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Abstract: The present experiment was carried out during two successive seasons of 2013 and 

2014 seasons, to study the effect of foliar spray with potassium at 3000 ppm as potassium 

nitrate, calcium at 2500 ppm as calcium chelate and GA3 at 25 ppm individually or in 

combinations on fruit retention, cracking, yield and fruit quality of four years old pomegranate 

trees Wonderful cv. grown in sandy soil at South Sinai Governorate. 

The obtained results  show that ,  the trees sprayed  with  the mixture of  K+Ca+GA3 recorded 

the  highest  fruit retention and  fruit size , yield /fed., fruit weight, grain weight and grain / fruit 

ratio, TSS, vitamin C and Anthocyanin contents in grain and peel, N, P, K and Ca in leaves also 

K and Ca in peel and grain. This treatment recorded the lowest cracking in fruits. Fruit diameter 

was the highest with the plants sprayed with the double mixture of K+GA3.  The highest value of 

peel weight was recorded with the combination between Ca+ GA3.  Sprayed trees with K + Ca 

gave the highest value of TSS/ acid ratio.  On the other hand, the lowest value of yield as well as 

quality of fruits and the highest value of cracking in fruit were recorded by control treatment. 

Kew words: Pomegranate, Wonderful cv., Potassium, calcium, GA3, Cracking, Yield. 
 

Introduction 

Pomegranate (Punica granatum L.) is considered one of the oldest known edible fruits which 

mentioned in the Bible and Quran
1
. The pomegranate is native to Iran and grown extensively in arid and semi-

arid regions worldwide
2
. Pomegranate trees can be grown in tropical to hot temperate climates. However, the 

best pomegranate fruit quality is produced in regions with cool winters and hot dry summer
3
. It is well known 

that pomegranate trees grow well in semi arid climate and are adapted to many types of soils from pure sand to 

heavy clay. Pomegranates are fairly drought resistant but require normal watering to grow and produce good 

fruit crops. Pomegranate trees are able to withstand irrigation with saline water ranged between 1600- 2500 

ppm
4
. Pomegranate fruit has been traditionally known to include high level of nutrients and many health 

benefits. Recent scientific findings confirm traditional usage of pomegranate  for medical purposes
5
 and 

reported that tissues  of pomegranate fruit, flowers, bark and leaves contain bioactive  phytochemicals that are 

antimicrobial, reduce blood pressure  and act against serious diseases such as diabetes and cancer. It is also a 

good source of antioxidants, three times of wine or green tea, vitamins as it includes vitamin A, C, E and a good 

source of potassium, calcium, magnesium, iron and zinc
6
. 

Calcium is an essential macronutrient required for plant growth and has been implicated as a factor 

influencing tuber quality; moreover, calcium has attracted much interest in plant physiology and molecular 

biology because of its function as a second messenger in the signal conduction between environmental factors 
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and plant responses in terms of growth and development

7
. Moreover, Ca

2+
 plays a pivotal role in membrane 

stabilization and in regulation of enzymes synthesis e.g. protein-kinase or phosphatase
8
.  

Gibberellic acid is used widely in various horticultural crops for improving fruit set and also to control 

cracking of pomegranate fruit
9
. 

  Fruit cracking is a serious problem in pomegranate which hinders its cultivation to a large extent. 

Cracking varies from 10 to 70% depending upon the prevailing environmental conditions. Various factors are 

responsible for fruit cracking which include fluctuation in soil moisture regimes, climate, tree   and nutrition
10

. 

It may also occur due to micronutrient deficiency in young fruits, while in mature fruits it might be due to 

moisture imbalance or due to extreme variations in day and night temperatures
11

. Cracked fruits lose their value 

for the fresh market and are used for processing only as fruit juice if not affected by fungi. Cracked fruits are 

susceptible to storage disease and have a shorter storage as well as shelf-life. 

