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ABSTRACT 

A field experiment was carried out in the two consecutive seasons (2016 and 2017) on five years 
old pomegranate trees cv. “Wonderful "to investigate the most proper form and level of nitrogen for 
growth and productivity of pomegranate trees. Nitrogen was applied as (100% chemical, 100% 
organic and 50% organic + 50% chemical) combined with three nitrogen levels (40, 60 and 80 Kg 
actual N /feddan/year). Results showed a positive relation between tree productivity and the level of 
applied nitrogen. Also, the chemical form surpassed the organic one in this respect. Moreover, 
chemical nitrogen form showed significant higher values of most physical and chemical fruit 
properties (i.e., peel thickness, aril weight, juice TSS, acidity, TSS/acid ratio, vitamin C and 
anthocyanin content). In the two studied seasons, the highest significant aril weight was obtained 
when the two nitrogen forms were added at the level of 60 Kg actual N /feddan/year. Regarding the 
interaction effect, the two nitrogen forms at the level (60 Kg actual N /feddan/year) showed the 
highest significant increase in tree yield as either Kg or number fruits/tree. The other lasted fruit 
parameters were also affected due to form and level of nitrogen fertilizers. Leaf-mineral content was 
also affected due to level and form of nitrogen fertilizer. The higher nitrogen level (80 Kg actual N 
/feddan/year) in the organic form gave the highest value of leaf- Fe, Zn and Mn content. This same 
level in the chemical source showed the highest leaf- N value.  
 
Keywords: Pomegranate, Nitrogen, fertilizers, organic, Yield, Fruit quality, Mineral content.  

 
Introduction 

Pomegranate (Punica granatum L.) is a standout among the most favorite edible fruits of tropical 
and climatic zone regions and economically developed for its sweet acidic taste. Its native to Iran and 
Himalayas in northern India and widely developed in Mediterranean countries (Chandra et al., 2010). 
The edible part of the fruit is named arils, which is eaten crisp and can be consume in many other 
derivative. 

The importance of pomegranate cultivation in Egypt has expanded in recent periods, coinciding 
with the spread of some important export varieties such as Wonderful, Early Wonderful and 
Granada …etc.. The cultivated area changed from 27035 feddan in 2015 to 32995 feddan in 2016 as 
the biggest change rate compared to the other fruit crops by about 22%, which produced an average 
of 8.16 tons/feddan (Central Agency for Public Mobilization and Statistics, 2018).   

Pomegranate juice has been appeared to stratify significant antioxidant where, it contains an 
enormous level of polyphenol-rich with high antioxidant capacity, anti-inflammatory and 
antihypertensive effects. Thus, a promising dietary antioxidant with numerous health-promoting 
effects and evidence to date suggests to may be prudent to include this fruit juice in a heart-healthy 
diet (Basu and Penugonda, 2009). 

Wonderful cultivar is the leading commercial variety in California, where, constructed in Florida 
and propagated in California in 1896. The Fruit is a fleshy berry, large and dark purple red with a 
glossy appearance and sweet-tart flavor.  The juice is dark red and staining with many small and 
medium fleshy seeds. The plant is very productive (Ashton et. al., 2006).  

Nitrogen is a one of the main nutrient required for appropriate tree growth and optimum yields. 
Nitrogen form affect expansion growth, yield and fruit quality of pomegranate. In the case of nitrogen 
deficient, old lower leaves are may become yellow, terminal shoot growth is reduced and fruit yields 
decline since the trees producing a small amount of yield. While, in the case of nitrogen excessive, 
vegetative growth may be lush but the fruit maturity delayed and gave low values of fruit quality. 
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Therefore, it should be avoided excess or deficiency of N fertilizers level (Glozer and Ferguson, 
2008). 

So, the objectives of this investigation was to detect the best form of expansion and level of 
nitrogen fertilizers under this experiment conditions. 
  
