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Abstract: The aim of the present study was to identify grape parent varieties that 
lead to greater frequency of seedless genotypes in the progenies and to understand 
the relationships between the seedless trait and other fruit traits. A group of 200 
hybrids (F1) originating from 38 crosses among cultivars of Vitis vinifera L. and inter-
specific hybrids were evaluated in Juazeiro, Bahia, Brazil, over six consecutive crop 
seasons (2018 to 2021). The progenies were placed in three classes based on seed-
lessness: completely seedless (class 1), seed traces or soft seeds (class 2), and with 
seeds (class 3). The mean dry matter of the seeds in each class was 0 mg, 2.3 mg, 
and 25.7 mg respectively, which corresponded to 40 genotypes (20%) in class 1, 52 
genotypes (26%) in class 2, and 108 (54%) in class 3. The interspecific cross ‘BRS Isis’ 
and ‘Marroo Seedless’ stood out through favoring high frequency of seedless indi-
viduals in the progeny (47.5%). The traits associated with berry size (length, diame-
ter, and weight) had high positive correlations with each other. The results obtained 
make an important contribution for table grape breeding aiming at the develop-
ment of new table grape cultivars.

Index Terms: grapevine; plant breeding; seedless grapes.

Avaliação de progênies de uvas de mesa 
e correlações entre apirenia e outras 
características agronômicas
Resumo: O objetivo do presente trabalho foi identificar genitores que proporcio-
nem maior frequência de genótipos apirenos nas progênies, bem como compre-
ender as relações entre a característica apirenia e outras características do fruto. 
Foram avaliados 200 híbridos (F1) originados de 38 cruzamentos entre cultivares de 
Vitis vinífera L., e híbridos interespecíficos, em Juazeiro, Bahia, durante seis safras 
consecutivas (2018 a 2021). As progênies foram classificadas em três classes quanto 
à apirenia: completamente sem sementes (classe 1), presença de traço ou semen-
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Introduction
The renewal of vineyards and adoption of 
new cultivars developed by Embrapa and 
private plant breeding companies has been 
the main technological innovation responsi-
ble for the increase in yield and competitive-
ness of viticulture in the Vale do Submédio 
São Francisco in Brazil in the past decade. In 
2021, the Northeast region achieved a mean 
yield of 30.19 t/ha, an increase of 14.74% in 
relation to the previous year, showing prom-
inence among all the production regions in 
Brazil, with values 31.77% higher than the 
Brazilian mean value (IBGE, 2022).
In this scenario, strengthening public pro-
grams of grape plant breeding that lead to a 
supply of new grape cultivars with agronom-
ic traits and high and competitive quality in 
the domestic market and abroad is a strong 
demand of the production sector (Leão, 
2020).
Seedlessness, the absence of seeds, is consid-
ered one of the most important traits for ta-
ble grapes and for raisins (EBADI et al., 2009; 
MALABARBA et al., 2017). Nevertheless, the 
ideotype of the table grape cultivar should 
combine other traits, such as high yield, 
physical traits of the bunch and of the berry, 
and properties that express quality, such as 
soluble solids content (SS), titratable acidity 
(TA), SS/TA ratio, color, flavor, berry texture, 
and others (LEÃO, BORGES, 2009).
Seedless grapes may arise from two different 
biological processes, parthenocarpy and ste-
nospermocarpy (PRATT, 1971). In partheno-
carpy, the fruit forms as a result of develop-

ment of the ovary, though without fertiliza-
tion, that is, there is total absence of seeds, 
as is the case of the cultivar Black Corinth 
(MEJÍA et al., 2011; JAIN; PRIYADARSHAN, 
2009). In contrast, in stenospermocarpy, 
fertilization occurs and the seed begins to 
develop. However, there is abortion of the 
still immature embryo and/or absence or 
poor formation of the endosperm, giving 
rise to rudimentary seeds, as in the cultivar 
Sultanina (LEDBETTER; SHONNARD, 1991; 
JAIN and PRIYADARSHAN, 2009; MEJÍA et al., 
2011). The rudimentary size of the seed fur-
thermore depends on seasonal climate vari-
ations and seems to be affected by the age of 
the grapevine and rootstock (CHRISTENSEN 
et al. 1983).
The perception of the seed by the consum-
er is influenced by berry traits, such as size 
and consistency, and also by traits of the 
seed itself, such as size, degree of develop-
ment, sclerification of the seed coat, and de-
velopment of the endosperm (LEDBETTER; 
RAMMING, 1989). Thus, classification of 
a grapevine cultivar regarding the pres-
ence or absence of seeds is a sensory eval-
uation characterized by a certain degree of 
subjectivity.
Different methods have been used for clas-
sification of genotypes regarding the pres-
ence/absence of seeds, such as sensory 
analysis (SPIEGEL-ROY et al., 1990), chem-
ical methods (EBADI et al., 2009; MERIN et 
al., 1983; PERL et al., 1989), and physical 
methods (LEDBETTER; SHONNARD, 1991).). 
However, the grapevine descriptor method 
(IPGRI 1997) considers classes of separa-

