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ABSTRACT: This investigation was conducted for two consecutive seasons (2021 & 2022) in a private 

vineyard located at Matay center, Minia governorate to study the effect of naphthalene acetic acid 

(NAA) and gibberellic acid (GA3) on yield and fruit quality of Black Magic grapevines. The chosen 

vines were five-year-old, grown in sandy soil, irrigated by drip system, planted at distance of 2 x 3 

meters, cane-pruned and trellised by the Gable system. Eight treatments were performed as follows: 

three doses of NAA (25, 50 and 75 ppm) and GA3 at 20 ppm were applied either solely or in combined 

with each other, in addition to the control treatment (spraying with water). All different doses of NAA 

were foliar sprayed twice: at the beginning of blooming stage and after fruit set stage when the berry 

diameter reaches 2-3 mm, while cluster dipping with GA3 at 20 ppm was done after fruit set stage when 

the berry diameter reaches 8-10 mm. 

       The results revealed that all different doses of NAA either solely or in combined with GA3 at 20 

ppm significantly affected the growth, yield and physical and chemical properties of berries compared 

to control in both seasons. The combined application of NAA at 75 ppm plus GA3 at 20 ppm was most 

effective for achieving the best results in terms of enhancing all vegetative growth traits, increasing 

yield and its attributes as well as improving berry physical and chemical properties of Black Magic 

grapes. 
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INTRODUCTION 

Black Magic is one of the table grape 

cultivars; is an early-maturing ripens in June, 

which newly introduced to Egypt. Due to its 

seedless, sweet taste, low level of acidity, 

crispness, and dark purple to black colour, this 

cultivar shows tremendous promise for 

commercial use. Nevertheless, flower abscission 

and small to medium berry size which had an 

adverse effect on yield and fruit quality 

(Nicolaescu et al., 2009, Abu-Zahra and 

Salameh, 2012, Dimovska et al., 2013, Rolle et 

al., 2013, Domingos et al., 2015 and Kamiloglu 

et al., 2019) 

In viticulture, quality enhancement is a 

crucial metric that can be achieved with the help 

of several plant growth regulators. Among the 

used plant growth regulators, gibberellic acid 

and naphthalene acetic acid play an important 

role in improving the grape yield and fruit 

quality attributes (Senthilkumar et al., 2018). 

Naphthalene acetic acid (NAA) application 

influences fruit development by affecting cell 

division and enlargement (Dutta and Banik, 
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2007). Additionally, NAA dramatically 

decreased flower abscission, increased 

productivity and enhanced fruit quality (Iqbal et 

al., 2009). 

Gibberellic acid (GA3) application after fruit 

set is widely used to increase the berry size of 

table grapes. GA3 mainly affects growth by 

controlling cell division and hypertrophy, 

stimulating protein biosynthesis and producing 

new tissues that increase water and nutrient 

absorption, which positively affects the yield, its 

constituents and the quality of the fruits of 

different grape cultivars (Pires et al., 2000, 

Omar and El-Morsy 2000, Dimovska et al., 

2011, Abu-Zahra and Salameh, 2012, 

Dimovska et al., 2014, Abada et al., 2015 and 

Belal, 2019). 

Previous studies demonstrated that using 

NAA and GA3 together improved berry physical 

attributes, enhanced yield, and retarded berry 

maturation more than using either one alone (El-

Hammady & Abd El-Hamid, 1995 and El-

Morsy, 2001). 

The target of this investigation is to study the 

influence of exogenous application of NAA and 

GA3 on the growth, yield and fruit quality 

attributes of Black Magic grape cultivar. 

MATERIALS AND METHODS 

This investigation was experiment for two 

consecutive seasons (2021 & 2022) in a private 

vineyard located at Matay center, Minia 

governorate to study the effect of naphthalene 

acetic acid (NAA) and gibberellic acid (GA3) 

application on the yield and fruit quality of Black 

Magic grapevines. The selected vines were five 

years old, grown in sandy soil, irrigated by drip 

system, planted at distance of 2 x 3 meters, cane-

pruned and trellised using the Gable system. 

