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Comparison of fruit maturation and quality of ‘Gala’ 
apple strains at harvest and after storage
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Karyne Souza Betinelli4, Vinícius Adão Bartinick5, Cristiano Nunes Nesi6

Abstract - Strains of ‘Gala’ apples with highly red-colored skins have been planted in new orchards based 
on consumer interest and financial returns to the producers. The effect of somatic mutation may not be 
limited to change in fruit skin appearance. In this study, six ‘Gala’ strains were compared regarding fruit 
maturity and quality attributes at commercial harvest time and after 210 days in controlled atmosphere 
cold storage plus seven days shelf-life. Experimental orchards were established in three regions and 
fruit assessed over four seasons. The fruit skin red color area was highest in ‘Baigent’ and ‘Galaxy’, 
and lowest in ‘Royal Gala’ and ‘Imperial Gala’. Fruit of ‘Maxi Gala’ and ‘Gala Real’ had intermediate 
skin coloration among the six strains. There was no difference among the strains regarding the fruit 
weight, starch index, flesh firmness, soluble solid content (SSC), and titratable acidity (TA) at harvest, 
and flesh firmness, SSC and TA after storage. Fruit of the six ‘Gala’ strains were equally affected by 
physiological disorders (flesh browning, fruit cracking, calcium deficiency disorders and shrivel) and 
fungal diseases (external decay, core rot and Glomerella cingulata spot) during storage, indicating that 
they have similar storability. Only ‘Imperial Gala’ and ‘Royal Gala’ exhibited superficial scald, an 
unusual disorder for ‘Gala’ cultivar. Harvest management and potential economic impacts of highly 
red colored fruit of ‘Gala’ strains are discussed.
Index Terms: Malus × domestica Borkh., fruit skin color, storability, physiological disorder, disease.

Comparação da maturação e qualidade de maçãs de clones 
mutantes de ‘Gala’ na colheita e após a armazenagem

Resumo - Mutantes de maçãs cv. Gala com maior coloração vermelha na epiderme têm sido plantados 
em novos pomares devido ao interesse dos consumidores e ao retorno financeiro aos produtores. O 
efeito de mutações somáticas, das quais os novos mutantes de maçãs têm sido originados, pode não 
se limitar à mudança da aparência da epiderme. Neste estudo, frutos de seis clones mutantes de ‘Gala’ 
foram comparados quanto a medidas de maturação e qualidade no período de colheita comercial e após a 
armazenagem sob atmosfera controlada refrigerada. Pomares experimentais foram estabelecidos em três 
regiões, e os frutos, analisados ao longo de quatro anos. A área da epiderme com coloração vermelha foi 
máxima nos frutos da ‘Baigent’ e ‘Galaxy’ e mínima nos frutos da ‘Royal Gala’ e ‘Imperial Gala’. Frutos 
da ‘Maxi Gala’ e ‘Gala Real’ apresentaram coloração avermelhada intermediária entre os seis mutantes. 
Não houve diferença significativa entre frutos dos seis clones mutantes quanto à massa, índice de amido, 
firmeza da polpa, conteúdo de sólidos solúveis (CSS) e acidez titulável (AT) na colheita e quanto à 
firmeza de polpa, CSS e AT após a armazenagem. Os frutos dos seis clones foram igualmente afetados 
por distúrbios fisiológicos (escurecimento da polpa, rachadura senescente, distúrbios por deficiência de 
cálcio e murcha) e por doenças (podridão externa, podridão carpelar e pintas de Glomerella cingulata) 
durante a armazenagem, indicando que eles têm o mesmo potencial de armazenagem. Apenas frutos da 
‘Imperial Gala’ e ‘Royal Gala’ desenvolveram sintomas de escaldadura superficial, um distúrbio raro 
na cultivar Gala. O manejo da colheita e os potenciais impactos econômicos de mutantes de ‘Gala’ com 
alta coloração vermelha são discutidos.
Termos para indexação: Malus × domestica Borkh., cor da epiderme do fruto, armazenagem, 
distúrbio fisiológico, doença.

