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ABSTRACT 

Sustainable agricultural development needs to provide natural alternatives to chemically 
synthesized production inputs to produce safe food and reduce environmental pollution. This study 
aims to evaluate the possibility of using Cyanobacteria as a producer of natural growth promoters 
instead of chemically growth regulators used to improve the productivity and quality of grape berries. 
As well as, to determine the residual accumulation of ABA, GA3 and IAA in grape berries after 
harvest. This study was carried out on seedless grapevines (cv. Ruby) at the farm of Faculty of 
Agriculture, Assiut University, Egypt during two successive seasons of 2016 and 2017. Foliar 
application of PGP-cyanobacteria, cytokinin (BA) and gibberellins (GA3) either separately or in 
combination form were compared to water spraying on physical and chemical properties of Ruby 
seedless grape. The obtained result proved that cyanobacteria+ BA recorded the highest significant 
cluster weight (540 and 546.67 g), 100 berries weight (233.38 and 235g), 100 berries volume (230 
and 231.67 ml), juice volume (168.33 and 153.33 ml) and juice weight (171.65 and 170 g) in both 
seasons, respectively. While, the treatment of Cyanobacteria + GA3 led to a significant increase total 
soluble solids (18.78 and 19.33%) and lessen the acidity to the lowest level (0.408 and 0.403%)  of 
berries, that was reflected in the highest maturity index (46.03 and 47.99) and the highest anthocyanin 
content of berries (0.827 and 0.883 mg cyanidin/100g FW) in both seasons, respectively. Generally, 
foliar application of auxin and cytokinin chemically synthesized maximized the residual IAA, ABA 
and GA3 contents of berries after harvest whereas all cyanobacteria treatments had the lowest residual 
of these hormones. This demonstrated that using cyanobacteria as a powerful bio-safe and rich in 
PGRs product for foliar application of grape can give the same positive effects of chemically 
synthesized hormones on yield and quality of grape and does not cause any health hazards or 
environmental pollution. 
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Introduction 

Grape is one of the widely grown fruit crops in the world (Salunkhe and Kadam, 1995). It 
occupies top position in the world with respect to area and production. However, in Egypt it ranks 2nd 
after citrus with a harvested area that reached approximately 72190 ha and a total production about 
1596169 tons (Faostat, 2014). Seedless table grape is one of the most important cultivars in the 
Egyptian vineyards for both exportation and local market. It is considered an important source of 
antioxidants such as vitamins, phenols, flavonoids, anthocyanins, dietary glutathione and endogenous 
metabolites. Therefore grapes are contributing significantly to the health benefits. The main problem 
in the production of seedless table grapes is producing small berries thus reducing their suitability for 
local market and exportation (Anastasiadi et al., 2010).The early production with high berry size and 
good quality is the main quality factor for the international markets. Farmers often overuse the 
synthetic growth regulators, Gibberellic acid (GA3) and cytokinin (BA), as an effort to increase berry 
size.GA3 has been routinely used for seedless grape production to increase berry and bunch weights, 
cell division and cell enlargement as well as promote the biosynthesis of proteins and producing new 
tissues that enhancing the water and nutrients absorption and induce more vegetative growth shifted 
the balance of competition between reproductive growth and vegetative organs. Synthetic cytokinin 
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may be applied at fruit set to increase berry size and could be applied by it self or in combination with 
GA3 for cluster elongation, flower thinning, also to increase berry size and make it uniformity in 
seedless table grapes (Giacomelli et al., 2013; Hedden  and Sponsel, 2015). However, it has some 
hazards as decreasing fertility and delaying maturity (Jawanda et al., 1974). On the other hand, plant 
growth regulators (PGRs), such as GA3, are classified as pesticides and are subject to the same 
rigorous regulatory framework. PGRs may not be approved for grapes in certain regions, or for 
particular cultivars of grapes. The unapproved use of PGRs on grapes may result in contaminated 
crops with illegal pesticide residues (Qiu, 2013). In this respect, some studies were accomplished for 
producing organic fruits from vineyards through avoiding the application of chemicals and synthetic 
hormones as well as encouraging the application of bio-stimulants as well as afford the costs of 
chemical and synthetic hormones, which considered as pollutants. The utilization of bio-stimulants is 
considered as a promising alternative, particularly for developing countries (El-Haddad et al., 1993). 
Plant growth promoting rhizobacteria(PGPR) are defined as free-living soil rhizosphere and 
rhizoplane microbes having beneficial effects on plants not only beneficial influence in the 
rhizosphere but also in the phyllosphere of the plants (Saharan and Nehra, 2011).  