With a bud load of 72 buds per vine (6 canes X 

12 buds), the vines were pruned during the 

second week of January. A total of 96 uniform 

vines were selected. A replicate includes four 

vines, and each treatment constitutes of three 

replicates. 

Eight treatments were performed as follows: 

three doses of NAA (25, 50 and 75 ppm) and 

GA3 at 20 ppm were applied either solely or in 

combination with each other, in addition to the 

control treatment (spraying with water). All 

different doses of NAA were foliar sprayed 

twice: at the beginning of blooming stage and 

after fruit set stage when the berry diameter 

reaches 2-3 mm, while cluster dipping with GA3 

at 20 ppm after fruit set stage when the berry 

diameter reaches 8-10 mm. 

The following criteria were used to assess the 

conducted treatments: 

1. Vegetative growth characteristics 

During the last week of June, four fruitful 

shoots were labeled to study vegetative growth 

characteristics as follows: 

- Average shoots length (cm). 

- Average number of leaves/shoot. 

- Average leaf area (cm2): leaves were taken from 

the apical fifth and sixth from the main shoot per 

vine and average leaf area measured using a CI-

203- Laser Area-meter made by CID, Inc., 

Vancouver, USA. 

- Leaf content of total chlorophyll: it was 

determined by using nondestructive Minolta 

chlorophyll meter SPAD 502 (Wood et al., 

1992). 

2. Yield and physical characteristics of 

clusters 

According to Tourky et al., (1995), 6 

clusters/vine representative random samples 

were collected at maturity when total soluble 

solids approached 16-17%. 

- The yield per vine (kg) was calculated by 

multiplying the average cluster weight (g) and 

the number of clusters per vine.  

- Average cluster weight (g) 

- Average cluster dimensions (cm)  

- Average number of berries per cluster 

3. Physical properties of berries 

- Average berry weight (g).  

- Average berry size (cm3)  

- Average berry dimensions (cm) 

- Average berry firmness (g/cm2)    

4. Chemical properties of berries 

- Total soluble solids (TSS%) by using a hand 

refractometer 
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- Total titratable acidity (%) as tartaric acid 

(A.O.A.C., 2000) 

- TSS /acid ratio 

- Total anthocyanin (mg/100g fresh weight) in 

berry skin was determined according to Husia 

et al. (1965) 

Experimental design and statistical Analysis 

For this experiment, a completely 

randomized design was used. According to 

Snedecor and Cochran (1980), the statistical 

analysis of the provided data was done. The new 

LSD values at the 5% level were used to 

compare averages (Steel and Torrie, 1980).  

RESULTS AND DISCUSSION 

1. Vegetative growth characteristics 

Data presented in Table (1) showed that all 

different doses of NAA either solely or in 

combined with GA3 at 20 ppm significantly 

enhanced all vegetative growth characteristics 

i.e. shoot length, number of leaves, leaf area and 

leaf content of total chlorophyll as compared to 

control in both seasons. NAA at high dose (75 

ppm) had the best results of these traits than the 

use of other doses (50 or 25 ppm). Highest 

significant all vegetative growth characteristics 

were obtained by applying NAA at 75 ppm plus 

GA3 at 20 ppm, whereas the least values of these 

ones was attributed to the control in both 

seasons. 

The enhancing influence of NAA on 

vegetative growth can be attributed to the fact 

that it plays an important role in cell division and 

the elongation of cell wall (Crosier et al., 2000). 

The results obtained are consistent with 

those of Hifny et al. (2017), which they reported 

that NAA application enhanced the vegetative 

growth of orange trees. Moreover, El-Sayed 

(2021) mentioned that leaf total chlorophyll 

content was increased by foliar spraying with 

NAA of Lime trees.

