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ABSTRACT 

Micro-elements (zinc and boron) just as Spirulina algae play role in growth and development of 
plants. A field experiment was conducted at Fruit Research of the Faculty of Agriculture, Assiut 
University during two successive seasons 2017 and 2018 on Red Roomy grapevines. Foliar 
application of Spirulina algae at the rate of 2%, zinc at the rate of 100 ppm, boron at the rate of 40 
ppm and a combined application of Spirulina 1%, zinc 50 ppm and boron 20 ppm were applied. The 
experiment was laid out in complete randomized design (CRD) counting five treatments and three 
replicates per each treatment. Each vine represents an experimental unit. The treatments increased 
significantly the yield and quality of the berries compared to control. The most elevated estimations 
compactness coefficient 3.91%, number of berries 110.0, berry weight 98.9 g, cluster length 27.7 cm, 
berry set 10.97%, yield/vine 11.5 kg and cluster weight 456.5 g were obtained from foliar combined 
application of Spirulina, zinc and boron. Moreover, the maximum value of T.S.S 21.51%, reducing 
sugar 18.54% and anthocyanin 2.02 mg/g were recorded to combined application of Spirulina, zinc 
and boron (as an average of the two studied seasons). Therefore, it is concluded that the foliar 
combined application of Spirulina 1%, zinc 50 ppm and boron 20 ppm twice, one at the beginning of 
growth and second at the flowering period enhance the yield and berries quality of Red Roomy 
grapevines. 
Keywords: Red Roomy, Spirulina platensis, zinc, boron, yield  

 
Introduction 

Grapes are a standout amongst the most significant fruit crops for local consumption and 
export. It is considered as one of the foremost well is known and favorite fruits within the world, 
because of an amazing flavor, decent taste and high nutritional value. The all-out world zone of 
grapevines achieved 10.5 million ha with a total production of 89 million ton fruits per year (F.A.O., 
2017). Red Roomy is viewed as a standout amongst the most significant seeded grape assortments 
developed in Egypt. The biggest problem faced the producers of Red Roomy grape cultivar in Assiut 
governorate is the reduction of berry set, that produce the loose clusters accompanied by a reduction 
in berry number. The clusters become unfavorable from consumer paint of view. 

Foliar application of algae extract has been accounted for to initiate numerous beneficial 
outcomes, where splashing plants had prompted improve harvest yield and quality, increment nutrient 
uptake, resistance to stress conditions (Ghalab and Salem, 2001). Spirulina platensis algae are a 
photosynthetic blue-green microalga. It considers a basic bio-fertilizer and has been generally 
considered due to its commercial significance as a source of proteins, vitamin B-12, basic amino acids 
and antioxidants (Kabeel et al., 2007; Henrikson, 2010). It can progress plant development and crop 
yield due to  their release of different growth regulator substances such as gibberellin, auxin and 
cytokinins (Strik et al., 2002; Hashtroudi et al., 2013); polypeptides, antibacterial and antifungal 
substances, secondary metabolites with different natural activities (Leflaive and Ten-Hang, 2007; 
Priyadarehani and Rath, 2012). 

In like manner, it appears that vines need to mineral nutrition for development, blooming and 
fruiting. Micro-elements are basic components required by plants in miniature amounts. It lacks 
regularly to limit the production in many fruit crops (Dutta et al., 2000; Corrales-Maldonado et al., 
2010). Among micronutrient, zinc and boron have critical part on pollination, fruit set and total yield 
(Motesharezade et al., 2001). Lacks of B and Zn are especially basic due to their low mobility in most 
species and their essential roles in vegetative and reproductive growth (Marschner, 2012; Song et al., 
2015). Zinc plays a vital part in numerous biochemical responses within the plant. It is regulates the 
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activity of several enzymes, involved in the metabolism of RNA and ribosomal content in plant cells 
which lead to stimulation of carbohydrates, proteins and the DNA formation (Hassan et al., 2010). 

