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Abstract: Currently, no cultivars of atemoya (Annona squamosa × A. cherimola) 
with red-skinned fruits are available in the market. This is a distinctive fruit 
characteristic explored in sugar apple (A. squamosa) cultivars. Segregating 
progenies, obtained from the cross between an atemoya tree and a red-skinned 
sugar apple accession, are the focus of this study. The objective was to evaluate 
and correlate phenotypic characteristics in fruits from progenies of the cross 
between the atemoya hybrid and the red-skinned sugar apple accession to select 
those with atemoya characteristics and red skin. The experiment was conducted 
at the State University of Montes Claros (Unimontes), Janaúba, Minas Gerais, 
Brazil. Fruits from 24 segregating progenies, aged four years, were evaluated 
based on morphological and physicochemical variables. Descriptive statistical 
analyses were performed for the morphological variables, and analysis of variance 
was conducted for the physicochemical variables. Five fruits per plant were used 
in a completely randomized design. Assumptions of variance analysis, ANOVA (p 
< 0.05), clustering using the Scott-Knott (p < 0.05), and correlation analyses were 
evaluated. None of the evaluated progenies exhibited atemoya characteristics 
combined with red skin. However, variation was observed in fruit shape, exocarp 
type, and color among the progenies. For the physicochemical characteristics, 
differences were observed among the progenies, with total soluble solids 
showing variation exceeding the parental means. Positive correlations were 
detected among most variables, indicating that larger fruits tend to have higher 
fresh weight, as well as greater skin and seed weights and number of seeds. These 
progenies are suitable for continuing the breeding program, as they possess 
commercially desirable characteristics for atemoya. However, no progenies with 
red skin were observed.

Index terms: Annona spp; A. squamosa × A. cherimola; Fruit tree breeding.

Caracterização fenotípica em progênies 
provenientes do cruzamento de atemoia com a 
pinha vermelha
Resumo: Atualmente, não existe cultivares de atemoieira (A. squamosa x A. 
cherimola) com frutos de casca vermelha, uma característica explorada em 
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Introduction
The genus Annona comprises over 160 rec-
ognized species, with the most economical-
ly important in Brazil and globally, due to 
the organoleptic properties of their fruits, 
being A. squamosa (sugar apple, custard 
apple, or ata), A. muricata (soursop), A. cher-
imola (cherimoya), and the hybrid atemoya 
(A. squamosa × A. cherimola) (FERREIRA et 
al., 2021). This genus is distinguished by its 
genetic variability, which is essential for en-
abling species to withstand environmental 
stresses and adapt to local conditions.

The atemoya hybrid is widely accepted 
commercially due to its fruits’ excellent fla-
vor, texture, total soluble solids content, 
and significant nutraceutical properties 
(MORAIS et al., 2021). Morphologically, the 
hybrid is characterized as intermediate be-
tween its parent species, facilitating its cul-
tivation across diverse climate and regions 
(NIETSCHE et al., 2021). These agronomic 

traits are advantageous for the selection 
and development of cultivars.

Breeding programs have focused on select-
ing high-quality plant material, considering 
multiple traits. Key traits include high fresh 
weight, fruit symmetry, total soluble solids 
content above 18 °Brix, reduced number 
of seeds, and low fiber content. Fruit col-
oration is also an important trait in cultivar 
development, as consumer fruit selection 
is influenced not only by shape and weight 
but also by color. Certain fruit colorations 
in Annonaceae species, such as the reddish 
hue expressed in the ‘Red’ cultivars of A. 
squamosa, are uncommon (NIETSCHE et al., 
2021). In atemoya, no red-colored cultivars 
are available in the Brazilian market, and 
there are few global reports of red-skinned 
atemoya (GEORGE et al., 2002).