Table (1). Effect of NAA and GA3 on vegetative growth characteristics of Black Magic grapevines 

during 2021 and 2022 seasons 

                  Characteristic 

 

 

Treatment 

Average 

shoot length 

(cm) 

Average 

number of 

leaves/shoot 

Average 

leaf area  

(cm2) 

Total 

chlorophyll 

(SPAD) 

2021 2022 2021 2022 2021 2022 2021 2022 

Control 162.1 165.4 24.2 25.7 138.1 142.3 36.8 38.4 

NAA at 25ppm  165.3 169.8 25.4 27.4 146.3 147.4 37.4 40.1 

NAA at 50ppm  167.8 170.5 26.6 28.2 148.9 149.7 38.9 41.9 

NAA at 75ppm  168.2 173.4 28.3 29.3 150.2 152.1 39.7 42.5 

GA3 at 20ppm  163.7 166.1 24.7 26.1 141.7 144.9 37.1 39.6 

NAA at 25ppm + GA3 at 20ppm  166.4 169.9 26.1 27.6 147.4 148.9 37.8 40.7 

NAA at 50ppm + GA3 at 20ppm  168.1 171.2 27.8 28.9 149.1 151.3 39.1 42.3 

NAA at 75ppm + GA3 at 20ppm  170.3 174.8 29.6 31.4 151.6 154.2 40.3 43.2 

new L.S.D. at 0.05   1.7 1.3 1.2 1.5 1.1 1.4 0.5 0.6 

 

2. Yield and cluster physical 

characteristics 

As shown in Table (2), the yield per vine, 

cluster weight and cluster dimensions were 

significantly improved by the application of GA3 

at 20 ppm either alone or in combined with all 

different doses of NAA as compared to control 

in both seasons. With respect to number of 

berries per cluster, it was noticed that all 

different doses of NAA had significantly the 

highest values of this estimation. NAA at high 
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dose (75 ppm) had the best results of berries 

number than the use of other doses (50 or 25 

ppm). The combined application of NAA at 75 

ppm plus GA3 at 20 ppm significantly recorded 

the highest throughput values of yield and 

physical characteristics of cluster. On the other 

hand, control had the lowest values of these ones 

in both seasons.  

Due to the positive role of GA3 application 

in promoting cell division and enlargement, 

water absorption and protein biosynthesis, this 

explains the increase in yield and its attributes 

(Dimovska et al., 2011, Abu-Zahra and 

Salameh 2012 and Dimovska et al., 2014). As 

regard to NAA, the enhancement effect of NAA 

on yield and some fruit properties may be 

attributed that NAA makes the cell wall more 

flexible, allowing for its enlargement which led 

to the rate of fruit growth accelerates, ultimately 

resulting in an increase fruit yield (Arteca, 

1996). In addition to, NAA application induces 

fruit mesocarp cells to expand, which improves 

fruit size and overall production (Stern et al., 

2007). Additionally, NAA dramatically 

decreased flower abscission, increased 

productivity and enhanced fruit quality (Iqbal et 

al., 2009). Furthermore, NAA plays an important 

role in enhancing the movement of nutrients and 

minerals from other plant parts to the growing 

fruits and this reflected in increasing weight and 

volume (Arora and Singh, 2014). 

These results are in accordance with those 

reported by Omar and El-Morsy (2000) and 

Omran et al., (2005); they mentioned that the 

vine yield and cluster weight were greatly 

increased by GA3 spraying after fruit set. With 

respect to NAA, El-Hammady and Abd El-

Hamid (1995) on Ruby Seedless grape cultivar 

and Rizk-Alla et al., (2011) on Black Monukka 

grape cultivar showed that cluster weight and 

yield per vine were substantially increased by 

spraying with NAA.

 

Table (2). Effect of NAA and GA3 on yield/vine and cluster physical characteristics of Black Magic 

grapevines during 2021 and 2022 seasons 

           Characteristic 

 

 

Treatment 

Yield/vine 

(kg) 

Cluster 

weight 

(g) 

Cluster 

length  

(cm) 

Cluster 

width 

(cm) 

Number of 

berries/cluster 

2021 2022 2021 2022 2021 2022 2021 2022 2021 2022 

Control 12.36 12.96 456.2 464.6 32.1 32.5 13.7 13.9 103.1 104.2 

NAA at 25ppm  13.14 13.35 481.4 485.6 32.3 32.8 13.8 14.1 107.7 108.3 

NAA at 50ppm  13.41 14.31 493.2 512.7 32.4 32.9 13.8 14.2 109.8 113.5 

NAA at 75ppm  13.82 14.85 504.3 536.0 32.4 33.1 13.9 14.2 111.3 118.0 

GA3 at 20ppm  14.58 15.05 532.1 545.3 32.7 33.4 14.1 14.4 103.9 104.8 

NAA at 25ppm + GA3 at 20ppm  15.26 15.92 563.1 572.8 32.8 33.4 14.2 14.5 108.8 109.6 