As for the response of pomegranate to K, Ca and GA3, spraying pomegranate trees with GA3 at 200 

mg/L had demonstrated effectiveness in reducing fruit cracking
12

. On the other hand,  treating fig trees with Ca 

and GA3 in single way or  combination together with N produced a significant increase in leaf area , total , 

chlorophyll and contenting fruits from percentage of carbohydrate, calcium pectate, firmness and reduced 

percentage of type of cracking and total cracking percentage compared with control treatment
13

. In this respect, 

spraying pomegranate trees with 3% of KNO3 and CaNO3 of each had increased   total yield / tree and P, K, Ca, 

Mg, Fe, Zn, Mn, Cu and Na contents of leaves
14

. Also it found that the extent of fruit cracking was reduced 

significantly with application of 300 ppm pacloputrazol, and grain %, fruit juice %, TSS % and acidity % were 

increased
15

.  Moreover, yield and fruit weight were increased with applying pacloputrazol or by using 3 % Ca + 

0.3 % B + 0.3 % Zn. Application of 80 ppm GA3 significantly increased fruit length and fruit diameter and total 

anthocyanin. A study on pomegranate showed that the highest value of yield and its components i.e., fruit 

weight, fruit number /tree and yield /tree were recorded when pomegranate trees treated with GA3 at 50 or 

100ppm, CaCl2 4 %, kaolin 2.5 or 5 % and bagging treatment
16

. The lowest percentage of fruit creaking and 

sunburn were obtained with bagging treatment followed by kaolin 5% and spraying by CaCl2 and GA3 

treatments compared with the control treatment. The highest fruit length and diameter were obtained by GA3 50 

or 100ppm and CaCl2 2 or 4% treatment. The effect of spraying Washington navel orange trees by calcium 

chloride at 0.5, 1 and 1.5% and potassium sulphate at 1, 2 and 3% was studied.  The results showed that all 

treatments were very effective in improving yield as well as average fruit weight (g), average fruit volume 

(cm
3
), average fruit diameter (cm), average fruit length (cm), vitamin C and TSS (%) rather than control. Also, 

the used treatments led to significant decreases in the juice acidity percentage compared with the control 

treatment. The best results with regard to yield and fruit quality were significantly obtained due to spraying 

Washington navel orange trees with 2 and 3% potassium sulphate treatments
17

. 

Foliar application of K, Mg, Mn and Mn combined with K or Mg significantly increased the 

concentration of all macro (N, P, K, Ca and Mg) and micro (Fe, Mn, Zn and Cu) nutrients in pomegranate 

leaves, fruit peel and grains
18

. The results showed that foliar nutrient spray led to significant increases in fruit 

yield per shrub and fad, fruit physical properties as well as leaves and fruit nutrient contents, and fruit quality as 

compared with unsprayed treatment.  The highest fruit yield, means of fruit weight (peel and grains), and fruit 

dimensions were recorded by potassium (K) at 10000 ppm and manganese (Mn) at 1600 ppm foliar spraying in 

both growing seasons. Also, foliar spray with nutrients had a positive effect on leaves nutrient concentration 

and improved fruit chemical properties which related to the quality 

Materials and Methods 

The present experiment was carried out during two successive seasons of 2013 and 2014 on 4 years old 

pomegranate trees cv. Wonderful. The experimental trees were planted at 5 m. apart in sandy soil at Al-Tor, 

South Sinai Governorate. 

Twenty four pomegranate trees (Wonderfull cv.) were carefully selected and devoted for this work 

during the two studied seasons. These trees were nearly similar in their growth vigor, size, shape and diseases - 

free as well as they received the same horticultural management adopted in this station. Mechanical and 

chemical analyses of orchard soil are shown in Table, 1. 
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Table (1): Some physical and chemical properties of the investigated soil. 