Analyses of morphological characters are 
valuable scientific tools in genetics and 
breeding, as many of these markers are 

cultivares de pinha (A. squamosa). Progênies segregantes foram obtidas do cruzamento 
entre a cultivar de atemoia ‘Gefner’ e um acesso de pinha de casca vermelha, sendo o 
foco deste estudo. Objetivou-se avaliar e correlacionar características fenotípicas de 
frutos destas progênies, visando a selecionar aquelas com características de atemoia e 
casca vermelha. O experimento foi conduzido na Universidade Estadual de Montes Claros 
(Unimontes), Câmpus Janaúba, Minas Gerais, Brasil. Foram avaliados frutos de 24 progênies 
segregantes com quatro anos de idade, considerando três descritores morfológicos e 
oito características físico-químicas. Realizaram-se análises estatísticas descritivas para 
descritores morfológicos e de variância para os físico-químicos, utilizando cinco frutos por 
planta, em delineamento inteiramente casualizado. Pressupostos da análise de variância 
(ANOVA, p<0,05), agrupamento pelo teste de Scott-Knott (p<0,05) e correlações foram 
estimados. Nenhuma das progênies avaliadas apresentou características de atemoia 
com casca de coloração vermelha. Contudo, observaram-se variabilidade em formato do 
fruto, tipo de exocarpo e coloração. Para as características físico-químicas, constatou-se 
diferença significativa entre progênies, destacando-se o teor de sólidos solúveis totais, 
que superou as médias dos parentais. Foram detectadas correlações positivas entre a 
maioria das variáveis, indicando que frutos de maiores dimensões tendem a apresentar 
maior massa fresca, massa de casca, massa de sementes e número de sementes. As 
progênies são promissoras para a continuidade do programa de melhoramento, exibindo 
características comerciais de atemoia. Entretanto, não foram observadas progênies com 
casca de coloração vermelha.

Termos para indexação: Annona spp; A. squamosa x A. cherimola; Melhoramento de 
fruteiras.
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genetically linked to important agronomic 
traits (CHESNOKOV et al., 2020). Thus, mor-
phological descriptors are widely used for 
germplasm characterization, as they are 
accessible and precede other techniques, 
guiding subsequent studies with more so-
phisticated descriptors. Moreover, in sev-
eral Annona species, cultivars can be dis-
tinguished based on morphological traits 
(KUMAR et al., 2018; MOREIRA et al., 2020; 
HANDIQUE et al., 2022).

The breeding program at the State University 
of Montes Claros has conducted intraspecific 
and interspecific hybridizations to develop 
cultivars of the genus Annona (Nassau et al., 
2021; Nogueira et al., 2022). These hybridiza-
tions included a cross between a red-skinned 
sugar apple accession and the atemoya cul-
tivar ‘Gefner’, aiming to develop genotypes 
with fruits exhibiting atemoya characteris-
tics and red skin coloration.

The objective of this study was to evaluate 
and correlate phenotypic traits in fruits of 
progenies derived from the cross between 
the atemoya cultivar and a red-skinned 
sugar apple accession, selecting progenies 
with atemoya characteristics and reddish 
skin coloration.

Material and Methods
The experiment was conducted in the ex-
perimental area of the State University of 
Montes Claros, Janaúba, Minas Gerais, Brazil 
(15°49’47.366”S, 43°16’8.742”W, with an 
altitude of 541 m). The region’s climate is 
classified as Aw (tropical savanna with a dry 
winter) according to the Köppen classifica-
tion, with a mean annual temperature of 
approximately 23.7 °C. The soil in the study 
area was classified as a Typic Hapludox 
(Latossolo Vermelho Eutrófico Argiloso; 
SANTOS et al., 2018)

The experiment began in 2016 with the 
generation of F1 progenies from a cross be-
tween the atemoya cultivar ‘Gefner’ and a 
red-skinned sugar apple accession (Annona 

squamosa). Progenies were obtained 
through artificial pollination, as described 
by Souza et al. (2010), followed by seed ex-
traction and seedling production, as de-
scribed by São José et al. (2021). In August 
2017, 42 progenies from the segregating F1 
population were transplanted. In February 
2022, after plant stabilization, production 
pruning was performed, and fruits from 24 
progenies ((which produced fruit without 
signs of Cerconota anonella attack) were eval-
uated for morphological and physicochemi-
cal traits between June and September.

