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Abstract 

The question of whether the development of cuticular fractures in fruits of sweet cherries varies by cul 

tivar or rootstock was evaluated. Fruits were classified on a scale ranging from 1 (no visible fractures) to 

5 (many distinct fractures). Two sweet cherry cultivars grown under similar conditions developed cuticu 

lar fractures differently; 62% of the * Van* fruits were classified into class 3 while in 'Sunburst' there was 

a more even distribution among all five classes. Sweet cherry fruits from a trial with six different root-

stocks developed different amounts of cuticular fractures; fruits of 'Ulster' showed significant differences 

among rootstocks, while fruits of 'Stella' varied less in fracture development. Another trial with 'Lapins' 

on nine different rootstocks in 2002 also produced fruits with different amounts of cuticular fractures. An 

investigation of the influence of cuticular fractures on cracking susceptibility of the fruits demonstrated 

that cultivars with many fractures cracked more easily than cultivars with unfractured cuticles. 

Introduction 

The sweet cherry fruit develops cuticu 

lar fractures under humid growing condi 

tions. Such fractures have been described 

thoroughly by electron microscopy pho 

tographs (8, 9) and by stereo magnifier 

photographs (14, 10). Further, Sekse (10) 

showed that such fractures increased dur 

ing conditions with artificially fluctuating 

soil water contents, indicating that fruit 

turgor pressure plays an important role in 

fracture development. He also proposed a 

method to quantify the amount of fractures 

and suggested theories on their importance 

in fruit cracking mechanisms (11,12). 

Cuticular fractures act as infection sites 

for pathogens; B0rve et al. (3,4) quantified 

an increase in fungal infection with in 

creasing amount of cuticular fracturing. 

Fractures also seemed to increase water 

loss from the sweet cherry fruit surface; 

Knoche et al. (9) found an 8% increase of 

the total conductance of the cuticle due to 

fractures. They did not, however, classify 

the amount of fractures. 

The influence of cultivar or rootstock on 

cuticular fracture development has not 

been examined before, nor has the influ 

ence of cuticular fractures on fruit crack 

ing. The objectives of this study were 1) to 

compare two cultivars regarding their dis 

tribution among fracturing classes, 2) to 

investigate the influence of cultivars and 

rootstocks on cuticular fracture develop 

ment, and 3) to determine the influence of 

cuticular fracturing on fruit cracking in 

two different cultivars. 

Materials and Methods 

Fruit material. Differences in fracture 

development between cultivars were com 

pared at Ullensvang Research Centre, 

western Norway in 1995 in fruits of 'Van' 

(8.5 kg sample) and 'Sunburst' (5 kg sam 

ple) grown on Colt rootstock and picked 

randomly on the trees at optimum harvest 

time which was 5 August for 'Van' and 12 

August for 'Sunburst'. The trees were cov 

ered with protective plastic shelters against 

rain and received drip irrigation. Similarly, 

fruits of 'Van' were harvested on 9 August 

in 2000 for the cracking index test. 

Differences in fracture development 

among fruits grown on different rootstocks 

were compared in 1995 in fruits of 'Ulster' 

and 'Stella' grafted on six different clonal 

rootstocks (Damil, Camil, Weiroot 10, 

Wei root 13, Charger and Colt), being part 

of an international rootstock trial estab 

lished in 1988 with a split plot design with 
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cultivars as main plots and rootstocks as 

sub-plots with five single-tree replicates 

(15). The trees were not covered against 

rain, nor were they irrigated. Samples of 

90 fruits from each tree from three of the 

replicates were picked randomly from the 

trees at optimum harvest time; 'Ulster' on 

1 August and 'Stella' on 8 August, 1995. 

Another rootstock trial established in 1999 

with 'Lapins' was harvested on 5 August 

2002. There were nine different root-

stocks: Tabel Edabriz, P-HL-B, Damil, 

Gisela 5, Gisela 7, Piku 4.20, Weiroot 158, 

Colt and Maxma 14 from an international 

rootstock trial with a block design having 

four replicates, each replicate consisting of 

2 trees. The trees were covered against 

rain. Samples of 60 fruits (20 from the 

north of the tree, 20 from the upper south 

side and 20 from the lower south side) 

from one tree per replicate were picked 

randomly. At harvest the soluble solids 

content (%) was measured from each of 

the three samples from each replicate. 

Amount of cuticular fractures. Cuticu 

lar fractures were observed using a stereo 

magnifier (magnification 16X, objective 

10X) and classified using a scale ranging 

from 1 (no visible fractures) to 5 (many 

distinct fractures covering large parts of 

the fruit surface) according to Sekse (10). 

Fruit cracking index. Samples of 50 

fruits and 3 replicates each from 'Sun 

burst' (1995) and 'Van' (1995 and 2000) 

and from each of the five fracturing class 

es were immersed in distilled water and 

observed for fruit cracking following the 

procedure of Vittrup Christensen (13); 

fruits were examined for cracks after two, 

four and six hours. Not all classes con 

tained 150 fruits, causing a reduction in 

number of fruits in some of the fracture 

classes (Table 6). 

