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ABSTRACT: This study carried out throughout two successive seasons 2017 and 2018, on 4 years-

old Flame seedless grapevines grown in sandy soil at 2x3 m apart under drip irrigation system and 

vines were trellised with Y- shape system in a private vineyard at Belbies District, Sharkia Governorate, 

Egypt. The experiment included 8 treatments as follow: T1-Control (spraying water) vines will be 

fertilized according to the used fertilization program followed in the vineyard (60 N, 40 P2O5 and 80 

K2O g/vine/year). T2-Spraying vines with mixture of a nano fertilizer containing potassium (36%), 

amino acid (5%), total nitrogen (5%), total phosphorus (2%) and micronutrient (2%) [Potacrystal at 3 

cm/L] (except potassium and 1/5 nitrogen). T3-Spraying vines with mixture of a nano fertilizer 

containing calcium (15%), magnesium (2%), boron (1.5%) with amino acid (2%) and nitrogen (10%) 

[Kalmagbor at 3 cm/L] (except 1/10 nitrogen). T4-Spraying vines with mixture of a nano fertilizer 

containing phosphorus (40%), potassium (28%), amino acid (5%) and nitrogen (5%) [Phospho one at 

3 cm/L] (except potassium and phosphor and 1/5 nitrogen). T5-Spraying vines with mixture of nano 

micro nutrient + citric acid (Magro nano mix at 1 g/L) + (60 N, 40 P2O5 and 80 K2O g/vine/year).  T6-

Spraying vines with normal chelated iron at 2 g/L+ (60 N, 40 P2O5 and 80 K2O g/vine/year). T7-

Spraying vines with nano chelated iron at 3 cm/L + (60 N, 40 P2O5 and 80 K2O g/vine/year). T8-

Spraying vines with normal potassium silicate at 5g/L+(60 N, 40 P2O5 and 80 K2O g/vine/year). All 

spraying treatments carried out three times a year at monthly intervals i.e., the first week of each of 

March, April and May. The results showed that total yield/feddan (ton) significantly increased by 

application of all treatments compared with control in both seasons. The uppermost values of total 

yield per feddan (ton) recorded for treatments T4 (15.59 and 19.94 ton) and T7 (17.20 and 22.11ton) 

in the first and second season, respectively. The shortest bunches were from treatments control and 

Normal potassium silicate in the first and second season, respectively, while, other treatments recorded 

higher values of bunch length in the two seasons without significant differences between them. Leaf 

surface area (cm
2
) and leaf fresh and dry weight were significantly increased by the tested treatments 

compared with control (T1) in the two seasons. However, leaves of T7 treatment (Nano chelated iron) 

contained the highest chlorophyll a (1.133 and 1.233 mg/100 mg FW), b (0.933 and 0.920 mg/100 mg 

FW), total chlorophyll (2.033 and 2.153 mg/100 mg FW) and carotenoids (0.950 and1.077 mg/100 mg FW).   

Key words: Flame seedless, potassium silicate, micronutrients, nano fertilizer, yield, bunch, leaf area, 

photosynthetic pigments. 

INTRODUCTION 

The grape (Vitis vinifera L.) considered one 

of the most popular and common fruit crops in 

the world, it ranks first in the world and fourth 

after citrus, mango and olive in Egypt. In Egypt 

the cultivated area with grape reached 187358 

feddans out of them 133811feddans are fruitful 
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producing about 1183968 tons with an average 

of 8.85 ton/feddan (Statistics of Ministry of 

Agriculture, 2020).    

Flame Seedless is a popular table grape 
cultivar that previously introduced in Egypt and 
consider as a promising variety because its good 
qualities for local market and export (Hegazi 
and Sallam, 2003). The market value of ‘Flame 
seedless grape cv. is depending upon its desirable 
appearance, especially homogeneity of the 
berries red color and cluster size and shape. 

Potassium silicate provides the plant a 100% 
available source of silicon (Si) and potassium 
that are essential for optimum plant growth and 
health. Increasing silicon content in plant tissues 
enhances their resistance to various stresses. The 
presence of silicon in the cell walls of plants 
increases their strength, as silicon increases 
resistance to salinity, drought tolerance, and 
photosynthetic activity, and promotes active 
growth of roots and foliage. The entry of silicon 
to plant tissues leads to inhibition of the 
oxidative destruction processes that is 
accompanied with increasing activity of some 
antioxidant enzymes that neutralize reaction 
oxygen species (ROS) induced by drought, 
salinity, toxic metals. Also, Si could be used as a 
potential growth regulator to improve plant 
growth and resistance under stress conditions. 
This may be a promising new strategy for 
improvement of soil properties in agriculture 
(Balakhnina and Borkowska, 2013; Kim et 
al., 2014; Shi et al., 2014; Yin et al., 2014; 
Sahebi et al., 2015; Xie et al., 2015). 

Nanotechnology helps to improve agricultural 
production by increasing the efficiency of inputs 
and minimizing relevant losses. Nanomaterials 
offer a wider specific surface area to fertilizers 
and pesticides (Shang et al., 2009). Nanotechnology 
is a means useful for the development of 
agricultural, especially in fertilization programs, 
as Nano fertilizers are an effective alternative to 
traditional fertilizers, as they achieve many 
advantages due to their use with lower 
chemicals and the speed of absorption by the 
plant and their high stability under different 
conditions, which increases the ability to store 
them for longer periods. Nanotechnology can 
also be used to detect and treat diseases, by 
increasing crop production, improving their 
quality and ensuring crop sustainability (Al-
Hchami  and Alrawi, 2020). Green revolution had 
led to the increased consumption of chemical 

fertilizers which resulted in the higher productivity 
on one hand, whereas on the other hand it also 
caused environmental hazards. Nutrient use 
efficiency of conventional fertilizers is very low. 
To overcome all these drawbacks in a better 
way, nanotechnology can be a ray of hope. Nano 
fertilizer is an important tool in agriculture to 
improve crop growth, yield and quality parameters 
with increased nutrient use efficiency, reduction 
in wastage of fertilizers and cost of cultivation. 
Nanofertilizers are applied either to soil and/ or 
leaves. Foliar application can be done during 
unfavourable soil and weather conditions. In 
addition to this, it promotes the direct entry of 
nutrients into the plant system, thus reduce the 
wastage of fertilizer. Hence, foliar application of 
nanofertilizer leads to higher nutrient use 
efficiency (NUE) and has given a rapid response 
to the growth of crops. Nanofertilizers are more 
reactive and can penetrate through cuticle, 
ensuring controlled release and targeted delivery 
(Mahil and Kumar, 2019; Mandal and 
Lalrinchhani, 2021), due to the fact that 
nanofertilizer has unique properties due to its 
small surface area with high absorption, which 
causes an increase in photosynthesis and leaves 
area (Sekhon, 2014). 

