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ABSTRACT  
Nowadays in Egypt there is a great interest for planting Red globe table grape. Therefor this 

work was conducted to improve fruits quality of Red globe by applying Gibberellin (GA3) and Urea 
to match exporting specifications. The present study was carried out during two seasons of 2017and 
2018. Eight years old Red globe grapevines grafted on freedom rootstock grown in a private vineyard 
at Sharkia governorate, Egypt. The selected vines were planted at 2.0x 3.0 m apart. Vines grown in 
clay soil under drip irrigation system, trellised on Spanish Baron system and trained according to the 
cane pruning system leaving around 70 buds/vine (i.e. 10 fruit canes x 7 buds/ cane) Five treatments 
were used in this study (control, 1ppm GA3, 1ppm GA3+5000ppm Low-biuret Urea, 2ppm GA3, and 
5000ppm Low-biuret Urea). The results indicated that 1ppm GA3+Urea treatment improved growth 
indicators leaf area, total number of lateral branches as it increased significantly compared with the 
other treatments. The single application of GA3 and Low-biuret Urea had no effect on yield per vine, 
bunch weight or numbers of berries per bunch. Only bunch width increased significantly by the 
application of 1ppm GA3+5000ppm Low-biuret Urea. Berries characteristics increased significantly 
by the application of 2 ppm GA3.  Moreover application of 1ppm GA3+ 5000ppm Low-biuret Urea 
improved fruits quality as it decreased sunburn bunches, bunch compactness, and acidity. On the other 
hand, it increased TSS, TSS/acid ratio, attachment force. Therefore application of 1ppm 
GA3+5000ppm Low-biuret Urea could be useful method to improve growth and get high quality 
clusters of Red globe table grape.  
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Introduction 

Grape is considered one of the oldest fruit crops. It was introduced by the Spanish explorers to 
America about 3000 years ago. It cultivated in temperate, tropical, subtropical and cold regions of the 
world. Grapes (Vitis vinifera L.) is one of the most important commercial fruit crops all over the 
world. It is the world's fourth or third leading fruit in terms of production. The annual grape 
production reached 75.1 million metric tons.  Egypt ranks fourteen in the world with approximately 
1.7 million metric tons per year from a planted area of 77875 hectare (FAO, 2017). Egypt table grape 
production increased as a result of introducing new rootstocks an varieties. However, despite the high 
productivity of Red globe grapes low marketable due to sunburn or /and compactness. Grape 
cultivation in Egypt is the fourth important fruit crop (FAO, 2017).  

  Many varieties were imported and cultivated to evaluate it under Egypt condition.  The major 
grape verities now in Egypt are Flame seedless, Early sweet, Thompson seedless, Crimson seedless 
and Superior seedless. 

Red globe grape was introduced by the University of California, USA. It considered the largest 
red grapes of all red grape varieties. It is genetically characterized by having a low vine vigor (Gasser, 
2006) sensitive to sunlight. It is picked in August, there for exposing bunches to high temperatures 
during the growing season.  At ripe stage, red globe berries have a ruby red color, mildly sweet taste 
and large seeds. It is preferred in the market of China and USA (Crisosto and Gayle, 2002). The 
acceptable production of yield and bunches of red globe cv. face a challenge such as, low vine foliage, 
berry sunburn damage and compactness of bunches. 

In Summer, air temperature normally reach above 40 C. Red globe grape are known with its 
low density foliage so during the growing season a lot of bunches are expose to the direct effect of 
sunlight. This effect may cause sunburn damage to berries or bunches. This damage appears in the 
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form of dark spots or areas on berry skin develop with time to shrivel berries in the direction of 
sunlight (Melgarejo et al., 2004). These damages render bunch berries unmarketable. As a result 
sunburn damage incidence causing losses in yield may exceed 25%. These defects are appear in 
reducing bunch quality. 

   Generally, consuming of table grapes is depending on the appearance of berries. Attractive 
appearance of grape bunches depending on factors such as cluster size, berry compactness and berries 
color (Ozer et al., 2012). A lot of cultural practices are important and deeded for table grape 
production to increase consumer preference and improving the final quality of berries. 

