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Abstract 

The relationship between skin speckling and flesh soluble solids content (SSC) was investigated for 

45 nectarine [Prunus persica (L.) Batsch] genotypes from the University of Florida breeding program. 

Skin speckling as measured on firm ripe fruit by count of speckles cm"2 and a 0 to 5 speckle rating was 
significantly correlated with SSC (r = +0.72 and +0.78 respectively). There was significant variation 

among genotypes for speckle number, speckle rating and SSC with broad sense heritabilities estimated 

as 0.67, 0.79 and 0.58 respectively. The term sugar speckles is commonly used to describe this skin 

speckling and accurately reflects the association between the two traits. The challenge for breeders is to 

increase eating quality without adversely affecting fruit appearance. 

Introduction 

Nectarine fruit may develop a skin 

speckling which some breeders consider to 

be related to the amount of sugar in the 

flesh. This skin blemishing has been re 

ferred to in the vernacular as "sugar speck 

les" or "sugar spots." It appears on the sty-

lar end and cheeks of ripe fruit as a rough 

and raised area of spots that lack red pig 

ment (Fig. 1). It is an important character 

istic as it detracts from the clean skin fin 

ish that is highly desired on many 

commercial markets. The amount of 

speckling on fruit has been mentioned in 

cultivar release notices of nectarine (1,15) 

and plum (2), as it relates to the appearance 

and attractiveness of fruit. Wen et al. (16) 

noted a higher level of fruit sucrose in a 

peach to nectarine mutant corresponded 

with visually greater amounts of skin sur 

face speckling. We are not aware of any 

studies which report on the relationship 

between fruit sugar level and the amount 

of skin speckling, nor on the variability 

among nectarine genotypes for this trait. 

The purpose of this study was to quantify 

the relationship between fruit sugar level 

and skin speckling and to examine the 

variability for these traits within a nec 

tarine breeding population. 

Materials and Methods 

Plant Material 

The relationship between skin speckling 

and sugar level in nectarine fruits was in 

vestigated using 45 low-chill, nectarine 

genotypes grown at the University of 

Florida, Gainesville. The 45 genotypes 

consisted of 3 cultivars and 16 numbered 

selections, which were 3 to 5 years old, 

propagated on Flordaguard peach root-

stock and planted in pairs at a spacing of 

3m x 5m, and 26 seedlings randomly se 

lected from a high density fruiting nursery 

(14) in its second year of fruiting. 

t& £ MTworsfx'fruit for each of the 45 geno-
types were sampled from the periphery of 
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each tree at 1 to 1.5 m from the ground 

(170 samples in total). Fruit harvest oc 

curred over a period of 23 days in April and 

May 1998. Fruit were harvested at com 

mercial firm ripe stage of maturity. All 

genotypes were harvested at the same ma 

turity stage. Genotypes with high levels of 

russet or with no red skin colour were not 

sampled because of the difficulty in rating 

for amount of speckle when russet was 

high or red skin colour was absent. Each 

fruit was evaluated for diameter (mm), 

weight (g), flesh colour (white or yellow), 

flesh type (melting or non-melting), 

amount of skin speckling and sugar level. 

Flesh sugar level was measured as percent 

soluble solids content (SSC) using a hand 

held refractometer with a segment of flesh 

cut from the stylar end and the cheeks of 

each fruit. A total of three measurements 

were made for each fruit, the two cheek 

measurements were averaged (cheek SSC) 

and analysed separately from the stylar 

end measurement (tip SSC) 

Skin speckling was measured by two 

methods, a speckle number count and a 0 

to 5 whole fruit speckle rating. Speckle 

number was counted in a 1 cm square grid 

on the left and right side of the fruit ap 

proximately 2 cm from the stylar end and 

averaged to give the speckle number. The 

whole fruit speckle rating was visually es 

timated using a scale of 0 = no speckles; 

1 = less than 1 %; 2 = 1 to 5%; 3 = 5 to 15%; 

4 = 15 to 40%; and 5 = over 40% of fruit 

surface with speckles. 

Data Analysis 

Analysis of variance was performed 

using PROC GLM of SAS to test for dif 

ferences among genotypes for speckle 

number (cm~2), speckle rating, cheek SSC, 
tip SSC, and fruit weight (13). Correla 

tions were performed on genotype means 

using PROC CORR (13). Variance com 

ponents were calculated by PROC NEST 

ED. The total variation for each trait was 

partitioned into, among and within-geno-

type components. The within-genotype 

variation was composed of variation 

among trees within a genotype, among 

fruit within a tree, and experimental error. 

Broad sense heritability was obtained by 

dividing the variance component for 

among-genotypes by the sum of the 

among-genotype and within-genotype 

variance components (7). 