Iron is an essential element for growth of 

plants, lack of iron causes young leaves to 

yellow and photosynthesis activity to reduce 

significantly and consequently biomass is 

produced (Briat et al., 2007). Iron is a particularly 

crucial micronutrient in agricultural crops (George 

et al., 2008). Micronutrients can improve plant 

growth characteristics and also increase plants 

resistance to the negative effects of toxic ions. 

Specifically, higher concentrations of iron in 

nutritional solutions can compensate for salinity 

impacts (Uauy et al., 2006). Application of iron 

nano-fertilizer in plants can increase the plant 

resistance to salinity stress by simultaneously 

increasing the permeability of the root’s selective 

plasma membrane and decreasing the absorption 

and accumulation of sodium, which improves 

the ratio of potassium to sodium in the shoot 

(Taiz et al., 2015). 

The aim of this study is to investigate the 

effect of some nano fertilizers or potassium 

silicate treatments on growth, yield and bunch 

characteristics of Flame Seedless grapevine in 

comparison with the traditional used fertilizers. 
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MATERIALS AND METHODS 

This study carried out throughout two 

successive seasons of 2017 and 2018 seasons on 

4 years old of Flame Seedless cv. grapevines 

grown in sandy soil and cultivated at 2x3 m 

apart under drip irrigation system and vines 

were trellised with Y- shape system in a private 

vineyard at Belbies District, Sharkia Governorate, 

Egypt. This work conducted on 48 vines, 8 

treatments x 6 vine (3 replicates x 2 vine/ replicate). 

The experiment included 8 treatments as 

follows: 

T1. Control vines fertilized according to the used 

commercial fertilization program followed 

in the vineyard (60,40and 80 g N, P2O5 and 

K2O, respectively, per vine/year).   

T2. Spraying vines with mixture of a nano 

fertilizer containing potassium (36%), 

amino acid (5%), total nitrogen (5%), total 

phosphorus (2%) and micronutrient (2%) 

[Potacrystal at 3cm/L] (except potassium 

and 1/5 nitrogen).   

T3. Spraying vines with mixture of a nano 

fertilizer containing calcium (15%), 

magnesium (2%), boron (1.5%) with amino 

acid (2%) and nitrogen (10%) [Kalmagbor 

at 3 cm/L] (except 1/10 nitrogen).   

T4. Spraying vines with mixture of a nano 

fertilizer containing phosphorus (40%), 

potassium (28%), amino acid (5%) and 

nitrogen (5%) [Phospho one at 3 cm/L] 

(except potassium and phosphor and 1/5 

nitrogen).  

T5. Spraying vines with mixture of nano micro 

nutrient + citric acid (Magro nano mix at 1 

g/L) + (60 N, 40 P2O5 and 80 K2O g/vine/ 

year). 

T6. Spraying vines with normal chelated iron 

(EDDTA13%) at 2g/L+ (60 N, 40 P2O5 and 

80 K2O g/vine/year).  

T7. Spraying vines with nano chelated iron at 

3cm/L+ (60 N, 40 P2O5 and 80 K2O g/ 

vine/year).  

T8. Spraying vines with normal potassium 

silicate at 5g/L+ (60 N, 40 P2O5 and 80 

K2O g/vine/year).  

All spraying treatments carried out three 

times a year at monthly intervals i.e., the first 

week of each of March, April and May. 

Whereas, fertigation treatments conducted at the 

same times of fertigation was followed in the 

vineyard. Moreover, vines treated with 

potassium silicate and chelated iron spraying 

treatments received the same fertigation 

program followed in the vineyard except T2 

(zero K and 48 N), T3 (54 N) and T4 (zero K, 

zero P2O5 and 48 N).   

Nano chelated iron was prepared according 

to the methods used by Vafaee and Ghamsari 

(2007); Labuayai et al. (2009) and Manna 

(2012). Transmission electron microscope 

micrograph of iron nanoparticles (from 0.5 to 

200 nm) (Figs. 1 and 2). 

In both seasons, bunches from each tested 

vine harvested after most (60%) of the fruits 

were considered to have exceeded the minimum 

market requirements of 16.5- 18% TSS and full 

red berry color. 

At every harvest date all harvested bunches 

counted and weighed. The average harvest 

period (days after first to final harvest) and dates 

for every treatment were recorded. The 

harvested bunches transported immediately to 

the fruit laboratory of the Horticulture 

Department, Fac. Agric., Zagazig University to 

determine the bunch and berries physical and 

chemical characteristics as follow: 

1. Total yield and some bunch characteristics: 

yield/vine (kg) determined as number of 

bunches/vine x average bunch weight (g) and 

calculated per feddan (ton). A sample of 5 

bunches for each replicate randomly collected 

in both seasons for estimating average bunch 

weight (g), bunch dimensions (cm), number of 

berries per bunch and number laterals per 

bunch.  

2. Vegetative growth: Vegetative growth of the 

tested vines evaluated through the following 

parameters:  

2.1. Average number of the vegetative shoots / 

vine. 

2.2. Leaf characteristics: Twenty-five leaf samples 

randomly collected from the medium position 

of non-fruiting shoots to determine the 

following leaf characteristics: 
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Fig. 1. Transmission electron microscope micrograph of iron manoparticles (0.5, 10, 20 and 50 nm) 
 

 

Fig. 2. Transmission electron microscope micrograph of Fe manoparticles (100 and 200nm) 
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• Average leaf fresh and dry weights (g) twenty 

leaves / replicate before and by weighing after 

being dried at 70ºC until constant weight. 