Harvest and post harvest
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Introduction

‘Gala’ is the major apple cultivar currently 
grown in Brazil, accounting for about 60% of the total 
production (PÉRÈS, 2009). The original ‘Gala’ fruit  
(‘Kidd’s D.8’) has a cream-yellow skin with an orange-red 
cheek when grown in warm summer weather conditions 
(GREENE;AUTIO, 1993). Apple production of this 
cultivar increased throughout the world after mid-1970’s 
when strains with improved red coloration in fruit skin 
appeared as spontaneous bud mutations in commercial 
orchards (HAMPSON; KEMP, 2003).

Skin color is an important trait of apple fruit 
quality that influences attractiveness to consumers and 
the profitability of apple production. Hence, several new 
strains of ‘Gala’ apples with highly red-colored skins 
have been selected and propagated in new orchards of 
main apple production regions along the last decades. 
Fruit appearance is sensorially evaluated by consumers 
and influences initial purchase decision (JAEGER et 
al., 2018). Increasing preference for apple strains with 
redder skin coloration based on the sensory assessment 
of visual appearance has been demonstrated in bicolor 
or red cultivars (CRASSWELLER; HOLLENDER, 
1989; KAPPEL et al., 1992; GREENE; AUTIO, 1993; 
HAMADZIRIPI et al., 2014). Besides, apples deviating 
from expected color or with external defects are perceived 
by consumers to be less tasty (DE HOOGE et al., 2017; 
JAEGER et al., 2018). Apple fruit price is influenced 
mainly by cultivar, quality grade, marketing season and 
fruit size (CAREW, 2000; CAREW; SMITH, 2004; 
ARGENTA et al., 2015). Currently, grade standards 
(classification system of quality) for apples, established 
by the industry and government regulations (e.g. MAPA, 
2006; OECD, 2010) are based on fruit appearance. On red 
and bicolored apples, the extent of red skin coloration, as 
well as the incidence and severity of defects are the major 
measures of appearance (external quality). Apple fruit with 
suboptimal appearance leads to a decrease in consumers’ 
willingness to purchase (YUE et al., 2007; JAEGER et 
al., 2018) and are marketed at a lower price which reduces 
producer profitability (CAREW; SMITH, 2004).

Fruit of many ‘Gala’ strains selected for enhanced 
red coloration have similar maturity profile, size 
and sensory taste at harvest (KAPPEL et al., 1992; 
RAPILLARD and DESSIMOZ, 2000; IGLESIAS et 
al., 2008; IGLESIAS; ECHEVERRÍA, 2009). However, 
some have earlier or later maturation, larger or smaller 
size, higher or less sugar content and firmer texture 
than the fruit of the parent tree (WALSH; VOLZ, 1990; 
GREENE;  AUTIO, 1993; BROWN; MALONEY, 
2002; MALLADI; HIRST, 2010; FINN; CLARK, 2012; 
BROWN; MALONEY, 2013). Besides, apple strains 
selected for highly red-colored skin may be differently 
scored for taste (CRASSWELLER; HOLLENDER, 1989; 
GREENE;  AUTIO,  1993; IGLESIAS et al., 2012). 

While fruit quality and maturation have been 
characterized for many ‘Gala’ apple strains at harvest time, 
information about the storability of different apple fruit 
strains is scarce. This study was carried out to compare 
the fruit physicochemical and quality attributes of six 
‘Gala’ apple strains grown in southern Brazil, at harvest 
and after storage.

Material and Methods 

Experimental orchard blocks and design
Fruit of the six ‘Gala’ strains (treatments) were 

compared in six experimental orchards (the combination of 
the three locations and two rootstocks). The experimental 
orchards were established at EPAGRI Caçador, EPAGRI 
São Joaquim, and EMBRAPA Vacaria (three locations), 
in southern Brazil, in 2007. In each location, two sets of 
rows were established with the following ‘Gala’ apple 
strains: ‘Royal Gala’, ‘Imperial Gala’, ‘Gala Real’, ‘Maxi 
Gala’, ‘Galaxy’, and ‘Baigent’. In one set of rows, the 
six ‘Gala’ strains were on rootstock M.9 at 1.0 x 3.5 m 
spacing. In another set of rows, the six ‘Gala’ strains were 
on rootstock ‘Marubakaido’ with M.9 interstem at 1.4 x 4 
m spacing. ‘Fuji’ trees were planted as pollinizers within 
each row of ‘Gala’ trees. In each experimental orchard, the 
experiment followed a complete randomized block design 
(three blocks) with 10 trees per replicate. The apple trees 
were trained to a central leader. Standard orchard practices 
(soil fertilization, dormancy release of buds, pruning, 
crop thinning and pest and disease control) were followed 
according to each local guidelines (EPAGRI, 2018).