Fruits resulting from natural pollination were 
harvested at physiological maturity, de-
termined by carpel separation and a color 
change in intercarpellary tissues from green 
to yellowish-green (MENDES et al., 2017). 
Fruits were identified, stored in the labora-
tory at a constant temperature of 25°C, and 
evaluated upon reaching full maturation.

Morphological traits evaluated in the fruits 
included skin coloration, fruit shape, and 
exocarp type, assessed immediately after 
harvest. Physicochemical traits measured in-
cluded fruit length and diameter (mm), mea-
sured using a caliper; fruit fresh weight, skin 
fresh weight, and seed weight per fruit (g), 
measured using a precision scale; number 
of seeds per fruit; pulp pH, measured using a 
digital pH meter; and total soluble solids con-
tent (°Brix), determined with a refractometer.

Fruits were classified using four mor-
phological descriptors proposed by the 
International Plant Genetic Resources 
Institute (IPGRI) for cherimoya (A. cherimo-
la) (CHERLA, 2008). These descriptors were 
analyzed using descriptive statistics and ex-
pressed as percentages within the classes 
defined for each descriptor.

A completely randomized experimental 
design with five replicates per plant was 
used for physicochemical analyses. Data 
were tested for normality and homogene-
ity using the Lilliefors test (p < 0.05) and 
Bartlett test (p < 0.05), respectively. Data 
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were transformed using the square root 
(√) of the observed value when necessary. 
Data were then subjected to analysis of 
variance (ANOVA) at p < 0.05. When sig-
nificant differences were detected, means 
were grouped using the Scott-Knott test 
(p < 0.05). Pearson correlation coefficients 
(r) were estimated for the data. All analyses 
were performed using the Genes software 
(Cruz, 2016).

Results and Discussion
None of the evaluated progenies produced 
fruits exhibiting both atemoya characteristics 
and red skin coloration. However, variation 
in fruit coloration was observed among the 
progenies, ranging from light green, green, 
dark green, to yellowish-green (Figure 1). 
Most progenies exhibited dark green (42%) 
and green (29%) fruit coloration (Table 1).

Figure 1. Fruits from 24 progenies derived from the cross between the atemoya cultivar ‘Gefner’ 
and a red-skinned sugar apple accession (a); examples of light green, green, dark green, and yel-
lowish-green fruit coloration (b). Janaúba-MG, Brazil, 2024.

The genetic inheritance for most agronom-
ically important traits in atemoya remains 
unknown. Green skin coloration is hypoth-
esized to be of qualitative inherited with 
some degree of dominance, while reddish 
coloration is considered recessively inher-
ited, likely controlled by one or two genes 
(GEORGE et al., 2002).

Fruits exhibiting pinkish or reddish hues 
may indicate incomplete dominance 
(SOUZA et al., 2015). However, as reddish 
coloration was not observed, this hypothe-

sis could not be confirmed. Thus, it may be 
possible to obtain a genotype exhibiting 
reddish coloration through self-pollination 
of these progenies. Similarly, the genet-
ic inheritance for fruit shape remains un-
defined. Therefore, the breeding program 
should consider the simultaneous segrega-
tion of both traits (coloration and shape) in 
the next generation (JALIKOP, 2010).

Based on visual characterization of shape, 
exocarp, and coloration, two groups were 
identified corresponding to the species: sug-
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ar apple and atemoya (Table 1). Progenies 
exhibiting fruit characteristics of sugar ap-
ple included 8, 10, 14, 22, 23, 40, 46, and 50, 
representing 33% of the characterized prog-

enies. Fruits exhibiting atemoya characteris-
tics included 2, 3, 4, 7, 16, 21, 27, 30, 31, 32, 
33, 34, 38, 43, 45, and 47, comprising 67% of 
the total (Figure 1 and Table 1).

Table 1. Morphological descriptors of fruits from 24 progenies derived from the cross between 
the atemoya cultivar ‘Gefner’ and a red-skinned sugar apple accession. Janaúba-MG, Brazil, 2024.

