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ABSTRACT  
A field experiment was carried out during the two successive seasons of 2015 and 2016 on ten 

years old Manfalouty pomegranate trees, the trees were spaced at 3.5 x 3.5 m and grown in a 
calcareous sand soil. The foliar spraying treatments were as follows: T1; Control (untreated trees), T2; 
Zn as ZnSO4 at 10gL-1, T3; B as H3BO3 at 5gL-1, T4; Citric acid at 2000ppm,T5; Ascorbic acid at 
2000ppm,T6; T2+ T4, .T7; T2+T5, T8; T3+T4 and T9; T3+T5. All treatments were arranged in a 
randomized complete block design with three replicates and three trees each replicate. Each treatment 
was sprayed three times; at the first week of Marsh (growth start setting), May and June; the control 
trees were sprayed with only water. All studied yield parameter i.e. fruit number /tree, fruit yield 
(kg)/tree and fruit yield (MT)/ha as well all studied fruit physical and chemical properties and leaves 
nutrient contents were where improved only when Manfaloty pomegranate trees treated with Zn or B 
in combination with citric or ascorbic acid in both seasons. The highest values of the different 
investigated parameters were obtained when ZnSO4 (10gL-1) were applied in combination with any of 
antioxidant i.e. T6 and T7 treatments in both seasons. The lowest percentages of fruit creaking, acidity 
and fruit peel were also obtained by T6 and T7 treatments. Therefore, these treatments i.e. T6 an T7 
could be recommended for improving Manfaloty pomegranate trees performance under similar 
conditions of this study. 
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Introduction 

Pomegranate (Punica granatum L.) is one of the oldest known edible fruits, among the fruit 
kinds mentioned in the Holy Quran and an important in human medicine and its components have a 
wide range of clinical applications (Lansky & Newman, 2007). Manfaluty pomegranate is the most 
important cultivar in Egypt.  The pomegranate is native to Iran and grown extensively in arid and 
semi-arid regions worldwide (Hepaksoy et al., 2009). 

Antioxidants such as Ascorbic acid, citric acid have auxinic action and also synergistic effect on 
flowering and fruiting of fruit trees of most fruit trees, recently antioxidants used instead of auxins 
and other chemicals for enhancing growth and fruiting of various fruit trees (Ragab, 2002). In 
addition, the positive action of antioxidants in catching or chelating the free radicals which could 
result in extending the shelf life of plant cells and stimulating growth aspects is reported (Rao et al., 
2000). Ascorbic acid is considered as natural and organic antioxidant compound (Hafez et al., 2010), 
as well it is considered as an essential compound for plant tissues since it has antioxidant functions, 
and acts as co-enzyme in an enzymatic cofactor and plant growth regulator (Gomez, and Lajolo, 
2008). It has synergistic effect on improving growth, flowering, yield and fruit quality of fruit crops 
(Barth et al., 1997 and Ahmed et al., 2006). Samra et al. (2012) showed that spray 500 ppm of 
ascorbic acid, salicylic acid and chelated zinc at after fruit set and the one month later were beneficial 
to obtain economic yield with quality of Balady mandarin fruits. On the other hand, Mansour  et al. 
(2010) recorded that application of Ascorbic at 0.1% or Citrine at 0.3% three times started from the 
first week of March with one month intervals, considered a promising treatment for improving yield 
and fruit quality of Zebda, Awase, Alphonso and Taimour mango cultivars. Many studies showed that 
using antioxidants was very effective in promoting yield and fruit quality in various grapevine 
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varieties (Ahmed et al., 2010; El-Hanafy, 2011; Bondok- Sawsan et al., (2011); Ahmed et al., 2011; 
Mekawy, 2012; Mohamed, 2014; Abdelaal and Aly, 2013 and Abada, 2014) and Moawad et al. 
(2015) on Superior grapevines. 

Curing micronutrient deficiencies through foliar application is a common practice in getting 
profitable yield and good quality fruit (Waheed, 1992). Foliar spray of micronutrients is advantageous 
over soil application, because of rapid response, effectiveness and elimination of deficiency 
symptoms due to certain micronutrients.  

