HortScience 35(2):239-242. 2000. distilled water. Immersion periods varied from
1 to 4 h depending on the experiment. A

Fruit Cracking of a Susceptible, an  gdedfritwasdeinedasone havng aski

Expt. 1.In 1990 and 1993, fruit of the three

Intermedlate, and a ReS|Stant Sweet cultivars were picked on 5, 12, and 22 July.

The amount of water taken up by cracked fruit

Cherry CUItlvar was measured by weighing each fruit at the

beginning of the experiment, examining fruit

W.D. Lane. M. Meheriuk. and D.-L. McKenzie after 1 to 4 h of immersion, removing those

. . - . which had cracked and weighing them, and
Agriculture and Agri-Food Canada, Pacific Agri-Food Research Cent{gjating the percent weight gain of the

Summerland, B.C., VOH 170, Canada cracked cherries. The fruit that remained sound

Additional ind ds. P . ki ist It . | tent. wat after 4 h immersion were then weighed and
itional index words. Prunus aviueracking resistanceell type, mineral content, water . .. percent weight gain calculated. Data ob-

uptake, microscopy tained for the three cultivars included: fruit

Abstract.Fruit were studied to determine if anatomical and physiological features explain Weight increase due to water uptake that re-
the difference in susceptibility to rain-induced cracking of the sweet chernRrunus avium ~ Sulted in cracking; effect of picking date; and,
L.) cultivars Sue (resistant), Lapins (moderately resistant), and Van (susceptible). Water & comparison of percent weight gain at failure
uptake as a percentage of fruit weight at cracking tended to be high in ‘Sue’, medium in VS- Percent fruit remaining sound after 4 h
‘Lapins’, and low in “Van’ and was related to the percentage of cherries remaining sound Immersion as measures of resistance to crack-
after 4 hours of immersion, suggesting that this trait is a factor in determining resistance. '"N9- . .
Mesocarp cells of ‘Sue’ were more rectangular in section than those of the other cultivars. EXPt- 2.In 1992, water absorp_tlon‘ via _the,
Skin elasticity and thickness of the cuticle did not explain resistance of ‘Sue’ to cracking. Stém cavity was investigated. Fruit of ‘Lapins
Magnesium, copper, and phosphorus mineral contents were not related to crackingWere immersed in water with the stem intact;
susceptibility, but the content of calcium, which influences cell wall integrity, in the With the stem cut, but leaving a 2-mm stub
epidermis of ‘Sue’ was lower than in ‘Van’. Calcium content was not different in the attached to the fruit; or with the stem cut to a
hypodermal cells of the two cultivars. None of the anatomical features examined in this2-MMm stub, but sealed by filling the stem

study explain the resistance to fruit cracking of ‘Sue’. cavity with petroleum jelly. Twenty fruit were
included in each treatment.

Fruit cracking can cause severe losses @flapoleon’ was not predicted consistently by  Expt. 3.In 1992, the aspect ratio (length :
sweet cherry when rain persists before angercentage of soluble solids, osmotic or turgowidth ratio) of several cell types, sectioned
during harvest. Cracking also occurs duringressure, or fruit water potential (Andersemerpendicularly to the fruit surface, was mea-
periods of high atmospheric humidity, when and Richardson, 1982). sured with a model JEM-100 CX Il (JEOL
large difference in water potential between The question of why susceptible cultivard_td., Tokyo) transmission electron micros-
tree and fruit can cause movement of wateare more predisposed to cracking than resisepy (TEM). Twenty-five paired measure-
from the branches and leaves into the frutiant ones has not been completely explainethents were made per sample of epidermal,
(Yamamoto, 1973). Water uptake by ‘Bing’We undertook this study to survey anatomicadtypodermal, and mesocarp cells.
fruit first causes separation of the cuticle fromand physiological characteristics of three cul- Expt. 4.A model JSM-840 (JEOL Ltd.)
the epidermal wall, followed by further swell- tivars to determine if they were correlated witrscanning electron microscope (SEM) with a
ing, which ruptures the cuticle (Glenn andesistance to cracking. Water uptake dynamFracor Northern (Middleton, Wis.) energy
Poovaiah, 1989). Resistance to cracking wass; cell shape of epidermal, hypodermal, andispersement spectrophotometer was used to
associated with reduced stress factors in thmesocarp cells; and cell mineral content ofletermine the ratios of calcium, magnesium,
outer cell layers of the stylar area of the fruitepidermal and hypodermal cells were exameopper, and phosphorus to potassium in epi-
according to measurements made bined in the present study. Electron and lightlermal and hypodermal cells of the three cul-
Yamamoto et al. (1990, 1996). Roser (199Gnicroscopy were used to survey and compate/ars. Ten to 20 measurements of each cell
reported the resistance to cracking of 82 cultthe morphological features of ‘Sue’, ‘Lapins’,type were made per cultivar.
vars over 4 years. Splitting and cracking irand ‘Van’ sweet cherries, cultivars with low, Expt. 5.In 1992 and 1993, the thicknesses
fruits was reviewed by Opara et al. (1997) anthoderate, and high susceptibility to crackingof the wax layer, cuticle, and epidermal cell

