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Abstract: Pomegranate fruit has been associated with a high level of nutrients and many health benefits. This study 
evaluated the yield and pomological characteristics of three pomegranate cultivars: Wonderful, Acco and Herskovitz grown 
in Cyprus conditions. Researches performed by collecting data from 17 pomegranate orchards between 2011 (4 years old) and 
2012 (5 years old). Yield (kg/tree) was determined according to total harvest. Ten samples were randomly selected from each 
orchard and each cultivar to determine average fruit weight, number of arils per fruit, fruit width and height, aril per cent, 
juice per cent and total soluble solids. Results indicated that the Wonderful cultivar had the highest fruit weight and second 
highest yield (481.12 g/fruit and 14.17 kg/tree). The second highest fruit weight was obtained from Herskovitz which had the 
highest yield (431.04 g/fruit and 15.44 kg/tree). The lowest fruit weight and yield obtained from Acco (350.31 g/fruit and 
11.43 kg/tree). Acco had highest juice content followed by Wonderful and Herskovitz (40.22% > 35.60% > 29.42%). 
Wonderful had the highest juice content (5.05 l/tree). Juice content per tree for Acco and Herskovitz were determined 4.58 l 
and 4.53 l, respectively. 
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1. Introduction 

Pomegranate was one of the first five crops together with 
figs, dates, olives and grapes which are old known 
cultivated plants. Domestication of pomegranate started 
3000 – 4000 BC in the North of Iran and Turkey [1]. 
Pomegranate (Punica granatum L.) belongs to the 
Punicaceae family with two species namely: Punica 

granatum L. and P. protopunica Balf. P. protopunica is 
reported to be endemic to the Socotra Island and is the only 
congeneric relative of P. granatum [2, 3]. Pomegranates are 
native to central Asia [4, 5] and are adaptable to a wide 
range of climate and soil conditions. Thus, it is grown in 
many different geographical regions including the 
Mediterranean basin, Asia and California.  

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 [6] 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 and E and a 
good source of potassium, calcium, magnesium, iron and 
zinc. Many studies conducted about pomegranates [7, 8, 9, 
10, 11] and revealed the benefits of pomegranate for human 
health. The findings of these studies increased the public 
awareness about pomegranate and thus consumption of 
pomegranate fruit increased. Total pomegranate import for 
the European Union countries was 171,993 tons in 2002 and 
it reached 269,093 tons in 2012. This means 56.5% increase 
in 10 years [12]. 

In Cyprus, it is known that pomegranate was grown for 
fresh consumption and exportation during early 1900 [13]. 
However, from 1960 to 2007, number of pomegranate trees 
was decreased and only remained around other fruit 
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orchards as wind barriers. Since there is a huge increase in 
the demand for the pomegranates, new plantations started 
to be constituted since 2007 with the “alternative crops” 
projects of USAID in Cyprus. The project funded by 
USAID and implemented by the Economic Development 
and Growth for Enterprises (EDGE) Project. Seventeen 
voluntary farmers attended to this project and established 
totally around 22 ha of pomegranate orchards.  

Determination of the pomological characteristics of fruits 
is an important aspect for producers, packers, juice 
producers, marketers and consumers. It is also important 
for the engineers to design equipment and processes for 
harvesting, handling, sorting, sizing, packing, storing and 
processing. Several researches [14-20] reported a great 
variation in pomological characteristics among the 
pomegranate cultivars. Moreover, no information is 
available for the pomegranate cultivars grown in Cyprus. 
Therefore, this study aimed to assess and compare some 
pomological and yield characteristics of the three cultivars 
of pomegranates: Wonderful, Acco and Herskovitz.   

2. Materials and Methods  

2.1. Materials  

This study performed by collecting data from 17 
pomegranate orchards between 2011 (4 years old) and 2012 
(5 years old). Each orchard covers 1.3 ha with 80% 
coverage of Wonderful cultivar, 10% with Acco and 10% 
with Herskovitz. Wonderful cultivar (originated in Florida 
and first propagated in California) has sweet-tart taste, deep 
purple-red fruits with soft seeds and delicious vinous 
flavour. Herskovitz (Israel cultivar: 116) has sour taste 
fruits with red skin and hard seeds whereas Acco (Israel 

cultivar: 128) has very sweet, good quality fruits with pinky 
skin and notably softer seeds.  

All fields are suitable for growing pomegranates with 
clay loam soil and moderate water salinity (Table 1.).  

Table 1. Soil and water characteristics of the studied orchards. 

Orchard 
Code 

Soil Characteristics Water 
salinity 
(ppm) 

pH Lime% Salinity % 
Org. 

