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Abstract. Seedlessness in Vitis vinifera is one of the most extensively studied topics. It is well known 

that GA3 treatment is among the most widely used plant growth regulators for improving fruit quality and 

it can also induce seedlessness in grape berries. Here, we tested an effect of GA3 application on the 

induction of seedless grape berries and along with on the morphological traits of grape berry. GA3 

application increased berry length of Qora Kishmish significantly at GA3 300 mg/L dose to 26% and 

berry weight to 36% compared to control. Seeded variety Rizamat the cluster and berry weight decreased 

approximately 10% and 7% at a concentration of 100 mg L-1 and the highest reduction at 300 mg L-1 45% 

and 25% compared to the control, respectively. We found that GA3 application at 300 mg L-1 dose 

inhibited seed development and induced seedlessness by both Qora Kkishmish and seeded Rizamat and 

Toyfi cultivars. The application of 100 mg/L-1 and 200 mg/L-1 GA3 completely inhibited embryo 

formation in the rudiments and significantly reduced growth rate in in vitro condition (11%). Embryo 

germination in artificial medium decreased up to 9.1%-6.2% at 100 mg/L-1 and 200 mg/L-1 GA3 by the 

“Toyfi” cultivar and 4.5%-4.1% at 100 mg/L-1 and 200 mg/L-1 GA3 by the “Rizamat” cultivar. 
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1. Introduction 

 

Grape (V. vinifera L.) cultivar is one of the widely cultivated and economically 

important crop across the globe (Ramming et al., 2000). The consolidated statistical 

data of the International Organization of Vine and Wine estimated that in 2023, the 

global grape (V. vinifera L.) area totaled 7 141 570 hectares and total production was 

67,3 M. Table grapes accounted for almost 48% (31.9 M), wine grapes for 47,4% (30,8 

M) and raisin grapes for 6,9% (4,6 M) of the total global production of 67,3 M 

(www.oiv.int). The seedlessness trait in table grape is one of the most appreciated 

characteristics among consumer and also breeders (Karaagac et al., 2012).  

Seedlessness in the genus Vitis occurs naturally through two mechanisms 

parthenocarpy, in which seedless fruit develops without fertilization and 

stenospermocarpy, in which pollination and fertilization, occur but the embryo aborts at 

an early developmental stage (Stout, 1936; Abdullaev et al., 2025; Pratt, 1971). It has 
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been reported that the application of gibberellic acid (GA3) also can induce seedlessness 

in several fruit crops (Koura et al., 2001).  

In additon, a wide spectrum of physiological effects of GA3 has been reported in 

different crops, including grape (Vitis vinifera L.) cultivar (Bar & Ori, 2015; Bermejo et 

al., 2016; Cheng et al., 2013; Cheng et al., 2021; Davière & Achard, 2013; Abdullaev et 

al., 2024, Ubaydullaeva et al., 2023). The growth rate of seeds was tightly regulated by 

the supply of growth regulators (Coombe & Hale, 1973). The treatment of GA3 has been 

demonstrated to induce hormonal imbalance, damage cellular integrity, seed abortion in 

seeded ‘Kyoho’, ‘Red Globe’ and seedless ‘Thompson Seedless’ grape cultivars (Cheng 

et al., 2013). The berry size increasing rate of seedless ‘Emperatriz’ cultivar dependent 

on the treatment time and concentration of the GA3 application (Casanova et al., 2009). 

In the ‘Superior Seedless’ grape cultivar the cluster and berry weight, the number of 

berries per cluster, cluster and berry length, berry width effected significantly at 40 

mg/L-1 (twice, at the pre and post bloom stages) and 80 mg/L-1 of GA3 compared to the 

control 0 mg/L-1 GA3 (Abu-Zahra 2013). Pre-bloom application of GA3 at 5, 7.5 and 10 

ppm concentrations to standardize for rachis size of Crimson Seedless grape 

demonstrated the formation of the compact clusters with the highest bunch and berry 

weight, length and total soluble solids, whereas higher concentrations of GA3 at 7.5 

ppm and 10 ppm coiled rachis and overly loose clusters compared to the control 

(Satisha et al., 2021). Interestingly, application of GA3 aborted seeds and inhibited 

pollen tube growth (Cheng et al., 2013), while moderate concentrations of GA3 at 50-

100 mg·L-1 elongated grape clusters but did not reduce seed number (Gao et al., 2020). 