Nitrogen (N) is one of the most important nutrient elements for plants. It enhance plant growth 
generally because N has a great effect on the vegetative growth of vine (Linsenmeir et al., 2008). 
During the long growing season, rates of applied nitrogen fertilizers are normally kept low to control 
and manage vine growth to prevent N from leaching and contamination by nitrate to the ground water 
(Alvarez et al., 2016). N foliar fertilization in vineyards is not traditional or normal way of 
fertilization, although it is needed in critical stages of vine growth and development. It is 
characterized by a fast and high penetration. Foliar sprays with fertilization allow sprayed nutrients to 
pass directly to vine, so a small quantity of sprayed fertilizers may be used to effect. So, it advantage 
the use of normal soil fertilization (Alvarez et al., 2016; Hannam et al., 2016). 

Recent few years, several commercial foliar fertilizers of N were introduced with different 
amino acids in its composition. Usually, urea is taken up rapidly by plant leaf through leaf cuticle 
(Lasa et al., 2012).  Urea application generally, modified amino acid concentrations especially with 
high dose. Urea foliar application should be considered as a tool for increasing the percentage of 
amino acids in grapevines (Alvarez et al., 2016). The application of N increased N content generally 
in the whole leaf at fullbloom stage (Branetto et al., 2013). Nitrogen plays an important role in vine 
nutrition management. Reducing level of N in vines is a limiting factor affecting fruit quality (Khan et 
al., 2009).  

Generally, the usual way to add N to vines is through soil application. However, its efficacy 
depends on many factors and there are many problems related by soil and ground water pollution by 
nitrate (Al berigo, 1999). Sprayed urea to vine absorbed efficiently and rapidly by leaves of most fruit 
trees (Johnson et al., 2001).  About 48-65% translocation and uptake efficiency of foliar sprayed urea 
to all other organs of the tree (Tagliavini et al., 1998). 

N fertilization has a great influence on the quality of fruits particularly sprays of foliar 
application of urea which is effective and cost effective method to add N to citrus trees. Applying urea 
to citrus trees improved fruit size, yield in some citrus species (Agabbio et al., 1999 ; El-Otmani et al., 
2002; Rabe, 1994). 

Gibberellins are applied at full bloom to decrease berry set and at berry set to increase the size 
of the remaining berries. Gibberellin applications levels and period may vary according to cultivar, 
ecology, and growing system. The used GA3 rates and time are differ according to cultivar and 
growing stage. For example Gibberellin is applied at bloom to Thompson Seedless and Flame 
Seedless to reduce berry set. Table grape growers use this hormone at full bloom and fourteen days 
later to improve berry size and bunch structure (Cengiz ozer et al., 2012). Gibberellins (GA3) are 
widely used to increase bunch and berry weight and size, as well as yield / vine in seedless grape cvs 
(Ezzahouani et al., 1985; Orth, 1990a). 

According to different investigators, GA3 generally, cause a reduction in flower set due to 
causing flowers fall (Orth, 1990a). It is commonly applied during bloom to reduce fruit set and bunch 
compactness of Crimson Seedless (Mohsen, 2015). 

The objective of the present investigation was to improve fruits quality of Red globe table grape 
by the application of Gibberellins (GA3) and urea for berry thinning and to reduce berries sunburn. 
The present study were carried out to determine the influence of supplemental foliar application of 
LBU on the fruit quality in terms of flower thinning and enhancing growth of leaves and shoots. 

 
Materials and Methods 

The present study was carried out during two seasons of 2017and 2018. Eight years old Red 
globe grapevines grafted on freedom rootstock grown in a private vineyard at Sharkia governorate, 
Egypt (30°38'3.38"N and 31°31'27.72"E) Attitude and longitude were chosen to estimate the 
investigation. The experimental vines were selected to be healthy and nearly similar in growth vigor 
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and uniformly received the normal cultural practices. The selected vines were planted at 2.0x 3.0 m 
apart. Vines grown in clay soil under drip irrigation system, trellised on Spanish Baron system and 
trained according to the cane pruning system leaving around 70 buds/vine (i.e. 10 fruit canes x 7 buds/ 
cane). Selected vines were pruned during the fourth week of January. 

