involved Iin this trouble; thercfore
it is of gpreat interest to review some 8elected literature
concerning the possible structural relation o epidermis
to skin-cracking.

Tetley (32), studying enatomicel developrment ol var-
leties of oangllsh spyles, Found that meristemet ic cell
division ceased during floweriling and fruit setting steapes

and was replaced by cell division in vacuolsating cells,
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Tiiie division continued to a leater stage in the subepil-
dermal layer and later still in the epldermal cells, thus
enabling ®. . . . the epidermis to keep pace with the
incresse in size of the internal tissues",

Smith (30), (31), in studying cell enlargement in
apples, concluded thet there ils e delfinite gradlent in
cell sizes, cell sizes incressed radislly from the coré
outwards. He also stated that fruit size at maturity is
determined by hothh the smount of cell multiplication and
the dezree of cell enlargémant, elther factor may be dom-
inent in determining tihe [inal size of fruit at metuwity.

Clements (&) showed that the totel number of stomata
en® lenticels rer srrle varies greatly nct only between
different varieties, but also within the assme varliety. Le
proved thet this number may be influenced by envirommental
conditions 4in the early stepges of frult development. It
srrears that new stomsta ere not formed efter the fruit is
two to four weeks o0ld.

1t was found (8), (32), (353) thet lenticels mare formed
frowm insctive stomats, from breasks in continuity of the
eplderris left by [alling out oi trichomes, or f{rom other
epidermal breaks which may be elther brougnt about by the
inatililty of eridermis to kesp pace withn expanding inner
tissue, or by some cither cause.

Clements (38) statsed that cell division undernsath the
stoma is storped when the apple ls gtlill green snd from

two to four weeks old. Later, es & result of fruit enlarge-
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ment, a tension 1s develored at this pcint which often re-
sults in a rupbture and destruction of characteristic
stoma structure. &ccorcing to Tetley (33) it was im-
rossible, in the majority of ceses, to determine the origin
of & mature lenticel.

Trosome iPrulits, structure of the cutin may have a
te correlstlon witn cracking, as was suown Oy iletley
({32). ihe sepsrated varleties o the basis of theilr cubti-
culer cheracteristics amd concluded thiat verlieties having

cutin ' . . . . deposited »r btangertial wall so tusb it

toueches the apex only of the radisl wall . . . ." are less

susceptinle to cracking, whsrcas, verieties heving their
crtir " . . . . deyoBdilt exterded thuavu noubt tine lengtn of
recicl wall or even conllebtely surrcundaing the cell o o o &F

e more suolect to cracking. Lihie slso observed that cold
jericds produce & comparatively tiiick and unelastic tyrse
of cubticle, wilcii was uore likely to «evelop craclinge.
Tnis wase especielly true on the red sice of the Ifruit. Soe
foune that cutin weas thicker on the sreer slide tiian on the
red sice. JTnie is ir g_reercnt wita leker (1) w.o stated
tl:at on usrimes ayrples the sverace thickiress i cutlin on the
seeen gide was 12,0 microens, wiille on the red sice 1t was
crly 15.3 micronse. 1.2 alsc stabted taat cutin Irregularity
ig & resulv of tihe irre_uvler eriderasl layer.

verner (I7), in hig Investigation ol frult craciclrg,
attempbted to discover some sbructural differences vebtwesn

varieties ol varied suscerbilkilify to cracking. ie was un-
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able to find any conslistent varistal differences in the
epidermal cells or in cutin, but he ststed that there were
striking differences in the hypodeimal lavers. otayman
tinesay, wiiich is very susceptible to ecrscking ¥ . . . .
showed unmistekadle evidence of deficlent growth rate in
the leter steyes of frult enlargement, but ti:is wes not so
in the varletlies resistant to ecracking®™., Tissuves adjiscent
to or at thhe crack siowed even greater evidence of excessive
elongation or stretchin.. Thus he concluded that " . « o
suscertitility of Staymen winesep apples to cracking is due
eniefly to premature cessation or restriction of growth in

the nhypodermal layer®,.
AATERIALS ANL EETEOLS

ruring the seasons of 18389, 1940, end 1%41, investi-
gat lone on skin-cracking of York Imrerisl aprles were con-
duected Iin two separste crchards, the lotomsc LHighlands
Crchiard in Western ¥aryland, owned anc operated by the Amer-
learn rruvit Growers, Inc., and the Unlverslity of xarvyland
Crcuamt at College rerk, larylend,.

i the Amerliean Fruilt irowers! Orchnera, which will be
referred to as the Western .arylend Urchardc, two rlots of
trecs were selected. 2lihouzh theee plote were only half
e mile spart, one was considered to be severely sffected
by skirn-cracking, and the other was considered tc be rela-
tively free from tihls trouble; the first plot will be re-

ferred to as rplot 1, and the lstter ss plot 2. The =20il
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tyre in this orcherd was classified as Dekalb shale loanm
with an averase piH of around $5.0. The trees were feirly
uriform 4r size and spe in each ploi, and Lore a hoavy
ceropr every other year. In plot 1, the trees were 27 years
cld &8¢ were only fairivaigsraus, winile in plot 2 the
trecs were 25 vears o0ld and in g good vigorous condltion.
In boti: plots the trees were set 30' x 32' apart.

ifrevious to the inltistion of this sxperiment plot 1
zag in clearn cultivation, and & rye cover croy was aseeded
gach fall. During 1840 it was seeded to grass and & good
s80d wae sstavllished by 1941l. FPlot 2 was in a heavy grass
god for & numizery of years, and remained in sod for the
duretion of tlhils investigation.

The soil in the (College farx Orchard is classified as
Saazsafres grevelly losm with an average pi of around 5.0.
At thie start of the exyeriment in 1838, the trees were
nine vears old a2nd spacel 20' x 40!' apart., The orcherd
wes melntelined in clesan cultivation and an amnuel winter
cover crop until 1838 wien it wes sallowed to srow into
volunteer sod. The scd was poor and the trees were only
fairly vigorous.

Soil-koisture. All 801l zoisture ceterminaitions wesre

mede on samples taken with e so0ll tube to the depthh of 13
ircnes, s ususlly twe or three beorings were made {or each
semple. 011 samples were taxen once or twice & month
from éarly spring uwntil hervest,

soct-Fruning and Faper iulcin. Three trees were
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selected at random on ey 24, 1939 for treatments Irn rlot

2 involvingz the use of root-prunins end yarer mulching., A
trench sbout one and one-hslf feet deer and one foot wide
was dug arcund the tree under the ends of branches, end all
of the roots within this area were severed. The entire
ares from the trunk to two feet beyond the trench wasg cove
sred with a heavy mulcen rarer, wilelh was festened to the
ground by sixty-renny nails. (Flate 2). ¥hen the rarer
was btorn by wind, or became badly weetihiered, a new layer
was rleced on tor of the ¢ld parer.

Three trees 1n the College Fark COrchard were treated
in & similsr manner, excert that the trestment was started
on June 7, 8, and ¢, 1939.

in the srring ol 1840 these treatnents were rereated
on the ssme trees in both orcnards excent tree 20 in plot
2 in the Western Maryland Orchard, bBecause this tree ap-
reared very much weskened and lscking in vigor end slso
had developed severe {rult crscking, as & result of the
previous vear's treatment, the raper mulch was rsmoved and
a straw mulch was applled. Three additional trees were
root rruned and parer mulched 1ir rlot 1. These trees were
root rruned more severely than the trees of the ssome
treatment in pleot 2 and in the College Ferk Crchard, in
that a2 trsench was dug only five to six feet from the trunk
irstead of resr the ends of brarches. Lepth of rcot rrun-
ing weas determined by root distribution and dicging was

terminated only when no more roots were encountered. In
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sore cagss the denth of the trench was two to three feet
belsy: the surfece of the soil.

Ctrew  Mulches. FPreshly-cubt rye straw was used to

mulchh treesz Ir nlot £ orn June 14, 183%. “his mulch was
only tvo to thiree inches ir tnickness and was considered
az only a stert for further mulciiiag.

coareh 16, 1940, the three trees rreviously amulcned

(¢

i~ 7lot 2 anc three additional trees in yrlot 1 were hieavi-

1 wwclelhred wiil strew., The mulch was about two feet Jeep

&

& L coverod the area from the trunk to two feet Leyond

tie ernds of braorches, A week later & thin covering of
Flate 1.
ranurce vas spreed on tor of the straw,/ Un April 2, three

treese were similerly trested in the College rark Orchard,

but o menure was used,.
Ln Jenwery 12, 1941, all trees previocusly mulched in

A

the Vestern Maryland Crchard received an sdditional 200

1os. of straw mulch, and tihree more treecs were mulched

JRESNE i Y L

with 400 1bhe. of straw in plol 1l. This straw was obLtcined

56

from ztebles and conteined about 15 rercent manure. Lo

mulel wes added o trees in the College iark vrconerd dur-

ing this season.,

Surfece Irrireation. Three trees were selccted in the

Colleze terk Urchard for irvrlgeticon studlies wihiich extended

from Jure 20 to Augrust ¢, 1¢3%. A dike was constructed

N tres arnd weter wasg arplied withh & nioae at

re;vler intervels so thst the moisture supply was more than

XN enc

sfequate throuvchout this vericd, every tree recelving from



10-13 scre-inches of water,

Fertilizet ion. Thrae trees in easchh of the plots in

the Western Eéryltﬁd_Orenaméfiére selected for heavy

. sodlum nitrate fertilizetion, The first aprlication of
° nitregen was made on Juns 23, 1940, when sever pounds of
feétﬁlizsr were Ersadeast under the ends of the branches

i & b&nd;thr&e‘na,raur;feet wide. Additlonal epplicatlons
during 1940 were: -nine poun&s on July 12, 2.5 pounds on
July 30, three pounds omn August 135, 7.5 pounds on September
2, and 15 pounds on October 18. Three more trees were
fertilized simllerly in the College Fark Crchard, but the
fertilizer applications were from three to five days later
than in the Western Haryland Orchard,.

in 1941, sodium nitrate fertilization was terminated
in the College Fark Orcherd, but in the Weastern laryland
Crebard it was continued with the following applicationsi
£2 pounde rer tree on April 11, 14 pounds per itree on lay
€, snd 4.5 pounds on July 2, snd on June 11 each of the
nitrated trees received surface application of 50 pounds of
hydrsated lime, “

Since it seemed possible that trees in the VWestern
¥eryland Orchard, especially those in plot 1, were suffering
from some mineral deficiency, seven trees were fertiliszed
with & finely ground minersal mixture 0f 64 minor elements,
This fertiliser was preyrared and furmished by Resesrch
Foundation, Inc., 10 Park Avenue, Hew York, New York. It
eontainsd the failouing elements: Fe, T, ¥En, Cr, Ba, 52,
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Zn, ¥h, B, &s, Cu, ¥, I, Hi, 8b, Co, W, o, Cd4, 3i, Li,
Se, Te@, Ir, V, Ag, Ru, Ga, Ti, in, Cs, Ge, Ce, La, ¥r,

ki, TR, Sm, e, ¥, ¥b, wy, T4, Ir, Ho, ¥m, Lu, Bu, u4d,

Th, U, fLc, Fo, ¥Fe, Jla, 3n, Be, Lg, 4r, O, Ta, b, Re, iHa.
Three trees received three pounds of this fertilizer per
tree orn July 12, 1940, tihree trees recesived 2.5 pounds rer
tree o June U, and en eaditionel 6.5 pounds on July 13,
and ore tree recelved 15 pownds of thils fertilizer on

July 12. in 1541, each of the ebove trees received turee
more jounds of the fertillizer on April 1ll. Fertilizer was

roured into holes mede witihh & 801l tuve from one to one

and o nall feet deepr under the ends of brancheg; from three
o {ive drillings wers made for esch pound of feri.llier ap=-

Loanf SDemrles. To determine the eifect of szoil treat-

merte on folisge (as nmeasured by dry welght), leal semples
were ccllected Irom three trees of tiie porer and stirsw
trestrioris, two trees receiving sodluwn nitrste trestment,

erd [ror three check trees ir both plots irn the wesstern
Harylecrd Crehara, tut in plot 2 only two trees with psror
rulcly were gavaeilable. Two full rown leaves {(wsually the
fowrdl and i0th leaf) from Pifty terminals end ell leaves
LIty swmurs were colliected., Lpur leaves were serarated
irto smwll ana large leuves, counrtec, dried, and weijned
seararstely. & omell leafl was arblitrarily classilfied as any

Y

leed mepsouring one awal one-hall incnes or less from the tip

&

te the bose of the Tlede. Terminal loeves were chnemically
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anslyzed for nlitrogen, phosphorus, and potassium. Total
nitrogen deterwinations were nade by the Kjijeldahl method
88 mooilied by L. L. durneeik snd Fo e neinge (23). The
potassiu: content wes determined by tiie colbeltinitriite
mebhios as cutlined by L. Vo Wilcox (40), and the colori-
uetric metuod a8 cocutlined Ly < liske and Lubbarow (11) was
uaed for phospicrus debterwmineticns.

isdstoloadcal Ltudies. Tullb samples {or histeloglesl

studies o tiiickness ol cubin were collectsed during harvest
time. 411 I'rults of & sanplo wers picked from the esst
sicde 0 the {rees about turse-guerters of the way up the
tres, bul ouly wellwexpused Iruits were used. Iiruits were
¢ivided intu tures classes on the basis of their size, and
wi:enever possiile, sixteen frulte of eascn slizs were selected
from three trees in eaci 0f tie stvew-meanure mulch, rootb
rrungd-raper mulched, and chieck trestments. Twe secticvns
were taken fron esch Ifruit, one irvow the red rile &nd one
from the green side of the Ifruit. The red sand green sectlions
from eachi 0i the turee slze clilmsses were depl sepsrately.
sections were cubt out with & &§/8 ineh cork borer and trimmed
to a;rroxizately 3/8 inch in thilcknessz and Lmmedist ely
pleced in formalin-sceto-aleoholdl killing emd {ixing solu-
tion. After two months Ix thils solution, 8ix sections from
sach ssmile were run throunb a regular tuityl aleohwl de-
hydreting series snu exmbedded lu Tissuenat.

~ectlions were cubt 14 microrns in thicimess aund stained

in vuden 4V and sismerk oyrown. vonslderable dililicullbty was
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exrerisenced in working out & stalining and mounting pro-
cedure since either slcoiiol in concentraticns over 86
percent or even a trace of xylol removed Suden IV staln
from the cutin. The {ollowing procedure waz adopted and
rroved to be guite satisfectory: 2«8 minutes Iin xylol,
2-3% minutes in 100 percent ethyl alecohol, 2-5 minutes in
95 prercent slcohol, 6«8 hours in dudan IV in 95 percent
sglcohol, 1«2 minutes in 85 percent slcchol, 2-4 minutes
In Zismark Srown in 80 percent alcohol, 1-2 minutes in
7S yercent slcohiol, 2«5 minutes in 80 percent aslcokel,
and mount in glycerine Jelly.

