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Abstract: This investigation was carried out during the two successive seasons 

2022 and 2023 on 10 years old Manfalouty pomegranate trees (Punica 

granatum L.) grown in a private orchard located at Sahel Selim district, Assiut 

Governorate, Egypt. The aim of this research was to investigate the effect of 

foliar application of nature oils such as jojoba oil at (2 and 3 %) and olive oil at 

(2 and 3 %), determine their effectiveness, and compare them with the chemical 

substances such as calcium boron at (1.5 and 3 %) and potassium silicate at (1.5 

and 3 %) to increase the productivity and fruit quality especially reducing 

cracking and sunburn percentage of Manfalouty pomegranate fruits. The 

treatments were done at three application times; after fruit set (mid-May), in 

mid-June and mid of August. Results indicated that foliar application of 

calcium boron, potassium silicate, jojoba oil and olive oil significantly 

increased yield and fruit quality of Manfalouty pomegranate trees. The superior 

treatments were foliar application with potassium silicate at 3 % and calcium 

boron at 3 % in increasing the yield and fruit quality as well as decreasing the 

percentage of fruit cracking and sunburn percentage of 'Manfalouty' 

pomegranate trees. Foliar application of potassium silicate at 3 % treatment 

increased total soluble solids, Vitamin C and reduced sugars as well as 

decreased fruit juice acidity compared with the control in both seasons. 

Key words: Manfalouty pomegranate, calcium boron, potassium silicate, 

jojoba oil, olive oil, yield, cracking fruits, fruit quality. 

 

INTRODUCTION 

The Pomegranate (Punica granatum L.) is one of the oldest 

cultivated fruits. It was mentioned in the holy Quran and in ancient 

Egyptian myths. In the Latin language, pomegranate means “seeded 

apple”. It is a small tree or shrub with brilliant red spring flowers 

(Lansky and Newman 2007) and it is also one of the edible fruits, very 

important to human health due to its antioxidant activity (Gil et al., 

2000).    

Manfalouty cv. is one of the most important pomegranate cultivars 

grown in Assiut governorate. According to the statistics Egyptian 

Ministry of Agriculture (2022) the total area allocated to pomegranate 
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in Assiut governorate was 10894 Fadden and fruiting area was 10828 fadden producing about 185452 

tons with an average for 17.13 tons /fadden. 

Despite the significant expansion in pomegranates cultivation in Egypt during the past two decades, 

the production and cultivated areas increased from 2902 fad., in 2000 to 79893 fad., in 2022 according 

to Ministry of Agriculture and Land Reclamation, Economic affairs sector 2022, pomegranate trees 

still suffers from some physiological disorders in addition to fruiting problems such as, cracking or 

splitting of fruits, sunscald sunburn damage to fruits, excessive abscission of flowers and fruits, and 

poor discoloration of the skin and arils which facing the pomegranate producers. 

Fruit cracking causes huge loss to farmers by reducing the total yield by up to 50% and deteriorating 

the fruit quality so much that it becomes unmarketable (Bankar and Prasad, 1992; El-Salhy, 1996 and 

Singh and Kingsly, 2006). Cracking may be due to the hardening of peel of the fruit during prolonged 

drought, high evapotranspiration, low relative air humidity (RH), water imbalance and sharp 

temperature fluctuation in day and night during fruit growth and development, and then sudden 

expansion in the inner part of fruit after heavy irrigation (Abd EL-Rahman, 2010 and Kumar et al., 

2010).  

Fruit cracking can be caused by a variety of reasons, including changes in soil moisture regimes and 

cultural practices like mineral nutrition, pruning, irrigation, fruit thinning, and foliar applications of Ca, 

N, B, and salicylic acid (Sing and Kingsly, 2006; Abubakar and Ashraf, 2013; Ahmed et al., 2014 

and Kamal et al., 2017), and growth regulators such as GA3 (Singh et al., 2003) are exerted much 

influence on pomegranate cracking control.  

Calcium is the most important mineral in ensuring cell structure stability and mechanical strength 

(Elmer et al., 2007). Application of calcium to fruits provides protection against physiological 

deterioration, delayed ripening and improves fruit quality (Hernandez-Munoz et al., 2006; 

Lanaouskas and Kvikliene, 2006; Bonomelli and Ruiz, 2010; Chen et al., 2011 and Irfan et al., 

2013). Calcium plays an important role in regulating the uptake of water by plant roots. Calcium 

treatments have been reported to reduce cracking in pomegranate (Sharma, 2011; El-Akkad et al., 

2016 and Masoud et al., 2017). 

Other nutrients such as boron play a major role in cell wall membrane function, cell wall strength 

and development, cell division, fruit and seed development, and sugar transport. The borax response 

was effective in managing fruit cracking and increasing the yield of pomegranate trees (Soni et al., 2000 

and Lal et al., 2011). Also, Potassium silicate is a source of highly soluble potassium and silicon. It is 

used to enhance tree yield and fruit quality (Epstein, 1999; Wassel et al., 2015 and Ahmed et al., 

2015). 