cherry cracking was reviewed by Seske (198Tespectively. wall were measured on samples, sectioned
1995b) and Christensen (1976). perpendicularly to the fruit surface, and pre-

Christensen (1972b) showed that a suscep- Materials and Methods pared for light microscopy. Twenty-five mea-
tible cultivar with high fruit sugar levels was surements were made per cultivar.

more predisposed to cracking than was the Two mature trees each of ‘Sue’, ‘Lapins’, Expt. 6. The force that resulted in skin
same cultivar with low fruit sugar, but thisand ‘Van’ located at the Pacific Agri-Foodrupture was measured with an Instron ma-
sugar effect was not found in a resistant cultiResearch Centre, Summerland, B.C., werhine (Instron Corp., Canton, Mass.) using a
var. Christensen (1976) concluded that sustsed as fruit sources. Samples of 50 sound fruit6-mm spherical tip. Ten fruit of each of the
ceptibility of cultivars to cracking was only per tree were used for studying the imbibitiorthree cultivars from each of three harvests, 5,
slightly influenced by fruit osmotic concentra-of water from distilled water baths held at 2012, and 20 July, were used. Fresh samples
tion and fruit size, and that size of stomata antC. Fruit were picked from representativewere prepared by bisecting the fruit longitudi-
quantity and quality of colloids in the cellsbranches and standardized for quality. Theally. They were mounted and the force was
were more important. Cracking of the cultivamean fruit weight was 9.0, 11.2, and 9.4 g fomeasured at the time of skin failure as the tip
- ‘Sue’, ‘Lapins’, and ‘Van’, respectively. pushed through the flesh, then the skin.
Received for publication 12 Jan. 1999. Accepted forhroughout the study period, percent cracking Expt. 7.Lenticel (stomatal) imprints were
s\‘ljb"ci“o” Ilfi May_lhg?]g' (lzon:]nb#nlon f"Jc)’chl’l59'of unsorted fruit samples at harvest was 10¥%ade by using a suspension of gelatin that
‘e acknowledge, with thanks, the help ofDHall . oqq ¢ ‘Sue’, 25% or less for ‘Lapins’, andsolidified on the fruit, removing the gelatin
with the statistical analysis and its interpretation 0% to 100% for * , - ick fil h . i f the lenticel
and L. Veto with the electron microscopy. The cosp0% to 100% for ‘Van'. Fruit were picked atfilm, then measuring replicas of the lenticels
of publishing this paper was defrayed in part by thiill maturity based upon size, color, and comusing a light microscope. Seven samples were
payment of page charges. Under postal regulationdercial picking dates in the area, except iprepared per cultivar, and lenticel length, width,
this paper therefore must be hereby madaxver- Expts. 1 and 6. Fruit with the stems attachedrea, and number per unit area were recorded.
tisemensolely to indicate this fact. were weighed before and after immersion in  Microscopy.For electron microscopy, tis-
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Table 1. Effects of cherry cultivar and date of harvest on mean water uptake, as a percentage of fruit algighteflected the cultivars’ resistance class
at cracking (“Cracked”), of sweet cherry after 4 h immersion in water (“Sound”). All ‘Van’ fruit ha@qrab|e 2). Means over the three harvest dates
cracked after 4 himmersion. Data are from three harvest dates in each of 2 years. N = 50. (ExRlyde 549, 30%, and 0% for ‘Sue’, ‘Lapins’,

