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Abstract 

This study carried out throughout two successive seasons 2020 and 2021, on 4 years-old on trees of Murcott mandarin 

(Citrus reticulata) budded on Volkamer lemon (Citrus volkameriana L.) grown in sandy soil at 3x6 m apart under drip irrigation 

system and received the same horticultural managements in in a private citrus orchard located at Wady El-Mollak region, Sharkia 

Governorate, Egypt. The experiment included 9 treatments as follow: T1 - Control (Water spray), T2 - Kaolin (Al4Si4O10 (OH) 8) 

at 4%, T3 - Potassium silicate at (K2SiO3) 4%, T4 - Calcium carbonate (CaCO3) at 4%, T5 - Metalusite at 2 cm/l, T6 - Titanium 

oxide nano particles (Ti2O3 NPs) at 1%, T7 - Titanium oxide normal particles (Ti2O3) at 4%, T8 - Zinc oxide nano particles (ZnO 

NPs) at 1% and T9 - Zinc oxide normal particles (ZnO) at 4%. The results indicated that all treatments increased fruit weight (g) 

and total yield per feddan (ton) compared to control treatment. The trees sprayed with Metalusite or Titanium oxide nano particles 

gained least percentage of sunburned fruits/ tree (4.47 &7.22 and 3.82 & 7.82 %) in the first and second season, respectively, as 

well as Zinc oxide normal particles and trees sprayed with Titanium oxide normal particles. Trees sprayed by Metalusite or 

Titanium oxide normal particles recorded the highest pulp/ fruit ratio and also calcium carbonate or Titanium oxide nano particles 

or zinc oxide nano particles or normal gave higher values of pulp/fruit %, while the fruits from trees sprayed by potassium silicate 

or by zinc oxide normal particles or control or Kaolin recorded lower percentages. The longest fruits recorded for trees sprayed by 

Zinc oxide nano particles (56.44 and 57.00 mm) and Zinc oxide normal (58.41 and 58.01 mm) in the first and second season, 

respectively. The thickest peel fruit was for fruits from trees sprayed with Kaolin, Potassium silicate, Calcium carbonate, Titanium 

oxide, Metalusite and Control. The uppermost values of TSS% were in fruit juice for fruit trees sprayed with Calcium carbonate, 

Metalusite and Titanium oxide normal particles (13.15 & 13.60 %, 13.20 & 13.94 % and 13.76 & 13.37%) in the first and second 

seasons, respectively. The lowest TSS percentage was found in fruit juice of trees sprayed with Kaolin, Titanium oxide nano and 

also control in the two seasons. The total acidity percentage in the fruit juice was non-significantly affected by the studied 

treatments. The fruits of trees sprayed with potassium silicate recorded the lowest TSS/ acid ratio (7.83 and 7.88) in the two 

seasons, respectively, compared with other treatments exhibited higher TSS/ acid ratio except treatments Kaolin and Zinc oxide 

nano particles in the second season only.  
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1. Introduction 

Citrus is one of the most important fruit trees in the 

world and ranked first among fruit crops in Egypt. The 

cultivated area with citrus in Egypt has enormously 

increased through the last decades reaching about 469912 

feddan with 429778.6 fed. fruiting area and producing about 

4388325 tons with average of 10.21 tons/ fed. Statistics of 

the Ministry of Agriculture (2020) divided between the new 

reclaimed soil by 55.73% and the old soil by 44.27% [1]. 

Total fruiting areas of mandarin and tangerine varieties 

occupy 109609.5 fed. producing about 1038753 tons with 

average of 9.48 tons/fed., representing 25.5% of total citrus 

production [2]. Mandarin fruits stand as the second variety 

for exportation after orange fruits in Egypt. Murcott (Citrus 

reticulate L.) is one of common mandarin. The trees are 

vigorous, bushy in shape and have willowy branches, fruits 

are mainly borne terminally where they are vulnerable to 

wind, sunburn and frost damage [3]. Sunburn is an 

important problem in agricultural products grown in arid 

and semi-arid regions, causes economic losses of up to 40-

60% in some years. Sunburn occurs as a result of 

overheating of the surfaces of fruits exposed to high air 

temperature and solar radiation from the sun.   
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Sunburn in mandarin fruits costs growers a lot of 

economic losses annually due to high temperatures and low 

relative humidity during the summer in Egypt especially in 

reclaiming new land. Ultraviolet (UV) radiation is greater at 

higher elevations and is the greatest contributor to damage. 

Excess absorbed energy is the greatest contributor to cell 

death and sunburn. The incidence and severity of sunburn 

depends upon climatic factor, cultivars, hormonal, 

nutritional and soil moisture [4]. The damage caused due to 

sun burning which occurs up to 0.9-19.13% in different 

varieties [5]. Severe sunburn alters the cuticle even more, 

and damages both the epidermal and sub epidermal tissues. 