In contrast, GA3 concentration at 100 mg·L-1 decreased seed number and altered fruit set 

and seedlessness in the berry (Baneh et al., 2017).  

However, the effect of GA3 treatment on Central Asian grape cultivars on the 

morphological parameters (grape cluster, berry weight, seed number) and on the embryo 

germination has not been completely elucidated. Hence, we observed the effect of GA3 

treatment on the seedless and seeded grape cultivars morphology, inducing seedlessness 

and embryo germination rate in in vitro condition. 

 

2. Materials and methods 

 

2.1. Plant materials 

To understand the effect of GA3 treatment on grape berry formation and 

phenological characteristics of seedless and seeded grape cultivars was studied. In the 

experiment, Qora Kishmish, Oq Dum were selected as seedless cultivars and for the 

seeded Rizamat and Toyfi, cultivars (V. vinifera L.). Both experimental materials were 8 

years old and planted at the special seed increase unit at the Center of Genomics and 

Bioinformatics grape collection. We excluded fertilization with NPK (nitrogen (N), 

phosphorus (P) and potassium (K) from experimental grape plants for evaluation of the 

gibberellin application during development stages.  

 

2.2. Application of gibberellin acid 

To test the effect of GA3 on grape berry development, we applied concentrations 

of 100, 200 and 300 mg L-1 of GA3 (Sigma-Aldrich, #G7645, suitable for plant cell 

culture, ≥90% gibberellin GA3 basis (of total gibberellins)) according to the method 

described by Anjum et al. (2020). The preparation method of a liquid solution of GA3 
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comprises the following steps: we dissolved GA3 in 2 mL of 96% ethanol, then 

gradually added 1 L of distilled water to prepare 300 mg/L-1 concentration (other 

concentrations of GA3 were prepared accordingly). We stored prepared solutions in 

refrigerator at 4°C until use.  

Before GA3 treatment, we randomly marked the grape bushes of selected cultivars 

in three replicates for each GA3 (100, 200 and 300 mg L-1) concentrations. Six grape 

clusters were selected in each marked grape bush based on visual observation, ensuring 

approximately similar sizes. We dipped the marked grape cluster into GA3 solution 5 

day prior to flowering stage to study the effect of GA3 treatment (Casanova et al., 2009). 

 

2.3. Embryo rescue 

To determine embryo germination of studied grape cultivars, we used embryo 

rescue (Murashige and Skoog medium) method and procedures as pervious reported 

(Murashige & Skoog, 1962; Abdullaev et al., 2025). 

 

2.4. Statistical analyses  

We designed an experiment for statistical analysis as follows: The model of 

statistical analysis is “One-way ANOVA.” Three replications per GA3 (100, 200 and 

300 mg/L) concentrations were done; each replication consisted of one grape bush and 

six clusters were marked per bush as experimental units (grape cluster number per 

concentration of GA3 = 9 grape bushes × 6 clusters per bush = 54 grape clusters; berry 

number = 9 grape clusters × 30 berries per cluster = 270 berries per concentration of 

GA3). To evaluate the effect of GA3, berries from selected cultivars were sampled at 35, 

45 and 61 days after pollination (DAP) to measure the targeted morphological 

parameters. R Studio 2024.12.0+467 was used for statistical analyses (R Core Team, 

2021). 

 

3. Result and discussion 

 

3.1. Effect of GA3 application on the grape cluster morphology 

In this experiment, the effect of GA3 treatment on the morphology of two seedless 

and two seeded varieties was studied. The cluster length of ‘Oq Dum’ exhibited a 

significantly longer measurement after treatment with 300 mg/L GA3 (32,4 sm) and 200 

mg/L GA3 (28,8 sm). The enlargement of cluster length following a GA3 dose of 100 

mg/L showed similarity to the control (23,7 sm and 24,5 sm) (Figure 1).  

