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Grapes are one of the most preferred berries with high nutritional value, delicious and refreshing. 
In table grapes, taste and aroma and berry size are among the primary reasons for preference. It is 
known that the seeds in grapes have important effects especially on berry size. In our study, the 
effects of the number of seeds in Red Globe grape variety berries on seed berry characteristics and 
quality parameters were examined. It was determined that the majority of the berries in the bunches 
of Red Globe (83.44%) had 2, 3 and 4 seeds. It was determined that the number of seeds in the 
berries had important effects on seed characteristics. The length, width and weight of the seeds 
obtained from the berries with three seeds were lower than the others. Parallel to the increase in the 
number of seeds in the berries, increases in berry weight, length and width occurred. In addition, 
the increase in the number of seeds increased berry detachment and skin rupture force. While the 
increase in the number of seeds improved berry properties, it decreased SSC and increased TA in 
berries with more than three seeds. In terms of color parameters, chroma and hue values showed 
significant differences in berries with different numbers of seeds. As a result of the study, it is 
thought that the formation of three seeds in berries for the Red Globe grape variety is at a more 
desired level for quality and seed properties compared to other seed numbers. In the light of the 
results we obtained, it was concluded that determining the seed numbers of the varieties is important 
in order to determine their effects on berry characteristics and quality parameters in other table seed 
grape varieties. 
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Introduction 

Grapes, one of the most preferred fruit species in the 
world, are both economically important and delicious and 
refreshing. The perennial fruit crop grape is a model plant 
that allows to understand and study fruit development 
events (This et al., 2006). Seeds found inside fruits play 
important roles in the growth, ripening and quality of the 
fruit (Doi et al., 2018). Grapes, which have a 300-fold 
increase in volume, serve to hold the pericarp with their 
fruit peels during the growth process (Coombe & 
McCarthy, 2000). Environmental factors such as irrigation, 
pruning, canopy management, row orientation, etc. can 
affect berry size and change the ratios of skin, flesh and 
seed in the grape berry (Barbagallo et al., 2011). 

Berry size and seedlessness are the most important 
parameters for breeding programs. These characteristics 
are also the reasons for preference in table grapes (Cabezas 
et al., 2006). The increase in the number of seeds in grapes 
berry, positively affects the berry size and provides volume 
increase. (Coombe, 1972). This increase in the size of the 

berry is due to the seeds producing gibberellins that 
promote berry size until the final stage of berry 
development (Coombe, 1960; Pérez et al., 2000). 
Arabidopsis gibberellic acid-derived (GASA) genes, 
which play important roles in flowering and seed 
development, promote plant growth and development 
(Ahmad et al., 2020). VvYABBY4 and VvHB58 genes, 
which play important roles in grapevine berry and seed 
development, have been discovered by scientists in recent 
years (Li et al., 2019; Zhang et al., 2019). These processes 
are also regulated by GASA genes. (Ahmad et al., 2020).  

More berry and berry size, improvements in flavor and 
nutritional quality, and partially seedless by reducing the 
number and size of seeds are the development targets 
(Costenaro-da-Silva et al., 2010). In the present study, the 
effects of seed number on seed, berry characteristics and 
quality in Red Globe grape variety were investigated. At 
the end of the study, it is aimed to determine the ideal seed 
number for the current variety and to lead future studies. 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
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Materials and Methods 
 
Red Globe variety has 13-year-old vines and grafted onto 

1103 Paulsen rootstock was used in the study. The study 
vineyard located in Konya province (38°02'15.0"N 
32°30'55.7"E, 1125 altitude) and the planting distance was 2 m 
x 3 m. The research, which was established according to the 
randomized block design, was carried out with 3 replications 
and 30 clusters in each replication. There was an average of 
69.76±4.19 grains per cluster. These clusters were harvested in 
3 replicates and from 10 vines in each replicate. The number of 
seeds in each cluster was counted and then quality 
characteristics of seeds and berries were determined according 
to the number of seeds in the berry. 