Statistical analyses. Statistical analyses 

were made by means of ANOVA, GLM 

and REG procedure in SAS (SAS Institute, 

Cary, NC, USA). 

Meteorological data. Meteorological 

data were collected at the meteorological 

station at Ullensvang Research Centre, 

close to the experimental orchard (Table 1). 

Results and Discussion 

Precipitation. More than 60 mm rain 

fell in the period 16-22 July 1995. More 

over, 13 days in July had precipitation > 1 

mm (Table 1). The period 16 July to 9 Au 

gust 2000 had less precipitation than 1995. 

In these periods, the fruits were in the 

growth phase III (6) and extra vulnerable 

to high turgor stress development. The 

lower precipitation in 2000 resulted in a 

lower cracking index (Table 5). 

Effect of cultivar on distribution of cu 

ticular fracture classes. Most of the fruits of 

the two cultivars developed cuticular frac 

tures but with different frequency distribu 

tion patterns. For 'Van', a distinct majority 

(62%) of the fruits were classified into frac 

turing class 3, approximately 16% into each 

of the classes 2 and 4, while only a few fruits 

(2%) were without fractures (class 1) or 

were severely fractured (4% in class 5). 

'Sunburst' had a more even distribution 

among all five classes; 26,28 and 24% of the 

fruits were classified into each of the class 

es 2,3 and 4, respectively. In classes 1 and 5 

there were 14 and 9%, respectively. These 

differences in fracture development demon 

strated clearly that fruits of different culti 

vars developed different amounts and distri 

bution patterns of cuticular fractures 

Table 1. Days in July and early Au 

gust 1995,2000 and 2002 with pre 

cipitation >1 mm at Ullensvang Re-

search Centre. 

Precipitation, Precipitation, Precipitation, 

1995 mm 2000 mm 2002 mm 

Jul2 1.6 JuM 3.7 Jul2 2.3 

3 3.2 2 5.1 4 1.9 

6 3.8 3 5.2 8 6.5 

8 1.4 7 9.3 9 8.9 

15 1.6 28 4.0 11 8.9 

16 8.4 Aug2 6.6 12 1.3 

17 1.6 6 15.1 20 8.5 

18 4.2 7 1.4 24 2.2 

20 30.0 — — 26 8.4 

21 15.4 — — — — 

22 3.0 — — — — 

23 1.6 — — — — 

24 2.6 — — — — 

Aug1 3.0 — — — — 

13 3.0 _ _ _ _ 
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although grown under the same conditions. 

This could be explained in three ways; first, 

difference in shape of the fruits of the two 

cultivars promoted differences in fracture 

development as discussed theoretically by 

Considine and Brown (7) and analyzed by 

Yamamoto et al. (14). Second, the water 

supply to the trees of the two cultivars may 

have been different, causing differences in 

fracture development as well. Rootstock or 

cultivar/rootstock combination effects, as 

discussed below, may cause the latter. As a 

third alternative, there might be differences 

in the skin morphology of the different cul 

tivars; Beyer and Knoche (2) found differ 

ences in stomatal density and in the conduc 

tance for water uptake between different 

cultivars. The latter could be caused by dif 

ferent thickness of the cuticle as suggested 

by Belmans and Keulemans (1). 

Rootstock effects. Fruits from trees on 

different rootstocks developed different 

amounts of cuticular fractures, but the two 

cultivars compared in 1995 were not con 

sistent in this respect (Table 2). 'Ulster' on 

different rootstocks developed significant 

differences in fractures; fruits on Colt had 

the fewest fractures, followed by Camil 

and Weiroot 10, Weiroot 13, while Charg 

er and Damil topped the list. 'Stella', how 

ever, grown on the same rootstocks, 

showed few differences in fracture devel 

opment among rootstocks; only fruits from 

Charger had significantly fewer fractures 

than fruits from the other rootstocks. The 

following year very few fruits in the same 

experimental plot developed cuticular 

fractures regardless of cultivar and root-

stock, reflecting a dry period in July (4 

days with precipitation over 2 mm) and 

early August (1 day with precipitation over 

2 mm) that year. 

Results from the rootstock trial with 

'Lapins' (Table 3) also showed a rootstock 

effect on the development of cuticular 

fractures. Fruits on Maxma 14 and Tabel 

Edabriz had the fewest fractures, followed 

by P-HL-B, Weiroot 158, Colt and Gisela 

7, Piku 4.20, Damil and Gisela 5. One ex 

planation of these results could be that the 

rootstocks affected the degree of maturity. 

In some cases fruits from rootstocks with 

few cuticular fractures had a lower soluble 

solids content (Table 2 and Table 3). But 

this was not consistent; for example fruits 

from trees grafted on P-HL-B developed 

many cuticular fractures although the sol 

uble solids content was low, indicating a 

low degree of fruit maturity. Rootstocks 

with heavy cropping could also have re 

sulted in lower soluble solids content. 