Materials and Methods 
 

A field experiment was carried out in a private orchard owned by (Hegazy Agricultural Projects 
Co.) at 45 Km Cairo – Alexandria desert road, Giza Governorate, Egypt in two successive seasons 
(2016 and 2017) on five years old pomegranate trees cv. “Wonderful” planted at 2 x 5 meter apart in 
a sandy soil grown under saran shading net and drip irrigation system was used. Nitrogen was applied 
as 100% chemical (S1), 100% organic (S2) and 50% organic+50% chemical (S3). Nitrogen fertilizers 
were applied at three levels (40, 60 and 80 Kg actual N/feddan/year). ½ ID Ball valves were placed 
on the irrigation hoses for nine groups of trees representing a treatment, and forty five uniform and 
healthy trees, as far as possible, with no visual nutrient deficiency symptoms were selected and 
devoted for carrying out this experiment, thus the experiment was arranged in a randomized complete 
block design included nine treatments with five replicates and each replicate was represented by one 
tree. Organic fertilizer (Nile compost 1.5% N) applied at once in autumn (the second week of 
November) as a trench 30 cm away from the tree trunk and depth proportional to the amount of 
fertilizer for each selected tree. Mineral nitrogen fertilizers [calcium nitrate (15.5%) ammonium 
sulfate (20.5%) and ammonium nitrate (33.5%)] were applied at each level through drip irrigation 
system according to the tree growth stage during the growing season. Soil samples were taken from 
three points of the experimental location for physical and chemical analyses according to Jackson 
(1958), Black et al. (1965) and Wilde et al. (1979) (Table 1 and 2) 

 
Table 1: Physical properties of the experimental soil 

Organic 
matter 

Particle size distribution 
Sand (%) Silt (%) Clay (%) Soil Texture Field capacity (%) 

0.02% 90.66 8.633 0.703 Sandy 20.2 

 
Table 2: Chemical properties of the experimental soil 

Depth  
cm 

pH 
CaCO3 

% 
E.C  

dsm-1 

Saturation soluble extract 
Soluble aions (meq/L.) Soluble cations (meq/L.) 

CO-
3 HCO-

3 SO-
4 Cl- Ca++ Mg++ Na+ K+ 

30-60 7.9 3.63 0.18 - 1.1 1.54 0.7 1.75 1.2 1.52 0.23 
Depth 

cm 
Available macronutrients  

(mg /100g) 
Available micronutrients 

 (ppm) 
 N P K Fe Mn Zn Cu 

30-60 134 `2.0 8.25 7.02 1.13 0.55 2.13 

 
Yield and Fruit quality: 
 
Tree Yield: 
 

In the commercial harvesting stage, fruits of each experimental trees were picked and fruits were 
harvested at mid of October, the number of fruits/tree was counted. Moreover, 20 fruits from each 
tree (replicate) were weighed and then the yield of each tree was estimated according the number of 
fruits x average fruit weight.  

 
Fruit quality: 
 

Five fruits / tree were randomly selected and used for the determination of aril weight, peel 
weight, peel thickness (mm) and juice volume (ml3). The total soluble solids (TSS) were determined 
as percentage in the juice using hand refractometer model HR-110. The treatable acidity was 
determined by titrating 5 ml of the juice against sodium hydroxide (0.1 N) until pH 8.1. pH was 
measured by a pH meter according to Miguel et. al. (2004). The acidity was calculated as mg citric 
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acid per 100 ml of juice. TSS/ acid ratio was determined. Ascorbic acid was calculated as mg per 100 
ml of juice according to A.O.A.C. (1995). Anthocyanin was determined according to the method of 
Fuleki and Francis (1968).  

 
Leaf mineral content  
 

Leaves about 5-7 months’ age were used to determine leaf mineral content. 
 Nitrogen was determined by the Micro-Kjeldahl method according to Jackson, (1973). 
 Phosphorus was determined by the spectrophotometer according to Jackson, (1973). 
 Potassium was determined by a flame photometer according to Jackson, (1973). 
 Iron, zinc and Manganese were estimated by using the atomic absorption according to the method 

of Cottenie et al. (1982). 
  

Statistical analysis 
 

The data were analyzed according to Snedecor and Cochran (1980). Tukey test was used to 
compare between means. Data were statistically analyzed using the analysis of variance adopting a 
SAS package. 