Matter % 
O-1 7.3 6 0.19 3 1420 
O-2 7.5 42 0.09 1.85 3230 
O-3 7.4 6 0.11 1.9 705 
O-4 7.5 17 0.09 0.7 1600 
O-5 7.5 20 0.05 1.3 1600 
O-6 7.5 15 0.12 2.3 950 
O-7 7.4 29 0.07 1.33 3700 
O-8 7.5 9 0.09 2.2 1250 
O-9 7.4 13 0.12 1.2 950 
O-10 7.6 2 0.13 1.9 1050 
O-11 7.4 3 0.09 1.7 1360 
O-12 7.5 12 0.11 1.7 1410 
O-13 7.4 10 0.08 1.3 1380 
O-14 7.9 10 0.12 1.7 1500 
O-15 7.4 10 0.13 1.7 1250 
O-16 7.5 1 0.09 1.7 800 
O-17 7.6 2 0.1 2.5 1800 

All orchards were established by 5 x 3 m distance and 
pruned as globe shape with one trunk. Minimum 
temperature was 5.4 C (in February) and Maximum 
temperature was 33.7 C (in August). Average minimum and 
maximum temperatures were 11.6 C and 24.7 C 
respectively whereas total precipitation was 315 mm in 
2012. Irrigation is performed by drip irrigation according to 
the basic needs and rainfall (Table 2.).  

Table 2. Pure nitrogen (N), phosphorus (P), potassium (K) and water requirements of pomegranate trees. 

Months 

Pure nutrient (gr) / tree / month Water (l) / tree / day 

4 years old 5 years old 4 years 
old 

5 years 
old N P K N P K 

January 0,0 0,0 0,0 0,0 0,0 0,0 0 0 

February 0,0 0,0 0,0 0,0 0,0 0,0 0 0 

March 12,5 30,0 0,0 15,0 45,0 0,0 11 13 

April 62,5 36,0 0,0 75,0 54,0 0,0 19 21 

May 62,5 42,0 20,0 75,0 63,0 25,0 22 27 

June 50,0 12,0 40,0 60,0 18,0 50,0 28 40 

July 37,5 0,0 50,0 45,0 0,0 62,5 32 50 

August 25,0 0,0 50,0 30,0 0,0 62,5 32 45 

September 0,0 0,0 40,0 0,0 0,0 50,0 28 40 

October 0,0 0,0 0,0 0,0 0,0 0,0 24 30 

November 0,0 0,0 0,0 0,0 0,0 0,0 0 0 

December 0,0 0,0 0,0 0,0 0,0 0,0 0 0 

Yearly / tree 250 120 200 300 180 250 5880 7980 

 
Cultivation and management practices of the 17 orchards 

are same. Studied orchards generally face with Alternaria 

sp., Aphids (Aphis punica and Aphis pomi), Deudorix livia, 

Zeuzera pyrina, Planocochus citri and Ceratitis capitata. 
Management program for these pests and diseases is given 
in Table 3. 
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Table 3. Management program of the pomegranate pests and diseases. 

Months Pests and diseases Management 

December – 
February  

Alternaria sp. 
Copper sulphate 
application is used 

March – May  
Aphids (Aphis punica 
and Aphis pomi) 

Acetamiprid or 
Primicarb is used  

March – May  Deudorix livia  
Indoxacarb or Spinosad 
is used 

May – August  Zeuzera pyrina 
Chlorpyrifos Ethyl is 
used 

June – 
September  

Planocochus citri 
Spirotetramat application 
and fruit thinning is 
performed  

August – 
November  

Ceratitis capitata 
Attract-and-kill traps and 
Cypermethrine are used 

2.2. Methods  

Seventeen orchards with three pomegranate cultivars: 
Wonderful, Acco and Herskovitz were used for this study. 
Orchards were checked monthly and data collected from 
February 2011 to November 2012. Pomological and yield 
data of the selected seventeen orchards were collected 
regularly and evaluated. The data includes; fruit weight, 
yield (kg/tree), number of arils per fruit, fruit width and 
height, percentage of fruit bark, aril yield, fruit juice yield 
and total soluble solids (TSS). Harvested pomegranates 
were packed and stored at the packing house of Alnar 
Pomegranates Ltd. Total yield of each orchard divided to 
the number of trees to determine the yield (kg/tree). Thus, 
10 fruits were selected randomly from each orchard, for 
each cultivar and physical properties were determined. 
Fruit weight was measured by using digital scale (sensitive 
to ±0.01 g). Number of arils per fruit was determined by 
extracting the arils carefully by hand. Fruit width and 
height were measured by a digital caliper with ±0.01 mm 
accuracy. Percentage of aril was determined by using 
digital scale (±0.01 g). Percentage of juice was calculated 
with simple formula as percentage after squeezing the arils 
and TSS in the juice were determined with a hand 
refractometer (oBrix). Data from the two year experiments 
were subjected to ANOVA to determine any statistical 
differences among species. Mean separations were done by 
using the Duncan’s multiple range test at P < 0.01.  