 

 

 

 

 

 

 

 

 

 

* Soil-water suspension 1: 1    ** Soil water extract 1: 1      

The experiment included   eight treatments as follows: 

1. Spraying trees with water (control).  

2. Spraying tress with K at 3000 ppm in from of potassium nitrate. 

3. Spraying tress with Ca at 2500 ppm in the form of calcium chelate (16 % CaO). 

4. Spraying tress with GA3 at 25 ppm.   

5. Spraying tress with K +Ca. 

6. Spraying tress with K+GA3. 

7. Spraying tress with Ca+GA3. 

8. Spraying tress with K+Ca+GA3. 

These treatments were arranged in a randomized complete block design with three replications for each 

treatment using one trees as a single replicate (8 treatments x 3 replicates x 1 plants = 24 trees). 

Trees were sprayed with different treatments twice, after one and two months from fruit set.  

The common fertilizer applications were used as following:  15 m
3
/feddan of FYM during December. N 

and P rates were 80 Kg N/ feddan as ammonium nitrate (33.5 % N), 30 Kg P2O5 /feddan as phosphoric acid (60 

% P2O5 per year) through fertigation with drip irrigation system application divided along the growing season. 

Other horticultural practices were done as the same in the regain.  

The studied treatments were evaluated through the following parameters: 

 1. Fruit retention percentage  

The number of harvested fruits on the tree was counted. The percentage of fruit retention was calculated 

according to the following equation: 

                             Number of harvested fruits  

Fruit retention = --------------------------------------- x100 

                             Number of perfect flowers  

2. Total yield and its component's 

 Yield (kg)/tree and total yield /feddan. 

At harvest time (July, 20
th
 to August. 15

th
) in both seasons, fruits of each treated tree were picked, 

weighted and total yield (ton /feddan were estimated.  

Soil characteristics Values 

Soil particles distribution  

Sand ,% 91.32 

Silt,% 5.14 

Clay,% 3.54 

Textural class Sandy 

 Field capacity (FC),% 9.26 

 CaCO3, (g kg-1) 5.19 

 Organic matter,(g kg-1) 3.52 

pH* 7.95 

EC,( dSm-1) ** 1.55 

Available nutrient, (mg kg-1soil )  

N 56.34 

P 7.95 

K 69.87 
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Fruit weight (g): A sample of ten fruits per replicate (tree) was weighed at mature stage. 

3. Fruit cracking 

 The percentage of cracked fruits was calculated at mature stage as follows:  

                            Number of cracking fruits/tree   

Cracking (%) = -------------------------------------------- x100 

                              Total number of fruits/tree  

4. Mineral contents in leaves: Sample of twenty leaves was taken from middle position of non-fruiting shoots 

of each replicate tree in July of both seasons to determine total nitrogen (%), phosphorus (%), potassium (%) 

and calcium (%) as the methods described, respectively due to
19, 20, 21

. 

5. Fruit physical characteristics:  

 Fruit size (cm
3
) was determined by immersing fruits in water in a graduated cylinder. 

 Fruit diameter (cm) was measured by using Vernier caliper. 

 Fruit peel, grain and albino were weighted by digital balance. 

 Grain/fruit ratio was calculated by using the following formula:  

                                  Grain 

Grain/ fruit ratio    = ------------------ 

                                  Fruit  

6. Fruit chemical characteristics: 

 Total soluble solids (TSS %) was determined in fruit juice using a Carl Zeiss hand refractometer. 

 Titratable acidity  in fruit juice was determined as citric acid  according to
19

, TSS/acid ratio was also 

calculated 

 Total sugars (%): It was determined in juice according to the method of Lane and Eynon as described 

due to
19

.  

 Vitamin C (mg. ascorbic acid/100 ml juice): It was determined according to
22

.  

 Total anthocyanin content (%) in grain and peel: It was estimated according to the methods described 

by
23

. 

 Potassium and Calcium contents in peel and grain: were determined as previously mentioned in the 

leaves. 

Statistical analysis 

 The data were subjected to the statistical analysis of variance and means separation was done at 5 % level 

according to
24

. 