Descriptor Type % of fruits Total (%)

Fruit Color

Light green 8

100Green 29
Dark green 42

Yellowish-green 21
Fruit shape, exocarp, 
and fruit color

Atemoya 67 100Sugar apple 33

Fruit shape

Heart 29

100
Elongated heart 29

Flattened 4
Oval 9

Round 29

Exocarp

Slight protuberance 52

100Small protuberance 24
Large protuberance 20

Smooth 4

A predominance of progenies with fruits 
exhibiting atemoya characteristics was 
observed, which is advantageous for the 
breeding program. The observed variabil-
ity enables to perform self-pollination ex-
clusively to atemoya progenies to increase 
the likelihood of obtaining an atemoya 
tree with red-colored fruits in the next 
generation.

Five distinct fruit shapes were observed: 
heart (29%), elongated heart (29%), round 
(29%), oval (9%), and flattened (4%) (Figure 
2 and Table 1). The predominance of round 

and heart-shaped fruits is attributed to the 
parent A. squamosa, which typically pro-
duces fruits with these shapes (NIETSCHE 
et al., 2021; KUMAR et al., 2018). Variation 
in fruit shape may be associated with irreg-
ularities caused by the absence of seeds in 
certain fruit sections, leading to carpel atro-
phy, which alters their natural shape. Fruit 
unevenness due to the seed absence may 
result from inefficient natural pollination, as 
artificially pollinated flowers produce large, 
more symmetrical fruits (SANGHANI; VARU, 
2022).

Figure 2. Fruit shapes of 24 progenies derived from the cross between the atemoya cultivar 
‘Gefner’ and a red-skinned sugar apple accession: (a) heart, (b) elongated heart, (c) round, (d) oval, 
(e) flattened. Janaúba-MG, Brazil, 2024.
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The distribution of fruit exocarp types was 
as follows: slight protuberances (52%), 
small protuberances (24%), large protuber-
ances (20%), and smooth (4%) (Figure 3 and 
Table 1). The diversity in exocarp types ob-
served in the progenies is likely due to the 
potential of interspecific hybrids to express 
varied characteristics by combining diverse 
gene pools (JALIKOP, 2010). The observed 
distribution of exocarp types is associated 

with the parent A. squamosa. Yadav et al. 
(2017) characterized A. squamosa geno-
types and identified fruits with slight, deep, 
and superficial depressions. Exocarp type is 
a critical trait for breeding programs, aiding 
in decision-making. Identifying progenies 
with exocarp types similar to those of ate-
moya enables focused selection, reducing 
the number of plants of interest for future 
evaluations.

Figure 3: Exocarp types of fruits from 24 progenies derived from the cross between the atemoya 
cultivar ‘Gefner’ and a red-skinned sugar apple accession: (a) slight protuberances, (b) small pro-
tuberances, (c) large protuberances, (d) smooth. Janaúba-MG, Brazil, 2024.

Nine of the 24 evaluated progenies pro-
duced insufficient fruits for physicochemical 
analyses, which required a minimum num-
ber of replicates for the statistical approach. 
The primary reasons for this were low fruit 
set and pest damage, notably by the fruit 
borer (Cerconota anonella). Consequently, 
24 progenies were analyzed for morpho-
logical descriptors, while 15 progenies were 
subjected to physicochemical analyses. 
Data transformation was required for the 
variables number of seeds per fruit, seed 
weight per fruit, skin fresh weight, and fruit 
fresh weight.

Significant differences were observed 
among most analyzed traits, except for 
fruit length, which had an overall mean of 
83.68 mm. One parent, A. squamosa, pro-
duces fruits with an average length of 96 
mm (LEZAMA; MARTÍNEZ; HERNÁNDEZ, 
2015), exceeding that observed in this 
study. Yadav et al. (2017) reported fruit 
lengths ranging from 45.32 to 84.12 mm in 

A. squamosa genotypes, indicating a great-
er variability than that observed in the 
evaluated progenies. The atemoya parent 
produces fruits with a diameter of 72 mm 
and a length of 82 mm, values within the 
commercial standard for atemoya (MOTA 
FILHO et al., 2013).