 
Results and Discussion 
 
Yield 

From Table (3), values of fruit number, weight and yield per tree were significantly affected by 
forms, levels and their interaction in the two seasons. 

Data illustrate that, the organic form of nitrogen fertilizer gave the significant lowest fruit 
number in the two seasons. While the highest significant increase was obtained by adding nitrogen at 
the 60 Kg actual N/feddan/year. From the interaction, adding nitrogen in the chemical form at 80 Kg 
actual N/feddan/year showed the higher significant increase in number fruits per tree in the two 
seasons.  

As for fruit weight, no significant differences were detected in the first season, whereas in the 
second season, chemical form showed the significant higher increase in fruit weight.  Regarding 
nitrogen levels, 40 and 60 Kg actual N/feddan/year gave the significant highest values of fruit weight 
in the two seasons. Interaction values revealed that, adding nitrogen at 60 Kg actual N/feddan/year in 
the organic form gave the highest fruit weight value whereas the same level in the two form showed 
the lowest value. 

Results of yield per tree proved that the highest significant values were obtained by chemical 
form in the two seasons. Regarding levels, the highest significant values were obtained when 60 Kg 
actual N/feddan/year level was used in the two seasons. The significant highest values of the 
interaction were obtained by chemical form with 80 and 40 Kg actual N/feddan/year in the two 
seasons.    

The obtained results are in harmony with those reported by Dhanumjaya and Subramanyam 
(2009) on pomegranate var. Mridula, where they explained that, fruit number and yield per tree were 
affected by dose of nitrogen fertilizer. 
 
Fruit quality 
 
Fruit physical properties 

From results in Table (4), in the first season no significant differences of aril weight were 
detected between levels and forms of nitrogen fertilizers. While in the second season, chemical form 
of nitrogen gave the significant highest values of aril weight. Fruit from trees received 60 Kg actual 
N/feddan/year from the organic nitrogen form exhibited the highest aril weight per fruit value which 
significantly differed among some other values.  In the second season chemical nitrogen form at the 
40 Kg actual N/feddan/year exhibited the highest value of aril weight per fruit which reached 
significant in some cases. 



Middle East J. Agric. Res., 7(4): 1856-1866, 2018 
ISSN: 2077-4605 

1859 

Table 3: Effect of three forms and three levels of nitrogen fertilizers on fruit number, fruit weight and yield per tree for Wonderful pomegranate in 2016 and 
2017 seasons. 

N (Kg actual N /feddan/year) 

Form 
Level 

40   60  80  Mean 40  60  80  Mean 40  60  80  Mean 

Fruit No./ tree Fruit weight (g) Yield kg/tree 
2016 season 

S1* 65.50a 47.33c 64.33a 59.06A\ 484.92a 474.38ab 386.25bc 448.52A\ 31.50a 22.35bc 24.87ab 26.24A\ 
S2** 40.00cd 50.33bc 34.00d 41.44C\ 407.08a-c 487.50a 362.50c 419.03A\ 16.22cd 24.40ab 12.37d 17.66C\ 
S3*** 39.00cd 62.00ab 54.00b 51.67B\ 427.05a-c 343.33c 416.67a-c 395.83A\ 16.68cd 21.45bc 22.41bc 20.18B\ 
Mean 48.17B 53.22AB 55.55A  439.68A 422.50A 435.07A  21.47A 22.73A 24.73A  

                        2017 season 
S1* 35.00cd 58.00a 41.00a-d 44.67A\ 601.11a 475.00b-d 56.33ab 546.48A\ 21.07ab 27.57a 23.81a-c 32.93A\ 
S2** 35.67cd 36.00cd 26.00d 32.56B\ 508.89a-d 531.67a-c 423.89cd 488.15B\ 18.02ab 19.11bc 11.05b 16.06B\ 
S3*** 39.33b-d 57.00ab 54.67ab 50.33A\ 456.78b-d 474.44b-d 400.56d 443.93B\ 17.97ab 26.99a 22.01a 22.32AB\ 
Mean 36.67B 50.33A 40.56B  522.26A 493.70AB 462.59B  19.02B 24.56A 18.73B  