Cell walls get thicker. Intercellular phenols increase, and the 

structures of plastids and thylakoids change [6-7]. The 

quality of the fruits is affected by sun burn [8-9]. Different 

applications of kaolin clay are made to reduce the sunburn 

in many kinds of fruits [10]. Kaolin-based particle films can 

reduce insect, heat, and ultraviolet stress in horticultural 

crops because of their ability to modify the 

microenvironment of the plant canopy as a result of the 

reflective nature of the particles [11]. Mango leaves sprayed 

with kaolin had higher average net photosynthesis (Pn), 

stomatal conductance (gs) and transpiration rate (E) than in 

bentonite and untreated leaves [12]. Several horticultural 

techniques such as spraying micronutrients during the fruit's 

development cycle like zinc are used to control fruit 

cracking, sunburn, and loss of color [13]. Zinc sulphate as a 

foliar spray led to decreasing fruit cracking and increasing 

yield, because of metabolic effects on transport and water 

uptake [14]. Zinc (Zn) is a vital micronutrient for plants, 

playing crucial roles in fruit development and retention, as 

well as in overall fruit yield and quality [15-16]. Zinc is 

essential for the activity of various enzymes, including 

dehydrogenases, aldolases, isomerases, transphosphorylases, 

RNA and DNA polymerases. Additionally, it aids in 

tryptophan synthesis, cell division, membrane structure 

maintenance, and photosynthesis. It functions as a 

regulatory cofactor in protein synthesis [17]. A more 

important characteristic of ZnO is their biocompatibility in 

providing a highly active surface area [18]. The UV 

protection efficiency of ZnO particles strongly depends on 

their particle size, method of application and concentration, 

Applications carried out by means of suspensions of the 

ZnO molecule show excellent UV protection properties 

[19]. Potassium silicate provides the plant a 100% available 

source of silicon and potassium that are essential for 

optimum plant growth and health. Potassium Silicate 

strengthens the plant’s internal processes and external 

defenses.  Potassium silicate is the name for a family of 

inorganic compounds. The most common potassium silicate 

has the formula K2SiO3, samples of which contain varying 

amounts of water. These are white solids or colorless 

solutions [20]. Titanium (Ti) is considered a beneficial 

element for plant growth. Ti applied via roots or leaves at 

low concentrations has been documented to improve crop 

performance through stimulating the activity of certain 

enzymes, enhancing chlorophyll content and photosynthesis, 

promoting nutrient uptake, strengthening stress tolerance, 

and improving crop yield and quality [21]. The use of Ti 

appears to increase concentrations of some essential 

elements, both macro and micronutrients. Experiments have 

demonstrated that Ti chelates are able to promote the 

development of young plants and can increase the activity of 

some enzymes [22]. Also, the application of Ti in crop 

production has been reported to reduce the severity of 

disease, promote plant growth, and increase photosynthetic 

rate [23]. Titanium nano particles have photovoltaic 

properties and improve light absorption and conversion from 

photovoltaic to electrical and chemical energy, as well as 

pushing carbon dioxide to protect the green plastid from 

aging when exposed to long-lasting illumination [24]. 

Calcium plays significant role in sustaining fruits quality, 

preserving fruit firmness, proliferation of vitamin C, 

decreased breakdown of storage rotting. It also defends from 

membrane disorganization and protects tissue from 

senescence and sustains the protein manufacturing 

capability of cell. Calcium increases the mechanical power 

of cell wall because it is the main component of cell wall as 

calcium pectate in plants which play significant role in 

establishment of pedicel attachment to proximal of fruit thus 

resulted in reduced fruit drop [25]. Commercially preharvest 

spray of calcium delays senescence and increase consumer 

acceptance with less damaging effect during fruit storage 

[26]. Smaller amount of calcium carbonate has been 

effectively used to decrease softening in fresh fruit. High 

level of calcium contents in fruit may sustain membrane 

permeability and decrease the process of ripening during 

storage and it also increase fruit retention because it 

stimulates the development of lignin and cellulose and 

stimulate translocation and formation of carbohydrates [27]. 

There were no statistically significant differences in 

hazelnut yield and nut weights or grades for foliar spray 

multi mineral Metalosate compared to the untreated check in 

any of the three years of the study [28]. Subbarayappa et al., 

(2017) study the efficacy of different boron sources on 

quality and to maximize the yield of pomegranate (var. 

Bhagwa) [29]. There was significant increase in yield 

contributing parameters like number of fruits /plants, weight 

of fruit and fruit yield /plant in T12 (NPK + foliar spray 

0.017% B metalosate) treatment followed by T11(NPK + 

foliar spray 0.0085% B metalosate) treatment. Significantly 

increased TSS, total sugars content and reduced titratable 

acidity were observed in T12 treatment followed by T11.  