Two distinct groups were identified for the 
evaluated traits, showing significant differ-
ences in means among progenies (Table 2). 
The evaluated fruit diameter and length val-
ues are comparable to those reported for A. 
cherimola (82 and 96 mm, respectively) and 
exceed those for atemoya (diameter of 72 
mm) (MOTA FILHO et al., 2013; LEZAMA et 
al., 2015).

Pereira et al. (2003) reported fruit diame-
ters similar to those observed in this study, 
noting that sugar apple producers in north-
ern Minas Gerais command higher market 
prices for fruits with larger dimensions and 
greater uniformity.
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Table 2. Physicochemical characterization of fruits from 15 progenies derived from the cross be-
tween the atemoya cultivar ‘Gefner’ and a red-skinned sugar apple accession. Janaúba-MG, Brazil, 
2024.

Progeny FD (mm) FFW (g) SFW (g) SWF (g) NSF pH TSS (°Brix)
2 81.25 b 280.55 b 88.99 b 13.61 b 28.00 b 5.05 b 28.30 a
3 99.03 a 186.48 b 74.41 b 15.80 b 34.00 b 5.40 a 24.20 b
4 91.18 a 656.28 a 158.18 a 32.10 a 58.33 a 5.23 b 27.56 a
8 99.03 a 531.26 a 154.56 a 18.15 b 31.75 b 4.97 b 23.25 b

10 79.75 b 187.84 b 76.33 b 8.46 b 18.33 b 5.53 a 24.26 b
14 86.82 a 240.00 b 150.68 a 11.33 b 26.66 b 5.63 a 24.33 b
16 79.39 b 352.57 b 152.37 a 13.57 b 31.75 b 5.22 b 23.52 b
22 70.18 b 156.48 b 45.63 b 3.65 b 7.00 b 5.33 a 18.93 b
23 88.30 a 374.39 b 134.68 a 15.62 b 31.33 b 5.13 b 27.30 a
27 68.20 b 207.67 b 88.22 b 27.74 a 54.50 a 5.55 a 26.75 a
34 72.58 b 174.8 b 74.32 b 31.08 a 23.89 b 5.45 a 23.20 b
38 75.60 b 279.9 b 106.38 b 19.78 b 50.60 a 5.24 b 30.56 a
43 75.73 b 231.4 b 98.41 b 18.75 b 39.00 b 5.46 a 25.76 a
45 85.47 a 277.0 b 126.87 a 13.68 b 27.75 b 5.10 b 27.02 a
46 104.2 a 492.9 a 201.70 a 14.01 b 26.00 b 5.20 b 29.65 a

Means followed by different letters within the columns are significantly different from each other by the Scott-Knott 
test at a 5% significance level. FD = fruit diameter; FFW = fruit fresh weight; SFW = skin fresh weight; SWF = seed 
weight per fruit; NSF = number of seeds per fruit; pH = pulp pH; total soluble solids content (TSS).

The group with higher mean fruit fresh 
weights (492.9–656.28 g) included proge-
nies with fruits heavier than the average for 
sugar apple cultivars (300–400 g) and com-
parable to the atemoya cultivars ‘Gefner’ and 
‘Thompson’ (450–600 g) (Table 2). The group 
with lower mean fruit fresh weights (156.48–
374.39 g) included fruits with weights com-
parable to the ‘Red’ or ‘Purple’ sugar apple 
cultivars (136–398 g) (NIETSCHE et al., 2021). 
Mean fruit fresh weights also exceeded 
those of A. cherimola, which average 378.4 g 
(LEZAMA; MARTÍNEZ; HERNÁNDEZ, 2015).