tes macias (classe 2) e com sementes (classe 3). A massa fresca média das sementes, em 
cada classe, foi de 0mg, 2,3mg e 25,7mg, respectivamente, o que correspondeu a 40 genóti-
pos (20%) na classe 1, 52 genótipos (26%) na classe 2 e 108 (54%) na classe 3. O cruzamento 
interespecífico ‘BRS Isis’ e ‘Marroo Seedless’ destacou-se por favorecer elevada frequência 
de indivíduos sem sementes na progênie (47,5%). As características associadas ao tamanho 
de baga (comprimento, diâmetro e massa) apresentaram correlações positivas e elevadas 
entre si. Os resultados obtidos fornecem subsídios importantes para o planejamento de cru-
zamentos, avaliação das progênies e seleção de híbridos visando ao desenvolvimento de 
novas cultivares de uvas de mesa.

Termos para Indexação: Videira; melhoramento genético; uvas sem sementes.
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tion of seeds based on the dry matter of 100 
seeds: I – very low weight (≤ 10 mg.seed-1), 
II – low weight (21 to 29 mg.seed-1), III – me-
dium weight (36 to 44 mg.seed-1), IV – high 
weight (51 to 59 mg.seed-1), and V – very 
high weight (> 65 mg.seed-1). Classes I and II, 
that is, those of less than 29 mg, are consid-
ered seedless according to regulatory stan-
dard 243 of the OIV (1983).
Studies were also conducted to determine 
the frequency of seedlessness in the proge-
nies, heritability, and correlations between 
seedlessness and different quality traits as 
tools to increase efficiency in table grape 
breeding programs (WEI et al., 2002; EBADI, 
et al., 2009; VERMA et al., 2014).
The objective of the present study was to 
identify parent varieties that lead to greater 
frequency of seedless genotypes in the prog-
enies, and to understand the relationships 
between the seedless trait and other traits 
of the fruit, with the aim of making a contri-
bution for planning and advancing seedless 
table grape breeding projects.

Materials and Methods
Characterization of the experiment
The study was conducted over six consecu-
tive crop seasons in the period from 2018 to 
2021 in the Mandacaru Experimental Field 
belonging to Embrapa Semiárido in Juazeiro, 
Bahia, Brazil (9o24’ S, 40o26’ W, and 365.5 m 
altitude). Climate in the region is classified 
as Bswh according to Koeppen, which cor-
responds to hot semiarid, with mean annu-
al rainfall of 505 mm, mean annual relative 
humidity of 60.7%, and annual mean, max-
imum, and minimum temperatures of 26.7 
oC, 32.0 oC, and 20.8 oC, respectively (www.
cpatsa.embrapa.br/servicos/dadosmet/
cem-anual.html). The experimental vine-
yard consisted of a field of progenies where 
each genotype was represented by a single 
individual, therefore, an experimental design 
and replications were not used. The grape-
vines were grafted onto the rootstock IAC 
572, using the espalier trellis vine-training 
system at a plant spacing of 3 m × 1 m, with 

drip irrigation. Only minimal crop treatments 
were performed, which included prun-
ing, application of hydrogen cyanamide for 
breaking bud dormancy (5%), thinning, ty-
ing the shoots and branches, phytosanitary 
control, and application of nutrients through 
fertigation, as well as weed control.

Plant Material
A total of 38 progenies and 200 F1 individ-
uals were evaluated, obtained from crosses 
made among 30 cultivars of Vitis vinifera L. 
(53%) and interspecific hybrids (47%). Most 
(67%) of the parental lines used were seed-
less grape cultivars and/or hybrids. The prog-
enies ranged from one to sixty individuals.