Numerous plants require in boron fertilization all through the developing season. It 
is basic for the progression of the plant's meristem. It expansion increments the synthesis and 
movement of carbohydrates, particularly sucrose from the takes off to the roots and fruiting bodies 
(Varduni et al., 2014). On grape cultivars, both zinc and boron were widely considered specialists 
settled upon the adequacy of these components on development and fruiting (Ahmed et al., 2014; 
Song et al., 2015; Tadayon and Moafpourian, 2019). On other hand, it is known that boron plays a 
critical part to move forward the grapevines fruiting (El- Salhy et al., 2013; El- Salhy et al., 2017; 
Masoud, 2017). 

Keeping in view the significance of B, Zn and Spirulina algae in improving grapevine 
development and yield, the current study was conducted to assess the impact of foliar applied B, Zn 
and Spirulina algae for improved Growth, yield and berries quality in Red Roomy grapevines growing 
under warm climates. 

Materials and Methods 

Plant materials and treatments  
The experiment was carried out during two successive seasons of 2017 and 2018 at the 

Experimental Orchard at Fruit Section, Faculty of Agriculture, Assiut University on fifteen uniform 
Red Roomy grapevines. Vines were 25 years old at the beginning of experiment and spaced at 2 x 2.5 
m apart. Head pruning system was applied by leaving a total bud load of 72 buds/vine for all the 
selected vines on the basis of 15 fruiting spurs x 4 buds plus 6 replacements spurs x 2 buds/vine. The 
chosen vines were received the usual horticultural practices which are used in the vineyard.  

The treatments were T1 (control, spraying with water), T2 (spraying with Spirulina platensis 
at rate of 2%), T3 (Spraying with zinc at rate of 100 ppm), T4 (Spraying with boron at rate of 40 ppm) 
and T5 (Spraying with Spirulina at 1% + zinc at 50 ppm + boron at 20 ppm). The selected vines were 
sprayed twice until runoff, when the main shoots reached 20-25 cm and second during the flowering 
period before the fall of caps. Both boron and zinc was used in chelated form. Triton B at 0.1% as a 
wetting agent was used. 

Plant measurements 

Vegetative growth parameters 
At the primary week of June amid both seasons, twenty mature leaves takes off from the 

obverse side to the basal clusters on the shoots were picked for calculating the leaf area utilizing the 
following equation outlined by (Ahmed and Morsy, 1999). 

Leaf area (cm2) = 0.45 (0.79 x diameter2) + 17.77. 

The Weight of pruning wood were calculated immediately after pruning (January, 15) and 
expressed as g/vine. Also, the shoot length was measured. 

Yield components: 
Berry set percentage was estimated by packing five flower clusters on each vine in perforated 

paper bags before bloom which are expelled after berry set. The percentage of berry set was 
calculated as follows: 

Berry set % = No. of berries/cluster x 100/total of flowers/cluster 

 At harvest date the number of cluster/vine, cluster weight and total yield as kg/vine were 
recorded. 

Fruit quality: 
Cluster length, weight of 25 berries, number of berries/cluster and cluster compactness 

coefficient were set concurring to (Winkler et al., 1974). Berry chemical quality in terms of total 
soluble solids (T.S.S) was elevated using hand refractometer, Percentage of reducing sugar contents in 
juice was estimated according to A.O.A.C. (1990) and titratable acidity (TA) was estimated by direct 
titration with 0.1N NaOH utilizing phenolphthalein as an indicator and expressed as mg tartaric acid 
per 100 ml juice concurring to A.O.A.C (1990). Total anthocyanin (mg/100 ml juice), using Ethyl 
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alcohol and HCL at 85:15, was determined using spectrophotometer at wave length 532 (Markham, 
1982).  

 
Statistical analysis 

The experiment was laid out in complete randomized design (CRD) counting five treatments 
and three replicates per each treatment. Each vine represents an experimental unit. The obtained data 
was subjected to the analysis of variances according to Senedecor and Cochran, (1990). Means 
separation was made according to the Least Significant Differences (LSD) at 5% level of the 
probability. 

Results 

Vegetative growth characteristics 
It is clear from the obtained data that all treatments significantly increased the shoot length, 

leaf area and pruning wood weight compared with the control. The results took similar trend during 
the two studied seasons (Table-1). The maximum values were recorded on the vines that received 
combined application of Spirulina, zinc and boron for vegetative growth in this study which recorded 
125.8 cm for shoot length, 196.8 cm2 for leaf area and 1.75 kg for pruning wood weight as an average 
of the two studied seasons, which led to 16.70, 16.59 and 29.63% increment over the control as 
average of the two seasons, respectively. No significant differences were found either due to spray 
Spirulina as single or combined with zinc and boron. 
 