Results and Discussion 

Fruit retention, fruit diameter and fruit size  

Results in Table (2) show that, there were significant differences with all treatments than control treatment 

regarding fruit retention, fruit diameter and fruit size in 2014 and 2015 seasons under El-Tor region. Spraying 

pomegranate trees with the triple mixture of K+Ca+GA3 had significantly increased fruit retention and fruit size 

and reached 33.33 and 33.66 % for fruit retention and 435.0 and 468.33 for fruit size, in the 1
st
 and 2

nd
 seasons, 

respectively.  As for fruit diameter, the double mixture of K+GA3 recorded the highest values (10.53 and 10.86) in 

the 1
st
 and 2

nd
 seasons, respectively. The lowest values of fruit retention, fruit diameter and fruit size were 

recorded with control treatment in both seasons. 
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Table (2). Effect of GA3 and some nutrients on fruit pomegranate trees during 2013 and 2014 seasons. 

Treatments Fruit retention (%) Fruit diameter  (cm) Fruit size  ( cm3) 

1st  season 2nd season 1st  season 2nd season 1st  season 2nd season 

Control  14.66 e 15.00 e 7.00 f 7.16 d 300.00 bc 306.67 bc 

K at 3000 ppm 11.00  f 11.33 f 9.86 ab 10.20 ab 420.00 a 433.33 a 

Ca at 2500 ppm 24.33 c 25.00 c 8.96 cde 9.63 bc 263.33  c 273.33 c 

GA3 at 25 ppm 21.33 d 22.00 d 9.70 abc 10.36 ab 423.33 a 430.00 a 

K + Ca  23.66 cd 24.00 cd 8.56   e 8.90  c 310.00 bc 313.33 bc 

K +GA3 29.00 b 29.66 b 8.76 de 9.10 c 343.33 b 353.33 b 

Ca+GA3 16.66 e 17.00 e 10.53 a 10.86 a 428.33 a 438.33 a 

K+Ca+GA3 33.33 a 33.66  a 9.50 bcd 9.50 bc 435.00  a 468.33 a 

 

Gibberellins are involved in cell division and cell elongation. They are known to influence fruit size
25

. Also, 

gibberellic acid is also reported to promote growth by increasing plasticity of the cell wall followed by the 

hydrolysis of starch into sugars which reduces the cell water potential, resulting in the entry of water into the cell 

and causing elongation
26

. 

 The effect of spraying Washington navel orange trees by calcium chloride at 0.5, 1 and 1.5% and 

potassium sulphate at 1, 2 and 3% was studied.  The results showed that all treatments were very effective in 

improving average fruit volume (cm
3
), average fruit diameter (cm) compared to the control treatment

17
.  Similar 

results were found on mango
27, 28

.  

Fruit physical properties:  

 Table 3 indicate  that ,  spraying pomegranate tree with K, Ca and GA3 singly, double or triple had 

significant effect on   fruit , peel ,  and grain weights  as well  as  grain/ fruit ratio  than control treatment in both 

seasons.  Sprayed plants with the mixture of K+Ca+GA3 recorded the highest values of fruit weight (590.33 and 

597.0g), grain weight (396.0 and 396.67 g) and grain / fruit ratio (0.67 and 0.66) in the 1
st
 and 2

nd
 seasons, 

respectively. On the other side, sprayed plants with Ca+GA3 recorded the highest values of peel weight (198.33 

and 200.67 g) in the 1
st
 and 2

nd
 seasons, respectively. Regarding albino weight, control treatment recorded the 

highest values (85.33 and 86.33 g) in the 1
st
 and 2

nd
 seasons, respectively. 

Table (3). Effect of GA3 and some nutrients on physical fruit characteristics of pomegranate during 2013 

and 2014 seasons. 

