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ABSTRACT  

This study was conducted during the two successive winter seasons of 2013/2014 and 
2014/2015 at the Experimental Farm, Faculty of Technology and  Development, Zagazig University, 
Sharkia Governorate, Egypt to study the effect of three plant densities (112, 93 and 70 plant m-2) and  
three rates of NPK fertilizers, i.e. 100% NPK (the recommended rate), 125and150% of NPK ha-1. 
Results  indicated that plant density of 70 plant m-2 (700.000 plant ha-1) gained the highest values  of 
plant growth characters( plant height, number of leaves plant -1, fresh and dry weight plant-1, bulb and 
neck diameter, as well as bulbing ratio), total and marketable bulbs yield (t ha-1) and bulbs quality, i.e. 
bulb diameter, length, fresh weight and dry matter percentage,  as well as nutritional values (N, P, K, 
total carbohydrates and TSS percentage). Moreover, the lowest values of culls bulb weight (t ha-1) and 
bulb weight loss percentage during storage period were recorded by the same treatment. Application 
of NPK fertilizers  at  the rate 281.2 kgN + 140.6 kg P2O5 + 156.2 kg K2O ha-1 (125% NPK ha-1 )for 
onion, resulted to the vigor plant growth, heaviest total  and marketable yield (t ha-1), as well as 
improving the quality of bulbs and its nutritional value compared with the recommended and highest 
rate of NPK. It can be concluded that  application of 281.2 kgN + 140.6 kgP2O5+ 156.2 kgK2O ha-1 
with plant density 70 plant m-2 could be recommended  as the best treatment for enables efficient use 
of  available crop land, raising the production of onion yield, as well as improving bulb quality under 
the same conditions.  
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Introduction 
 

Onion (Allium cepa L.), belonging to the family Alliaceae.  It is one of the most important 
vegetable bulb crops grown all over the world. In Egypt, it is grown at a large scale for consumption 
and exportation either for Europe or Arab countries. Their were demand of Egyptian onions which 
known by high total soluble solids content and high pungency and this permit to long storage period.  
The crop is grown for consumption as green state or in mature bulbs. Beside that, onion considerable 
as significant important source nutritional contribution of human diet (Thomson and Kelly, 1982). On 
the same time, it has medicinal and functional properties (Brewester and Rabinowitch, 1990). 

Increasing production of onion is one of the national purposes in Egyptian agriculture. In this 
respect, onion production suffered from various problems that are related with improper agronomic 
management used by farmers. Plant density is considered one of the full package of information 
required to optimize the yield (England, 1991). Plant density needs to be optimized.  The optimum use 
of spacing either between rows or plants as well as plant population has more advantages (Geremew 
et al., 2010).  It avoids strong competition between plants for sunlight, water and nutrients. Among 
the cultural practices, nutrient supply and row spacing are greatly influenced onion production. 
Spacing between rows of plants account as another factor affected the growth and yield of the crop. 
Crop grown with wider spacing suffered from high evapotranspiration and weed infestation, hence it 
is necessary to grow the crop at optimum spacing (Rahman and Talukdar, 2003). In this concern, 
Karam(2005) reported that optimum inter-row and intra-row spacing (which reduces competition 
between plants and enables efficient use of available crop land) varies with soil fertility status, soil 
moisture, the nature of the crop and degree of weed infestation.  

The principal aim of any producer to get high yield, and for onion, the bulb yield   affected by 
the strength of vegetative growth before bulb initiation (Ibrahim, 2010). Plant density and NPK 
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fertilizers are among the major factors that influence the vegetative growth of onion. Many 
investigators studied the effect of plant density as number of plants/ unit area, the distance between 
rows or number of rows / ridge on plant growth characters, yield and bulb quality, chemical 
composition, as well as the storability of bulbs. Bosekeng and Coetzer, (2015) and Falodun and 
Ehigiator, (2015) reported that increasing plant population increase plant height and total yield,  while 
number of leaves, fresh weight, diameter and length of bulb, as well as neck diameter were increased 
as population decreased. Moreover, Karam, (2005) mentioned that closest inter row distance (15 cm 
between rows) produced the tallest plants, increased TSS and dry matter percentage of bulb. While the 
widest distance(25cm between rows) increased weight of leaves and whole  plant,  bulb and neck 
diameter, bulbing ratio, as well as the macronutrients percentage of both plants and bulb. As for yield, 
inter row spacing 20 cm gave the best results of total bulb  yield, single bulb and bulb weight 
meanwhile, the distance  25 cm gave the highest percentage of culls bulbs.  In this concern, Saud et 
al., (2013) and Gebrekorkos et al., (2017) showed that plant height, bulb size and weight, total bulb 
yield and marketable bulb yield were influenced by planting spacing.                     