Nelson et al., (2020) found that the citrus yield from trees 

treated with foliar Ca-Metalosate applications were 

approximately 20% higher on average than trees receiving 

no Ca supplementations [30]. The juice sugar content (as 

degree Brix ºBx) was the highest for Ca-Metalosate (10.95 

ºBx) and the control had the lowest (10.05 ºBx). The 

objective of this study is to investigate the effect of some 

chemical substances (kaolin, potassium silicate, calcium 

carbonate, Metalusite, titanium and zinc oxide as nano and 

normal particles) to improve yield, fruit quality and reduce 

sunburned fruits of Murcott mandarin trees. 

 

2. Materials and methods 

This study carried out throughout two successive 

seasons 2020 and 2021, on 4 years-old on trees of Murcott 

mandarin (Citrus reticulata) budded on Volkamer lemon 

(Citrus volkameriana L.) grown in sandy soil at 3x6 m apart 

under drip irrigation system and received the same 

horticultural managements in in a private citrus orchard 

located at Wady El-Mollak region, Sharkia Governorate, 

Egypt.  
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The experiment included nine foliar spray treatments as 

follows: 

• T1 - Control (water spray). 

• T2 - Kaolin (Al4Si4O10 (OH) 8) at 4%. 

• T3 - Potassium silicate at (K2SiO3) 4%. 

• T4 - Calcium carbonate (CaCO3) at 4%. 

• T5 - Metalusite Mult at 2 cm/l. 

• T6 - Titanium oxide nano particles (Ti2O3 NPs) at 

1%. 

• T7 - Titanium oxide normal particles (Ti2O3) at 

4%. 

• T8 - Zinc oxide nano particles (ZnO NPs) at 1%. 

• T9 - Zinc oxide normal particles (ZnO) at 4% 

 

Metalusite Mult chelated form contained of 1% Ca+1% 

Mg+ 0.5% Fe +0.5%Zn +0.5% Mn+0.25%Cu+ 0.1%Mol+ 

12% amino acid. The trees sprayed 4 times at the first of 

every month from May to August in both seasons. In both 

seasons, the harvested fruits transported immediately to the 

fruit laboratory of the Horticulture Department, College of 

Agriculture, Zagazig University to determine the fruit 

physical and chemical characteristics. The treatments will be 

evaluated through the following parameters: 

 

1. Total yield per feddan (ton). 

2. Percentage of sunburned fruits per tree (%). 

3. Physical fruit quality 

• Fruit weight (g). 

• Fruit pulp and peel weights (gm). 

• Percentage of pulp and peel per fruit (%). 

• Peel thickness (mm). 

• Seeds weight/ fruit (g). 

• Fruit dimensions and fruit shape index 

4. Chemical fruit quality 

• Total soluble solids percentage (TSS%) in fruit 

juice measured using a hand Refractometer 

(A.S.T., Japan). 

• Titratable acidity percentage in fruit juice was 

determined as citric acid by titration against 0.1 N 

sodium hydroxide solution in the presence of 

phenolphthalein index as indicator and the total 

acidity percentage was calculated [31]. 

• Maturity index (TSS/acid ratio).  

 

2.1. Statistical Analysis 

The obtained data tested by the one-way analysis of 

variance (ANOVA) technique, according to Snedecor et al., 

(1982) [32]. The treatments arranged in randomized 

complete block design with three replications. Treatments 

means separated and compared according to Duncan (1958) 

test at 0.05 level of significance [33]. 

 

3. Results 

3.1. Total yield per feddan (ton) 

It is clear from Table 1 that the tested treatments 

significantly affected fruit yield per per feddan (ton) of 

Murcott mandarin in the two seasons. However, the highest 

total yield was gained by trees sprayed by Metalusite (14.36 

and 11.30 ton/ fed.), Titanium oxide nano (14.85 and 10.48 

ton/ fed.), Titanium oxide normal particles (15.34 and 9.80 

ton/ fed.), Zinc oxide nano (16.17 and 11.26 ton/ fed.) and 

Zinc oxide normal (14.59 and 9.27 ton/ fed.) in the first and 

second seasons, respectively without significant differences 

between them. The control trees (sprayed with water) 

produced the lowest yield/ fed. (ton) in the two studied 

seasons, respectively. The other tested treatments produced 

intermediate yields.  

 

3.2. Number and percentage of sunburned fruits per tree  

Data in Table 1 clearly show that number and 

percentage of sunburned fruits/tree were significantly 

affected by the treatments of foliar spraying in both seasons. 

