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The effect of different concentrations of foliar spraying of gibberellic acid 

and benzyladenine on Berberis vulgaris 
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ABSTRACT:   
 Barberry shrubs (Berberis vulgaris) are resistant to drought and salt. They are 
exclusively cultivated in the South Khorasan province in wide area. This experiment 
was performed as a factorial study in randomized complete block design with four 
replications. In this study, Gibberellic Acid (GA3) and 6-Benzyladenine (BA) each with 
three concentrations (0, 50, 100 and 200 ppm) alone and in combination with each 
other were sprayed on the barberry. The results showed that all concentrations GA3 
and GA3 + BA and BA at 200ppm caused significant increase in the fruit length in 
comparison with the control. GA3 and GA3 + BA caused significant increase in fruit 
diameter and fruit weight in comparison with BA. GA3 and GA3 + BA (at all 
concentrations) and BA (100 and 200ppm) had significant effect on TSS (Total Soluble 
Solid) compared to the control. GA3 (200 ppm), BA (200 ppm) and GA3 + BA (at all 
concentrations) significantly increased anthocyanin in comparison with the control.  
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INTRODUCTION 

 Berberis vulgaris belongs to the family 

Berberidaceae. This is a drought-and-saline resistant 

shrub cultivated exclusively in south Khorasan province 

with large cultivation areas (Kafi and Balandari, 2004). 

The organs of this tree including root, skin, leaf, and 

especially the fruit, due to their different alkaloids, 

possess medicinal traits. In traditional medicine, fruits 

are used to strengthen the liver, heart, avoid bleeding, 

relieve pain, and blood purification. In recent years, the 

usage of barberry has gained a striking growth in the 

food industry, and various products are available, such 

as drinks, jellies, pasta, jam and a major food colour 

was also obtained from the fruit (Javadzadeh and Fallah, 

2012). Plant growth regulators can alter the hormonal 

state of the plant, resulting in decreased fruit falling and 

increased yield and quality (Ghosh et al., 2013). 

 Applying growth regulators is one of the way 

that stimulates cell division and cell growth, leading to 

the increased fruit size. Cytokinins are one of the most 

helpful and well-known growth regulators to ameliorate 

fruit size because they motivate cell division (Kim, 

2006; Ahmed and Aal, 2007). Mousawinejad et al. 

(2014) reported using cytokinin in the commercial 

production of grapes and kiwifruit. Mishra et al. (2011) 

proposed that cytokines enhanced the size and weight of 

jujube, but decreased TSS and acidity. 

 Hassan et al. (2009) and Mousawinejad et al. 

(2014) also suggested that cytokine has elevated the size 

and quality of grapes and tomatoes. Gibberellic acid 

individually or mixed with benzyladenine has increased 

the size and weight of fruits, especially grapes. As it is 

indicated, this is owing to the stimulation of cell growth 

and cell division (Kranthikumar and Sharma, 2016; 

Omar and Elmorsy, 2000; Omar and Girgis, 2005). 

Zhang and Whiting, (2011) indicated that gibberellic 

acid was sprayed to increase the size of the fruit, the 

quantity and quality of the product. It has been 

presented that jujube spraying with gibberellic acid has 

increased the fruit size and yield of the tree (Gill and 

Bal, 2013; Yang et al., 2012).  

 Sharma and Singh (2008), Garner et al. (2011) 

and Reddy and Prasad (2012) reported that gibberellic 

acid foliar spraying escalated the size and weight of 

palm fruits, avocados and pomegranates. There is no 

information available on the influence of the growth 

regulators on the barley fruit. Hence, in the present 

study, the effects of different concentrations of 

gibberellic acid and benzyladenine on the characteristics 

of barberry fruit were examined. 

 

MATERIALS AND METHODS 

 This investigation was performed in the 

Barberry Research Garden of Birjand Islamic Azad 

University located at 32° 52'N, 59° 13'E and 1410 m 

above sea level. This factorial experiment was done in a 

randomized complete block design with three 

repetitions. Plant growth regulators such as Gibberellic 

Acid (GA3) and Benzyladenine (6- BA) were taken 

individually and mixed as five concentrations (0, 50, 

100 and 200 mg / L) and were sprayed during full 

flowering and after 10 days upon the fall of the petals. 

 In order to absorb the growth regulators, Moyan 

(Tween) was also used and irrigated before foliar 

spraying on the trees. Owing to the unfavorable effects 

of light on the growth regulators, foliar spraying was 

conducted on the sunset, when the intensity of the light 

was minimal, resulting in a more efficient adsorption 

until the morning. Repetitions were done on trees with 

the same age, strength and size. The operation was 

followed identically for all trees.  