NAA at 50ppm + GA3 at 20ppm  15.76 16.66 577.2 603.7 32.9 33.5 14.3 14.5 110.7 115.0 

NAA at 75ppm + GA3 at 20ppm  16.25 17.51 597.4 627.5 33.4 33.8 14.5 14.7 114.0 119.2 

new L.S.D. at 0.05   0.63 0.72 21.7 23.2 0.3 0.2 0.2 0.1 3.1 3.4 

 

3. Physical properties of berries 

Data presented in Table (3) showed that GA3 

at 20 ppm either solely or in combined with all 

different doses of NAA significantly enhanced 

all physical properties of berries as compared to 

control in both seasons. Highest significant berry 

weight, size, dimensions and firmness were 

obtained by applying NAA at 75 ppm plus GA3 

at 20 ppm, whereas the least values of these ones 

was attributed to the control in both seasons.  
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The efficacy of GA3 to enhance berry 

weight, size, and dimensions could be ascribed 

to its influence to encouraging cell division and 

elongation, water uptake and protein synthesis 

(Cleland, 1995). Also, GA3 promotes growth by 

improving the flexibility of cell walls and 

hydrolysis of starch into sugars that reduce the 

water potential of cells and encourage the entry 

of water, which leads to cell elongation and 

expansion (Richard, 2006).  

        These results are consistent with those 

stated by Omar and El-Morsy (2000), Rizk-

Alla et al., (2011), Dimovska et al. (2014) and 

Abada et al. (2015); they mentioned that the 

physical properties of berries were greatly 

improved by GA3 spraying after fruit set. With 

respect to NAA, El-Hammady and Abd El-

Hamid (1995) on Ruby Seedless grape cultivar 

and Rizk-Alla et al., (2011) on Black Monukka 

grape cultivar showed that berry weight and size 

were substantially increased by spraying with 

NAA.

 

 

4. Chemical properties of berries 

As shown in Table (4), data demonstrated 

that all chemical properties of berries including 

TSS, acidity, TSS/acid ratio and anthocyanin 

content of berry skin were significantly affected 

by all different doses of NAA either solely or in 

combined with GA3 at 20 ppm as compared to 

control in both seasons. The combined 

application of NAA at 75 ppm plus GA3 at 20 

ppm significantly achieved the lowest values of 

TSS, TSS/acid ratio and anthocyanin content of 

berry skin and highest significant acidity of berry 

juice. Whereas, control had the highest values of 

TSS, TSS/acid ratio and anthocyanin content of 

berry skin and lowest values acidity of berry 

juice in both seasons.  

The preservation of berry quality observed in 

the present study can be explained by the 

effective effect of GA3 and NAA in delaying 

berry maturation by decreasing TSS, TSS/acid 

ratio and anthocyanin content of berry skin and 

increasing total acidity in berry juice (El-

Hammady and Abd El-Hamid, 1995, Omar 

and El-Morsy, 2000, Rizk-Alla et al., 2011, 

Abada et al., 2015 and Khalil, 2020). 

 

Table (3). Effect of NAA and GA3 on berry physical properties of Black Magic grapevines during 2021 

and 2022 seasons 

             Characteristic 

 

 

 

Treatment 

Average 

berry 

weight  

(g) 

Average 

berry   

size  

(cm3) 

Average 

berry 

length  

(cm) 

Average 

berry  

diameter 

(cm) 

Average 

berry 

firmness  

(g/cm2) 