Onion nutrition take for as one of the main important factors affected on growth,  productivity 
and quality of onion bulb which is a heavy feeder of mineral elements, requiring ample supplies of 
NPK fertilizers (Tekalign et al., 2012 and Falodun and Ehigiator, 2015).In this concern, 
Brewster(2008), Falodun and Ehigiator (2015) and Khan et al. (2016) reported that onion need a large 
amount of mineral fertilizers and often respond well to these addition because it had a weak, shallow 
and unbranched root system which reduce its ability to absorb the minerals exist in the soil 
comparison with the other crops. Vegetable production depends on nutrition and macronutrients had 
the critical role in this respect (Dantata et al., 2013). Macronutrients, i.e. nitrogen, phosphorus and 
potassium (NPK) which are highly efficient in plant growth are needed in relatively higher amount 
compared than other elements (Marschner, 1995). Increasing onion production from the unit 
cultivated area can be done by using the suitable application rates of NPK fertilizers. Nitrogen  is an 
indispensable elementary constituent of numerous organic compounds (amino acids, protein, nucleic 
acid)  and it is needed in information of new cells, as well as encourage cell elongation (Marschner, 
1995). Nitrogen is essential element which improved plant growth and development, as well as bulb 
size and yield (Khan et al., 2002).  However, increasing application with nitrogen caused an 
extravagant vegetative growth, delayed maturity, reduced dry matter percentage, yield and bulb 
quality, as well as storability (Brewster, 1994 and Tekalign et al., 2012). Phosphorus is the second 
macronutrient necessary after nitrogen which needed for the root growth and development.  
Phosphorus is a part of the molecular structure notably nucleic acids. Moreover, it has a main role in 
the enzyme system necessary for the energy transformation in photosynthetic and respiration. Also, it 
is essential for division and development of meristem tissue (Marschner, 1995).   Insufficient quantity 
of phosphorus in soil decreased root, leaf growth and development, as well as bulb size and yield, 
beside delay maturation (Shaheen et al., 2007). Potassium is one of the major plant nutrients, which 
needed in large amount, especially for root crops. Potassium is the prevalent cation in plant. It is 
necessary in respiration and carbohydrates metabolism and transportation (Marschner, 1995).  
Increasing potassium application had a significant effect on growth characters, bulb yield and its 
quality.  Also, it gave the highest percentage of TSS, N, P and K (Abd El-Al et al., 2005 and Saud et 
al., 2013). Likewise, several researchers concluded that different nitrogen, phosphorus and potassium 
combinations had enhancing effect on plant growth, i.e. plant height, number of leaves plant-1, fresh 
and dry weight plant-1, bulb a neck diameter and bulbing ratio. Moreover, it increased bulb weight and 
TSS, dry matter, N, P, K content, as well as total yield and bulb storability (Singh et al., 2010 and 
Morsy et al., 2012; Tekalign et al., 2012 and Khan et al., 2016). In this concern, Khan et al., (2002), 
Aliyu et al., (2008) and Falodun and Ehigiator (2015) reported that the high production of onion yield 
were produced by the application of nitrogen, phosphorus and potassium fertilizers through the 
suitable plant population management. 