Jojoba oil is one of the antitranspirants, which create a thin wax layer on the plant leaves thus causing 

decreasing water loss by transpiration and evaporation from plant foliage (Abd El-Hady and Doklega, 

2017). Abd El-Moneim and Abd El-Mageed (2006) on Washington Navel orange and Abd-Allah et 

al. (2012) on persimmon, they found that coated fruits with jojoba oil reduced fruit decay and increasing 

fruit storage life.  Jojoba oil and olive oil are used to improve the appearance and modifying atmosphere 

around the fruit's surface to reduce respiration rate of fruits and improve the environmental conditions 

such as temperature and humidity (Baldwin et al., 1995). Shaheen et al. (2018) reported that spraying 

fig trees with olive oil led to increase the yield and fruit quality. The positive effect of used olive oil can 

be attributed to the essential role of fatty acids that promote formation of the growth regulators that may 

improve the component of fruit (Owino et al., 2006).    

These studies aimed to use some spray treatments including nature oils such as jojoba oil and olive 

oil, determine their effectiveness, and compare them with the chemical substances such as calcium boron 

and potassium silicate to increase the productivity and fruit quality especially cracking percentage and 

sunburn fruits of Manfalouty pomegranate fruits. 
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MATERIALS AND METHODS 

The present experiment was carried out in a private pomegranate orchard in Sahel Selim district, 

Assiut governorate, during two consecutive seasons 2022 and 2023. Fifty-four of uniform trees, free 

from various physiological and visible pathological disorders of "Manfalouty" pomegranate trees, 10 

years old, spaced 5 x 5 m apart, were selected for this study. Soils of the studied site are classified as 

having clay texture and are presented in Table (1). 

 
    Table (1). Physical and chemical properties of the experimental soil 

Character Value Character Value 

Particle size distribution % 

Clay 

Silt 

Sand 

Texture 

 

7.2 

18.6 

74.2 

clay 

EC (mm/cm) 

pH (1: 2.5) 

organic matter % 

CaCo3 

1.811 

7.41 

0.08 

5.0 

Available macronutrients 

N % 

P   (ppm) 

K  (ppm) 

 

0.26 

29.2 

348.1 

Available micronutrients (ppm) 

Fe 

Zn 

Mn 

 

29.88 

5.02 

16.1 

 

The trees were irrigated with surface irrigation and received all recommended horticultural practices. 

Nile River water (EC of 1.1ds m-1) was used to irrigate the experiment site. The treatments were carried 

out as follows: 

T1:  Spraying tap water (control). 

T2:  Spraying Calcium boron at 1.5 %. 

T3:  Spraying Calcium boron at 3 %. 

T4:  Spraying Potassium silicate at 1.5 %. 

T5:  Spraying Potassium silicate at 3 %. 

T6:  Spraying Jojoba oil at 2 %. 

T7:  Spraying Jojoba oil at 3 %. 

T8:  Spraying Olive oil at 2%. 

T9:  Spraying Olive oil at3 %. 

 

Calcium boron (as a source of 20 % Ca and 2.5 % Bo) and potassium silicate (as a source 10 % K2O 

and 25 % Si2O) solution were prepared by dissolving the assigned amount in the required water. Jojoba 

oil was prepared as oil suspension and used at (2 or 3 %) according to the method described by Aly et 

al. (2013). Olive oil was emulated in water at (2 or 3 %) as described by Abdel Kader et al. (2006). 

The composition of jojoba oil and olive oil were carried out according to the methods of AOAC, (2002) 

and Ewa et al., (2015) respectively, as shown in Tables (2 and 3). 
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    Table (2). Physical and chemical analysis of jojoba oil 

Components Values Components Values 

Iodine value 92.13 Palmitic acid 1.91 

Peroxide value 1.05 Plamitioleic acid 0.25 

Crude oil (%) 46.23 Stearic acid 0.39 

Moisture (%) 4.35 Vaccinic acid 0.96 

Crude protein (%) 12.50 Oleic acid 9.88 

Crude fiber (%) 12.20 Linoleic acid 1.17 

Ash (%) 1.86 
Linolenic acid 0.35 

Gadoleic acid 72.32 

 
    Table (2). Chemical analysis of olive oil 

Constituent Values Constituent Values 

Tri–cycloglycerol l (%) 95.00 Oleic (%) 22.40 

Palmitic (%) 17.60 Linoleic (%) 22.40 

Palmitoleic (%) 2.40 Linolenic (%) 1.00 

Stearic (%) 54.30 Arachidic 0.06 

 

The trees received solutions with triton B as a wetting agent, using a hand held spray wand until 

run-off 5 L per tree in the morning at three times from each substance after fruit set (Mid - May), in mid 

of June and mid of August of each season. Treatments were arranged in a completely randomized block 

design. Three replications were used for each treatment and two pomegranate trees represented one 

replication, thus fifty-four trees were employed to this study in each season. 