Results and Discussion 

Nectarine genotypes differed signifi 

cantly for speckle number (cm"2), speck 
le rating, cheek SSC, tip SSC, and fruit 

weight (Tablel). Speckle number varied 

from 0 to 47 speckles cm"2, and the sugar 
speckle rating varied from 0 to 5 with an 

overall mean value of 19 speckles cm"2 
and 2.7 (on our 0-5 scale), respectively 

(Table 2). Across all genotypes tip SSC 

(15.4%) was significantly greater than 

Table 1. Analysis of variance for speckle number, speckle rating, cheek 

SSC, tip SSC and fruit weight evaluated in 1998 at Gainesville Florida. 

".Significant at Ps 0.001. 



Nectarine Skjn Speckling is Associated with Flesh Soluble Solids 179 

Table 2. Mean and number of observations of 45 nectarine genotypes for 

fruit weight, tip SSC, cheek SSC, speckle number and speckle rating. 
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cheek SSC (14.6%). Tip SSC ranged from 

9.7% (for the seedling S3) to 21.0% (for 

the seedling S20). Eleven genotypes had 

fruit that received a speckle rating of 4 or 

greater, corresponding to over 15% of 

their skin covered with speckles. These 

consisted of nine unselected seedlings and 

only two numbered selections. The num 

bered selections (average of 13.8 speckles 

cm"2) had significantly fewer speckles 
than the unselected seedlings (average of 

20.7 speckles cm"2) indicating there was 
selection pressure against seedlings with 

high amounts of skin speckling in these 

populations. 

SSC measured from cheek and stylar tip 

fruit segments were positively and signifi 

cantly correlated with sugar speckling, as 

measured by counts of speckles per unit 

area and visual estimation of speckle den 

sity (Table 3). The highest correlation of 

r = 0.78 was between tip SSC and speckle 

rating, indicating that ca. 61 % of the vari 

ation in the amount of sugar speckling can 

be explained by sugar level. A high posi 

tive phenotypic correlation indicates there 

is an associated increase in both traits. This 

association may be due to shared genetic 

effects, a common response of indepen 

dent genes to shared environments, or a 

combination of both factors. The associa 

tion between SSC and skin speckling may 

be due to the same genes controlling both 

traits and/or both SSC and skin speckling 

responding similarly to environmental 

changes such as temperature, exposure to 

light or stage of ripeness. This relationship 

provides a quandary for breeders who wish 

on the one hand to increase sugar levels in 

the fruit, but on the other to produce fruits 

that have no skin blemish. 

A linear regression is not justified as a 

result of a high correlation unless a cause 

and effect relationship exists. We believe 

this is the case, based on our experience. 

The linear regression equation relating 

speckle rating and tip SSC shows that for 

a sugar speckle rating of 1 (less than 1% of 

fruit surface with speckles) fruit would av 

erage 10.6% SSC (Fig. 2). A speckle rating 

of 2, corresponding to between 1 % and 5% 

of fruit surface with speckles is considered 

the upper acceptable level of blemish on 

first grade fruit in Australian markets, and 

this corresponds to an average of 13.4% 

SSC. Arguably consumers could be edu 

cated to accept nectarines with higher lev 

els of skin speckling and be taught that 

these will generally be the sweeter fruits. 

However, it seems a better marketing ap 

proach to produce fruit consumers require 

rather than educate them to accept what we 

have available. It would be desirable to in 

crease sugar levels above 13% SSC with 

out increasing skin speckling, and there 

are some outlying genotypes that have a 

higher level of sugar than expected for the 

amount of speckling observed (Fig. 2). Se 

lections such as Fla 95-1NW had a tip SSC 

of 15.5% but with a skin speckle rating of 

only 1.3 (Table 2). It could be that this se 

lection has high levels of some optically 

active compounds other than sugars that 

provide a high SSC reading without pro 

viding the sugars to cause skin speckling. 

It would be of interest to study such out 

liers to see why they have relatively low 

amounts of skin speckling. 

In the current study we have considered 

SSC to be a measure of sugar level. Wills 

et al. (17) measured constituent sugar com 

position and SSC for 12 peach and nee-

Table 3. Phenotypic correlations and broad-sense heritability estimates 

for 45 nectarine genotypes for the traits tip SSC, cheek SSC, speckle 

number, speckle rating and fruit weight. 

Tip SSC Cheek SSC Speckle no. Speckle rating Fruit weigh 

Tip SSC 

Cheek SSC 

Speckle no. 