Another possible explanation of these 

results is that the cultivar/rootstock combi 

nation differentially supplied the trees with 

water, such that differences in fracture de 

velopment caused by variations in fruit tur-

gor pressure occurred. This was supported 

by significant (P^O.000) interactions be 

tween cultivar and rootstock. Cline et al. 

(5) found that rootstock influenced fruit 

cracking in sweet cherries, but proposed no 

physiological explanations. Thus, a possi-

Table 2. Amount of cuticular fractures as classified into fracturing classes 1-5 

and soluble solids content (%) at harvest in sweet cherry fruits of 'Ulster' and 
'Stella' grown on six different rootstocks. Mean values of 90 fruits and 3 repli 

cates for each cultivar and rootstock (1995). 

'Ulster' 'Stella' 

zMean values within a column foltowed by different letters are significantly different (P=0.05) according to Student-Newman-Keuls test (SAS 
Institute, 1988). 
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Table3.Amountofcuticularfracturesas 

classified into fracturing classes 1-5 

and soluble solids content (%) at har 

vest in sweet cherry fruits of 'Lapins' 
grown on 9 different rootstocks. Mean 

values of 60 fruits and 4 replicates for 

each rootstock (2002). 

Rootstock Cuticular fractures Soluble solids 

cantjy different (P=0.05) according to ! 
(SAS Institute, 1988). 

drtterent letters are stgnm-

tion coefficients between fracturing class 

and cracking index for the two cultivars 

'Sunburst' (1995) and 'Van' (1995 and 

2000) were significant at the 0.001% level 

(Table 5). This demonstrated clearly that 

fruits with cuticular fractures develop fruit 

cracks more readily, which was expected 

since cuticular fractures give fruit surface 

water free access to the epidermal layers of 

the fruit, while an intact cuticle inhibits 

such free access. This is likely to be the re 

sult during rainy periods under orchard 

conditions as well. 

Table 4. Amount of cuticular fractures 

(1-5) and soluble solids content (%) in 

sweet cherry fruits of 'Lapins' har 
vested from three different locations 

within the tree. Mean values of 60 

fruits and 4 replicates from 9 different 

rootstocks (2002). 

ble explanation for their results may be 

found in differences in cuticular fracture 

development, as demonstrated here. 

There were significant differences 

(P=0.008) between the soluble solid con 

tents (Table 4) in fruits harvested from the 

north side of the trees and fruits harvested 

from the upper south side of the trees. The 

soluble solids content in fruits harvested 

from the lower south side were not different 

from either of the two other sites. Fruits har 

vested from the north side of the trees de 

veloped also significantly fewer cuticular 

fractures (PssO.OOO) than fruits harvested 

from the upper and lower south side of the 

trees. These results were expected, since 

fruits from the north side receive less sun 

and are less mature than fruits from the south 

side. Fruits from the lower south side had 

lower soluble solids content and less cuticu 

lar fractures than fruits from the upper south 

side, although not significant, also a result of 

less sun and less degree of maturity. 

Effects of cuticular fractures on fruit 

cracking. Fruits classified into the five dif 

ferent fracturing classes developed distinct 

differences in fruit cracks when compared 

in the cracking index test; close correla 

tions were obtained between fracturing 

class and cracking index scores in both 

cultivars tested (Table 5). Sample correla-

Location on the tree 

North side 

Lower south side 

Upper south side 

Cuticular fractures Soluble solids 

2.3 b2 

2.6 a 

2.7 a 

16.3 b 

16.5 ab 

17.6 a 

ZMean values within a column fdlowed by different letters are signifi 
cantly different (P=0.05) according to Student-Newman-Keute test 
(SAS Institute, 1988). 

Conclusions 

Sweet cherry fruits from different culti 

vars grown under the same conditions de 

veloped cuticular fractures differently. 

Fruit shape and differences in water supply 

to the trees may contribute to these differ 

ences. It also was demonstrated that fruits 

from trees grown on different rootstocks 

developed cuticular fractures differently; 

in 'Ulster' and 'Lapins' the amount of cu 

ticular fractures in the fruits differed sig 

nificantly between rootstocks, while this 

tendency was much less pronounced in 

fruits of 'Stella'. Explanations for this in 

consistency between cultivars in regard to 

fracture development were suggested; dif 

ferent cultivar/rootstock combinations 

may have resulted in different water sup 

plying capacity to the trees, causing differ 

ences in fruit turgor pressure. This study 

also showed that fruits harvested at the 

north side of the trees developed fewer cu 

ticular fractures and had lower soluble 

solids content compared to fruits harvest-
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Table 5. Cracking index scores for fruits in fracture classes 1-5 in fruits of 'Sun 
burst' (1995) and 'Van' (1995 and 2000) after 6 hours. 

Fracturing 
dass 'Sunburst* (1996) Van'(1995) 'Van* (2000) 

df 

r2* 

13 

0.871 

11 

0.948 

14 

0.954 

linear regression coefficient between fracturing class and cracking index using REG procedure, SAS. 

ed from the south side of the trees. Further, 

it was shown that fruits having more cu-

ticular fractures developed corresponding 

ly higher amounts of fruit cracks when 

tested by the cracking index test. 
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