In each season, means of forms and levels or their interactions having the same letter (s) are not significantly differed at 5% level. 
*S1 = 100% chemical,        **S2= 100% organic,   ***S3=50% chemical + 50% organic 

 
Table 4: Effect of three forms and three levels of nitrogen fertilizers on aril weight, peel weight and aril/peel ratio for Wonderful pomegranate in 2016 and 

2017 seasons. 
 N (Kg actual N /feddan/year) 

Level 
 

Form 

40   60  80  Mean 40  60  80  Mean 40  60  80  Mean 

Aril weight (g) Peel weight (g) Aril/peel ratio 
2016 season 

S1* 175.56b 199.44ab 194.44ab 189.81A\ 214.44ab 232.50ab 183.89ab 210.28A\ 0.82b 0.86b 1.06ab 0.91B\ 
S2** 203.89ab 226.67a 163.33b 197.96A\ 175.00ab 230.56ab 159.34b 188.30A\ 1.17a 1.00ab 1.06ab 1.08A\ 
S3*** 175.22b 162.22b 202.78ab 180.07A\ 197.33ab 160.56b 241.11a 199.67A\ 0.89b 1.03ab 0.85b 0.92AB\ 
Mean 184.89A 196.11A 186.85A  195.59A 207.87A 194.78A  0.96A 0.96A 0.99A  

                      2017 season 
S1* 283.89a 226.66a-c 248.89ab 253.15A\ 236.67a-c 226.11a-c 267.78a 243.52A\ 1.20a 1.01ab 0.93b 1.05A\ 
S2** 210.56bc 249.44ab 176.67c 212.22B\ 255.56ab 248.89a-c 208.89cd 237.78A\ 0.82b 1.00ab 0.85b 0.89B\ 
S3*** 196.11bc 200.56bc 197.78bc 198.15B\ 226.67a-c 216.11a-c 167.22d 203.33B\ 0.86b 0.93b 1.19a 0.99AB\ 
Mean 230.19A 225.55A 207.78A  239.63A\ 230.37AB\ 214.63B\  19.02B 26.55A 18.73B  

In each season, means of forms and levels or their interactions having the same letter (s) are not significantly differed at 5% level. 
*S1 = 100% chemical,        **S2= 100% organic,   ***S3=50% chemical + 50% organic 

 



Middle East J. Agric. Res., 7(4): 1856-1866, 2018 
ISSN: 2077-4605 

1860 

Concerning the effect of treatment in fruit peel weight, in the first season, the three nitrogen 
level seemed to have no significant effect, also it was true for nitrogen forms. In the second season, 
the two form of nitrogen gave the significant lower fruit peel value in the second seasons. Regarding 
levels, the lowest values were obtained by 80 Kg actual N/feddan/year through the second season. 
Generally, the organic form with 80 Kg actual N/feddan/year gave the significant lowest values in the 
two seasons. 

With regard to aril/peel ratio, S3 treatment gave the significant highest values in the two seasons. 
While, the significant highest values were obtained by 60 Kg actual N/feddan/year in the two seasons. 
From the interaction, it was clear that chemical form with 60 and 40 level, the organic form with 60 
Kg actual N/feddan/year and S3 with 80 Kg actual N/feddan/year gave the significant lowest values 
in the second season. 

From results in Table (5), organic form gave the significant lowest values of peel thickness in the 
second season. While, 80 Kg actual N/feddan/year of nitrogen gave the significant lowest values in 
the first season. Regarding the interaction data showed that, organic fertilizer with 80 Kg actual 
N/feddan/year gave the significant highest values in the second season. 

Respecting juice volume, results showed that the chemical form gave the significant highest 
values in the two seasons. While, the significant highest values were obtained by 60 and 40 Kg actual 
N/feddan/year in the second season. While, the interaction results showed that the chemical and 
organic fertilizer with 60 and 40 Kg actual N/feddan/year gave the significant highest values in the 
two seasons.  
 