Fruit harvest, sampling and storage
Fruit were harvested over four growing seasons 

(from 5th to 8th year after planting) within the commercial 
harvest window. The harvest date was predicted by 
previous starch index analyses. Fruit of all ‘Gala’ strains 
(treatments) were harvested on the same day in each year 
and location. Apple fruit grown in São Joaquim reaches 
similar maturity to those grown in Caçador region seven 
days later (ARGENTA et al., 1995). Therefore, for this 
study, fruit from São Joaquim were picked seven and five 
days later than in Caçador and Vacaria, respectively.

A sample of 100 unblemished fruits was selected 
from each replicate: 25 apples per replicate were assessed 
for maturity and quality one day after harvest, and 75 
apples per replicate were assessed for quality after storage. 
Fruit intended for storage were packed in fiberboard trays 
and cartons boxes (18 kg) and cooled within 36 h of 
harvest. Fruit were stored in controlled atmosphere (CA) 
room (with 1.5 kPa O2 and 2.5 kPa CO2, at 0.8 ± 0.6 oC 
and relative humidity of approximately 92%) for 210 
days, and then held in regular air, at 22 oC, for seven days 
shelf life. Establishment of CA conditions was initiated 
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4 h after fruit cooling to 0.8 oC and final atmosphere was 
established 48 h after cooling.

Fruit assessment
Maturity and quality attributes were assessed for 

each fruit except for fresh weight, soluble solids content 
(SSC) and titratable acidity (TA). Fruit weight was 
determined for four samples of 25 fruit per replicate, while 
SSC and TA were determined for three fresh juice samples 
using longitudinal slices of fruit cheeks taken from 
eight fruits per replicate. Assessments of flesh firmness, 
starch index (1-9 scale), TA and SSC were performed as 
previously described (ARGENTA et al., 2020).

The percentage area of red-colored skin was 
determined subjectively by the ratio of reddish surface 
area to overall fruit surface area. Mottled areas or traces 
of light-green or yellowish-white background between red 
stripes were not counted as red-colored areas.

External and internal disorders were visually 
assessed using subjective scales of severity, where a score 
of 0 (zero) indicated the absence of disorders. Internal 
disorders were assessed from four transverse slices across 
the fruit. The severity of disorders was recorded according 
to the area of fruit surface or cortex cross-section affected 
or the number of lesions per fruit.

Fruit with russeting was rated as 1, 1–4% of surface 
affected, confined to stem cavity; 2, 5–10%; 3, 11–25%; 
or 4, >25%. Fruit with superficial scald was rated as 1, 
2, or 3, when symptoms were observed on ≤15%, 16–
40%, or >40% of the fruit surface, respectively. Bitter 
pit was scored considering the number of brown pits 
on the skin and or corky lesions in the cortex, per fruit: 
1, 1–4 pits; 2, 5–9 pits; or 3, >9 pits. These scores were 
also used for the assessment of lenticel breakdown and 
Glomerella cingulata spot. Dry brown spots around 
lenticels characterized lenticel breakdown; this disorder 
was restricted to the skin without extending to the flesh 
tissue. Fruit cracking (from the shoulder area to over the 
cheek, in the skin and underlay flesh) and shrivelling were 
recorded as absent (0) or present (1). Flesh browning was 
assessed on a single cross section of fruit at equatorial 
region (at the upper edge of seed cavity). Fruit affected 
by this disorder was scored as 1, 1–30 % of cortex with 
diffuse light browning; 2, 30–60% of cortex with diffuse 
light to dark browning; or 3, >60% of cortex with diffuse 
light to dark browning. Fruit with external fungal decay 
symptoms were rated as 1, ≤1 cm2 of fruit surface affected 
by one or more spots; or 2, >1 cm2 of fruit surface affected. 
Fruit affected by core rot was rated as 1, <50% of core 
tissue rotted; 2, 50 to 100% of core tissue rotted; or 3, 
damage spread to the cortex tissue.

