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FIELD study was conducted during two successive seasons 

of 2010 and 2011 in a private orchard at Sohag 

Governorate, Egypt. The performance of two pomegranate cultivars 

(Manfalouty and Nab El-Gamal) under two levels of plant spacing 

(2.5x2.5m) and (4x4m) at the newly reclaimed sandy soil was studied. 

Results revealed that, (2.5x2.5m) plant spacing recorded the highest 

significant values of tree height, yield/feedan, peel thickness and 

percentage of marketable fruits. In addition, it reduced percentage of 

disordered fruits (sun burned and cracked), while it affected 

negatively on (trunk girth, canopy volume, perfect flowers/tree, initial 

fruit set/tree, number of fruits/tree, yield/tree, fruit weight, total sugars 

and total soluble solids) which gave the highest values with (4x4m) 

treatment. Moreover, Manfalouty cultivar recorded the highest 

significant values in most characteristics compared to Nab El-Gamal.  

 

It could be recommended that, under the same conditions of the 

present study, Manfalouty cultivar trees could be planted under the 

level of plant spacing  (2.5 x 2.5 m).  

 

Keywords: Pomegranate, Planting density,  Plant spacing , Productivity, 

Fruit disorders, Manfalouty,  Nab El-Gamal. 

 
Pomegranate (Punica granatum) is a naturally dense, deciduous, bushy, multi-

stemmed shrub or small tree. It belongs to punicace family and is one of the 

oldest known edible fruits. Recent consumption of pomegranates has rapidly 

increased attributable in part to its reported health benefits that include efficacy 

against a wide range of diseases, including coronary heart disease, atherosclerosis, 

prostate cancer, hypertension, and infectious diseases (Seeram et al., 2006, Lansky & 

Newman, 2007, Basu & Penugonda, 2008 and Holland et al., 2009). It is well 

known that pomegranate grows in semi-arid climate, and is extremely drought 

tolerant (Soliman, 1992, Abo-Taleb et al.,1998 and  Abouelwafa, 2006). 

Pomegranate is a high value crop and its entire tree is of great economic 

importance. Apart from its demand for fresh fruits and juice, the processed 

products like wine and candy are also gaining importance in the world trade. The 

pomegranate area of Egypt was estimated to be about 13,000 Fadden (Ministry 

of Agriculture and Reclaimed Lands Statistics, 2012).  This area is mainly 

concentrated in Upper Egypt governorates (about 66%) and  many farmers relied  
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on it for their living as a major source of income. Manfalouty and Nab El-Gamal 

pomegranate are the most important commercial cultivars grown in Egypt 

especially in Upper Egypt governorates.  

 

Tree spacing has become an increasingly important consideration in fruit 

crops orchards management. Generally, closely-planted orchards provide greater 

and earlier returns but with a demand for precise management if problems are 

not to be encountered with time, growers want earlier net returns on their 

investment and expect them to be maximized over the productive life of the 

grove. Selection of tree spacing and management philosophy to achieve these 

goals is a complex subject to many considerations, and provides for great debate 

and challenge. The move toward higher planting densities was partially the result 

of an intensified constraint on growers of tree crops due to reduced land and 

water availability, more stringent land use regulations, the desire for earlier 

economic return on investment and a need for increased management efficiency 

(Tucker et al., 1994). Planting density has the most influence on the yield. As 

density increased, yield per tree decreased, but yield/ha increased. The chief 

advantage of high density was a large increase in early fruit yield per hectare 

(Hampson et al., 2004). The concept of high density is increasing by gaining 

acceptance to optimize productivity. Contradictory reports are available in the 

international literature regarding high density planting on fruit quality of citrus 

fruits. Chadha (2001) mentioned that, as in the close planting, plants grow tall 

and are damaged by strong winds and produce low yields, poor fruit size, inferior 

quality, the trees appear sick and are prone to rapid attack of insects and diseases. 

Moreover, at high planting density Saxena and Sharma (2004) found reduction in 

fruit size in Frost Navel Oranges. Donadio et al. (1995) reported poor color 

development in Pera oranges, though fruit size and quality were not influenced 

by different planting densities. However, Hunton (1986) found no detrimental 

effect on fruit size and quality of Valencia late oranges. Goswami  et al. (1993) 

reported excellent color and quality of Kinnow fruit under high planting density.  

 

Consequently, this study was carried out  to investigate the effect of planting 

density on growth and yield as well as fruit physical and chemical characteristics 

of Manfalouty and Nab El-Gamal pomegranate trees grown in the new reclaimed 

lands. 