Algal extract as a bio-stimulant containing N, P, K, Ca, Mg and S as well as Zn, Fe, Mn, Cu, Mo 
and Co, some growth regulators, polyamines and vitamins approved to improve nutritional status, 
vegetative growth, yield and fruit quality in different orchard as well as vineyards. The effect of green 
alga Chlorella vulgaris cells extract as foliar spray on nutrient status, growth and yield of superior 
grapevines was studied and compared with micronutrients foliar fertilizer (Abd El Moniem et al., 
2008).Our previous studies and others reported the growth promotion in response to different 
application of plant growth promoting and N2-fixing cyanobacteria (Blue green algae) that could be 
attributed to the nitrogenase as well as nitrate reductase activities of algae associated with the surface 
of plants, or the amino acids and peptides produced in algal filtrate and/or other compounds that 
stimulated growth of crop plants. In addition, bio-fertilization is very safe for human, animal and 
environment to get lower pollution and reduce soil salinity via decrease mineral usage fertilization as 
well as saving fertilization cost. (Zulpa et al., 1999; Maqubela et al., 2008; Ali and Mostafa, 2009; 
Hegazi et al., 2010; Mostafa et al., 2016).The role of physiological processes and environmental 
factors in foliar uptake and distribution are required to be investigated. Also, more information 
relating to microalgae or cyanobacteria based foliar spray and plants relationship is still needed. The 
present work aimed to evaluate the effect of PGPR of cyanobacteria, as natural fertilizers and growth 
promoter source, vs. synthetic gibberellic acid, N6-benzyladenine on vegetative growth, yield, and 
fruit quality of "Ruby seedless" grapevine. 

 
Material and Methods 

 
Cyanobacterial strains 
 

The production of plant growth promoters (indole acetic acid, gibberellic acid and abscissic acid) 
by cyanobacteria has been taken as a main criterion in selection of the strains used in this study. N2-
fixing (Nostoc muscorum, Nostoc humifusum, Anabaena oryzae and Wollea sp) and non N2-fixing 
(Phormedium sp and Spirulina platensis) cyanobacteria strains were obtained from the Microbiology 
Department, Soils, Water and Environment Res. Inst. (SWERI), Agric. Res., Center (ARC). The 
cyanobacterial strains were grown separately on BG11 medium (Rippka et al., 1979) except the 
Spirulina platensison Zarrouk medium (Zarrouk, 1966). The cultures were incubated in growth 
chamber under continuous illumination (2000 lux) at 25˚C ± 2˚C. Cyanobacterial inoculum was 
prepared by mixing equal aliquots of algal culture suspensions at the log phase of growth. Culture 
growth parameters were determined (Table1) according to Vonshak (1986). Cultures concentration 
was determined as optical density (OD) by spectrophotometer at 560 nm (Leduy and Therien, 1977). 
Chlorophyll-a was determined by Vonshak and Richmond (1988).  
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Table 1: The growth parameters and phytohormone composition of cyanobacterial cultures  
 Nostoc 