Figure 1 illustrates the effect of GA3 treatment on cluster length across studied 

cultivars. The cluster length of seedless ‘Qora Kishmish’ and seeded ‘Toyfi’ cultivars 

showed similar growth response among all applied GA3 (100, 200 and 300 mg/L-1) 

concentrations. The growth response of cluster length showed a significant increase in 

‘Rizamat’ cultivar reaching 10.6% at 100 mg/L-1 and 16.3% at 300 mg/L-1 of GA3 

compared with the control. Two used concentrations 200 and 300 mg/L-1 of GA3 

stimulated progressive growth rate of grape clusters of the ‘Oq dum’ cultivar almost 

18% and 32% respectively. 
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Figure 1. Bar chart illustrates statistical data of the cluster length (sm) of cultivars. The “X” 

axis ticks capital letters mean the name of cultivars as follows: “OD_100 - Oq Dum cultivar 

and GA3 treatment  100 mg/L-1”, “OD_200 - Oq Dum cultivar and GA3 treatment  200 

mg/L-1”, “OD_300 - Oq Dum cultivar and GA3 treatment  300 mg/L-1”, “QK_100 - Qora 

Kishmish cultivar and GA3 treatment  mg/L-1”, “QK_200 - Qora Kishmish cultivar and GA3 

treatment  200 mg/L-1”, “QK_300 - Qora Kishmish cultivar and GA3 treatment  300 mg/L-

1”, “Riz_100 - Rizamat cultivar and GA3 treatment  100 mg/L-1”, Riz_200 - Rizamat 

cultivar and GA3 treatment  200 mg/L-1”, “Riz_300 - Rizamat cultivar and GA3 treatment  

300 mg/L-1”. OD, QK, Riz _ cont-control. Cluster length of all cultivars were measured at 

verasion stage. The “Y” axis demonstrated mean values, the “T” shape bar labs indicate 

standard error of the mean and the letters indicate statistically significance level 

 

3.2. Berry and seeds growth following GA3 treatment at day after  

pollination intervals 

With Figure 2, we clearly show the effect of using three (100,  200  and  300 

mg/L-1) GA3 concentrations on the ‘Oq Dum’ cultivar, presenting failed berry 

development and reduced berry density among clusters. The untreated control clusters 

remained compact with berries and short pedicels and caused to limit of rachis 

elongation. Pre-blooming dipping of GA3 with 100 mg/L-1 concentration stimulated 

rachis elongation and led to partial loss of the cluster, whereas high concentration (300 

mg/L-1) induced excessive rachis elongation and led to lower berry density. In this case, 

we excluded the ‘Oq Dum’ cultivar for further analysis.  

 

 

Figure 2. Effect of GA3 treatment on the cluster of ‘Oq Dum’ cultivar 
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The seeded ‘Rizamat’ cultivar transited the veraison stage at 45 DAP. A 

significant acceleration of veraison was observed with GA3 treatment with 100 mg/L–1 

and 200 mg/L-1. The GA3 treatment induced berry shattering of the ‘Rizamat’ cultivar 

with 300 mg/L-1 and 200 mg/L-1 concentrations significantly compared to the control 

(30% and 45%), as seen in Figure 3. According to grape cluster weight, ‘Rizamat’ 

treated with dipping with 100 mg/L-1 GA3 recorded the lower values (10%) below 

control in the study year, respectively. Berry length elongation of the ‘Rizamat’ cultivar 

showed similarity at 35, 45 and 61 DAP intervals between the control corresponding to 

each interval and all treatment concentrations of GA3, with no statistically significant 

difference. Grape berry showed a decrease in berry weight at 200 mg/L-1 by 4,98% (5.72 

g) and an extreme value of weight reduction at 300 mg/L-1 25.58% (4.48 g) compared to 

control (6,02 g). Rizamat cultivar cluster was covered with reddish-purple and was more 

uniform in the control variant compared to the others at 61 DAP (Table 1).  
 