After the ;lycerine jelly was hardened, the slides
were examined under & microscore and the cutin thickress
wes messured wilith & Jsush and lLomb eyverlece micrometer. In
measuring cutlin thickness extreme difficulty was encountered
due to the great lrre;ularity of cutin thickress wiiich was
earecially variatle on the green side of the frult., 1t was
firelly decided to peasure cutin thickness only over the
center of a "normel” cell (Flate 8) instead of taking
measurements entirely at rendom. A "normel” cell was con-
sidered to e any cell which was in the prorer position
in relstion to other cells and which did not show any sizns
of collarpse, wive stretehing, or compressing. Iin this man~
ner, it was thousht, & more comparable average ol cutin
thickness was obtalined, since all messurements were taken
in g8imiler and arrarently normal locations. Hine messure-

ments wore pade on esch: of the six sections from a Ifrult,
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meking & total of 54 memsurosments for each of the red and
green sides of frult from & glven tree.

raench Treatments. On June 14, 1840, & nuwber of

large limba (5«8 inches in dlemeter) were selected on difw-
ferent tresc for surar and minor elements Iinjectlon. VUsing
a 3/%-inch drill, four or five holes 1} inches Geer were
drilled in emch limb s1d from 23-3 grems of either Lomino
gsugar or minor elements mixture (the szme as was used for
s0il aprplicetions) were rlsced in esch hole which wes inmee
diastely ssaled with srefting wex.

Brench girdlin. and defollstion exreriments wers started
in 1940. Selected branches were pirdled with & curved saw
by cutting a groove 1/8 inch-l/4 inch wide down to the cem~
biwn layer, and the cuts were immedistely covored with
srafting wax. Various branches wore defollated, lenving
only threec lesves rer frult. Defoliation and girdling in
Westeorn Harylend were executed on the same day, September
12, 1639, July 11, 1940, ard July 1, 1941 rospectively,
witile in the College larlk Orchard defoliastion end girdling
were accomy lished two or three days earlier or later than
Hestern Meryland.,

Fruit Trestments. iruilbs, selected at rendom throushe-
out the tree but not hisgher than 6-7 feet from the sround,
were trested on the tree wilth wax or absolute ethyl alcohol.
The alcohol was exrected to incresse and the wax to decrease
the water loss from the surfece of the frult. The fruils

were wazed with "Irytene 48%-A" commercial miscible wax,
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{one part wax to one part water), accomplished by elther
Girping the fruilt in this mixture or by pouring the mixe-
ture over the frult. In elther cass tiis procedure was
revestsd until tho frult was thorouhly covered. .Jrults
wiileh were treated with absolute alcoliel were treated in
& sirilar manrer. The frectientsa wers started on Jure
21, 1939, and rereated or the same Trults st ap;roxzimetely
two=-woel intorwvals untll harvest.
Fruite were bagged with whilte muslin, vlaclk sateen,
or cellorhane from July 11, 183% and from July 12, 1840,
untll hearvest in esch geascon. Jruelts for Lidls pruryose were
selected th.rouvghout the entlre tree, ané in most cases a
rnumber of lsaves were Included in & bag with: the fruit.
In 1€3%, from 20-~-35 frults were bagged on many different
treea, but in 1940, 75-125 fruits were begied oo four trees,
A rubber band treastment, wiiichh was arplied on June 21,
1980, conglcted In covering & narrow circulsr porticn of a
frult with & thick rubber bacd. Verlied sizes of bands were
used to ingure g tizht it sand ss frmults incressed in size
barde were replacoed wlith larger siges. Other frults were
Imilarly treated with & band of parafilm.d A tint rit
wags obbained by atretching the parelilm while wreprping arnd by
pressins 1t agninst the fruit. These paraflflilm band treactments
were nlso sterted on June 21, 1936, and bands were replaced

from time to time in order Lo malintelin g Blght and zontine

z/@anmfacturad Yy wenasha iroducts Co., wenasha, Wisconsin.
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uwous band on each fruit.

Since it wes believed (2¢) thet some csustic sprays
may agsravete skine-crscking of York Imperisl aspples, a
few selected branches were sprayed with arsenate of lead,
12 pounds to 100 gelions of water, and a few were srrayed
with a lime spray, 12 pounds to 100 gellons of water.
Spraying was started on June 26, 1859, and repeasted on the
same branches at 10 to 15 dey intervals, making s totel of
seven srrays arrlled thirough the season. .oth spreys were
applied in addition to the rezulasr orchard srrsy procrsm.

Fruitanag( & nmixture of growth-promoting substances
used for stoprping pre~harvest drorp, and potassium thio-
cyenate sprays were applied to individual brenches in 1840
end 1941l. After trying various amounts of rultone to find
the highest concentration whiclhi could be used without
severe injury to foliege, it wes finslly decided to use
one gram of Fruitone, (double the recommsended strensth),
to one quart of water; this concentration produced some
injuwry, but none of the branches lost more than 10 percent
of their foliage. The spray was arplied sprroximestely
every two weeks beglinning on July 30, 1640, and on July
2%, 1941, during the respective geasons. rotassium thio-
cyanete spray waes used at the same concentrastion and epe-
rlied at the same time as Iruitone during the season of

1240. This sprsy was not used in 1541,

gfﬁanufactura& by American Chemicsl Faint Company, Ambler,
fennsylvenlia,



Te further investigrszte any possible effect which
srreys wicht have ¢on skineecracling, nll spraye alfter the
calyx zirsy were omitted frowm sore trees in 193¢ and 19403
8ll wormy or dizescmed frults were plcked off by hard through-
out e8¢l SEREeOT.

o

iree Crowmtlh lessuremepts. Terminal growth messurements

were made dwwling the dormant gesson end 60 measwerente, to
tme nesrest 0,5 centimeter, were nade on each tree, All
pegsurerents were rade on termingls not hisher thern seven
feet frorm the ground end eglthouph they were seoleccted st
rarnder, 1t was attempted to have thiem falirly evenlys dise
tributed throughout the tree, These measurements were
averaned for each tree, ard althnoush there was considerable
wvariation withis them, it was assumed that 60 was & suffi-
clont somyle for eastimeticn of the sverapre terminal ~rrowth
for any particulsr tres.

Fileld and Yprulit Uredlnz. Yo 7vield records were taken

In 1032. In 1640, 1t wes noticed thet there misht be some
reletionchly between the yileld of a tree and the rercent

of eracked fruit orn thet tree; theorefore, tihec trees were
clesced as produclng hisrh, medium, or low yield., Thesge
estimates secemed Lo have a defirite correlation with cracke
iy B In 1941, the vield of each tree wao rocorded.

Trheo slze of the frilt wae not talren into consideration,

Lut on a few trees o bushel or more of frult was sraded
inte three classes: small (2-1/8 i1nches-2} inches),

rodium (2-8/3 inches-3 inches), ané larze {3-1/8 inches and
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over). Tue percentage of cracked fruit was determnined for
eacli size.

In detempining the percentage 0i cracked Ifrult fur a
tree, a cumber ol Ifrulis, picked abt reodow throughoul the
tree, were carefully examluned for skin-crecks and the nun-
bers of uncracked, sli hitly cracked, snd severely craucied
fruits were recorued., A Irult was considered sligutly
eracked il most of the cracks were healed over and/or the
area involved was not wmore than L0 percent of the entire
surfece, & medluw cracked Irult one witu: few open Creclks
and/or having not wore then 50 percent and not less than
20 percent of ite ares aifected, end e severely cracked
fruit seuy fruit with more then 1o percent of vpen cracks
and/or witlh sore than 50 percent of its surfesce sifected by
cracking. £ large number of fruits dropred Jjust before
nervest due 1o & sbtrong wind, accounting for the smell num-
per of fruilts in the 193% samyple, Jeceuse ol the distinet
biennial bearing Lhabit of these trees it was slso fnpossible,
in some ceses8, Lo obbtein eadeguete numbers of Iruits per tree
in 1940 snd 1S<4l.

in order to have oue numerical vealle winlein would ine
ciude percentage oi cracked i1ruit a3 well as Lue severity
of cracking, a "cracking index" was lormulated. This index
was calculsted Ly essi,ning a vaiue oi O to an uncracked
fruit, 1 to & slightly cracked fruit, & to medium, and 5 to
8 severely cracked fruit. Althousrh 1: wes observed thet

froit with & good, swmooth, or greassy {icish 2148 not develop

2
=4
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cracks, it wes thought #dvisablé} to Sbt;ain some mumerical
value to establish this pointj therefore, frults on selected
trees were graded in regard to their finiah 83 well as de-
gree of cracking. The best finiszh on & frult was given s
renking of 10, medium 6, and pooy finish 2, The direction
of cracks seemed to have some reletionshipy to the maein axis
of growth or elongation of a frult, and in order to have a
numerical messure of this tendency, 1800 crecked frults
were claszifiled into two groups: Frults which haé cracks
runnicg rarallel, end frulits with crecks perpendicular to
the main axis of grewth of the fruit. Cracked fruits for
this classification were taken from 54 different trees
regardiless of the differentiesl fruit or txaa treatments.
Other frults were separsted into three groups on a differ-
ent basls, those which hed cracks on the red side of the
fruit, those with eracks on the green side, and those which
had c¢recking sprsaring on both the green and the red side,

RESULES

Effect of Soil ¥Eulches, Koot FPrun »

Irrigation, and qutizisation on Sk

Cracking and Related Responses of York

Imperiel Apples
Before studying the resulte of any of these treatments,

it should be noted that there was variabllity smong the un~-
treatod trees s to the ﬁsrcentaga‘ervarnakod fruit produced.
Therefore, in order for any trestment to be conzidered de-

finitely effective, It must not only he consistent in 1ts



eflecli, Uul it alsc wmust produce Cifferences [rester t hen
the dirfercmces oxistlin. withiin unbtrested ftroos.

ckin-upackineg., The repults {for the plot 1 for 1640

and 184l gezsons are presented 'n Takles 1 and 2,

=

0 differcnces in skin-craciing In 1940 were produced
by the streav-msinure trcalaent, in fesot, every troe Ir thils
treastment produced as uislh 8 percenteage of erscued fruit ee
the saversges of the unitrested trees, sltiouh this treatnent
proved cflective in the néxt sessson. The strsw-nenure ruleh
was aprplied during the sonth of lLarch, e£nd evidence of
straw decoupoeition was not present until esrly July. Thus,
i1t 1ls possible that tiilis treatment wae not inflvencin. tree
growdiy in 1940 to any great sxtent (not counsidering the af-
fect on soll moisture)} until late swwer. Throu hout the
summer and fall thoere was vo aprperent differonce Letween
these and the cueck treos, but sone giffercences were noted
et the time of leal fell. Whe sirew mulched trees, which
had 8 deeper green follisge, retained thelr folim e shont a
week lOonNgera.

fhires more trees were added to the straw-manure muleh
treatuent in 1%41l, oub cince strew-monure in its secound
year may heve a different or xore jronounced effect on the
tree or frult growth, tiese trees are grouped seporatelr.

Trees in the strav-canure pulels treatment were rnotice-
aoly wore vigorous in 1941 then in 1¥40. This 2ifference,
winich: was noticed in the sarly siring, was exyreased Iin

efescer s larser fovlisggpe, In thicker and lonser tsrminel

Lo



Table 1

BEFFECT OF S0OIL MULCHES, ROOT FRUNWING, FERTILIZATICON AND SPRAY
OMISSION ON SKIN-CHACKIHNG OF YORK IMFERIAL AFPLES

Western Maryland Orchard Flot 1
1940 Season

sFfercent of: tRelative
cracked tindex of:tree growth

s &%

Iree: Treatment s frult tecrackingistatus

: H : )
61%:Straw-manure mulch : 38,5 : 0.52 : good -
62 H 44 .2 : 0.66 : medium
72 3 : 30.8 : 0,35 : medlium =<
54#:Root pruned and paper @ 29.5 t 0.39 s medium <
66 : mulched H 65.5 t l.42 : poor =+
77 3 H 20.2 t 0.27 : medium +

: : H 3
55%:Heavy fertilization H 44.1 : 0.72 3 medium
65 :with niltrate of soda¥i: 38.2 : 0.48 : medium
70 H 60.7 t 1.21 : poor 4

: H : H
59 :3 lbs. minor elements : £1.0 s 0.82 : medium -
64 : fertilizer H 15.1 : 0.20 : medium
73 3 3 48.1 : 0.90 : medium

H : H H
56 :9 lbvs. minor elements : 3746 : 0.68 : medium
71 : fertilizer : 46.0 : 0.60 : medium
76 2 . 47 .4 s 0.74 : medium
74 :10 lbs. minor elements: 58,8 : 0.59 : medium =~

: fertilizer : H :
60 :Hone : 15.3 : 0.1¢ : medium
88 : : 16.6 : 0.21 : medium
53 : H 22.3 t 0.37 : medium
57 : 22.6 ¢t 0.28 : medium
78 : 27 .5 :t 0.28 : medium
67 : 35.1 : 0.87 : medium
7H% : 42.9 : 0.52 : medium
69 3 s 45.5 t 0.69 ¢ medium
63%: H 48.3 t 0.75 : poor +
52 ] £3.1 ¢ 0.83 ¢ medium -
58 3 H 56.5 2 D.94 : medium =
81 : : 56.7 : 0.83 : poor +

FProm 150 to 280 fruits were used for each sample.
#A1]1 sprays after calyx spray were omitted on these trees.
##¥Bach tree recelved 44 lbs, of nitrate of sodsa.
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EFFECT OF SOIL HULCHES, RCOT PRUNIKG AND FERTILIZATIOHN TREAT-

ME

Western Karyland Orchard Flot 1

1941 Season

LENTE OH SKIE-CRACKING OF YORK IKFPERIAL AFPLES

Fercent of:

tRelative

: : cracked :Index of:itree growth
Iree: Treatment s fruit teracking:status

51 :Straw-meanure mulch : 2.0 1 0.02 : medium +
58 @ 1l year : 2.0 s 0.02 : medium 4
69 ¢ H 0.0 : Q.00 3 medium +
61 :Streaw-manure mpulch : 0.0 : 0.00 : excellent
62 @ 2 years : 0.0 t 0.00 : excellent
72 : 0.0 : 0.00 : good +
54 :Root pruned and paper 58.3 T 0.92 1 medium -
66 : wmulched : 82.2 t 1l.79 : poor =
77 2 H 0.0 : 0.00 : medium <
55 s:Heavy fertiligzation H 1.1 $ 0.0 : medium -
65 :with nitrate of sodas 41.9 : 0.87 : medium
70 3 H 32.5 : 0.47 : medium

H : 3 H
56 1& 1los. minor elements 3 11.6 : 0.12 : medium
58 : Jertiliger 3 71.6 : 1.08 : medium =
64 3 H 52.0 : 0.54 : medium
71 3 : 15.0 : 0.19 : medium
73 3 H 56.9 t 0,73 1 medium
T4 2 : 31.9 . 0.32  : medlum
76 3 H 48.1 2 0.54 1 medium
63 :Hone : 00.0 : 0.00 & medium =
73 : 16.3 : 0,18 3 medium
68 H 18.5 :t 0.21 : medium
853 3 : 21.9 : 0.25 3 medium -
57 1t : 36.4 : 0.40 : mediwm =
52 H 367 s Q.48 : mediuw -
80 H 45.5 1 0.50 : medium -~
75 3 : 49.7 :+ 0.51 : medium
87 : 88.0 :t 1.31 : poor

Prom 100 to 150 frults were used for each samyple.