muscorum
Spirulina 
platensis 

Anabaena 
oryzae 

Wolleasaccata Nostoc 
humifusu

Phormedium 
fragile 

 Culture growth parameters 

pH 8.20 10.30 7.50 7.11 8.40 9.01 

Optical density  at 560 um 1.19 2.87 0.89 2.51 1.73 2.21 

Chlorophyll-a  (mgl-1) 5.76 12.02 5.29 10.15 8.88 4.50 

Biomass dry weight (mgl-1) 765.20 1832.00 588.40 1580.50 1079.20 1290.40 

 
Quantitative analysis of hormones 

 
Plant growth promoting (PGPR) in cyanobacteria  
 

Growth regulation substances (Indole acetic, Gibberellic and Abscisic acids) of culture filtrates 
(Table 2) were fractioned according to Shindy and Smith (Shindy and Smith, 1975) and quantified at 
Analysis and Studies Component, Soils, Water & Environment Unit, Soils, Water and Environment 
Research Institute, Agricultural Research Centre by HPLC apparatus (Hewlett-Pakard 1050) as 
described by Kowalczyk  and  Sandberg (Kowalczyk and Sandberg, 2001). 
 
Table 2: Phytohormone (PGPR)   of cyanobacterial cultures (ppm) 

 Nostoc 
muscorum 

Spirulina 
platensis 

Anabaena 
oryzae 

Wolleasaccata Nostoc 
humifusum 

Phormedium 
fragile 

Indole acetic acid 
(IAA) 

1.82 3.50  1.12 1.15 1.11 1.19 

Abscisic acid (ABA) 5.23 0.000 0.175 0.129 0.163 0.019 

Gibberellic acid (GA3) 2.86 7.67 8.84 8.71 9.38 9.33 

 
Hormone analyses in berry 
 

Hormone analyses were conducted after harvest at Arid Land Agricultural Research and 
Services center, Ain Shams University, Cairo, Egypt. Plant hormones were separated by Water 1525 
Binary HPLC Pump, Water 2707 Auto sampler, Water 2489 UV/Visible Dstector, HP Lasser Jet 
P1102, Volume Injection 20 ul, Wave Length (acid) 254, Wave Length (cyto.) 269, Column 1.39x300 
mm C18 (Chiwocha et al, 2003). 
 
Experimental design and location 
 

This investigation was carried out during two successive seasons 2016 and 2017 to study the 
effect of foliar applications with cyanobacteria (blue green algae) and two kinds of growth regulators 
namely N6-benzyladenine (BA) and gibberellins (GA3) on "Ruby seedless" grapevine cultivated at the 
Pomology Department, Faculty of Agriculture, Assiut University. 40 vines of 15 years-old were 
selected, spaced at 1.5x2 m apart and grown in clay soil in head training system (leaving 40 buds/ 
vine).The tested vines were healthy, uniform in vigor as possible and divided for achieving this study. 
All vines received the standard agricultural practices that are used in the vineyard including soil 
fertilization, irrigation and pest control. 
 
Application timing and rates doses: 

The leaves and clusters of each vine were sprayed by the following solutions two times a year 
on the same vine:  the first one when berry diameter reached 5mm and the second one was a month 
cyanobacterial suspension twice/season to be received an equivalent of 40, 20 and 200 ppm/season of 
Indole acetic acid (IAA), N6-benzyladenine (BA) and gibberellins (GA3), respectively. Five grape 
vines were used as experimental unit replicated three times.  
 
 
 

http://www.endmemo.com/sconvert/microgram_microgram.php
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Treatments and sampling 
 
(T1) Cyanobacteria 2L/vine. 
(T2) GA3 (40 ppm) / vine. 
(T3) BA (100 ppm) / vine. 
(T4) Cyanobacteria 2L + GA3 (40 ppm) + BA (100 ppm) / vine. 
(T5) Cyanobacteria 2L + GA3 (40 ppm) / vine. 
(T6) Cyanobacteria 2L + BA (100 ppm) / vine. 
(T7) GA3 (40 ppm) + BA (100ppm) / vine. 
(T8) Control (water spraying). 