The present study aimed to find out the suitable plantation density with the optimum nitrogen, 
phosphorus and potassium fertilizers levels for onion growth, yield, bulb quality and its storability.  
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Materials and Methods 
 

This study was carried out at Ghazala Experimental Farm, Faculty of Technology and 
Development, Zagazig University, Sharkia Governorte, Egypt, during the two successive winter 
seasons 2013/2014 and 2014/2015 to study the effect of plant density and different fertilizers rates of 
NPK on plant growth, yield, bulb quality, as well as its storability.  The soil of the experimental field 
was clay in texture with pH 8.1-8.2, organic matter percentage 1.5-1.7 and available inorganic N22-
20, P22-19 and K 332-323 ppm in the first and second growing season, respectively. Analysis of the 
soil was done according to the methods described by Black (1982). The work included nine 
treatments which were  the combination of three plant densities and three levels of NPK fertilizers as 
follows:  
a- Three plant densities (112, 93 and 70 plant m-2) as shown in Table 1. 
b- NPK fertilizers rate treatments ha-1  
1. 225 kgN + 112.5 kgP2O5 + 125 kg K2O, the recommended rate (100% NPK). 
2. 281.2 kgN + 140.6 kg P2O5+ 156.2 kg K2O (125%NPK ). 
3. 337.5 kgN + 168.7 kg P2O5 + 187.5 kgK2O (150% NPK). 

Table 1: Different plant densities, plant spacing, plot size and number of plants per row. 
Plant density Plant spacing (cm) Plot characters 

No. of 
rows 

Plants 
row-1 M-2 ha-1 

Between 
rows 

In row 
No. of 
ridges 

Ridge 
length 

(m) 

Ridge 
width 
(m) 

Net 
area 
(m-2) 

112 1.120.000 12.5 7.0 4.0 3.0 0.5 6.0 4.0 42 
93 930.000 15.0 7.0 4.0 3.0 0.6 7.2 4.0 42 
70 700.000 20.0 7.0 4.0 3.0 0.8 9.6 4.0 42 

 
A split plot design with three replicates was adopted, where the plant density treatments were 
distributed in main plot, while the NPK fertilization applications were randomly distributed in the 
sub-plots.   

Seeds of onion cv. Giza 20 were sown in nursery on September 20th and 22th in the first and 
second season, respectively. Transplants were transplanted at 10 cm apart and planted on December 
13ten and 15ten in 2013/2014 and 2014/2015, respectively. Ammonium sulphate (20.5% N), calcium 
superphosphate (16-18% P2O5) and potassium sulphate (48-52% K2O) were used as sources of N, P 
and K fertilizers, respectively. All the amount of phosphorus fertilizer was added during soil 
preparation. The amount of N and K fertilizers were divided into two equal portions and added as soil 
application at 30 and 60 days after transplanting. The normal agricultural practices of growing onion 
plants were practiced as commonly followed in the district. 

After 3 months from transplanting, a random sample of 10 plants from each experimental plot 
was taken to record:  plant height, number of leaves, fresh and dry weight of whole plant (leaves and 
bulb),  neck and bulb diameter, as well as bulbing ratio which calculated according to Mann(1952) 
equation (Bulbing ratio = Neck diameter/Bulb diameter). At harvest time, bulbs were harvested when 
the most of their leaves turned yellowish and fall, i.e. 5 months after transplanting.  All plants in each 
experimental unit were pulled to determine marketable bulbs yield (single bulbs), culls bulbs yield 
(doubling, bolters and small bulbs, less than 3.5 cm in diameter) and total bulbs yield (t ha-1). Ten 
bulbs were taken from each plot to record bulb diameter, length, fresh weight and dry matter, total 
soluble solids (TSS) percentage. Nitrogen, phosphorus and potassium contents of onion bulbs were 
determined according to the methods described by Bremner and Mulvaney, (1982), Olsen and 
Sommers, (1982) and Jackson, (1970), respectively. Total carbohydrates percentage of bulb yield 
were assessed as described by Dubois et al., (1956). Storability of onion bulb was recorded by weight 
100 bulbs after curing from each plot and kept under normal condition of room.  Total loss percentage 
was calculated every month of storage period (5 months,from Jun to Oct.) according to the equation, 
Weight loss% = Initial weight – weight after storage /Initial weight. All obtained data were subjected 
to the  statistical analysis of variance  using SAS 9.2 software(SAS,2008). Mean separation was done 
using least significant difference (LSD) at 5%  probability level.  
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Results and Discussion 
 

a) Plant growth characters  
 

Data presented in Table (2) shows the effect of plant densities, rates of NPK fertilizers and their 
combination on plant growth parameters during the two growing seasons. Plant density significantly 
increased all plant growth measurements studied, i.e. plant height, leaves number, fresh and dry 
weight of whole plant, neck and bulb diameter, as well as bulbing ratio. 