 

Materials and Methods 

 

The present study was conducted during two successive seasons of 2011 and 

2012 on two pomegranate cvs. (Manfalouty and Nab-ELGamal) to determine the 

effect of tree spacing on vegetative growth, flowering, fruit set and productivity 

as well as physical and chemical fruit characteristics. Both cultivars were planted 

at two spacing (2.5 x 2.5 m) and (4 x 4 m), whereas the 2
nd

 one was applied on 

most of pomegranate orchards in Egypt, providing tree densities of 672 and 262 

trees per feddan, respectively. Trees were about 5  years old grown on a loamy 

sandy soil (newly reclaimed lands) under drip irrigation system at a private 

orchard on Tema district, Sohag Governorate, South Egypt. In each season, 60 
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pomegranate trees of each investigated cultivar were selected, particularly 

uniform in growth and healthy. The experiment was set in a randomized 

complete block design with two treatments; each treatment was represented by 

three replicates (10 trees/each).  

 

Some physical and chemical analyses of the experiment soil are shown in 

Tables (A&B). 

 
TABLE A. Physical characteristics of the soil. 

 

  

Depth  

Particle size distribution  

Texture Coarse sand 

% 

Fine sand 

% 

Silt 

 % 

Clay 

% 

0-30 52.00 30.8 9.6 7.6 Sandy loam 

30-60 51.00 29.4 10.9 8.2 Sandy loam 

 

TABLE  B. cont. Chemical characteristics of the soil. 

 

Depth 

Soluble cations 

(meq/L) pH 
Ec 

dS/m 

Soluble anions 

(meq/l) 

Ca++ Mg++ Na++ K++ Cl- Hco3
- So4

-- 

0-30 14.71 13.18 13.60 1.4 7.60 4.18 7.11 2.71 32.80 

30-60 8.05 7.56 4.16 0.72 7.65 2.01 3.48 2.96 14.05 

 

Field observations and laboratory measurements were recorded  during the 

two seasons of this research as follows: 

 

Vegetative growth measurements 

Tree height (m) 

Measured on mid - July from the soil surface to the highest point of the tree 

for each spacing during the two experiment seasons. 

 

Trunk girth (cm) 

Measured at fixed point (30 cm) from the soil surface. 

 

Canopy volume (m) : 

Canopy volume =  HD
2
 / 4  where H = tree height and   D = tree diameter 

(Wutscher, 1995) . 

 

Leaf area (cm
2
) 

In each season, 25 mature leaves were sampled randomly from each selected 

tree to determine leaf area (cm
2
) which was estimated using digital planimeter 

(Planix 7).  

 

Flowering and fruiting measurements 

Percentage of perfect flowers 

Percentage of perfect flowers/ tree = No. of perfect flowers/ tree x100/ Total 

number of flowers/ tree. 
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Percentage of initial fruit set 

The number of hermaphrodite (perfect) flowers which succeeded to set fruits 

was also counted and fruit set (%) was calculated. 

 

Percentage of initial fruit set/ tree = No. of set fruits/ tree x 100/ No. of 

perfect flowers/ tree 

 

Yield/tree 

All fruits were harvested as the recommended maturity standard outlined by 

El-Kassas et al. (1989) in two dates (1
st
 week of September & mid October) in 

both seasons. 

Total yield/tree was recorded as yield weight (kg) 

 

Yield/feddan 

Total yield/feddan was recorded as yield weight (ton) 

 

Number of fruits/tree 

Number of fruits was recorded in each of the investigated trees. 

 

Fruit quality measurements 

Fruit physical characteristics 

Samples of 30 randomly fruits per treatment were selected for determining 

the following parameters: 

a) Average fruit weight (g) 

b) Peel thickness (mm) 

c) Percentage of cracked fruits/ tree 

       Percentage of cracked fruits = No. of cracked fruits/No. of total fruits x 100  

d) Percentage of sunburned fruits/ tree 

        Percentage of sunburned fruits = No. of sunburned fruits/No. of total fruits x 100 

e) Percentage of marketable fruits/tree 

       Percentage of marketable fruits= No. of total fruits – (No. of 

cracked fruits+ No. of sunburned fruits) x100/No. of total fruits 

 

Fruit chemical characteristics 

a) Total soluble solids percentage (TSS %) was determined by hand  rafractometer. 

b) Acidity percentage was determined by titrating 5 ml juice against 0.1                                                                                                                                                                                                       

NaOH using phenolphthalene as an indicator.  

     The values of total acidity were expressed in grams of citric acid per 100     

ml juice as described in (A. O. A. C., 1985).  

c) Total soluble solids /acidity ratio was calculated.  

d) Total sugars, were determined calorimetrically in sample of 5 ml juice, 

according to the method described by Dubois et al., (1956). The amount 

of the estimated sugars in each sample was calculated in term of glucose. 

e) Reducing Sugars. 

f) Total anthocyanin content in fruit juice as described by Hsia et al., 

(1965). 
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Statistical analysis  

All data parameters studied were analyzed as a split plot in complete 

randomized blocks in factorial arrangement with three replications. All data were 

subjected to statistical analysis as described by Snedecor and Cochran (1990). 