Fruit chemical properties 
 

Data in Table 6 and 7 show the effect of three forms and three levels of nitrogen fertilizers on 
TSS%, acidity, TSS/acid ratio, vitamin C and anthocyanin in2016 and 2017 seasons. Results showed 
that values of such parameters except TSS% were affected significantly by the levels and forms of 
nitrogen fertilizers and their interaction. 

Concerning acidity, results proved that the organic fertilizer gave the significant lowest value in 
the second season. Regarding the levels, the significant lowest values were obtained by 80 Kg actual 
N/feddan/year in the first season. Regarding the interaction, the organic form with 40 Kg actual 
N/feddan/year obtained the significant lowest values of acidity in the two seasons. 

In respect to TSS/acid ratio, forms of nitrogen fertilizers were not significant on TSS/acid ratio 
in the two seasons. Regarding the levels, the significant lowest value was obtained by 60 Kg actual 
N/feddan/year in the first season. Regarding the interaction, the chemical form with 40 Kg actual 
N/feddan/year and S3 with 60 Kg actual N/feddan/year gave the significant highest values in the two 
seasons. 

With regard to vitamin C, the significant highest values were obtained by chemical form in the 
two seasons. On the other hand, fertilizers by 80 Kg actual N/feddan/year gave the significant highest 
values in the two seasons. Regarding the interaction, organic form with 60 Kg actual N/feddan/year 
and S3 with 40 Kg actual N/feddan/year gave the significant lowest values in the two seasons. 

Respecting anthocyanin, results showed that S3 gave the significant lowest values in the two 
seasons. While, 80 Kg actual N/feddan/year gave the significant lowest values in the two seasons. 
Concerning the interaction, the chemical form with 60 Kg actual N/feddan/year gave the significant 
highest values in the two seasons. 

From the foregoing results, it is noticed that the chemical form provided the significant highest 
values of most physical and chemical properties of fruit (e.g. aril weight, peel thickness, TSS, acidity, 
TSS/acid ratio, vitamin C and anthocyanin) followed by organic form compared to S3. On the other 
hand, 60 Kg actual N/feddan/year followed by 40 Kg actual N/feddan/year produced the significant 
highest values of most physical and chemical properties of fruit (e.g.  aril weight, peel thickness, 
TSS, acidity, TSS/acid ratio, and anthocyanin). Regarding the interaction between forms and the 
levels, it is observed that, the highest values for most physical and chemical properties of fruit were 
obtained by chemical form with 60 Kg actual N/feddan/year and organic with 80 and 60 Kg actual 
N/feddan/year. 
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Table 5: Effect of three forms and three levels of nitrogen fertilizers on peel thickness and juice volume per one fruit for Wonderful pomegranate in 2016 and 
2017 seasons. 

N (Kg actual N /feddan/year) 

Level 
 

Form 

40  60  80  Mean 40 60  80  Mean 
Peel thickness (mm) Juice volume (ml3) 

2016 season 
S1* 6.59bc 8.87bc 10.77a 8.74A\ 116.00a-d 116.67a-d 117.78a-d 116.81A\ 
S2** 8.17c 9.45a-c 10.67a 8.76A\ 97.78cd 136.11a 122.22a-c 118.70A\ 
S3*** 9.82ab 8.52a-c 7.25bc 8.53A\ 128.89ab 108.89b-d 94.44d 110.74A\ 
Mean 7.53B 8.95A 9.56A  114.22A 120.56A 111.48A  

                                2017 season 
S1* 5.97a-c 5.66a-d 6.19ab 5.94A\ 133.33b 143.33ab 178.33a 151.67A\ 
S2** 4.38d 4.65b-d 4.53cd 4.52B\ 112.22b 146.67ab 136.67ab 131.85B\ 
S3*** 6.48a 5.60a-d 5.12a-d 5.74A\ 110.00b 121.11b 121.11b 117.41B\ 
Mean 5.61A 5.30A 5.28A  118.52B 137.04A 145.37A  

In each season, means of forms and levels or their interactions having the same letter (s) are not significantly differed at 5% level. 
*S1 = 100% chemical,        **S2= 100% organic,   ***S3=50% chemical + 50% organic   