Treatments Fruit  weight 

(g) 

Peel weight 

(g) 

Grain weight 

(g) 

Albino weight 

(g) 

Grain / fruit ratio 

1st  

season 

2nd 

season 

1st  

season 

2nd 

season 

1st  

season 

2nd 

season 

1st  

season 

2nd 

season 

1st  

season 

2nd 

season 

Control  309.33  f 312.67  e 114.00  cd 115.67 d 110.00  f 110.67  f 85.33 a 86.33 a 0.35  e 0.35 d 

K at 3000 ppm 469.67 c 476.33 c 170.00  b 171.33  b 240.00 c 241.33 c 59.66 ab 63.66 abc 0.51 cd 0.50 c 

Ca at 2500 ppm 340.00  ef 343.33 de 98.33 de 101.67 e 177.00  e 177.67  e 64.66 ab 64.00abc 0.52  cd 0.52 c 

GA3 at 25 ppm 474.67 c 481.33  c 180.33 b 182.00  b 241.67  c 242.67  c 52.66  b 56.66  bc 0.51 cd 0.50 c 

K + Ca  352.00 de 362.00  d 87.67 e 89.33  e 201.67  d 203.00  d 62.66 ab 69.66 abc 0.57  b 0.56 b 

K +GA3 376.00 d 369.33 d 130.67 c 137.33  c 183.33 de 185.00 de 62.00 ab 47.00   c 0.48 d 0.50  c 

Ca+GA3 531.67 b 541.67 b 198.33 a 200.67 a 280.67 b 282.33  b 52.66  b 58.66  bc 0.53 c 0.52 c 

K+Ca+GA3 590.33 a 597.00 a 122.67 c 126.00 cd 396.00 a 396.67  a 71.66 ab 74.33 ab 0.67 a 0.66 a 

 

These results go in line with those found when K, Mg, Mn and Mn combined with K or Mg was 

sprayed. The results showed that treatments significantly increased the fruit physical properties as compared 

with unsprayed trees
18

. Also, similar results were found on mango
29

 and on Medjool date palms
30

 regarding the 

effect of potassium as foliar spray.     

Yield and cracking  

 Results in table 4 indicate that, there were significant differences between all tested treatments and control 

treatment, except K treatment regarding yield / tree and per feddan in the 1
st
 season. 
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Table (4). Effect of GA3 and some nutrients on yield of pomegranate trees during 2013 and 2014 seasons. 

Treatments Yield / tree (g) Yield (ton/fed.) Carking (%) 

1st  season 2nd season 1st  season 2nd season 1st  season 2nd season 

Control  6.53e 7.19 f 1.097  e 1.209 f 34.13 a 37.46 a 

K at 3000 ppm 8.92 e 9.59 e 1.500 e 1.612 e 11.93 c 10.93 c 

Ca at 2500 ppm 14.28 d 15.61 d 2.399 d 2.623 d 0.000 d 0.000  d 

GA3 at 25 ppm 17.50bc 18.50 c 2.940 bc 3.108 c 18.53 b 19.53 b 

K + Ca  14.42 d 15.42 d 2.424 d 2.592 d 0.000 d 0.000  d 

K +GA3 18.81 b 19.81 b 3.161 b 3.329 b 0.000 d 0.000 d 

Ca+GA3 15.32 cd 16.65d 2.574 cd 2.798 d 0.000 d 0.000 d 

K+Ca+GA3 28.34 a 29.01a 4.762 a 4.874 a 0.000 d 0.000  d 

 

  The highest yield/ tree (28.34 and 29.01 kg) and total yield /fed. (4.762 and 4.874 ton) were obtained 

when sprayed pomegranate tree with the triple mixture of K+Ca+GA3 in the 1
st
 and 2

nd
 seasons, respectively. 

Regarding cracking (%), the unsprayed trees recorded the highest cracking value (34.13 and 37.46 %) in the 1
st
 

and 2
nd

 seasons, respectively. The relative increases in total yield /feddan due to sprayed plants with the triple 

mixture were about 434 and 403 % in the 1
st
 and 2

nd
 seasons, respectively than control treatments. 

  Fruit cracking is a serious problem in pomegranate which hinders its cultivation to a large extent. 