The differences between the means were carried out using Duncan's Multiple 

Range Test (Duncan, 1955).  

 

Results and Discussion 

 

Vegetative growth measurements 

Tree height (m) 

Table 1 represents the effect of spacing and cultivars on tree height. 

Concerning the specific effect of spacing (2.5 x 2.5 m), it gave significantly 

higher tree height in both seasons. In addition, Manfalouty formed greater tree 

height in both seasons. A significant interaction between spacing and cultivars 

was observed which gave the highest tree height with Manfalouty cv. grows in 

spacing (2.5 x 2.5 m). 

 

TABLE 1. Effect of planting density on tree height (m) of two pomegranate cultivars 

during (2010 and 2011) seasons. 

 

Treatments 

2010 2011 

Manfalouty 
Nab El-

Gamal 
Mean Manfalouty 

Nab El-

Gamal 
Mean 

2.5 X 2.5 3.57  a 3.49 b 3.53 A 3.74   a 3.54 b 3.64 A 

4 X 4 3.48  b 3.48 b 3.48 B 3.54   b 3.37c 3.46 B 

Mean 3.52 A 3.48 B  3.64   A 3.46 B  

Means of each factor and their combinations in each season having the same letter/s are not    

significantly different at 5% level using Duncan’s Multiple Range Test. 

 

Trunk girths 

The presented results in Table 2 showed that, trunk girth increased by 

increasing  planting density. Manfalouty cultivar recorded significantly 

higher trunk girth than Nab El-Gamal cultivar (especially in 2
nd

 season). A 

significant interaction between spacing and cultivars was observed with 

Manfalouty cv. grown on (4 x 4 m) spacing which gave the highest trunk 

girths in both seasons. 
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TABLE 2. Effect of planting density on tree girth (cm) of two pomegranate cultivars 

during (2010 and 2011) seasons . 

 

Treatments 

2010 2011 

Manfalouty 
Nab El-

Gamal 
Mean Manfalouty 

Nab El-

Gamal 
Mean 

2.5 X 2.5 38.13 b 37.97 b 38.05 A 40.29 b 39.48 c 39.89 B 

4 X 4 39.03 a 38.28 b 38.65 A 41.53 a 40.63 b 41.08 A 

Mean 38.58 A 38.12 A  40.91 A 40.06 B  
Means of each factor and their combinations in each season having the same letter/s are not   

significantly different at 5% level using Duncan’s Multiple Range Test. 

 

Canopy volume (m) 

Table 3 clearly showed that, canopy volume (m) was increased significantly 

with increasing spacing (especially in 1
st
 season). Manfalouty trees recorded 

higher canopy volume (m) than Nab El-Gamal in second season. While, Nab El-

Gamal cv. grown in spacing (4 x 4 m) gave the highest value in first season. On 

the other hand, Manfalouty cv. grows in both tested spacing recorded higher 

canopy volume (m) than Nab El-Gamal in the 2
nd

 season. 

 
TABLE 3. Effect of planting density on canopy volume (m) of two pomegranate 

cultivars during (2010 and 2011) seasons. 

 

Treatments 

2010 2011 

Manfalouty 
Nab El-

Gamal 
Mean Manfalouty 

Nab El-

Gamal 
Mean 

2.5 X 2.5 10.57 c 10.26 d 10.42 B 15.25 a 13.86 b 14.56 A 

4 X 4 11.30 b 11.66 a 11.48 A 15.29 a 13.95 b 14.62 A 

Mean 10.94 A 10.96 A  15.27 A 13.90 B  

Means of each factor and their combinations in each season having the same letter/s are not 
significantly different at 5% level using Duncan’s Multiple Range Test. 

 

Leaf area (cm
2
) 

Data in Table 4 didn’t appear any significant differences between the 

investigated treatments or cultivars. 

 
TABLE 4. Effect of planting density on leaf area (cm2) of two pomegranate cultivars 

during (2010 and 2011) seasons. 
 

Treatments 

2010 2011 

Manfalouty 
Nab El-

Gamal 
Mean Manfalouty 

Nab El-

Gamal 
Mean 

2.5 X 2.5 5.68 a 5.60 a 5.64 A 5.83 ab 5.75 b 5.79 A 

4 X 4 5.70 a 5.70 a 5.70 A 6.01 a 5.98 ab 5.99 A 

Mean 5.69 A 5.65 A  5.92 A 5.87 A  

Means of each factor and their combinations in each season having the same letter/s are not 

significantly different at 5% level using Duncan’s Multiple Range Test. 
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Increasing of number of trees per unit area may affect in increasing of 

vertical growth, so increasing in tree height and reducing trunk girth and volume 

canopy. 