 
Table 6: Effect of three forms and three levels of nitrogen fertilizers on TSS, citric acid content and TSS/acid ratio for Wonderful pomegranate in 2016 and 

2017 seasons. 
N (Kg actual N /feddan/year) 

Level 
 

Form 

40   60  80  Mean 40  60  80  Mean 40  60  80  Mean 
T.S.S Citric acid (mg/100 ml juice) T.S.S/acid ratio 

2016 season 
S1* 14.47a-c 15.00a-c 15.33a-c 14.93A\ 1.06ab 0.86c 0.90c 0.94A\ 15.03cd 17.93a 15.52bc 16.16A\ 
S2** 15.83a 15.47ab 14.00bc 15.10A\ 0.92c 0.94bc 0.89c 0.91A\ 15.78a-c 15.98a-c 17.24ab 16.35A\ 
S3*** 14.53a-c 13.73c 15.53ab 14.60A\ 0.83c 1.07a 0.90c 0.93A\ 17.48ab 12.92d 17.221a-c 15.87A\ 
Mean 14.94A 14.73A 14.96A  0.93AB 0.96A 0.90B  16.10A-B 15.61B 16.67A  

                          2017 season 
S1* 16.33a 15.67a 16.33a 16.11A\ 1.11a 0.88bc 0.92bc 0.79A\ 14.80c 18.31ab 17.14a-c 16.75A\ 
S2** 16.33a 16.17a 15.67a 16.06A\ 0.84c 0.92bc 0.94bc 0.90B\ 19.44a 17.18a-c 17.43a-c 18.01A\ 
S3*** 15.67a 15.83a 16.33a 15.94A\ 0.88bc 1.03ab 0.90bc 0.94AB\ 17.78a-c 15.34bc 18.17ab 17.10A\ 
Mean 16.11A 15.89A 16.11A  0.95A 0.94A 0.92A  17.34A 16.94A 17.58A  

In each season, means of forms and levels or their interactions having the same letter (s) are not significantly differed at 5% level. 
*S1 = 100% chemical,        **S2= 100% organic,   ***S3=50% chemical + 50% organic 
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In this respect, Fouad et al. (2003) on mango trees and Kashyap et al. (2012) on pomegranate 
trees found that fruit quality was the highest when the trees were treated with nitrogen in optimum 
dose, whereas higher dose resulted in lower TSS and acidity of the fruits. 
 

Leaf mineral content  
 
Effect on leaf macronutrients content 
 

Results in Table 8 show the effect of three levels and three forms of nitrogen fertilizers on N, P 
and K content in leaves of Wonderful pomegranate trees in 2016 and 2017 seasons. In the two 
seasons N, P and K were significantly affected by the levels and forms of nitrogen fertilizers and their 
interaction. 

Chemical form gave significant the highest values of nitrogen content than other forms of 
nitrogen in both seasons. With respect to the levels of nitrogen, it was observed that, 40 Kg actual 
N/feddan/year gave the significant lowest values in the two seasons. Regarding the interaction, 
organic fertilizer with 40 Kg actual N/feddan/year obtained the least significant values in the two 
seasons. On the other hand, the significant highest values were obtained by chemical form with 80 Kg 
actual N/feddan/year in both seasons. 

Concerning phosphorus and potassium content, they have the same trend. The organic form gave 
the highest significant values of phosphorus and potassium content. On the other hand, 40 Kg actual 
N/feddan/year gave the lowest values as compared with 80 and 60 Kg actual N/feddan/year. 
Regarding the interaction, the organic form with 80 Kg actual N/feddan/year obtained the significant 
highest values in both seasons. 

 
Effect on leaf micronutrients content 
 

Results in Table 9 show the effect of three levels and three forms of nitrogen fertilizers on Fe, Zn 
and Mn content in the leaves of Wonderful pomegranate trees in 2016 and 2017 seasons. Results 
showed that levels and forms of nitrogen fertilizers and their interaction significantly affected values 
of micronutrients (Fe, Zn and Mn). 