• Average leaf surface area (cm
2
) measured by 

using the Planimeter.  

• Photosynthetic pigments contents: Five leaves 

from the previous collected leaf samples used 

for determining photosynthetic pigments 

contents. About 0.1 g from each fresh leaf 

sample taken for estimating both chlorophyll a 

and b as well as carotenoids pigment contents 

(mg/100 mg fresh weight) according to the 

method described by Wettestein (1957). 

Statistical Analysis 

The obtained data tested by the one-way 

analysis of variance (ANOVA) technique, 

according to Snedecor and Cochran (1989). 

The treatments arranged in randomized complete 

block design with three replications. Treatments 

means separated and compared using Duncan 

(1958) test at 0.05 level of significance. 

RESULTS 

Yield Per (ton/feddan) 

The concerned results in Table 1 indicated 

that total yield per feddan (ton) significantly 

increased by application of all treatments (from 

T2 to T8) compared with T1 (Control) in both 

seasons. The uppermost values of total yield/ 

feddan recorded for treatments T4 (Phospho one 

at 3 cm/L) and T7 (Nano chelated iron at 3 

cm/L) (15.59 and 19.94 and 17.20 and 22.11ton) 

in the first and second season, respectively, as 

well as T2 (Potacrystal nano at 3cm/L) (15.53 

ton), T3 (Kalmagbor at 3 cm/L) (16.33  ton), T5 

(Magro nano mix at 1g/L) (16.03 ton) and T8 

(Normal potassium silicate at 5 g/L) (15.08  ton) 

without significant differences between them in 

the first season only. The least values of total 

yield per feddan (ton) were for control T1 (11.95 

and 13.50 ton) in the two experimental seasons, 

respectively. The other tested treatments recorded 

intermediate values of total yield per feddan 

(ton) in the two seasons. 

Number of Bunches Per Vine 

Results in Table 1 revealed that T2 (Potacrystal 

at 3 cm/L), T3 (Kalmagbor at 3 cm/L), T5 (Magro 

nano mix at 1g/L) and T7 (Nano chelated iron at 

3 cm/L) significantly increased values of 

bunches number per vine at harvest date (36.67 

and 38.33 , 34.33 and 37.67, 34.67 and 36.67 

and 33.67 and 38.33 ) in the first and second 

season, respectively, as well as T8 (Normal 

potassium silicate at 5 g/L) in the first season 

only when compared with the other treatments. 

the lowest values of bunches number per vine 

were for T1(Control) (29.67 and 31.33) in the 

two seasons, respectively, and T4 (Phospho one 

nano at 3 cm/L) in the first season only. The 

other tested treatments recorded intermediate 

values of bunches number per vine in the two 

seasons. 

Characteristics of Bunch 

Data in Tables 1, 2 and 3 show the significant 

effect of the treatments on bunch weight (g), 

bunch dimensions (cm), total number berries per 

bunch and number laterals per bunch of "Flame 

Seedless" grapes in both seasons. 

Bunch weight (g) 

As indicated in Table 1 it is clear that the 

treatment T4 (Phospho one at 3 cm/L) recorded 

heaviest bunch weight (786.67 and 832.00 g) in 

the first and second season, respectively, as well 

as T7 (Nano chelated iron at 3 cm/L) in the 

second season (823.33g). Whereas the lowest 

bunch weight (573.33 and 613.67 g) was 

recorded by the control in the first and second 

season, respectively. The other tested treatments 

produced middle values of bunch weight (gm) in 

both seasons. Generally, bunch weight was from 

573.33 to 786.67 g and from 613.67 to 823.33g 

in the first and second season, respectively.   

Bunch dimensions (cm) 

Data presented in Table 2 showed that T1 

(Control) and T8 (Normal potassium silicate at 5 

g/L) tabulated the shortest bunch (19.00 and 

19.67 and 20.00 and 20.17cm) in the first and 

second season, respectively. The other 

treatments recorded higher values of bunch 

length in the two seasons without significant 

differences between them.  

The treatments were significant effect on 

bunch width in both seasons (Table 2). 

Treatment T7 (Nano chelated iron at 3cm/L) 

gave the highest values of bunch width  (20.33  
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Table 1. Effect of spraying some nano fertilizers and potassium silicate on total yield per feddan, 

bunch weight and number bunches per vine of Flame Seedless grapes (2017 and 2018 

seasons) 

Treatments 
Yield/feddan (ton) No. bunches / vine Bunch weight (g) 

First 

season 

Second 

season 

First 

season 

Second 

season 

First 

season 

Second 

season 

T1- Control (60 N, 40 P2O5 and 80 K2O 

g/vine/year)   11.95   b 13.50 d 29.67 c 31.33 c 573.33 f 613.67 c 

T2- mix a nano K 36%+ N 5%+ P 2% + 

amino acid 5 % (Potacrystal at 3cm/L) + 

(zero potassium and except 1/5 nitrogen) 15.53 a 15.70 cd 36.67 a 38.33 a 605.00 ef 646.67 bc 

T3- mix a nano Ca15 %+ Mg2 %+ B1.5%+ 

N10 % + amino acid10 % (Kalmagbor 

at 3cm/L) + (except 1/10 nitrogen) 16.33 a 17.86 bc 34.33 ab 37.67 a 680.33 c 689.00 b 

T4- mix a nano P 40 %+ K 28 %+ N 5%+ 

amino acid5 % (Phospho one at 3cm/L) 

+ (zero potassium and phosphor and 

except 1/5 nitrogen) 15.59 a 19.94 ab 28.33 c 34.33 b 786.67 a 832.00 a 

T5- mix a nano micro nutrient+ citric acid 

(Magro nano mix at 1g/L) + (60 N, 40 

P2O5 and 80 K2O g/vine/year)  16.03 a 17.86 bc 34.67 a 36.67 ab 654.00 cd 695.33 b 

T6 - Normal chelated iron at 2g/L+ (60 N, 40 

P2O5 and 80 K2O g/vine/year) 12.75 b 15.49 cd 31.00 bc 34.00 bc 607.33 def 650.00 bc 