The highest number of sunburned fruits / trees was recorded 

for Control trees and trees sprayed by Calcium carbonate at 

4% or Zinc oxide nano particles at 1% (28.33 & 32.67, 

33.33 & 32.00 and 37.33 & 30.00) in the first and second 

season, respectively, as well as Kaolin at 4% and Potassium 

silicate at 4% in the first season and also Zinc oxide normal 

at 4% in the second season. The lowermost number of 

sunburned fruits / trees was recorded for trees sprayed with 

Titanium oxide nano particles at 1% (14.33 and 20.33) in the 

first and second season, respectively. The trees sprayed with 

Metalusite at 2 cm/l or Titanium oxide nano particles at 1% 

gained least percentage of sunburned fruits/ tree (4.47 &7.22 

and 3.82 & 7.82 %) in the first and second season, 

respectively, as well as Zinc oxide normal particles at 4% 

(4.43%) in the first season and followed trees sprayed with 

Titanium oxide normal particles at 4% (5.40 and 8.99 %) in 

the first and second season, respectively.  

 

3.3. Physical fruit quality 

 

3.3.1.  Fruit weight  

It is quite evident from Table 2 that weight of Murcott 

mandarin fruits were significantly affected by the studied 

treatments during the two seasons. All treatments of foliar 

spray nano or normal particles form increased fruit weight 

compared to the control in the two seasons. The treatment of 

Titanium oxide normal particles (Ti2O3) at 4% had non- 

significant increase (152.33gm) with control (151.00gm) in 

the first season only.  

 

3.3.2. Pulp / fruit percentages 

As shown in Table 2 cleared that pulp and peel / fruit 

percentages were significantly affected by the tested 

treatments in the two tested seasons. Trees sprayed by 

Metalusite at 2 cm/l or Titanium oxide normal particles at 

4% recorded the highest pulp/ fruit ratio (86.95 & 83.29 and 

83.15 & 82.90%) without significant differences between 

them in the first season and second season, respectively, 

moreover, the trees sprayed by calcium carbonate at 4% or 

Titanium oxide nano particles at 1% or zinc oxide nano 

particles at 1% or normal at 4% gave higher values of 

pulp/fruit % in the second season only without significant 

differences between them. The lowest pulp/ fruit ratio 

resulted from trees sprayed by potassium silicate at 4% 

(78.80 and 77.45%) in both seasons, also, trees sprayed by 

zinc oxide normal particles at 4% in the first season and 

control or Kaolin at 4% in the second season.   

 

3.3.3. Fruit pulp and peel weights (gm) 
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Data in Table 3 show that the trees were sprayed with 

Metalusite at 2 cm/l or Zinc oxide nano particles (ZnO NPs) 

at 1% produced heaviest weights of fruit pulp (148.00 and 

139.93gm) in the first season. 

While in the second one the heaviest weights of fruit 

pulp were recorded for trees sprayed by Titanium oxide 

nano particles at 1% (139.67gm) or trees were sprayed by 

Zinc oxide nano at 1% (137.67gm) and Zinc oxide normal 

particles at 4% (138.33gm). The least weight of fruit pulp 

was gained by trees of control (122.32 and 120.77gm) in the 

first and second season, respectively, and non-significant 

differences with Kaolin at 4%, Potassium silicate at 4% and 

Titanium oxide normal at 4%. The other tested treatments 

produced intermediate weights of fruit pulp in both seasons.  

All foliar treatments spray recorded higher values of peel 

weight without significant differences between them 

compared with control treatment in the first season only. 

While in the second season, the treatments Metalusite at 2 

cm/l, Titanium oxide nano particles at 1%, Zinc oxide nano 

at 1% and Zinc oxide normal particles at 4% recorded 

highest values of peel weight (32.89, 33.55, 31.11and 32.44 

gm) respectively without significant differences between 

them. The lowest peel weight was for treatment of Kaolin at 

4% in the second season.  

 

3.3.4. Effect on peel thickness (mm) 

It is clear from Table 4 peel thickness of Murcott 

mandarin fruits was significantly affected by the tested 

treatments in the two seasons. Peel thickness ranged 

between 2.50 to 3.06 mm in the two seasons. The thickest 

peel fruit was recorded for trees sprayed with Kaolin, 

Potassium silicate, Calcium carbonate, Titanium oxide nano 

at 1% and Control in both seasons without significant 

differences between these treatments, and also Metalusite 

and Titanium oxide nano at 4% in the second season. While, 

the thinner peel fruit was for trees sprayed with Zinc oxide 

nano and normal in the two seasons, as well as, Titanium 

oxide normal in the first season. The other tested treatments 

produced intermediate values of peel fruit thickness. 

 

3.3.5. Seeds weight per fruit (gm) 

It is clear from Table 4 that seeds weight per fruit was 

significantly affected by the studied treatments in the two 

seasons. Anyhow, trees sprayed by Zinc oxide nano at 1% 

gave the highest seeds weight per fruit (5.22 and 4.55 gm) in 

the first and second season, respectively, as well as the trees 

sprayed by Metalusite at 2 cm/l in the first season. The least 

seeds weight per fruit were for fruit sprayed with Calcium 

carbonate at 4%, Titanium oxide nano at 1% and Zinc oxide 

normal at 4% in both seasons. The other tested treatments 

produced intermediate values of seeds weight per fruit.  