#Each tres recsived 40 l1lbs.
of hydrated lime.

of nitreate of socda plus 50

lbs.
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spowth, and s&lso in longer retentlorn of folisje in the
fell, These differecrnces were noticed oot only on trees

-

having e strew-menure mulelh foy the second vear, btubt oiso

or. trees neving this trestvent for orly 1%4l. The diffcp=-
ences I the latter were nrot es pronounced, but were otill
notliceahle even by uritreired observers. Just whiy trnis of-
fecet wes not rroduced Ir 10940 Ir neot known, “ut it mey be
rertislly Cdue to the fect thet the strew rmlch in 1240 was
errlied in ilarch, while 1n 1041 4%t wes erilied In Jonuvory,
thus giving 1t e longer time {or decomposlition and accunu=-
lation of molsture in the deeper lsyers of seoil. o
records on root distributlon were taken but, upron examina-
tion, it wes found thet trees wlin straw-mnnure muleh had
developed rnumercus [lbrous roots immedistely under th
strew., These roots were alac more numerous under ithe two
vear than one year 01d straw-manure sulch.

Yrom data In Taeble 2, 1t may bLe pafe to conclude thnt
the straw-manure mulch decressed cracking, but one should
take Iinto consideration thet 1941 wes the {irst year tlhwt
such an effect was observed &nd, £8 will bLe discussed later,
date in Table & will show thst crocking is wore or less a
fluctueatbting rhenomenon e’ 1t tales three vears to complete
& cycle, In order to Justily conclusions as to tue eifect
of strew mulch on ghlne~eracking ix plot 1, records should
e telker ggsir in 1048, Tree 68 illustrotes this poln
cuite elearly. This tree produced 440.3 rercert of cracked

fruit in 1940, meany of the frulte, as snown by craching
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indexz, were more than slightly cracked, but in 1¢41 this
tree was sbesclutely iree Ifrom cracking and, since nc tresat-
ment was arpiled, tinis change certainiy ceannot be attri-
vuted to any treatment.

agot pruned and paper muiciied trees were also seemingly
unaiiectes wy tieir treatments in 194U, wito thie exceprticon
oi tree 66, whicn produced an sbnorwally nlgh incdex of
crackea ifrulis. idhis tree was somewhat susller tihern the
rest oi tiwe trees in this 110t and it may e that a2 greater
rroportion of its rocts was removed during root Iruning.
with the exceprtion oy this one tree, the percentage of
crackeo Iru.t was not altered suwflficlently to draw any con=-
clusion.

in lv4l, root pruned and paper mulched trees &4 and 68,
es & result ol Treatment,had snort, tnin terminal growth
end small, sparse folisge wilch began to turn yellow vefore
nervest. tnis comiitlion was much more pronounced ou tree
66 then on $4. it is nard to oifer any explenation for the
penavior ol tree 77 since, sltnough the terminal growth on
tinis tree was reduced, tihe general arprarent vigor of the
tree, Jjudging from tne appearance amnd sige of its folisge,
was gooG. ruit on this tree hau & z0ood finisc and dark
green ground coloy resembling wore closely tue fruit on
straw~manure mulcned trees thean on other pajper mulched trees.

The date show tnat, altuouph the amactual jercentage of
cracked Ifruilt wes Giiferent in 1u4l than 1940, tiiese trees

meinteinec their respective positions wituldn this treatment.



31

Tree 60 produced tie nighest percentage of cracked frull
in botih years, aund tree 77 the lowest. Hool pruain. aond
raper mulching may neve increased cracking, but apiersntiy
these treatments were not msjor iniluences.

The growthh status of the trees was derived iron oL-
servations tihrou hiout the growing period, taking iuto
considers tion terminel .rowtix, size, smount, and color of
foliage end tiae tlume of leel drop. Yhe trecs were Givided
into fowr classes: oxcellent, joou, mecium, and poor; plus
antd wminus were used to desiynete varistions withiin each
class,

it mey be observed from Tatles 1l and £ thnst taere is
e clocze correlation between tine growth ststus of a tree and
the percentege ol cracked fruit on that tree. Thls ig in
sgreement with Jisher (), (10) wio found that trees lacke
ing 1n vigor were more subject t¢ skin-cracking, the corre-
lation is especially noticemble in case ol tree 6. It
mey be that & tree in poorer physiclogicsl condition will
suffer more readily from & drastic trestment, such ss roct
runing end payer mulching, than s tree in good condition
ent having a greater amount ol reserve focod.

lleavy nitrogen fertilizsetion wes used in an aittenpt to
increase vigor of trees wonich, in turn, was conslidered a8
rossibly effective in reduction ol skiun-cracking. ke re-
sults obtalned were not only negative but, In the case of
tree 7O, seened to increase skin-cracking.

in 1941 the ssme three trees were agein ifertilized with
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godium nitrate, hubt, in addition, 50 lbs. of hydrated lime
was spread sround sacn tree. IJTwo weelks aiter the arplica=-
tion of lime a typical rnitrogen Injury was apparent on
trees 55’ané &H. This injury was slight oo tree &5, but
tree &5 lost about 45 rercent ol lts Jfolisge. .ost of the
fruit for grading had to Le ylicked from defoliated Lroaches,
wiiich gveraged about 70 percent red color, thus accounting
for the low percentere ol cracked fruilt from this tree,
(relztionsniy of skin-cracking to color will be discucsed
laterh

The minor element mixture was arplied to seven treesn.
Different amounts of tiuls fertilicer were used, in ordor
to determine 1f raete of applicetion would provide any ade
ditional date or the effect o0f this fertillizer on skine
eroeckinge. From Table 1 it is obvicus thet there was no dif-
ference between fertilized and non-fertilized trees, &s well
ez between the trees receliving different smounts of minor
elexents fertilizer.

o

Trees recelving different amcunts of minor elements
fertilizer in 1040 were all glven the same amount o0 ferti-
izer in 194l,anc agein the resulis oLislined were not 1n-

dilcastive of any effect produced Ly this fertilizer.

Zefore dlscusseliny the date for plot 2, 1t saouvld be
gtated that, altiouw lr all trees in tihle plot were fairly
uniforns, trees 20 and 21 wers located on the edge of the
rlot where the soil was mwuch rpoorer, elmost devoid of sod,

and suffering badly from soill erosion, iree J2 was Iin a



33

similar locetion but on the oprovaite end of the rlot where
s0il variebility was rot so pronocunced.

Three vears' data for plot 2 are presented in Teble 3.
In examining these date, 1t 1s Interesting to note the
presence of seasonal varistion. Teklng plot 2 as & unit,
skin-cracking wes slicht in 1936, severe in 1940 end msgein
8licht in 1841, thus Iindlcating thet there mey be some reo-
lationshiy between Dlennial bearing and occurrence of
eracking. This beliefl is strengthened by the fact that the
only two trees which were definitely in their "off" year in
1941 (trees 24 and 32) rroduced the hishest percentare of
cracked frult in tisis plot, This will be discussed in
greater detell later. iIin 163¢%, three unsyrayed trees were
considered as checks and used e&s standards 1ln determining
the effectiveness of muleh and root yruning trestments. The
reasults Iin Talle 3 are very similar to the two previous
tables, in that they have 1ot shown seny striking differences
in skin-crecking, durin; the three seasons, indlcating that
the trootments srplisd hed no pronounced elffect,

The effect on follisge by the strawe-manure mulch treat-
ment 4 plot 2 was not nearly as prronounced e&s in plot 1,
but the trees with peper mulch and root pruning were now-
ticesbly lascking in vigor, snd the letier trees were char-
acterized by roor foliage whieh was turning yellow even
before harvest, and by their short, thin, terminel growth.
The fruits on the straw-mulched trees were exceptionally

small, but 4dié it have a lizht yellow ground color wiich
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western iaryland Orchard flot 2

tiTy ite: ilercent of: shelative
: rer 3 t cracked :index of:tree gsrowth
Treeigamnle irestment s fruit ierackins intatus
: : 1939 Season : :
21 ; 60 ;ﬁtraw mulehed : 11,7 ! 0.15 : medlum
25 3 87 : : 3.0 : Q.08 : good
29 1 60 : : Bed : 0.08 ¢ good
20 : B0 iioot pruned snd ¢ 23.3 : 0.37 : medium
26 ¢+ 46 : paper mulched ¢ 0.0 t 0.00 1 medlium 4
27 49 3 : 0.0 ¢ 0.00 : medlium 4
22 ; 50 ;Unaprayaéﬁ H G.0 : 0,00 1 pood
g5 ¢+ Ol : : 0.0 : 0,00 : good
24 ¢ 41 : H 18.2 : .18 1 good -
; : ; 1940 ésasgn : ; e
‘ o : : : H >
21%: 273 iStrawe-manure H 67.4 t 1,83 : poor =«
25 ¢+ 2069 : mulched : 15.1 P 018 i medium ¢
29 81 H 1.1 $ 0,01 : redium +
20%: 272 iKoot rruned and ¢ 68.8 i 1.24 & poor
26 1 277 1 rpaper muleched : 31.0 t 0.01 ¢ medlunm +
27 ¢+ 200 : : £4.,0 ¢ 1.21 : medlium e
H : t 3 :
23 : 259 illesvy fertiliza- : 43.6 ¢ 0.78 ; medium
30 : 2b& :tion with nitrate ¢ 14,0 : 0.18 : medium ¢
31 ¢ 264 :of sodeds : 168 3 O.82 1§ mediwm ¢
3 H H : H
2% 18 :lone 1 38.9 : 0.50 1 medium «
24 ¢ 302 I B . t 0.156 t medium «
32 1 306 @ : 22,6 s 0,26 : poor «4
: : s : H
$ H 1941 Season 3 :
H z : H :
21 : 92 :Strew-mpanure : .2 1 0.03 : good -
256 ¢+ 200 ¢ mulched : 0.0 2 0.00 : excellent
29 1 200 1 : 0.0 t 0,00 : excellent
H H : H H
26 : 263 :1Root pruned and : 5.3 t 0,080 : medium
27 ¢+ 248 t peper mulched H 1.6 : 0,028 : medium
s s 3 H $
23 3 200 :Heavy fertiliga- @ 0.0 : 0,00 : good
30 ¢+ 149 :tion with nitrete : i8.8 t 0.19 : pgood =
31 ¢+ 197 iof sodawmk H 0,86 ¢ 0.01 : good
: : s H :
22 1 200 :sione H 0.0 3 0,00 : good
24 @ 180 3 : 50.C : 0.56 : mediuvem
32 ¢+ 104 : ¢ 80.6 t 0.61 : medium

#A11 spreys after calyx spray were omitted.
##Each tree received 44 lba. of nitrete of soda in 1940 snd
40 %gai of nitrate of soda rlus 50 lbs, of hydrated lime
in 4 -




wes found to be so charscteristic of crscked frult.

since tree 20 was cuanged from the root-pruning and
paper mulch trestment to & strawe-msnure trestment during
Janusry, 1941, it was not ircluded in the table, but the
records of thls tree show thaet it iroduced 4.3 percent of
eracked frult Iin 1941l. It mey seem thaet the reduction in
the yrercentage of cracked fruit from 68.9 in 1940 to 34.3
in 1941 may be attributed to the chenge from parer to straw
mulceh, but wher we examine trees 26 end 27 on wihich 8 sinmie-
lar recduction occurred, slthiough they remasined in the sare
trestment, 1t is obvicus tiist 1o such conclusion could bhe
Justified.

Wihenever the percentaz;e of cracked fruilt was nigh tihere
was & hisher rercentege of bLedly crecked frult, woich is
represented by tine ma nitude of the crscking index., This
sugigests thet the tendency or susceptibility of & tree is
expreased not only In the number of frults wiich may be af=~
fected, but also in the severity oif cracking.

in the College Fark lrchard, Table 4, the effect of
streaw-mulch on the vigor of trees was similer to plot 2 in
the Yestern ilarylend Jrchard, although 1t was estimsted to
be slightly more pronounced.