Zinc availability to plants is reduced in high pH soils such as calcareous soils. Regarding the 
causes of Zn deficiency in calcareous soils there are two main theories are offered for these reasons. 
The first theory involves the solubility of Zn in these soils to be decreased up to 100 fold per unit 
increase in pH, and the second one which is based on the adsorption of this element by calcium 
carbonate (CaCO3); the carbonate found in such soils forms an insoluble complex with Zn added as 
zinc sulfate (Rasouli-Sadeghiani et al., 2002). Zinc plays many important regulatory roles in plant 
development. It activates many enzymes involved in plant metabolism and enhances the biosynthesis 
of some organic foods and IAA as well as stimulates cell division, cell enlargement, water absorption 
and nutrient transport. It is also important for strengthening cell wall and reducing the formation of 
the abscission zone (Yagodin, 1990). Zinc (Zn) is an essential trace element for plants, being involved 
in many enzymatic reactions and is necessary for their good growth and development. Zinc is also 
involved in regulating the protein and carbohydrate metabolism (Swietlik, 1999). Zinc is a component 
of almost 60 enzymes; it has a role in producing the growth hormone IAA. Zinc plays a key role in N 
metabolism of plant and Zn deficient plants have reduced protein content (Hassan et al., 2010). The 
application of zinc improves the citrus fruit yield and its juice quality (Ashraf et al., 2014). Foliar 
application of zinc had positive impact on fruit yield and quality of Kinnow mandarin, sweet orange 
and grapes (Razzaq et al., 2013). 

Boron plays an important role in the extension of plant cell walls through its association with cell 
wall pectins (Kaneko et al, 1997). It is known also that the role of boron in plant metabolism 
including many physiological aspects such as nucleic acid metabolism, protein, natural hormone 
biosynthesis, building and translocation of carbohydrates, photosynthesis, cell division, cell wall 
synthesis membrane function and water uptake (Mengel et al., 2001).Boron is helpful in plant growth 
and productivity. It increases the germination of pollen grains and elongation of pollen tube, fruit 
setting and yield in orchards (El-Sheikh, 2007). Boron is responsible for activation of dehydrogenase 
enzymes, sugar translocation, nucleic acids and plant hormones (Bradyand Weil, 1996). Boron is 
responsible for activation of dehydrogenase enzymes, sugar translocation, nucleic acids and plant 
hormones (El-Sheikh et al., 2007). Application of B increases fruit set and yields by its role in pollen 
tube germination and elongation (Abd-Allah, 2006). 

 Several investigators studied the effect of zinc and/or boron on fruit set, productivity and fruit 
quality in many plant species. Ramezani and Shekafandeh (2009) reported that zinc sulphate had 
positive effects on fruit characteristics in terms of fruit weight and fruit dimensions of ‘Shengeh’ olive 
cultivar. Talaie et al. (2001) showed that foliar spray of B and Zn decreased fruit drop and increased 
fruit quality in the ‘Zard’ olive. Hassan (2000) found that boric acid treatments increased pollen 
germination than control and increased percentage of retained fruits in ‘Picual’ olive. Abd El-Migeed 
et al. (2002) on ‘picual’ olive reported that boric acid spray at 300 mgl-1 increased fruit length. Osman 
(1999) on olive found that boron treatments either as foliar or soil applications increased percentage 
of retained fruits. Khayyat et al. (2007) reported that boric acid at 1500 mgl-1 on ‘Shahany’ date palm 
increased pulp weight, pulp/seed ratio; fruit length and diameter.  

Therefore, this study was carried out to study the effect of foliar spraying of some antioxidants 
and micronutrients on improving yield, fruit quality and leaf mineral content of Manfaloty 
pomegranate trees (Punica granatum L.) hhich suffers a shortage of nutrients deficiency  being it is 
grown on calcareous soils. 
 
Materials and Methods 

 
This study was carried out during the two successive seasons of 2015 and 2016 on ten years old 

Manfalouty pomegranate trees, the trees were spaced at 3.5×3.5 m and grown in a calcareous sand 
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soil. The different physical and chemical properties of the experiment soil and irrigation water are 
presented in Table1.  