Table 1. Effect of GA3 treatment on morphological (berry length, width, weight and grape cluster weight) 

development of seeded and seedless grape cultivars 

 
berry length_sm 

 
35 DAP 45 DAP 61 DAP 

 
Control 100 mg/l 200 mg/l 300 mg/l Control 100 mg/l 200 mg/l 300 mg/l control 100 mg/l 200 mg/l 300 mg/l 

QK 0,40±0,1c 0,42±0,1c 0,45±0,1c 0,55±0,1c 1,00±0,2d 1,06±0,3d 1,12±0,3d 1,37±0,3d 2,52±0,4b 2,41±0,7b 3,0±0,9a 2,5±0,7 b 

Riz 0,44±0,0c 0,47±0,0c 0,42±0,0c 0,46±0,0c 0,56±0,1c 0,58±0,1c 0,54±0,0c 0,58±0,1c 2,44±0,4b 2,53±0,4b 2,34±0,3b 2,5±0,4b 

berry width, sm 

QK 0,26±0,0i 0,21±0,0i 0,25±0,1i 0,17±0,0f 0,91±0,3d 1,11±0,3d 1,18±0,3d 1,59±0,3c 1,49±0,5c 1,71±0,3b 1,73±0,3b 2,0±0,3a 

Riz 0,26±0,0i 0,31±0,0h 0,34±0,0h 0,19±0,0i 0,61±0,2f 0,73±0,1f 0,84±0,3e 0,45±0,1g 1,45±0,4c 1,73±0,4b 1,90±0,4a 1,0±0,4d 

berry weight, g 

QK 0,04±0,0j 0,05±0,0j 0,05±0,0j 0,10±0,0i 0,66±0,3e 0,82±0,3e 0,86±0,3e 1,68±0,4f 3,90±1,3d 4,81±1,3c 4,68±1,3c 6,5±0,7a 

Riz 0,42±0,1gh 0,34±0,1gh 0,19±0,1i 0,31±0,1gh 1,21±0,3e 0,89±0,5e 0,51±0,3e 0,84±0,3e 6,02±0,8a 5,61±1,3b 5,72±1,4b 4,4±1,5c 

cluster weight, g 

QK 48.09±6.9s 63.09±6.9s 81.09±6.9r 102.09±6.9p 172.82±14.4l 192.82±14.4j 215.82±14.4h 240.82±14.4f 322.82±8.0d 356.82±8.0c 392.82±8.0b 429.8±8.0a 

Riz 140.8±14.4m 125.8±14.4m 107.8±14.4n 86.8±14.4p 231.5±15.5f 211.5±15.5h 272.9±12.9e 163.5±15.5l 342.9±12.9c 308.9±12.9d 188.5±15.5j 235.9±12.9f 

 

Note: QK - Qora Kishmish, Riz - Rizamat grape cultivars. Values are the means of sections (±SD),  

Significant differences (p < 0.05) between treatments are indicated using different letters according to 

Tukey’s test by R Studio 

 

Table 1 revealed that the berry length of ‘Qora Kishmish’ treated GA3 with 100 

and 300 mg/L-1 recorded intermediate size (2,4 sm and 2,4 sm) without significant 

differences compared (2,5 sm) to the control across 35, 45 and 61 DAP. Interestingly, 

200 mg/L-1 concentration increased 20 % berry length compared to the control whereas 

the total grape cluster mass overweighed up to 33% treated with 300 mg/L-1. In contrast, 

‘Qora Kishmish’ cultivar reached the maximum berry weight at 61 DAP interval treated 

with 300 mg L-1, approximately 36% (6,5 g) overweighed compared to the control (3.90 

g). The specific black color of ‘Qora Kishmish’ completely covered the berry skin at 45 

DAP. The value of morphological parameters studied in this experiment were not 

differently by ‘Toyfi’ cultivar except seedlessness.  

Notably, GA3 treatment with 300 mg/L completely inhibited rudiment formation 

in all grape berry cultivars (Figure 4). As a result, seeded cultivars were entirely 

seedless, whereas berries of the untreated control veraisonformed at least one rudiment. 

At an early period of rudiment development, we noticed phenotypic change 

visually in the outer integument layer, demonstrating early wrinkling and inhibiting of 

growth rate at approximately 20 days after pollination (DAP), especially with GA3 

treatment at 300 mg/L-1 (Figure 5). 
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Figure 3. Effect of GA3 treatment on grape cluster of Rizamat cultivar at 65 DAP; a-

control (untreated), b- 100 mg/L-1 GA3 treatment, c- 200 mg/L-1 GA3 treatment, d- 300 

mg/L-1 GA3 treatment 

 

 

 
 

Figure 4. Effect of GA3 treatment on grape rudiment development in verasion stage. I-Qora 

Kishmish, II-Rizamat, III-Toyfi, a-control, b- GA3 treatment 100 mg L-1, c- GA3 treatment 