The number of fruits per tree in each treatment was counted every month starting from July to 

September to calculate the percentages of cracking and the percentage of sunburn.  

At harvest time, in the second week of October during 2022 and 2023 seasons, the fruit Samples (10 

fruits) were collected from each tree, and carefully transported from the orchard to the laboratory as 

quickly as possible to determine the following traits. 

 

Tree productivity 

1- Total Yield:  for each season, harvesting was completed within the second week of October, and 

yield (Kg/tree) was noted. 

2- Yield increment (%): yield increase than control percentage was calculated by using Abdelnaby et 

al. (2019) equation. 

 

Yield increment % =     
Fruit yield (kg)/treatment - Fruit yield (kg)/control 

x  100 
Fruit yield (kg)/control 
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3- Fruit cracking % was calculated by using El-Akkad et al. (2016) equation: 

Fruit cracking %= 
No. of cracked fruits 

x  100 
Total No. of fruits 

                                         

4- Fruit sunburn %: At harvest time, the number of fruits per tree in each treatment were recorded and 

also each fruit was evaluated visually for the degree of sunburn damage and calculated as a percentage 

relative to the total number of fruits on the tree by the following equation: Hegazi et al. (2014) 

Fruit sunburn %= 
No. of sunburn fruits 

x  100 
Total No. of fruits 

 

5- Marketable fruits according to Hegazi et al. (2014)  

Marketable fruits % = Total N. of fruits – (No. of cracked + sunburn fruits) x 100 

Fruit properties  

Physical properties: 

1- Average fruit weight (g) the average weight of ten fruits of each replication was 

determined by a digital scale (RADWAG, wlc6/A2). 

2- Fruit height and fruit diameter (cm) were measured using a Vernier caliper. 

3- Arils weight percentage was calculated. 

4- Juice volume (cm3). 

Chemical properties: 

1- The percentage of total soluble solids (T.S.S %) were estimated in pomegranate fruit 

juice using a digital refractometer.  

2- The total acidity was determined based on estimated tartaric acid by titration of NAOH 

at 0.1N according to A.O.A.C (2000). 

3- Vitamin C was determined as mg ascorbic acid per 100 ml juice using the method of 

Egan et al. (1981). 

4- Total sugars were determined by using the phenol sulfuric acid method (Smith, 1956), 

and the concentration was calculated from a standard curve of glucose (mg. per g) fresh 

weight of fruit tissue. 

5- Total anthocyanin content in juice (mg/100 ml): Extract was prepared by the method 

described by Rababah et al. (2005) and total anthocyanin content in juice was 

determined according to Ranganna (1979). 

6- Total anthocyanin in peel of fruit: Peel anthocyanin content (mg/100 g) was assessed 

according to the method of Fuleki and Francis (1968).  
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General evaluation of the studied treatments 

Scoring for the treatments tested was determined on a 100 unit’s basis that was shared by some 

measurements of the creaking percentage, yield and fruit quality.  Hundred units were divided among 

the studied treatments; units for cracking percentage and yield, 30 units for the physical properties of 

fruits (fruit weight, arils percentage and Juice volume) and 50 units for fruit chemical properties (TSS, 

total acidity, Vit. C, reducing sugars and anthocyanin) 10 units for each. This method was described by 

El-Salhy et al. (2023).  Within each of these characters, the trait was recorded the maximum values 

given 10 units and relative values due to the other tested treatments were calculated. The following 

equation was used to estimate these traits. 

𝑇𝑟𝑎𝑖𝑡 =  
𝐵

𝐴
 𝑥  𝑠𝑐𝑜𝑟𝑒 

Where: 

A= The highest values recorded for studied traits. 

B= Value recorded for the specific trait of considered treatments.  

Score: the value given to the studied character. 

Statistical analysis 

The experiment was designed as a randomized complete block design with three replicates, two trees 

each. The analysis of variance (ANOVA) was applied according to Snedecor and Cochran (1989). 

Duncan test at 5% level was used to compare the differences between the treatment means (Duncan, 

1955). 

