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The origin of lenticels during apple fruit development growing in different altitudes, the physicochemical
and physiological fruit features at harvest and storage, were studied in order to correlate these aspects to
lenticel breakdown. ‘Gala’ and ‘Galaxy’ apples were harvested from orchards located at three traditional
growing regions in Brazil: Vacaria, RS (971 m a.s.l.), Fraiburgo, SC (1048 m a.s.l.) and Sdo Joaquim, SC
(1353 m a.s.l.), during the 2008/09 season. The fruit were kept in cold storage (CS) at 0°C and 90% RH for
up to 120 days or at controlled atmosphere (CA) at 1.5% O3, 2.5% CO,, 0°C and 90% RH for up to 210 days.

ﬁiﬁ:gﬁ;wim Borkh Colour index was higher in ‘Galaxy’ apples and in fruit grown in Sdo Joaquim, where the minimum tem-
Altitude peratures were approximately 10 °C. The firmness was reduced at CS and CA, but it remained greater than
Storage disorder 40N in all the treatments. Acidity, except for ‘Galaxy’ apples, and sugars were influenced by the climatic
Lenticels conditions of the growing sites. There was no relationship between the lenticels dyeing and the inci-
Anatomy dence of lenticel breakdown. Contrary to the expectations, higher incidence of the disorder was noticed

in ‘Gala’ apples grown in Sdo Joaquim (SC) at the end of the both types of storage. The lenticel breakdown
was featured by symptoms such as concentric depression around the lenticels, cell obliteration of the
epidermis and subepidermal layers, with wide spaces formed by cell lysis. The origin of lenticels has no
influence on the disorder development. It was not possible to establish a relationship among physico-
chemical, physiological and anatomical features from distinct growing sites and the predisposition to
lenticel breakdown disorder.

© 2016 Published by Elsevier B.V.

1. Introduction

Brazil is the ninth worldwide apple producer and 1.330 million
tons were produced in 2012. In the same year, the country imported
57,920 tons of fresh fruit and exported 331,734 tons for fresh con-
sumption and juice (FAOSTAT, 2015). The most produced cultivars
belong to ‘Gala’ and ‘Fuji’ groups, which represent approximately
60% and 30% of the Brazilian production (Petri et al., 2011).

The ‘Gala’ and ‘Fuji’ cultivars have been replaced by clones with
stronger red colour, because the fruit colour is appreciated by the
consumer and because these clones combine colour and appear-
ance with fruit quality. The fruit are available in the consumer
market throughout the year due to cold storage in air or in con-
trolled atmosphere.

However, despite the advance in postharvest technologies,
physiological disorders have received special attention due to the
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significant losses they cause. Lenticel breakdown is one of the
physiological disorders affecting stored apples. The disorder is ini-
tially featured by the lenticels darkening and, in later stages, by
the occurrence of brownish depressions around these structures
(Curry, 2003; Morales, 1995).

The occurrence of lenticel breakdown in apples have been
recorded in Brazil since 2002 (Antoniolli,2006; Martins et al.,2013).
It has also been recorded in producing countries such as South
Africa (Turketti et al., 2012.), the United States (Curry, 2002) and
Chile (Lara, 2004), and it leads to losses in fruit commercialization
and export.

Many factors have been associated with lenticel breakdown.
Generally, they may be grouped as factors that occur before or after
the harvest. Factors influencing the disorder before harvest include
hot and dry periods, especially when the night temperatures are
above 10°C during the cell elongation period in fruit development
(Moggia et al.,2004), mineral contents (Curry, 2003; Morales, 1995)
and, more often, bigger fruit (Morales, 1995) and more red colour
development (Moggia et al., 1997). The responses to this problem
may be orchard-specific and strong year-to-year variation (Turketti
etal., 2012).
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The postharvest factors encompass the delay and long storage
periods (Morales, 1995), the use of SmartFresh (Kupferman, 2007),
and the loss of pulp firmness (Curry and Kupferman, 2004). In
addition to the direct damage, the depression region around the
lenticels may enable the entry of pathogens causing rottenness,
and significantly worsen the percentage of postharvest losses.