 

These results are in harmony with the finding of Nasir et al. (2006) in citrus 

who noticed that, trees planted at 2 x 5 m were the tallest, but the canopy 

diameter, stem girth and volume of trees planted at 5 x 5 m were the largest. 

Also, in banana, the closer spacing recorded maximum plant height while, the 

wider spacing recorded minimum plant height. Increase leaf area in wider 

spacing may be due to less competition for moisture and sunlight (Athani et al., 

2009). However, High planting density (i.e. closer spacing) caused reduction in 

vegetative growth of mango trees (Ferreira de Sousa et al., 2012).  

 

Flowering and fruiting measurements 

Percentage of perfect flowers 

Table 5 clearly showed that, perfect flowers (%) were increased with 

treatment (4 x 4 m) spacing during the both of seasons. While, didn’t appear any 

significant differences between both investigated varieties. In addition, 

Manfalouty cv. grown in spacing (4 x 4 m) recorded the highest perfect flowers 

(%) in both seasons.  

 
TABLE 5. Effect of planting density on percentage of perfect flowers of two 

pomegranate cultivars during (2010 and 2011) seasons. 

 

 Treatments 

2010 2011 

Manfalouty 
Nab El-

Gamal 
Mean Manfalouty 

Nab El-

Gamal 
Mean 

2.5 X 2.5 29.82 b 28.11 c 28.97 B 30.02 bc 29.04 c 29.53 B 

4 X 4 32.13 a 30.59 b 31.36 A 33.19 a 31.00 b 32.09 A 

Mean 30.97 A 29.35 A  31.60 A 30.02 A  

Means of each factor and their combinations in each season having the same letter/s are not 
significantly different at 5% level using Duncan’s Multiple Range Test. 

   

Percentage of Initial fruit set 

Table 6 shows that, treatment (4 x 4 m) resulted in higher significant initial 

fruit set (%) in both seasons of the study compared to (2.5 x 2.5 m) treatment. In 

addition, Manfalouty formed the greatest initial fruit set in the 2
nd

 season of 

study. A significant interaction between spacing and cultivars was observed by 

initial fruit set (%) of Manfalouty cv. grown in spacing (4 x 4 m) which gave 

higher values in both seasons. 
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TABLE 6. Effect of planting density on initial fruit set of two pomegranate cultivars 

during (2010 and 2011) seasons. 

 

Treatments 

2010 2011 

Manfalouty 
Nab El-

Gamal 
Mean Manfalouty 

Nab El-

Gamal 
Mean 

2.5 X 2.5 69.60 b 71.89 ab 70.74 B 71.32 c 70.70 c 71.01 B 

4 X 4 76.48 a 73.51 ab 74.99 A 77.26 a 74.16 b 75.71 A 

Mean 73.04 A 72.70 A  74.29 A 72.43 B  
Means of each factor and their combinations in each season having the same letter/s are not 

significantly different at 5% level using Duncan’s Multiple Range Test. 

 

Yield/tree (kg) 

Table 7 clearly showed that, yield/tree was increased with increasing the 

spacing during the two seasons of study. Manfalouty recorded significantly 

higher yield/tree than Nab El-Gamal in both seasons. In addition, Manfalouty cv. 

grows in spacing (4 x 4m) recorded higher yield/tree than Nab El-Gamal in both 

seasons.  

 
TABLE  7. Effect of planting density on yield/tree (kg) of two pomegranate cultivars 

during (2010 and 2011) seasons. 

 

Treatments 

2010 2011 

Manfalouty 
Nab El-

Gamal 
Mean Manfalouty 

Nab El-

Gamal 
Mean 

2.5 X 2.5 16.94 c 14.37 d 15.66 B 21.10 c 18.48 d 19.79 B 

4 X 4 27.38 a 22.82 b 25.10 A 37.0 5 a 32.02 b 34.53 A 

Mean 22.16 A 18.59 B  29.08 A 25.25 B  
Means of each factor and their combinations in each season having the same letter/s are not 

significantly different at 5% level using Duncan’s Multiple Range Test. 

 

Yield/Fedden (Ton) 

Table 8 clearly showed, that yield/Fed. (Ton) decreased with increasing the 

spacing. Manfalouty recorded significantly higher yield/ Fed. (Ton) than Nab El-

Gamal in both seasons. In addition, Manfalouty cv. grows in spacing (2.5 x 2.5 

m) recorded the maximum yield/Fed. in both seasons of study. 

 
TABLE 8. Effect of planting density on yield/Feddan (Ton) of two pomegranate 

cultivars during (2010 and 2011) seasons. 
 