Six homogenized clusters from each treatment. Two clusters were taken randomly from the 
yield during the harvest date of each vine forming 3 replicates and made as a composite sample for 
physical and chemical determinations. All treatments were sprayed at the same day in the morning (6-
9 am) using a hand pressure sprayer. Triton B as a wetting agent at 0.1 % was added to all solutions. 
At harvest date in both seasons, clusters per each vine were collected and samples of 2 clusters were 
randomly taken from each vine to estimate the following berries and juice characteristics.  
 
Assessed parameters  
 
Physical properties 
 

Cluster weight and weight of 100 berries/cluster were determined in grams by using analytical 
balance. 

Juice volume of100 berries/cluster was determined (ml) by graduated cylinder. 
 
Chemical properties of juice 
 

Total soluble solids (TSS) in the juice were determined by using a hand refractometer.  
Acidity in the juice as tartaric acid equivalent was determined by titration with 0.1 normal 

sodium hydroxide using phenolphthalein as an indicator (A.O.A.C., 1985) and was calculated 
according to the following equation: 

Acidity (%) = Standard solution (N) x base solution (mL) x 0.075 X 100                                                
                                 Total juice (mL) 

Where: The equivalent weight of Tartaric acid = 0.075 
Total juice= 5ml 

 

Maturity index was defined as the TSS/acidity ratio was estimated in fresh weight.  

TSS/Acid ratio = TSS%   /  Total Acid contents% 

 
Total anthocyanins (mg cyanidin/100 g FW): 
 

Total anthocyanin was determined and calculated following the method of (Di Stefano et al., 
1989). The samples were diluted with a mixed solution of ethanol/water/HCl (concentrated) at the rates of 
70:30:1(v) and was measured at the absorbance of 540 nm. The total anthocyanin contents were 
expressed as malvidin-3-glucoside equivalents and calculated using the following equation: 

 
TA540 nm (mg/L) = A540 nm16.7d 

Where: A540 nm is the absorbance at 540 nm and d is the dilution. 
 
Statistical analysis 

The experimental design was a randomized complete blocks design (RCBD) with three 
replications for each treatment. Analysis of variance (ANOVA) was carried out with SPSS software. 
Differences between means were assessed by Duncan’s multiple range test with differences being 
considered significance at P < or = (5%). 



Middle East J. Agric. Res., 7(4): 1600-1612, 2018 
ISSN: 2077-4605 

1604 

Results  
 
Effect of treatments on berry physical parameters of seedless grapevine 
 

Generally, all treatments resulted in a significant increase in berry physical parameters 
compared with control in the two successive seasons. The highest cluster weight (540 and 546.67 g), 
100 berries weight (233.38 and 235g) and 100 berries volume (230 and 231.67ml) were recorded by 
T6 (cyanobacteria +BA) in the two successive seasons, respectively. Whereas, there were insignificant 
differences between T1, T4 and T6 in the second season which clarified that the highest values of 
cluster weight, 100 berries weight and volume were achieved by cyanobacteria alone or combined 
with growth regulators GA3 or/and BA (Table 3). Data in Table 4 illustrated that the lowest value of 
juice volume (103.00 ml) in the first season was recorded by T8 (control) while the highest significant 
values of 168.33 and 153.33 ml were achieved by T6 and T7, respectively. 
 
Table 3: Effect of foliar application with Cyanobacteria, GA3 and BA on cluster weight (g), 100 

berries weight (g) and 100 berries volume (ml) on Ruby seedless grapevine during 2016 
and 2017 seasons 

Treatments 
 

Cluster weight (g) 100 Berries weight (g) 100 Berries volume (ml) 

2016 2017 2016 2017 2016 2017 

(T1) Cyanobacteria 431.67 D 536.67 AB 183.33 C 233.33 A 178.33 C 231.67 A 

(T2) GA3  375.00 E 401.67 D 175.00 CD 161.64 C 175.00 CD 163.33 D 

(T3) BA  340.00 F 400.00 D 180.00 CD 161.67 C 180.00 C 161.67 D 

(T4) Cyanobacteria + GA3+BA 480.00 C 536.67 AB 208.33 B 228.33 AB 203.33 B 226.00 AB 