The current study aims to investigate the origin of lenticels
during fruit development, as well as the physicochemical and phys-
iological features at harvest and storage of ‘Gala’ and ‘Galaxy’ apples
from three traditional growing regions in Brazil, in order to corre-
late them to lenticel breakdown.

2. Materials and methods
2.1. Fruit development

‘Gala’ and ‘Galaxy’ apples were sampled from Vacaria-RS (971 m
a.s.l.). Six fruit from each variety were sampled one month after the
full bloom (when fruit reached 2 cm diameter and 2.3 cm length).
The other six stages were sampled every 15 days, until fruit ripen-
ing. Anatomical analyses were performed by light microscopy.

2.2. Postharvest treatments

‘Gala’ and ‘Galaxy’ apples were sampled from three different
orchards in Vacaria (RS), Fraiburgo (SC) and Sao Joaquim (SC),
Brazil, located at 971; 1048 and 1353 m a.s.l,, respectively, during
the 2008/09 season. The growing areas were selected according to
the same variety, rootstock and orchard age in order to make the
samples as similar to each other as possible.

Fruit were randomly harvested at the commercial maturity
stage from plants approximately 1.8 m high. Fruit were homoge-
nized according to their sizes and to the absence of damages, and
stored at cold storage (CS) at 0 °C and 90% RH or at controlled atmo-
sphere (CA) at 1.5% O, 2.5% CO,, 0°C and 90% RH.

Groups of 30 fruit were used. Fifteen fruit were subjected to
physicochemical analysis and the other 15 fruit to lenticels dyeing
test and anatomical analyses. The groups were removed from the
CS and CA conditions and evaluated at 30-day intervals after the
harvest (day 0), during four months (CS) and seven months (CA).
Analyses were performed according to colour, firmness, titratable
acidity and soluble solids contents, lenticels dyeing and anatomical
features by light and scanning microscope.

2.3. Temperature data collection

Temperatures were daily collected from July 2008 to February
2009, from automatic weather stations (Fig. 1).

2.4. Peel colour and pulp firmness

The colour was determined by Minolta colorimeter, model (CM-
508 d), and colour index (CI) was calculated as CI=1000.a/(L.b).
The a and b values correspond to a and b chroma values, and L is
the luminosity. The greater CI value indicating a more intense red
colour in the fruit (Tezotto-Uliana et al., 2013).

Pulp firmness was determined by a digital penetrometer (TR -
Fruit Pressure Tester, 53205 model) with 8-mm-diameter flat tip.
The results were expressed in Newton (N), as the necessary force to
break the pulp of each fruit on the opposite sides of the equatorial
area after peel removal.

2.5. Titratable acidity and soluble solids contents

The titratable acidity was determined using 10 g juice sample
diluted with 90 mL distilled water, titrated with 1 N NaOH at pH 8.1
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Fig. 1. Monthly average temperatures from the three growing sites located at differ-
entaltitudes: Vacaria-RS (VA), 971 m; Fraiburgo-SC (FR), 1048 m and Sdo Joaquim-SC
(S]), 1353 m. (A) Maximum and minimum temperatures and (B) temperature range
recorded from July 2008 to February 2009.

and expressed in% malic acid. The soluble solids content was deter-
mined from the pulp homogenized juice by a digital refractometer
(ATAGO, model PR-101), with automatic temperature correction at
20°C. The results were expressed in °Brix.

2.6. Lenticel dyeing test and Lenticel Breakdown measurements

The lenticels dyeing test was carried out by immersing the fruit
in 0.2% aniline blue solution followed by vacuum infiltration for
30s according to Curry and Kupferman (2004). The lenticels dye-
ing severity was ranked in a scale ranging from 1 to 5 (1 = minimal
severity; 5=maximum severity). The results were expressed as per-
centage (%) of fruit with lenticels dyeing.

Lenticel Breakdown occurrence was evaluated according to the
percentage of fruit affected by the disorder.