Harvest and ‘Van’, respectively. The relationship be-
5 July 12 July 22 July tween the two measures of cracking resistance
Cultivar Cracked Sound Cracked Souna Cracked Sourd |IIu§trated in Figure 1. Percent Water_ uptake
Sue 105(008ya 157a 120(009a 1Liza 1i3(0ila 1o7a O fuitthat cracked was correlated with per-
Lapins 1.08(0.06)b  1.26b  098(0.07)a  1.09a  1.05(0.07)b  o.9Fgntage of soundfruitafter 4 hina curvilinear
Vvan 1.03 (0.06) b - 0.74 (0.09) b - 0.87 (0.05) b __. relationship. The response of the cultivars at

the three harvest dates was similar.
Expt. 2.When ‘Lapins’ cherries were im-
mersed with 1) stem left intact, 2) stem cut

sue samples of 1 miwere used. Two samples ~ Statistical analysisFor statistical analysis /€aving a 2-mm stub, or 3) cut but both cut
were prepared, one from each of two fruits 0bf Expt. 1, the distributions of water uptake oftem and stem cavity filled with petroleum
each cultivar. For TEM (Expt. 3), the tissuethe three cultivars at the three harvest datdglly, percentage of cracking after 4 h in dis-
was excised and preserved in 5% glutaraldevere compared using the log rank test (Savageided water was 60%, 80%, and 70%, respec-
hyde in Sorenson'’s buffer with caffeine, at pHexponential scores test) and mean percentwatifely. Thus, preventing water uptake through
6.8, then vacuum infiltrated with a change ofiptake and standard error were estimated uile stem : fruit interface did not affect crack-
clean buffer. Tissue samples were washeidg the SAS procedure LIFETEST (SAS Instiing. When only the stylar half of the cherry
several times in Sorenson’s buffer with caftute, 1989), where percent water uptake wakas immersed in distilled water, no weight
feine, then fixed in buffered 2% osmium tetroxmeasured and uncracked cherries were tig&in, or even aslightloss, was noted. Transpi-
ide. After fixation, the tissue was dehydratedensured observations. The cultivars wergation via the exposed surface and intact stem
inan ethanol gradient, vacuum infiltrated withtested in pairs using a significance levePef ~ €Xplains this observation. )
propylene oxide, then embedded in JEMBED®.05. Other experiments were analyzed using EXpt. 3.No differences were observed in

“Mean separation within columns by Fisher’s exact test for differences between profpogtions.
YMean separation within columns by the log rank test,0.05.

812 epoxy resin for sectioning. Sections weranalysis of variance procedures. the aspect ratio of epidermal and hypodermal
cut with an ultramicrotome (Reichert-Jung, cells among the three cultivars (Table 3).
Ultracut E, Vienna), mounted on copper grids, Results Mesocarp cell aspect ratio was higher in ‘Sue’
and stained with uranyl acetate in 75% etha- than in ‘Van’ or ‘Lapins’, indicating a more