(T5) Cyanobacteria + GA3 390.00 E 448.33 C 176.68 CD 208.33 B 173.33 CD 200.00 C 

(T6) Cyanobacteria +BA 540.00 A 546.67 A 233.38 A 235.00 A 230.00 A 231.67 A 

(T7) GA3+BA 503.33 B 520.00 B 213.41 B 211.67 B 205.00 B 206.67 BC 

(T8) Control  303.33 G 333.33 E 166.66 D 165.00 C 163.33 D 165.00 D 

*Means separation by Duncan's multiple range tests at P<0.05. The same letters within columns are not significantly 
different. Ascending order starts from (A) means the highest value until reaches to the letter which has the lowest value. 

 
However, cyanobacteria alone (T1) or in combination with cytokinin solo (T6) or mixed with 

gibberellins (T4) achieved the highest significant values of juice volume in the second season. 
Cyanobacteria with cytokinin (T6) in the two seasons revealed the superior significant juice weight of 
171.65 g and 170.00 g, respectively in the two successive seasons (Table 4). These results were found 
in harmony with the work of (Naito et al., 1974; Motomura and Hori, 1978; Nickell, 1985; Dan, 1996; 
Zabadal and Bukovac, 2006). 
 
Table 4: Effect of foliar application with Cyanobacteria, GA3 and BA on juice volume (ml) and juice 

weight (g) on Ruby seedless grapevine during 2016and 2017 seasons 

Treatments 
 

Juice volume (ml) Juice weight (g) 

2016 2017 2016 2017 

(T1) Cyanobacteria  120.00 BC 168.33 A 123.33 CD 168.33 A 

(T2) GA3  126.67 B 118.33 C 130.00 C 118.33 C 

(T3) BA  118.33 BCD 116.67 C 118.38 CD 116.67 C 

(T4) Cyanobacteria + GA3+BA  110.00 CD 163.33 AB 115.00 DE 163.33 AB 

(T5) Cyanobacteria + GA3 118.33 BCD 121.67 C 125.00 CD 121.67 C 

(T6) Cyanobacteria +BA 168.33 A 170.00 A 171.65 A 170.00 A 

(T7) GA3+BA 153.33 A 151.67 B 155.00 B 151.67 B 

(T8) Control  103.00 D 116.67 C 103.33 E 116.66 C 

*Means separation by Duncan's multiple range tests at P<0.05. The same letters within columns are not significantly 
different. Ascending order starts from (A) means the highest value until reaches to the letter which has the lowest value. 
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Effect of treatments on berry chemical parameters of seedless grapevine 
 

Data in Table 5 illustrated the effect of treatments on chemical properties of berry juice 
compared with control (untreated) in two investigated seasons. 

The highest percentages of TSS% were found in T5 (18.78, 19.33%) while, the least values 
were recorded by the control (16.00, 16.67 %) in both seasons, respectively. 
Acidity recorded the highest values by T8 (0.672, 0.623%) and the lowest rates were found by T5 
(0.408, 0.403 %) in the two successive seasons, respectively. The maturity index superiority of 46.03 
and 47.99 were achieved by T5 and the lowest values of 23.82 and 26.76 were recorded by T8in both 
successive seasons, respectively. This trend was approved by previous studies (Weaver et al., 1966; 
Han and Lee, 2004; Zoffoli et al., 2009; Bahar et a.l, 2012).Maximum value of anthocyanin was 
achieved by T5(0.827) in the first season while, T1 and T5 (0.877, 0.883) were superior in the second 
season. 
 