The foliar spraying treatments were as follows: T1; Control (untreated trees), T2; ZnSO4 at 10gL-

1, T3; H3BO3 at 5gL-1, T4; Citric acid at 2000ppm,T5; Ascorbic acid at 2000ppm,T6; T2+ T4, .T7; 
T2+T5, T8; T3+T4 and T9; T3+T5. All treatments were arranged in a randomized complete block 
design with three replicates and three trees each replicate. Each treatment was sprayed three times; at 
the first week of Marsh (growth start setting), May and June; the control trees were sprayed with only 
water. All agricultural practices that are recommended were carried out in their times and doses. 

At the harvest time the number of fruits per tree in each treatment was counted and the 
percentage of cracked fruits was recorded, also the fruit yield (kg) per tree was calculated. Ten normal 
fruits was taken from each tree in all treatments for physical and chemical determination .The juice 
was extracted and the total soluble solids were determined by hand refractometer. Total sugars (%) 
and total acidity in fruit juice (expressed as a citric acid / 100ml juice and percentages of N, P, K , Ca 
and Mg  in the leaves according to A.O.A.C(2000). 
 
Table 1: Some of physical and chemical soil properties of the experiment soil. 

  Soil paste extract OM CaCO3 CEC Particle size distributes% Texture 
Depth in cm pH ECdSm-1 gkg-1 cmolc kg-1 Sand Silt Clay 
0 – 30 7.94 1.75 2.6 158.8 16.03 62.86 21.46 15.69 S.L 
30 -60 8.24 1.84 2.0 169.9 17.40 60.26 21.20 18.55 S.L 

  
Soluble cations and anions in soil  (mmolc L-1) and Total antioxidants and phenol acids in 

soil 
  Na+ K+ Ca+2 Mg+2 HCO3

- Cl- SO4
-2 

0 – 30 6.70 0.45 5.80 4.55 0.65 11.75 5.10 
30 -60 7.28 0.49 5.85 4.90 0.68 12.25 5.59 
  Available nutrients in soil (mg kg-1) 
  N P K Fe Mn Zn B Cu 
0 – 30 45.40 1.79 147.50 12.65 8.63 5.69 5.19 0.77 
30 -60 21.25 1.46 170.00 15.10 10.18 7.05 5.68 0.92 

 

Statistical analysis was carried out according to Snedecorand Cochran (1980). Treatment means 
were compared according to Duncan,s b(1955) multiple range test at 0.5 level of probability. 

 
Results: 
 

Yield, fruit quality and leaf mineral content of Manfaloty  pomegranate trees (Punica granatum 
L.) were studied by using nine different treatments of foliar spraying i.e. No spaying; control (T1), 
10gL-1 ZnSO4 (T2), 5gL-1 H3BO4 (T3) , 2000ppm citric acid (T4), 2000ppm ascorbic acid (T5), 
T2+T4 (T6), T2+T5 ((T7), T3+T4 (T8) and T3+T5 (T9). 

 
A. Yield parameters: 
 

The studied yield parameters of pomegranate trees such as fruits No, fruit yield (kg) /tree and 
fruit yield (MT)/ha were affected by the understudied treatments of foliar spraying as follows:  
 
1) Fruits No/tree: 

As shown inTable1 it can be noticed that in the 1st season the treatment of foliar spraying (T6) 
i.e. Zn with ascorbic; T2+T4 showed the highest No of pomegranate fruits (44.1) and this treatment 
had no significant difference with both T7 treatment (T2+T5). On the other hand the lowest fruits No 
(35.6) was found at no spraying treatment (T1) which had no significant difference with T2 treatment. 
Same trend was observed in the 2nd season. 
 
2) Fruit yield/tree: 

Results in Table1 indicated that in the 1st season although there were no significant differences 
among T5, T6 (T2+T4) and T7 (T2+T5) treatments, the T7  treatment gave the highest fruit yield/ tree 
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(24.69kg), whereas the lowest fruit yield /tree (15.61kg) were found at control treatment (T1) which 
had no significant difference with T2 treatment. Same trend was observed in the 2nd season. 
Table 1: Effect of foliar spraying of some antioxidants and micronutrients on pomegranate yield parameters. 