200 mg L-1, d -GA3 treatment 300 mg L-1 (verasion stage) 

 

 



K. UBAYDULLAEVA et al.: EFFECT OF APPLYING GA3 TREATMENT ON VITIS VINIFERA… 

 

 
85 

 
 

Figure 5. Wrinkled rudiment phenotype following GA3 treatment Toyfi cultivar,  

a - 20 day after pollination (control-untreated), b - 40 day after pollination (control-untreated),  

c - 20 day after pollination (GA3 treatment 300 mg/L-1),  

d - 40 day after pollination (GA3 treatment 300 mg/L-1) 

 

3.3. Embryo development following GA3 treatment in in vitro condition 

To test the effect of GA3 on embryonic development of grape cultivars in in vitro 

conditions, embryo rescue was applied. As shown in Figure 6, from 60 rudiments, 

embryos were rescued at 65 days after pollination intervals and were cultured on 

Murashige and Skoog (MS) solid medium (25 ml per Petri dish). Treatment with 300 

mg/L-1 of GA3 completely inhibited embryo development and resulted in total infertility 

in both seeded cultivars, ‘Rizamat’ and ‘Toyfi’. In contrast, 100 and 200 mg/L-1 of GA3 

treatments did not fully inhibit rudiment growth in either seeded or seedless cultivars; 

however, embryo differentiation within these rudiments was severely inhibited. Only a 

few embryos formed under these treatments and all lost their germination potential. 

Approximately 27% of the embryos (mean 4.0) rescued from untreated (control) 

rudiments of ‘Qora Kishmish’ cultivar exhibited normal elongation and subsequently 

developed into viable plantlets formed shoots and root apices (Figure 7). In contrast to 

the control, the application of 100 mg/L-1 and 200 mg/L-1 of GA3 completely inhibited 

embryo formation and significantly reduced growth rate in in vitro conditions. The 

embryo-inhibitory effect of GA3 treatment was also observed in two seeded “Toyfi” 

and‘Rizamat’ cultivars. Embryo germination in artificial medium decreased up to 9.1%-

6.2% with 100 mg/L-1 and 200 mg/L-1 GA3 by the ‘Toyfi’ cultivar and 4.5%-4.1% at 

100 mg/L-1 and 200 mg/L-1 GA3 by the ‘Rizamat’ cultivar. However, rescued embryos 

from GA3-untreated rudiments demonstrated a high rate of germination in artificial 

medium in both seeded cultivars (Toyfi - 61% and Rizamat - 52%).  

Plant species demonstrated diverse responses to GA3. For instance GA3 

application increased the fruit size of Prunus salicina L. up to 62%, weight 94% and 

acceleration of ripening 3 day prior than control (El-Sharkawy et al., 2014). Several 

studies report that unpollinated flowers induced parthenocarpy fruits after applying 

exogenous gibberellins (Gillaspy et al., 1993). However, in Arabidopsis thaliana, GA3 

application had a negative effect on fruit growth (Vivian-Smith et al., 2001). In 

addition, tomato and sweet pepper species formed larger fruits along with inducing 

parthenocarpic fruit set (Serrani et al., 2007; Tiwari et al., 2012). Induction of 

parthenocarpy in kiwifruit and bottle gourd was less effective with GA3 treatment 
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compared to other plant growth regulators (Lewis et al., 1996). With this experiment, 

flower of seedless and seeded grapes treated with GA3 before flower cup dropping to 

alone at anthesis according to Weaver and others (Weaver & McCune, 1960; Ebadi et 

al., 1996).  

 

 
 

Figure 6. Effect of GA3 treatment on embryo germination in in vitro condition, a- 

Qora Kishmish with control (untreated) and treated GA3, b- Toyfi with control 

(untreated) and treated GA3, c- Rizamat with control (untreated) and treated GA3, e- 

rooting of untreated embryo of Rizamat cultivars, f-shooting rooting of untreated 

embryo of Rizamat cultivars, g- acclimatization of explants 

 

Berry weight of ‘Qora Kishmish’ cultivar increased the mass up to 36% and 

average cluster weight to 33% compared to the control (Figure 3). Suehiro et al. (2019) 

reported that GA3 treatment stimulated the growth in sugar concentration and berry size 

in grape berries (Casanova et al., 2009). As result a sugar and water content were also 

accumulated in higher level compared to control. Casanova reported that GA3 

application used for “Emperatriz” seedless cultivars at 80 mg L-1 and 160 mg L-1 

dosages led to increase average berry weight by 45% and 80%, compared to control 

(Casanova et al., 2019). Interestingly, “Emperatriz” seedless showed berry weight 

increasing only to 20% when GA3 applied to this cultivar at 290 µM of by other report 

(Agüero et al., 2000).  