In the study, the number of seeds per berry was determined 
as a percentage. Seed length (mm), width (mm) and thickness 
(mm) were determined using calipers, and se seed wet and dry 
weight (mg) were determined using a precision scale. Seed 
vitality rate was determined as a percentage by the water 
floating method (Kara et al., 2020). Berry weight (g) was 
determined using a scale, and length (mm) and width (mm) 
were determined using calipers. In addition, Total solid soluble 
(TSS%), pH, titratable acidity (TA), berry detachment force and 
skin rupture force values, as well as lightness, chroma and hue 
from color parameters were examined (Kara et al., 2022). 

The study was designed as completely randomized blocks, 
effects of seed number were compared in SPSS 17.0 statistical 
program Duncan multiple comparison test at p< 0.05 
significance level (Kara & Doğan, 2023; Kara et al., 2023). 
 
Results 

 
Effects of Seed Number on Berry Number in Cluster 
The effect of the number of seeds in berries on the number 

of berries in the cluster in the Red Globe grape variety was 
found to be statistically significant (Figure 1). The number of 
berries with 0, 1, 2, 3, 4 and 5 seeds in the clusters was 
determined as 5.14±1.70%, 7.42±0.92%, 21.71±0.57%, 
37.72±1.86%, 24.01±1.76% and 3.99±0.95%, respectively 

The highest number of berries in the clusters was 
determined in those with 3 seeds, while the lowest number 
of berries was determined in those with 5 seeds. Most 
berries in the clusters in the Red Globe grape variety 
(83.44%) were determined to have 2, 3 and 4 seeds. 
 
 

 
Figure 1. Effect of seed number on berry number in Red 

Globe grape cultivar 
 
 

Seed Attributes 
In Red Globe grape variety, the effects of the number 

of seeds in the berries on seed length, width and thickness 
were found to be significant (Figure 2). The lengths of the 
seeds in the berries with 1, 2, 3, 4 and 5 seeds were 
8.72±0.20, 8.51±0.15, 8.48±0.14, 9.16±0.16 and 8.86±0.19 
mm, respectively. The longest seeds were obtained from 
the berries with 4 seeds, while the shortest seeds were 
determined in the seeds obtained from the berries with 3 
seeds. The effects of the number of seeds on seed width 
were 4.86±0.14, 4.59±0.13, 4.45±0.08, 4.79±0.20 and 
4.71±0.11 mm for 1, 2, 3, 4 and 5 seeds, respectively. The 
widest seeds were determined from seeds obtained from 
berries with 1 seed, while the narrowest seeds were 
determined from those with 3 seeds. The effects of seed 
number on seed thickness were 3.22±0.12, 3.48±0.10, 
3.40±0.08, 3.33±0.09 and 3.63±0.08 mm for 1, 2, 3, 4 and 
5 seeds, respectively. The thickest seeds were recorded 
from seeds obtained from berries with 5 seeds, while the 
thinnest seeds were determined from seeds obtained from 
berries with 1 seed. 

As a result of our study, the effects of the number of 
seeds in the berries on the seed wet weight, seed dry weight 
and vitality rate are significant (Figure 2). The wet weights 
of the seeds obtained from 1, 2, 3, 4 and 5 seeded berries 
were determined as 52.81±1.83, 52.59±0.85, 50.02±1.81, 
56.99±1.36 and 58.61±1.62 mg, respectively. The heaviest 
seeds were obtained from berries with 5 seeds, while the 
lightest seeds were obtained from berries with 3 seeds. 
Again, the dry weights of the seeds obtained from 1, 2, 3, 
4 and 5 seeded berries were 33.13±1.46, 32.99±0.35, 
31.51±1.10, 36.20±1.48 and 37.09±0.92 mg, respectively. 
Similar to seed fresh weight, the heaviest seeds were 
obtained from 5-seeded berries, and the lightest seeds were 
obtained from 3-seeded berries. The seed viability rates 
were determined as 66.67±3.06%, 78.33±2.52%, 
71.67±2.89%, 86.67±2.08% and 80.00±2.65% for seeds 
obtained from 1, 2, 3, 4 and 5-seeded berries, respectively. 
The highest viability rate was obtained from berries with 4 
seeds, while the lowest viability rate was obtained from 
berries with 1 seed. 