Foliar spraying 
treatments 

No 
Fruit 
/tree 

Fruit 
yield 

/kg tree 

Fruit 
Yield 

MT/ha 

No 
Fruit 
/tree 

Fruit 
yield 

kg/tree 

Fruit 
Yield 

MT/ha 
Season 2015 Season 2016 

No spraying, control   (T1) 35.6 15.61 12.74 33.86 18.23 14.88 
ZnSO4 at 0.5gL-1 (T2) 36.8 17.00 13.87 39.72 23.65 19.30 
H3BO3 at 5gL-1 (T3) 40.6 18.70 15.26 41.72 23.62 19.28 
Citric at2000ppm (T4) 41.1 22.71 18.53 44.15 25.86 21.10 
Ascorbic at2000ppm (T5) 42.3 25.92 21.15 43.17 25.64 20.92 
T2+T4 (T6) 44.5 26.72 21.81 45.36 26.21 21.39 
T2+T5 (T7) 44.1 27.64 22.56 46.11 27.32 22.29 
T3+T4  (T8) 41.1 23.77 19.39 43.47 25.56 20.86 
T3+T5 (T9) 40.6 24.69 20.15 43.09 25.22 20.58 
LSD0.05 1.746 2.483 2.027 2.872 1.728 1.409 

 
3) Fruit yield (MT)/ha: 

 
Data in Table1 showed that in the 1st season although no significant differences were observed 

among T5, T6 (T2+T4) and T7 (T2+T5) treatments, the T7 treatment gave the highest fruit yield/ ha 
(22.56MT), whereas the lowest fruit yield /ha (14.88MT) were found at control treatment (T1) which 
had no significant difference with T2 treatment. Same trend was noticed in the 2nd season. 

Generally when all foliar spraying treatments were compared with the control treatment (T1) 
concerning their effects on the investigated pomegranate yield parameters (Fig. 1), it can be 
concluded that the highest average increases percentages during the two studied seasons were 
obtained at The T7, T6, T5, T9, T8 and T4, respectively, whereas the lowest ones were at the T2 and 
T3, respectively.  

 

 
 
Fig. 1: Average increase percentages for yield parametrs of Manfaloty pomegranate trees in both 

studied seasons (all spraying treatments compared with the no spraying treatment; control 
(T1). 

 
These results indicated that when micronutrients especially Zn integrated with antioxidants 

specially ascorbic acid improved the different yield parameters greater than spraying any of them 
singly. 
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Besides it can be deduced that the investigated three yield parameters according their response 
for the different spraying treatments can be arranged as follows; Fruit yield (MT)/ha  = Fruit yield 
(kg)/ tree  > No fruits/tree. 

The integration effect of antioxidants i.e. ascorbic acid, citric acid with the studied 
micronutrients especially Zn on the investigated fruit yield parameters can be explained due to that 
antioxidants have auxinic action and also synergistic effect on flowering and fruiting of fruit trees of 
most fruit trees, recently antioxidants used instead of auxins and other chemicals for enhancing 
growth and fruiting of various fruit trees (Ragab, 2002). Also antioxidants have synergistic effect on 
improving growth, flowering, yield and fruit quality of fruit crops (Barth et al., 1997 and Ahmed et al. 
(2006). 

These are results are in accordance with those obtained by Maksoud et al. (2009) on olive, Fayed 
(2010) on pomegranate, Ibrahim et al., (2013) on Zaghloul Date Palms and Fayek et al., (2014) and 
Hafez et al. (2010) on Le Conte pear, Samra et al. (2012) on Balady mandarin fruits, Mansour  et al. 
(2010) on Zebda, Awase, Alphonso and Taimour mango cultivars.  

 
B. Physical and chemical properties of Manfaloty pomegranate fruits: 
 
1) Physical properties of Manfaloty pomegranate fruits: 

Data presented in Table2 show the different investigated fruit physical properties of Manfaloty 
pomegranate trees such as fruit weight (g), fruit length (cm), fruit diameter (cm), fruit cracking%, fruit 
juice%, fruit aril% and fruit peel% as affected by the understudied treatments of foliar spraying as 
follows:  

 
Table 2: Effect of foliar spraying of some antioxidants and micronutrients on fruits physical properties of 

Manfaloty pomegranate trees. 