All experimental vines were adjusted to 30 cluster/vine and all clusters were tipped to 
approximately 12cm length after fruit set. The selected vines were sprayed by the prepared solutions 
of GA3 and / or low biuret Urea in the most common date of application (80% calyptrasfall) early in 
the morning. The following spraying treatments were applied to all vine: 

1- 0.0 mg/l (sprayed with water only as a control treatment),  
2- GA3 at 1.0   mg/l. 
3- GA3 at 1.0   mg/l+ Urea at 5000 mg/l. 
4- GA3 at 2.0   mg/l. 
5- Urea at 5000 mg/l. 

 
Measurements 
 
Productivity parameters: 

At harvesting time when bunches reached maturity (16thand 14thAugust in the first and second 
season, respectively), bunches of each vine were picked and the yield/ vine (kg) was recorded. Five 
bunches per replicate were randomly taken and the following determinations were carried out: bunch 
weight, bunch width (cm) and then bunch shape index calculate according to the equation, 

Bunch shape index = Bunch length (cm)/ Bunch width (cm). 
Number of berries/bunch was estimated.  
Bunch compactness was estimated according to Lynn and Jensen, (1966) as follows; the first 

four apical shoulders in the bunch from eight clusters selected randomly from each vine (two bunches 
per each cordon arm; total of thirty two shoulders per vine) were selected at harvest time. Number of 
all berries on each shoulder and total shoulder length were recorded, and used to calculate the number 
of berries per each (cm) shoulders length. 
 
Vegetative Measurements: 

Shoot length, 10 shoots/vine were chosen and shoot length (cm) was measured on the 1st  of 
May each season. 1st  of May was chosen to be suitable before shoot thinning or shoot pinching. Leaf 
area was calculated on the 1st  of May each season using ten leaves from the middle part of the shoot, 
then leaf area was calculated according to the equation of Montero et al., (2000) as follows: 

Leaf area (cm)2 = LW(0.587)  whereas L= leaf length (cm) , W= leaf width (cm). 
 
Rachis characteristics: 

After pulling out all the berries from each bunch, the f determinations of number of lateral 
branches / bunch, total length of lateral branches and main rachis (cm) were carried out. 
 
Berries physico-chemical characteristics: 

In addition, berry physical characteristics were assessed by randomly selection:  100 berries 
from each bunch sample (five bunches per replicate) and then 100 berry weight was recorded. Berry 
removal force and berry compression force, were determined in thirty berries using a push pull 
dynamometer (Model FD101) and expressed as (g/cm2). The berry polar diameter and length (cm) 
were measured, random 30 berries sample per each replicate using Vernier caliper. The berry shape 
index, i.e. length/width was calculated.  

Number of bunches with sunburn were counted at harvest time. Bunches with berries infected 
with sunburn were calculated and its percentage then calculated. 

Moreover, the berry chemical constituents were determined in berry juice after being extracted 
from 100 berries representing each replicate as follows; the total soluble solids percentage(TSS %) 
using a hand refractometer. The juice acidity was determined by titration against sodium hydroxide 
(0.1 N) in the presence of phenolphythalyne as an indicator. The total juice acidity was expressed as 
gram tartaric acid per 100 ml of juice. The TSS/acid ratio of each juice sample was then calculated 
(A.O.A.C. 2006). Samples of berries were lyophilized until a constant weight was obtained. The 
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anthocyanin content was cholorimetrically determined (OD 535 nm) according to the method described 
by Caleb et al., (2013). 
 
Statistical Analysis 

This experiment was set in a completely randomized block design with 5 treatments; each 
treatment was applied on three vines (three replicates). The obtained data were subjected to analysis 
of variances (ANOVA) according to Snedecor and Cochran (1982) using CoStat program. The 
individual comparisons between the obtained values were carried out using LSD at 5% level. 
 
Results  
 
Growth parameters 

The results of this investigation in (Table 1) showed that foliar spraying with GA3 and Urea had 
no significant effect on shoot length and numbers of lateral branches in first season as no significant 
differences were noticed between them, while leaf area and total number of lateral branches were 
significantly higher in the vines sprayed with the combination of 1ppm GA3+5000ppm Urea than all 
treatments in the first season 2017. In the second season 2018 only numbers of lateral branches didn’t 
affect by the application of GA3 and Urea as no significant differences between all treatments, while 
shoots length, leaf area, and total length of lateral branches were significantly higher in vines sprayed 
with the combination of 1ppm GA3+5000ppm Urea than the rest of treatments.  