When the seeded variety Rizamat was treated with GA3 at a concentration of 100 

mg L1, the cluster and berry weight decreased by approximately 10% and 7% compared 

to the control. The highest reduction in grape cluster and berry weight was observed in 

the experimental variant with a concentration of 300 mg L1 and the decrease values of 

both were 45% and 25% less than the control, respectively. It is reported that 

development of seed and berry formation of Kyoho and Red Globe was inhibited and 

leading to decrease in berry weight compared to control (Cheng et al., 2015). We found 

that GA3 application at 300 mg L1 dose inhibited seed development and induced 

seedlessness in both Qora Kishmish and seeded Rizamat cultivars. 

Natural seedlessness of Vitis vinifera L. cultivars may occur in result of 

stenospermocarpy or parthenocarpy (Moniruzzaman et al., 2023). Seedlessness of 

stenospermocarpic Vitis vinifera L. cultivars is the most desired trait due to high 

demand across international consumers. The parthenocarpy Vitis vinifera L. cultivar is 

less profitable for the grape industry due to the lower quality of berries. In the grape 
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industry, gibberellic acid is widely used to induce seedlessness (Bouquet & Danglot, 

1996; Pandolfini, 2009; Royo et al., 2018). The effect of gibberellin acid is a well-

characterized and extensively studied subject in plant biology (Coombe & Hale, 1973; 

Bünger-Kibler & Bangerth, 1983; Csukasi et al., 2011). The reduction of seed number 

and increase of fruit size is one of the traits for improving fruit quality in horticultural 

practice (Varoquaux et al., 2000). The effect of GA3 treatment differed significantly in 

response to the size of inflorescences and bunches; however, yield value and seed 

number were similar compared to the control in ‘Cabernet Franc’ and ‘Cabernet 

Sauvignon’ cultivars (Gao et al., 2020). The seed size of Vitis vinifera was found to be 

sensitive to different climate zones (Cabezas et al., 2006; Doligez et al., 2013). We 

found that exogenous gibberellin acid, due to its elongation effect, can manipulate some 

parameters of agronomic traits by changing berry size, its mass and compactness of 

grape cluster, respectively. For instance, seeded ‘Rizamat’ cultivars demonstrated more 

sensitivity to the 300 mg/L-1 dosage of GA3, by increasing berry dropp rate and 

reducing cluster compactness (Figure 5).  

 

 
 

Figure 7. Statistical analyses of GA3 treatment effect on embryo germination in in vitro 

condition, cont- control, QK- Qora Kishmish, Riz- Rizamat development following GA3 

treatment (100 -200 mg/L-1). The mean value was taken from four replications, where each 

contains 15 samples (ANOVA+Tukey HSD, R Studio) 

 

It is reported, that treatment of GA3 (100 mg/L-1) pre-bloom stage to seeded 

“Kyoho” and “Red Globe” cultivars induced seedlessness up to 98.6% and 85.2%. 

However, control plants of that cultivars spontaneously produced up to 3% naturally 

seedless berries (Cheng et al., 2013). The seedless cultivar of ‘Early Sweet’ born 

parthenocarpic berries much more after GA3 treatment at 30 ppm than at 10 ppm, 

showing sensitivity to the dosages of GA3 application (Or et al., 2020). It is reported 

that the absence of seed traces of the ‘Black Finger’ cultivar is indicated by fruit set 

without fertilization and an increase in the GA3 level in pistils led to suppressed 

stenospermocarpy but induced parthenocarpy (Acheampong et al., 2017). Our results 

are in harmony with those of the previous dated experiment, showing a complete 

inhibition of seed formation in both seeded (‘Rizamat’ and ‘Toyfi’) and seedless (‘Qora 