2.7. Light microscopy

Samples from the equatorial region of ‘Gala’ and ‘Galaxy’
fruit during development, after harvest and during storage were
removed and immediately fixed in Karnovsky solution (Karnovsky,
1965) in a vacuum pump. After fixation, the samples were dehy-
drated in graded ethanol series and embedded in Leica Historesin®
(Heraeus Kulzer, Hanau, Germany) media.

Serial sections (5 m thick) were cut on a rotary microtome,
stained with toluidine blue (Sakai, 1973) and mounted in Entellan®
synthetic resin (Merck, Darmstadt, Germany). The starch grains
were detected using zinc-chloride iodine (Strasburger, 1913) and
Sudan IV was used to detect lipid substances IV (Pearse, 1968). The
images were digitally captured by Leica DMLB microscope (LeicaTM
- Wetzlar, Germany) with a video camera connected to a computer.
IM50 (LeicaTM - Wetzlar, Germany) software was used for image
analysis.
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2.8. Scanning electron microscopy

Portions of fruit with lenticels were collected after harvest and
during storage and fixed in Karnovsky (Karnovsky, 1965) solution
for 24 h. They were then dehydrated in graded ethanol series and
subjected to critical point drying with CO, (Horridge and Tamm,
1969). Regarding to the cryofracture, after the samples were fixed
in Karnovsky solution, they were fixed in 30% glycerin, immersed
in liquid nitrogen, fractured by a scalpel, and rinsed with distilled
water. Then, the samples were attached to aluminum stubs and
coated with gold (30-40 nm). Finally, the samples were examined
under LEO VP435 (Zeiss, Oberkochen, Germany) Scanning Electron
Microscope at 20 kV.

2.9. Statistical analysis

The data were subjected to variance analysis (ANOVA) and
the sample means were compared to each other by Duncan test
(P <0.05) using SASM-Agri statistical package (Canteri et al., 2001).

3. Results and discussion
3.1. Lenticels origin and development in apples

‘Gala’ and ‘Galaxy’ apples from Vacaria-RS showed similar
anatomical features during fruit development. At the early stages
the uniseriate epidermis undergoes anticlinal cell divisions which
promoting its expansion during fruit growth (Fig. 2A). According
to Curry (2009), the epidermal cell size is roughly maintained after
about 30 days of initial growth in ‘Golden Delicious’ apple. The fact
was also observed in apples ‘Gala’ and ‘Galaxy’.

There are four to six layers of collenchymatic cells, or hypo-
dermis, under the peel. These cells accumulate anthocyanins and
phenolic compounds in their vacuoles (Fig. 2A-B). Next, there is
the parenchyma with massive isodiametric cells, accumulation of
starch grains (Fig. 2B), and collateral vascular bundles (not shown).

The cuticle covers the epidermis and forms flanges between
epidermal cells which are present since the beginning of fruit devel-
opment (Fig. 2C). The thickness of the ‘Gala’ and ‘Galaxy’ apples
cuticle is influenced by the climate conditions in the growing
regions, since cuticle is thicker in higher altitude locations (Tessmer
et al., 2012). The cuticle plays an important role against environ-
mental stresses such as wind, solar radiation, dehydration and the
entry of fruit-rotting pathogens (Belding et al., 1998).

Non-glandular trichomes are observed in the epidermis in the
first and in the second development stages (Fig. 2D). After these
stages, it was only possible to see the scar broken-off non-glandular
trichome (Fig. 2E). These scars are dispersed among the epidermal
cells and they often had microcracks around them. Scars result-
ing from broken trichomes in the epidermis were also reported
for ‘Ligol’ (Konarska, 2014a) and ‘Golden Delicious’ apples (Curry,
2009).

Stomata are found on the epidermis of both cultivars during
their early development stages (Fig. 2F). These stomata generally
occur in substomatic chambers of different sizes and shapes, open
or closed (Fig. 2G and H), and they disappear during fruit devel-
opment due to replacement by lenticels. Konarska (2014b) has
found substomatic chambers in the early development of ‘Jonagold’
apples, and Tetley (1925) reported the absence of stomata in ripe
fruit, indicating that lenticels formation should occur in all cases
without a trace of stomata.