T7- Nano chelated iron at 3cm/L+ (60 N, 40 

P2O5 and 80 K2O g/vine/year) 17.20 a 22.11 a 33.67 ab 38.33 a 729.00 b 823.33 a 

T8- Normal potassium silicate at 5g/L+ (60 

N, 40 P2O5 and 80 K2O g/vine/ year) 15.08 a 16.32 cd 33.33 ab 34.00 bc 646.00cde 683.33 b 

 

Table 2. Effect of spraying some nano fertilizers and potassium silicate on bunch dimension 

(cm) of Flame Seedless grapes (2017 and 2018 seasons) 

Treatments 

Bunch length (cm) Bunch width (cm) 

First  

season 

Second 

season 

First  

season 

Second 

season 

T1- Control (115 N, 57 P2O5 and 170 K2O g/vine/year)   19.00 c 19.67 b 16.33 c 15.60 d 

T2- mix a nano K 36%+ N 5%+ P 2% + amino acid 5% (Potacrystal at 

3cm/L)+(zero potassium and except 1/5 nitrogen) 21.40 abc 22.60 a 18.00 b 21.00 ab 

T3- mix a nano Ca15 %+ Mg2 %+ B1.5%+ N10 % + amino acid10 

% (Kalmagbor at 3cm/L) + (except 1/10 nitrogen) 21.40 abc 22.67 a 16.73 c 19.47 bc 

T4- mix a nano P 40 %+ K 28 %+ N 5%+ amino acid5 % (Phospho 

one at 3cm/L) + (zero potassium and phosphor and except 1/5 

nitrogen) 22.67 a 23.33 a 18.00 b 19.00 c 

T5- mix a nano micro nutrient+ citric acid (Magro nano mix at 

1g/L) + (60 N, 40 P2O5 and 80 K2O g/vine/year) 21.80 ab 23.13 a 16.23 c 16.67 d 

T6- Normal chelated iron at 2g/L+ (60 N, 40 P2O5 and 80 K2O 

g/vine/year) 21.40 abc 22.37 a 16.33 c 16.83 d 

T7- Nano chelated iron at 3cm/L+ (60 N, 40 P2O5 and 80 K2O 

g/vine/year) 22.53 a 24.00 a 20.33 a 22.00 a 

T8- Normal potassium silicate at 5g/L+ (60 N, 40 P2O5 and 80 K2O 

g/vine/year) 20.00 bc 20.17 b 15.93 c 16.80 d 
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Table 3. Effect of spraying some nano fertilizers and potassium silicate on number laterals/ 

bunch and number berries/ bunch of Flame Seedless grapes (2017 and 2018 seasons) 

Treatments 

No. of berries / 

bunch 

No. of laterals/ 

bunch 

First  

season 

Second 

season 

First  

season 

Second 

season 

T1- Control (115 N, 57 P2O5 and 170 K2O g/vine/year)   173.47 bcd 177.83 cd 17.80 b 19.30 c 

T2- mix a nano K 36%+ N 5%+ P 2% + amino acid 5 % 

(Potacrystal at 3cm/L) + (zero potassium and except 1/5 nitrogen) 185.33 b 198.80 b 19.00 b 19.60 c 

T3- mix a nano Ca15 %+ Mg2 %+ B1.5%+ N10 % + amino acid10 

% (Kalmagbor at 3cm/L) + (except 1/10 nitrogen) 185.33 b 191.33 bc 20.60 ab 22.47 ab 

T4- mix a nano P 40 %+ K 28 %+ N 5%+ amino acid5 % 

(Phospho one at 3cm/L) + (zero potassium and phosphor and 

except 1/5 nitrogen) 182.87 bc 189.40 bc 22.93 a 24.40 a 

T5- mix a nano micro nutrient+ citric acid (Magro nano mix at 

1g/L) + (60 N, 40 P2O5 and 80 K2O g/vine/year) 183.20 bc 189.53 bc 20.03 b 20.60 bc 

T6 - Normal chelated iron at 2g/L+ (60 N, 40 P2O5 and 80 K2O 

g/vine/year) 163.87 d 170.00 d 18.87 b 19.97 c 

T7- Nano chelated iron at 3cm/L+ (60 N, 40 P2O5 and 80 K2O 

g/vine/year) 205.70 a 216.93 a 23.10 a 24.57 a 

T8- Normal potassium silicate at 5g/L+ (60 N, 40 P2O5 and 80 K2O 

g/vine/year) 165.87 cd 171.67 d 18.87 b 19.87 c 

 

 

and 22.00 cm) in the first and second season, 

respectively and also T2 (Potacrystal nano at 3 

cm/L) in the second season (21.00 cm). The 

other tested treatments gave mid values of bunch 

width (cm) in both seasons. 

Total number of berries per bunch and 

number of laterals per bunch 

Data presented in Table 3 indicated that the 

treatment T7 (Nano chelated iron) recorded 

uppermost number of berries per bunch (205.70 

and 216.93) in the first and second season, 

respectively. While, T1 (Control), T6 (Normal 

chelated iron at 3 cm/L) and T8 (Normal potassium 

silicate 5 g /L) produced lowest number of berries 

per bunch (173.47 and 177.83, 163.87 and 170.00 

and 165.87 and 171.67) in the first and second 

season, respectively, without significant differences 

between them. The other tested treatments 

produced intermediate number laterals per 

bunch in the two seasons.  

The highest values of number of laterals per 

bunch were from the treatments T3 (Kalmagbor 

at 3 cm/L), T4 (Phospho one nano at 3 cm/L) 

and T7 (Nano chelated iron at 3cm/L) (20.60 

and 22.47, 22.93 and 24.40 and 23.10 and 24.57) 

in the first and second season, respectively 

(Table 3).  