 

3.3.6. Fruit dimensions and fruit shape index    

It is quite evident from Table 5 that fruit dimensions; 

i.e. length and width of Murcott mandarin were significantly 

affected by the tested treatments in the two seasons. 

However, the fruit length ranged between 49.74-58.41 mm 

and 51.01–58.01 mm while, the fruit width ranged between 

61.19-72.13 mm and 63.53-73.21 mm in the first and second 

seasons, respectively. The longest fruits recorded for trees 

sprayed by Zinc oxide nano particles at 1% (56.44 and 57.00 

mm) and Zinc oxide normal at 4% (58.41 and 58.01 mm) in 

the first and second season, respectively. The shortest fruits 

recorded for trees sprayed by Titanium oxide normal at 4% 

(49.74 and 50.53mm) in the two seasons, respectively. The 

other tested treatments produced intermediate values of 

seeds weight per fruit without significant differences 

between them for every season. All the tested treatments in 

the first season except the control showed that non- 

significant differences between them in fruit width. While, 

in the second season the treatments of Zinc oxide nano 

particles at 1% and Zinc oxide normal at 4% produced 

largest fruits (67.80 & 72.00mm and 72.13 & 73.21mm) in 

the first and second season, respectively. The trees sprayed 

by Titanium oxide normal at 4% gave smallest fruit width 

(63.53mm) in the second season. The other tested treatments 

produced intermediate values of fruit width. Regarding fruit 

shape index, the obtained data reveal that the highest fruit 

shape index values were recorded for fruits produced on 

trees sprayed by Potassium silicate at 4%, Titanium oxide 

nano at 1%, Zinc oxide nano particles at 1%, Zinc oxide 

normal at 4% and control in the first season. While, in 

second season fruit shape index values for all treatments 

were non- significant differences between them. 

 

3.4. Chemical fruit quality 

 

3.4.1. Total soluble solids percentage (TSS %) 

      Data in Table 6 show that the percentage of TSS in 

the fruit juice of Murcott mandarin ranged between 12.53-

13.76 and 12.38-13.94% in the first and second seasons, 

respectively. The uppermost values of TSS percentage were 

in fruit juice for fruit trees sprayed with Calcium carbonate 

at 4%, Metalusite at 2 cm/l and Titanium oxide normal 

particles at 4% (13.15 & 13.60%, 13.20 & 13.94% and 

13.76 & 13.37%) in the first and second seasons, 

respectively. The lowest TSS percentage was found in fruit 

juice of trees sprayed with Kaolin at 4%, Titanium oxide 

nano at 1% and also control in the two seasons. The other 

tested treatments produced intermediate values of TSS 

percentage. 

 

3.4.2. Total acidity percentage (%) 

As shown in Table 6 the total acidity percentage in the 

fruit juice was non-significantly affected by the studied 

treatments in the first season. The lowermost total acidity 

percentages were gained for Titanium oxide nano particles 

in the second season, however, the other treatments recorded 

higher non-significant values of total acidity percentages. 

 

3.4.3. TSS/ acid ratio 

Data in Table 6 show that values of TSS/ acid ratio were 

from 7.83 to 8.76 and from 7.88 to 8.60 in the first and 

second season, respectively. The fruits of trees sprayed with 

potassium silicate at 4% recorded the lowest TSS/ acid ratio 

(7.83 and 7.88) in the two seasons, respectively, compared 

with other treatments except treatments Kaolin at 4% and 

Zinc oxide nano particles at 1% in the second season only. 

The other treatments exhibited the highest TSS/ acid ratio in 

the both seasons without significant differences between 

them. 
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4. Discussion 

The obtained results indicated that all treatments 

increased total yield per feddan (ton) and fruit weight (g) 

compared to control treatment agreeing with those stated by 

[34-36]. Abd El-wahed et al., (2024) indicate that the 

application of ZnONPs and B203NPs on fully bloomed 

wonderful pomegranate trees, six weeks after full bloom, 

and one month prior to harvest, resulted in enhanced growth 

and yield [36]. Mohsen and Ibrahim (2021) showed that the 

combined treatment of kaolin at 2% + potassium silicate at 

0.3% (3 ml/l), was the best treatment and it reduced the 

sunburned fruits and improved yield, fruit weight, fruit 

dimensions, peel thickness, TSS% in comparison with other 

treatments [34]. Viorica et al., (2017) reported that 

application of foliar fertilizer based on amino acids on apple 

tree resulted significant increase in yield and fruit weight 

parameters compared to control but non-significant 

difference was observed on soluble solids and firmness [37]. 