Table 1: Impact of spraying Spirulina, zinc and boron alone or a combined application on the shoot length, leaf 

area and pruning wood weight of Red Roomy grapevines during 2017 and 2018 seasons. 

Treatment 
Shoot length (cm) Leaf area (cm2) Pruning wood WT (kg) 

2017 2018 Mean 2017 2018 Mean 2017 2018 Mean 
Control 106.3 109.3 107.8 165.4 172.3 168.8 1.32 1.37 1.35 
Spirulina 2% 121.6 126.1 123.9 186.2 192.5 189.4 1.63 1.71 1.67 
Zinc 100 ppm 114.8 118.3 116.6 176.2 181.7 179.0 1.54 1.61 1.58 
Boron 40 ppm 112.9 118.8 115.9 175.5 182.1 178.8 1.52 1.61 1.57 
Spir. 1% + Zn 50ppm + B 
20ppm 

124.1 127.4 125.8 193.4 200.3 196.8 1.71 1.78 1.75 

LSD 5% 6.3 7.1  8.9 9.3  0.09 0.08  

(Spir.) Spirulina algae, (Zn) Zinc, (B) Boron, (LSD) Least Significant Differences at 0.05 of the probability were used to 
compare the significance between treatment means. 

 
Yield components 

It is evident from the data in (Table 2) that spraying Spirulina, zinc and boron alone or 
combined significantly increased the berry set%, the total yield/vine and cluster weight compared to 
the control. The most elevated estimations values of berry set 10.97%, yield/vine 11.5 kg and cluster 
weight 456.5 g, as an average of the two seasons, were recorded due to spray with combined 
application of Spirulina, zinc and boron with an increment of 26.38, 40.24 and 32.82%, respectively 
over the control which recorded the least values of all the studied yield components. In addition, no 
significant differences were detected between single and combined applications of Spirulina, zinc and 
boron for all the studied yield components. 
 
Table 2: Impact of spraying Spirulina, zinc and boron alone or a combined application on berry set %, 

yield/vine and cluster weight of Red Roomy grapevines during 2017 and 2018 seasons. 

Treatment 
Berry set % Yield/vine (kg) Cluster weight (g) 

2017 2018 Mean 2017 2018 Mean 2017 2018 Mean 
Control 8.25 9.11 8.68 7.52 8.8 8.2 321.5 365.8 343.7 
Spirulina 2% 9.81 11.39 10.60 9.61 12.5 11.1 415.8 467.1 441.5 
Zinc 100 ppm 9.33 10.67 10.00 9.20 11.5 10.3 395.2 446.6 420.9 
Boron 40 ppm 9.28 10.82 10.05 9.18 11.7 10.4 392.6 443.2 417.9 
Spir. 1% + Zn 50ppm + B 
20ppm 

10.15 11.78 10.97 9.93 13.1 11.5 423.4 489.5 456.5 

LSD 5% 0.38 0.41  0.39 0.63  17.11 18.86  
(Spir.) Spirulina algae, (Zn) Zinc, (B) Boron, (LSD) Least Significant Differences at 0.05 of the probability were used to 
compare the significance between treatment means. 
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Cluster and berry quality 
All treatments significantly improved the cluster quality in terms of increasing berry weight, 

number of berries, cluster length, compactness coefficient (Table-3). The best results regarding the 
cluster quality was obtained on the vines that sprayed with companied applications of Spirulina, zinc 
and boron followed by spraying with Spirulina alone on all cluster quality. In addition, no significant 
differences were recorded between the spraying application of zinc or boron separately on all cluster 
quality. The most elevated estimations values of number of berries 110.0, cluster length 27.7 cm, 
compactness coefficient 3.91% and the weight of 25 berries 98.9 g, as an average of the two seasons, 
were recorded due to spray with combined application of Spirulina, zinc and boron with an increment 
of 38.89, 10.8, 23.34 and 9.65%, respectively over the control which recorded the least values of all 
the studied cluster quality. Moreover, no significant differences were found between all treatments on 
compactness coefficient compared to the control. 