 
Berry Attributes 
The number of seeds in Red Globe grape variety berries 

has significant effects on berry length, width and weight 
(Figure 3). The lengths of berries with 0, 1, 2, 3, 4 and 5 
seeds were determined as 22.07±0.46, 25.45±0.40, 
26.57±0.33, 28.32±0.61, 30.91±0.52 and 32.46±0.43 mm, 
respectively. The longest berries were found in those with 
5 seeds, while the shortest berries were found in those 
without seeds. The effects of seed number on berry width 
are 18.95±0.43, 22.62±0.20, 23.12±0.07, 25.89±0.47 
27.40±0.31 and 30.58±0.23 mm for 0, 1, 2, 3, 4 and 5 seeds, 
respectively. The widest berries were determined in berries 
with 5 seeds, while the narrowest berries were determined 
in those with no seeds. 

The effects of seed number on berry weight are 
5.42±0.42, 8.40±0.26, 8.90±0.17, 12.39±0.39, 14.81±0.29 
and 17.78±0.50 grams for 0, 1, 2, 3, 4 and 5 seeds, 
respectively. 
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Figure 2. Effect of seed number per berry on seed length, width, thickness, seed wet weight, seed dry weight and 

vitality rate in Red Globe grape cultivar 
 
 
 

  
Figure 3. Effects of seed number on berry length, berry width, berry weight, berry detachment and skin rupture force 

 
 
 

  
Figure 4. Effects of seed number on SSC, pH, TA, lightness, chroma and hue 

 
 
The highest berry weight was determined in berries 

with 5 seeds, while the lowest berry weight was determined 
in berries without seeds. The increase in the number of 
seeds positively affected berry length, width and weight.  

When the effects of seed number on berry detachment 
and skin rupture force were examined, the results were 
statistically significant (Figure 3). The effects of seed 
number on berry detachment force were 4.96±0.36, 
7.10±0.22, 7.15±0.06, 8.99±0.14, 11.03±0.52 and 
12.04±0.16 Newtons for 0, 1, 2, 3, 4 and 5 seeds, 
respectively. The highest berry detachment force was 
determined in berries with 5 seeds, while the lowest berry 
detachment force was determined in berries with no seeds. 
The effects of the number of seeds on the skin rupture force 
are 1.91±0.21, 2.92±0.12, 3.01±0.21, 3.13±0.18, 

3.70±0.26 and 3.63±0.30 Newtons for 0, 1, 2, 3, 4 and 5 
seeds, respectively. The highest skin rupture force was 
determined in berries with 4 seeds, while the lowest skin 
rupture force was determined in berries without seeds. 
While the berry detachment force increased in parallel with 
the increase in seeds, a partial decrease in the skin rupture 
force was determined after 4 seeds. 

 
Quality and Color Attributes 
When the effects of seed number on TSS, pH and TA 

values were examined, the results were statistically 
significant (Figure 4). The effects of seed number on TSS 
values were 18.07±0.38, 20.57±0.32, 20.83±0.32, 
22.03±0.57, 21.43±0.21 and 17.03±0.32 for 0, 1, 2, 3, 4 and 
5 seeds, respectively. The highest TSS ratio was found in 



Doğan / Turkish Journal of Agriculture - Food Science and Technology, 13(8): 2091-2096, 2025 

2094 
 

those with 3 seeds, while the lowest was found in those 
with 5 seeds. The effects of seed number on pH values for 
0, 1, 2, 3, 4 and 5 seeds are 3.85±0.10, 3.96±0.14, 
3.89±0.07, 3.84±0.13, 3.93±0.16 and 3.80±0.07, 
respectively. The highest pH value was determined in 
berries with one seed, while the lowest pH was determined 
in those with 5 seeds. The effects of seed number on TA 
values for 0, 1, 2, 3, 4 and 5 seeds are determined as 
1.00±0.02, 0.96±0.01, 0.93±0.01, 0.86±0.02, 0.89±0.01 
and 1.02±0.02, respectively. The highest acidity was 
determined in berries with 5 seeds, while the lowest acidity 
was determined in berries with 3 seeds.  

