
Introduction
Skin speckles appear on the surface of nectarine fruits
as rough spots that lack red pigment formation at mat-
uration. Each speckle appears to originate from a lenti-
cel, as found by dissecting scope observation (TOPP and
SHERMAN 2000). Relatively speckle free fruit skin has
been mentioned when new nectarine cultivars are re-
leased (ANDERSEN and SHERMAN 1995; SHERMAN et al.
1995), as this skin blemish speckles detracts from the
cleanness and uniformity of skin that are highly desired
on many markets. Although consumers’ satisfaction
and purchase depend on good edible quality, the outer
appearance and colour also play important roles. Cov-
ering fruits of apples and peaches with a plastic film or
with paper bags has been used e.g. in Japan to improve
the appearance of fruits, but this method usually de-
creases soluble solids content in fruits (PROCTOR and
LOUGHEED 1976; LI et al. 2001). It was suggested that
fruits have their own photosynthesis (BLANKE and LENZ
1989) and that in covered fruits a decrease in transpira-

tion, respiration and photosynthesis rate could con-
tribute to reducing the quantity of carbohydrates enter-
ing into the fruit, which in turn would result in reduc-
ing soluble solids content (LI et al. 2001). TOPP and
SHERMAN (2000) compared 45 nectarine genotypes and
noted that in terms of speckle number per fruit surface,
skin speckle was positively correlated with the soluble
solids content. WEN et al. (1995) also found that a nec-
tarine mutant which produced fruits with high soluble
solids content had great amounts of skin speckles. Both
fruit photosynthesis and transpiration play a major role
in the relationship between skin speckle and soluble
solids content. However, there is very little information
available in the literature on the relationship between
skin speckle, soluble solids content and transpiration
rate. The purpose of this study is to investigate the
relationship between soluble solids content and tran-
spiration rate of nectarine fruit and to elucidate the re-
lationship between skin speckle, soluble solids content
and transpiration rate. 
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Summary
A study was conducted to assess the relationship be-
tween skin speckle, soluble solids content, stomata,
lenticels and transpiration rate of nectarine fruit
(Prunus persica (L.) Batsch) of two cultivars ‘Snow-
queen’ and ‘Fairlane’. Fruit soluble solids content
and transpiration rate per fruit and surface area were
measured on tissue samples taken from fruit parts
with and without skin speckles. Soluble solids con-
tent and transpiration rate varied for a fruit and were
higher in fruit parts with skin speckles than in fruit
parts without skin speckles. Results reflected a posi-
tive association between skin speckle, soluble solids
content and transpiration rate. This positive associa-
tion provides a challenge for breeders, which is to
produce fruits without skin speckles while not ad-
versely affecting sugar levels.

Zusammenfassung
Zusammenhang zwischen Hautsprenkeln, Gehalt
an löslichen Kohlenhydraten und Transpirations-
raten bei Nektarinen. Die Untersuchung wurde
durchgeführt, um den Zusammenhang zwischen
Hautsprenkeln, Gehalt an löslichen Kohlenhydraten,
Stomata, Lentizellen und Transpirationsrate bei Nek-
tarinenfrüchten (Prunus persica (L.) Batsch) der Sorten
‘Snowqueen’ und ‘Fairlane’ abzuschätzen. Der Gehalt
an löslichen Kohlenhydraten, die Transpirationsrate
pro Frucht und die Fruchtoberfläche wurden an
Gewebeproben von Fruchtpartien mit und ohne
Hautsprenkel gemessen. Der Gehalt an löslichen Koh-
lenhydraten und die Transpirationsrate variieren in-
nerhalb einer Frucht und sind in Fruchtteilen mit
Sprenkeln höher als in solchen ohne Sprenkel. Die Er-
gebnisse weisen auf einen positiven Zusammenhang
zwischen Hautsprenkeln, Gehalt an löslichen Kohlen-
hydraten und Transpirationsrate hin. Dieser positive
Zusammenhang stellt eine züchterische Herausforde-
rung dar, die darin besteht, Früchte ohne Hautspren-
kel zu züchten ohne dabei den Zuckergehalt negativ
zu beeinflussen.
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count to calculate transpiration expressed on a surface
unit basis (mg cm–2 h–1) for speckled and non-speckled
parts by substracting. The calculation of transpiration
after correcting for the water loss due to the plastic
film. The results showed that transpiration per surface
in speckled parts was 1.5–2 fold higher than in non-
speckled parts (Table 3). 