Table 5: Effect of foliar application with Algae, GA3 and BA on TSS %, acidity%, TSS/acid ratio and 

total anthocyanin (O.D at 540 nm) on Ruby seedless grapevine during 2016 and 2017 seasons 

Treatments 
TSS % Acidity % 

Maturity index 
TSS/Acid 

Anthocyanin 
mg cyanidin/100g 

FW 

2016 2017 2016 2017 2016 2017 2016 2017 

(T1) Cyanobacteria  17.00 C 18.00 B 0.621 B 0.570 B 27.41 D 31.64 B 0.777 B 0.877A 

(T2) GA3  17.67 B 17.33 BCD 0.564 D 0.590 AB 31.40 C 29.50 BCD 0.713 C 0.680 D 

(T3) BA  16.68 C 17.00 CD 0.607 BC 0.634 A 27.51 D 26.86 CD 0.670 D 0.680 D 

(T4) Cyanobacteria + 
GA3+BA  

17.00 C 17.68 BC 0.594 BC 0.570 B 28.62 D 31.31  BC 0.780 B 0.797 B 

(T5) Cyanobacteria + 
GA3 

18.78 A 19.33 A 0.408 F 0.403 C 46.03 A 47.99 A 0.827A 0.883 A 

(T6) Cyanobacteria 
+BA 

17.68 B 17.67 BC 0.507 E 0.563 B 34.87 B 31.39 B 0.710 C 0.750 C 

(T7) GA3+BA 16.83 C 17.50 BCD 0.580 CD 0.584 AB 29.02 CD 29.97BCD 0.727 C 0.770 BC 

(T8) Control  16.00 D 16.67 D 0.672 A 0.623 A 23.81 E 26.76 D 0.627 D 0.647 D 

*Means separation by Duncan's multiple range tests at P<0.05. The same letters within columns are not significantly 
different. Ascending order starts from (A) means the highest value until reaches to the letter which has the lowest value. 

 
Quantitative analysis of the residual plant hormones in Ruby seedless berry after harvest 

When amount of IAA, ABA, GA3, Kinetin and benzyl adenine were quantified in Ruby 
seedless berry after harvest, Kinetin and benzyl adenine were undetected. On the other hand, 
treatments that received chemically synthesized plant growth regulators either individually or 
combined showed significantly higher levels of internal IAA, ABA, GA3 concentrations in the berries 
than other treatments (Fig. 1). 

In the case of ABA, T7 recorded the highest concentrations of 0.12 and 0.14 µg/100 g fresh 
weights during the two successive seasons, respectively. The rest of the treatments did not exhibit 
significant variations in both seasons. The equally significant highest records of GA3 were achieved 
by T2 (446 and 450 µg/100gweight in the two seasons, respectively) and T3 (449 and 450 µg/100g 
fresh weight in the two seasons, respectively). However, the lowest GA3 residual contents of 257 and 
260 µg/100g fresh weight were only found in T6 treatment in the first and second seasons, 
respectively. 

IAA ranges were 7-32 and 8-34 µg/100gweight of fresh tissue in the first and second seasons, 
respectively with no significant differences between T1, T4, T5 and T7 in the two seasons (Fig. 1). The 
highest IAA concentrations of 23 and 34 µg/100g fresh weight were recorded by T2 in the two 
seasons, respectively and the lowest were recorded by T3 and T6 (7 and 10 µg/100g fresh weight, 
respectively) in the first season and by T3 (8 µg/100g fresh weight) in the second season. 
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Fig. 1: The residual plant hormones in Ruby seedless berry after harvest 
*Means separation by Duncan's multiple range tests at P<0.05. The same letters within columns are not 
significantly different. Ascending order starts from (A) means the highest value until reaches to the letter which 
has the lowest value. 
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Discussion 
Exogenous application of growth regulators is an important tool for improving the quality 

parameters of grape berries, including size, organoleptic characteristics, and color, among others (Xi 
et al., 2013).  At the same time, however, studies have demonstrated their adverse impact on human 
health (Helmy et al., 2015). 