The effect of sll mulches esnd root pruning trestments
was similer in this orcherd to tihe VWestern teryland Orchard,
it mey be mentioned again, that these trees elso meintsined
thelr respective positions witiiin the trestment from 193¢

to 1940. Tree 166 was in & very poor g rsvelly soil, Ter-
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BOSECT CF SOIL LULCHES, ROCY FRAUNISG, PERUILIZATION AND SPRAY
OMISSION O SKIN-CHACKIHG OF YOWK 1uFrRIAL AFPrLES

College rark Orchard

trruits: si'ercent orf: inelative

¢ per ¢ cracked :index ofstres growth
Tree :sanmplé: Treatiment : fruvit icracking tstatus

H 3 1939 oeason : $
107 : &2 :Hoot pruned and 21.8 ¢ 0.25 ¢ medlum
110 ¢ 33 : paper mulched : 3.0 : 0.03 ¢ medlum
114 : 34 : 17.2 t 0,17 : medium
1l : 37 @ : 81l.1 : 1.68 : poor
101 : 23 :lHone : 60,9 : 1.09 : medium =
103 ¢ 20 @ : 20.0 : 0.20 & medium’
104 ¢ 25 H 0.0 t 0,00  medium
1068 ¢ 14 ¢ : 21.4 ¢ Q.21 : medlium
166 ¢ 19 : 77 P l.22 i medium -
108 @ e 3 : 68.1 : 1.41 % medium -
109 ¢ 26 ¢ H 30.8 : 0.38 ¢ medium
111« 31 : £25.8 : 0.38  : medium
112 3+ 15 ¢ i 53,3 1 0.53 : medium - o
11 3 32 @ : C.0 : G.00 : medium
117 o 37 : 46 .6 t 0.60 : medium
118 ¢ 14 : 42.9 s 0.49 ¢ medium -
11¢ : 40 : 30.0 : 0.35 3 medium

H : 1940 Season : 5
Z0O3%%y 145 1Straw mulch : 17,2 ¢ 0.17 : good
205 ¢ 109 3 G2 t 0.09 ¢ good
208 s 152 ¢ 12,8 : 0.13 : good
107%%: 80 sRoot pruned and 23.8 : 0.26 ¢ medium
110 : 160 : paper mulched : 11.3 : 0,11 : medium
114 s 137 @ H 219 : 0O.22 : medium
1li6 : 162 : s 62.5 : 0.86 : poor
115 : 106 :Heavy fertiliza- : 4,7 : 0.06 : medium
206 : 140 :tion with nitrate: S30.7 ¢ 0,32 : medium
207#%: 115 :0f soda% : 20.0 : 0.20 : medium
108 : 111 :Unsprayed#it : 87 .4 ! 1.34 : medium -
204 : 101 : H 54.5 : 0.74 : medium
2086 : 145 1 : 44.1 : O.46 : medium

H H : 3 :
109 : 127 :lrrigatedwa® : 12,6 t 0.13 3 medium
119 @ 114 3 15.2 ¢ 0.13 & medium
208 1 107 H 15.1 : 0.17 & medlum
101 : 134 :lone 3 43.3 : 0.49 : medium =~
106 ¢+ 80 : 53.8 $ 0,54 : pmedium
106 3 1556 : - 30.3 : 0.32 : medium
112 : 138 : $ 18.8 : 0.22 : medium
210 : 157 H 23.6 s 0.24 : medium
211 : 130 : : 23.1 3 023 ¢ medium
220 : 160 : 18.1 : 0.18 : medium

#Each tree received 44 lbs. of nitrate of soda.
#%#A11 sprays after the calyx sprey were omitted on these trees.
###Each tree received about 3000-4000 gal. water from June 20
to Aug. 9.
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minal growth was soort and thin and follege condition, in
generel, was much worse then In any of the other trees in-
cluded in the rocte-pruning arnd porer mulching trestment,

Although trees 109 and 110 showeld no srpeclal responses,
both of these trees recclved an additionel treatment on
Ausuet 18, 185%, consisting of irrigsstion with 900 gsllons
of water. ~-~ome of ths welter wes epplled to the surface of
the soil, but moszt of it was aprllied in the subsoil, Yy ine
sertings three-foot lony Irrissting rods atteched to & spray
house. In thils manter water wes forced (withi the rressure
fror the spray pump) into the =01l two to trwee fect below
the surface. ~01l molsture content before irrizstion was
Letween 2 and 3 percent under both treea. Since thils treat-
ment prroduced no influence on cracking of the frull during
the next few woeks, these trecs were not considered ag g
gserarate trestment. Verner (38), who performed e similar
axperiment, hes also rerorted thet no Iincrease in cracking
of Stayman Winesep avrles was produced by sudden increase
in soil moisture. In 1940, trees 108, 119, snd 205 were
surface irrigzated from June 20 to August 9. 1 Jeneral,
thiavtreatmsmt secned to reduce skin=-cracling but too much
emphasis should not be pleced on one yesr's results,

Loceuse 1941 was an "off" year for the trees in Cocllege
Fark Crcnard, the amount of frult iroduced was not suffi-
cient 0 werrant continuetlon of treatments.

Z01l Motsbure. Hesults of socll moisture determinations

in the Western lMarvland Orchard are presented in Table 8.

In sserlbing any effect to soill molisture, it must be remem-



Table &
SOIL HOISTURE CONTEWD 1N WESTERN MARYLAXND QORCEARD

1940 Season 194]1 Season
: Percent of loisture 18 Fercent of Moisture
:July.Aug..oept..beyt tSept.:: Ape.:iliay :JuneiJulysJdulyihug. tAug. :0ct.
Treatment s 31 ¢+ 31+ 2 s 17 s 27 sz 12 3 10 : 12 3 1 : 2% 1 10 3 20 3 14
! : : : : Plot 1 ) t t : t : !
Strawe-manure : H H : H - H t H H H H 3
mulched :15.8:17.9:15.3 3113.5 :120.3 3 15.9:15.2:13.1115.41:14.8:11,2:15.81 7.8
: : H : : $3 : z : : : 3 H
Faper mulched : H : : H HH H
and root pruned: 4.8: 6.0: 7.2 ¢ 9.8 1 6.7 1t 14.3 12 6: 6. 2: 8. 98 8.3310 8: 7. 93 4.3
: : : : : ) : : t 3
None : 9.2: 8,7:16.9 12,0 :13.1 :: 14. é:ll 6113, lzll 4:10.8: 9, 7:12.4: 7.1
$ : : : : s : : : : s 3 :
: : : : 3 Flot 2 : : : H H H L
: : : : : s ? : : s z : 3
Straw-manure H : : : : i H : s
mulched $10.7:10.4:13.3 :112.5 :16.7 :3 16.1:12.9: 14.0:11 5:14 4:13.5:14 5: 5.3
t i : : : 3 H : : : s t
Paper mulched 3 : : : HH : : H H
and root pruned: 4. 3: 4. 6: 5.3 3+ 5.9 ¢ 5.4 :: 12.7: S. 8: 5. 7: 4.8: b. 5: 4.9: 4.‘: 4.6
t : H H 3 :
Hone : 7ol 10.4 17 9 :10.1 :17.1 :: 15.6:14.1 12 1:10.6s 1° 6:10.4:15 5: 4.9
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bered tiet all determinat lons were made on the upper 18
inches of the scll, and natwslly may not necessarily in-
dicate proisture condliions below tiis deptize 4t is evident
that the moisture content 04 the 80ll wes markedly deocreased
under the paper mulecin end somewhnal Iincreased wwicr tne

straw mulchi.

~ome inconslistencies ssong differe;nces in s0il wolsture
cetweern the three trestments may be attribubed to the time
of s0il sempling. ‘he mrount of water irom & lijnt reinfell
does not penetrsete the straw-muleh and tuerefore, whenever
s0ll samiles were teken soon after such & raln, differsnces
in moisture content betweern the straw nulcued gcll andéd une
mulched so0ll were decressed. whnenever ithe s80il ssmrles were
teken following & hesvy rainfell, winich was suilicient oc=-
casionally to penetrante or seep uncer tie psarer mulch s
well a8 the strew mulch, the s0il moisture ailiercuces be-
tween these two trestments were also decreased. Tlils was
true not only immediately followin, such & rain, cubt for a
consicerstle time priterwards, ss botn poper ernd girew-wuleh
restricted evaporation from the socil.

The soil molstuwre conten:t unver the rpsper was often
found to be less tharn haslil of that wder tie unirested trees
ir any perticular plot tnerefore, 1t may ve safely stated
tpet 1{ the moisture supply in the upper 18 inches was a
determining fector in causlng skin-cracking, the trees in
this trestment shiould heve produced & consistently uijlhier
jercentege of cracked fruit, but from exesminlng Tavles 1,

2, 3, and 4 it is obvious that tihis was not thue case.
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seperabad on the basds of color. rulls over 2.5 inches

in dlameter were subdivided Into two groups: Thoze possess-
ing more than 15 rercent cof color and those with color less
then 195 percent.

T tihe strevemanuyre reatment 1s disre_crded, the other
troatments show 2 definits relstlonshiy between the total
vield end the percentese of small fruvita; the i thier the
vield, the itisher 1= the rercentsge of smell fruilts. 7his
relationsehip, however, does not hold in the case of the
straw-nanire mulched treea,., Two of theso trees show an

-

exceptionglly hish vercentage of smell fruits and tho re-
lationahly between the visld and slze of fruli is reversed.
Tree 62, rroducing the lowest yield in this ;roup, produced
the highest rercentasge of small fruits. These trees have
also procduweed thhe lowest rercentage of well colored frult.
The lsck of color mey be expleined by the fect that these
trees were ln vigoroug vegsetative condition, wiich caused
excessive shaeding of the fruilt. ALlthough ground color of

tiie frult was not recorded, it wes observed that trees re-
ceiving the reot rruning and peper mulch trestments produced
frult with yellow ground color, indicating & zore edvanced
saturity of tie fruit, wihlle the frult from the straw-manured
irees had & darker ;reen ground color, was firmer, and had
mueh smoother and a more g reasy inlsh,.

Ieafl Levelorment. Taule 7 swuerizes the effect of the

mulch and fertilizsastlorn treatments on relative sanount of

foliege. £l1ll leaves fror 50 sypurs and two leaves from each
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fable 7
EZEFECT OF 301L TREATREWTS O TiE WELSHT OF 3SPUR AVD THERWIKAL LEAVES
1641 Season
: Humoer of leavaes :lry welght of leaves per ¢
: per 50 spurs :50 spur leavas (in ms) 1Dry weight of
Treatment t Small ¢ Large @ Total ¢ Small ¢ lorge @ Total 1100 torminsl
: leaves : leaves t leaves : leaves § leaves : leaves tleaves(in grams)
: : : ] 3 H :
: : : Western Maryland Orchard Plot 1 H
t : : : H H H
Strawemanure : H 3 : H H '
mulched : 113.3 : 130.7 : 244.0 ©.6 1 25.0 : 31.8 43,7
: : : : : H H
Koot pruned and : P : : : s t
paper mulched 78,7 ¢ A02.3 @ 181.0 0 2.8 ¢ 12,9 1 18,7 30,0
3 : : : 3 : H
lieavy fertilization : : H : : H !
with nitrate of soda: 106.0 : 128.5 : 234.5 : 3.2 3 20,0 3 23.2 39,5
: : ] : 3 3 :
Hone s 107.3  : 111.3 : 218.6 @ 4.8 1 17.4 : 22.2 35.8
: : : : : $ :
$ 3 t Western Meryland Orchard Flot 2 H
: : : : : : :
Straw=-manure : : H H H H H
mulched t 135.0 @ 145.7 : 230.7 6.0 : 26.2 31 32.2 36.5
s : : H : H H
foot pruned and : H 3 o : : $
paper mulched ¢ 127.0 : 116.5 : 243.5 : 6.7 3 10.6 t 28.3 1@ 30.1
: H : : : : :
lieavy fertilization @ : : : : : :
with nitrate of sode: 127.0 : 183.0 1 280.,0 : 5.1 : 27.2 1 32.3 40.2
: : : : : 3 t
tone : 131.7 : 126.7 : 2068.3 5.8 1 20.6 : 26.4 32.8
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of 50 termirels were ccllected or Zeptembar 13, 1941. The
total rumber of lesves ver £0 srurs was grectest on trees
in the straw-nmnure trestienty the others 1in decrecsing
order were: leavy Tertillization, check, and root mruning

rlus paper wulchin’. The differences bYetwesn treatments

[

werc ..0rc rronounced In rlot 1, indilcetins that theywere
that v1lot then 1~ rlot 2, both as to nume-

r the dry welrht basls, there wes prac-—

ticelly o difference betwsen straw-menure pulch arnd heavy

fertillizaticn in plot 2, Dry welishts indicate that all

34
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vroeduced & lsrger amount of dyy welght of
syr lesves than trees In ylot 1 (wiltlh: the exception of
straw-sanuvre treostment). Judsing from the date iIn this
tetle, it 1z safe to conclude thiet reoot prunirg end paper
mulehing decreased follsre develorment more in plot 1 then
rlet €, whilch mey be sttributed tou greater severity of root
pruvslng 3in thet plot.

ey wellhts of terwminal lesves Iirdicate similer Aiffer-
ences bubt e & grester desree, thus gubstentistirng the re-
gults oubslined with srur lesvesn.

Tiie same terminal lecaves were chemically snslyzed for
tetel o itrogen, plhooyiorous, and potessium content. [From
tize dats obtained, {(Tabhle 8), there were no si;nificant

feraon

.
al
ki

by
¢

o8 betwesn gny ol the troatments and none of the

e

lseves assemed Lo arrproach a deflciency level for any of the
anglyzed elerents, thus Indlecatin: that these trees wore

not guwferin. from nitrogen, rphosthorous and potassium
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deficliency.

Table 8
Ci ﬁi#hﬁb ﬁifowsE o 1Lﬁ»i{ﬁb LEAVES
. O IRITAUZAL AFTL
(ﬁxpreas&d in rercent ef éry we¢&ht)
Western Merylend OUrchard Flot 1
1941 Season

1Total 3

siitrogen  tPhosphorus gfotaasium

Tree: ‘Treatment :Content 1Content tContent
3 : s .

64 :Root pruned §  1.10 : 0,821 1 1.8V

56 2 and 1,06 : 9,150 : 1.306

77 :ipaper nmulched: 1.1l ¢t 0.170 : 1.208

61 iotraw-msnure : 1,06 : 0,166 :  1.260

62 mulehed ;0 1.04 : 200 : 1,185

72 3 : . 2D : 0.157 : 1l.181
H H : H

57 :lheck ¢t 1.10 s 0.147 s 1,502

87 3 s 1,07 t D173 s 1.354

78 oz s 1.17 : 0.146 :  1.082

Helatlonenip of Cubin Thickness and
Structure of York imperial Aprles to Size
end Color of iruit, S0il Ireatments and

Skin=-cracking.

The average cutin thickness for the red end green
sides of medium and large sized fruits 1s summarized in
Table 9. Hith the exception of trees 66 snd 72, cutin
+thickrness was greater on the green than on the red side of
the fruit. This 18 in agreement with the findings of Lasker
(1) who was studying cutin on Urimes Uolden srples., It 1s
possible thaet medium fruit from tree 66 had developed nearly
the meximws thickness of cutin, and therefore normal dif-

ferences were not present, but the data obtained from the

medium frult of tree 72 cannot be explained and can only
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be gtiributed to exyerimentul ervor,

)
Teble ©
) LSRR N v
a? W & i 4 O T w4
R T A S PSRN (O S S T Loogute Ry oy Al §
Pl w A S S T O A T LA ER WA SRR 5" 1 S Y

1941 cemson

.
4

: Yercent of : Ynickrness of cutin T  Lisen
: eracked : {in microns) t cutin
Tree:  frult : oG B8lGe 3 uoreen sice itthiickness
[ ) : )
: Yedlum sized fruit {(2~-5/8%"-3")
: 3 H ]
66 » B2.0 : 16.3 : 16.3 3 16.3
67 3 69.0 3 133 H 15.4 3 1l.4
54 @ 5T ed t lé.4 H 15.5 H 15.0
76 = 482.1 3 14.2 H 15.5 b4 14.8
57 @ &Ga. 4 : lé.1 H 1409 b4 14.5
62 U0 s 14.1 H 15.9 : 15.0
77 oz 0«0 s 1353 : 135 -4 13 .4
72 0.0 T 10D H 10.5 H 11.9
61 3 0‘0 b4 10.7 4 11;8 2 1163
: H : H
H Large sized fruit (3" and up)
H 3 H :
66 3 02,0 3 151 3 16.9 -3 156.0
87 69.0 : 13.7 H 16.2 3 14.9
54 @ 58,3 1 l1l&.B H 17.4 : 16.6
76 ¢ 48.1 P 15.7 $ 16.9 : 14.8
57 S6.4 t  13.7 : 16.2 : 14.9%
62 0.0 : 13.9 4 14.4 : l4.1
72 : 0.0 t 12,0 s 12,5 H i2.2
61 ¢ 0.0 s 1ll.4 H 12,0 : 11,7
Bach figure rerpresents ¥ measurements rer fruit on &
fruits %54 measursments).