Discussion

TOPP and SHERMAN (2000) reported that a higher level
of soluble solids content corresponded to greater
amounts of skin speckles in 45 nectarine genotypes.
The present study showed that within a fruit soluble
solids content differed in tissue samples from parts
with and without skin speckles. It seems that sugar lev-
els increase as skin speckles appear on the fruit surface
possibly due to surplus carbohydrates not used for an-
thocyanin synthesis. 

An associated increase was found in both transpi-
ration rate and soluble solids content in fruit parts 
with skin speckles. In a previous study, we showed 
that limiting fruit transpiration by covering fruits 
with a plastic film in the field reduced both fruit dry
mass and soluble solids content (LI et al. 2001). Ac-
cording to the model established by GÉNARD and
HUGUET (1996), phloem flow closely related to dry
mass accumulation (HUGUET et al. 1998), increases
with transpiration via the xylem. Thus, soluble solids
content could increase with the increase in transpira-
tion rate. In the present study, high transpiration rate in
fruit parts with skin speckles probably induced more
soluble solids toward fruit parts with skin speckles than
toward fruit parts without skin speckles. Meantime,
high transpirational water loss could result in a concen-
tration effect. Indeed, there seems to be a negative rela-
tionship between soluble solids content and water con-
tent in fruits (MULEO et al. 1994; SMITH et al. 1994,
1995).

Based on the positive relationship between skin
speckle, soluble solids content and transpiration rate
found in this study, it would be difficult to eliminate
skin speckles without adversely affecting sugar levels in
fruits. It is still a challenge for breeders to keep fruit
sweetness while improving the skin uniformity.
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Materials and Methods

Experimental materials and treatments
This study was carried out in the orchard of the INRA
Research Center of Avignon (southern France). Two
nectarine [Prunus persica (L.) Batsch] cultivars (‘Snow-
queen’ and ‘Fairlane’) were used. Trees received routine
horticultural care.

On July 28, 2001, twenty-two mature fruits with
some skin speckles from the ‘Snowqueen’ cultivar were
sampled. Soluble solids content (°Brix) was measured
on fruit parts with skin speckles (S) and without skin
speckles (NS) using a hand held refractometer. Three
speckled and three non-speckled samples per fruit were
collected from the outer flesh of the fruit. The mean
value of three measurements was considered as the sol-
uble solids content in the speckled and non-speckled
parts of the fruit, respectively. 

On August 25 and September 1, 2001, ‘Fairlane’ nec-
tarine fruits with some skin speckles were harvested.
Fruit diameters (polar, suture and cheek) were measured
to calculate the fruit surface area. To measure transpira-
tion in speckled and non-speckled parts, fruits were cov-
ered with a plastic film, except for a 7.07cm2 surface with
skin speckles (treatment A) or without skin speckles
(treatment B). Control fruits were fully covered (treat-
ment C). Water loss rate during ten hours in harvested
fruits was used as transpiration rate. Sampled fruits were
placed in a climate-controlled chamber and weighed
every two hours during eight hours to estimate transpira-
tion rate. Temperature and relative humidity in the
chamber were recorded every hour (T=24±1°C,
r.h=60±3%). Each sampling day, transpiration rate was
measured in twenty-eight fruits (twelve fruits subjected
to treatment A, twelve fruits subjected to treatment B
and four fruits subjected to treatment C). Eight fruits
were used to measure soluble solids content in speckled
and non-speckled parts every sampling day. The method
was identical to that used for ‘Snowqueen’ cultivar.