Cyanobacteria and green algae can play a crucial role in plant and soil fertility as nitrogen-
fixing microorganisms and producers of several natural substances positively affecting growth. Thus, 
recently around the world, a considerable progress took a place in the development of cyanobacteria 
and green algae-based biofertilizer technology (Saadatnia and Riahi, 2009). 

In the present study, it was noticed that the berries that treated with chemically synthesized GA3 
and/or BA individually or in combination gave the lower values in berry weight and volume 
compared with the cyanobacteria treatments. While, the highest value was achieved by the integration 
of cyanobacteria, GA3 and BA (Dokoozlian et al., 1994; Retamales et al. 1995; Carvajal-Millan et al., 
2001; Ishikawa et al., 2003 Abd El-Aal et al., 2005). The obtained results were in the same line with 
our previous research (Hegazi et al., 2010; Mostafa et al., 2015) and demonstrated that  foliar 
application of cyanobacteria may allow limit markedly doses of chemical fertilizers by as much as 
50%, without significant reduction of growth and biomass yield and this could be caused by greater 
intensity of several physiological events and by plant enrichment with auxin (IAA), GA, cytokinins, 
amino acids, macronutrients (N, P, K, Ca, Mg), microelements (S, Zn, Fe, Mn, Cu, Mo, Co), 
polyamines, and several other secondary metabolites, which can be produced by cyanobacteria and 
green algae (Aly et al., 2008; Nunnery et al., 2010; Perez-Garcia et al., 2011; Pszczolkowsk et al., 
2012; Sahu et al., 2012; Markou and Nerantzis, 2013).Cytokinins (CKs) such as N-(2-chloro-4-
pyridyl)-N′-phenylurea (CPPU) and N6-benzyladenine (BA)  are used with GA3 to induce the 
development of seedless grape berries (Di Stefano et al., 1989; Nickell, 1985).The functions of 
cytokinins are stimulating both of cell division and cell enlargement, as well as the delay both of 
tissue senescence and fruit ripening (Weaver et al., 1966). BA (N6-benzyladenine) is able to increase 
each of cluster stem or rachis size, berry set and berry size with given an oval shape for berries, 
delayed fruit maturation, some reduction in degrees Brix, retarded the accumulation of sugar and 
negative effect on anthocyanin content while it reduced the respiration rate of organic acids and 
improved berry firmness (Peppi and Fidelibus, 2008; Maoz et al., 2014). Cyanobacteria as 
photosynthetic microorganisms exhibit beneficial effects on plant growth through their CK-like 
activityin processes of atmospheric nitrogen fixation, and thus are successfully utilized in agriculture 
(Stirk et al., 1999; Stirk et al., 2002; Abdel-Raouf et al., 2012). Most seedless table-grape varieties 
depend on exogenous application of gibberellin (GA) to achieve commercially acceptable size 
(Weaver, 1958).GA3 has been routinely used for seedless grape production to increase each of 
number of berry, berry weight and bunch weight, vine yields (Harrell and Williams, 1987; Lu et al., 
1995). The increasing of berry size is due to the increase in sink strength for accumulating nutrients 
such as K (Zhenming et al., 2008). Application of GA3 and BA gave positive effect in cluster weight 
may be due to beneficial effect on increasing cell division and cell elongation as well as their great 
role in activating the biosynthesis of proteins, RNA and DNA (Dokoozlian et al., 1994; Carvajal-
Millan etal., 2001; Ishikawa et al., 2003; Thomas, 1979; Rizk, 1998; Omar and El-Morsy,2000; 
Ranpise et al., 2000; El-Hammady et al., 2000; El-Morsy, 2001; Fawzi and Hafez, 2004). In this 
study, it was remarkable that cyanobacteria alone or combined with other treatments gave the best 
results in the second season comparing with the first season. That indicated to that the effect of 
cyanobacteria in the second season was more positive than in the first season. According to Hussain 
and Hasnain (2012), effectiveness of phytohormones of microbial origin is comparable to that of 
standard cytokinins and IAA. The natural supplements, produced by cyanobacteria, induced 
adventitious shoot formation in Brassica oleracea, similarly as it was observed in willow plants. 
Ability of symbiotic isolates of cyanobacteria to accumulate and release IAA was also reported by 