An index of incidence weighted by severity 
(disorder index) was calculated for each disorder as 
previously described (ARGENTA et al., 2020).

Data analysis
Data for the six experiments (the combination of 

two rootstocks and three growing locations) and four 
growing seasons were pooled (n = 72 per strain) and 
initially subjected to non-parametric Kruskal-Wallis test 
for multiple comparisons of ‘Gala’ strains (treatments) 
using R (TEAM-R-CORE, 2017) and the add-on package 
‘agricolae’ (MENDIBURU, 2017).

The data of ‘Gala’ strains were subjected to 
canonical discriminant analysis (CDA; a multivariate 
statistical analysis) using the PROC CANDISC procedure 
of the SAS software (University Edition 2017, SAS 
Institute, Cary, NC) for each group of variables: 1) quality 
and maturity at harvest; 2) physicochemical attributes 
after storage; 3) physiological disorders; 4) diseases. 
Values for standardized canonical coefficients (SCC) and 
canonical correlations (r) were multiplied to calculate the 
parallel discriminant ratio coefficient (DRC) as proposed 
by (THOMAS and ZUMBO, 1996). Plots of canonical 
scores were used to visualize how the first two canonical 
discriminant functions (CDF1 and CDF2) accounted for 
separation among strains for each group of variables. 
Mean standardized canonical scores of ‘Gala’ strains 
were compared by Tukey’s test (P ≤ 0.05) along canonical 
discriminant functions (CDFs).

Results and Discussion

The fruit of six ‘Gala’ strains differed significantly 
regarding the area of red skin coloration (Table 1). 
However, there was no difference among the strains 
regarding the fruit weight, starch index, flesh firmness, 
soluble solids content (SSC), or titratable acidity (TA) at 
harvest, and flesh firmness, SSC or TA of the fruit after 
storage plus shelf life.
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Table 1. Quality and maturity variables of ‘Gala’ apple fruit of six strains at harvest and after storage. Fruit were stored 
in controlled atmosphere (1.5 kPa O2 and 2.5 kPa CO2) at 0.8 °C for seven months, followed by seven days in air at 
22 °C. Data are means of three growing locations, two rootstocks and four growing seasons (n=72).

‘Gala’ strain Red skin color 
area (%)

Weight
(g)

Starch index
(1-9)

Flesh firmness
 (N)

Titratable acidity
(%)

Soluble solids 
content (%)

At harvest
‘Baigent’ 74 a       138 ns    5.8 ns    16.7 ns    0.364 ns    13.0 ns

‘Galaxy’ 74 a 136 5.7 17.1 0.372 13.2
‘Maxi Gala’ 70 a 138 5.6 16.8 0.375 13.2
‘Gala Real’ 62 b 135 5.5 16.9 0.369 13.0
‘Imperial Gala’ 55 c 139 5.4 17.1 0.384 13.3
‘Royal Gala’ 54 c 134 5.4 17.1 0.375 13.2

After storage
‘Baigent’ - - -    10.5 ns    0.301 ns    13.4 ns

‘Galaxy’ - - - 10.9 0.310 13.6
‘Maxi Gala’ - - - 10.6 0.317 13.6
‘Gala Real’ - - - 11.1 0.304 13.5
‘Imperial Gala’ - - - 11.1 0.307 13.6
‘Royal Gala’ - - - 11.1 0.311 13.6
Means followed by different letter in each column are different according to Kruskal-Wallis test (α=0.05). ns: means in each column are not 
different according to Kruskal-Wallis test (α=0.05).

The Wilk’s Lambda multivariate statistical of 
the CDA showed difference (P < 0.0001) among the six 
strains, considering all fruit attributes assessed at harvest 
(Table 2). Only CDF1 was significant, explaining 95.36% 
of total variance, with canonical correlation of 0.6391, 
indicating strong association between attributes studied 
and strains. The percentage area of red-colored skin had 
the highest power to discriminate among strains along 

CDF1 (higher DRC), while fruit weight had negative 
DRC value, representing suppressor attribute (reflecting 
higher variability within and or low variability among 
strains). Therefore, the separation among strains along 
CDF1, regarding attributes assessed at harvest, is explained 
almost entirely by the red skin color.