Regarding iron content, the results showed that, the organic fertilizer obtained the significant 
highest values in both the two seasons. On the other hand, 80 Kg actual N/feddan/year gave the 
significant highest values in the two seasons. Regarding the interaction, it could be observed that, 
organic fertilizer with 80 Kg actual N/feddan/year obtained the highest values in 1st and 2nd seasons.  

Organic fertilizer obtained the highest values of zinc content in the two seasons. 
Meanwhile, 80 Kg actual N/feddan/year gave the significant highest values in the two 
seasons. Regarding the interaction, it could be concluded that, organic form with 80 and 60 
Kg actual N/feddan/year gave the significant highest values in the two seasons.  

Regarding manganese content, the data showed that, the organic form produced the significant 
highest values of Mn content in the two seasons. In addition, 80 Kg actual N/feddan/year gave the 
significant highest values in the two seasons. Regarding the interaction, it could be observed that, the 
organic form with 80 level obtained the highest values in 1st and 2nd seasons. 

From the above results, it could be deducing that, chemical N gave significant the highest values 
of N content. Meanwhile, organic N gave the highest values of P, K, Fe, Zn and Mn. On the other 
hand, 80 Kg actual N/feddan/year gave the highest values of N, Fe, Zn and Mn content. Regarding 
the interaction between types and units, generally the highest values of N were obtained by chemical 
N with 80 Kg actual N/feddan/year while the highest values of Fe, Zn and Mn were obtained by the 
organic N with 80 Kg actual N/feddan/year. 

The obtained results are in agreement with those reported by Milošević and Milošević (2015) on 
‘Idared’ and ‘Melrose’ apples who reported that, the significant impact of cultivar and fertilizer 
treatment on leaf P, K and Mg was found. Also, Khaosumain et al. (2013) on Longan trees reported 
that, the increase of N fertilizer level lead up to increase leaf N content, but decrease leaf content of P 
and Ca. Also, elucidate that, the different levels of N applied did not affect the leaf content of K and 
Mg. 
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Table 7: Effect of three forms and three levels of nitrogen fertilizers on vitamin C and anthocyanin for Wonderful pomegranate juice in 2016 and 2017 seasons. 
N (Kg actual N /feddan/year) 

Level 
 

Form 

40   60  80  Mean 40  60  80  Mean 
Vit. C (mg/100ml) Anthocyanin(mg/100ml) 

2016 season 
S1* 47.13a 38.77c 43.17b 43.02A\ 41.67b 45.33a 33.67c 40.22A\ 
S2** 36.83cd 34.93de 36.73cd 36.17C\ 38.67b 39.33b 41.00b 39.67A\ 
S3*** 32.33e 47.57a 43.00b 40.97B\ 31.67c 41.00b 31.67c 34.78B\ 
Mean 38.77B 40.42A 40.97A  37.33B 41.89A 35.44C  

                                                  2017 season 
S1* 42.33ab 40.50a-c 45.13a 42.66A\ 45.33b 48.33a 37.33d 43.67A\ 
S2** 35.00de 29.33f 35.83c-e 33.39C\ 43.00bc 41.00c 44.00b 42.67A\ 
S3*** 31.00ef 40.83ab 37.90b-d 36.58B\ 33.00e 45.00b 35.00de 37.67B\ 
Mean 36.11B 36.89B 39.62A  40.44B 44.78A 38.78C  

In each season, means of forms and levels or their interactions having the same letter (s) are not significantly differed at 5% level. 
*S1 = 100% chemical,        **S2= 100% organic,   ***S3=50% chemical + 50% organic 

 
Table 8: Effect of three forms and three levels of nitrogen fertilizers on N, P and K content in leaves of Wonderful pomegranates trees in 2016 and 2017 

seasons. 
N (Kg actual N /feddan/year) 