 In early November, the fruit was harvested and 

the physico-chemical characteristics of the fruit were 

investigated. The weight of the fruit in grams were 

measured with a scale (accuracy, 10-4 g). Fifty fruit 

pieces were randomly selected from each repetition, and 

then their average weight was determined. To determine 

the dry weight, 15 g of barberry of each repetition was 
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placed in an incubator at 72° C for 48 h. Afterwards, dry 

weight was measured with a scale (accuracy, 10-4 g). 

The caliper was used to quantify the length and the 

diameter of the fruit. The means were compared and the 

statistical calculations were done using MS Excel.  

 

RESULTS 

 Analysis of the variance of the data discerned 

that the effect of type of the growth regulator Vs 

concentration, and the interaction effects of growth 

regulator type have an impact on the yield. The growth 

regulator concentrations on the fruit length, the 

anthocyanin amount, TSS, and the effect of type of 

growth regulator and growth regulator concentration on 

diameter and the weight of the fruit were substantial. 

However, acidity, dry weight and pH had no meaningful 

effect (Table 1). The reciprocal effect of the growth 

regulator type and the growth regulator concentration 

presented that GA3, GA3 + BA at all concentrations and 

BA 200 mg / L compared to the control, remarkably 

increased fruit length. GA3 200 mg / L (12.09 mm) had 

the foremost enhancement in the fruit length and the 
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Mean square 

D.o.F 
Source of 

changes 
S. No Dry 

weight 
pH TSS Anthocyanin Acidity 

Fruit 

diameter 

Fruit 

length 

Fruit 

weight 

0.022ns 0.017ns 1.43** 0.014** 2.85** 0.10** 0.029** 0.014** 2 Repetition 1 

0.008ns 0.003ns 6.16** 0.131** 0.022** 1.48** 3.81** 0.106** 2 
Growth 

regulator 
2 

0.018ns 0.027ns 4.98** 0.061** 0.001** 1.05** 18.45** 0.013** 3 Concentration 3 

0.042ns 0.039 4.19** 0.044** 0.006** 0.10ns 1.00** 0.040ns 6 
Growth and 
concentration 

regulator 
4 

0.034 0.039 1.32 0.004 0.212 0.214 0.282 0.001 70 Error 5 

8.25 9.58 5.48 6.62 13.16 6.46 4.83 11.03   
Coefficient 

of variation 
6 

Table 1. Analysis of variance of various concentrations of gibberellic acid and benzyladenine on physicochem-

ical properties of barberry 

ns and **: no difference and significant difference in the probability level of 1%, respectively; D.o.F: Degree of freedom. 

Regulator and concentration type Fruit length (mm) Anthocyanin (mg/g) TSS (%) S. No 

GA3 0 mg/L 9.86de 0.91c 18.53d 1 

GA3 50 mg/L 11.11bcd 0.90c 21.98ac 2 

GA3 100 mg/L 12.09f 1.03b 22.33ab 3 

GA3 200 mg/L 11.32bc 0.92c 22.26abc 4 

BA 0 mg/L 9.84e 0.92c 18.20d 5 

BA  50 mg/L 10.50cde 0.91c 19.35de 6 

BA 100 mg/L 10.65cde 0.92c 21.63ac 7 

BA 200 mg/L 11.51b 1.05b 22.84ab 8 

GA3+BA (each 0 mg/L) 9.84e 0.92c 18.42d 9 

GA3+BA (each 50 mg/L) 11.68ab 1.10a 20.98e 10 

GA3+BA (each 100 mg/L) 11.32bc 1.09ab 22.21abc 11 

GA3+BA (each 200 mg/L) 11.79a 1.09b 23.02a 10 

Table 2. Comparison of the means of growth regulator type and concentration on physicochemical  

characteristics of barberry 

The averages of the same letters in each column do not differ substantially in the 5% probability level. 
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lowest fruit length was linked to the control (86.9 mm) 

(Table 2). GA3 and GA3 + BA meaningfully escalated 

fruit diameter and fruit weight. 

 The highest fruit diameter (7.33 mm) and the 

highest fruit weight (0.37 g) were related to GA3 and 

GA3 + BA (Table 3). Compared to the control, all 

concentrations led to the increase of fruit diameter and 

fruit weight (Table 4). GA3 and GA3 + BA at all 

concentrations and BA at 100 and 200 mg /L effectively 

elevated TSS, compared to the control. GA3 (100 mg / 

L), BA (200 mg / L) and GA3 + BA at all concentrations 

increased the anthocyanin levels substantially. Growth 

regulators did not indicate a significant effect in terms 

of dry weight, acidity and pH (Table 2). 