Ilie et al., (2018) indicated that all foliar application of 

amino acids were very effective in increase yield and fruit 

quality of ʻRedixʼ apple cultivar than control unfertilized 

[38]. Mohamed et al., (2020) found that spraying 

micronutrients and amino acids for obtaining the best fruit 

quality with reasonable yield and healthy fruits [39]. El-

Badawy (2019) mentioned that sprayed amino acids plus (3 

ml/L) micronutrients (150 ppm) induced the highest values 

of Canino apricot fruit T.S.S. %, fruit total sugars % and 

V.C (mg/ 100ml juice) [40]. Almutairi et al., (2022) stated 

that applied of amino acids improved fruit yield, fruit 

firmness, fruit content of total soluble solids (TSS %), as 

well as the leaf mineral content and leaf chlorophyll 

compared with untreated trees [35]. The obtained results for 

kaolin or calcium carbonates foliar spraying of Murcott 

mandarin did not affect fruits juice TSS, acidity and 

TSS/acidity ratio are in line with those reported by [41-42]. 

Zinc is essential for the activity of various enzymes, 

including dehydrogenases, aldolases, isomerases, 

transphosphorylases, RNA and DNA polymerases. 

Additionally, it aids in tryptophan synthesis, cell division, 

membrane structure maintenance, and photosynthesis. It 

functions as a regulatory cofactor in protein synthesis [17]. 

A more important characteristic of ZnO is their 

biocompatibility in providing a highly active surface area 

[18]. The UV protection efficiency of ZnO particles strongly 

depends on their particle size, method of application and 

concentration, Applications carried out by means of 

suspensions of the ZnO molecule show excellent UV 

protection properties [19]. The use of Titanium oxide (Ti) 

appears to increase concentrations of some essential 

elements, both macro and micronutrients. Experiments have 

demonstrated that Ti chelates are able to promote the 

development of young plants and can increase the activity of 

some enzymes [22]. Also, the application of Ti in crop 

production has been reported to reduce the severity of 

disease, promote plant growth, and increase photosynthetic 

rate [23]. Titanium nano particles have photovoltaic 

properties and improve light absorption and conversion from 

photovoltaic to electrical and chemical energy, as well as 

pushing carbon dioxide to protect the green plastid from 

aging when exposed to long-lasting illumination [24]. The 

highest significant activity level of catalase and superoxide 

dismutase enzyme activity was by using of nano-TiO2 [43]. 

Commercially preharvest spray of calcium delays 

senescence and increase consumer acceptance with less 

damaging effect during fruit storage [26]. Smaller amount of 

calcium carbonate has been effectively used to decrease 

softening in fresh fruit. High level of calcium contents in 

fruit may sustain membrane permeability and decrease the 

process of ripening during storage and it also increase fruit 

retention because it stimulates the development of lignin and 

cellulose and stimulate translocation and formation of 

carbohydrates [27]. Subbarayappa et al., (2017) study the 

efficacy of different boron sources on quality and to 

maximize the yield of pomegranate (var. Bhagwa) [29]. 

There was significant increase in yield contributing 

parameters like number of fruits /plants, weight of fruit and 

fruit yield /plant in T12 (NPK + foliar spray 0.017% B 

metalosate) treatment followed by T11(NPK + foliar spray 

0.0085% B metalosate) treatment. Significantly increased 

TSS, total sugars content and reduced titratable acidity were 

observed in T12 treatment followed by T11.  Nelson et al., 

(2012) found that the citrus yield from trees treated with 

foliar Ca-Metalosate applications were approximately 20% 

higher on average than trees receiving no Ca 

supplementations [30]. The juice sugar content (as degree 

Brix ºBx) was the highest for Ca-Metalosate (10.95 ºBx) and 

the control had the lowest (10.05 ºBx). 

 

5. Conclusions 

It concluded that the foliar spray of of Murcott 

mandarin trees by kaolin at 4%, potassium silicate at 4%, 

calcium carbonate at 4%, Metalusite at 2 cm/l, titanium 

oxide nano particles at 1%, titanium oxide normal particles 

at 4%, Zinc oxide nano particles at 1% and Zinc oxide 

normal particles at 4% increased fruit weight (g) and total 

yield per feddan (ton) compared to control treatment. The 

fruits of trees sprayed with potassium silicate recorded the 

lowest TSS/ acid ratio (7.83 and 7.88) in the two seasons, 

respectively, compared with other treatments exhibited 

higher TSS/ acid ratio except treatments Kaolin and Zinc 

oxide nano particles in the second season only. 

 

References  

 

[1] Statistics of the Ministry of Agriculture (2020). 

Statistics of fruit production. 

[2] F. A. O. Faostat. (2017). Available online: 

http://www. fao. org/faostat/en/# data. QC 

(accessed on January 2018). 

[3] S. James. (1990). Citrus varieties of the 

world. Sinclair International Limited. Norwich, 

UK. 35-38.  

[4] L. Schrader, J. Zhang, J. Sun. (2003). 

Environmental stresses that cause sunburn of apple. 

Acta Horticulture. 618: 397- 405. 