Foliar spraying 
treatments 

Fruit 
weight 

(g) 

Fruit 
length 
(cm) 

Fruit 
Diameter 

(cm) 

Fruit 
Cracking 

% 

Fruit 
juice% 

Fruit 
aril% 

Fruit 
peel% 

Season 2015 
No spraying, control   (T1) 301.9 6.72 7.26 49.65 34.62 50.90 49.43 
ZnSO4 at 0.5gL-1 (T2) 351.7 7.48 7.80 47.55 39.02 53.34 47.33 
H3BO3 at 5gL-1 (T3) 405.7 7.64 8.68 42.45 41.91 55.12 45.55 
Citric at2000ppm (T4) 422.4 6.96 8.69 42.96 43.77 55.46 48.54 
Ascorbic at2000ppm (T5) 442.7 8.05 8.94 39.04 45.37 58.70 41.64 
T2+T4 (T6) 459.0 8.05 9.06 36.05 45.41 59.81 40.55 
T2+T5 (T7) 455.0 8.06 9.24 33.40 45.27 60.53 39.80 
T3+T4  (T8) 414.3 7.27 8.45 39.26 43.58 54.56 46.11 
T3+T5 (T9) 419.5 7.02 8.17 41.09 42.83 54.99 46.70 
LSD0.05 18.933 0.538 0.722 2.591 1.942 3.175 6.172 
  Season 2016 
No spraying, control   (T1) 295.6 6.95 7.55 50.57 33.98 51.00 49.00 
ZnSO4 at 0.5gL-1 (T2) 319.7 7.33 7.60 46.27 35.43 52.43 47.57 
H3BO3 at 5gL-1 (T3) 387.6 7.52 8.56 44.86 38.22 54.65 45.35 
Citric at2000ppm (T4) 414.6 7.76 8.93 40.22 43.42 60.05 39.95 
Ascorbic at2000ppm (T5) 437.4 8.01 9.10 39.32 43.07 60.78 39.22 
T2+T4 (T6) 445.1 8.01 9.28 38.99 45.39 59.14 40.86 
T2+T5 (T7) 450.7 8.22 9.34 38.48 45.24 62.06 37.94 
T3+T4  (T8) 403.4 7.50 8.20 40.34 40.03 57.45 42.55 
T3+T5 (T9) 400.5 7.16 7.90 39.61 40.40 51.79 48.21 
LSD0.05 17.326 0.501 0.403 2.192 1.871 3.112 3.112 

 
a. Fruit weight (g): 

 
Although T6 treatment surpassed the other foliar spraying treatments where it gave the highest 

fruit weight (459.0g), this treatment had no significant difference with both T5 and T7 treatments. On 
the other hand the lowest fruit weight (301.9g) was obtained at the control treatment (T1). 
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b. Fruit length (cm): 
 
As shown in Table 2 the highest fruit length (8.06cm) in the 1st season was obtained at T7 

treatment which had no significant differences with both T5 and T6. The control treatment (T1) gave 
the lowest fruit length (6.72cm). The same trend was observed in the 2nd season. 
 
c. Fruit diameter (cm): 

 
It is obvious from data in Table2 that the highest fruit diameter (9.24cm) in the 1st season was 

obtained at T7 treatment which had no significant differences with T3, T4, T5 and T6 treatments. 
Whereas, the lowest fruit diameter (7.26cm) was found at T1 treatment which had no significant 
difference with T2 treatment. The same trend was observed in the 2nd season. 
 
d. Fruit cracking%: 

 
Results in Table 2 indicated that the highest fruit cracking% (49.65%) in the 1st season was 

obtained at control treatment (T1) which had no significant with T2 treatment. On the other hand the 
lowest fruit cracking% (33.4%) was noticed at T7 treatment which surpassed significantly all other 
studied foliar spraying treatments. 
 