According to Clements (1935) and Roth (1977), lenticels found
in apples may have three different origins: from the stomata that
cease functioning in the early fruit development; the epidermal
continuity disruption caused by complete removal of trichomes

associated with young fruit; and the epidermal disruption resulting
from its inability to follow the internal tissue expansion.

The current study found that lenticels were similarly established
in the early development stages for ‘Gala’ and ‘Galaxy’ apples. Their
origin lies on the stomata, in which phellogen invaded the cells
lining the substomatal chamber (Fig. 2H) and the collenchymatic
cells located in discontinuous-peel areas were divided (Fig. 21) due
expansion to the parenchymal cells (Fig. 2]). Lenticels formed from
scars caused by trichomes broken were not identified.

According to Webster and Craig (1976), lenticels constitute a
layer of large cells with meristematic activity derived from phel-
logen. The increased number of these cells brings out a certain
amount of cells in the organ surface, forming the filling tissue, as
seen in the fruit at advanced development stage (Fig. 2K).

Lenticel breakdown disorder such as dimming and depression
around the lenticels, were not found in fruit from the early devel-
opment to the commercial maturity stages. Thus, the relationship
between the lenticels origin and the disorder development was not
noticed.

3.2. Influence of growing sites and physicochemical features on
lenticel breakdown occurrence

New apple clones have been largely propagated in recent years
due to features such as flavor and stronger red colour of the peel.
‘Galaxy’ apples had significantly higher colour index than ‘Gala’
(P <0.05), except for fruit grown in Fraiburgo-SC (Table 1).

Means followed by the same capital letter within the column and
by the lower-case letter within the same line are not significantly
different from each other by Duncan test (P < 0.05).

By comparing the growing sites, it was found that ‘Gala’ apples
showed no difference in colour index, whereas the Galaxy vari-
ety from Fraiburgo-SC showed lower colour index (Table 1). Sdo
Joaquim s located at the higher altitude, with lower minimum tem-
peratures and Fraiburgo showed higher maximum temperatures
during the fruit development cycle (Fig. 1A-B).

The red colour in the apple peel due to anthocyanins and their
accumulation is genetically determined as well as by environmen-
tal factors such as temperature and light (Gouws and Steyn, 2014;
Li et al., 2004; Shii et al., 2001; Curry, 1997). Studies indicate that
low temperatures increase whereas higher temperatures reduce
the anthocyanins concentration in the apple epidermis (Li et al.,
2004; Curry, 1997; Faragher, 1983).

The ‘Galaxy’ apples colour index remained higher during 120
days of storage at both conditions (Fig. 3A). According to Tessmer
etal.(2012), colour changes during storage are related to the senes-
cence process and to changes in the cuticle and epicuticular waxes,
which were most evident in ‘Gala’ and ‘Galaxy’ apples packed at
controlled atmosphere.

According to Moggia et al. (1997), red colour apple cultivars are
more susceptible to lenticel breakdown. The current study found no
correlation between colour and predisposition to the disorder since
the ‘Gala’ apples, which obtained the highest lenticel breakdown
percentage, showed lower colour index than the Galaxy variety.

Curry (2002) and Curry and Kupferman (2004) reports that the
depressions found around the lenticels in the later lenticel break-
down stages may be related to firmness loss. ‘Gala’ and ‘Galaxy’
apples from Vacaria, Fraiburgo and Sdo Joaquim had high firmness-
values at harvest (65.02, 60.63 and 78.58 N) and (74.05, 66.61 and
83.46 N), respectively (Table 1). As for the growing sites, both culti-
vars grown in Sdo Joaquim had fruit with higher pulp firmness than
those grown in other regions (P < 0.05).