Table 2. Correlation coefficients (r), standardized canonical coefficients (SCC) and parallel discriminant ratio 
coefficients (DRC) for canonical discriminant function 1 (CDF1). Canonical discriminant analysis (CDA) performed 
considering all variables assessed at harvest. Data of three growing locations, two rootstocks and four growing seasons 
were pooled (n=72).

Variable CDF1
r (1) SCC DRC

Red skin color area (%)(1) 0.6767 1.3557             0.9174
Mean fruit weight (g) (1) 0.0086 -0.4127 -0.0036
Starch index (1-9) (2) 0.1001 0.1183 0.0118
Flesh firmness (N)(2) -0.0909 -0.0824 0.0075
Titratable acidity (%) (2) -0.0802 -0.5603 0.0449
Soluble solids content (%) (2) -0.0701 -0.3127 0.0219
Canonical correlation (2) 0.6391***
(1) Simple correlation between each variable and CDF1.
(2) Canonical correlations among strains and quality and maturity variables. ***: P < 0.001.
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Canonical scores revealed clear discrimination 
among strains at harvest along CDF1 (Figure 1). Fruit 
of ‘Baigent’ and ‘Galaxy’ had the highest standardized 
canonical scores (representing fruit with the highest 
area of red skin coloration), while on the other extreme, 
‘Royal Gala’ and ‘Imperial Gala’ had the lowest scores 
(representing fruit with the lowest area of red skin 
coloration). ‘Maxi Gala’ and ‘Gala Real’ had intermediate 
canonical scores (representing fruit with intermediate red 
coloration among the strains) although ‘Maxi Gala’ had 
higher canonical scores than ‘Gala Real’.

When red skin coloration was not included in the 
CDA for fruit variables assessed at harvest, there was no 
differences among ‘Gala’ strains (Figure 2A). Similarly, 
CDA showed no differences among the ‘Gala’ strains for 
flesh firmness, SSC and TA assessed after storage (Figure 
2B).

Figure 1. Canonical scores of ‘Gala’ apples strains considering all maturity and quality variables assessed at harvest 
described in Table 2. Strains with mean standardized canonical scores (± SE) along CDF1 followed by the same letter 
are not different by Tukey’s test (P ≤ 0.05). Values in brackets represent the proportion of total variance explained 
by CDF1 and CDF2. Data of three growing locations, two rootstocks and four growing seasons were pooled (n=72).

The univariate non-parametric test showed that the 
index of russeting - a physiological disorder that develops 
during fruit growth - was slightly greater on the surface 
of ‘Royal Gala’ apples than on ‘Baigent’ or ‘Maxi Gala’ 
apples, while there was no difference among ‘Gala’ strains 
regarding the indexes of flesh browning, senescent fruit 
cracking, bitter pit, shrivel and lenticel breakdown (Table 

3). The symptom of superficial scald was detected only 
on ‘Imperial Gala’ and ‘Royal Gala’ fruit, at a very low 
index. Also, there was no difference among ‘Gala’ strains 
regarding the fungal disease indices (external decay, core 
rot and Glomerella cingulata spot) after storage plus shelf 
life (Table 4).
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Figure 2. Canonical scores of ‘Gala’ apples strains considering quality and maturity variables assessed at harvest 
(variables in Table 2) except for red skin color area (A), physicochemical variables (flesh firmness, TA and SSC) assessed 
after storage (B), physiological disorders (russeting, flesh browning, skin cracking, bitter pit, shrivel, superficial scald 
and lenticel breakdown) (C) and diseases (external decay, core rote and Glomerella cingulata spot) (D). Values in 
brackets represent the proportion of total variance explained by CDF1 and CDF2. ns: canonical scores of strains along 
CDF1 are not significantly different by Tukey’s test (P > 0.05). Symbols represent the mean standardized canonical 
scores (±SE) along CDF1 and CDF2. Data of three growing locations, two rootstocks and four growing seasons were 
pooled (n=72).

Table 3. Physiological disorders indices (incidence weighted to the severity) in ‘Gala’ apple fruit of six strains. 
Russeting were assessed at harvest while the other disorders were assessed after seven months storage in controlled 
atmosphere (1.5 kPa O2 and 2.5 kPa CO2) at 0.8  °C, followed by seven days in air at 22 °C. Data are means of three 
growing locations, two rootstocks and four growing seasons (n=72).