 
Table 1: Effect of the foliar application by GA3 and Urea on growth parameters (Shoot Length (cm), 

Leaf Area (cm2), Number of lateral branches, and total length of lateral branches of Red 
glopbe grapevines in 2017 and 2018 seasons. 

Treatments 
Shoot Length 

(cm) 
 

Leaf Area 
(cm2) 

 

Number of  
lateral branches 

Total   
length  of lateral 

branches 
2017 season 

Control 124.10 a 40.12 b 13.50 a 33.20 d 
1 ppm  GA3 138.60 a 41.20 b 13.00 a 52.60 b 
1 ppm GA3+Urea 160.40 a 46.95 a 13.20 a 62.50 a 
2 ppm GA3 141.20 a 41.41 b 13.80 a 56.00 b 
5000 ppm Urea 143.50 a 42.53 ab 13.60 a 39.40 c 
LSD at 0.05 % 43.056   5.380   2.969   5.584   

2018 season 
Control 129.60 b 41.80 b 12.00 a 31.40 b 
1 ppm  GA3 140.70 ab 43.20 b 12.50 a 51.00 a 
1 ppm GA3+Urea 171.40 a 48.70 a 12.90 a 51.90 a 
2 ppm GA3 144.00 ab 44.50 b 12.70 a 57.80 a 
5000 ppm Urea 150.30 ab 45.20 ab 12.30 a 45.20 ab 
LSD at 0.05 % 32.607   4.088   3.486   17.476   

 
Productivity indicators 

It was clearly noticed in the results of (Table 2) in the first season 2017 vines sprayed with 
5000ppm Urea had the highest and significant yield per vine, bunch width, and bunch weight than all 
treatments, while bunch shape index was significantly higher in 2ppm GA3 treatments than all 
treatments, moreover number of berries per bunch was significantly higher in control treatment than 
all treatments, the same trend was found in the second season 2018 as 5000ppm Urea treatment had 
the highest and significant yield per vine, and bunch weight than all treatments the only difference 
that 1ppm GA3 treatment had higher and significant bunch width than all treatments. Also bunch 
shape index was significantly higher in 2ppm GA3 treatment than all treatments, and number of 
berries per bunch was significantly higher in control treatment than all treatments.    
 
Berries physical characteristics: 

     The results in (Table 3) showed that in first season 2ppm GA3 treatment had the higher and 
significant berry length, berry diameter, and weight of 100 berries than all treatments, while 2ppm 
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GA3 and 1ppm GA3+Urea had the lowest berry firmness compared with the others treatments, in the 
other hand no significant differences were found between all treatments in berry shape index. The 
same trend was found in the second season 2018 in all measurements.   
 
Table 2: Effect of the foliar application by GA3 and Urea on yield and bunch characteristics of Red 

globe grapevines in 2017 and 2018 seasons. 
Treatments 
(Foliar spray 

Yield/ vine 
(kg) 

Bunch 
Shape Index 

Bunch Width 
(cm) 

Bunch Weight 
(gm) 

Number of 
berries/bunch 

2017 season 
Control 18.17  b 0.72  b 16.80  ab 641.10  a 129.20  a 
1ppm  GA3 16.70  c 0.63  b 19.50  a 592.70  b 80.30  c 
1ppmbGA3+Urea 15.21 d 0.57 b 18.20  ab 538.30  c 62.70 d 
2ppm GA3 9.67  e 1.08  a 11.20  c 356.50  d 36.50  e 
5000ppm Urea 19.14 a 0.77 b 15.80  a 674.80  a 106.80  b 
LSD at 0.05 % 0.796 0.219 3.449 45.542 11.838 

2018 season 
Control 19.27 b 0.71  b 17.00  ab 707.50  a 137.80  a 
1 ppm  GA3 19.34  b 0.59  b 20.40  a 676.30  a 91.40   c 
1 ppm GA3+Urea 16.42  c 0.67  b 18.00  ab 578.20  b 70.10  d 
2 ppm GA3 8.20  d 1.00  a 12.30  c 304.50  c 30.20  e 
5000 ppm Urea  20.56  a 0.74  b 16.40  b 717.00  a 116.50  b 
LSD at 0.05 % 0.923 0.182 3.828 50.955 16.976 

 
Table 2: Effect of the foliar application by GA3 and Urea on berries physical characteristics of Red 

globe grapevines in 2017 and 2018 seasons. 