3. Results 

Fruit characteristics and yield of three pomegranate 
cultivars are given in Table 4. The yield were recorded among 
cultivars (P <0.01) with no significant differences. According 
to the results, it is clear that the highest fruit weight is obtained 
in the Wonderful (461.72 g) followed by Herskovitz (412.15 g) 
and Acco cultivars (336.23 g) in 2011 of 4 years old trees. The 
average fruit mass of pomegranate cultivars ranged from 
350.31 g to 481.12 g for 5 years old trees. Results for the fruit 
width and height are in accordance with the results for fruit 
weight. When comparing the cultivars, the highest width and 
height were determined in the order of Wonderful > 
Herskovitz > Acco in both years. In 2012, when the trees are 5 
years old, average fruit width and height were 107.12 mm and 
93.90 mm for Wonderful, 97.03 mm and 83.81 mm for 
Herskovitz and 81.60 mm and 68.38 mm for Acco. No 
statistical significance was reported when comparing the 
yields of three cultivars. However, on the other hand, it is 
clear from the two years results that Herskovitz is having 
higher yield than the Wonderful and Acco. 

Pomological characteristics of three pomegranate cultivars 
are presented in Table 5. Statistically significant differences 
were determined among cultivars (P <0.01). The average 
number of arils per fruit for cultivars varied from 539.41 to 
759.23 in 2011 and from 560.09 to 790.95 in 2012. These 
results are in accordance with the fruit weight, width, height 
and yield results where all characteristics are increased in 2012. 
Significant differences were obtained in fruit aril per cent and 
fruit juice per cent for the three cultivars. For the other 
characteristics, like fruit weight and number of arils, are 
recorded high for the Wonderful cultivar whereas the 
percentage of aril and juice are recorded high for Acco cultivar. 
The aril and juice per cent of three cultivars were slightly 
higher in 2012 than 2011 without significant differences. The 
aril per cent of Acco, Wonderful and Herskovitz is 68.32%, 
60.55% and 58.36%, respectively, in 2012. Results for the juice 
per cent of three cultivars are in accordance with the results for 
aril per cents. The highest juice content is recorded for Acco 
(40.22%) and followed by Wonderful (35.57%) and Herskovitz 
(29.42%). Total soluble solid contents of the studied cultivars 
ranges from 16.00 to 21.45. 

Table 4. Fruit characteristics and yield of pomegranate cultivars: Wonderful, Acco and Herskovitz 

Ages and Cultivars Average Fruit weight (g) 
Average Fruit width 

(mm) 
Average Fruit height 

(mm) 
Average Yield (kg/tree) 

4 years old 

Wonderful 461.72 a 104.91 a 90.92 a 8.21±7.05 a 

Acco 336.23 c 80.04 c 66.82 c 8.35±6.73 a 

Herskovitz 412.15 b 95.59 b 82.37 b 13.71±8.63 a 

5 years old 

Wonderful 481.12 a 107.12 a 93.90 a 14.17±8.13 a 

Acco 350.31 c 81.60 c 68.38 c 11.43±7.64 a 

Herskovitz 431.04 b 97.03 b 83.81 b 15.44±10.13 a 

Significance level 0.01 0.01 0.01 NS 
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Table 5. Some pomological characteristics of pomegranate cultivars: Wonderful, Acco and Herskovitz 

Ages and Cultivars Average number of arils per fruit Percentage of aril Percentage of juice TSS (oBrix) 

4 years old 

Wonderful 759.23 a 60.47 b 35.57 b 21.42 a 

Acco 539.41 c 68.09 a 40.08 a 17.22 b 

Herskovitz 666.17 b 58.30 c 29.39 c 15.81 c 

5 years old 

Wonderful 790.95 a 60.55 b 35.60 b 21.45 a 

Acco 560.09 c 68.32 a 40.22 a 17.29 b 

Herskovitz 694.62 b 58.36 c 29.42 c 16.00 c 

Significance level 0.01 0.01 0.01 0.01 

 

4. Discussions 

The fruit weight of five year old trees showed considerable 
variation with the fruit weight of 481.12 g for Wonderful, 
431.04 g for Herskovitz and 350.31 g for Acco during 2012 
due to early ripening of Acco and Herskovitz cultivars. 
Pantelidis, et al. [21] reported that the mean fruit weight of 
Wonderful and Acco cultivars are 474.2 g and 273.6 g, 
respectively, in Greece but the fruit weight of Acco in present 
study is significantly higher.  On the other hand, Bartual, et 
al., [22] reported that the average fruit of Wonderful cultivar is 
324.86 g in Spain, which is significantly lower than the results 
of present study. A wide variation among the fruit mass of 
different pomegranate cultivars ranging from 103 g to 505 g 
were reported [14-16, 18-20].  