‘Gala’ strain Russeting Flesh 
browning

Fruit 
cracking Bitter pit Shrivel Superficial 

scald
Lenticel 

breakdown
‘Baigent’ 19.2 b    15.3 ns    3.9 ns    0.040 ns    0.038 ns 0.000 b    0.046 ns

‘Galaxy’ 21.8 ab 12.7 3.5 0.021 0.044 0.000 b 0.022
‘Maxi Gala’ 19.7 b 13.3 3.3 0.038 0.039 0.000 b 0.015
‘Gala Real’ 21.5 ab 10.5 3.0 0.038 0.054 0.000 b 0.015
‘Imperial Gala’ 20.7 ab 12.6 3.7 0.017 0.015 0.140 a 0.056
‘Royal Gala’ 24.5 a 13.1 3.6 0.015 0.019 0.007 ab 0.012
Means followed by different letter in each column are different according to Kruskal-Wallis test (α=0.05). ns: means in each column are not 
different according to Kruskal-Wallis test (α=0.05).
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Table 4. Fungal disease indices (incidence weighted to the severity) in ‘Gala’ apple fruit of six strains. Fruit were 
assessed after seven months of storage in controlled atmosphere (1.5 kPa O2 and 2.5 kPa CO2) at 0.8 °C, followed by 
seven days in air at 22 °C. Data are means of three growing locations, two rootstocks and four growing seasons (n=72).
‘Gala’ strain External decay Core rot Glomerella cingulata spot
‘Brookfield’    6.5 ns    0.022 ns    0.21 ns

‘Galaxy’ 6.5 0.028 0.30
‘Maxi Gala’ 5.6 0.047 0.35
‘Gala Real’ 4.9 0.042 0.56
‘Imperial Gala’ 7.5 0.027 0.46
‘Royal Gala’ 6.2 0.043 0.36
Means followed by different letter in each column are different according to Kruskal-Wallis test (α=0.05). ns: means in each column are not 
different according to Kruskal-Wallis test (α=0.05).

The Wilk’s Lambda multivariate statistical test of 
the CDA showed no difference (P > 0.05) among the ‘Gala’ 
strains regarding physiological disorders (russeting, flesh 
browning, fruit cracking, bitter pit, shrivel, superficial 
scald and lenticel breakdown) (Figure 2C) and diseases 
(external decay, core rot and Glomerella cingulata spot) 
(Figure 2D). 

The CDA shows that the fruit of the six ‘Gala’ 
strain do not differ, except for the area of red skin 
coloration. Improved area and intensity of red skin 
coloration is associated to an increased number of cells 
with red pigments in the hypodermal tissue of apple fruit 
(DICKINSON; WHITE, 1986). Mutations that alter only 
skin appearance (e.g. color) of apple fruit are thought 
to happens in histogenic layer I and or II of the bud 
meristems, from which the epidermis and hypodermis of 
fruit skins originate (DOORENBOS, 1977; DICKINSON; 
WHITE, 1986).

Regulating mechanisms of red pigments 
accumulation on apple skin have been suggested. 
Based on these mechanisms, the distinguished area of 
red skin coloration among the six ‘Gala’ strains of this 
study is likely associated either to the expression of the 
transcription factor (TF) MYB1, located in chromosome 9, 
that starts the expression of the anthocyanin biosynthetic 
pathway genes in apples (TAKOS et al., 2006) or to the 
different levels of methylation of the promoter region of 
MYB TFs (MA et al., 2018; JIA et al., 2020). Nevertheless, 
the somatic mutations that generate these six ‘Gala’ strains 
likely did not affect the genes encoding for fruit size, 
physicochemical and physiological measures related to 
fruit maturation on the tree and fruit ripening after harvest, 
as well to the occurrence of physiological disorders and 
diseases.