2021 2022 2021 2022 2021 2022 2021 2022 2021 2022 

Control 4.26 4.29 4.08 4.16 2.32 2.37 1.69 1.76 39.26 41.53 

NAA at 25ppm  4.31 4.32 4.12 4.19 2.38 2.44 1.74 1.79 43.74 45.81 

NAA at 50ppm  4.33 4.36 4.13 4.21 2.41 2.48 1.75 1.81 44.13 46.16 

NAA at 75ppm  4.37 4.39 4.16 4.25 2.42 2.48 1.77 1.82 44.39 46.45 

GA3 at 20ppm  4.95 5.03 4.75 4.88 2.47 2.55 1.82 1.86 45.17 47.19 

NAA at 25ppm + GA3 at 20ppm  5.01 5.06 4.79 4.93 2.49 2.57 1.83 1.87 45.51 47.45 

NAA at 50ppm + GA3 at 20ppm  5.05 5.09 4.85 4.94 2.52 2.59 1.85 1.91 45.93 47.88 

NAA at 75ppm + GA3 at 20ppm  5.08 5.11 4.87 4.97 2.57 2.63 1.88 1.93 46.58 48.51 

new L.S.D. at 0.05   0.02 0.01 0.02 0.01 0.04 0.03 0.03 0.02 0.61 0.57 
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Table (4). Effect of NAA and GA3 on berry chemical properties of Black Magic grapevines 

during 2021 and 2022 seasons  

                   Characteristic 

 

Treatment 

TSS  

(%) 

Acidity  

(%) 

TSS/acid  

ratio 

Anthocyanin 

(mg/100g 

F.W.) 

2021 2022 2021 2022 2021 2022 2021 2022 

Control 15.9 16.2 0.52 0.49 30.6 33.1 47.9 49.3 

NAA at 25ppm  15.8 16.1 0.53 0.51 29.8 31.6 47.1 48.6 

NAA at 50ppm  15.6 15.9 0.53 0.52 29.4 30.6 46.8 48.4 

NAA at 75ppm  15.5 15.8 0.55 0.54 28.2 29.3 46.3 47.9 

GA3 at 20ppm  15.3 15.5 0.57 0.55 26.8 28.2 45.4 46.8 

NAA at 25ppm + GA3 at 20ppm  15.2 15.4 0.58 0.57 26.2 27.0 45.1 46.4 

NAA at 50ppm + GA3 at 20ppm  15.1 15.2 0.59 0.57 25.6 26.7 44.7 45.9 

NAA at 75ppm + GA3 at 20ppm  14.9 15.1 0.61 0.58 24.4 26.0 44.3 45.6 

new L.S.D. at 0.05   0.2 0.1 0.03 0.02 0.7 0.6 0.4 0.3 

 

Economic feasibility of the recommended 

treatment (75 ppm NAA + 20 ppm GA3) 

compared with control 

      As shown in Table (5), it is obvious that the 

combined application of NAA at 75 ppm + GA3 

at 20 ppm produced the greatest net profit 

compared with the control in both seasons. 

Economically, the minor increase in production 

costs/Feddan compared to control for this 

treatment is justified by the higher productivity 

that results from this treatment.

 

Table (5). Cost and net profit/ feddan for the recommended treatment (75 ppm NAA + 20 ppm 

GA3)  compared with control  

Per Feddan 

2021 season 2022 season 

NAA at 75 ppm + 

GA3 at 20 ppm  
Control 

NAA at 75 ppm 

+ GA3 at 20 ppm  
Control 

Price of NAA (L.E.)  170 --- 175 --- 

Price of GA3 (L.E.) 120 --- 125 --- 

Labour cost (L.E.)  350 --- 400 --- 

Cost of cultural practices (L.E.) 15000 15000 16000 16000 

Total cost (L.E.)  15640 15000 16700 16000 

Yield / Feddan (kg)  11375 8652 12257 9072 

Yield / kg (L.E.) 9 9 9.5 9.5 

Yield / feddan (L.E.)  102375 77868 116442 86184 

The net profit (L.E.)  86735 62868 99742 70184 

 

CONCLUSION 

From the foregoing results, it can be concluded 

that the fruit quality attributes of Black Magic 

grapevines could be easily enhanced by the 

considered treatments. The combined 

application of NAA at 75 ppm plus GA3 at 20 

ppm achieved the best influence on the growth, 

yield and fruit quality attributes. However, this 
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proposed protocol should be further investigated 

to minimize delay in berry. maturation. 
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