RESULTS 

Tree productivity 

Total yield and fruit cracking percentage 

Table (4) presents the effect of spraying calcium boron, potassium silicate, jojoba and olive oils on 

yield/tree and fruit cracking of Manfalouty cv. pomegranate fruits during 2022 and 2023 seasons. It was 

clear from the data that the results took the same trend in the two studied seasons. The differences 

between the studied treatments were significant in this respect. As for fruit cracking percentage, a 

significant decrease was shown by using all sprayed substances comparing with the control in the two 

studied seasons. The trees sprayed with calcium boron at 3 % gave the lowest percentage of cracking 

(5.63 and 5.25 %), followed by those sprayed with potassium silicate at 3 % (6.21 and 6.02 %) during 

2022 and 2023 seasons, respectively, as compared with control which had 16.08 and 18.11 % in the two 

seasons of study, respectively. Concerning, the yield kg/tree, data in Table (4) showed that, the studied 

treatments were significantly increased fruit yield Kg/tree in both studied seasons. The highest fruit 

yield was recorded with spraying potassium silicate at 3 % followed by calcium boron at 3 %, whereas, 

the yield was 85.31 and 81.83 kg & 115.31 and 110.62 kg, respectively in the first & second seasons, 

respectively. However, the unsprayed trees yield recorded 71.24 and 88.12 kg, in 2022 and 2023 

seasons, respectively. Hence, the corresponding increment % over unsprayed ones were (10.36, 14.87, 

12.45, 19.75, 7.01, 9.98, 6.71 and 8.38 %) and (7.30, 25.28, 23.26, 30.86, 3.35, 6.24, 3.89 and 5.45 %) 

during 2022 and 2023 seasons, respectively due to spraying with calcium boron at 1.5, 3 %, potassium 

silicate at 1.5, 3 %, jojoba oil at 2, 3 % and olive oil at 2, 3, % respectively. 
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Table (4). Effect of some treatments on cracking (%), yield (kg/tree) and yield increment (%) of 

Manfalouty pomegranate trees during 2022 and 2023 seasons 

Characters 

Treatments 
Cracking (%) Total yield (kg/tree) Yield increment (%) 

2022 2023 2022 2023 2022 2023 

Control 16.08 a 18.11a 71.24 e 88.12 f 0.00f 0.00f 

Calcium boron 1.5 % 6.80de 6.64ef 78.62cd 94.55 c 10.36d 7.30c 

Calcium boron 3 % 5.63 e 5.25 f 81.83 b 110.40 b 14.87b 25.28b 

Potassium silicate 1.5% 6.89 de 7.16de 80.11 bc 108.62 b 12.45c 23.26b 

Potassium silicate 3 % 6.21 e 6.02 ef 85.31 b 115.31 a 19.75a 30.86a 

Jojoba oil  2 % 8.47cd 7.15de 76.24 d 91.07 e 7.01e 3.35e 

Jojoba oil  3 % 9.43 bc 8.35cd 78.35 cd 93.62 cd 9.98d 6.24cd 

Olive oil 2% 10.80 b 11.34b 76.02 d 91.55 de 6.71e 3.89de 

Olive oil 3% 8.97 bc 8.81 c 77.21cd 92.92 cde 8.38de 5.45cde 

Means within a column followed by the same letter are not significantly different (p 0.05) according to Duncan's 

multiple range test. 

 

The results in Table (5) showed that all treatments in general significantly decreased the percentage 

of sunburn fruits as compared to the control during 2022 and 2023 seasons. The lowest significant 

percentage of sunburn fruits was obtained from calcium boron at 3 % (7.59 and 5.79) followed by 

potassium silicate at 3 % (8.32 and 6.83) in the first and second seasons, respectively. While the highest 

percentage of sunburn fruits was recorded with untreated trees in both seasons.  

As for the effect of studied treatments on the percentage of marketable fruits was cleared in Table 

(5). In this regard, all treatments in general significantly raised the percentage of marketable fruits as 

compared with the control in both seasons. Trees sprayed with calcium boron at 3 % and had the highest 

values of the marketable fruits percentage (86.78 and 88.96) followed by those treated with potassium 

silicate at 3 % (85.47 and 87.15) during 2022 and 2023 seasons, respectively. However, the control 

recorded the lowest percentage in both seasons. 

 

Table (5). Effect of some treatments on sunburn fruits (%) and marketable fruits (%) of 

Manfalouty pomegranate trees during 2022 and 2023 seasons 

Characters 

Treatments 

Sunburn fruits (%) Marketable fruits (%) 

2022 2023 2022 2023 

Control 13.29a 13.04a 70.63f 68.85e 

Calcium boron 1.5 % 8.35d 7.03cd 84.85b 86.33b 

Calcium boron 3 % 7.59d 5.79d 86.78a 88.96a 

Potassium silicate 1.5 % 10.15c 7.59c 82.96c 85.25b 

Potassium silicate 3 % 8.32d 6.83cd 85.47ab 87.15ab 

Jojoba oil  2 % 11.30bc 9.82b 80.23d 83.03c 

Jojoba oil  3 % 10.88bc 9.50b 79.69d 82.15c 

Olive oil 2% 12.12ab 10.13b 77.08e 78.53d 

Olive oil 3% 11.39bc 9.68b 79.64d 81.51c 

Means within a column followed by the same letter are not significantly different (p 0.05) according to Duncan's 

multiple range test. 
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Fruit properties  

A- Physical characteristics  

Data in Table (6 & 7) show the effect of spraying with calcium boron, potassium silicate, jojoba 

and olive oils on fruit weight, fruit height and diameter, arils weight percentage and juice volume. The 

results in Table (6) showed that a significant fruit weight was obtained with the use of all spraying 

substances compared to the control treatment. The heaviest fruit weight (388.14 and 368.42) was 

achieved by applying potassium silicate at 3 % followed by calcium boron at 3 % & potassium silicate 

at 1.5 % which recorded 380.38 and 356.69 & 376.35 and 343.12 in the first and second seasons, 

respectively. The lowest fruit weight (300.11 and 290.01) recorded in control treatment in both seasons. 