Level 
 
Form 

40   60  80  Mean 40  60  80  Mean 40  60  80  Mean 
N% P% K% 

2016 season 
S1* 2.16cd 2.55ab 2.81a 2.50A\ 0.124f 0.127ef 0.126ef 0.126C\ 1.05cd 1.03d 1.02d 1.03C\ 
S2** 1.76e 1.85de 2.01de 1.87B\ 0.145cd 0.160ab 0.167a 0.157A\ 1.24b 1.27ab 1.30a 1.27A\ 
S3*** 1.988de 1.93de 2.36bc 2.09C\ 0.137de 0.143cd 0.149bc 0.143B\ 1.03d 1.08c 1.24b 1.12B\ 
Mean 1.96C 2.11B 2.39A  0.135B 0.143A 0.147A  1.11C 1.13B 1.19A  

                        2017 season 
S1* 2.07d 2.42b 2.68a 2.39A\ 0.132d 0.127d 0.128d 0.129C\ 1.03e 1.04e 1.04e 1.04C\ 
S2** 1.85e 1.97de 2.01de 1.94C\ 0.145c 0.156b 0.165a 0.155A\ 1.24c 1.28b 1.31a 1.27A\ 
S3*** 2.13cd 2.28bc 2.42b 2.28B\ 0.134d 0.148c 0.148c 0.144B\ 1.03e 1.08d 1.23c 1.11B\ 
Mean 2.02C 1.22B 2.37A  0.137C 0.144B 0.147A  1.10C 1.13B 1.19A  

In each season, means of forms and levels or their interactions having the same letter (s) are not significantly differed at 5% level. 
*S1 = 100% chemical,        **S2= 100% organic,   ***S3=50% chemical + 50% organic 
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Table 9: Effect of three forms and three levels of nitrogen fertilizers on Fe, Zn and Mn content in leaves of Wonderful pomegranates trees in 2016 and 2017 

seasons. 
N (Kg actual N /feddan/year) 

Form 
Level 

40 60 80 Mean 40 60  80 Mean 40 60  80  Mean 

Fe ppm Zn ppm Mn ppm 

2016 season 

S1* 77.33de 77.80c-e 75.67f 70.64B\ 12.00cd 11.53d 11.00d 11.51C\ 20.67c 22.33bc 22.67bc 21.89B\ 

S2** 91.33b-d 101.67b 158.73a 117.24A\ 12.67cd 15.67ab 17.00a 15.11A\ 22.33bc 26.67b 33.00a 27.33A\ 

S3*** 55.33f 63.27ef 93.33bc 76.93B\ 12.33cd 13.00cd 14.00bc 13.11B\ 20.33c 21.67bc 25.33bc 22.44B\ 

Mean 74.67B 80.91B 109.27A  12.33B 13.40A 14.00A  21.11C 23.56B 27.00A  

                       2017 season 

S1* 75.67e 75.67e 75.33e 75.56C\ 8.67d 9.50cd 9.27d 9.15C\ 22.33cd 22.33cd 22.33cd 22.33B\ 

S2** 115.80c 163.17b 180.67a 153.21A\ 14.73a 14.73a 16.00a 15.16A\ 24.00c 28.33b 35.67a 29.33A\ 

S3*** 85.67de 97.67d 114.67c 99.33B\ 9.67cd 11.53bc 12.13b 11.11B\ 21.00d 23.33cd 25.67bc 23.33B\ 

Mean 92.38C 112.17B 123.56A  11.02B 11.92AB 12.47A  22.44C 24.67B 27.89A  

In each season, means of forms and levels or their interactions having the same letter (s) are not significantly differed at 5% level. 
*S1 = 100% chemical,        **S2= 100% organic,   ***S3=50% chemical + 50% organic 
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Conclusion 
 

From the aforementioned results, it could be concluded that, the chemical fertilizers surpassed 
the organic one in tree productivity and fruit quality. Regarding levels, 60 Kg actual N/feddan/year 
showed the highest significant increase in tree yield as either Kg or number fruits/tree and most 
physical and chemical properties of fruit (i.e. aril weight, peel thickness, TSS, acidity, TSS/acid ratio, 
and anthocyanin). So, it could be recommended to use nitrogen fertilizer as 100% chemical 60 Kg 
actual N/feddan/year to output highest yield with high fruit quality for Wonderful pomegranate CV. 
trees under experience conditions. 
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