Variables evaluated
The variables used were selected from de-
scriptors proposed by the International Plant 
Genetic Resources Institute (IPGRI, 1997): 
yield – Y (kg.plant-1), number of bunches – 
NB (bunches.plant-1), bunch length – BL and 
bunch width – BW (cm), bunch weight – BWt 
(g), berry length – BrL and berry diameter – 
BD (mm), berry weight – BrWt (g), seed dry 
matter – DM (mg.seed-1), total soluble solids 
content – SS (°Brix), titratable acidity – TA 
(g tartaric acid.100 mL-1), and SS/TA ratio 
(non-dimensional). Five bunches per plant 
composed the samples for the bunch traits, 
while the berry weight and size variables 
were determined in a sample composed of 
ten berries randomly removed from the five 
bunches evaluated in the previous step, or 
a total of fifty berries per plant. This same 
sample was used for extraction of the juice in 
which determinations were made of soluble 
solids content in a digital refractometer and 
titratable acidity by titration of a 5 mL sam-
ple of juice with 0.1 N NaOH (AOAC, 2010). 
One hundred seeds or seed traces were sep-
arated per plant and then dried in a labora-
tory oven, obtaining the seed dry matter.
The genotypes were placed in three classes 
regarding seedlessness: class 1 – impercep-
tible seed traces; class 2 – miniscule seed 
traces and/or small soft seeds; and class 3 – 
presence of seeds with sclerified seed coats.

http://www.cpatsa.embrapa.br/servicos/dadosmet/cem-anual.html
http://www.cpatsa.embrapa.br/servicos/dadosmet/cem-anual.html
http://www.cpatsa.embrapa.br/servicos/dadosmet/cem-anual.html
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Statistical analyses
The results were presented through mean 
descriptive statistics and standard deviation 
of all the quantitative variables evaluated 
according to the class of genotypes regard-
ing seedlessness. Pearson correlation coeffi-
cients were estimated using the GENES sta-
tistical software (CRUZ, 2016).

Results and Discussion
The progenies were distributed in three 
classes regarding seedlessness, observing 
the predominance of 54% of the genotypes 
in class 3 (with seeds), while 26% of the 
genotypes were classified in class 2 (minus-
cule seed traces and/or soft seeds) and 20% 
in class 1 (imperceptible seed traces), which 
is in agreement with the results obtained by 
Ebadi et al. (2009), who also found 51.2% of 
the genotypes with seeds in the progenies. 
This frequency of seedlessness in the prog-
enies resulting from crosses between two 
seedless parents is in agreement with the 
polygenic characteristic of seedlessness in 
the grapevine, expressed by the wide vari-
ation in phenotypes, such as number, size, 
and weight of seeds, observed in the proge-
nies. According to Li et al. (2017), seedless-
ness in the grapevine depends on the gene 
expression and interaction of the homeo-
box composed of 73 genes divided into 11 
phylogenetic families. Considering that the 
stenospermocarpic trait of the seed is de-
termined by the dominant gene SDI, Mejía 
et al. (2011) reported that VvAGL11 was 
the main gene for the absence of seeds in 
the cultivars of Vitis vinifera, and the seed 
abortion caused by a substitution of amino 
acids in VviAGL11 is the main cause of the 
absence of seeds in cultivated grapevines 

(ROYO et al., 2018). In addition, it is import-
ant to highlight that the expression of ste-
nospermy is affected by the environment 
(PONCE et al., 2000)
Three progenies, CPATSA 79, 28, and 49, were 
composed of 16, 24, and 60 individuals, re-
spectively, and were analyzed regarding the 
phenotypic distribution of classes of seed-
lessness (Table 1), highlighting the progeny 
CPATSA 79 (‘BRS Isis’ × ‘Marroo Seedless’), 
with 56.25% of the genotypes with imper-
ceptible seed traces or seedlessness.
According to Zhu et al. (2020), the absence 
of seeds is an inheritable trait and, there-
fore, stenospermocarpic parents are wide-
ly used in classic breeding of elite cultivars 
because they may transmit this trait to their 
progeny. Generating seedless grapes is tra-
ditionally based on “seedless × seeded” hy-
bridization, which consists of crossing ste-
nospermocarpic females with male parents 
with desirable traits (LAHOGUE et al., 1998; 
THIS et al., 2000). Nevertheless, the hybrid-
ization of two stenospermocarpic parents 
is considered more efficient than the seed-
less × seeded crosses, because it gives rise 
to a larger number of seedless progenies 
(RAMMING, 1990).
Therefore, use of the cultivar BRS Ísis, de-
veloped by Embrapa (RITSCHEL et al., 2013), 
is suggested as a female parent to increase 
the frequency of seedless individuals in the 
progeny. This cultivar also has long bunch-
es and good adherence of the flower buds 
to the pedicel, facilitating emasculation and 
pollination and, consequently, increasing 
fruit set and efficiency in the crosses.
The mean dry matter observed in the differ-
ent classes for each one of the progenies is 
shown in Table 1.