The perusal of data in Table-4 demonstrated that all treatments, whether sprayed Spirulina, 
zinc, and boron alone or combined, induced a significant enhance effect on berry quality compared to 
the control for the two progressive seasons. Also, data showed that the spraying Spirulina separately 
or combined with zinc and boron were better than another treatments. The best results of TSS 21.51%, 
reducing sugars 18.54%, total acidity 0.30% and the anthocyanin content in the grape veneer 2.02 
mg/g, as an average of the two studied seasons, were recorded due to spray with combined application 
of Spirulina, Zinc and boron. Moreover, no significant differences were found between spraying 
Spirulina alone or combined with zinc and boron on berry quality.   
 
Table 3: Impact of spraying Spirulina, zinc and boron alone or a combined application on number of berries, 

cluster length, compactness coefficient and the weight of 25 berries of Red Roomy grapevines during 
2017 and 2018 seasons. 

Treatment 
Number of berries Cluster length (cm) 

Compactness 
coefficient 

25 berry weight (g) 

2017 2018 Mean 2017 2018 Mean 2017 2018 Mean 2017 2018 Mean 

Control 76.5 81.8 79.2 24.4 25.6 25.0 3.14 3.19 3.17 87.5 92.8 90.2 
Spirulina 2% 97.4 110.8 104.1 26.1 28.1 27.1 3.74 3.94 3.84 95.1 99.7 97.4 
Zinc 100 ppm 93.2 102.4 97.8 25.7 26.8 26.2 3.63 3.82 3.73 90.7 94.3 92.5 

Boron 40 ppm 93.0 102.1 97.5 25.6 26.6 26.1 3.63 3.84 3.74 90.2 94.8 92.5 

Spir. 1% + Zn 
50 ppm + B 20 
ppm 

100.6 119.3 110.0 26.5 28.8 27.7 3.80 4.02 3.91 96.3 101.5 98.9 

LSD 5% 4.2 4.7  1.2 1.4  0.16 0.18  4.2 4.4  

 
Table 4: Impact of spraying Spirulina, zinc and boron alone or a combined application on T.S.S%, reducing 

sugars %, anthocyanin mg/g and total acidity % of Red Roomy grapevines during 2017 and 2018 
seasons. 

Treatment 
T.S.S% Reducing sugars% Anthocyanin mg/g Total acidity% 

2017 2018 Mean 2017 2018 Mean 2017 2018 Mean 2017 2018 Mean 

Control 16.10 16.83 16.47 13.98 14.73 14.36 0.81 0.85 0.83 0.46 0.43 0.45 
Spirulina 
2% 

20.91 21.67 21.29 17.78 18.16 17.97 1.91 1.98 1.95 0.32 0.31 0.31 

Zinc 100 
ppm 

18.97 19.18 18.93 15.69 16.48 16.09 1.71 1.78 1.75 0.36 0.35 0.36 

Boron 40 
ppm 

18.50 19.43 18.97 15.73 16.32 16.03 1.67 1.80 1.74 0.34 0.32 0.33 

Spir. 1% + 
Zn 50 ppm 
+ B 20 ppm 

20.83 22.18 21.51 18.32 18.76 18.54 1.98 2.06 2.02 0.31 0.30 0.30 

LSD 5% 0.74 0.63  0.58 0.65  0.09 0.11  0.01 0.01  

Discussion 

It is clear from the data that spraying Spirulina, zinc and boron alone or combined altogether 
significantly increased the vegetative growth characteristics, yield components, cluster parameters and 
berry quality compared to the control. Likewise, the best outcomes were recorded with splashing a 
blend of Spirulina algae, zinc and boron. The past finding was in parallel with those of Abd El-Wahab 
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(2007) on early superior grapevine cv., Abd El-Moniem and Abd-Allah (2008) on Superior seedless 
cv., Kok et al. (2010) on Trakya ilkeren grape and Khan et al. (2012) on ‘Perlette’ cv. They revealed 
that utilizing algae extracts enhanced growth parameters significantly compared to untreated vines. 
The appreciable influence of alga extract may be credited to its impact in increasing cell membrane 
permeability and advancing plant productivity in the assimilation of supplements, for example, 
nitrogen, which has an immediate connection with leaf chlorophyll focus. Besides, algae extract may 
play a part through its content of cytokinins which inhibit the leaves senescence by reducing the 
degradation of chlorophyll. The increment in vegetative characters attributed to the hormonal activity 
of algae, which increased the endogenous hormonal level of treated grapevines (Abdel-Mawgoud et 
al., 2010; Khan et al., 2012). 