Treatments 

2010 2011 

Manfalouty 
Nab El-

Gamal 
Mean Manfalouty 

Nab El-

Gamal 
Mean 

2.5 X 2.5 11.38 a 9.66 b 10.52 A 14.18 a 12.42 b 13.30 A 

4 X 4 7.17 c 5.98 d 6.57 B 9.71 c 8.39 d 9.05 B 

Mean 9.28 A 7.82 B  11.94 A 10.40 B  
Means of each factor and their combinations in each season having the same letter/s are not 
significantly different at 5% level using Duncan’s Multiple Range Test. 
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Number of fruits/tree 

Table 9 clearly showed that, number of fruits/tree increased with increasing 

the spacing during the two seasons. Manfalouty recorded higher number of 

fruits/tree than Nab El-Gamal in both seasons. On the other hand, Manfalouty cv. 

grows in spacing (4 x 4 m) recorded the highest number of fruits during the two 

seasons of the study. 

 
TABLE 9. Effect of planting density on number of fruits of two pomegranate cultivars 

during (2010 and 2011) seasons. 

 

Treatments 

2010 2011 

Manfalouty 

Nab 

El-

Gamal 

Mean Manfalouty 
Nab El-

Gamal 
Mean 

2.5 X 2.5 51.50 c 44.21 d 47.85 B 51.60  c 47.03 d 49.31 B 

4 X 4 82.27 a 68.77 b 75.52 A 85.62 a 76.98 b 81.30 A 

Mean 66.88 A 56.49 B  68.61 A 62.00 B  

Means of each factor and their combinations in each season having the same letter/s are not 

significantly different at 5% level using Duncan’s Multiple Range Test. 

 

Generally, wide spacing resulted in increasing in trees volume so, increasing 

number of flowering on tree, initial fruit set (%), number of fruits/tree and yield /tree. 

While the close spacing caused increasing in number of tree/feddan. So, increasing in 

yield/feddan by multiplication of (Yield/tree x No. of trees/Feddan).  

 

Our results are in agreement  with Bassal, (2009) in citrus who found that, 

initial yields per tree from planting spacing of 2 x 5 m were lower than those 

from the wide spacing, but the yield per feddan from trees planted at 2 x 5 m was 

greater than those planted at 5 x 5 m. Also, Bryla and Strik, (2007) in blueberry 

confirmed that, planting at high density significantly reduced yield of individual 

plants but significantly increased yield per hectare. Crop load was increased in 

kiwifruit orchards by using the close spacing compared with wide spacing in the 

first 5 years after planting (Testolin, 1990). The closer spacing in banana 

recorded maximum yield, while the wider spacing recorded minimum yield, it is 

determined by various vegetative and reproductive characters. The yield per 

hectare was significantly higher in high density population or closer spacing. 

This can be attributed to increase in plant population per unit area, but the higher 

bunch weight observed in wider spacing can partially compensated by higher 

yields obtained in closer spacing (Athani et al., 2009). On the other hand, high 

density planting caused decreasing in the percentage of flowering, fruit yield per 

plant and per area (Ferreira de Sousa et al., 2012). Also, tree density affects both 

interception and distribution of light, and influences flower density (Wertheim, 

1985; and Callesen & Wagenmakers, 1989). 
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Fruit Quality Measurements 

Fruit Physical Characteristics 

(a) Fruit weight (g): Table 10 clearly showed that, fruit weight (g) increased 

with increasing the spacing during the two seasons of the study. Manfalouty 

recorded significantly higher fruit weight (g) than Nab El-Gamal (in 2
nd

 season). 

In addition, Manfalouty cv. grows in spacing (4 x 4m) recorded the highest fruit 

weight (g) in both seasons.  

 
TABLE 10. Effect of planting density on fruit weight (g) of two pomegranate 

cultivars during (2010 and 2011) seasons. 

 

Treatments 

2010 2011 

Manfalouty 
Nab El-

Gamal 
Mean Manfalouty 

Nab El-

Gamal 
Mean 

2.5 X 2.5 328.9 b 325.0 c 326.9 B 408.9 b 392.9 c 400.9 B 

4 X 4 332.8 a 331.8 a 332.3 A 432.7 a 415.9 b 424.3 A 

Mean 330.8 A 328.4 A  420.8 A 404.4 B  
Means of each factor and their combinations in each season having the same letter/s are not 

significantly different at 5% level using Duncan’s Multiple Range Test. 

 

(b) Peel thickness: The obtained results in Table 11 clearly show that, peel 

thickness resulted in higher (2.5 x 2.5 m) than (4 x 4 m) treatment. Peel thickness 

was significantly greater in Manfalouty cv. compared to Nab El-Gamal cv. in 

both seasons. In addition, Manfalouty cv. grows in spacing (2.5 x 2.5m) recorded 

the highest values of peel thickness in both of seasons. 

 
TABLE 11. Effect of planting density on peel thickness (mm) of two pomegranate 

cultivars during (2010 and 2011) seasons. 