e. Fruit juice%: 

 
Although there were no significant differences among T4, T5, T6, T7 and T8 treatments (Table 

2) concerning their effect on fruit juice% in the 1st season, the highest fruit juice% (45.41%) was 
found at T6 treatment whereas the lowest one (34.62%) was observed at control treatment (T1). 
Similar trend was observed in the 2nd season. 
 
f. Fruit aril%: 

 
As shown in Table2 the highest fruit aril% (60.5%) in the 1st season was achieved by T7 

treatment which had no significant differences with both T5 and T6 treatments. In addition, the lowest 
fruit aril% (50.90%) was given by the control treatment (T1) which had no significant difference with 
T2 treatment. The 2nd season took the same trend. 
 
g. Fruit peel%: 

 
it is clear from data in Table2 that there were no significant differences among T1, T2, T3, T4, 

T8 and T9 treatments regarding their effects on fruit peel% which had  the highest percentage (49.43) 
at control treatment (T1) whereas the lowest one (39.80%0 was observed at T7 treatment which had 
no significant differences between both T5 and T6 treatments in the 1st season. Similar trend was 
found in the 2nd season. 
 
2) Chemical properties of Manfaloty pomegranate fruits: 

 
Data presented in Table3 show the different investigated fruit chemical properties of Manfaloty 

pomegranate trees such as total soluble solids% (TSS%), acidity% and total sugars as affected by the 
understudied treatments of foliar spraying as follows:  
 
a. Total soluble solids% (TSS%): 

 
The highest TSS (19.4%) was achieved by T7 treatment which had no significant differences 

with T4, T5, T6 and T8 treatments (Table 3). On the other hand the lowest TSS (15.5%) was noticed 
at control treatment (T1) in the 1st season. Similar trend was observed in the 2nd season. 
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b. Acidity%: 
 
Results in Table 3 show that the highest acidity (2.22%) in the 1st season was shown at control 

treatment (T1) which had no significant difference with T2 treatment, whereas the lowest one (1.10%) 
was obtained by T6 treatment which had no significant difference with T5, T7, T8 and T9 treatments. 
The 2nd season gave similar trend. 
 
c. Total sugars%: 

 
As shown in Table 3, although there were no significant differences among T4, T5, T6 and T7 

treatments with respect to their effect on total sugar%, the highest one (13.36%) was given by T7 (1st 
season). The lowest total sugar (10.83%) was found at control treatment (T1) which had no significant 
difference with T2 treatment. The 2nd season took the same trend. 
 
Table 3: Effect of foliar spraying of some antioxidants and micronutrients on fruits chemical properties of 

Manfaloty pomegranate trees. 

Foliar spraying 
treatments 

TSS% Acidity% 
Total 

sugars% 
TSS% Acidity% 

Total 
sugars% 

Season 2015 Season 2016 
No spraying, control   (T1) 15.52 2.22 10.83 15.93 2.34 10.98 
ZnSO4 at 0.5gL-1 (T2) 16.66 2.06 11.27 16.29 2.11 11.45 
H3BO3 at 5gL-1 (T3) 17.42 1.85 11.65 17.66 1.97 11.76 
Citric at2000ppm (T4) 18.90 1.61 12.57 18.81 1.76 12.22 
Ascorbic at2000ppm (T5) 19.17 1.32 12.77 18.47 1.61 12.37 
T2+T4 (T6) 19.01 1.10 13.33 18.71 1.33 12.65 
T2+T5 (T7) 19.40 1.10 13.36 19.58 1.13 12.40 
T3+T4  (T8) 18.70 1.18 12.12 17.96 1.20 11.75 
T3+T5 (T9) 18.14 1.23 12.20 16.95 1.34 11.42 
LSD0.05 1.012 0.227 0.979 0.958 0.213 0.590 

 
Generally when all foliar spraying treatments were compared with the control treatment (T1) 

concerning their effects on the investigated physical and chemical properties of Manfalouty 
pomegranate fruits (Fig. 2, 3 &4), it can be concluded that the highest average increases percentages 
during the two studied seasons were obtained at The T7, T6, T5, T9, T8 and T4, respectively, whereas 
the lowest ones were at the T2 and T3, respectively.  