Vegetative Growth 

Average number of shoots/vines 

As shown in Table 4, number of shoots per 

vine was significantly affected by the tested 

treatments in the two seasons. However, the 

highest number of shoots/vine was recorded for 

T4 (Phospho one at 3 cm/L), T5 (Magro nano 

mix1 g/L) and T7 (Nano chelated iron at 3 cm/ 

L) (37.33 and 41.67, 37.33 and 40.00 and 38.00 

and 40.00) in the first and second seasons, 

respectively, as well as T3 (Kalmagbor at 3 

cm/L) (38.33) in the first season. The lowest 

number of shoots/vines was recorded for control 

T1 (28.33 and 31.00) in the two seasons, 

respectively. The other treatments induced 

intermediate number of shoots/vine in the two 

seasons.  
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Leaf characteristics 

Leaf surface area (cm
2
) 

Data in Table 4 clearly show that leaf surface 
area (cm

2
) was significantly affected by the 

tested treatments in the two seasons. However, 
the largest leaf surface area (cm

2
) was recorded 

for T2 (Potacrystal at 3 cm/L) and T5 {Magro 
nano mix at 1 g/L) (184.67 and 199.47 and 
178.87 and 201.83cm

2
) in the first and second 

seasons, respectively, followed by T3 (Kalmagbor 
at 3 cm/L) and T4 (Phospho one at 3 cm/L) 
(171.03 and 176.47cm

2
) in the first season, 

respectively. Control treatment (T1) produced 
the smallest leaf area (144.13 and 151.33 cm

2
) 

in the first and second seasons, respectively. The 
other treatments induced intermediate leaf area 
values in the two seasons. Flame Seedless 
grapes leaf area ranged between 144.13 -184.67 
cm

2
in the first season and 151.33 -201.83 cm

2
 in 

the second. 

Leaf fresh and dry weight (g) 

As shown in Table 5 leaf fresh and dry 
weight were significantly affected by the tested 
treatments in the two seasons. The highest leaf 
fresh was recorded for treatments T2 (Potacrystal at 
3 cm/L), T5 (Magro nano mix at 1g/L) and T7 
(Nano chelated iron at 3 cm/L) in the two 
seasons without significant differences between 
them and also treatments T3, T4 and T8 in the 
first season. The treatment T5 (Magro nano mix 
at 1 g/L) recorded highest leaf dry weight values 
(3.775 and 4.008 g) in the two seasons, 
respectively. While, T1 (Control) produced the 
lowest leaf fresh (4.160 and 4.233 g) and dry 
weight (3.187 and 3.348 g) in the first and 
second seasons, respectively, the other treatments 
induced intermediate leaf fresh and dry weight 
values in the two seasons. 

Leaf water content (%) 

Data in Table 5 showed that the tested 
treatments significantly affected leaf water 
percentage in the two seasons. The leaves of 
treatment T4 (Phospho one at 3 cm/L) recorded 
highest leaf water percentage (32.30 and 
28.66%) in the two seasons, followed by T6 
(Normal chelated iron at 3 cm/L) in the first 
season and T3, T7 and T7 in the second season. 
The other treatments showed non-significant 
values of leaf water percentages in the two 
seasons. Generally, leaf water content ranged 

between 21.78 – 32.30% and 18.50 – 28.66% in 
the first and second seasons, respectively. 

Photosynthetic pigments contents 

Data presented in Tables 6 and 7, revealed 

that the studied treatments significantly affected 

leaf photosynthetic pigments, i.e. chlorophyll a, 

b, total chlorophyll and carotene contents in the 

two seasons. However, leaves of treatment of T7 

(Nano chelated iron at 3 cm/L) contained the 

highest chlorophyll a (1.133 and 1.233 mg/100 

mg FW), b (0.933 and 0.920 mg/100 mg FW), 

total chlorophyll (2.033 and 2.153 mg/100 mg 

FW) in the first and second seasons, respectively, 

without significant differences with T2 (Potacrystal 

at 3cm/L) for chlorophyll b in the two seasons 

and with T8 (Normal potassium silicate 5 g/l) 

for chlorophyll a and b in the second season and 

also with T8 (Normal potassium silicate at 5 

g/L) for total chlorophyll in the second season . 

In regard to leaf carotene content, the obtained 

data (Table 7) show that leaves of the treatments 

T2 (Potacrystal at 3 cm/L), T4 (Phospho one at 

3 cm/L) and T7 (Nano chelated iron at 3 cm/L) 

contained the highest carotene contents (0.907 

and 1.043, 0.920 and 1.083 and 0.950 and 1.077 

mg/100 mg FW) in the first and second seasons, 

respectively, without significant differences with 

treatments T6 (Normal chelated iron at 2 g/L) in 

the first season and also with T3 {Kalmagbor at 

3 cm/L) and T5 (Magro nano mix at1g/L) in the 

second season. The lowest values of leafy 

chlorophyll a (0.577 and 0.710 mg/100 mg FW), 

b (0.557 and 0.573 mg/100 mg FW), total 

chlorophyll (1.133 and 1.283 mg/100 mg FW) 

and carotene (0.667 and 0.767 mg/100 mg FW) 

contents were for control (T1) in the first and 

second seasons, respectively. Leaves of the 

other fertilization treatments contained 

significantly different intermediate chlorophyll 

a, b, and total chlorophyll and carotene contents. 

DISCUSSION 

The obtained results of nano-fertilizers 

(Potacrystal, Kalmagbor, Phospho one, Magro 

nano mix and Nano iron) had a positive effect in 

increasing yield, leaf area and chlorophyll content, 

agreeing with those stated by Abdelaziz et al. 