With regard to the chemical parameters of berries, algal extract expanded TSS in juice, 
anthocyanin content in skin and diminished acidity. Results got are in congruity with those by (Abd 
El-Moniem et al., 2008) they illustrated that foliar application of algal extract on ‘Superior Seedless’ 
grapevines essentially improved TSS synthesis. The enhancements in the chemical properties are 
recommended to be due to activities and impacts of nutrients, vitamins, and growth regulators 
contained by these extracts which are reflected on fruit quality (Abd El-Migeed, 2004; Abd El-
Moniem et al., 2008). In expansion, increment in TSS might be identified with enzymes which are 
available in algal extract that enhanced the synthesis of different proteins, acids and sugars. Regarding 
the increment within the anthocyanin content, it could too be ascribed to the increment within the leaf 
chlorophyll which in turn is expected to upgrade the photosynthetic activity. Carbohydrates play a 
vital role in the development of fruit color (Roper et al., 1987). 

Foliar use of micronutrients (Zn and B) had been related with improved reproductive tissues, 
vegetative growth, number of clusters, an average of cluster weight, juice content and the quality of 
vines (Beede et al., 2005; Malakouti, 2007 and Akbar et al., 2013). Vine development enhancement 
due to utilizing boron may be due to the simulative impact on cell division in meristematic tissues 
(Fawzi et al., 2014). A few different scientists referenced expanding yields with boric acid treatments 
(Akl et al., 2014; Fawzi et al. 2014; Ekbic et al., 2018). Comparative discoveries were too detailed for 
cluster parameters by (Akl et al., 2014; Fawzi et al., 2014; Güneş et al., 2015). Increasing in cluster 
weight which splashed with B and Zn may be ascribed to increasing berry set, a number of berry 
within the cluster and cell size or cell number (Ebadi et al., 2001; Shukha, 2011). Expanded berry 
volume was clarified by increasing chlorophyll content within the leaf which is associated with high 
production of photosythate in a plant (Ali et al., 2008). 

It is realized that the micronutrients have a critical part in photosynthesis and enzymes 
responsible for plant metabolism so the greatest benefit effects of spraying micronutrients are 
improving the leaf area, growth, productivity and increasing total soluble solids and total sugars while 
reduced the total acidity of grapevines cvs (Singh, 2002). Our outcomes are in concurrence with those 
of (Abdollahi et al., 2010; Nikkhah et al., 2013) who detailed that treated with Zn and B essentially 
increased TSS, sugar and diminished acidity. They play a key role in carbohydrate metabolism and 
fruit quality. In expansion, splashing micronutrients brought about in essentially higher anthocyanin 
content in berries (Song et al., 2015; Ekbic et al., 2018). The increment in anthocyanin content with 
these treatments may be due to the nearness of more sugars in these treatments which act as a trigger 
for anthocyanin synthesis. Moreover, boron plays a vital part in metabolism of phenolic compounds 
resulting into the promotion of red color in the fruits. These outcomes are in concurrence with the 
discoveries of (Martin et al., 2004; Abd-El-Razek et al., 2011). 
 
Conclusion  

In conclusion, our results show that, beneficial responses were attributed to the adopted 
treatments. The majority of these responses were significantly higher than control with combined 
application of Spirulina algae 1%, zinc 50 ppm and boron 20%. In general, using Spirulina algae 1% 
combined with zinc 50 ppm and boron 20% led to clear enhancements in the majority of the tested the 
vegetative growth characteristics, yield components, cluster parameters and berry quality of Red 
Roomy grapevines. These enhancements might be due to increasing the photosynthetic capacity and 
or its' rich content of nutrients and hormones.  
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