As for fruit height (cm) and fruit diameter (cm) of Manfalouty pomegranate trees, Table (6) 

display obviously that different applied treatments calcium boron, potassium silicate, jojoba and olive 

oils significantly increased fruit height and diameter compared to the control treatment during both 

seasons. However, potassium silicate at 3 % significantly increased fruit height and fruit diameter, 

statistically followed by using calcium boron at 3 % and potassium silicate at 1.5 % during both 2022 

and 2023 seasons. On the other hand, the control treatment gave the lowest values in this respect in both 

seasons. 

Also, the data presented in Table (7) demonstrated that all treatments in both seasons 

significantly surpassed than control in arils weight percentage.  Potassium silicate at 3 % produced the 

highest percentage of arils and recorded 65.33 and 69.12 % statistically followed by second significantly 

increased with using potassium silicate at 1.5 % (63.39 and 67.50) and calcium boron at 3% (62.17 and 

65.10) during both 2022 and 2023 seasons, respectively.  However, the rail's weight % of control 

recorded 54.81 and 56.36 % in both seasons. Also, the data in Table (7) showed that the application of 

all studied spraying substances gave a significant increase in volume of Manfalouty fruit juice in both 

seasons. The highest values (45.64 and 46.2) were obtained from the fruit of the tree subjected to 

potassium silicate at 3 % followed by the trees sprayed with calcium boron at 3 % (45.11 and 45.82) 

during 2022 and 2023 seasons, respectively. The untreated trees produced fruit that had a lower value 

of juice volume, and recorded (42.34 and 41.02 %) in both seasons, respectively.  

 
Table (6). Effect of some treatments on fruit weight (g), fruit height (cm) and fruit diameter (cm) 

of Manfalouty pomegranate trees during 2022 and 2023 seasons 

Treatments 

 

Fruit weight (g) Fruit height (cm) Fruit diameter (cm) 

2022 2023 2022 2023 2022 2023 

Control 300.11 h 290.01 f 7.52 f 6.81 f 8.20 f 7.79 d 

Calcium boron 1.5 % 361.62c 340.25 c 7.66 e 7.11 e 8.74 cd 8.31 c 

Calcium boron 3 % 380.38 b 356.69 b 7.98 ab 7.56 ab 8.82 bc 8.75 ab 

Potassium silicate 1.5 % 376.35 b 343.12 c 7.81 cd 7.12 e 8.93 b 8.76 ab 

Potassium silicate 3 % 388.14 a 368.42 a 8.09 a 7.72 a 9.12 a 8.83 a 

Jojoba oil  2 % 342.71 e 339.25 c 7.81 cd 7.21de 8.62 de 8.23 c 

Jojoba oil  3 % 351.91 d 342.15 c 8.02 ab 7.43bc 8.81 bc 8.77 ab 

Olive oil 2% 308.76 g 300.89 e 7.72 de 7.25de 8.46 e 8.31 c 

Olive oil 3% 316.31 f 311.45 d 7.93 bc 7.36cd 8.71cd 8.65 b 

Means within a column followed by the same letter are not significantly different (p 0.05) according to Duncan's 

multiple range test. 
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Table (7). Effect of some treatments on arils % and juice volume (cm3) of fruits of Manfalouty 

pomegranate trees during 2022 and 2023 seasons 

 

Treatments 

Arils (%) Juice volume (cm3) 

2022 2023 2022 2023 

Control 54.81 f 56.36 f 42.34 g 41.02 i 

Calcium boron  1.5 % 60.62c-e 62.88 d 44.88 c 44.32 d 

Calcium boron 3 % 62.17bc 65.10 c 45.11 b 45.82 b 

Potassium silicate 1.5 % 63.39 b 67.50 b 44.35 d 45.69 c 

Potassium silicate  3 % 65.33 a 69.12 a 45.64 a 46.21 a 

Jojoba oil  2 % 59.70 de 62.88 d 42.51 f 41.80 f 

Jojoba oil  3 % 61.38 cd 64.46 c 43.70 e 42.99 e 

Olive oil 2% 56.56 f 57.33ef 42.38fg 41.12 h 

Olive oil 3% 58.76 e 58.01 e 42.50 f 41.39 g 

Means within a column followed by the same letter are not significantly different (p 0.05) according to Duncan's 

multiple range test. 