The differences in skin color among these six 
‘Gala’ strain were not associated to fruit maturation on 
the tree as demonstrated in previous studies for many 
other ‘Gala’ strains selected for enhanced red skin 
coloration (GREENE; AUTIO, 1993; RAPILLARD; 
DESSIMOZ, 2000; IGLESIAS et al., 2008; IGLESIAS; 
ECHEVERRÍA, 2009). However, fruit of some ‘Gala’ 

strain with improved red coloration has not a single trait 
alteration. ‘Obrogala’ strain produces smaller fruit than 
other seven ‘Gala’ strains (IGLESIAS; ECHEVERRÍA, 
2009) while ‘Grand Gala’ produces larger fruits 
(MALLADI; HIRST, 2010) and ‘Premier Star’ produces 
fruit with high sugar content (BROWN and MALONEY, 
2013). ‘Burnett’, an early maturing ‘Gala’ strain produces 
fruit with less sugar content (FINN; CLARK, 2012) while 
‘Harry Black Gala’, a late maturing ‘Gala’ strain produces 
firmer fruit (BROWN; MALONEY, 2002).

The rates of fruit softening and loss of titratable 
acidity during storage plus shelf life were the same for all 
six ‘Gala’ strains since they were not different regarding 
these variables at harvest and after storage (Tables 1 and 
3).  The fruit of six ‘Gala’ strains were also equally affected 
by physiological disorders and diseases (Tables 2 and 3), 
except for superficial scald, only detected in ‘Imperial 
Gala’ and ‘Royal Gala’ (Table 3). ‘Gala’ is considered 
a scald-resistant cultivar (LURIE; WATKINS, 2012). 
The incidence of this disorder was low and erratic, and 
therefore, it had no power to discriminate the strains by 
CDA. The smaller area of red skin color may account for 
the incidence of this disorder in ‘Imperial Gala’ and ‘Royal 
Gala’. Superficial scald symptoms are normally restricted 
to green areas of the skin (TSANTILI et al., 2007), and 
the antioxidant activity of phenolic compounds of red skin 
area may contribute to resistance against superficial scald 
(LURIE; WATKINS, 2012).

The new ‘Gala’ strains with greater red colored 
surface areas (such as ‘Baigent’ and ‘Galaxy’) can increase 
financial returns to the producers. ‘Baigent’ and ‘Galaxy’ 
strains produce more fruits at high standard grades based 
on red skin color (Table 1, Figure 1), which have a higher 
market price (CAREW; SMITH, 2004). The characteristic 
warm and humid summer in apple growing region in 
southern Brazil is not favorable to red color development 
on apple fruit  (TELIAS et al., 2011) and increases the 
incidence of fungal decay. The delay of the harvest to 
improve grade standards for color, particularly to less 
colored ‘Gala’ strains in warm summer years, shortens 
the length of storage and or increases production losses 
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by fungal decay, flesh browning and fruit cracking during 
storage (ARGENTA; MONDARDO, 1994; CAMELDI 
et al., 2016; ARGENTA et al., 2018). Hence, the fruit 
loss by decay, senescent cracking and flesh browning 
during storage and supply chain can be reduced in highly 
red colored ‘Gala’ strains than in deficient red colored 
‘Gala’ strains, despite of both having the same genetic 
susceptibility to these disorders.

Most growers have picked ‘Royal Gala’ and 
‘Imperial Gala’ selectively 3 to 4 times from each tree, 
based on skin color (red color coverage and loss of green 
background color) due to the uneven fruit maturation 
within the tree canopy. However, the red coloration (a 
quality trait) develops earlier over most fruit surface 
in the fruit of ‘Baigent’ and ‘Galaxy’ strains hiding the 
change in ground color from green to yellow (a maturity 
index). This encourages growers to harvest the fruit in 1 
to 2 pickings to improve efficiency and to reduce costs. 
Thus, when these highly red colored fruit are harvested in 
one or two pickings, they may have a uniform appearance 
but a wider range of maturity indices (starch index and 
firmness) in the bin and in the packing box. The higher 
variation of fruit maturity in the bin may increase fruit 
losses caused by senescent disorders flesh browning and 
cracking, particularly after long-term storage.

In summary, the fruit of the six ‘Gala’ strains 
with different extent of red skin coloration had the same 
maturity indices, weight and russeting index at harvest, 
as well as storability (maintenance of firmness and 
acidity and susceptibly to physiological disorders and 
fungal decay). There are potential economic benefits to 
the growers to produce highly red colored strains such as 
‘Baigent’ and ‘Galaxy’.
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