The correlstion coeificient for cutlin ti.ickness and
thie rercentase of crscked fruit on & tree waes calculated
to determine the degree of relstionship between these
measwresents. in medium sized frult, the correlations be-
tween percertace of cracked frult and cutin thickness on
the red side, green side and tie nmean cutin thiickness were
+0,661, 40,5688 s +0.731 respectively. Correlation co-

efficlient needed {or signifiicence et the &5 jercent level is
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Q.666, thus indicstling thaet the only correlation not sig-
nificent at thls level was between cutin thilckness on the
red side and the rercentsje ol cracked fruit,

The csloulated correletion coelfficlents between cutin
thilckness of lerge Iruits on the red and greern sides, mean
cutin tiilckness and percentages of coracked Iruillt were:
40,692, 40,817 and 20.782 resrectively. ihe correlation
coefiic lent needed for significsnce at the O percent level
is 0,707 and at the 2 percent level 1t is 0.78¢%. Iin col~
lectisy samples of large fruit, it was lmpossible to obtain
any fruit of this size in the selected location, namely, on
the sast silde of the tres, f1rou tree 77,

+t may be concluded from tihese correlstions that the
relationaniy bvetwoen cutin thickness and tne percentage of
cracked frult is very rronounced, bubt due to occasional
variabllity and probably an Insuwilicient nunber of trees
examined, they sre not signiflcent zt the 1 percent level.
nowever, since most of the correlations are significant et
the 5 yercent level, they are indicetive of & close direct
relationenipy betweern siin-crecking and cutin thickress,

In order to determire if the treatments had any effect
orr ecutin tiiickness these measuvrements were asmalyzed by
aralysis of verlance. [T si.culd be mentiocred thet the 4Aif-
ferences betweern measurenents on the same [ruit and between
different frults on the same tree were found to be not sig-
nificant and taerefore only averages ifor the wihole tree were

used in further statlisticsl anslysis. The results are rre-



sented in Ta-le 10.

it was found thet the dliforences between all treat-
ments, excerpt one, were nirhly sinificsnt., The nonsig-
riflcance Leltween the root pruning plus peper mulenhing
treatment and untrested trecs In medium sized frull is
rrobably cue Lo thin cubin on the fruilt {frow tree 77.
This tres, as was montioned beflfors, was not charscteris-
tic of ite ZToUT

In examining these data further, it mey be obasrved
tnat 1o the large frult there are no significant diffepr-
ences in cubin thickness between t{rees in any one treate
went, with the excertion of tree C2 of straw-manure treat-
ment, but the trees of any one trestment wore significantly
different from trees in other trestments. The same rela-
tionshly 1s true in medlwm frult, but iIn additlon to tree
62, tree 77 13 also sl niflcently different rom trees of
ne seme treatment,

it is arzarent tist tresiments tendling to increase
eracking produced Thicker cutin, while treatimients reducing
cracking produced thinner cutine. It is a8lso interesting to
note that the green side of the frult, wiich Is more sube-
Ject Lo cracking, has g significantly thilcker cutin than
the red slde.

It was observed that, in addition Po dirfferent c¢utin
thickness on the red and green slide of the frult, there is
also g defirite structural difference peculiar to each side.

The cutin surface on bthe red side wos found to be nuch
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Table 10

AS

GUPIE

THIC

LT A

EHESS

OF YORK IMIERIAL AFFLES
THFLUENCED 8Y SOIL TREAT.ENTS, RCOT

FRUUING, AKL COLORATION °F FRUITE

1841 Season
2 ) : Cutin thickness tAverasge
: :S8ize of: in microns : both
Trestment ifree: fruit :Green si&a: fed a&&": gides
Straw-manure : 61 : large : 12.0 .3.3. 4 :3.1.’7
mulched : 62 @ " : 14.4 113.8 :14.1
HE ) " 4 1215 31&.0 01202
Hean H 4 : H : 12,7
: : : $ H
Root prunsd and: 54 : largze : 17.4 115.8 116.6
paper mulched ! 66 ¢ % ' 16.¢ :18.1 :16.0
Hean H : : s : 16.3
: s : : :
Mone : 87 : leprge : 1l6.2 $13.Y¥ sl4.¢
T 67 o i 6.2 113.7 114.9
: 76 @ o : 15.9 213%.7 114.8
dean 1 H 2 15.2 ¢ 13.7 1 14.9
H H 3 3 :
Straw~manure : 61 : medium: 11.8 10,7 $1l.3
mulched s B2 @ i : 15.9 tl4.1 :15.0
1 T2 2 " H 16.5 :1303 311.9
¥ean H H s H H 12.7
B : s : 3
Root pruned znd: 54 : medium: 18.5 t1lé.4 115.0
peper mulched : 66 3 " : 1649 :16.3 $116,3
s T ¢ @ : 13.5 113.3 $113.4
Hean : 2 F H : 14.%
: 3 : H H
Xone : 87 : medium: 14.9 :14.1 t14.5
s 67 3 " : 15.4 213.3 t14.4
: 76 W : 15.8 t14.2 :14.8
Hean H H H 14.4 @ 15.7 @ 14.8
iifference required for significance
_ lsrge fru&b gfdium fruit
u.‘gs f“‘ @
between trestments 0. Q. W%% 0.36 0.48
between trees 0.808 1.073 0.630 0.836
between sides C.403 0.536 0.287 0.3686
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snmocther and showed much less irregulsrity (ristes 13 and
l4}es vutin on the green sice was characterized by sharp,
and often deep, indentaticns arnd by tne odd shared cells in
the epldermal layer. The epidermml cells on the green side
were often found to e entirely separated {rom esch other
by & leyer of cutin, and slthough this was also notlced on
tiie red side, the separsations Detween cells wers not as
frecuent or 88 long. Tetley (32) hane found thet varieties
with uneven cutin, wihich penetreted between cells, were more
subject to cracking then vearietlies naving the cutin wonich
touw ned only tihe apex of tihe radisl wall of the epidermsl
cells,

in tudie stuwdy it was ispossiovle Lo determine wihether a
bresk in the apple skin, similer to one shown in Plete ©, is
a lenticel or & skin-crack. It wae sugpested by vermer (37)
that lenticel hypertrophy may constitute an initisl stsge
of fruit erscking; Tetley (32), however, stated that many
eracks mey cccur on the {ruit ", . . . wiicihi have no ref-
erence to the bases ol hairs or to the lenticela", crom
studying prepsred slldes ol Xork it was concluded that
even thou I some crecks mey heve orizinated from lenticels,
the origin ol cracking cen be only pertislly attribuited to
this source. keny open cracks, without any formeation of e
corky layer, were iound on the slides exmmined, Thease
crecks, obviously, hsd no connection withh previously {ormed
lenticels, but wienever a small crack had & corky leyer, it

was impossible to distingulish it frowm & normal lenticel.
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Ir oome cese:z 8 lentlcel mary be broken open and thus be-
come & Crock. From a study of ilste 11, 1t may be observed
thet elthough part of the side is corked over, thsre is no
cork formation at the lower rart of ithe lesion, thus in-
Glceting that it is a creclk and pot a lenticel, Tut 1t may
have ori_ irated from & lenticel, whieh, bowever, is impos-
aibvle to determine at this gtege. Flates 10 and 12 show
eracks which have formed a well defined cori lajyer, but
lere asalin, It 1s lmposeible to determine thelir origin.
Skin~cracking of York Imperial Aprles

As Influernced by Indiwidusl
Branch sand PFruit Treatments

Branch girdling date are rresented in Table 1l. In
1939 irdling was not done until the early part of Septem-
“ber, which accounts for the inconsistency of the data ob=
tained., In 1940 snd 1941, however, when g lrdlinz was done
in June, this trestment increased cracking on every tree
whieh produced soms cracked fruilt on untrested branches,
Py corysrling differences In the percentage of cracking end
the differences in cracking index, it is obsorved that an
incerease Iin rercentapse was not always followed Dy an equi-
valent increase in severity of crsclking., but in nost in-
stances sirdling Incressed the severity as well as the per-
cantage of cracked Ifruit,

ranch defollastion, wiiich wag rerformed on the some
dete as Lranch girdling, produced opposite resulits from

P

hrench girdling. The dsta in table 12 also bear out the
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fact that defoliationr late in the sesson wes not as of-
fective as thet wilicih wae done earliier. In 1839 when ithe
branches were glirdled I1n early Jeptember, this treatnment,
in some instences, secmed tv incresse cracking. This, now-
ever, moy be attributed to variabllity in the rercentaspe of
croacked frults witnin the tree. Ihe deata for 1le4u and 1o4l
show 8 very conslstent reductlion in cracking in every case
whenever there was any evidence oi craciking on tihe ¢heck
frujts. This consistency of the results may be atbtributed
to the greater elffectiveness ol the treatment, which, ap-
rarently, was sulilclent to overcome any varlebility within
& tree,

inhe dets {(expressed as jercentege of cracked fruit) on
tinne effect of begging fruits with various tyres of Lags are
rresented in Teble 15, Tuese date were &lso calculsted on
the basis of cracking index but, since no additionsl eon-
elusiong could be drawn from these igures, they are not
rresented,

LHageing reduced crackling on a few treos during the
163¢ season, but tiie prevelence of increased cracking pro=-
duced on the rest of the treecs indlicates that begsing, in
general, increased cracking. 4dhe results s&re noyre consist-
%ﬁt In 1940, bult the Iincresse 1In cracking produced by bage-
g£ing still veries considersbly from tree to tree. This is
not in agreement with Verner (&) who, wille working on
craecking of Iteymen Linesal, stated bhset Iruits Lagped with

yaper bags cid not develop cracking.
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TR OY OTNITA T et § ETHAL
VidsUA L i LTS

EniAL AVFLED

D SEIN-CRACEKING OF YOHK

Isrecent of

cracked frults urnder:

iifference

comparison to no baggir
tWhite bag:Cellophane bag

ISRl 4

8

10
23
24
25
26
27
28
101
110
114

#0 P €3 8% mr %2 BL 08 AP 60 RN DA es RE S5 ME B8 R & TH BF 45 &0 20 28 Luw ¢

Lo bassingeblack bagsvihiite bag

E8.4 t 45.8
TE.6 : GZ2,0
28,6 : B3.8
50.0 ! T7.8
45 .8 : 4.5
42.9 t 66,7
C.0 : 30.0
15,82 t 14.3
Se0 : 0.0
0.0 : T
0,0 : 0.0
BB : -2E.0
60.€ v B50.0
Se0 ¢ 1l.1
1748 ! 375
10,1 : 27.5
26.4 : 37.1
10.3 T 33.3
A : 25.3

20 Lo U2 were located in destern iaryland Urchard rlot 1, trees
Jestern iraryland Yrcherd 1lot 2, and trees 101 and above in College Fark Orchard.

T8 BE B3 SE BP HS FP OF 6 ¥8 $F &% 28 P Le BR ¢F 6 B 43 40 4B tT EN &

40.9
30,0
2l.1
46,7
S8.8
2l.4
18.2

tbellophane bagiblack bag

#B EE BT NS S0 S 8T HS WR S 4T 8BS GF ST ER NP b TS AN BE AN Ae BE Ko SR

1639

50.0
89,6
AR
50,0
5C.0
E7.5
10,0
2846
0.0
0.0
Q.
40,0
100,.0
40.0
44.4

1640

2¢.6
S6ed
24,0
21l.4

season

"’%’s‘i
+13.4
25,2
227 . 8
48,7
+22.8
+30.,0

+256.3
-10,.,8

5.1
+420,3

e B 43 3P $2 S SP B S& K& 3% S0 GF &

en

Zegson
+17.4
+10,7
‘323.0

41l.9

an a2k ex er ox ) sv ee

B8 ¥ BR 2% AR B8 S8 A% 2 O S8 PR BE L NS BE % S8 S8 ¢ s P8 P4 44 B

+4.5
+l.4
"'4-&5
"’5.3
+13,.0
"'21.5
+18,.2
49,1
-3‘0
0.0
C.0
""503
+38.1
+22,0
+22.8

40,7
+17.2
411.3

+35.9

-8 o8

BE BB SR ME S4 24 P B8 SR A BE Se E5 n 69 R WS OF IR W4 S5 s A8

1

to 10 and 51 to

-

"1506
-G, 0
"'201

0.0
*4,2
+44,0
+10,0
+10,4
'-5.0
0.0
0.0
+36,7

238.1

437.,0

*27 .2

+19,56
*9,.7
+13.7
“2.0
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is not delivite. Lt oseenms boaet 1o 190 the waoite Layss
ware least elTective in iniucling cracking, bubt in 140 this
was not Lue csse., There ls even less relationsulp vetween
the efiects of black anc cellopuane caps. 4rrarantly the
tvre of bar was not a very ilmportant lactor.

sruigs bageG with, Glack vegs were devolia of auy red
color end had developed, abl time oi harvest, a brli_ .t yellow
growid color. in e numter of lunsteuces tinese frults were
found 0 heve Geveloped sKin-cracsgily cowj:letely arocuna the
frult, tuet was leveyr Ifound on aormally exposed Iruit.

vince persaiilm vands, rubber bvands, waxing and alcohol
wash all increased crxacking in every case, tie cata were
summarized and only the means for eeca treatment are pre-
sented in Tavle 14,

ihe difference in cracking ol fruit aress usuer the
band snd coutsicde tune dand was used Lo csliculate tine elfifective~
ness 0 these trestments. lhe characteristic effect of bands
is snhown Oon Fleste 4. lhie treatments in tne oprder ol tieir

1lity to induce crucking are: :areiilsm bands, rubver bands,

o

e
wexing end alcoiiol wasa. weverity ol cracking was sotlicesbly
luereased oy bie Jirst two trezuwments, wubl tie lasi two had
less efifect in tois respecte.

ine effect of lime spyrey, as siown in Tible 14, was ine

conslisteny L toat incressce anc decressea ln cracking re-

sulted from this treatment. The results of arsenic srrays

were eyually erratic. Taking into consideration the treoes
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Table 14
EFFECT OF FARAFILM BANDS, RUBBER BANLS, WAX1LG, AND ALCOHOL WASH ON
SEIN=CRACKING OF YOHRK ILTEAIAL AFILES
1838 Ceason
Tumber of ¢ 1 Mean percentage of § Hean index of
trees 3 Trestment H cracked fruit 3 cracking

: : :

17 : Farafilm bends : H
t Under the band H 90,9 3 2,33
: Cutside the band : 27.82 H 0.29
H ¥ean difference : +63,7 H +2.04
H : :

12 : HRubber bands : H
: Under the band : 7745 3 1.17
H Outside the band H 27.9 H 0.27
H ¥ean difference : 449,6 1 +0,.90
3 s H

14 t Waxing : H
: Waxed : 59.2 : 0.67
: Check : 17.7 ¢ 0,86
: ¥ean difference 441,.5 : +0.41
: : H

11 t  Alcohol wash s 3
H Washed : 38,3 H 0.48
: Check : 15,2 H 0.21
H Mean difference 423,1 4 20,24

From 100 to 500 frults were used for each sample.