The group with the highest mean num-
ber of seeds per fruit exhibited 50.6–58.33 
seeds, while the group with lower means 
exhibited 7–39 seeds (Table 2). The group 
with the lowest number of seeds per fruit 
had means below the average for the ‘Red’ 
sugar apple cultivar. Number of seeds in 
Annonaceae fruits typically varies among 
species. Sugar apple and atemoya cultivars 
generally have fewer seeds than cherimoya, 
though the ‘Red’ sugar apple cultivar can 
exceed 50 seeds per fruit (PEREIRA; BORÉM, 
2021). A. cherimola averages approximate-

ly 60 seeds per fruit (LEZAMA; MARTÍNEZ; 
HERNÁNDEZ, 2015), exceeding the number 
of seeds observed in the evaluated proge-
nies. Breeding studies have focused on re-
ducing the number of seeds without alter-
ing fruit dimensions, a key objective in im-
proving various fruit crops. This approach 
aims to enhance the consumption experi-
ence and improve fruit quality for food pro-
cessing (RODRIGUES et al., 2023).

Mean total soluble solids content of the 
progenies ranged from 18.93 to 30.56 °Brix. 
Sugar apple typically averages above 18 
°Brix, while the atemoya cultivar ‘Gefner’ ex-
hibits approximately 25 °Brix (PINTO et al., 
2005; PEREIRA; BORÉM, 2021). The soluble 
solids content of the progenies meets com-
mercial standards, indicating sweet fruits 
suitable for fresh consumption. Progenies 
with fruits exceeding 25 °Brix were identi-
fied, which is highly favorable for selecting 
new breeding material.

Mean fruit pulp pH values of the progenies 
ranged from 4.97 to 5.63 (Table 2). The pulp 
pH of A. squamosa averages approximately 
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5.23, similar to values observed in the eval-
uated progenies, indicating low variabili-
ty in this trait (Muniz et al., 2002). Pulp pH 
is positively correlated with soluble solids 
content, attributed to changes in organic 
acids within the fruits (ALVES; LIMA, 2021). 
Given that pulp pH was within the normal 
range for commercial fruits and total solu-
ble solids content was high, these results 
are promising for breeding efforts to devel-
op sweeter fruits.

According to Vencovsky and Barriga (1992), 

correlation studies provide valuable infor-
mation for breeders, enabling verification 
of whether the selection of one trait influ-
ences another. These studies quantify indi-
rect gains from selection in correlated traits 
and evaluate their complexity.

Positive and negative correlations were 
observed among physicochemical traits 
(Figure 4). Correlations are classified as per-
fect when the coefficient is 1; strong when 
≥0.8; moderate when ≥0.5; and weak when 
≥0.2 (ZOU et al., 2003).

FL = fruit length; FD = fruit diameter; FFW = fruit fresh weight; SFW = skin fresh weight; SWF = seed 
weight per fruit; NSF = number of seeds per fruit; pH = pulp pH; total soluble solids content (TSS).

Figure 4. Correlation coefficient matrix of physicochemical traits of fruits from 15 progenies de-
rived from the cross between the atemoya cultivar ‘Gefner’ and a red-skinned sugar apple acces-
sion. Janaúba-MG, Brazil, 2024.

Weak to moderate positive correlations 
were identified among most physicochem-
ical traits. Notable correlations included 
those between fruit fresh weight and fruit 
length, fruit diameter, number of seeds per 
fruit, skin fresh weight, and seed weight 
per fruit. These correlations suggest that 
larger fruit dimensions are associated 
with higher fruit fresh weight, skin fresh 
weight, seed weight, and number of seeds. 
Negative correlations were observed be-
tween pulp pH and fruit fresh weight and 
fruit diameter. These correlations sug-
gest that smaller and lighter fruits are as-
sociated with higher pulp pH. Fruit fresh 
weight is a critical trait for selecting new 
cultivars, as its correlations with other ag-

ronomic traits inform breeding decisions 
(NOGUEIRA et al., 2022).

Conclusion
Promising progenies for the breeding pro-
gram exhibit commercially viable traits char-
acteristic of atemoya. Positive correlations 
were observed among phenotypic traits of 
the progenies, including fruit weight with 
fruit length, fruit diameter, number of seeds, 
skin fresh weight, and seed weight. Negative 
correlations were observed between pulp 
pH and fruit fresh weight and fruit diameter.

No progenies exhibiting both atemoya 
traits and red-colored skin were identified 
or selected.
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