 

Treatments 

2010 2011 

Manfalouty 
Nab El-

Gamal 
Mean Manfalouty 

Nab El-

Gamal 
Mean 

2.5 X 2.5 4.88 a 4.58 bc 4.73 A 4.77 a 4.59 b 4.68 A 

4 X 4 4.63 b 4.48 c 4.56 B 4.57 b 4.50 b 4.53 B 

Mean 4.75 A 4.53 B  4.67 A 4.54 B  

Means of each factor and their combinations in each season having the same letter/s are not 
significantly different at 5% level using Duncan’s Multiple Range Test. 

 

(c) Percentage of cracked fruits: In Table 12 it is clear that, (4 x 4 m) 

treatment significantly increased fruit cracking as compared with (2.5 x 2.5 m) 

treatment. Nab El-Gamal recorded significantly the higher fruit cracking than 

Manfalouty in both seasons. Moreover, cracked fruits (%) in both investigated 

cvs. decreased by decreasing plant spacing.  
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TABLE 12. Effect of planting density on fruit cracking (%) of two pomegranate 

cultivars during (2010 and 2011) seasons. 

 

Treatments 

2010 2011 

Manfalouty 
Nab El-

Gamal 
Mean Manfalouty 

Nab El-

Gamal 
Mean 

2.5 X 2.5 3.20 c 4.18 b 3.69 B 3.11 c 4.31 b 3.71 B 

4 X 4 5.22 a 5.54 a 5.38 A 6.22 a 6.54 a 6.38 A 

Mean 4.21 A 4.86 A  4.66 B   5.43A  
Means of each factor and their combinations in each season having the same letter/s are not 

significantly different at 5% level using Duncan’s Multiple Range Test. 

 

(d)  Percentage of sunburned fruits: Data presented in Table 13 showed that 

the greatest percentages of sunburned fruits were obtained by increasing spacing 

(4 x 4 m) during both seasons. Nab El-Gamal gave the highest significant value 

compared to Manfalouty (2
nd

 season). In addition, Nab El-Gamal cv. grows in 

spacing (4 x 4m) recorded the highest percentage of sunburned fruits in both 

seasons.  

 
TABLE 13. Effect of planting density on sunburned fruits (%) of two pomegranate 

cultivars during (2010 and 2011) seasons. 

 

Treatments 

2010 2011 

Manfalouty 
Nab El-

Gamal 
Mean Manfalouty 

Nab El-

Gamal 
Mean 

2.5 X 2.5 10.21 d 11.78 c 11.00 B 8.87 d 9.65 c 9.26 B 

4 X 4 13.26 b 14.65 a 13.96 A 13.39 b 15.55 a 14.47 A 

Mean 11.73 A 13.22 A  11.13 B 12.60 A  
Means of each factor and their combinations in each season having the same letter/s are not 
significantly different at 5% level using Duncan’s Multiple Range Test. 

 

(e) Marketable fruits (%): The obtained results in Table 14 clearly show that, 

marketable fruits resulted in higher percentage in (2.5 x 2.5 m) than (4 x 4 m) 

treatment. It was significantly greater in Manfalouty cv. compared to Nab El-

Gamal cv. in both seasons. In addition, Manfalouty cv. grows in spacing  (2.5 x 

2.5m) recorded the highest percentage of marketable fruits in both seasons. 

 
TABLE 14. Effect of planting density on marketable fruits of two pomegranate 

cultivars during (2010 and 2011) seasons. 

 

Treatments 

2010 2011 

Manfalouty 
Nab El-

Gamal 
Mean Manfalouty 

Nab El-

Gamal 
Mean 

2.5 X 2.5 86.59 a 84.04 b 85.31 A 88.02 a 86.04 b 87.03 A 

4 X 4 81.52 c 79.81 d 80.66 B 80.39 c 77.91 d 79.15 B 

Mean 84.05 A 81.92 B  84.20 A 81.97 B  
Means of each factor and their combinations in each season having the same letter/s are not 
significantly different at 5% level using Duncan’s Multiple Range Test. 

 

It can be explained by the obtained results of this study that, increasing        

of  vegetative  growth in the wider spacing leads to increasing in fruit weight and  
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fruit cracking, however, these fruits were exposed to high light effect that caused 

sunburn damage. However, reducing in fruit cracking with the close spacing may 

be related to increasing of peel thickness as it was be clear from our obtained 

results.  

 

These results were similar with those obtained by Nasir et al. (2006), who 

noticed that, highest fruit weight was observed in the widest spacing and 

minimum values of these were in close spacing. Also, Goswami et al. (1993) 

reported that quality of citrus fruits under high density planting, though fruits 

were smaller. Moreover, high fruit quality of apple can be achieved with a high-

density orchard when the orchard has good light distribution throughout the tree 

canopy and there is a balance between vegetative growth and cropping 

(Robinson, 1997). While, Donadio et al. (1995) in Pera oranges reported that, 

fruit size and quality were not influenced by different plant spacing. Also, in 

mango trees, high density planting had little influence on fruit quality (Ferreira 

de Sousa et al. 2012). 