 

B- Chemical properties  

The effect of calcium boron, potassium silicate, jojoba and olive oils spraying on chemical fruit 

characteristics of Manfalouty pomegranate trees are presented in Table (8). Results showed that total 

soluble solids percentage (TSS %) was significantly increased by different studied treatments in both 

seasons, whereas the highest values were recorded in trees sprayed with potassium silicate at 3 % (16.86 

and 16.80) and calcium boron at 3 % (16.76 and 16.81) in 2022 and 2023 seasons, respectively. No 

significant differences between the last treatments, potassium silicate at 3 % and calcium boron at 3 % 

in both seasons. On the other side, the control treatment significantly decreased the total soluble solids. 

As for the total acidity of fruit juice of Manfalouty pomegranate trees treated with potassium silicate at 

3 % had the minimum value (1.21 and 1.20) in this respect. On the other hand, the control recorded the 

highest value of total acidity that recorded (1.42 &1.49 %) in the two seasons, respectively. Moreover, 

the results in Table (8) indicated that the highest values of Vit. C content (30.22 and 31.12) were 

recorded in the trees treated with potassium silicate at 3 % in both studied seasons, respectively. Also, 

the untreated trees recorded the lowest values of Vit. C content that recorded (22.15 and 25.11) in both 

seasons, respectively. 

Data presented in Table (9) show the effect of spraying of calcium boron, potassium silicate, jojoba 

oil and olive oil on increasing sugars and anthocyanin of Manfalouty pomegranate fruits. Trees sprayed 

with potassium silicate at 3 % gave the highest values (12.45 and 12.51) of reducing sugars percentage. 

On the other hand, control treatment recorded the lowest values (11.11 and 11.21) in the first and second 

season, respectively. Also, data in Table (9) clear that spraying with calcium boron, potassium silicate 

jojoba oil and olive oil significantly increased the anthocyanin percentage in pomegranate fruit 

compared with control. Trees sprayed with potassium silicate at 3 % gave the maximum value followed 

by calcium boron at 3 % and potassium silicate at 1.5 %. On the other hand, untreated trees gave the 

lowest values of anthocyanin percentage in pomegranate fruit during the two studied seasons.  

Generally, significant differences were found between the foliar application of calcium boron at 1.5 
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and 3 %, potassium silicate at 1.5 and 3 %, Jojoba oil at 2 and 3 % and olive oil at 2 and 3 %. So, it can 

be concluded that the foliar application either of potassium silicate at 3 or calcium boron at 3 % three 

times at after fruit set (mid – May), on mid of June and mid of August were more effective in increasing 

the yield of Manfalouty pomegranates trees and reducing cracking percentage and sunburn fruits as well 

as improved the quality of fruits.  

 
Table (8). Effect of some treatments on TSS %, total acidity % and Vitamin C (mg/100ml) of 

Manfalouty pomegranate fruits during 2022 and 2023 seasons 

Treatments 
TSS % Total acidity % Vit. C (mg/100ml) 

2022 2023 2022 2023 2022 2023 

Control 15.21 c 15.36 e 1.42 a 1.49 a 22.15 e 25.11 f 

Calcium boron 1.5 % 15.81 bc 15.92 c 1.30 d 1.31 c 27.34 bc 28.01 cd 

Calcium boron 3 % 16.76 a 16.81 a 1.28 de 1.29 c 29.42 a 28.89 bc 

Potassium silicate 1.5 % 16.56ab 16.12 b 1.24 ef 1.22 d 28.72ab 29.83 ab 

Potassium silicate 3 % 16.86 a 16.80 a 1.21 f 1.20 d 30.22 a 31.12 a 

Jojoba oil  2 % 15.76 bc 15.63 d 1.31 cd 1.30 c 24.34cd 25.89 ef 

Jojoba oil  3 % 15.81 bc 16.10 b 1.28 de 1.33 bc 26.23 d 26.81 de 

Olive oil 2% 15.29 c 15.41 e 1.37 b 1.36 b 25.31cd 25.81 ef 

Olive oil 3% 15.80 bc 15.55 d 1.35 bc 1.33 bc 25.66cd 26.35 ef 

Means within a column followed by the same letter are not significantly different (p 0.05) according to Duncan's 

multiple range test. 