(2019); Ahmed et al. (2019); Doaa et al. (2019); 

El-Said et al. (2019); El-Gioushy et al. (2021); 

Mosa et al. (2021) and Rahemi et al. (2020).  
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Table 4. Effect of spraying some nano fertilizers and potassium silicate on number of shoots per 

vine and leaf surface area of Flame Seedless grapes (2017 and 2018 seasons) 

Treatments 

No of  

shoots / vine 

leaf surface area 

(cm
2
) 

First 

season 

Second 

season 

First 

season 

Second 

season 

T1- Control (115 N, 57 P2O5 and 170 K2O g/vine/year)   28.33 d 31.00 d 144.13 e 151.33 f 

T2- mix a nano K 36%+ N 5%+ P 2% + amino acid 5% (Potacrystal 

at 3cm/L) + (zero potassium and except 1/5 nitrogen) 31.33 cd 35.33 bc 184.67 a 199.47 ab 

T3- mix a nano Ca15 %+ Mg 2 %+ B 1.5%+ N 10% + amino 

acid10% (Kalmagbor at 3cm/L) + (except 1/10 nitrogen) 33.33 bc 38.33 ab 171.03 abc 179.80 cd 

T4- mix a nano P 40 %+ K 28 %+ N 5%+ amino acid5 % (Phospho 

one at 3cm/L) + (zero potassium and phosphor and except 

1/5 nitrogen) 37.33 ab 41.67 a 176.47 abc 187.43 bc 

T5- mix a nano micro nutrient+ citric acid (Magro nano mix at 

1g/L) + (60 N, 40 P2O5 and 80 K2O g/vine/year) 37.33 ab 40.00 a 178.87 ab 201.83 a 

T6 - Normal chelated iron at 2g/L+ (60 N, 40 P2O5 and 80 K2O 

g/vine/year) 32.33 cd 34.00 cd 152.83 de 157.00 ef 

T7- Nano chelated iron at 3cm/L+ (60 N, 40 P2O5 and 80 K2O 

g/vine/year) 38.00 a 40.00 a 166.27 bcd 187.83 bc 

T8- Normal potassium silicate at 5g/L+ (60 N, 40 P2O5 and 80 

K2O g/vine/year) 30.67 cd 32.33 cd 159.90 cde 168.43 de 

 

Table 5. Effect of spraying some nano fertilizers and potassium silicate on leaf fresh and dry 

weights (g) and leaf water content (%) of Flame Seedless grapes (2017 and 2018 

seasons) 

Treatments 

Leaf fresh weight 

(g) 

Leaf dry weight 

(g) 

Leaf water 

content (%) 

First 

season 

Second 

season 

First 

season 

Second 

season 

First 

season 

Second 

season 

T1-Control (115 N, 57 P2O5 and 170 K2O g/vine/ 

year)   4.160 b 4.233 c 3.187 cd 3.348 e 24.03 b 19.68 bc 

T2- mix a nano K 36%+ N 5%+ P 2% + amino 

acid 5% (Potacrystal at 3 cm/L) + (zero 

potassium and except 1/5 nitrogen) 4.498 ab 4.732 ab 3.377 bc 3.630 b 25.92 b 22.84 bc 

T3- mix a nano Ca1 5%+ Mg2 %+ B1.5%+ N 10% 

+ amino acid10 % (Kalmagbor at 3cm/L) + 

(except 1/10 nitrogen) 4.350 b 4.655 ab 3.235 cd 3.460 cde 21.78 b 24.39 ab 

T4- mix a nano P 40%+ K 28 %+ N 5%+ amino 

acid5 % (Phospho one at 3 cm/L) + (zero 

potassium and phosphor and except 1/5 

nitrogen) 4.460 b 4.603 abc 3.055 d 3.302 e 32.30 a 28.66 a 

T5- mix a nano micro nutrient+ citric acid (Magro 

nano mix at 1g/L) + (60 N, 40 P2O5 and 80 K2O 

g/vine/year) 4.858 a 4.927 a 3.775 a 4.008 a 22.77 b 18.50 c 

T6- Normal chelated iron at 2g/L+ (60 N, 40 P2O5 

and 80 K2O g/vine/year) 4.380 b 4.473 bc 3.238 cd 3.437 de 26.80 ab 22.75 bc 

T7- Nano chelated iron at 3cm/L+ (60 N, 40 P2O5 

and 80 K2O g/vine/year)   4.532 ab 4.732 ab 3.502 b 3.612 bc 23.89 b 24.10 ab 

T8- Normal potassium silicate at 5g/L+ (60 N, 40 

P2O5 and 80 K2O g/vine/year) 4.390 b 4.705 ab 3.277 c 3.537 bcd 25.41 b 24.92 ab 
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Table 6. Effect of spraying some nano fertilizers and potassium silicate on Chlorophyll a and b 

of leaves Flame Seedless grapes (2017 and 2018 seasons) 

Treatments 

Chlorophyll a 

(mg/100 mg fresh weight) 

Chlorophyll b (mg/100 

mg fresh weight) 

First 

season 

Second 

season 

First 

season 

Second 

season 

T1- Control (115 N, 57 P2O5 and 170 K2O g/vine/year)   0.577 d 0.710  c 0.557 e 0.573 d 

T2- mix a nano K 36%+ N 5%+ P 2% + amino acid 5 % 

(Potacrystal at 3cm/L) + (zero potassium and except 

1/5 nitrogen) 1.033 b 1.033 b 0.833 ab 0.863 ab 

T3- mix a nano Ca15%+ Mg 2%+ B1.5%+ N10 % + 

amino acid10 % (Kalmagbor at 3 cm/L) + (except 

1/10 nitrogen) 0.950 bc 1.020 b 0.767 bc 0.827 bc 

T4- mix a nano P 40 %+ K 28 %+ N 5%+ amino acid 

5% (Phospho one at 3cm/L) + (zero potassium and 

phosphor and except 1/5 nitrogen) 0.967 b 1.017 b 0.733 cd 0.817 bc 

T5- mix a nano micro nutrient+ citric acid (Magro nano 

mix at 1g/L) + (60 N, 40 P2O5 and 80 K2O 

g/vine/year) 0.867 c 1.017 b 0.680 d 0.767 c 

T6- Normal chelated iron at 2g/L+ (60 N, 40 P2O5 and 

80 K2O g/vine/year) 0.967 b 1.033 b 0.767 bc 0.777 c 

T7- Nano chelated iron at 3cm/L+ (60 N, 40 P2O5 and 80 

K2O g/vine/year) 1.133 a 1.233 a 0.900 a 0.920 a 

T8- Normal potassium silicate at 5g/L+ (60 N, 40 P2O5 

and 80 K2O g/vine/year) 1.000 b 1.100 ab 0.767 bc 0.877 ab 
 

Table 7. Effect of spraying some nano fertilizers and potassium silicate on total chlorophyll and 

carotenoids of leaves Flame Seedless grapes (2017 and 2018 seasons) 