Cracking varies from 10 to 70% depending upon the prevailing environmental conditions. Various factors are 

responsible for fruit cracking which include fluctuation in soil moisture regimes, climate, tree and nutrition
10

. 

Gibberrellic acid is used widely in various horticultural crops for improving fruit set and also to control 

cracking of pomegranate fruit
9
. Calcium has attracted much interest in plant physiology and molecular biology 

because of its function as a second messenger in the signal conduction between environmental factors and plant 

responses in terms of growth and development and then reducing cracking fruits
7
. 

 These results are in agreement with those reported on fig since the treated trees with Ca and GA3 in 

single way or combination together with N produced a significant reducing percentage of type of cracking and 

total cracking value compared with control treatment
13

. Also, spraying pomegranate trees with 3% of KNO3 and 

CaNO3 of each shows an increase in total yield / tree
14

.  The extent of fruit cracking was reduced significantly 

with application of 300 ppm pacloputrazol
15

. In this regard , the highest values of yield and its components i.e., 

fruit weight, fruit number /tree and yield /tree were recorded when pomegranate trees treated with GA3 at 50 or 

100ppm, CaCl2 4 %, kaolin 2.5 or 5 % and bagging treatment
16

. The lowest percentage of fruit creaking and 

sunburn were obtained with bagging treatment followed by kaolin 5% and spraying by CaCl2 and GA3 

treatments compared with the control treatment.  Similar results were found on mango
31, 32, 33

.  

TSS and acidity  

 Results in Table (5) show significant differences between treatments regarding TSS, acidity and TSS / 

acid ratio in both seasons.  Trees sprayed by the mixture of (K+Ca+GA3)   treatment recorded the highest value of 

TSS (17.59 and 17.92 %) in the 1
st
 and 2

nd
 seasons, respectively without significant differences than the mixture of 

(K+GA3) 17.39 and 17.62 in the 1
st
 and 2

nd
 seasons, respectively, while the lowest values in this respect were 

recorded by control treatment (14.63 and 14.96 %) in the 1
st
 and 2

nd
 seasons, respectively.  

Table (5). Effect of GA3 and some nutrients on chemical fruit characteristics of pomegranate trees during 

2013 and 2014 seasons. 

Treatments TSS (%) Acidity (%) TSS/ acid ratio 

1st  season 2nd season 1st  season 2nd season 1st  season 2nd season 

Control  14.63 e 14.96 d 3.44 b 3.61 a 4.24 f 4.16 e 

K at 3000 ppm 15.43 d 15.76 c 2.53 d 2.66 c 6.11 c 5.94 b 

Ca at 2500 ppm 15.38 d 15.85 c 3.13  c 3.20 b 4.90 e 4.94 cd 

GA3 at 25 ppm 15.86 c 16.26 bc 3.65 a 3.59 a 4.34 f 4.54 de 

K + Ca  16.19 c 16.46 bc 2.17  e 2.11 d 7.44 a 7.80 a 

K +GA3 17.39 a 17.62 a 3.20  c 3.27 b 5.43 d 5.40 bc 

Ca+GA3 16.61 b 16.78 b 3.22  c 3.19 b 5.15 de 5.25 c 

K+Ca+GA3 17.59 a 17.92 a 2.49  d 2.39 cd 7.05 b 7.50 a 
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 As for acidity content in fruit, spraying trees with GA3 gave the highest value (3.65 and 3.59 %) in the 1
st
 

and 2
nd

 seasons, respectively without significant differences than the control treatment in the 2
nd

 season. The 

lowest values of acidity were recorded by the trees sprayed with the mixture of K+Ca+GA3 (2.49 and 2.39 %) in 

the 1
st
 and 2

nd
 seasons, respectively. 