Kishmish’) cultivars, following treatment with 300 mg/L-1 GA3 (Figure 7).  
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Application of GA3 with 100, 200 and 300 mg/L-1 was carried out for improving 

the fruit quality and fruit set in the ‘Sultanina’ grape cultivar and it was observed that 

the studied berry size, berry weight, number of berries per cluster, cluster weight, total 

soluble solids (°Brix) and titratable acidity concentrations showed a significant increase, 

while the number of berries per cluster decreased compared to the control (Anjum et al., 

2020). A following experiment demonstrated that treatment with GA3 treatment with 

320 mg/L-1 influenced growth rate and cluster weight, including several physiological 

development stages, such as including floral induction, seed germination and fruit and 

seed formation (Hedden & Kamiya, 1997). In addition, the application GA3 with 650 

mg/L-1 has been showed to growth cluster weight in the ‘Sultanina’ grape cultivar; it 

was determined that applying 100 mg/L-1 GA3 produced the most marketable yield with 

optimal cluster size and berry weight for this cultivar (Korkas et al., 1999). In another 

study, the effects of GA3 and Sitofex (CPPU) treatments, either individually or in 

combination depending on concentration and timing, on shoot and vegetative growth, 

cluster weight and fruit quality of Thompson seedless grapes were evaluated. According 

to the results, the effects of the substances applied to the Thompson seedless grape 

variety on bud movement, vegetative growth, cluster weight and fruit quality were 

determined. Therefore, it is recommended not to spray Thompson seedless vineyards 

with high concentrations of Sitofex or GA3 (3 ppm of CPPU + 40 ppm of GA3) 

together, especially during the flowering or berry growth period of the grapes (Elgendy 

et al., 2012). It could be noticed that the Black Monukka and Red Globe grapevines lost 

their leaf chlorophyll content, which decreased by increasing the concentration of GA3 

(Duncan, 1995).  

Several experimental studies have reported that natural plant hormones and the use 

of them play a key role during fruit developmental stages by increasing fruit size, 

reducing seed number and influencing seed size reduction (Pérez et al., 2000; El-

Sharkawy et al., 2014; Davière & Achard, 2013; Gao et al., 2020). Recently, an 

experiment reported the effects of several hormonal changes, including gibberellic acid 

(GA3), using embryo rescue technology to assess the correlation between embryo 

development in seedless grape cultivars. They argued, based on statistical analyzing 

(embryos rescued from open pollinated for ‘Thompson Seedless’ after 37 days after 

pollination (DAP), for ‘Flame Seedless’ 45 DAP, for ‘Heshi Seedless’ 60 DAP and 

‘Ruby Seedless’ 65 DAP) at DAP intervals, the GA3 concentration was lower in in vitro 

ovules with developing embryos than in those without embryos. They found that the 

GA3 level decreased significantly if grape berries formed a high number of ovules in the 

studied seedless grapes and concluded that embryo abortion decreased with lower 

concentrations of GA3 (Li et al., 2024). Our experiment is in harmony concentrations of 

GA3 with 300 mg/L-1 completely inhibited ovule growth and embryo development and 

in consequence, embryo abortion in both seedless and seeded cultivars. 

 

4. Conclusion 

 

In this study, we investigated the effect of GA3 concentrations on grape fruit 

development in seeded and seedless grape varieties and their role in the loss of embryo 

viability using the embryo rescue method. Embryos were isolated from rudiments of 

‘Rizamat’, ‘Toyfi’ and ‘Qora Kishmish’ cultivars and cultured in vitro condition. 

Increased GA3 levels resulted in a decrease in the number of rudiments, which 

ultimately resulted in their loss. High concentrations of GA3 completely destroyed 
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rudiments in both seeded and seedless varieties. Other concentrations of GA3 had a 

negative effect on embryo rescue efficacy. Optimal growth rate and development of 

embryos rescued from rudiments of both cultivars and was observed only in grape 

clusters not treated with GA3. This study has enriched our understanding of the 

interaction between GA3 concentration and embryo development. We concluded, that 

the using GA3 application before flower cup can arise seedlessness for seeded and 

seedless grape cultivars. The treatment has leaded to early fruit set, enlargement of 

berry size because of cell expansion and also reducing seed number of ‘Rizamat’ 

cultivars, further inducing seedlessness as well.  
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