nol, followed by Reynold's lead citrate. The  Expt. 1.The mean water uptake as a pertectangular cell shape. _
stained sections were examined with the TEMentage of fruit weight at time of cracking ~EXpt. 4.Electron probe analysis of the
operated at 80 kV. reflected the cultivars’ resistance classificagpidermal cells showed alower Ca : Kratio in
For SEM (Expt. 4), the tissue sample wasion (Table 1) with 1.49%, 1.04%, and 0.88%Sue’ thanin‘Lapins’or ‘Van’, while ‘Lapins’
excised and preserved in the buffered glutaraer ‘Sue’, ‘Lapins’, and ‘Van’, respectively. hypodermal cells had a greater ratio than those
dehyde solution (5%, pH 6.8) and stored at Zhe mean percent water uptake of the fruitth&f ‘Sue’ and ‘Van’ (Table 4). The ratios for
°C in the same buffer for several days. Thelid not crack after 4 h immersion was loweMd, Cu, and P did not differ consistently
aldehyde-preserved samples were quench-frthan that of those that cracked in ‘Sue’ bu@mong cultivars or cell types and were not
zen in liquid nitrogen, cryofractured, warmedslightly more in ‘Lapins’, which is explained correlated with cracking resistance. Copper
to 4°C overnight, then fixed in buffered 2%by the variation in the uptake resulting inwas presentin the hypodermal cells but not in
osmium tetroxide. The fixed samples wereplitting. Similar percentages of water uptakéhe epidermal cells. _
dehydrated in ethanol, critical-point dried ussuggested that the rates of water uptake in the Expt. 5.Thickness of the wax layer did not
ing CO, with a CPD 020 critical-point dryer cultivars were similar. The percentage of fruigliffer among the cultivars in 1992 and 1993
(Balzer's Furstentum, Liechtenstein), mountethat remained sound after 4 h of immersiofiTable 5). Thickness of the cuticle was greater
on aluminum stubs, and coated with gold/
platinum using a sputter coater (Desk 1, Denton
Vacuum Inc., Cherry Hill, N.J.). Samples were 3
examined with the SEM operated at 15-25KkV.
For light microscopy (Expt. 5), excised
tissue blocks (2 mfpwere fixed in a solution
of formalin, acetic acid, 95% ethanol, and
distilled water (2:1:10:7, v/v). The fixed tissue
was dehydrated in a series of t-butyl alcohol,
embedded in ParaplégtSherwood Medical,
St. Louis) and cut, in a plane perpendicular to
the fruit surface, into sections 10 m thick.
These were stained with safranin and fast
green (Sass, 1958). Photomicrographs were
made using phase contrast illumination and

N
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1
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-
-

Water uptake of cracked fruit (%)

measurements were made from the photos. ® ®
]

Table 2. Effects of cultivar and date of harvest on ?

percentage of cherries remaining sound, after 4

h immersion in water. Data from three harvest

dates in each of 2 years. N = 50. (Expt. 2).

Harvest 0 : : , I

Cultivar 5 July 12 July 22 July 20 40 60 80
Sue_ 68 &a 40 a 52a 0
Lapins 34b 10a 34a Sound fruit after 4 h (%)
Van Oc Ob Ob
zMean separation within columns by Fisher’s exackig. 1. Relationship between water uptake as a percentage of total fruit weight at the time of cracking and
test for differences between proportioRss 0.05. percentage of sound fruit after 4 h immersion in water. Derived from Tables 1 and 2. N = 50.
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Table 3. Aspect ratio of epidermal, hypodermal, and mesocarp cells of three sweet cherry cultivars. (EX@bB).5. Thickness of the wax layer, cuticle, and
epidermal cell wall in fruit of three sweet cherry

Aspect ratio (L : W) cultivars. (Expt. 5).

Tissue orientatioh Cultivar Epidermis Hypodermis Mesocarp -

Longitudinal Sue 1.97%a 2.60 a 170 a Thickness jim)
Lapins 1.92a 2.11la 1.27¢ Wax Epidermal
Van 1.76 a 229a 1.45b Year Cultivar layer Cuticle wall

Radial Sue 162a 260a 145p 1992 Sue 129a 0.85a  4.964
Lapins 1.78 a 3.38a 1.45b Lapins 123a 0.58b 453 a
Van 169a 270 a 134c Van 130a 016c  415a

1993 Sue 1.19a 0.71b 3.58 ab
Lapins 1.09a 0.94a 3.39b
Van 1.22a 0.89ab 4.85a

Table 4. Ratio of Ca, Mg, Cu, and P to K in epidermal and hypodermal cells in fruit of three sweet chidegn separation by Duncan’s multiple range st,

“The microtome blade moved perpendicular (longitudinal), or parallel to the fruit surface (radial).
YMean separation within columns by Duncan’s multiple rangeRes0.05, n = 25.

cultivars as measured by SEM X-ray energy dispersement spectrophotometer. (Expt. 4). <0.05,n=25.