Treatments 

Total chlorophyll 

(mg/ 100 mg fresh weight) 

Carotenoids (mg/ 100 

mg fresh weight) 

First 

season 

Second 

season 

First 

season 

Second 

season 

T1- Control (115 N, 57 P2O5 and 170 K2O g/vine/year)   1.133 e 1.283 d 0.667 d 0.767 d 

T2- mix a nano K 36%+ N 5%+ P 2% + amino acid 5 % 

(Potacrystal at 3cm/L) + (zero potassium and except 1/5 

nitrogen) 1.867 b 1.897 bc 0.907 a 1.043 ab 

T3- mix a nano Ca15 %+ Mg2 %+ B1.5%+ N10 % + 

amino acid10 % (Kalmagbor at 3cm/L) + (except 1/10 

nitrogen) 1.717 c 1.847 bc 0.797 bc 0.977 abc 

T4- mix a nano P 40 %+ K 28 %+ N 5%+ amino acid5 

% (Phospho one at 3cm/L) + (zero potassium and 

phosphor and except 1/5 nitrogen) 1.700 c 1.833 bc 0.920 a 1.083 a 

T5- mix a nano micro nutrient+ citric acid (Magro nano 

mix at 1 g/L) + (60 N, 40 P2O5 and 80 K2O g/vine/year) 1.547 d 1.783 c 0.767   c 1.030 abc 

T6 - Normal chelated iron at 2g/L+ (60 N, 40 P2O5 and 

80 K2O g/vine/year) 1.733 c 1.810 bc 0.867 ab 0.910   c 

T7- Nano chelated iron at 3cm/L+ (60 N, 40 P2O5 and 80 

K2O g/vine/year) 2.033 a 2.153 a 0.950 a 1.077 a 

T8- Normal potassium silicate at 5g/L+ (60 N, 40 P2O5 

and 80 K2O g/vine/year) 1.767 bc 1.977 ab 0.807 bc 0.923   bc 
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Spraying grape vines with nano-zinc increased 

significantly some vegetative parameters, leaf 

area and fresh weight, No. of clusters, cluster 

weight and yield compared with the control. 

Also, nano-zinc at 0.4, 0.8 and 1.2 ppm of had a 

significant increase on yield compared with 

conventional fertilizer (El-Said et al., 2019). 

Mohamed (2020) revealed that using zinc, iron 

and manganese bulk or nano significantly 

increased yield of Thompson seedless grape 

cultivar, and improved the cluster and berry 

traits, and also improved leaf area, leaf total 

chlorophyll as well as leaf nutrient composition 

compared to control. 

The effect of nanoparticles in plants varies 

according to their composition, size, physical 

and chemical properties, as well as the plant 

species since the nanoparticles interact through 

enhancing production or inhibitory effects on 

plant growth in the different developmental 

stages (Ma et al., 2010). 

Furthermore, because iron is a prosthetic 

group constituent of many enzymes such as 

cytochromes in the electron transport chain; it is 

required for many biological tasks (Liu et al., 

2014). It also participates in chlorophyll synthesis, 

so it is required for the chloroplast’s structure 

and function. This could be attributed to Fe 

interfering with the structural and catalytic 

components of proteins and enzymes, which are 

required for the normal development of pigment 

biosynthesis and photosynthesis activation 

(Mohammadi et al., 2018). Several studies have 

found that Fe, in its natural or nanoform, improves 

leaf photosynthetic pigments and photosynthesis 

parameters (Duhan et al., 2017; Fatima et al., 

2020; Mittal et al., 2020). Due to the preliminary 

improvement of vegetative growth and 

photosynthesis in response to the application of 

different iron forms (nano, sulfate, and 

chelated).  

Nano Boron shows positive effect in increasing 

yield and enhanced the content of chlorophyll 

and essential nutrients like Nitrogen, Potassium, 

phosphorus, Manganese, Magnesium, Boron, 

Zinc and Iron in leaves (Abdelaziz et al., 2019). 

Foliar spray of nano Zinc and nano Boron 

increased pomegranate fruit quality, yield 

(Davarpanah et al., 2016).  

Nano Calcium based fertilizers improve foliage 
development, chlorophyll content provides best 
yield and improves quality of grape berry and 
nutrient content of leaf (Sabir et al., 2014).  

Spraying pomegranate fruits of Ardestani 
cultivar with Nano Nitrogen (nN) at 1.8 kg ha-1 
gave highest yield and a greater number of fruits 
per tree (Davarpanah et al. 2017). 

The positive effects of potassium silicate 
application on yield, bunch weight, growth, 
chlorophyll content and leaf surface area of 
Flame seedless grapevine are in line with those 
reported by Liu et al. (2011), Bhavya et al. 

(2011), Ahmed et al. (2012), Ramteke et al. 
(2012), Al-Khawaga (2014), Al-Wasfy (2014); 
Mohamed (2017) and Mekawy and Galal 
(2021). 

Potassium is considered an important mineral 
nutrient for all stages of protein synthesis that 
contributes to all plant growth processes. 
Potassium plays a key role in many physiological 
functions (stomata opening and photosynthesis, 
translocation of photosynthates, polypeptide 
synthesis and meristematic growth, enzyme 
activation, charge balancing and neutralizing 
functions, osmoregulation, stress resistance, 
quality improvement of fruits etc.) (Epstein and 
Bloom, 2005; Arquero et al., 2006). Potassium 
silicate was improved the vegetative growth 
characters, through its role in cel1 division and 
expansion by their effect on DNA and RNA 
synthesis (Sahebi et al., 2015). Thus, it is role in 
protective mechanisms that avoid the damage of 
the photosynthetic apparatus (Qin et al., 2016). 
Also, Iqbal et al. (2021) mentioned that the role 
of silicon in maintained growth by modulating 
stomatal conductance, higher green pigments, 
internal CO and photosynthetic activity in grape 
leaves thereby enabling them to produce 
biomass and this may be contributed in 
improving of vegetative growth characteristics 
and chlorophyll content in leaves of Superior 
Seedless and Red Globe grapevines by using 
foliar application with potassium silicate.  