Treatments 
Berry  

Length 
Berry  

Diameter 
Berries  

Shape Index 
Firmness 

Weight  
of 100 berry 

2017 season 
Control 2.01 c 2.00 c 1.01 a 450.30 a 478.20 e 
1ppm  GA3 2.43 b 2.21 bc 1.10 a 416.70 abc 707.40 c 
1ppm GA3+Urea 2.52 b 2.46 ab 1.03 a 397.00 bc 828.50 b 
2ppm GA3 2.80 a 2.73 a 1.03 a 384.90 c 917.60 a 
5000ppm Urea 2.34 b 2.15 c 1.09 a 433.10 ab 608.00 d 
LSD at 0.05 % 0.268 

 
0.273 

 
0.176 

 
40.054 

 
9.173 

 
2018 season 

Control 2.13 c 2.10 c 1.02 a 462.20 a 497.60 e 
1 ppm  GA3 2.48 b 2.24 bc 1.11 a 424.43 bc 718.00 c 
1 ppm GA3+Urea 2.60 ab 2.48 ab 1.05 a 403.60 cd 797.70 b 
2 ppm GA3 2.84 a 2.76 a 1.03 a 391.40 d 948.30 a 
5000 ppm Urea 2.37 bc 2.19 bc 1.09 a 309.17 ab 598.60 d 
LSD at 0.05 % 0.312 

 
0.296 

 
0.133 

 
27.897 

 
12.828 

 
 

Quality attributes  
    The results in (Fig. 1A and 1B) clearly indicated that the vines sprayed with the combination 

of 1ppm GA3+5000 ppm urea treatment had the lowest number of sun burn bunches and percentage of 
sunburn bunches per total bunches in both seasons 2017 and 2018 compared with all treatments, 
moreover control treatment had the heights and significant number of sun burn bunches and 
percentage of sun burn bunches per total bunches in both seasons 2017 and 2018 compared with all 
treatments. The same trend was found in bunches compactness in (Fig. 1C) as control treatment had 
the heights and significant bunches compactness than all treatments.  In the contrary was found in 
attachment force as vines sprayed with 1ppm GA3 and 1ppm GA3+5000ppm Urea treatments were 
significantly higher than all treatments in both seasons, and control treatments indicated the lowest 
attachment force than all treatments in both seasons 2017 and 2018. 

Also in (Fig. 2A) total soluble solids (TSS) indicated that 1ppm GA3 and 1ppm GA3+5000ppm 
Urea treatments were significantly higher than all treatments in both seasons, and control treatment 
had the lowest TSS values in both seasons 2017 and 2018.     
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 Fig. 1: Effect of GA3 and Urea application on (A): Number of sun burn bunches (B): percentage of 

sun burn bunches/ total bunches (C): Compactness (D): Attachment force.  Bars on the top of 
the columns represent the SE. 

 

 
Fig. 2: Effect of GA3 and Urea application on (A): Total soluble solids (TSS %) (B): Acidity %, (C): 

TSS/acid ratio, and (D): Anthocyanin.  Bars on the top of the columns represent the SE 
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In the contrary was found in juice acidity (Fig.2B) as 1ppm GA3 and 1ppm GA3+5000ppm 
Urea treatments had the lowest acidity than all treatments, while control vines had the higher and 
significant acidity than all treatments in both seasons 2017 and 2018. In (Fig. 2C) TSS/acid ratio was 
significantly higher in 1ppm GA3 and 1ppm GA3+5000ppm Urea treatments than all treatments, while 
control treatment had the lowest TSS/acid ratio than all treatments in both seasons. While in 
anthocyanin (Fig. 2D) only 1ppm GA3+5000ppm Urea treatment was significantly higher than all 
treatments in both seasons 2017 and 2018. 
 
Discussion 

The results of this investigation clearly demonstrated that the application Gibberellins (GA3) 
and Urea in combination improved growth indicators of Red globe vines as it increased leaf area, 
shoots length, and total number of lateral branches especially in the second season 2018, therefore it 
decreased the bad effect of sunlight on berries and bunches of Red globe. 