Fruit width and height results are in accordance with the 
results for fruit weight. Moreover, recent studies reported 
that fruit width is ranging from 60.6 to 106.99 mm and fruit 
height of 52.9 to 95.52 mm [16-18]. Similarly with fruit 
mass, fruit width and height of pomegranate cultivars under 
study are in accordance with the findings of previous works 
but the fruit weight of Wonderful (2012) is higher than the 
other pomegranate cultivars studied in other researches: 
Eksinar, Hicaznar, Ciparski, Konjski and Pastun. The Acco 
and Herskovitz are early cultivars with smaller dimensions 
and less ripening period than Wonderful. The yield of three 
cultivars of 4 and 5 years old is found to be superior over the 
fruit yield of Malas e Torsh e Saveh (Iran cultivars; 8.10 
kg/tree) [19]. It is observed that some orchards have 
recorded significant difference in fruit yield as reported here: 
31.6 kg/tree for  Wonderful, 31.4 kg/tree for  Acco and 
39.8 kg/tree for Herskovitz.  

The number of arils per fruit indicated that there is a 
significant difference among the cultivars. The number of 
arils per fruit for Wonderful is 790.9, 694.6 for Herskovitz  
and 560.9 for Acco. Results indicated that both three 
cultivars under study have superior aril content to that of the 
Eksinar which is having mean of 502 and maximum of 618 
arils per fruit [16]. The aril per cent of Acco, Wonderful and 
Herskovitz are 68.3%, 60.6% and 58.3%, respectively. The 
significant edible percent for Wonderful and Acco were 
reported in Greece [21] for the same cultivars as 53.0% and 
53.6%, respectively. Some previous studies reported a wide 
variation among the aril per cent for different pomegranate 

cultivars ranging from 46.30 to 68.31 [15, 16, 20].  
The Acco cultivar have 40.22 per cent of juice content 

whereas 35.57 per cent for Wonderful and 29.42 per cent for 
Herskovitz. Similar kind of observations was reported with 
34 to 35 per cent juice content in Wonderful cultivar [21, 22]. 
The juice content of Acco cultivar (two years of 
experimental results) is higher to that of the same cultivar 
grown in Greece (37.9%) [21]. Akbarpour, et al., [15] 
reported that the juice content of 12 cultivars in Iran varies 
from 20.18% to 59.83% but of Spanish varieties with juice 
content of 50.26% to 64.17% [23]. Total soluble solid 
contents of the cultivars vary from 16.00 to 21.45. These 
findings are in accordance with the results of other works 
[15, 19, 20]. Among the studied cultivars, Wonderful has the 
TSS content of 21.45 followed by Acco (17.29) and 
Herskovitz (16.00). This observation is in agreement with 
the reports of research workers in Greece and Spain [21, 22] 

5. Conclusions  

Results of present study showed considerable variation in 
the pomological characteristics of widely grown 
pomegranate cultivars under Cyprus conditions. Wonderful 
cultivar is the best for fruit size production. But no statistical 
difference was determined among cultivars in spite of good 
performance of Herskovitz (15.4 kg/tree, Table 6).  

Table 6. Summary results for the two years average of yield and fruit Juice 

for Wonderful, Acco and Herskovitz. 

Cultivars 
Average yield 

(kg/tree) 
Fruit Juice (% of 

a fruit) 
Fruit Juice (l 

/ tree) 

Wonderful 14.2 35.59 5.05 

Acco 11.4 40.15 4.58 

Herskovitz 15.4 29.40 4.52 

Because of the sour taste, the Herskovitz is not having 
good marketing potential and thus the Wonderful cultivar, 
with its sweet-tart taste and high yield, seems to be the best 
cultivar for fresh consumption. The Acco cultivar’s 
performance is poor with low pomological characteristics 
such as fruit weight, yield, width, height and number of 
arils but have good aril and juice per cents: 68.32% and 
40.15%. Considering the yield (kg/tree) and juice content 
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(%) together, again the Wonderful cultivar is good with 
juice content of 5.05l per tree. 
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