 

 
Table (9). Effect of some treatments on reducing sugars %, anthocyanin in juice and in the peel 

of Manfalouty pomegranate fruits during 2022 and 2023 seasons 

Treatments 

Reducing sugars  

(%) 

Anthocyanin in juice 

(mg/100 ml ) 

Anthocyanin in 

peel (mg/100g) 

2022 2023 2022 2023 2022 2023 

Control 11.11 c 11.21 d 20.64 e 18.31 f 17.11f 16.55e 

Calcium boron 1.5 % 11.89 b 11.93 bc 28.01 b 29.16 b 26.23ab 26.89ab 

Calcium boron 3 % 12.02 ab 12.21ab 30.1 a 30.82a 27.84a 28.13a 

Potassium silicate 1.5 % 12.25 ab 12.34 a 27.13 b 28.79 b 24.09bc 23.21c 

Potassium silicate 3 % 12.45 a 12.51 a 29.89a 30.96 a 25.76ab 25.88b 

Jojoba oil  2 % 11.36 c 11.40 d 23.83cd 24.66 cd 20.41de 21.45cd 

Jojoba oil  3 % 11.96 b 11.82 c 24.75 c 25.90 c 22.18cd 23.33c 

Olive oil 2% 11.24 c 11.30 d 22.31de 22.62 e 19.25ef 19.54d 

Olive oil 3% 11.32 c 11.33 d 23.96cd 23.88 de 20.02de 20.94d 

Means within a column followed by the same letter are not significantly different (p 0.05) according to Duncan's 

multiple range test. 
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General evaluation of the studied treatments 

Numerical evaluation of studied treatments, Tables (10 & 11) showed that, spraying potassium 

silicate at 3 & 1.5 % or spraying calcium boron at 3 % and jojoba oil at 3 % registered the highest units.  

The total score (65 units) for marketable fruits, yield, fruit weight, arils % and juice volume of 

Manfalouty pomegranate fruits was significantly varied according to use of the studied treatments. 

Using potassium silicate at 3 % gave the highest values compared with other treatments. 

In general, the results indicated that foliar application of Manfalouty pomegranate trees with 

potassium silicate at 3 % and calcium boron at 3 % had to increase the yield and the percentage of 

marketable fruits in comparison with control treatment. In addition, these treatments increased the 

general total of score in Table (11) and its values were 97.93 and 96.88, respectively.   

 

Table (10). General evaluation of some treatments effects on some marketable fruits (%), yield, 

fruit weight, arils and juice volume of Manfalouty pomegranate trees as average of 

both studied seasons 

                      Characters 

 

Score 

Marketable 

fruits % 

Yield 

(kg/ tree) 

Fruit 

weight (g) 

Arils 

(%) 

Juice volume 

(cm3) 
Total 

20 25 5 5 10 65 

Control 15.87 19.86 3.90 4.14 9.08 52.85 

Calcium boron 1.5 % 19.48 21.58 4.64 4.59 9.71 60 

Calcium boron 3 % 20.00 23.96 4.87 4.73 9.90 63.46 

Potassium silicate 1.5 % 19.14 23.52 4.76 4.87 9.80 62.09 

Potassium silicate 3 % 19.65 25.00 5..00 5.00 10.00 64.65 

Jojoba oil  2 % 18.58 20.85 4.51 4.56 9.18 57.68 

Jojoba oil  3 % 18.42 21.43 4.59 4.68 9.44 58.56 

Olive oil 2% 17.71 20.88 4.03 4.24 9.09 55.95 

Olive oil 3% 18.34 21.20 4.15 4.34 9.13 57.16 

 
Table (11). General evaluation of some treatments effects on some of the fruit quality parameters 

of Manfalouty pomegranate trees as an average of two studied seasons 

Characters 

TSS 

(%) 

 

Total 

acidity 

(%) 

Vit. C 

(mg/100 

ml) 

Reducing 

sugars 

(%) 

Anthocyanin 

in juice 

(mg/100g) 

Total G. 

Total 

Score 5.00 10.00 5.00 5.00 10.00 35.00 100.00 

Control 4.55 10.00 3.85 4.47 8.30 31.17 84.02 

Calcium boron 1.5 % 4.71 8.97 4.51 4.77 9.71 32.67 92.67 

Calcium boron 3 % 4.99 8.83 4.75 4.85 10.00 33.42 96.88 

Potassium silicate 1.5 % 4.85 8.45 4.77 4.93 9.61 32.61 94.70 

Potassium silicate 3 % 5.00 8.28 5.00 5.00 10.00 33.28 97.93 

Jojoba oil  2 % 4.66 8.97 4.09 4.56 9.04 31.32 89.00 

Jojoba oil  3 % 4.74 8.97 4.32 4.76 9.2.0 31.99 90.55 

Olive oil 2% 4.56 9.38 4.17 4.95 8.76 31.82 87.77 

Olive oil 3% 4.65 9.21 4.24 4.54 8.99 31.63 88.79 
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DISCUSSION 

Pomegranate production in Assiut governorate faces many problems, including lack of productivity, 

cracking of fruits, and low quality characteristics. Therefore, in this study, a number of substances were 

used to increase productivity and increase the quality of fruits, including spray compounds such as 

calcium boron, potassium silicate, jojoba oil, and olive oil which have a lot of benefits in fruit trees 

yields (Abd El-Rzek et al. (2011) on ‘Canino’ Apricot Trees, Abd-Allah et al., 2012 on Costata 