Speckle rating 

Broad-sense heritability 0.58 

0.96** 

0.49 

NS, *, ** Nonsignificant or significant at P < 0.05 and 0.01 respectively. 
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Fig. 2. Relationship between speckle rating 

(0 to 5 scale) and tip soluble solids con 

centration (%) for 45 nectarine genotypes. 

tarine cultivars; when analysed this data 

produces a significant (0.05% level) corre 

lation between SSC and total sugar level (r 

= 0.69) and between SSC and sucrose level 

(r = 0.69). Similarly, Robertson et al. (12) 

present SSC and sucrose levels for 11 ripe 

peach cultivars which gives a significant 

(0.05% level) correlation of r = 0.91. We 

were able to discriminate SSC with reason 

able accuracy based solely on taste, indi 

cating SSC is related to sugar level and 

sweetness in the Florida germplasm. 

Genotypic difference in fructose, glu 

cose, sucrose and sorbitol have been re 

ported for peach and nectarine (3, 4, 17) 

and it may be that some constituent sugars 

increase sensory sweetness without in 

creasing skin speckling. However, within 

the sugars found in the University of 

Florida nectarine germplasm (16), it 

seems that as fruit sugar level of a geno 

type increases so does the amount of 

speckling. Breeders therefore need to con 

sider how eating quality may be improved 

in ways other than increasing sugar levels. 

This may be achieved by increasing the 

perceived sweetness through a decrease in 

flesh acidity or by increasing the aroma 

component of the fruit. Potential to im 

prove flavour through both these routes 

exists in current germplasm and is a major 

aim in breeding. 

Fruit weight was significantly negative 

ly correlated with sugar level (r = -b.38), 
which agrees closely with the results of 

Hesse (10) of r = -0.32 between soluble 

solids and fruit length in peach. This cor 

relation, while significant, is relatively 

small and indicates that it will be moder 

ately difficult, but not impossible to in 

crease both fruit size and sugar level. 

There was no significant difference in 

degree of speckling or sugar level of white 

versus yellow flesh, nor between melting 

and non-melting flesh (data not present 

ed). Neither fruit weight nor sugar level 

were significantly correlated with ripe date 

or fruit development period (data not pre 

sented) and was probably due to the rela 

tively small period (23 days) during which 

the 45 genotypes were sampled. 

Broad sense heritability for SSC, skin 

speckling and fruit weight were all moder 

ate to high (Table 3). Skin speckling heri 

tability was high (0.67 and 0.79) however, 

these estimates are based on a sample of 

nectarine genotypes that were chosen to in 

clude both high and low skin speckling and 

so provide an upper level estimate of heri 

tability. Our heritability estimates for tip 

SSC and cheek SSC agree closely with the 

repeatability of SSC of 0.52 reported by de 

Souza et al. (6) for peach. The broad-sense 

heritability of 0.77 for SSC reported by 

Brooks et al. (3) for canning peach is high 

er than our estimate. This may have been 

due to different germplasm, or to underes 

timation of environmental variance they 

had noted would occur when only one tree 

of each genotype was available for sam 

pling. Variability for sugar content from 

fruit to fruit within a peach genotype has 

been suggested as a possible reason for low 

narrow sense heritability obtained for SSC 

in peach (9). In Hanschefs study, SSC was 

obtained by one measurement from one 
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fruit per genotype. In a later study Hansche 

(8) measured 5 fruits per genotype and re 

ported the SSC narrow sense heritability 

for dwarf peach as 0.17 and for dwarf nec 

tarine as 0.35. There are numerous reports 

of variation in fruit sugar content due to en 

vironmental factors. Dann and Jerie (5) 

have shown that in fruit of peach, sugar lev 

els increase with distance from the roots 

and this is reasonable since these fruit are 

closer to the leaves where the sugars are as 

sembled. Peiris et al. (11) reported SSC 

varied from 11.9% to 15.4% for tissue sam 

ples taken from different locations on a 

medium size peach. There will also be vari 

ation in sugar level due to differences in 

fruit maturity stage at harvest. Despite 

these sources of variation, which can in 

crease the within genotype component of 

variance in our analysis, we have still 

found a high broad sense heritability. This 

provides evidence that with a systematic 

method of measurement there is potential 

for genetic improvement of sugar level. 

We made no microscopic study on the 

morphological origin of skin speckling as 

sociated with increasing SSC, but we did 

observe both in the field and with the aid 

of a dissecting scope the progression of 

speckling on fruit as they ripened on indi 

vidual trees. Each speckle appears to orig 

inate at a lenticel. 

Based on the highly significant, posi 

tive correlation between skin speckling 

and tip and cheek SSC of nectarines re 

ported in this study, we propose the use 

of the term "sugar speckles" to describe 

this type of skin speckling. This speck 

ling blemish provides a challenge to 

breeders who wish to increase perceived 

sweetness while keeping the skin uni 

formly red and attractive. 
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