While the application of GA3 either in single or in a combination with urea had no effect on 
total yield per vine as it indicated lower values than control treatment this may be related with the role 
of GA3 as it decreased berry set and increased the size of the remaining berries, moreover the 
application of GA3 either in single or combination with urea enhanced bunch width and improved 
berry characteristics. The obtained enhancement in cluster and berry characteristics goes on line with 
those reported by Notodimedjo (2000), Rizk-Alla and Meshrake (2006) and Gholami et al. (2010). 
The study of Lu (1996) showed that the grape vines treated with GA3 produced significantly larger 
berries than the control ones. 

The direct effect of GA3 on stimulating cell division and cell enlargement, and increasing fruit 
size was previously indicated by Fraga, (2004); Liu et al. (2006); Valero, (2010). GA3 is also reported 
to promote growth by increasing plasticity of the cell wall followed by the hydrolysis of starch into 
sugars which reduces the cell water potential, resulting in the entry of water into the cell and causing 
elongation (Richard, 2006). 

Moreover, application of GA3+Urea in the present study improved quality attributes of Red 
globe as it decreased one of the most serious problems in this variety  number of sunburn berries and  
bunches this may be related with the high  vegetative growth which helped in decrease of sunlight. 

On the other hand, GA3 either in single or in a combination with Urea reduced the compactness 
of bunches, because it plays very important role in berries thinning, so by this application we got 
clusters with less compactness and with high quality. Results were in agreement with the previous 
studies of Pérez and Gómez, (2000); and Casanova et al. (2009) as they showed that GA3 has a 
beneficial effect on cell division and cell enlargement, thus on a higher accumulation of sugars and 
water without changing pressure potential, which in consequence translates into larger berry and 
cluster size during harvest. In addition to this combination increased the attachment force of berries 
compared with control. 

Spraying vines by GA3 induces competitions for nutrient between shoots and flowers or among 
flowers within the same bunch. It means, flower thinning is caused due to a decrease in the available 
amount of nutrients for flowers growth and develops. Also, GA3 increases the transfer rate of nutrients 
to the sprayed plant organ (Gil et al., 1994). 

Moreover the application of 1ppm GA3+Urea and 2ppm GA3 were able to improve berries 
chemical characteristics as they increased TSS, TSS/acid ratio, and anthocyanin and decreased 
acidity, although Red globe is considered one of the seedless grapes which haven’t an adequate ability 
to uptake and concentrate sugar due to the absence of seeds. Our results goes online with the previous 
work of  Zhenming et al. (2008) as they reported that treatment of seedless berries with GA3 increased 
sugar uptake and assimilation and, by changing the source of uptake, affects berry development (Wu 
et al. 2001). 

 Also in the previous studies of Casanova et al. (2009) reported that the application of 
gibberellic acid in seedless varieties at the initial stage of cell growth increased berry weight and 
reached to similar values as in seeded varieties. This also has an effect on the increase in total sugar 
content, as a consequence, also increased total water content.  

Light cropping trees in all cases produce fruits with larger cells and consequently larger weight 
and size than do small fruits produced from heavy cropping ones (Ouma, 2010). At the same time, 
thinning treatments increases the available carbohydrates which are responsible for increasing fruit 
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weight and size (Agusti et al., 2000). Mainly because thinning treatments changed the leaf /fruit ratio, 
thus, there were more number of leaves per each bunch, which support fruit growth and reduce the 
competition between the remainder fruits for the available photo assimilates (Palmer et al., 1997). 

 Generally, to get high quality table grapes especially Red globe in domestic and for exportation 
to external markets, there are some characteristics for the cluster of grapes such as large berries, less 
compactness cluster, high attachment force, less sunburn berries and bunches and sweetness, therefore 
the application of GA3 in combination with urea leded to improve all of the previous attributes.  
 
Conclusion  

 It might be concluded that the application of GA3+Urea on Red globe table grape improved 
vines growth, and improved its quality attributes as it reduced sun burn bunches and cluster 
compactness, and increased berry length, attachment force, and sweetness, therefore it could be 
conclude to get Red globe fruits with high quality characteristics for exportation to external markets.    
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