[5] G. Singh, V. Nath, S. D. Pandery, P. K. Ray, H. S. 

Singh. (2012). The Litchi (Food and Agriculture 

Organization of the United Nations). New Delhi. 

[6] P. K. Andrews, J. R. Johnson. (1996). Physiology 

of sunburn development in apples. Good Fruit 

Grower.  47 (12): 3236. 

 

 



IJCBS, 24(11) (2023): 289-295 

 

Abd Ellftah et al., 2023     294 

 

[7] P. K. Andrews, J. R. Johnson. (1997). Anatomical 

changes and antioxidant levels in the peel of 

sunscald damaged apple fruit. Plant Physiology. 

114 (3): 103. 

[8] L. E. Schrader, J. Zhang, W. K. Duplaga. (2001). 

Two types of sunburn in apple caused by high fruit 

surface (peel) temperature. Plant Health Progress. 2 

(1): 3. 

[9] J. Racsko, S. Thurzo, Z. Szabo, J. Nyeki. (2005). 

Effect of sunburn on Malus domestica (Borkh.) 

apples. Gesunde Pflanzen. 57 (2-3): 47-52. 

[10] M. Itmec, A. Bayat, O. B. Ozluoymak. (2020). 

Determination of rainfall effects on kaolin clay 

coverage rates used in prevention plant from 

sunburn. International Journal of Agricultural 

Environment and Food Sciences. 4 (2): 224-229. 

[11] D. M. Glenn. (2012). The mechanisms of plant 

stress mitigation by kaolin-based particle films and 

applications in horticulture and agricultural crops. 

Horticulture Science. 47 (6): 710-711. 

[12] T. Chamchaiyaporn, K. Jutamanee, P. Kasemsap, 

P. Vaithanomsat. (2013). Selection of the most 

appropriate coating particle film for improving 

photosynthesis in Mango. Kasetsart Journal Natural 

Sciences. 47 (3): 323-332.  

[13] H. Saei, M. M. Sharifani, A. Dehghani, E. Seifi, V. 

Akbarpour. (2014). Description of Biomechanical 

Forces and Physiological Parameters of Fruit 

Cracking in Pomegranate. Scientia Horticulture. 

178: 224–230. 

[14] B. A. Sadeghzadeh. (2013). Review of zinc 

nutrition and plant breeding. Journal of Plant 

Nutrition and Soil Science. 13(4):905-27. 

[15] C. Fallovo, V. Cristofori, E. M. de-Gyves, C. M. 

Rivera, R. Rea, S. Fanasca, C. Bignami, Y. Sassine, 

Y. Rouphael. (2008). Leaf Area Estimation Model 

for Small Fruits from Linear Measurements. 

HortScience. 43 (7): 2263-2267. 

[16] M. F. Seleiman, A. Ahmad, M. L. Battaglia, H. M. 

Bilal, B. A. Alhammad, N. Khan. (2023). Zinc 

oxide nanoparticles: A unique saline stress 

mitigator with the potential to increase future crop 

production. South African Journal of Botany. 159: 

208–218. 

[17] C. Liu, H. Zhou, J. Zhou. (2021). The Applications 

of Nanotechnology in Crop Production. Molecules. 

26: 7070. 

[18] T. A. Saleh. (2020). Nanomaterials: Classification, 

properties, and environmental toxicities. 

Environmental Technology & Innovation. 20: 

101067. 

[19] O. K. Alebeid, T. Zhao. (2017). Review on: 

developing UV protection for cotton fabric. The 

Journal of the Textile Institute. 108 (12): 2027-

2039. 

[20] G. Lagaly, W. Tufar, A. Minihan, A. Lovell. 

(2005). Silicates. Ullmann's Encyclopedia of 

Industrial Chemistry. 

[21] S. Lyu, X. Wei, J. Chen, C. Wang, X. Wang, D. 

Pan. (2017). Titanium as a Beneficial Element for 

Crop Production. Frontiers in plant science. 8: 597. 

[22] M. Botia, C. Alcaraz-Lòpez, F. R. Alcaraz. (2002). 

Effect of the foliar application of sprays containing 

calcium, amino acid and titanium on Capsicum 

(Capsicum annuum L., cv Olmo) fruit quality. 

In Memorias del IX Simposio Ibérico sobre 

nutrición mineral de las plantas. Pp (pp. 203-205). 

[23] S. H. Chao, H. S. Choi. (2005). Method for 

providing enhanced photosynthesis. Korea 

Research Institute of Chemical Technology, Jeju, 

South Korea. 

[24] F. Hong, J. Zhou, C. Liu, F. Yang, C. Wu, L. 

Zheng, P. Yang. (2005). Effect of nano-TiO2 on 

photochemical reaction of chloroplasts of spinach. 

Biological trace element research. 105 (1–3): 269–

279. 