Conclusions 

It concluded that the use of nano fertilizers 
which contain any or combine of nano N, P, K, 
Ca, Mg, B, Fe, Zn had a positive effect on 
improving yield, bunch characteristics and 
growth of Flame seedless grapes with minimize 
the traditional used fertilizers.  
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حأثير انرش انورقي ببعط الأسًذة انُاَويت أو سهيكاث انبوحاسيوو يع انخقهيم يٍ الأسًذة انخقهيذيت 

 انًسخخذيت عهي انًُو وانًحصول وصفاث انعُاقيذ نصُف عُب فهيى سيذنس

 عهي يحًذ أبو سيذ أحًذ طهعج - عوضأحًذ سًير أحًذ يحًذ 

 ايي يحسٍــذ سـذ يحًـفري  - رـذ ًَيـــحًأي ـــانغُ اء عبذــصف

 يصش  –جايعح انضقاصَق  –كهُح انضساعح  –قغى عهىو الأغزَح 

عُىاخ يضسوعح فٍ  4عهً عُة صُف فهُى عُذنظ تعًش  2018و  2017أجشَد هزِ انذساعح خلال يىعًٍُ يررانٍُُ 

فرٍ يضسعرح عُرة     Y و عٍ تعضها انثعض ذحد َظاو انشٌ تانرُقُط وذى ذذعُى انكشوو تُظاو حرش  3×2ذشتح سيهُح تًغافح 

ٍ   8خاصح تًشكض تهثُظ تًحافظح انششقُح، يصش. ذضرًُد انررشترح    ذغرًُذ  )سػ تانًرا(    :Control -T1 يعرايلاخ كانرران

انكشوو تخهُط  سػ T2-جى/كشيح/عُح .  K2O 80و P2O5 40و N 60) انكشوو حغة تشَايج انرغًُذ انًرثع فٍ انًضسعح

%  وانفىعرفىس انكهرٍ   5%  وانُُررشوجٍُ انكهرٍ )  5%  والأحًرا  الأيُُُرح )  36يٍ عًاد َاَىٌ َحررىٌ عهرً انثىذاعرُىو )   

سػ انكرشوو    T3- .انُُرشوجٍُ 1/5نرش[ )يا عذا انثىذاعُىو و عى/ 3%  ]تىذاكشَغرال تًعذل 2%  وانًغزَاخ انذقُقح )2)

%  2%  يرع حًرض أيُُرٍ )   1.5% ، ترىسوٌ ) 2% ، يغُُغرُىو ) 15تخهُط يٍ عرًاد انُراَى انرزٌ َحررىٌ عهرً كانغرُىو )      

انًحررىٌ  سػ انكشوو تخهُط يٍ عًاد انُاَى T4- . َُرشوجٍُ  1/10عى/نرش[ )عذا 3%  ]كانًرثىس تًعذل 10وَُرشوجٍُ )

 3%  ]فىعرررفى واحرررذ تًعرررذل  5%  وانُُررررشوجٍُ )5%  والأحًرررا  الأيُُُرررح )28%  وانثىذاعرررُىو )40عهرررً انفغرررفىس )

سػ انكشوو تخهُط انُاَى عُاصش صغشي + حايض انغررشَ   T5-  .َُرشوجٍُ  5/ 1عى/نرش[ )عذا انثىذاعُىو وانفىعفىس و

سػ T1 .-T7+جرشاو/ نررش   2شوو تانحذَذ انًخهثً انعرادٌ تًعرذل   سػ انكT1 . -T6+ جى/نرش  1)خهُط ياجشو َاَى تًعذل 

 + جرى/ نررش   5سػ انكشوو تغهُكاخ انثىذاعُىو انعرادٌ تًعرذل    T1+  .-T8عى/نرش 3انكشوو تانحذَذ انًخهثً انُاَىٌ تًعذل 

T1             وأتشَرم   . ذى انشػ نكم انًعرايلاخ لارلاز يرشاخ فرٍ انغرُح عهرً فررشاخ أرهشَح، أٌ الأعرثى  الأول يرٍ كرم يرٍ يراسط

يعُىَاً عُذ إضافح جًُع انًعايلاخ يقاسَح تانكُرشول فٍ كرلا   اصدادأظهشخ انُرائج أٌ انًحصىل انكهٍ نهفذاٌ )طٍ   وياَى.

         ٍ  22.11و T7 (17.20طرٍ  و  19.94و T4 (15.59 انًىعرًٍُ. عررهد أعهرً قرُى نجَررال انكهرٍ نهفرذاٌ )طرٍ  نهًعرايهرُ

انرىانٍ. أقصرش عُاقُرذ كاَرد يرٍ يعرايلاخ انكُررشول وعرُهُكاخ انثىذاعرُىو انعرادي فرٍ           طٍ  فٍ انًىعى الأول وانثاٍَ عهً 

انًىعًٍُ الأول وانثاٍَ عهً انرىانٍ، تًُُا عرهد انًعايلاخ الأخرشي قًُراً أعهرً ن رىل انعُقرىد فرٍ انًىعرًٍُ دوٌ فرشو          

سقح انشطة وانرا  تانًعرايلاخ انًخرثرشج     ووصٌ انى2يعُىَح تُُهًا. كًا نىحظ صَادج يعُىَح فٍ يغاحح ع ح انىسقح )عى

)انحذَرذ انًخهرة انُراَىٌ  ذحررىٌ عهرً       T7 فٍ انًىعًٍُ. ويع رن ، فرنٌ أوسا  يعايهرح   (T1) يقاسَح يع يعايهح انكُرشول

 100 يهررى/  0.920و 0.933ب) كهىسوفُرم  يهرى وصٌ طراصل ،  100يهرى/ 1.233و 1.133أعهً كًُح يٍ انكهىسوفُم أ )

 1.077و 0.950وانكاسوذُُراخ )  . وصٌ طراصل  يهررى  100يهرى/ 2.153و 2.033) انكهً  ، وانكهىسوفُميهرى وصٌ طاصل

 يهرى وصٌ طاصل . 100 يهرى/
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