Table 1 – Phenotypic frequencies of classes of seedlessness and mean seed dry matter (DM) in 
three progenies of crosses between seedless grape parents.

Progeny Cross Class 1 (%) DM (g) Class 2 (%) DM (g) Class 3 (%) DM (g)
79 BRS Isis × Marroo 56.25 0.0 18.75 6.27 25.0 31.22
49 Jupiter × Marroo 16.3 0.0 41.66 3.68 42.04 29.73
28 A 1581 × Marroo 4.17 3.32 4.17 5.75 91.66 29.16
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Based on the grapevine descriptors (IPGRI, 
1997) whose method considers the dry mat-
ter of 100 seeds, 75% of the individuals of 
the progeny CPATSA 79 were observed to be 
seedless (0.0 g) or showed very low weight (≤ 
10 mg.seed-1); while 25% were classified with 
low weight (21 to 29 mg.seed-1) to medium 
weight (36 to 44 mg.seed-1). In progeny 49, 
57.96% of the genotypes were seedless or 
with seeds of very low weight, while 42.04% 
had seeds with low and medium weight. 
CPATSA 28, which had the selection Arkansas 
1581 (A1581) as female parent, resulted in 
low recovery of seedless individuals in the 
progeny: only 8.34% were seedless or with 
seeds of very low weight, whereas 91.66% 
were classified with low to medium weight. 
Therefore although it has agronomic traits of 
interest, the use of genotype ‘A1581’ as a fe-
male parent is not recommended because it 
does not favor an increase in the frequency 
of seedless grape genotypes in the progeny. 

The results obtained by visual observation 
of the seeds in this study differ from the de-
scriptors of the OIV (1983), which considers 
seedless grapes as all those with 100-seed 
dry matter of less than 29 mg. Visual obser-
vation along with sensory perception of the 
presence of the seed in grape berries should 
be considered by grape breeders for evalu-
ation of seedlessness in grapes, since these 
are the main forms of classification of grape 
types adopted by consumers. Therefore, 
other methods of classification of seedless-
ness in the grapevine should show good cor-
relation with this visual observation.
The mean values of the yield components and 
physical and physical-chemical traits of the 
grapes varied considerably among the three 
classes of seedlessness (Table 2), with a ten-
dency of higher mean values of the yield com-
ponents and traits associated with bunch and 
berry size in class 3 (seeded grapes).

Table 2 – Mean values and standard deviation for components of yield and of quality of table grape 
progenies in accordance with the class of seedlessness.

Variables
Classes of seedlessness

Class 1 Class 2 Class 3
Yield (Kg.plant-1) 1.42 ± 1.17 1.36 ± 0.72 2.29 ± 1.28
Number of bunches 11.77 ± 5.98 12.33 ± 5.88 13.01 ± 5.89
Bunch weight (g) 142.57± 60.79 151.01 ± 61.54 219.93 ± 86.27
Bunch length (cm) 12.88 ± 2.69 12.45 ± 2.26 13.82 ± 2.32
Bunch width (cm) 7.43 ± 1.40 7.37 ± 1.46 8.22 ± 1.53
Berry weight (g) 16.31 ± 2.15 2.13 ± 0.56 3.27 ± 0.92
Berry length (mm) 14.19 ± 1.57 16.68 ± 1.78 19.14 ± 2.28
Berry diameter (mm) 1.99 ± 0.61 14.67 ± 1.39 16.74 ± 1.63
Total Soluble Solids (°Brix) 16.28 ± 1.40 16.79 ± 1.81 16.59 ± 1.60
Titratable acidity (g.100mL-1) 0.54 ± 0.13 0.49 ± 0.12 0.49 ± 0.11
SS/TA ratio 34.71 ± 10.92 38.06 ± 10.39 38.09 ± 10.82