Sergeeva et al. (2002). According to them, IAA accumulation is stimulated by exogenous tryptophan 
and may proceed via the indole-3- pyruvic acid pathway. These blue - green algae may initiate 
phytohormone signals both when free-living and when in planta. Nostoc sp. stimulated mitotic activity 
in host cells close to the site of penetration (Bergman et al., 1992). Treatments T5 and T1 for the first 
season and T1 and T5for the second season yielded the highest total anthocyanin content and 
concentration relative to the values of the solo chemically synthesized hormones and control  (Table 
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5). These results are in agreement with those of Symons et al. (2006), Luan et al. (2013), and Xi et al. 
(2013) regarding the role of this hormone in grape berry ripening, and they suggest a potential role for 
24-epibrassinolidegrowth regulators as a table grape production management tool, especially 
considering the results obtained regarding berry coloration. Han and Lee (2004) demonstrated that 
using of cytokinins with gibberellin in the vineyard was found to be effective in increasing berry size, 
pedicel thickness, and the amount of cuticle, delaying maturity, reducing anthocyanin content, and 
enhancing firmness. Use BA alone or in combination with GA3 decreased TSS, TSS/acidity and 
anthocyanin. Hence BA and GA3 delayed berry ripening by 5 to 21 days compared to untreated ones. 
According to Han and Lee, 2004; Zoffoli et al., 2009 and Bahar et al., 2012. Weaver et al. (1958) 
found that treating several varieties of grapes with benzyl adenine led to increase of berry set and size, 
but with some reduction in degrees Brix. Abd EL-moniemand Abd-Allah (2008) reported that algal 
suspensions from green algae (Chlorella vulgaris) have been regarded as an excellent biofertilizer 
containing macro- and micronutrients, some growth regulators, polyamines, and vitamins, and it has 
been applied to improve nutritional status, vegetative growth, and yield and fruit quality in different 
orchards as well as vineyards. Similar results were published by Khan et al. (2012) who reported that 
foliar applications of amino acids and seaweed extract improved growth and physicochemical berry 
quality of grapevine cv. Perlette. On the other hand, Helmy et al. (2015) in their study to estimate the 
potential health risks associated with the PGRs regard to consumers to take preventive actions to 
minimize human health risks, they concluded that all synthetic plant growth regulators of which their 
residues were detected in the most different samples of fruits and vegetables are hazard. Data of acute 
hazard index revealed that Gibbrillic acid had the hazard effect in fig, plum, and tomato. In case of 2-
Naphthalene acetic acid (2-NAA), hazard effect was observed in tomato only. Concerning the 2, 4-D, 
hazard effect was showed in grape, apricot, and tomato. The chronic hazard index of the considered 
PGRs residues are high and rather than > 1%. During foliar fertilization using algae, more than 90% 
of the compounds are utilized by a plant, while when they are supplied to soil only 10% of them are 
absorbed by crops. Thus, foliar application can increase yields by 12–25% when compared to 
conventional fertilization (Ecochem, 2017). 

 
Conclusion 
 

According to our field visual observations, foliar application by plant growth regulators such as 
GA3 and BA and algae suspension at different growth stages significantly increased both of the 
weight of cluster and berries and the volume of berries Juice. On the other hand data showed that all 
treatments had significant effect on increment the value of TSS % and TSS/acid ratio in the two 
seasons compared with control. Same trend was repeated with anthocyanin in the first season, but 
cyanobacteria reached the highest value compared to the control.  

The beneficial effect of using cyanobacteria as a source for plant growth regulators makes it 
safe to use in organic agriculture as bio-safe biological products rich in PGRs that does not cause 
health hazards such as chemically manufactured plant hormones. They also reduce the use of 
environmentally polluted chemical fertilizers and hormones. 
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