During the storage period at CS and CA conditions, there was
significant firmness reduction in the fruit from both cultivars in the
three growing sites (P <0.05); however, firmness remained above
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Fig. 2. Cross (A, B, C, G, H, I, ] and K) and paradermal sections (D, E and F) from ‘Gala’ and ‘Galaxy’ apples grown in Vacaria, RS. (A) Uniseriate epidermis dividing cells. (B)
Presence of phenolic compounds and starch in the parenchyma and in the subepidermal layers. (C) Cuticle with flanges. (D) Non-glandular trichome. (E) Scar of broken-off
nonglandular trichome (arrow). (F) Stomata with starch granules in guard cells. (G) Stomata with substomatic chambers. (H) Lenticels in formation with cell divisions
(arrow) under the chambers stomata. (I) Epidermal cells separated from each other (arrows). (J) Subepidermal cell divisions (arrow) causing a discontinuity of the epidermis.
(K) Lenticel arising from cells division and phellogen formed (arrows) beneath the discontinous epidermis. Cu = cuticle; Ep = epidermis; FC = Phenolic cell; SC=Substomatic

chamber; Sta=Starch; St=Stomata; Tr=Trichome.

Table 1
Physicochemical features of ‘Gala’ and ‘Galaxy’ apples from three growing sites.

Physicochemical features

Colour index (CI) Firmness (N)

Titratable acidity (%) Soluble solids (%)

‘Gala’ ‘Galaxy’ ‘Gala’ ‘Galaxy’ ‘Gala’ ‘Galaxy’ ‘Gala’ "Galaxy’
Vacaria 37.51Aa 55.72 Ab 65.02 Bb 74.05 Ba 0.40 Ba 0.44 Aa 13.42 Ab 14.53 Aa
Fraiburgo 35.26 Aa 49.87 Ba 60.63 Ba 66.61 Ba 0.27 Cb 0.50 Aa 13.13Bb 13.55Ba
Sdo Joaquim 4432 Aa 63.55 Ab 78.58 Aa 83.46 Aa 0.47 Aa 0.49 Aa 12.67 Ca 12.72 Ca

the threshold required for marketing at the end of the period (40 N)
(Fig. 3B).

In addition to firmness, the titratable acidity and the soluble
solids contents are important attributes that give quality and taste
to apples. The influence of altitude and climatic conditions on the
organic acids and soluble solids in fruits are variable (Guerrero-
Chavez et al., 2015; Li et al., 2004; Shii et al., 2001). ‘Gala’ apples
from the three growing areas showed different titratable acidity
(P <0.05) at harvest, with higher content in fruit from S3o Joaquim.

No difference was observed among ‘Galaxy’ apples from the
three growing areas (Table 1). Li et al. (2004) reported differences
in malic acid production during the development of ‘Starkrimson’

and ‘Golden Delicious’ apples as a result from the weather con-
ditions and altitude of the growing site; however, they found no
significant differences when both varieties were grown in the same
environmental condition.

Apples from both cultivars grown in the three growing sites
showed reduction (P<0.05) in the acid content during stor-
age at CS and CA conditions. ‘Gala’ apples grown in Fraiburgo
showed lower acidity values (Fig. 4A). Acidity, which is pre-
dominantly represented by malic acid gradually decreases during
the fruit ripening and storage, which can be explained by the
oxidation of acids to obtain energy in the Krebs cycle (Ballod,
1990).
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The soluble solids content from both cultivars was influenced
by the weather conditions in the growing sites, since ‘Gala’ and
‘Galaxy’ apples grown in Vacaria showed higher soluble solids con-
tent and those grown in Sdo Joaquim showed lower soluble solids
contents at harvest (P <0.05)(Table 1).Lietal.(2004) attributed the
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Fig. 5. ‘Gala’ apples with no dyed lenticels (A), ‘Gala’ scored 1 (B), dyeing lenticels
(C) and lenticel breakdown (D) in fruit from three growing sites: VA=Vacaria,
Fraiburgo =FR and Sdo Joaquim = SJ; kept at CS and CA for up to 120 and 210 days,
respectively. Vertical bars represent the standard error (n=4).

increase in reducing and non reducing sugars to the development
of ‘Starkrimson’ and ‘Golden Delicious’ apples and to the growing
site. According to Litlle (1992), fruit show lower soluble solids in
years or regions with less sunlight during fruit development or as
a consequence from excessive rainfall and high humidity.