_ _ Element : K ratio Table 6. Instron reading, measured with a 1.6-mm
Tissue Cultivar Ca Mg Cu P spherical tip, at time of skin rupture for fruit of
Epidermis Sue 0.13c 0.08 b 0.10a three sweet cherry cultivars. (Expt. 6).

Lapins 0.24 a 0.08 b 0.05c¢ -

van 0.20b 011a 0.08b Instron reading (g)
Hypodermis Sue 0.20b 01la 0.20b 0.13 Lultivar SJuly 12 July 20 July

Lapins 0.28a 0.10a 0.28a 0.10 a>Ue 49a  43ab  52a

van 0.21b 0.07b 0.21b 0.10 a Lapins 43a 36 b 32b

- - Van 46 a 5la 42 ab
“Mean separation by Duncan’s multiple range fest,0.05, n = 10 to 20. . .
“Mean separation by Duncan’s multiple range st,

<0.05, n=10.
in ‘Sue’ than in ‘Lapins’ or ‘Van’in 1992, but cracking, with fruit of the resistant ‘Sue’ tak-

ittended to be thinner in ‘Sue’ than in the otheing up more water before cracking than ‘Van’,

cultivars in 1993. Measurements of epidermadnd in two of the three harvest dates, more thahe fruit. During and after rains, water often
cell wall thickness showed little if any differ- ‘Lapins’, the intermediate cultivar. The crack-pools in the stem cavity. Anatomical features
ence between cultivars. ing threshold of ‘Lapins’ was similar to that ofassociated with the stem’s attachment to the

Expt. 6.Instron readings of the skin rupture'Van’ at the time of the first harvest but wasfruit are not critical since preventing water
force showed that ‘Sue’ skin was no strongehnigher at the second. An understanding of whgontact with this part of the fruit did not
than that of ‘Van’ (Table 6). cultivars differ in their water uptake crackinginfluence cracking.

Expt. 7.Lenticel replicas on a gelatin film thresholds may explain, in part, resistance to Kertesz and Nobel (1935) noted smaller
showed that ‘Sue’ fruit had more lenticels pecracking. A possible explanation is cultivarsubepidermal cells in cultivars susceptible to
cn? (60) than did ‘Lapins’ (28) or ‘Van’ (37). differences in the volume of air-filled voids cracking. Results from our study showed no

between cells, which would allow water up-difference in cross-sectional area for epider-
Discussion take without increase in fruit volume. Thismal, hypodermal, or mesocarp cells among
could be determined by measuring the ratio oksistant, intermediate, and susceptible culti-

Measurement of mean percentage of frupercent water uptake to volume increase ofars (data not shown). Mesocarp cells in the
weight gained at cracking as a predictor ofesistantand susceptible cultivars. Ifthey proveesistant cultivar ‘Sue’ had a higher aspect
resistance was high for ‘Sue’, intermediate foto be similar, differences in cell adhesion mayatio than did those of ‘Van’, the highly sus-
‘Lapins’, and low for ‘Van’, consistent with be an explanation. Cultivars with cells weaklyceptible cultivar. Assigning significance to
the resistance classification of the three cultiadhering to each other may crack at lowemesocarp cell shape is difficult. Glenn and
vars. The percent sound fruit after immersioturgor pressure than those with cells thaPoovaiah (1989) observed cuticle cracking
in water for 4 h followed a similar pattern.strongly adhere. Cell adhesion appears to lvesulting from swelling of cells in the epider-
Christensen (1976) found that stomata sizéetermined by covalentlinking of noncellulosicmal cell region, and water uptake rate was
and the capacity of the fruit to take up watepolysaccharides to cellulose microfibrilsenhanced if cracks were present. Differences
before cracking explained’2% of the varia- (Herdia et al., 1995), pectins (Carpita an@mong cultivars in cuticle cracking in 1992
tion in cultivar differences in rate of waterGibeaut, 1993), and cross-links involving cinsuggested the possibility that the cuticle had a
absorption, but that the rate of absorption wasamic acids (Ralph et al., 1995). role in determining cracking reaction, butthese
only slightly correlated with cracking index  The Ca content of cells, as indicated by thdifferences were not observed in 1993. The
(Christensen, 1972a). We were unable to cak : Ca ratio, was not related to crackingype of cuticular cracking we observed was
culate the rate of water uptake by the cultivaresistance of cultivars, but spray applicationdescribed by Glenn and Poovaiah (1989) and
in these experiments but further informatiorof Ca salts to fruit in the field are known toalso by Seske (1995a). We noted cracks in
on this point would be useful. Christensemeduce fruit cracking (Christensen, 1976;Van’ in 1992, but not in 1993, even though
(1976) found that the rates of water uptak&leheriuk et al., 1991). The reduced crackingonsiderable rain-induced cracking occurred
were linear and were not related to the crackvas explained by the direct reduction in thén 1993. Our experience suggests that cuticu-
ing index of the cultivars. rate of water absorption caused by the increasar cracking may be determined by environ-