When the effects of seed number on berry lightness, 
chroma and hue values were examined, the results were 
insignificant for lightness, but significant for chroma and 
hue values (Figure 4). The effects of seed number on berry 
lightness values were 34.57±0.89, 35.99±0.82, 
33.97±0.72, 34.42±1.24, 35.12±1.64 and 35.23±0.38 for 0, 
1, 2, 3, 4 and 5 seeds, respectively. The highest lightness 
value was determined in berries with 1 seed, while the 
lowest value was determined in berries with 2 seeds. The 
effects of seed number on berry chroma value are 
6.83±0.38, 10.82±0.83, 11.11±0.75, 9.53±3.02, 9.86±0.82 
and 12.47±2.34 for 0, 1, 2, 3, 4 and 5 seeds, respectively. 
The highest chroma value was in berries with 5 seeds, 
while the lowest value was in berries without seeds. The 
effects of seed number on berry hue value are 14.41±0.48, 
11.75±0.56, 14.09±0.37, 13.87±0.84, 16.67±0.38 and 
11.93±0.69 for 0, 1, 2, 3, 4 and 5 seeds, respectively. The 
highest hue value was in berries with 4 seeds, while the 
lowest c value was in berries with 1 seed. 

 
Discussion 

 
Seeds contained within fruits play important roles in the 

growth, ripening, and quality of the fruit (Doi et al., 2018). 
Seeds and fruits are the main yield components in most 
crops. Therefore, their development has been extensively 
studied for decades (Ruan et al., 2012). Traits such as 
flower formation, fruit and seed development, and seed 
germination are affected by GAs. (Schwechheimer & 
Willige, 2009). The number of seeds per berry is also 
affected by ripening time.(Lang & Danka, 1991). In the 
study, it was determined that most of the berries in the 
clusters (83.44%) were 2, 3 and 4 seeded, while the least 
berries were in 5 seeded berries. In addition, the Red Globe 
grape variety used in the study was formed because of free 
pollination of the clusters. A study reported that the highest 
seed retention rate was obtained because of free pollination 
(Sabir, 2015). 

Red Globe and Thompson Seedless reported that 
several genes (VvGASA2 and 7) showed different 
expression levels in grapes during the later stages of seed 
development (Ahmad et al., 2020). The number of carpels 
varies among cultivars, with two or three carpels per ovary 
(Houel et al., 2013). Hormones such as IAA, GA3, ABA, 
and ZR affect seed development and differ in seeded 
varieties (Wang et al., 2016). Grape seeds are known to 
reach maximum length when the fruit softens (Hardie & 
Aggenbach, 1996; Staudt et al., 1986), but they continue to 
develop until the berry reaches its maximum weight (Ristic 
& Iland, 2005). Seed and berry development are 
interrelated in the early post-flowering period (Ebadi et al., 

1996). Ojeda et al. (2015) suggested that seed growth 
promotes mitosis occurring in cells. Although seed length, 
width and thickness were significantly affected by the 
number of seeds, each parameter was more affected by the 
different number of seeds. The longest seeds were 
determined in berries with 4 seeds, the widest seeds were 
determined in berries with 1 seed and the thickest seeds 
were determined in berries with 5 seeds. Seed fresh and dry 
weight was the highest in 4 and 5 seeded berries. Seed 
viability was the lowest in 1 seeded berry and the highest 
in seeds obtained from 4 seeded berries. Sabir (2015) 
reported in a study that increasing the number of seeds in a 
berry decreased seed viability.  