  Regarding TSS/acid ratio, the same results in table  show that , the trees sprayed with the mixture of  K+ 

Ca gave the highest values of TSS/ acid ratio (7.44 and 7.80) in the 1
st
 and 2

nd
 seasons, respectively without 

significant differences than the mixture of  K+Ca+GA3. On the other hand, the lowest TSS/acid ratio was recorded 

by control treatment (4.24 and 4.16) in the 1
st
 and 2

nd
 seasons, respectively. 

 These results are in agreement with those reported on pomegranate since the application of 300 ppm 

pacloputrazol increased TSS % and acidity % in pomegranate fruits
15

. Also, similar results were observed 

regarding the effect of NAA on total acidity
34

. 

Vitamin C and anthocyanin content:  

 Results in table 6 show that, spraying pomegranate trees with the mixture of (K+Ca+GA3) had significant 

effect on vitamin C and anthocyanin contents in grain and peel of pomegranate fruits in both seasons and recorded 

the highest values of vitamin C and anthocyanin contents in grain and peel (7.71 and 7.87 mg/100 ml juice), (3.81 

and 3.87 mg/100 ml) and (20.00 and 20.33 mg/100 ml) in the 1
st
 and 2

nd
 seasons, respectively. The lowest values 

were recorded by control treatment (5.80 and 5.87 mg/100 ml juice of vitamin C), (2.60 and 2.67) and (16.41 and 

16.91 mg/100 ml) for anthocyanin contents in grain and peel in the 1
st
 and 2

nd
 seasons, respectively. 

Table (6). Effect of GA3 and some nutrients on vitamin C and anthocyanin contents in grain and peel of 

pomegranate fruit during 2013 and 2014 seasons.   

Treatments Vitamin C 

(mg/100 ml ) 

Anthocyanin in grain 

(mg/100 ml ) 

Anthocyanin in peel 

(mg/100 ml ) 

1st  season 2nd season 1st  season 2nd season 1st  season 2nd season 

Control  5.80 d 5.87 d 2.60 e 2.67 d 16.41 e 16.91 d 

K at 3000 ppm 5.78 d 5.85 d 2.62  e 2.69 cd 16.57 e 17.14 cd 

Ca at 2500 ppm 5.89 d 6.03 d 2.64 de 2.74  cd 17.70 d 17.70 c 

GA3 at 25 ppm 5.89 d 5.99 d 2.66 de 2.76 bcd 17.60 d 17.60 cd 

K + Ca  6.44 c 6.54 c 2.71 cd 2.71 cd 18.49 c 18.82 b 

K +GA3 7.20 b 7.30 b 2.87 b 2.90 b 19.67 a 20.00 a 

Ca+GA3 6.68  c 6.84  c 2.78 bc 2.84 bc 18.92 b 18.92 b 

K+Ca+GA3 7.71 a 7.87 a 3.81 a 3.87 a 20.00 a 20.33 a 

  

The above mentioned results are in harmony with those found on pomegranate since the results showed 

that application of 300 ppm pacloputrazol increased total anthocyanin in pomegranate fruits
15

. 

 In this regard, spraying Washington navel orange trees with calcium chloride and zinc sulphate at 0.5, 

1, 1.5% and potassium sulphate at 1, 2 and 3% showed that 2 and 3% potassium sulphate treatments were very 

effective in improving vitamin C rather than control treatment
17

.  

Mineral contents in leaves 

 Results in Table 7 show the effect of different treatments on N, P, K and Ca in leaves in both seasons.  All 

tested treatments had significant effect on N, P, K and Ca in leaves than the control treatment in both seasons. 
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Table (7). Effect of GA3 and some nutrients on mineral contents in leaves of pomegranate trees during 

2013 and 2014 seasons. 