 

Fruit chemical characteristics 

a) Total soluble solids (%): Table 15 shows that, treatment (4 x 4m) results 

in the highest significant TSS (%) in both seasons of the study compared to 

treatment (2.5 x 2.5 m). In addition, Manfalouty formed the greatest TSS (%) in 

both seasons of study. A significant interaction between spacing and cultivars 

was observed in TSS (%) when Manfalouty cv. grew in spacing (4 x 4m) gave 

the highest values in both seasons of study. 

 
TABLE 15. Effect of planting density on total soluble solids (%) of two pomegranate 

cultivars during (2010 and 2011) seasons. 

 

Treatments 

2010 2011 

Manfalouty 
Nab El-

Gamal 
Mean Manfalouty 

Nab El-

Gamal 
Mean 

2.5 X 2.5 15.41 b 14.60 c 15.01 B 15.70 b 15.08 c 15.39 B 

4 X 4 15.80 a 15.24 b 15.52 A 16.38 a 15.60 b 15.99 A 

Mean 15.61 A 14.92 B  16.04 A 15.34 B  

Means of each factor and their combinations in each season having the same letter/s are not 

significantly different at 5% level using Duncan’s Multiple Range Test. 

 

b) Acidity (%): Data in Table 16 didn’t appear any significant differences 

regarding acidity (%) between the investigated treatments or varieties. 
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TABLE 16. Effect of planting density on Acidity (%) of two pomegranate cultivars 

during (2010 and 2011) seasons. 

 

Treatments 

2010 2011 

Manfalouty 
Nab El-

Gamal 
Mean Manfalouty 

Nab El-

Gamal 
Mean 

2.5 X 2.5 1.65 a 1.60 a  1.62 A 1.41 a 1.39 a 1.40 A 

4 X 4 1.58 a 1.57 a 1.57 A 1.39 a 1.37 a 1.38 A 

Mean 1.61 A 1.58 A  1.40 A 1.38 A  
Means of each factor and their combinations in each season having the same letter/s are not 

significantly different at 5% level using Duncan’s Multiple Range Test. 

 

c) Total soluble solids/acidity ratio: Table 17 clearly showed that, 

TSS/acidity was increased with treatment (4 x 4m) spacing during the both of 

seasons. Nab El-Gamal recorded the higher TSS/acidity ratio than Manfalouty in 

both seasons. In addition, Nab El-Gamal cv. grows in spacing (4 x 4m) recorded 

the highest ratio of TSS/acidity in both of the seasons. 

 
TABLE 17. Effect of planting density on TSS/acidity ratio of two pomegranate 

cultivars during (2010 and 2011) seasons. 

 

Treatments 

2010 2011 

Manfalouty 
Nab El-

Gamal 
Mean Manfalouty 

Nab El-

Gamal 
Mean 

2.5 X 2.5 9.13 d 9.34 c 9.23 B 10.85 d 11.13 c 10.99 B 

4 X 4 9.71 b 10.0 a 9.85 A 11.39 b 11.78 a 11.59 A 

Mean 9.42 B 9.67 A  11.12 B 11.45 A  

Means of each factor and their combinations in each season having the same letter/s are not 
significantly different at 5% level using Duncan’s Multiple Range Test. 

 

d) Total sugars (%): According to the results in Table 18 it can be noticed 

that, spacing (4 x 4m) significantly increased the total sugars than (2.5 x 2.5m) 

treatment in both 2010 and 2011 seasons. Total sugars were significantly greater 

in Manfalouty cv. compared to Nab El-Gamal during the two seasons.   

   
TABLE 18. Effect of planting density on total sugars (%) of two pomegranate 

cultivars during (2010 and 2011) seasons. 

 

Treatments 

2010 2011 

Manfalouty 
Nab El-

Gamal 
Mean Manfalouty 

Nab El-

Gamal 
Mean 

2.5 X 2.5 11.85 b 10.85 c 11.35 B 12.69 c 12.03 d 12.36 B 

4 X 4 12.69 a 12.38 a 12.53 A 13.47 a 13.05 b 13.26 A 

Mean 12.69 A 11.61 B  13.08 A 12.54 B  

Means of each factor and their combinations in each season having the same letter/s are not 

significantly different at 5% level using Duncan’s Multiple Range Test. 
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e) Reducing sugars (%): Table 19 shows that treatment (4 x 4 m) results in the 

highest significant reducing sugars (%) in both seasons of the study compared to 

treatment (2.5 x 2.5 m). In addition, Manfalouty formed the greatest reducing 

Sugar (%) in first seasons of the study. 

  
TABLE 19. Effect of planting density on reducing sugars (%) of two pomegranate 

cultivars during (2010 and 2011) seasons . 