Calculation and statistical analysis 
Transpiration per fruit (g fruit–1 h–1) and per surface
(mg cm–2 h–1) were assessed by linear regression analysis
of fruit weight with time. Fruit surfaces (cm2) were cal-
culated from diameters (polar, suture and cheek) using
the “ellipsoid” command supplied by Maple software
(Maple Inc., Waterloo). 

Transpiration per surface (mg cm–2 h–1) of speckled
and non-speckled parts for ‘Fairlane’ cultivar was calcu-
lated using the following formula:

ES
surface = [EA

fruit – (AA – AS) (EC
fruit/ AC)] / AS

ENS
surface = [EB

fruit – (AB – ANS) (EC
fruit / AC)] / ANS

ES
surface and ENS

surface stand for transpiration per surface
(mg cm–2 h–1) of speckled and non-speckled parts. 
EA

fruit, EB
fruit and EC

fruit stand for transpiration per fruit
(g fruit–1 h–1) subjected to treatment A, B and C, respec-
tively. AA, AB, and AC stand for fruit surface (cm2) sub-
jected to treatment A, B and C, respectively. AS and
ANS stand for the area of speckled and non-speckled
parts exposed to air in treatment A and B. In the pre-
sent study, AS and ANS are equal to 7.07 cm2. In the for-
mula, the mean value of treatment C was used.

The t-test was run to compare the difference in solu-
ble solids content and transpiration per surface be-
tween speckled and non-speckled parts. The function
“multicomp” supplied by S-Plus 2000 (MathSoft Inc.
1999) was used in the analysis of multiple comparisons.
In this function, Tukey’s method was used.

Results 

Soluble solids content
Soluble solids content (°Brix) was 43 % higher in tissue
samples taken from speckled than non-speckled parts
in the ‘Snowqueen’ cultivar, and 12 % on August 25
and 32 % on September 1 in the ‘Fairlane’ cultivar
(Table 1). 

Transpiration rate
Transpiration rate per fruit was significantly higher in
fruit parts with skin speckles than in fruit parts without
skin speckles. As shown in Table 2, transpirational wa-
ter loss in fruits subjected to treatment A was about
61.5 % on August 25 and 35.5 % on September 1 high-
er than in fruits subjected to treatment B. However, a
small quantity of water loss was observed in fully cov-
ered fruits (treatment C), which indicated that the plas-
tic film was a little permeable. This was taken into ac-
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Table 1. Soluble solids content (°Brix) in fruit fresh flesh with
and without skin speckles (S and NS) within fruit for two culti-
vars (‘Snowqueen’ and ‘Fairlane’).

‘Snowqueen’ ‘Fairlane’

July 28 August 25 September 1

S 17.46 az 15.75 a 15.94 a
NS 12.22 b 14.09 b 12.50 b
zValues within a column followed by the same letter do not dif-
fer significantly at p=0.05

Table 2. Transpiration per fruit (g fruit–1 h–1) in covered fruits
exhibiting a 7.07cm2 skin speckle parts (A) or non-skin speckle
parts (B), or fruits fully covered with a plastic film (C) in ‘Fair-
lane’ cultivar.

Treatment August 25 September 1

A 0.021 az 0.023 a
B 0.013 b 0.017 b
C 0.005 c 0.004 c
zValues within a column followed by the same letter do not dif-
fer significantly at p=0.05

Table 3. Transpiration per surface (mgcm–2 h–1) of skin speckle
parts (S) or non-skin speckle parts (NS) in ‘Fairlane’ fruit.

August 25 September 1

S 2.28 az 2.67 a
NS 1.16 b 1.82 b
zValues within a column followed by the same letter do not dif-
fer significantly at p=0.05