These results indicated that when micronutrients especially Zn integrated with antioxidants 
specially ascorbic acid improved the fruit weight, diameter and length (Fig. 2) as well fruit juice%, 
TSS%, total sugars and fruit aril% (Fig. 3) greater than spraying any of them singly. 

Besides it can be deduced that the investigated physical and chemical properties according their 
response for the different spraying treatments can be arranged as follows; Fruit weight > Fruit 
diameter  > Fruit length (Fig. 2) and Fruit juice% > TSS% > Total sugars% > Fruit aril% (Fig. 3). 

Regarding the reduction in the undesirable properties such as acidity%, fruit cracking% and fruit 
peel% induced by foliar spraying treatments, it can be concluded that the highest decreasing was 
observed at T7, T6, T5, T8 and T9, respectively (Fig. 4). Also, the response of the undesirable 
properties for reduction due to the application of different studied foliar spraying treatments can be 
arranged as follows: acidity% > fruit cracking% > fruit peel%. 

The abovementioned results are greed with those obtained by many studies showed that using 
antioxidants was very effective in promoting yield and fruit quality in various grapevine varieties 
(Ahmed et al., 2010; El-Hanafy, 2011; Bondok- Sawsan et al., (2011); Ahmed et al., 2011; Mekawy, 
2012; Mohamed, 2014; Abdelaal and Aly, 2013 and Abada, 2014) and Moawad et al. (2015) on 
Superior grapevines. 

Also these results are similar with those revealed by many investigators indicated the important 
role and positive impact of foliar application of both zinc and boron in improving leaves nutrient 
contents, fruit set, fruit yield and quality of many fruit trees as Osman (1999), Hassan (2000), Talaie 
et al. (2001), Abd El-Migeed et al. (2002) and Shekafandeh (2009) on olive, Khayyat et al. (2007) on 
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date palm, Razzaq et al. (2013) on Kinnow mandarin, sweet orange and grapes and Ashraf et al. 
(2014) on citrus 

 

 
Fig. 2: Average increase  percentages for fruit weight, fruit diameter and fruit length properties of 

Manfaloty pomegranate trees in both studied seasons (all spraying treatments compared with 
the no spraying treatment; control (T1 ). 

 

 
 
Fig. 3: Average increase percentages for fruit juice%, TSS%, total sugars and fruit aril% properties of 

Manfaloty pomegranate trees in both studied seasons (all spraying treatments compared with 
the no spraying treatment; control (T1 ). 
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Fig. 4: Average decrease percentages for acidity%, fruit cracking% and fruit peel% properties of 

Manfaloty pomegranate trees in both studied seasons (all spraying treatments compared with 
the no spraying treatment; control (T1 ). 

 

C. Nutrient contents of Manfaloty pomegranate leaves: 
 
Data presented in Table 4 show the nutrient contents in Manfaloty pomegranate leaves affected 

by the understudied treatments of foliar spraying as follows: 
  

1) N leaves content%: 
 
The highest N leaves content (2.19%) was obtained by T7 Treatment which had no significant 

differences with T4, T5 and T6 treatments in the 1st season, whereas the lowest one (1.12%) was 
observed at control treatment (T1). It's noteworthy to mention that there were no significant 
differences among T2, T3, T8 and T9 treatments concerning their effects on N content in Manfaloty 
pomegranate leaves. Similar trend was observed in the 2nd season. 

 
2) P leaves content%: 

 
The treatment that includes spraying Zn (0.5gL-1) + ascorbic acid (2000ppm) (T7) significantly 

surpassed all the other foliar spraying treatments (Table 4) where it gave the highest P leaves content 
(0.433%) in the 1st season. On the other hand the lowest P leaves content (0.183%) was found at the 
control treatment (T1). The same trend was noticed in the 2nd season. 
 