The results obtained in this study differ from 
those reported by Verma et al. (2014), who 
found bunches of greater size (weight and 
length) in the group of seedless grapes. Berry 
size (weight, length, and diameter), exhibit-
ed growth in accordance with the presence 
and weight of seeds in the berry, and this is in 
agreement with other authors (BARBAGALLO 
et al., 2011; VERMA et al., 2014).
The values for soluble solids content were 
near each other in the three classes, name-

ly, 16.28 °Brix, 16.79 °Brix, and 16.59 °Brix 
in classes 1, 2, and 3 respectively, but higher 
values of titratable acidity were recorded in 
the seedless grape progenies (class 1). The 
results obtained for soluble solids content are 
in agreement with those mentioned by Wei 
et al. (2002), who did not find differences be-
tween two grape progenies seedless and with 
seeds, but differ from Verma et al. (2014), 
where higher values for soluble solids were 
associated with seedless grape genotypes.
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The differences found by different authors 
can be explained by the genotypes used in 
each study or by the genealogy of the proge-
nies and cultivars studied.
Significant correlations (p < 0.05 and p < 0.01) 
were observed between the different traits 
studied (Table 3). Positive correlations were 
obtained between yield weight per plant and 
the other yield components; however, great-
er correlation was recorded between yield 
and bunch weight (r = 0.71), bunch length 
and weight (r = 0.77), and bunch length and 
width (r = 0.71). The highest values of cor-
relation were found between the variables 
related to berry size, such as berry weight 
and berry length (r = 0,89), berry weight and 
berry diameter (r = 0.92), and berry length 

and berry diameter (r = 0.87), which is in 
agreement with results obtained by other 
authors (WEI et al., 2002; EBADI et al., 2009; 
VERMA et al., 2014; NIKOLIĆ et al., 2018). The 
soluble solids content, titratable acidity, and 
ratio (SS/TA) had negative correlations with 
most of the variables; however, they were 
not significant or were of low magnitude, 
which indicates that the selection of superior 
individuals in relation to the production com-
ponents will not have negative impacts in re-
duction of soluble solids content and acidity 
of the grapes. Negative and low correlations 
between components of yield and of quality 
were also observed in other studies (WEI et 
al., 2002; EBADI et al., 2009; VERMA et al., 
2014; NIKOLIĆ et al., 2018).

Table 3. Pearson linear correlation among the following traits: yield (Y), number of bunches (NB), 
bunch length (BL), bunch width (BW), bunch weight (BWt), berry length (BrL), berry diameter (BD), 
berry weight (BrWt), soluble solids content (SS), titratable acidity (TA), ratio (SS/TA), and seed dry 
matter (DM) from 200 hybrid genotypes of Vitis spp.

 Y NB BL BW BWt BrL BD BrWt SS TA SS/TA DM

Y - 0.51** 0.61** 0.51** 0.71** 0.36** 0.35** 0.43** -0.04ns -0.05ns 0.06ns 0.33**
NB 0.14** -0.06ns 0.06ns 0.02ns -0.04ns 0.03ns -0.08** -0.15* 0.15ns 0.04ns

BL 0.71** 0.77** 0.32** 0.33** 0.38** -0.05ns 0.07ns -0.09ns 0.21**
BW 0.74** 0.40** 0.44** 0.45** -0.08ns 0.02ns -0.03ns 0.24**
BWt 0.50** 0.54** 0.58** -0.09ns -0.03ns -0.02ns 0.36**
BrL 0.87** 0.89** 0.04ns -0.15* 0.12ns 0.52**
BD 0.92** -0.009ns -0.08ns 0.04ns 0.57**

BrWt -0.03ns -0.06ns 0.03ns 0.58**
SS 0.26** 0.56** -0.04ns

TA -0.85** 0.03ns

SS/TA 0.0001ns

DM -
nsnon-significant; **p < 0.01; *p < 0.05.

Yield per plant and seed dry matter had pos-
itive correlation, though of low magnitude 
(r = 0.33). However, significant positive cor-
relations were found between seed weight 
and berry weight (r = 0.58), berry length (r 
= 0.52), and berry diameter (r = 0.57), which 
explains the result shown in Table 2, where 
greater weight, length, and diameter of 
the berry were observed in class 3 (seeded 
grapes). Verma et al. (2014) and Wei et al. 
(2002) also found positive correlations be-
tween seed dry matter and berry weight, 
length, and diameter.

Estimates of genetic correlation between 
traits are important because they allow the 
breeder to evaluate the selective response 
and obtain indirect gains in other variables. 
That way, some polygenic traits strongly af-
fected by the environment can be selected 
indirectly from other variables that are more 
easily measured.

Conclusion
Cultivar ‘BRS Isis’ used as a female parent 
favors a high frequency of seedless grape 
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showed high positive correlation with traits 
associated with berry size (length, diameter, 
and weight).
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