EFFECT CT &hSEﬁIG, LIME, POTASSIUM TuLilC YA%&TE,
Ao VRTITONE ‘””": N ﬁfgﬂ‘@ﬂﬁ&h iy

g
dok &Ll’ﬁli‘m m. &mm

Gr

i rercent of L ilierence iri  irkiex of :
ieracsed frult: percent of i cracking iiiferenoe An
ipee% oneckicprayed: crau&eq fyuit:ﬁheck:a@rﬁyﬁdiefﬁﬁ~*f~‘swﬂ@x

: : Lrsenic uprays, 1840 ceeson d
3 ; Sdl.41 E3.1 =lSed 3 Ul47r Ued 3 iy 4
Qi} : 25035 1€3n5 H “‘6»? H 8137 i).f}é H "‘\.}o’;}%
26 s 0.0 5.0 3 0.0 s 0.00: 0,00 : 0,00
27 H Q-{}: el & G.{} H 0'053 Qc’gﬂ b Qgﬂ}{:}
117 3 46,58 64,7 +15.1 : 0,60 0,77 3 e 17
1ie : 42,88 30,0 ~12,% t Uedd: 0,30 ¢ “(3s 1%
: 3 Lime Lprays, lU&Y Jeasson H
& t 3.4 20,8 1 ~?.$ t 0.4V 0.BH ¢ -ell
;.:3 : *?‘3.6: 5?}.%‘) : ""53&7 (} g '(&153 ao%ﬁ § “O‘?l
& : S5.0r B0.0 15,0 t G485 0,50 1 ~0e 0B
7 v BHL.,81 16.7 ¢ -l & 1 D.86: 0.17 -3, 0%
20 : 23,31 85.0 @ +l.7 : 0.37: (.25 ¢ -, 18
26 T G.01 0,0 1 0.0 t 0,008 0G.00 3 600
27 T 060 3.0 ¢ 0.0 t J,00: 0,00 @ 400
},’3‘@ H 5‘;‘32 :}og : OQQ H QtOQ: :}.UJ H x).i}fi
15)5«9 4 f‘:ﬁloéz £5.0 @ Qﬁiﬁ H i}.."éll: Q;uw H %) . Od
10¢ 2 VT 33.E : ~44.4 : 1,88 1,00 : - 88 o
111 s BH.8:r B3.B 1@ $20 .U t U8B .77 ¢ &u,%& ~
3 fobeseium ulocyansbe Lprevs, 1840 Leason
H : : : : $
24 4 13&9%* Qe 8 ‘13'05 P UedD: \}yﬁ}{.) ! “i}-l&-
52 1 Ddedt DLWV «16.4 s U938 Uld4d - e &8
oY s Bb.l: 37.3 @ 2.8 ¢ GLB7: 0.3 +U. 10
101 ¢ IRCE- 2.3 3 - e O i Uedoe etk ¥ w{}gB5
1086 t D38t 20,3 1 -85 86 i U.B4r 0,84 3 ~0230
108 3 S0.3tr ER.B +422.2 t D321 U858 3 +0.26
220 : 18.1: S8 z ~11.3 s 0.18: 0.04 =0,186
H : H :
H : ?ruitena Sprays, 1940 waaaon 1
] H t H H
88 H 53.1& 2&!& H "2%.6 3 0.@5: 0.3& 4 "0:66
67 1 82.6: S0 ¢ ~14,8 1 0.,88: 0.08 : -3, 20
ﬁ'? ¥ 55&13 2(}63 : ”1%08 t 0.57: ac% H “'glll
101 t 43,3t 15.0 3 B g t 0,491 0.280 @ ~0.28%
108 1 §3.88 Tul ¢ -§i5,7 2 OuB4: 0,07 “Qad
2 : $ H 3 H
H H fpulbone Lpravs, 1941 Sesson :
s H H H ¢ :
23 : MQ@‘ Q;O 4 '*3443 H {}0%3 Q.O{) H “0;3&
26 0 5.3 0,0 3 Bl : 0,063 0,00 ~J,086
g7 H 1;63 3.0 = 1.6 $ 00033 OQQO H “‘00{}9
2¢ : 0.0 0.0 ¢ 0.0 $ 0.00: 0.00 3 0,00
&2 t SGLTE 1V.B 3 «16,9 1 Oedbr 0,82 (o 25
54 3 BBa.912 Geb 1t -4 o8 t Cu82: 0,09 3 -0, 83
G4 3 S2.018 448 13 e Y'Y t D054 0.06 : -, 4%
66 ! B2.82: 11.8 @ ~T0e4 } 1.79: 0.17 -1.62
87 r 66,018 2.9 1 ~56.1 t 1.31: .03 ~1.28
&8 1 16,88 0.0 ¢ «18,.86 t Qo1 0.00 : ~(«21
i 1 0.0¢ 0.0 3 0.0 ¢ 0,008 0,00 @ 0,00
Vi 2 5B.8 0.0 3 “3Se S ¢ 0.50: 0.00 @ -0 50

#lrees 20 to 32 were located i the Western Laryland
vrehard plot 1, trees 1 to 10 and &1 to 79 in the
Western derylend Crchard plot 2, and trees 101 and
above In the College iark Urcherd.

“




without any creackirn; of unsrreyed {ruitszs, there ls a pre-
dominsnce of evidence thet craciiin: wer not Induced Ly
clither lire or arscenic arirays,. Jo determline further any
possible effect thet re;uler fruit sireys z=ight heve on
skin-crecking, some trees had all sprsyse, after o caliyx
srray, omitted. The dete yrosented in Teblem 1, & and 4
are irsulficiernt to draw any cefinlte conclusion as to ef-
fect of srreys ou erascking, but 1%t 1s obvious that under
ne conditious of thils exyerinment, sprays did not decresse
cracking. Yhils 1= esrpecially evident from the date ob-
talned ir 1840, plot 2, Teble &. Une tree was lelt un=-
syreyed Iin encli of the mulched tresstments 1ln addition to
untraatéﬁ chieelr trec. L1 overy casse tihie unsirayed trees
yr@ﬁueaé};iahﬁ&t rercentege of cracked fruits within thelr
respoctive treotments. This was further substentlisted by
date fron the Jvollege eyl Crehard, Table 4, where two une
spreyed trees, l00 ancg 204, produced first end Wiird i h-
est rercenteage of crscked frult in the wiole plot. These
results are not in agreerment wilith the su gestion made by
cenrecer end Lout (20 thet crsckin. usey be aggraveted
caustic sprays used cowuwrceislly 1o orcheard spraying.

The data for potagsiur thiceyanete sprays, presented
i table 10, Incicete tuat, In general,s reductlon in crack-
ing was obtsined es & result of spplicetion of thls reaterial.
Lpreyed frult dovelopec a better color,wiich muey be rartielly
rezjonsible for the reduction irn crecking.

cete for Lrultone spreyicg, jprosented in the seme table,



spnow & consistent reduction in cracking. 1t was found that,
usually, tihe higher the percentage of craciking of ursproyed

fruits, the greater tne reducitlion cbieined with csrultone

i

RS

spray. oOprayed fruit developed a £li_.ntly pstter color and
finisn than cheelk fruits, but thals mey e sttributed only
rartially to 8 skl l:it defoliation cuaused by tils srroy.

Two bLrencies on eacs 0f tae thres trees were selected
for suwar ermd minor element injections. orenches injected
witin minor elemects jroduced Ligher jpercentasge ol cracked
frulits, but tihe incresase varlied from Z.1 percent to 20.6
rercent. Suger injectlons in two out of three cases nave
also caused an Increase in the percentage of creascked fruit,
but it tiie other case a decrease of 1 percent wes reccrded.
Since these results were tending to increase latuer than
decrease skin-cracking, tinis exyreriment was not rereated in
1641, ko residusal elfiect ol tl:ese injections was noticed
in 1%41l.

Gther Factors Associsted with Skine
cracking of York imperial Apples

Yleld. There is a deflnite correlation between the
pvercentagze of cracked frults and the yield of & tree. It
may be observed in Table 16 thet thie correlation is not
verfect and thet & number of exceptions sare present in each
rlot. 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 58 1is the only

strawv-manure mulched tree which produced an exceptionally



Teble

ttestern iaryland urchard

1841 “eanon

$ Ylield per H :

s tree : fercent of : Iindex of
Tree {in bu,) : cracked fruit : eracking

: Flot 1 s
41¢] : 1.5 : Ui 8 : 1.7¢
54 : 2.0 : 240 : (.02
e : 4.0 : 0.8 H G738
Evriy : 4.5 H 6wu0 H l.gl
24 : 5.6 s 152 o O : 0.52
538 2 5.0 : Vi.8 : 1.08
64 s 6.0 H 58,0 : U.0d
3 : 6.0 : G0 : Ul 00
75 : 7.0 : 447 : Q.61
T4 : 7.0 H SleB : (e &8
€4 : 7.0 : 18,5 : 0.21
7L : 70 : 10, : Uedl
wE : TeD 3 JE .9 : Ue LG
Vi : 8.0 : & : Ged7
535 : g.0 : £1.9 : T, 07
60 : $.0 : 46,5 : 0.50
&7 s 8,0 : 6.4 : G440
LE : G0 : 21,9 : 0.23
& : Ted 3 11.6 : 0.12
52 : 10.0 : 6.7 s 0.45
62 : 12.0 : 0.0 : 0.00
61 : 13.0 : 0.0 : 0.00
51 : 14,0 : Ze : 0.02
7 3 14,0 H 0.0 : 0.00
Ve : 25.0 H 0.0 : 0.00
63 H 50,0 H 0.0 : 0.00

3 Flot 2 H
32 H 7;0 : 6{306 : 0061
20 : goo : 34-5 H 0.55
e : 11,0 3 1.8 : 0.02
24 : 13.0 $ 50.0 s 0.56
26 : 16.0 H 5.3 : 0.08
28 H 2000 . @QG b 0,00
30 H 23.0 3 18.8 : G.19
£5 : 23.0 : 0.0 : 0.00
& : 25,0 : 0.5 H 0.0
&3 H 25.0 : 0.0 : 0,00
22 3 28.0 3 0.0 : 0.00
21 H 298.0 : 3.2 3 0.03
26 s 33.0 s 0.0 : 0.00

L)
O
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low yield in 1941 and apperently this treatment had enowsh
effect to overbslance the effect of low yield., Tree ¥,
which was also In the same treatment, did not rroduce any
cracking in spite of 1ts 1i it yleld, It is interesting te
note the degree of relationehly Letween yield and percentage
of crecked fruit. The coefficlent of correlation was found
to be =0.570 and the coefficlient of correlation reguired

for sisnmificence for 24 degrees of freedon l1s, st 1 percent
level, 0.496., Therefore, it 1s obviocus that notwithstending
the differences produwed by varilous treatments, the corre-
lation ia hichly sli:nificant.

In plot 2, trees 26 and 27 produwced exceptionally small
frult, and tihe size of frmuit on tree 27 was smeller tian on
tree 26, The size of frult,wiich was apjarently reduced by
the root pruning end paper mulehing treatment, accounts for
the lower yileld on these trees, since the vield was wmessured
i bushels and not ir number of frulte rroduced, Jince the
celculsted correlstion coefliclent bLetween the prercentage
of eracked frult and the yileld was ~0,74% and the correlation
coefficient needed for significance gt 1l percent level is
0.684, it 1s obvious thet this relationshiy was nighly sig-
nificant. These findings are in sgreement with Fisher (9)
and Schrader and uteut (29) who have alsc found that York
imperial aypple trees bearin: s hesvy vield were less sus—
certivle to thils trouble.

Altuocugn there is & close relationshipy between the per-

centege of cracked frult amd the yield witnin each plot,



there 1s & distinet difference veotwoen the two plots. In
rlot 1, whenever the tree yisld excesded 10 busiiels tiere
was rractically no crecking produced on those trees, whlle
in plot £, the tree yield wmd to exceed 28 bushels balore
ne pame eifect was produced. This 1s probebly due to a
difference in vizor of the trees In the two plots.

lennial cearins. This relatlonshlp betweern ylelds

and cracklay of York imperial apples is empnasized further
when blennlal bearing is considered. .rom the data pre-
gented 1o Table 17, 1t is espirerent that there 12 & definlte
fluctuation in the degree of crackilng from year to yesar.
This Lfluctuation is Just tihe oprosgite to the Pliennial bear.
ing habit of these trees. 4L higher rercentage of cracked
fruits iep slways associsted with the "off" vear of a tree,
and vice versa for the "on" vear. It may be mentioned that
tiils relstlonshiy erypersntly surercedes the eiffect of any
treatment wihich may haeve Deen arrlied to the tree, since
tihose trees, similariy to Teile 16, were groured regardless
of their trestments. It rust be reusmbered tnet this rela-
tiorshiy wmey ve prartielly dus to the nigher percentage of
smell fruits produced by the tree in its "on" year.

Lige of (ruit. 1o determine the relatlonshiy Letween
the percentage of small fruit (2-1/6"-23") and cracking on
a particulsr tree, twenty trees from two plots in the Yest-
ern iesryland Orcherd were selected. Letwse:n one amd throe
bushels of rult were picked et rencom throughout the tree

{from esch o©f these trees. The ypercentese of sumpll fruit was
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Table 17

RELATIONSHIT BETWEER BLERNIAL BEARING AND SKIN-CRACKING
OF YORK (WMFERIAL AFFLES

Western saryland Orchard

: 1839 Season ) 1940 Season 3 16941 Season
00" op TOff": rercent of :ron" or "Off": rFercent of t70n” or "Off": fercent of
Iree: Year scracked fruit: Year icracked fruii: Year tcracked fruit
: : : : : )
: : $ Flot 1 H H
: : : : : :
51 : : : "orset : 56,7 H "on* g 2.0
61 : : : " : 35.58 : " ? 0.0
62 : : b : 44,2 : " H 0.0
63 3 : : " : 48,3 : " : 0.0
72 s : : " : 30.8 : n : 0.0
77 s : : " : 20.2 $ " : 0.0
54 : : "on" : 26.5 : "opeR t 59.3
60 3 : : " : 15.3 : " : 46,5
64 : : : " : 15.1 : " : 52.0
67 : : " : 35,1 : " H 66.0
s H : H H b
: : H rlot 2 : H
20 "on" : 23.3 : "oee® : 68,9 : "on" : 34.3
21 : " : 11,7 : b 3 7.4 : u : 3.2
22 i : 0.0 : " : 35,9 : " s 0.0
23 1 i : 0.0 : " : 43.6 : " : 0.0
25 " : 3.0 : " : 13.4 : " : 0.0
26 " : 0.0 : " ) 31.0 : " : 5.3
27 i : 0,0 : " : 54,0 : " : 1.6
24 oee" : 18,2 H "on" : 11.3 t rore" : 50,0
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caleuleted for eaclh tree and the coelficient of correlstion
between the percentege of small frult and cracking was cal-
culaeted., The coefficient of correletion, winlich was found
to be =0.785, is hi bly si;nificant at the 1 percent level.
it was Iinteresting to ote thet wienever thie percentsge of
srall frults excesded Z2 rercent, there was no crecking in
excess of J.2 percent on any of the trees.