During storage at CS and CA conditions, the soluble solids con-
tent increased (P < 0.05) for all the treatments, except for ‘Gala’ at
CS and CA and for ‘Galaxy’ from Fraiburgo at CS (Fig. 4B). These two
varieties remained stable. However, this attribute has not deter-
mined the occurrence of the disorder. Curry et al. (2008) also
found no relationship between the sugars in the fruit and lenti-
cel breakdown occurrence. According to Argenta (2002), organic
acids consumption rates higher than those of sugars during matu-
ration lead to anincrease in the sugar/acidity ratio, with consequent
changes in the fruit flavor.

Most physicochemical attributes evaluated at harvest showed
there is an influence of climate and altitude conditions on both
studied cultivars. There was a low occurrence of the disorder and
the fruit physicochemical attributes were not decisive regarding to
the incidence of lenticel breakdown disorder during storage.

3.3. Lenticel breakdown predisposition and incidence

‘Gala’ and ‘Galaxy’ apples from the three growing sites showed
no staining after harvest (Fig. 5A). As for the storage at CS condi-
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Fig. 6. Transversal sections (LM) and electron micrographs (SEM). (A) ‘Galaxy’ apple from Sdo Joaquim = §] after harvest and (B-E) in CA at 180 days; (F-I) ‘Gala’ apple from
Vacaria=VA in CA at 180 days. (A) Normal lenticel. (B) Lenticel breakdown with depression (arrow) and cell lysis (*). (C) Detail of B: Lenticel central of depression. (D)
Depression arround lenticel (arrow). (E) Longitudinal section (fracture) in the depression region. Spaces formed in the parenchyma due to cell lysis (*). (F) Lenticel in central
depression. (G) Concentric microcracks around the lenticels in CS storage. (H) Transverse microcracks in lenticels. (I) Fungal penetration in lenticels. Le = Lenticel.

tion, ‘Galaxy’ apples from Vacaria and ‘Gala’ apples from Fraiburgo
showed 1.1% and 0.73% of the sampled fruit with dyed lenticels at
30days (Fig. 5B-C). Low dyeing percentage was observed during
storage and at the end of 120 days. ‘Gala’ apples from Sdo Joaquim
showed 0.43% of fruit with dyed lenticels. The fruit reached only
score 1 throughout the storage period, which indicates minimal
dyeing at the severity scale.

Both cultivars at CA storage, except for ‘Galaxy’ apples from
Sdo Joaquim, showed from 0.03 to 0.12% of the sampled fruit
with dyed lenticels at 30 days (Fig. 5C). At 120 and 150
days, ‘Gala’ apples from Vacaria showed 0.83% and 0.67% dye-
ing, respectively. Greater dyeing percentages were found at the
end of 210 storage days, as follows: ‘Gala’ (1.93%) and ‘Galaxy’
(0.85%) from Vacaria; ‘Gala’ (2.65%) and ‘Galaxy’ (1.78%) from
Fraiburgo; and ‘Gala’ (1.45%) and ‘Galaxy’ (0,17%) grown in Sdo
Joaquim.

The biggest amount of fruit with dyed lenticels at the end of
the storage period may due to changes in the cuticle and in the
epicuticular waxes (Tessmer et al., 2012), and to the concentric
and transverse cracks in the lenticels (Fig. 6G-H) arising from the
biosynthetic inability to replace waxes, which allows the penetra-
tion of the dye test solution.

The highest incidence of fruit with dyed lenticels occurred in CA.
However, the incidence of fruit with lenticel breakdown occurred
only in ‘Gala’ apples (1.2%) from Fraiburgo at 120 days; in ‘Gala’
(1.0%) from Vacaria, and in ‘Gala’ (3.3%) and ‘Galaxy’ (1.0%) apples
from S3o Joaquim at 180days (Fig. 5D). Only ‘Gala’ apples from

S3o Joaquim expressed 1.3% lenticel breakdown at 120 days at CS
conditions (Fig. 5D). Curry (2001) also found that CA-stored fruit
tend to show higher incidence of lenticel breakdown than those
kept at cold storage condition.