 

DISCUSSION 

Fruit length 

 Compared with the control, gibberellic acid 

individually, and mixed with benzyladenine at all 

concentrations, and the highest concentration of 

benzyladenine significantly increased the length of the 

fruit. This enhancement was attributed to an increase in 

cell division and cell number. Gibberellic acid further 

increase cellular length, and benzyladenyl triggers cell 

division (Yuan and Greene, 2000).  

 Benzyladenine in the premature stages of 

growth triggers cell division, leading to increased fruit 

size. (Kranthikumar and Sharma, 2016). Associated 

with the results of this experiment, Khalil and Aly 

(2013), Garner et al. (2011) and Reddy and Prasad 

(2012) suggested that gibberellic acid spraying 

increased the size and weight of palm fruit, avocado and 

pomegranate. The findings of this study was also 

complied with the results of Tambe (2001), Liu (2002), 

Warusavitharana et al. (2008), Souze et al. (2010), 

Meena et al. (2012) and Khot et al. (2015). 

Fruit diameter 

 Gibberellic acid and benzyladenine escalated the 

diameter of the fruit. As gibberellic acid enhances the 

cell length, benzyladenine triggers cell division, 

particularly in the premature steps of the fruit growth 

(Yuan and Greene, 2000). The results of this study 

complied with the findings of Khalil and Aly (2013), 

Tambe (2001), Liu (2002), Warusavitharana et al. 

(2008), Souze et al. (2010), Meena et al. (2012) and 

Khot et al. (2015). 

Fruit weight 

 The weight enhancement of the fruit was 

ascribed to a considerable increase in fruit size, 

improved nutritional status of the fruit and increased 

photosynthetic capacity. The transfer of photosynthetic 

material to fruit increases during the treatment with 

gibberellic acid and benzyladenine. Letham (1969), 

stated that cytokinin, besides increasing cell division, 

expedites the transfer of food and amino acids to treated 

areas. Bangerth (2004), reported that the existence of 

gibberellic acid and benzyladenine in the fruit pericarpel 

motivates cell division and cell reproduction and 

enhances sink function.  

Regulator  

concentration 

Fruit  

diameter 

(mm) 

Fruit 

weight (g) 
S. No 

0 mg/L 6.86 a 0.29 a 1 

50 mg/L 7.21 b 0.36 b 2 

100 mg/L 7.22 b 0.38 b 3 

200 mg/L 7.32 b 0.37 b 4 

Table 4. Comparison of the mean of different regula-

tor concentration on barberry fruit diameter and 

weight  

The averages of the same letters in each column do not differ 

substantially in the 5% probability level. 

Growth  

Regulator  

Type 

Fruit Diameter 

(mm) 

Fruit 

Weight (g) 
S. No 

GA3 7.33 a 0.36 a 1 

BA 6.93 b 0.32 b 2 

GA3 + BA 7.20 b 0.37 b 3 

Table 3. Comparison of the mean of growth regulator 

type on barberry fruit diameter and weight 

The averages of the same letters in each column do not differ 

substantially in the 5% probability level.  



 Huang et al. (2002) indicated that BA gives rise 

to the transfer of nitrogen and carbonic acid from 

treated leaves to fruit. The weight gain of fruit with the 

use of gibberellic acid and benzyladenine is consistent 

with the findings of Khalil and Aly (2013), Tambe

(2001), Liu (2002), Warusavitharana et al. (2008) and 

Meena et al. (2012). Also, Sharma and Singh (2008), 

Garner et al. (2011) and Reddy and Prasad, (2012) 

reported that spraying of gibberellic acid had showed an 

increase in the size and weight of palm fruits, avocado 

and pomegranate. 

TSS 

 Gibberellic acid and benzyladenine remarkably 

increased TSS in this study. According to Khalil and 

Aly (2013), El-sabagh and Ahmed (2004) and Saleem et 

al. (2008), the beneficial effect of these hormones on 

the TSS enhancement was reported. Khalid et al. 

(2012), however, reported that the gibberellic acid had 

no effect on TSS of mandarin. 

Anthocyanin 

 According to the findings of this study, 

Gibberellic acid increased the amount of pomegranate 

Anthocyanin, which is also supported by the 

experiments of Khalil and Aly (2013). 

 

CONCLUSION 

 Foliar spraying of gibberellic acid and 

benzyladenine improved the physico-chemical 

properties of barley 
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