Prish end Ceolor of rruit. There was alsoc a definite

relationshily between the [inish of & fruit and the degree
of crecking. rfrults from eleven trees, while being graded
for crecking, were alsc graded in regerd to thelr {inish,
£ coeflicient of correlaticn of -0.814 was obteined between
findish end the jercentage of cracking. This excertionally
nizh negative correlstion clearly indicates thet frult with
smoother, gressy finish is less likely to developr sltine
crecking thanp fruit withh & dry, roush finish,.

1t was found thst most of the skin-cracking occurs on
the urblushed side of the frult, usate presented in Table
12 clearly bear out tihis point, Jut of 1100 cracked frults,
Table 18

Tilas L0 f’al’ LOH n‘u»e wiV i Y G CRACKLNG Iw
"f:f‘ R Ky ¢ 2 4 et i % P )
ARLATI Qau L‘umJgLM£L

% of Freit® with Cracks t lotal per-
Dlichtiyisedium ioeversiy: centage of
cracked ieresckedicracked icoracked fruit

location of cracks
itelative to Color

: : H :
Only on greer side H 60.2 : 11,.6: 1.8 @ 736
Un both green and : : H :
red sides H 14.5 : G312 2.8 3 25.6
Only on red side : 2.8 0.0: 0.0 ¢ 2.8

81100 crecked {rults from 54 diiferent trees and I3 different
rlots were exsmined.



7&.6 rercent cracked on the green side, while only 2.8

rercent nad cracking

1

on the red side alons., It was ob-
served that most of the cracied frulits ad & vellow linstead

sround color. CSisner (8) and Heed snd Urebill (27)

=)

ol green
have slsc found thet most of the cracking in York Imrperial
ayples ap;eared on the sheded slde of the fruit, but “erner
(36), workling with Staymen +inessl arpples, ststed tiat
cracking wuas usually never iound on a densely snaded fruit
ernd thet most crecking develored on the tlushed side.
Tetley (EZ) has alsc stated that on Jemes wurieve and Zesuty
of Zath aprles, cracking first &pjeared or: the red side of
toe fruit.

Lxdis of Jrult vrowth., wets in Table 19 inlicete tisetb

Table 19
WAL RELATIVE FC TUE Anis OF

GHEATRIY HOWTH O PRUIT

1ly40 Leason

1 fercentages oif fruit# :
: with cracks .
:olichtlysiiedium :Severelyt
Direction of cracks :eraclked :icrecked:cracked @ Totals
Cracke rerpendiculsr H : 4
to mein exis of : : : :
growth : 62.7 1 1l6.8 : 5.0 84.5
Cracke rerallel to H H H :
mein axis of H : : H
growth : 12,5 : 3.0 3 0.0 : 18.56

#Total of 560 eracked frulits were examined.
84.5 percent of the skin c¢racks are perpendiculasr to the axis
of greatest fruit growth. The cracking sround injured spots

onn the fruit was not telken into considerstion becguse in
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ti:is case craclks were concentric arcund the Injury. roth
of these relationships are illustrated In Tlates & and 7.
¥isher (10) has noticed the szsame relationshipy bebtween loca-
tion of erackling and insect Injury on the frult, and mlso
steted that rost of the cracks ran rerrend’culer to the axis
¢cf the gprle. ochrader and hsut (2¢) found thet the di-
rection of a crackirng was ususlly parasllel with the ground
rezardleas of tohe frult axis,

Fruilts from ten trees were {further subdivided into
mediuwm (2-5/0%-3") and ler:se (3-1/8" and over) sizes snd
the rercentage of cracked fruit within esch of these three
classes was calculsted. The calculated psrcentaje of crack-
ing for amall [rults was 10,5 2 4.52, for medium =lzed
Iruit 43.8 2 15,67, and larze sized frult 61.6 2 20.81.
The stendard errors for each of these classes clearly in-
dicete that thne small 1rults developed & significantly lower
rercentage of cracked frult, but that the atandard errors of
wmediun and large slzea Irult indicate that there Is g dis-
tinet overlsrring, indlcating that tiaere is no clear separa-
tion between these two classes l1ln thelr susceptlibility to
cracking.

Assoclation of sectors. YThe relstlionships between

the percentsge Sf cracked fruli on the tree a:d obther sasso-
ciested factors are presented in Table 20. The correlation
coefficlent reopresenting the relation of the percentsge of
cracked frult to terminal growth was found to be -0.,759,

to dry weight of spur leaves -0,744, to the dry weignt of
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Table 20

RELATTCVE 2 CF Muk 1TERCTEYT OF CUACKED FRULT TO THE TERMINAL CROWTH,
WliGind ur AV T i bwds ko TRk, o THICKWESS,
e LD p LAY

164 segson

ilercent s : Iry welpght TR N tTercent of
: of :Terminal: of leaves : Lry welght of ¢ Yield : Hean cutin :fruit less
icraclked: growth tfror 50 spurs: 100 terminal iper treet: thicknesa :than 24" in
Tree: fruit (i1 cm.): (in srems) :lesves (ir crams)i(in bu.):(in microns): dlameter
66 :+ 82,0 : S.08 8 il.382 : 24 .45 H 1.5 16,2 H 14.3
67 + 6S.0 : 7.96 ¢ 235,67 H 34,85 : 4.5 ¢ 14,6 H 5.7
54 1 bL.5 ¢ S.18 ¢ 17.686 : 20,086 t 5.5 1 15.8 : 17,3
76+ 48,1 B.70 20,35 H D4.G7 : 7.0 ¢ 14.8 t 18,7
7oy 30.4 s 1l.67 2e.50 : 37.95 H .0 14.7 H £1.8
77 2 0.0 : 7.4% 3 16,08 : 56,50 : 13,6 3 135.4 : 25.4
62 0.0 : 22,35 : 35.55 : 40,08 : 12,0 @ 14.5 : 56.2
61 0.0 1 25.858 @ 285,89 : 45,78 s 13.0 @ 11.5 ¢ 36.8
72 0.0 + 18,70 1 P : 4'7.20 P20.0 ¢ 12,0 H 32,2

The cutin thickness 1s a mean for red aund yreen gides of medium and large
sizes of fruit. Tree 77 had only mediwm sized frult availlable.
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terminal lecves -0,750, to the vield of the tree -0.839,
to the peen cutin thicknoss 40,813 and to the percentogs
of small fruite -0.795. wince the correlstion coefficient
nascessery {for simificance at 1 percent level is 0,798, and
at O yercent level J.666, it may be concluded that all of
the fectors 1resented in this tavwle were masocinted ir
varyine degsrees with the occurrence of altin-cracking.
Torminal crowth messurenente wers also talien In 1940
aend 1841 on sdalitionsl trees to those rrezented in table
20, 1= the destern saryland Orchard. & highly sgirnificant
correlation between fterminel growth snd the rercentage of
cracked fruit on a tree was obielined in 1840, but iIn 194},
tinis relstionshily was not neerly 20 rpronowced,
vn some trees the terminal growth end ypercentage of
erecliing dote was avallable Jor tuvee consecutlve yemrs.
it 1llustrested thnaet generally, an incresze Iin terminal
srowtl was accompanisd Ly & cvecreese in rercentagze of
crecked frult. On tree 62 terminsl growth in 1040 everaged
Vet crme anu the tree jroduced 44.82 percect of creacked frult,
whille in 194l the seme tree hec avers:ed 20.5 cn. of ter-
minal srowith ami was entirely free irom crscxing. Tree £6

wd an aversge terminal growth ol 1lE.2 Clie, 16.8 cm., and

o

2l.6 cum, Tor 139, 1640, and 1%4) respectively, but the

rercentose 01 ¢Crecked yuit on tuls tres showed & reverse
trend, $.0 percent, li.4 jercent and 0,0 ypercent for these
sgme years, Lluaere were sone exceptions, as in the casge of
cree 77, lu whilch the eversge terminsl prowth was reduced

Irom 256,90 cm. in 14l to 7.0 cme in 1841, but thie percentege
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of crocking was also reduced from 20.2 percent in 140 to
0«0 percent in 1941l. Iin goneral, however, most of the
trees showed & docresse in the rercentege of cracked frult
rroduced whenever the average terminel growith was increased.
Some rartisl correlations were determined on the date
rregented in Table 20. It was Interesting to note tihat,
whern terminsl growth and cutin thickness were kept constant,
thie correlation betwesn the jercentase of cracked Trult and
tlie vield waes Iirncressed Irom -~0.83% to -0.864 indicating,
that whenever cubtin thiickness and terminal growth are the
same on & nupber of trees, yvield 1s the determining fsctor
in causing ecracking. ©On the other hneaend, if terminal growth
and yvleld sre kert constant, the correlation between cutin
thickness and the percente;e ol cracked Irult is reduced to
40,0047, thus indiceting that cubtin thickness derends to &
great degree on terminal growth and yield, and that 1lts re-
lation to crecking 1s in reality due to the close relation~
enly of cracking to yield snd terminel growth. iowever, it
etill may be & contributin: fsctor in increasin: Irult suse-

ceprtitility to this trouble.
LI5S0 88104

Altoousn 4t iz pot intended to attampt an explenation
of the mecheanics which are sctuelly responsibile for the
fornation of skin crecks, it ls probably the lr-ability of
thie outer tilsasues of the fruit toc comrensate for the In-

creage in volume of the inrer tispgues of the fruit. Thile
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18 the ascceprted viewpolint of most of the investipgstors who
nave observed or investipeted frult cracking, This cone
cluglion ig furither substentisted Ly observaetlions mede on
the direction of crscks on the Iruit in relation to the
axis of greatest gsrowth, as shown on Ilate &, wiiich illua-
trates guite clearly that crscks are formed perpendicular
to the axls of greatest growtn snd, concelvably, to the
iirvection of greatest strain or rull on the epidermspl tise
sues, bthus Indicating thet the force wes either too grest
or thie sxpeansion too reapid for the outer tissues tO compene
satve for this ernlesrgement. The type of cracking found
around Insect stinge or similar injuries, as shown in llate
7, 1llustretes thst whenever any rart of & fruit is irjured,
eracks fomed eround that epot slso follow the natural
lines of yreatest stress. 7The ssre concentric loceation of
erecks around Iinjured sprots on aprles waes recorded by
Fisher (9), arnd cehrsder and iaut (26).

Why do apyrles from one tree develor skin-cracking,
wiiile the frult on enocther tree remein uncrackedy

In sn attempt to answer this question, the various
charecterlistics of cracked and uncrecked frults cen now Le
conpered on the Lasle of the experimental results, as glven.
The uncrecled frult wag charscterized by & deer green ground
color, greenisi flesh, smootin, greasy finish, small to me-
dilum size, and the ability to hang on the tree for two or
three weeks aflter the comrercial harvest date. 1The crecked

frult, Lowever, hed a yvellowisih green or, more often, yellow
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ground color, yellowish f{lesh, rough, dry {inish, medium
to lsrge size, and dropred badly even belfore the time of
normal hervest.

Congiderin: the entlire picture of Loth tree and fruit
characteristics associated witih skin-crackin:, it is possible
to make some clear serarstion as llsted iu Table 21, impore-
tant points of which will be discussed Iin pore deball.

Aprarently, light is one of the importent factors rre-
venting crscking. The red silde of the frult generslly
rossessed g better [inlshh and was Ires frowm cracking, even
on the frult wihlch was in the senescent state. £n interest-
irg feature was cobserved on fruits Leagped witic cellophane
w.lcl were well exyosed to sunlight. ihe leaves adjacent
to thwe frult were usually bagped with the Irult and in some
ingsternces they were iressed sgeinsgt the red side of the
roit. ilhenever such a&pjles were aifected, the crecking
had invarliseoly developed on the area directly under the
rressed les, wihille the oxposed coleored portion of the fruit
reme lned weaffected., Tiids lg 11llustreted in flate 6. The
increased crecking of begged [rult may be attributed, at
lenat 1r part, to tie exclusion of 1lizkt and incremsed hu-
midity. The bleck bags were obviously wmore sffective in
excludin, 1l:ht, wihile a: increase in humidity wes undoubt-
edly the »ore Importent factor in the cellophane Legs.
verner (38) hss found that a low evajoration rate wes very
closely sssoclated witih cracking of LZtayman Vilnesalp aprles.

e salso stated that: "There eprears to be no correlation st
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Table 21

TRER AHD FRulT CHAHACTEHRICTICS ASLOCIATED WiITH
CRACEEL AWL HOR-CRACEERL FRUIT OF YOHK IKFERIAL AFFPLES

Charscteristics £880Ci~ Lharscteristice associ-
ated with non-crecked ated with crecked fruit
fruits

iree Characteristics

Vigor: medium to good mediws to poor
long thick terminal snort thin terminsl
growth growth
large lesves medium to small leaves
dark green folisge green to light green
f'olliege
hesvy cror 1ight erop

Fruit Characteristics

Size: small to medium medium to large

Celor: green ground color yellow green to yellow
ground color

Pinish: amooth and greasy rough and ary

¥aturity: wmatures later matures earlier

Lropring: bengs urtil lete fall drors easlly at harvest
tize or bLefore

LLoragse:s kesps well shrivels and develors
rots

Cutin: tuipner smootier thicker roughex



73

all betweon sir-tezjerature fluctuatlion snd the occurrence
of cracking « « o

it was found tiet the tnilckness of cutin was closely
correlated witi, the susceptibility of [ruit to skinecracking.
It is interesting to note that cutin formetion was smoother,
tiiinner, and more rejular on the blushed side. Tetley (32)
found thet aprles with Irregsular cutin are more subject to
craciing, which elso apjears tc be true in the present in-
vestigation, for the cutirn on the green side of York asrrles
was caarscterized by deep indentations (ilete 14), thus
sugresting that crscks mey ofter. occur &t these pointa.
The epidermsl and subspidermal layers of cells also ex-
nibited proncunced irrepularitlies in share end sarrasngerent
or the greoen slide of the fruit., It 1iIs suggesnted that these
irpesulsrities of cutin formetion end of tissues imredistely
underneath the cutin may influence the susceprtibility of the
fruit to crecking. It is nstural to suprpose that thin,
smooti., coctinuocus cutin witl, & more regulsr epidermal laver
is more reslistant to the stress ceused by the interral ine
crease in volune than the thick cutin witih Indentations
cften penctratin, bvetween the erlidermel cells wiich are
rulled apert and otherwise distorted. 1t may be that this
latter concition could be referred to &8s & precursor of
cracking.