Time at which cracking occurred and thén the osmotic concentration of the water irmental conditions, and is not a consistent
percentage of water uptake at cracking difeontact with the treated fruit (Christensencultivar trait involved in determination of re-
fered among cultivars. Variation may havel976). sistance or susceptibility.
resulted from, for example, higher turgor pres- Our second measure of resistance to crack- Christensen (1976) reported that cracking
sure at the beginning of the experiment due ting was the percentage of cherries remainingusceptibility was related to lenticel size and
environmental factors related to fruit positionsound after immersion for 4 h. Using thisthe type and amount of colloids in the intrac-
on the tree; consequently, less water uptak@edictor, the three cultivars differed at theellular space. The size of lenticels of ‘Van’and
was needed to exceed the failure threshold afigst harvest; “Van’ continued as more suscepSue’ was similar (0.88 and 0.87 mMymespec-
cause cracking. tible at the second and third harvests, buively), so lenticel size did not explain the

Differencesinresistance to crackingamong-apins’ and ‘Sue’ did not differ significantly. difference inresistance to cracking. The higher
cultivars was explained in part by the differ-  Cultivars differ in stem thickness, and indensity of lenticels on ‘Sue’ fruit did not result
ences in percent water uptake at the time éfie force required to separate the stem froim greater water uptake by noncracked fruit in
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this cultivar than in ‘Lapins’. Thickness of the Literature Cited Opara, L.U., C.J. Studman, and N.H. Banks. 1997.

i i Fruit skin splitting and cracking. Hort. Rev.
wax layer, cuticle thickness, and cell shape o ndersen, P.C. and D.G. Richardson. 1982. A rapid 19:217_26; g g

size *"!'50 d"d nO’t agcc_)unt for _the resistance {0 meod to estimate fruit water status with SPeRalph, J., J.H. Grabber, and R.D. Hatfield. 1995.

cracking of ‘Sue’. Similarly, skinruptureforce  ¢jq| reference to rain cracking of sweet cherries. Lignin-ferulate cross links in drasses: Active

did not appear to be a factor, since values for j. Amer. Soc. Hort. Sci. 107:441-444 -9 X g >

“an’ and ‘Sue’ imil ’ ey ' ' e : : incorporation of ferulate polysaccharide esters
an and sue were similar. ) Batisse, C., M. Buret, and P.J. Coulomb. 1996. jni ryegrass lignins. Carbohydrate Res.
The results of this series of experiments Biochemical differences in cell wall of cherry 575167178,

suggest that the water uptake threshold at fruit between soft and crisp fruit. J. Agr. Foodraser, 1. 1996. Investigations on cracking suscepti-

which fruit cracked is a major factor explain-_ €hem. 44:453-457. bility of sweet cherry cultivars. Acta Hort.

ing the difference in resistance of ‘Sue’, ‘Lap-CarPita, N.C. and D.M. Gibeaut. 1993. Structural - 410:331337.