Persimmon and El Kholy et al., 2018 on Loquat trees) i.e., improving the fruiting and yield quality in 

pomegranates cvs. in this respect a number of researchers presented their studies which agreement with 

the results of this study such as Abd El-Aziz et al. (2001); Hasaballa (2002); Abd Elaal (2007); Sheikh 

and Manjula (2012); El-Akkad et al. (2016), Farag et al. (2018), Masoud  et al. (2018), Badawy, 

Ibtesam  et al. 2019, Mohamed,  et al. (2020) and Abd El-wahed  et al. (2022) who mentioned that 

using calcium boron, potassium silicate, jojoba and olive oils were effective in reducing fruit cracking 

(%) and increasing yield and fruit quality in various pomegranate cvs. Such results may be due to the 

positive action of calcium in reducing fruit cracking percentage lies in its role in the stabilization of 

membrane systems, the formation of calcium pectates and cell walls which increase rigidity of the 

middle portion and cell wall of the fruit (Sheikh and Manjula, 2012). Calcium promotes fruit growth 

and maintains water balance Lane et al., (2000). Calcium affects the improvement of growth and 

absorption of nutrients, thus improving the food synthesized that translocated to fruit and enhances their 

maturation and improves the contents of chemical constituents. In the current study, foliar application 

of 3 % potassium silicate resulted in an increase of about 19.75 and 30.86 % in the yield over the control 

while sprayed of calcium boron at 3 % reduced the fruit cracking percentage by 64.99 and 71.01 % than 

the control in both seasons, respectively. These results are in agreement with Abdi Rady and Prasad 

(2012), Digrase et al. (2016); Khalil and Aly (2013); Korkmaz et al. (2016) and El-Akkad et al. 

(2016).  

The effect of reducing on fruit cracking (%) in response to boron use is mainly attributed to its 

important physiological role in the extension of plant cell walls through pectin building as well as 

enhancing IAA and water absorption (Yagoden, 1990). In addition, the use of boron achieved several 

advantages such as building, transporting of carbohydrates, promoting photosynthesis, pollen 

germination and cell division (Kaneko et al., 1997). Boron is responsible for increasing the elasticity of 

cell membranes and preventing the breakdown of plant tissues. Thus, this decrease in fruit cracking may 

be due to the borate bridging with cell wall constituents, giving elastic response to it (Singh et al., 2005). 

Spraying pomegranate cvs. with boron decreased percentage of fruit splitting (Soni et al., 2000; Lal et 

al., 2011; Farag et al., 2018 and Abd El-Wahed et al., 2022) 

Potassium silicate is a source of highly soluble potassium and silicon. Potassium plays an 

indispensable role in regulating several metabolic and physiological processes of plants. Application of 

silicon is beneficial in increasing the tolerance of plants to stresses as well as enhancing photosynthesis 

and leaf water potential. In this investigation, spraying potassium silicate increased yield and decreased 

the percentage of fruit carking as well as improved fruit quality of Manfalouty pomegranate trees, these 

findings agreement with that of (Epstein, 1999; Ahmed et al., 2015; Wassel et al., 2015; El Kholy et 

al., 2018 and Masoud et al., 2018). Potassium nutrition contributes in enhancing tree yields, fruit size, 

fruit color, soluble solids, shelf life and shipping quality (Singh et al., 1990 and Hamouda et al., 2015).  

Foliar application with jojoba oil and olive oil on fruit trees improved yield and fruit quality, these 

substances are used in this study and resulted such improvement in yield and fruit quality of Manfalouty 

pomegranate fruits which may be due to its role in improving appearance, modifying atmosphere around 

the surface of fruits to reduce fruit respiration rate and improve the environmental conditions such as 

temperature and humidity (Nagvi,  et al., 1990; Baldwin  et al.,1995; Reynolds, 2005; Abd Abd El-

Moneim and Abd El-Mageed, 2006 and Abd- Allah  et al., 2012). These conditions provide a semi 

permeable barrier to enhance rates of carbon dioxide and rates of reducing oxygen and there to reduce 

respiration retard the ripening, reducing decay and water loss, decrement the oxidation reaction rates 
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and metabolic activities, especially transpiration and respiration. Spraying olive oil is recommended to 

improve productivity and fruit quality (Abd El-Rzek et al., 2011) on Canino apricot trees; Shaheen et 

al., (2018) on fig trees. The positive effect of used olive oil can be attributed to the essential role of fatty 

acids that promote formation of the growth regulators that may improve the component of fruit (Owino 

et al., 2006). 

Conclusion 

In general, it could be concluded that foliar application either of potassium silicate at 3 % or calcium 

boron at 3 % thrice after fruit set (mid – May), at mid of June and at mid of August were more effective 

in reducing fruit cracking and sunburn percentage fruits of Manfalouty pomegranates and higher yield 

with good fruit quality 
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