It 1s sugyested thet these irresularities in the cutin
ard epldermel cells or the shaded side of the frults may be

due eitlier to a lsck of direct suniight or to sn insufficlent
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anocunt of it. I thiz is true, it may be sssumed thet
alince the cells are more active on the sunny side of the
friit they are capable of reeter growth and stretehing,
and thisnt the formetion of cutin proceeds at & normel rate,
tisus peintalning s spooth, unlnterrurted cutin layer, Tue
doecresse of skin-cracking csused by defolistion may also be
rartially sttridvuted o tnese rhenomene, since defcllated
frult develored ss puch as 0 percent red color,

in genersal terms, it syprears that skin-cracking ias
due to the piysiclogleal condlition of the frult, which in
turn depends upon tue vigor ol the tree and the slze of
thhe crope 4t is possible that the diifererces between
cracked and uncracked Irult may be exrleined on the bhusis
of "piysliological sge" of the fruit; therefore, the term

"senescent” will be used to desi;naste those fruits which

1os8essed cnaracteristics of cracking. This ters was se-
locted beceuse it indlcetes o0ld sge, whicn is normelly
essocliated with the loss of gscetlivity end abllity of the
epldermal cells to adapt themselves to enviroumental changes,
The term "sctive fruit”™ will bDe used to designate the Irult
in wiich the eridermis has not lost ita green color anc the
cells apryarently are carryin: on tine normal functions of
living cells.

The ground color of frult on the defolimted Lranches
was always grecnsyr than that of untrested frult on the same
treoe, indicating thaet the frult on the defollated Lranches

was in & more active state of growth. dhenever the glrdling
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treatment was effective ir increasing cracking, the Ifrulits
vers always more mature and exhibited the more tvpicsl
characteristics of a senescent fruit ther check frultes on
the same tree,

The offects cof girdlin: end delolistion may &lso be ex-
tlained on a nutritionsl besis. Ubviocusly, the carbohydrate
content of the defoliasted bLiranches was reduced, thus delay-
ing meturlity of the fruilt. «irdlling, on tne other nand,
resulted in an incressed supply of synthesized meterial
wizich forced the fruit into meturility st much esrlier date.
It is interesting to note that girdling was relatively in-
effective on the trees wihicno yroduced frolts that were
definitely in an sctive stste, wnlle defolletion was not
very effective on trees which were producing fruit in e
serescent stete of growth. These differences egain indi-
cete that the influence of the relative vigor of the tree
i8 very strong and is oftern greater then the effect of the
treatment.

The results of all the frulit and branch treatmenis
clearly indicate that the effectiveness of some trestmenta
wirich induce cracking lergely depends upon the vigor end
the vield of the tree. These two (actors are closely re-
lated and are yprecticelly insersreble., it wes {ound thet
whenever a combinstiorn of tiiese two f{ectors was jresent 1%
was more difficult to iunduce cracking Ly artiliclel means,
A vigorous tree with 2 hesvy crorp inverilebly produced an

sctive type of frult, whille a tree which lacked vigor and
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bore a light or medium crop produced the senescent type of
fruit. VWhen a tree beariny e heavy crop was s tificilally
reduced in vigor (gs in the ceee of trees 26 and 27 in
1941) the fruits retelned the sctive state, indlicating the
iresence ol obthwr factors, une of thesge factors was {ound
to e the biennlisl Leering hablit ol the trees. Js was pre-
viously pointed 6u§, the percentege oi cracked fruit weas
always higher in the "off" yesr, indicating thet the sctual
mamber of busghels iproduced yper trec is not the only factor
affecting the susceptibillity of {frult to cracking, but that
the condition of the tree in its "on® and "off" vears le
also exerting some Iinfluence., Ihe other factor was found
to be thoe sige of the fruit. Jumali-sized frult rarely
cracked, but 1t 1s impossible to state whetiner thiis was

due mainly to its size, or to its physliological age, since
small frults were not clegailled eccordiny to sctive or
serescent ciharascteristics. Irrom observaltlons, nowever, 1t
was concluded thet the low percentesze of cracked frult
griony thiis slze was malnly due to tinelr ective stete of
srowth end not to thelr size since most of the smell frults
in the senescent state, although few in number, were af-
fected Ly creckinge.

Un the otaer sand, it wmay ve surmmised thsaet whenever
vigor of the tree is delinitely Increased, cracking may be
decresced, unotwithistanding the smell crop produced by the
tree. Thils point, however, needs further verilication,

slnce most of the trees on whicn vigor was definitely ine-
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creased by straw-menure mulch wore Learing & hesvy Cror.

It 12 reslized thet the senescent and active terms
indicete a dllference in the rhvoslologienl smge of 8 frult,
althounh no ascurete measwanenta of coell sctivitiles, such
as resnireticor or rnotosymthesis, were stitampted, It 12
reallzed thrt sorme pessurements of the relatlive sctivity
of celles snouvld have been teken in order to determine def-

nitely if e cifference in physiologlesl ayre was actuslly
rresent Iin these different tvres of frult. £&n Lodine

starch test wes sttempted st harvest time. 211 frulits,
however, conteined large escounts of starch ernd therelcre

it was iwrossidle to distingsuilsh between thesme two tyres

of fru:it or the basls of starel: content. Litarch teests were
tried again after 3-4 ronthes of storage, ard sldhouzh the
munber of semples wee inguffliclent to draw sry definite
conclusions, there was & clear indicatliorn that the crecked
fruit contalined lerger smounta of starch then the fruit in
the getive state. wihether or rot thls zay be corcliiered

es an indlestion that senescert frult was lacking in the
ceracity to chenge starch to sugar is not certeln snd Is
merely cuosested ae g roessibvle prool of senescence. 1t is
furtrer reelized that this arbitrary clesszification of frulits
also involved meny fruite which exniibited intermediste char-
scteristica, letuwslly, the question esrises ags to whether
or not 81l fruite on every troe may eventueslly resch the
renescent stesge, some 07 the uncrsacthed frults orn good,

vigorous trees, wilech were left from two to four wecks after
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the normal harvest date, s8till retained all chearacteristics
of active frulits eand dild rnol develeop any suiln-cracking.s

To furither delermine the rate of decline ol an acitive
frult to & stete of senescence, zome of tne frult exhibit-
ing all e¢harecteristics of the actlive state were pisced
in cold gtorege on Jetobesy 15, 184l. Thls fruit was still
in tie gctive stete Juring tUne lasi exeminstion, &Lpril 27,
1o42. <ome changes in eayjesrance were noticed, vut none of
the irult jossessed cusrscteristicas of 2 senescent Ifruit.
This indicates thet the conditlons under wiich: the fruit is
growing sre determining lasctors as to whetiner tne fruit will
develop Intu s senescent tyre or remain sclive ior a long
time aiter umrvest. Lt 1s possivle, nowever, t.ont Lne
frult wolen ig developing senescent characveristics ey be
retarded or eveun prevented Ifrom reschin; that state. The
effect of rrultone sprays may be attrlivuted to tihe fact
tiat tais spray contalns growin-promoting substances walch
remait the {fruvit cells to remalin in an sctive stste. the
frults sprayed with rrultone hiad a greenesr rowd color and
better finiso toen cneck frults on the same tree, Ifurither
indlcating retardation o scnescence, .+t is probable that
Jrultone may also prevent tihe formatlion of premature avp=-
sciassion layers in the stem, therely delaying the transmie-
glon from the active to tihe senescent state.

siieuever bne frult rescues the senescent state it be-
comes suscelrtlvle to craczing snd will crack whensver the

conditions causling crackin; are rresent. ilowever, wnen the
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fruit is in the sctive state, 1t is cspable of resisting
or adapting itself to unfavorable conditiong, end therefore
remains uncracked. In exceptional cases, conditions caus-
ing cracking may overbalsnce this adaptation or ability of
an sctive fruit to resist this trouble.,

It sprears that the eonditipn of the outer layers of
cells of the fruit 1= as important as the condition of the
whole fruit and, it 1s not unlikely, that in some cases the"
"senescent state” mey be confined only to these outer lavers.
It was rossible to cause crecking on specific isclated areas
of a frult by changing the environmental conditions surronnﬁ;
ing these portions, Thie wes done by parafilm and rubber
tand treatments., Excessive cracking was formed under the
bend while, in many cases, the rest of the fruit was free
from any skin-cracking. Although, in some cases, areas of
a2 glven frult which were not covered by the band develépad
eracking, in every easaharaekiég id;*inﬁ%@i&bﬂutq e great
extent under the band. Sections of the epidermls which were
covered by bands usually developed & greenish yellow or
yellow color. It 1s suggested that the natural functions
of eridermal cells underneseth the bend were either greatly
reduced or stopped because of the lack of oixygen snd light,
thus forecing those eells Into an inactive or senescent
state, and rendering them incspable or less capable of fur-
ther growth and stretching.

Is it not possible, therefore, that the phenomena of
fruit susceptibllity to skin-cracking may bYe explained on
the basls of the physiologicel age of the fruit?
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BriToe g ot L MET PN ST R DA T Myt
SUNBARY AML CORCLUSICOHS

This study was undertsken in an attempt to discover
the pessible causes and rovedles of skine-crscking of the
York Jlmperiel spyrle.s The investipstlon wes conducted in
the fmerican rfrult - rowers' Crchard in vwestern Lsyyland and
in the .niversity Jrcheard at (ollege rark, Laryland, from
103% to 1%4l.

Verlous trestuents, in en attempt to alter the ex~
ternal envirorment and putritionsel conditlons of & tree,

a branch, ar individusl frult, or a part of a Ifruit, were
errlied., iree trestments 1lncluded straw-manure mulch,

root rrunin. plus perer mulching, fertilizetion with nitrate
of soda or minor elements mixture, irrigstion, and omission
of sll rezuler asprays aiter the calyx spray. 7The effect of
variocus 8cll treatments on goil moisture, dry weight and
chemical comyosition of leaves (totsl nitrogen, rhosphorous
and potamascium), wes salso studied, Leveloring fruits were
vagged with vtlack sateen, whilte muslin or cellophene tags,
waxed with EZrytene 48%-A miscible wax, washed in absolute
ethyl alcohol, or banded with rubber oOr parafllm bands,
Jsranclios were delfolieted, girdled, injected with mineor ele~
ments fertillizer oy su.ar, or sprayed with lime, srsenic,
potassium tinjocyanate, or rrultone syrays.

“eagurements on {ectors associsted with or influencing
creacking included records on size, color, {inish of fruit,

bienrisl btearing, yisld, terminal growth, genersl vigor of
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the tree, and cutin develorment, especielly in relation
to thickness and surfeace smoothness. The following cone
clusions were resched:

l, oStresw-manure mulch definitely increased the vigor

I the tree and seewed to markedly decrease askin-creacking
of fruit, but one more year's results are necessary to cons-
firrm thiep tendency.

2. oot pruning end paper mulching, which effectively
decreased scil molisture to & low level, decreased vigor of
the tree but did not induce skin-cracking of fruit to any
consicderatcle extent on trees bearing & heavy ¢ror. oSkine
eracking of frult on trees with & light or medlum crop
seened tou be ineressed by this combinetion of trestments.

S. lione of the s0il fertilizetion treatments hed any
effect on skine-cracking.

4, L0011l molsture waes incressed under strawv-msnure
muleh and greaetly decreesed under paper mulch, but =o0il
moisture is not consldered e major factor in causing shine
cracking, alihwough heavy irrigations seemed to heve a&
slizht tendency to decrease cracking.

&. There wese no aprarcent effect of any of the soll
trestents orn the totsl nitrogen, potsssium snd phosphorous
content of leaves.

6. VFruits with thin cutin were less susceptible to
skin-cracking. The red side of the frulit, whilch Is less
sublect to skin-crackling, rossessed thin, regular cutin and

showed little distortion of the epidermal and subepidermal
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layers of cells. Tie cubtin on the green side was tiick,
irregular, and the epidermal and suberidermal layers ol
cells showed much distoritlon. 4 siguificant correlation
was fowd to exist between thilckness of cutin snd the
rercentage of cracked frults on & given tree,

7« Girdalin, increased, whille defoliation decreased
skin-cracking. InjJectlions of minor elements or sugar had
no consistent effect,

. Sagying, waxing, banding or alcohel wash increased
skin-crsescking.

Y. Opray omission hned no effect on skin-crecking.
Lime and ersenate spray apprlications did not increese cracke
ing. fotassium thiocyanste srrays Increased color of fruit

ut the effects on cracking were not consistent. rruiton
sprays definitely decressed cracking.
10. Biennial bearing had a definite releation to skin-

crecking. & higher percents;e of crecked fruit wes found

# 113

o thie "of £" year tihan on the "on" year. Trees with heavy
crops were less suscertible to skine-cracking.

1l. oSmall, hignly finished Ifrult with & deep green
ground color was less susceprtible to skinecracking.

12. Fruilts on highly vigorous trees were less sus-
certible to skin-erscking. Terminal growth and foliasge
development were closely related to the percentage of
cracked frult on a gliven tree.

13. It is bvelieved theat crecking is csaused by the in-

abrility of the ocuter cell layers of the frult to compensate
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for the internal increase ln volume. This bellef is sub-
gtantiated by the fsct that wost 6f the skin-oracks were
found to be perpendicular to the mair axis of growth,

14, It is suggested that the physiologilcal ages of a
frult determines its susceptibility to crackings the older
the fruit (physiologically) the more asusceptible it is to
this trouble.



Flato 1*

£%4

York Imperial apple tree in Western Maryland.
Orchard, plot 2, heavily mulched with straw
and manure*
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Flato©o 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*
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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*



Plate 5.

88

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 repre-
sentative point at which all cutin measurements
were taken* Approximately x300

r

Flat®© ©. Cross section through the green side of the York
Imperial apple showing a break through the cutlIn
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%*

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%*

Hate 11%*



93

Flato 12. Cross section through a corked-over skin”crack
of the York Imperial apple. Approximately x1BO.



Plat® 15%*

94

Cross sootIon through tho rod old# of a York
laporlal applo shooing tho smooth and. regular
development or eutln* Approximately x650.



flat# 14* Croat Motion té&roogfc fdo groan slda of a Xork
Xjaporlal appl# afeMwIag irrogular outIn and
e«U distortion In to# opMowal layor*
ApproxSmati#ly x6SO0.
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