Treatments N (%) P (%) K (%) Ca (%) 

1st  season 2nd season 1st  season 2nd season 1st  season 2nd season 1st  season 2nd season 

Control  1.55  c 1.60 c 0.17 de 0.19 de 0.83 d 0.86 c 2.25 cd 2.46 c 

K at 3000 ppm 2.50 a 2.74  a 0.20  b 0.22  b 1.27 ab 1.34 ab 2.34 c 2.53 c 

Ca at 2500 ppm 2.17  b 2.34  b 0.18  cd 0.20 bcd 1.12 c 1.24 b 2.96 b 3.19 b 

GA3 at 25 ppm 2.60 a 2.87 a 0.16  e 0.18  e 1.20 abc 1.30 ab 2.05 d 2.24 d 

K + Ca  2.52 a 2.72 a 0.19 bc 0.21 bc 1.18 bc 1.27 b 3.27 a 3.54 a 

K +GA3 2.47 a 2.74 a 0.18 d 0.19  cde 1.31 a 1.42 a 2.27 cd 2.52 c 

Ca+GA3 2.57 a 2.78 a 0.17 de 0.19 cde 1.18 bc 1.28 b 2.77 b 2.99 b 

K+Ca+GA3 2.59 a 2.90 a 0.22 a 0.24 a 1.41 a 1.42 a 3.34 a 3.64 a 

 

 Spraying trees with the mixture of (K+Ca+GA3) recorded the highest values (2.59 and 2.90), (0.22 and 

0.24 %), (1.41 and 1.42 %) and (3.34 and 3.64%) for N, P, K and Ca in the 1
st
 and 2

nd
 seasons, respectively, while 

control treatment gave the lowest values in this respect in both seasons. 

Fruit mineral constituents  

  There were significant differences between the most treatments and control treatment regarding the 

content of K and Ca in peel and grain in both seasons (Table, 8).  In general, the tree sprayed with the mixture of 

K+Ca+GA3 recorded the highest values of K and Ca in peel and grain in both seasons. While the lowest values of 

these parameters were obtained by the control treatment. 

Table (8). Effect of GA3 and some nutrients on K and Ca contents in pomegranate fruits during 2013 and 

2014 seasons.  

Treatments K(%) Ca (%) 

Peel Grain Peel Grain 

1st  season 2nd season 1st  season 2nd season 1st  season 2nd season 1st  season 2nd season 

Control  0.92    c 0.99 c 0.97 c 1.01 c 0.48 e 0.55 d 0.59 d 0.64 d 

K at 3000 ppm 1.37  ab 1.49 ab 1.42 b 1.55 b 0.62 cd 0.67 c 0.63 cd 0.68 cd 

Ca at 2500 ppm 1.29 b 1.40 b 1.37 b 1.46 b 0.76ab 0.82 ab 0.79 ab 0.85ab 

GA3 at 25 ppm 1.32 b 1.46 ab 1.35 b 1.45 b 0.63 cd 0.68 c 0.66 cd 0.70 cd 

K + Ca  1.31 b 1.41 b 1.34 b 1.43 b 0.79 a 0.85 a 0.88 a 0.94a 

K +GA3 1.42 ab 1.54 ab 1.44 ab 1.54 b 0.61 d 0.69 c 0.70 bc 0.75 bc 

Ca+GA3 1.35 ab 1.46ab 1.32 b 1.44 b 0.70 bc 0.75 bc 0.70 bc 0.75 bc 

K+Ca+GA3 1.48 a 1.59 a 1.62 a 1.76 a 0.79 a 0.89 a 0.86 a 0.92 a 

 

 The previous experiments showed that application of potassium increased mineral content in leaves and 

fruits
35

. 

The obtained results are go in line with those reported on pomegranate where foliar spray with K 

significantly increased the content of K in peel and juice of pomegranate fruits
36

. Also, foliar application of K, 

Mg, Mn and Mn combined with K or Mg significantly increased the concentration of all macro (N, P, K, Ca and 

Mg) and micro (Fe, Mn, Zn and Cu) nutrients in pomegranate leaves, fruit peel and grains
18

.   

 Finally, it could concluded that , sprayed  pomegranate trees with the mixture of  K+Ca+GA3 gave  high 

yield and best quality of pomegranate  and reduced cracking in the fruits under the this experiment conditions. 
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