3) K leaves content%: 

 
As observed in Table 4 I can be concluded that the highest K leaves content (1.68%) was 

obtained by T7 Treatment which had no significant differences with T4, T5, T6, T8 and T9 treatments 
in the 1st season, whereas the lowest one (1.19%) was observed at control treatment (T1). Similar 
trend was observed in the 2nd season. 
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4) Ca leaves content%: 
 
As shown Table 4 although there were no significant differences among T5, T6 and T7 

treatments regarding their effect on Ca content in Manfalotty pomegranate leaves, the highest Ca 
content (2.92%) was found at T7 treatment. The lowest Ca leaves content (2.29%) was observed at 
control treatment (T1) in the 1st season. The 2nd season took the same trend. 

 
4) Mg leaves content%: 

 
The treatment  that includes spraying Zn (0.5gL-1) + ascorbic acid (2000ppm) (T7) significantly 

surpassed all the other foliar spraying treatments (Table 4) where it gave the highest Mg leaves 
content (0.98%) in the 1st season. On the other hand the lowest Mg leaves content (0.54%) was found 
at the control treatment (T1). It is worth mentioning that the other treatments had no significant 
differences concerning their effect on Mg content in Manfalotty pomegranate leaves. The same trend 
was noticed in the 2nd season. 

In conclusion, as shown in Fig.5 it can be concluded that the different foliar spraying treatments 
can be arranged according their effect on the average increases percentage of leaves nutrients content 
during the two successive seasons in as follows; the leaves nutrient content such as N, P, K, Ca and 
Mg induced by foliar spraying treatments, it can be concluded that the highest decreasing was 
observed at T7 > T6 > T5 > T8 > T9 > T4 T3 > T2 > T1 respectively (Fig. 4). as well the different 
determining nutrient content can be arranged according their response for the different studied foliar 
spraying treatments as follows; P > Mg > N > Ca > K. 

Similar results were recorded by Ramezani and Shekafandeh (2009) on different fruits and 
Osman (1999), Talaie et al. (2001) and Hassan (2000) and Abd El-Migeed et al. (2002) on olive and 
Khayyat et al. (2007) on date palm. 

 
Table 4: Effect of foliar spraying of some antioxidants and micronutrients on nutrient contents in Manfaloty 

pomegranate leaves. 
Foliar spraying 
treatments 

N P K Ca Mg 
Season 2015 

No spraying, control   (T1) 1.62 0.183 1.19 2.29 0.54 
ZnSO4 at 0.5gL-1 (T2) 1.86 0.247 1.48 2.50 0.68 
H3BO3 at 5gL-1 (T3) 1.83 0.243 1.49 2.62 0.69 
Citric at2000ppm (T4) 2.06 0.273 1.53 2.68 0.81 
Ascorbic at2000ppm (T5) 2.10 0.353 1.58 2.85 0.90 
T2+T4 (T6) 2.07 0.373 1.64 2.88 0.95 
T2+T5 (T7) 2.19 0.433 1.68 2.92 0.98 
T3+T4  (T8) 1.98 0.367 1.56 2.71 0.87 
T3+T5 (T9) 1.98 0.353 1.57 2.70 0.89 
LSD0.05 0.157 0.058 0.144 0.100 0.994 
  Season 2016 
No spraying, control   (T1) 1.56 0.183 1.48 2.11 0.55 
ZnSO4 at 0.5gL-1 (T2) 1.81 0.263 1.58 2.62 0.71 
H3BO3 at 5gL-1 (T3) 1.87 0.293 1.59 2.67 0.80 
Citric at2000ppm (T4) 1.92 0.360 1.60 2.74 0.74 
Ascorbic at2000ppm (T5) 2.10 0.393 1.61 2.77 0.86 
T2+T4 (T6) 2.19 0.407 1.66 2.76 0.90 
T2+T5 (T7) 2.13 0.420 1.68 2.86 0.93 
T3+T4  (T8) 1.88 0.340 1.53 2.77 0.88 
T3+T5 (T9) 1.90 0.327 1.61 2.66 0.83 
LSD0.05 0.179 0.048 0.117 0.156 0.097 
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Fig. 5: Average increase percentages for leaves nutrients content of Manfaloty pomegranate trees in 

both studied seasons (all spraying treatments compared with the no spraying treatment; control 
(T1 ). 
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