Multiplying the number of cells by the average cell size 
gives the final organ size of a plant (Rapoport et al., 2002). 
Cell expansion also plays a role in the increase in the 
volume of the fleshy berry. (Cong et al., 2002). Pre- and 
post-antes cell division and post-antes cell expansion 
(Houel et al., 2013) may play a role in berry weight 
variability. The seed effect on berry size is thought to be 
mainly related to the supply of growth regulators (Coombe, 
1972). Dauelsberg et al. (2011) found that genes involved 
in the synthesis of auxins, cytokinins and gibberellins are 
up regulated in grapevine ovaries shortly after fertilization. 
The positive relationship between seed and berry in 
grapevines (Coombe, 1972), turns into a negative 
relationship in the case of seedlessness (Fanizza et al., 
2005). This correlation is probably due to the fact that 
gibberellins produced by seeds are required to support 
berry growth in the late stages of berry development (Perez 
et al. 2000). Auxin increases rapidly during the fruit set 
stage with cell division and elongation induced by 
gibberellin and cytokinin (Costenaro-da-Silva et al., 2010). 
Also, seed growth, which is assumed to have positive 
effects on cell mitosis, may increase fruit flesh 
development (Ojeda et al., 2015). Dai et al. (2009) berry 
growth is especially affected by seed in the early growth 
phase when cell division occurs. In addition to all this 
information, berry size is considered the main feature 
determining harvest quality in grapes (Champagnol, 1998). 
As a result of our study, the increase in seed number was 
positively correlated with the increase in weight, length 
and diameter of the berry. Many studies similar to our 
study confirm our data (Coombe, 1960; Houel et al., 2013; 
Sabir, 2015; Walker et al., 2005). In addition, berry mass 
value increases with the increase in seed number showed a 
positive relationship (Roby & Matthews, 2004). Increase 
in seed weight promotes per unit berry weight at each stage 
(Petrie et al., 2000). In our study While the berry 
detachment force increased in parallel with the increase in 
seeds, a partial decrease in the skin rupture force was 
determined after 4 seeds. Due to the very rapid volume 
expansion of grape berries, they must resist strong 
mechanical stress to prevent surface cracking (Khanal & 
Knoche, 2017).  

The reason for the differences in flavor and aroma 
between grape varieties is the presence or absence of 
certain compounds. These differences determine the flavor 
and aroma profile of the grape (D'Onofrio et al., 2017). In 
our study, the amount of TSS increased with the increase 
in the number of seeds but started to decrease after the 3rd 
seed. The highest sugar content was determined in berries 
with 3 seeds. When the number of cells is high, competition 
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for carbon resources between cells can be high (Jullien et 
al., 2001; Lescourret & Génard, 2003; Quilot & Génard, 
2008) and as a result, can lead to low sugar concentration. 

The concentration ratio between potassium and free 
organic acids increases during ripening and affects the 
acidity of grapes (Dai et al., 2011). Malate synthesis in 
grape berries increases during the pre-ripening period. This 
reaches the highest levels before ripening, but decreases in 
the second half of the growing season (Sweetman et al., 
2009). In our study, the increase in the number of seeds 
first decreased TA and then increased it after the 3rd seed. 
In this respect, the acidity was negatively correlated with 
SSC. For table grapes, berry color, which is market 
acceptance, is controlled by a class of flavonoids called 
anthocyanins (Van Leeuwen et al., 2013). It is also known 
that the signal that triggers fruit ripening is ABA, and a 
strong increase in ABA content has been recorded at the 
end of the berry color change period and in the first stages 
of ripening (Giribaldi et al., 2010; Lacampagne et al., 2010; 
Wheeler et al., 2009). Change in rind color is generally 
accepted as a veraison sign indicating the beginning of 
ripening, the end of the lag phase and the beginning of 
renewed berry growth (Coombe, 1992). As the number of 
seeds in the berry increases, the berry weight also 
increases, causing changes in hue and color intensity 
values (Walker et al., 2005). In our study, the number of 
seeds caused significant changes in the chroma and hue 
values of the berry. Dai et al. (2009) reported that it affects 
the color change of the seed. 

 
Conclusion 

 
In our study, we examined the effect of the number of 

seeds in the berry on the seed, berry and quality parameters. 
The fact that similar studies have not been conducted 
sufficiently increases the importance of our study. When 
the effects of the number of seeds in berry on seed 
characteristics were examined at the end of the study, the 
length, width and weight parameters of the seeds in the 
berry with 3 seeds remained lower than the other. The 
effects of the number of seeds on the berry weight, length 
and width increased as the number of seeds increased. The 
increase in the number of seeds also caused increases in the 
berry size. When the quality parameters were examined, 
the highest TSS and the lowest TA values were determined 
in the berry with 3 seeds. The increase in seeds increased 
the berry weight, width, length and TA while decreasing 
the TSS. The increase in the number of seeds in the berry 
also increased the berry detachment and skin rupture force, 
which are important quality parameters for table grapes. 
When color parameters were examined, there were no 
significant differences in lightness value, while chroma 
and hue values were affected by the number of seeds in the 
berry. Considering our results, it is thought that the berries 
with 3 seeds for the Red Globe grape variety reached the 
desired level for berry characteristics and quality 
parameters. 
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