 

Treatments 

2010 2011 

Manfalouty 
Nab El-

Gamal 
Mean Manfalouty 

Nab El-

Gamal 
Mean 

2.5 X 2.5 11.86 b 10.85 c 11.35 B 11.60 c 11.23 d 11.41 B 

4 X 4 12.69 a 12.33 a 12.51 A 12.27 b 12.74 a 12.50 A 

Mean 12.28 A 11.59 B  11.93 A 11.98 A  

Means of each factor and their combinations in each season having the same letter/s are not 
significantly different at 5% level using Duncan’s Multiple Range Test. 

 

e) Anthocyanin (%): Data in Table 20 didn’t appear any significant 

differences between the investigated treatments or varieties. 

 
TABLE 20.  Effect of planting density on Anthocyanin (%) of two pomegranate 

cultivars during (2010 and 2011) seasons. 

 

Treatments 

2010 2011 

Manfalouty 
Nab El-

Gamal 
Mean Manfalouty 

Nab El-

Gamal 
Mean 

2.5 X 2.5 0.353 a 0.341 a 0.347 A 0.345 a 0.338 a 0.342 A 

4 X 4 0.344 a 0.340 a 0.342 A 0.337 a 0.330 a 0.337 A 

Mean 0.348 A 0.340 A  0.341 A 0.334 A  

Means of each factor and their combinations in each season having the same letter/s are not 

significantly different at 5% level using Duncan’s Multiple Range Test. 

 

Total and reduced sugars (%) reported as a high values with the wide 

spacing, it might related to the growth increasing and nutrient uptake and it was 

reflected on fruit sugars content. Also, total soluble solids (%) increased in wide 

spacing related to increasing of total sugars. 

 

All these results were in harmony with those that obtained by Nasir et al. 

(2006) in citrus who noticed that, TSS and TSS/acidity ratio was observed highly 

in the widest spacing and minimum values of these were close spacing. 

TSS/acidity ratio was maximum in highest spacing which decreased with 

decrease in planting space and minimum ratio was in the closest spacing. Acidity 

and TSS in fruit are responsible for this ratio. Increase in acidity or decrease in 

TSS affect the TSS/acidity ratio.  
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Also, Singh et al., (2005) in guava reported that, widest spacing (6.0 × 6.0 m 

and 3.0 × 6.0 m) produced fruits of more better TSS and total sugars than the 

closest spacing (1.5x3.0 m). Meanwhile, Chadha (2001) noticed that plants 

which planted at close distance produced fruit of inferior quality. 

 

Conclusion 

 

Generally, under the same conditions of the present study we may 

recommend that, Manfalouty pomegranate cultivar could be planted under the 

level of plant spacing  (2.5 x 2.5 m).  
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 تأثير مسافات الزراعة على نمو وإنتاجية أشجار الرمان
 

عبدالعزيز شيبه الخواجا
*

الوفا أحمد  محمد أبو ، 
**

، أحمد صبرى مفيد
**

 
*

 وقنا    – جامعة جنوب الوادى –كلية الزراعة  –قسم الفاكهة 
**

قسم بحوث 

مركز البحوث  –معهد بحوث البساتين  –ق الشبه جافة الزيتون وفاكهة المناط

 .مصر –القاهرة  –الزراعية 

 

فى ارض استصالح جديدة   2012-2011أجريت هذه الدراسة خالل الموسمين  

بمحافظة سوهاج ، لدراسة أداء صنفين من الرمان )المنفلوطى وناب الجمل( تحت 

متر(. أشارت النتائج الى أن  4×4متر( ، ) 2.5×2.5مستويين من الكثافة النباتية )

متر( سجلت أعلى قيمة فى بعض الصفات )طول  2.5× 2.5سافة الزراعة )م

الشجرة ، المحصول /فدان ، سماكة القشرة وكذلك نسبة الثمار الصالحة للتسويق( ، 

باالضافة الى أنها قللت من نسبة الثمار  المعابة )سواء المصابة بلفحة الشمس أو 

ألخرى مثل )سماكة الجذع ، حجم بعض الصفات ا التشقق( ، بينما أثرت سلباً على

المجموع الخضرى ، نسبة األزهار الخنثى ، نسبة العقد المبدئى ، عدد الثمار ، 

محصول الشجرة ، وزن الثمار ، نسبة السكريات الكلية والمواد الصلبة الذائبة( 

متر( ، وقد سجل صنف  4×4والتى كانت قيمها أعلى مع مسافة الزراعة )

 يم فى معظم الصفات مقارنة بصنف ناب الجمل.المنفلوطى أعلى الق

ولذلك يمكن التوصية بزراعة صنف المنفلوطى تحت مستوى الزراعة الكثيفة على 

 متر(. 2.5×2.5مسافة )

 

 