Curry (2003) reported that lenticel breakdown incidence is
influenced by the climatic conditions in the growing site, such as
night time temperatures above 10°C during the cell elongation
period. S3o Joaquim region has lower minimum temperatures than
the other studied locations (Fig. 1A); however, it showed higher
percentage of fruit with the disorder. Results indicate that there
was low incidence of lenticel breakdown in the 2009 crop and
that the lenticels dyeing test was not efficient in indicating the
fruit predisposition to lenticel breakdown. These results corrob-
orate those found by Lara (2004), who did not find relationship
between lenticels dyeing intensity and the occurrence of lenticel
breakdown in ‘Royal Gala’ apples.

3.4. Lenticel breakdown anatomical featuring

The cultivars Gala and Galaxy did not show the lenticel break-
down disorder during fruit development and after harvest (Fig. 6A),
and showed low incidence during storage in CS and CA.

The lenticel breakdown symptoms such as concentric depres-
sion (Fig. 6B and D) around the lenticels (Fig. 6C and F) were noticed.
This depression and cavity results from the obliteration of epider-
mal and subepidermal cells and from the lysis of parenchyma cells
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(Fig. 6B and E). The cavity associated with lenticel depression were
reported in ‘Royal Gala’ apple (Curry et al., 2008).

Curryetal.(2008)and Curry (2003 ) observed the lenticels region
became darkness due to the development of the depression. The
dark colour at that region is probably due to cell compression
and drying as observed in Fig. 6B. Histochemical tests to identify
compounds (data not shown) revealed no abnormal compound
accumulation besides phenols in the subepidermal cells at that
region.

The epicuticular waxes had concentric microcracks around the
lenticel (Fig. 6G) and arranged transversely to lenticels (Fig. 6H). The
microcracks indicate the onset of depression around the lenticels
and the expansion - during the storage period - is related to
changes in the epicuticular waxes, and probably, the deepening of
cell layers. Tessmer et al. (2012) reported that the changes of epi-
cutilar waxes in ‘Gala’ and ‘Galaxy’ apples are most evident when
fruit are stored in CA.

Differents anatomical changes in lenticelose disorder were not
observed between the two cultivars, however, its occurred differ-
ences in the number of lenticels with manifestation the disorder.
In addition, the penetration of fungus in lenticels cause decay
and difficulting the identification of the lenticel breakdown dis-
order. Konarska (2014a) also observed fungus penetration into the
lenticels from ‘Ligol’ apples during storage.

4. Conclusions

Colour index was higher in ‘Galaxy’ apples and in both vari-
eties grown in Sdo Joaquim, where the minimum temperatures are
approximately 10°C. The firmness was reduced at CS and CA con-
ditions, but it remained greater than 40N in apples from all the
treatments. Acidity, except for ‘Galaxy’, and sugars were influenced
by the climatic conditions of the growing sites.

There was no relationship between the lenticels dyeing and
the incidence of lenticel breakdown. Contrary to the expectations,
higher incidence of the disorder was found in ‘Gala’ apples grown
in Sdo Joaquim-SC at the end of the cold and CA storages.

The lenticel breakdown presented symptoms such as concentric
depression around the lenticels, cell obliteration of the epidermis
and subepidermal layers, with wide spaces formed by cell lysis.
The origin of lenticels has no influence on the disorder develop-
ment. Arelationship among the physicochemical, physiological and
anatomical features from the distinct growing sites and the predis-
position to lenticel breakdown disorder was not established.

Since the incidence of the disorder in the 2008/09 season was
very low, the study should be repeated for several years at distinct
growing sites in order to have favourable conditions for the dis-
order and to make the establishment of the relationship between
physicochemical features and incidence of lenticel breakdown pos-
sible.
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