P ‘ ) : - : dels of the primary cell walls of flowering ; ) ;
ins’, and ‘Van'. The resistant, intermediate, mo ; A J SAS Institute. 1989. SAS/STAT user’s guide, ver.
and susceptible cultivars were matched to high plants: Consistency of molecular structure with - ¢ 41 ed., vol. 2. SAS Inst., Cary, N.C.

intermediate, and low water uptake thresh- pjant 3. 3:1-30. lowa State College Press, Ames

olds. We suggest that the cultivar threShc’ld@hriStenser_" J.V. 1972a. Cracking in cherries. lgeske | 1987. Fruit cracking; in Norwegian grown
may be due to differences in volume increase Fluctuation and rate of water absorption inrela- g\ et cherries. Acta Agr. Scand. 37:325-328.
: water uptake ratios or differences in cell tiontocracking susceptibility. Tidsskr. Planteavigegke L. 1995a. Cuticular fracturing in fruits of
adhesion. Anatomical features do not appear 76:1-5. o ] sweet cherryRrunus aviuni.) resulting from

to determine resistance or susceptibility téhristensen, J.V. 1972b. Cracking in cherries. IV.  changing soil water contents. J. Hort. Sci. 70:631—
cracking. The amount of colloids, such as Physiological studies of the mechanism of crack- 35,

i _ing. Acta Agr. Scand. 22:153-162. Seske, L. 1995b. Fruit cracking in sweet cherries
rsnoélsglﬁa%egggn%r:gpcgggé ggﬁg%ggﬁgg’gzﬂ% ristensen, J.V. 1976. Revnedannelse i kirsebaer. (prymus aviunt.). Somephysi%logical aspects—
’ Tidsskr. Planteavl 80:289-324 A mini review. Scientia Hort. 63:135-141.

fﬁctor cor|1tr|but|_ng tothe osmotlckpotentlﬁl Ofglenn, G.M. and B.W. Poovaiah. 1989. Cuticulak amamoto, T. 1973. Cracking and water relations
the apoplast driving water uptake by cherry  properties and postharvest calcium applications ¢ geet cherry fruits. J. Yamagata Agr. For.

fruits (Christensen, 1976), and differences in influence cracking of sweet cherries. J. Amer.  gg. 30:74_85.

polymerization of pectin side chains occur in ~ Soc. Hort. Sci. 114:781-788. Yamamoto, T., K. Hosoi, and S. Watanabe. 1990.
cherries (Batisse et al., 1996). Further studiggerdia, A., A. Jimenez, and R. Guillen. 1995. Com- g |4tionship between the degree of fruit cracking
to investigate the role of pectins, intracellular ~ Position of plant cell walls. Z. Lebsm. Unters ot syeet cherries and the distribution of surface
colloids, and cell adhesion in cherry fruit crack-,Forsch. 200:24-31. . stress on the fruit analysed by a newly developed
ing, along with experiments to investigateKertesz'.Z'I'and B.R. Nobel. 1935. Observationsonthe ' gystem. J. Jpn. Soc. Hort. Sci. 59:509-517.

’ . . . cracking of cherries. Plant Physiol. 10:763-772. y T.E i and T. Niida. 1 Inter-
why cultivar differences in water uptake crack - - ¢, Yamamoto, T., E. Sugai, and T. Niida. 1996. Inter
i yh holds exi ill be of |p inund Meheriuk, M., G.H. Neilsen, and D.-L. McKenzie.  relationship between the characteristics of fruit
ing thresholds exist, will be of value In under- 1991 Incidence of rain splitting in sweet cher-  growth and cracking susceptibility in apple and
standing the susceptibility and resistance of ries treated with calcium or coating materials. sweet cherry cultivars. J. Jpn. Soc. Hort. Sci.
cherry cultivars to rain-induced cracking. Can. J. Plant Sci. 71:231-234. 64:787-799.
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* the physical properties of the walls during growthg 555, 3., 1958. Botanical micro technique. 2nd ed.
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