[25] J. L. Guardiola, L. Garcia (2000). Increasing fruit 

size in citrus. Thinning and stimulation of fruit 

growth. Plant growth regulation. 31: 121-132. 

[26] G. E. Lester, M. A. Grusak. (2004). Field 

application of chelated calcium. Postharvest effects 

on cantaloupe and honeydew fruit quality. 

HortTechnology. 14: 29-38. 

[27] E., Aguayo, V. H. Escalona, F. Artes. (2008). 

Effect of hot water treatment and various calcium 

salts on quality of fresh cut Amarillo melon. 

Postharvest Biology and Technology. 47 (3): 397-

406. 

[28] J. L. Olsen, J. F. Cacka. (2009). Foliar fertilizers on 

hazelnuts in oregon, USA. In VII International 

Congress on Hazelnut 845 (pp. 349-352). 

[29] C. T. Subbarayappa, S. H. Ramya, G. K. Mukunda, 

A. Shukla. (2017). Evaluation of efficacy of boron 

metalosate foliar supplements for maximizing the 

yield and quality of pomegranate (Punica 

granatum).  

[30] S. D. Nelson, M. Setamou, D. E. Garza, J. 

Melgoza, M. Esparza. (2012). Nutritional 

Metalosate supplements with calcium that reduce 

pest pressure in citrus production. Plant Nutrition 

Research Paper. 1- 8.  

[31] A.O.A.C (2012). Official Methods of Analysis, 

International, 19th Ed. Association of Official 

Anal. Chem., Gaithersburg, Maryland, USA. 

[32] G. W. Snedecor, W. G. Cochran. (1982). Statistical 

Methods, 7th Ed. lowa State Univ., press. Lowa. 

USA.  

[33] D. B. Duncan. (1958). Multiple Rang and Multiple 

F test. Biometrics. 11: 1-42.   

[34] F. S. Mohsen, M. M. Ibrahim. (2021). Reducing 

fruit sunburn and splitting in murrcot tangarine 

fruits by using silicate application. Arab 

Universities Journal of Agricultural Sciences. 29 

(1): 437-445.  

[35] K. F. Almutairi, A. A. Saleh, M. M. Ali, L. Sas-

Paszt, H. S. Abada, W. F. Mosa. (2022). Growth 

performance of guava trees after the exogenous 

application of amino acids glutamic acid, arginine, 

and glycine. Horticulturae. 8 (12): 1110. 

 

 

 

 



IJCBS, 24(11) (2023): 289-295 

 

Abd Ellftah et al., 2023     295 

 

[36] A. N. Abd El-wahed, S. M. Khalifa, M. D. 

Alqahtani, A. M. Abd-Alrazik, H. Abdel-Aziz, A. 

Mancy, I. A. Elnaggar, B. M. Alharbi, A. Hamdy, 

A. Elkelish. (2024). Nano-enhanced growth and 

resilience strategies for pomegranate cv. 

wonderful: unveiling the impact of zinc and boron 

nanoparticles on fruit quality and abiotic stress 

management. Journal of Agriculture and Food 

Research. 15 (1): 1-16. 

[37] I. A. Viorica, P. Cristina, D. Hoza. (2017). 

Influence of foliar application of amino acids to 

yield and quality attributes of apple. Journal of 

Horticulture, Forestry and Biotechnology. 21 (3): 

104-107.  

[38] A. V. Ilie, C. Petrișor, D. Hoza. (2018). Effect of 

different amino acid foliar fertilizers on yield and 

fruit quality of ʼRedixʼ apple cultivar. Scientific 

papers. 62 (1): 101-104.  

[39] A. K. Mohamed, H. A. Abdel-Galil, N. Galal. 

(2020). Effect of some nutrients and amino acids 

spraying on yield and fruit quality of Manfalouty 

pomegranate. International Journal of Agricultural 

Sciences. 2 (2): 18-29. 

[40] H. E. M. El-Badawy. (2019). Effect of spraying 

amino acids and micronutrients as well as their 

combination on growth, yield, fruit quality and 

mineral content of canino apricot trees. Journal of 

Plant Production. 10 (2): 125-132. 

[41] V. MengShiun, T. Lee, P. Chang. (2013). 

Comparison of paper bags, calcium carbonate, and 

shade nets for sunscald protection in 'Murcott' 

tangor fruit. HortTechnology. 23 (5): 659-667.  

[42] M. A. Zaky, A. A. El-Baowab, S. A. Mohamed. 

(2018).   Impact of spraying some chemical 

substances on controlling sunburn of balady 

mandarin fruits. Egyptian Journal of Horticulture. 

45 (2): 229-236. 

[43] N. Shoarian, R. Jamei, B. Eslam, S. Y. Lisar. 

(2020). Titanium dioxide nanoparticles increase 

resistance of Lallemantia iberica to drought stress 

due to increased accumulation of protective 

antioxidants. Iranian Journal of Plant Physiology. 

10 (4): 3343-3354. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