 
Table 2: Effect of plant density, NPK treatments, as well as their interaction on growth characters of onion 

plants during 2013/2014 and 2014/2015 seasons.   
Characters 

 
Treatments 

Plant 
height 
(cm) 

No of 
leaves  
plant-1 

Fresh 
weight 
plant-1 

(g) 

Dry 
weight 
plant-1 

(g) 

Neck 
diameter 

(cm) 

Bulb 
diameter 

(cm) 

Bulbing  
ratio  

  Season 2013/2014 

Plant density  
(plant m-2) 

(A) 

112 57.33 7.52 104.36 10.11 1.64 4.81 0.34 
93 56.55 8.03 126.98 14.52 2.06 5.66 0.36 
70 63.66 8.61 140.53 16.89 2.16 5.90 0.37 

L.S.D. at 0.05 3.40 0.20 3.47 0.42 0.05 0.31 0.01 

NPK fertilizers 
(%) 
(B) 

100 57.00 8.00 118.65 13.23 1.85 5.31 0.36 
125 61.77 8.19 136.17 15.58 2.09 5.72 0.37 
150 58.77 7.97 117.05 13.71 1.91 5.34 0.36 

L.S.D. at 0.05 2.12 0.19 4.67 0.53 0.06 0.17 N.S. 
Interaction (AxB)         

112 
100 53.00 7.27 100.50 9.09 1.46 4.40 0.33 
125 57.66 7.59 104.10 10.01 1.68 4.95 0.34 
150 61.33 7.71 108.50 11.24 1.78 5.10 0.35 

93 
100 55.00 8.03 118.33 13.91 2.01 5.73 0.35 
125 59.66 8.13 142.60 17.84 2.21 5.95 0.37 
150 55.00 7.92 120.03 13.82 1.95 5.30 0.37 

70 
100 63.00 8.71 137.13 16.69 2.09 5.80 0.38 
125 68.00 8.85 161.83 19.91 2.39 6.26 0.38 
150 60.00 8.28 122.63 15.08 2.01 5.63 0.36 

L.S.D. at 0.05 3.67 0.33 8.10 0.52 0.11 0.31 0.02 
 Season 2014/2015 

Plant density  
(plant m-2) 

(A) 

112 62.33 7.71 100.02 10.24 1.83 5.10 0.36 
93 59.77 8.75 137.07 15.02 2.19 5.87 0.37 
70 67.77 8.98 155.67 17.51 2.32 6.08 0.38 

L.S.D. at 0.05 1.26 0.08 6.70 0.26 0.04 0.25 N.S. 

NPK fertilizers 
(%) 
(B) 

100 59.77 8.33 126.37 14.57 1.99 5.48 0.36 
125 66.22 8.57 141.54 17.26 2.33 6.08 0.38 
150 63.88 8.54 124.85 14.94 2.01 5.48 0.37 

L.S.D. at 0.05 2.31 0.11 6.75 0.46 0.03 0.23 0.02 
Interaction (AxB)         

112 
100 57.33 7.44 93.23 9.24 1.64 4.63 0.35 
125 62.33 7.76 98.10 10.40 1.87 5.16 0.36 
150 67.33 7.93 108.73 11.09 1.99 5.50 0.36 

93 
100 54.33 8.76 134.00 15.34 2.07 5.73 0.36 
125 65.00 8.82 152.13 17.00 2.49 6.50 0.38 
150 60.00 8.68 125.10 13.27 2.01 5.40 0.37 

70 
100 67.66 8.80 151.90 17.13 2.27 6.1 0.37 
125 71.33 9.12 174.40 19.98 2.65 6.60 0.40 
150 64.33 9.02 140.73 17.46 2.04 5.56 0.37 

L.S.D. at 0.05 4.01 0.20 11.69 0.79 0.06 0.40 N.S. 
100% NPK ha-1 = 225kgN+112.5 kg P2O5 + 125 kg K2O,the recommended rate          
125% NPK ha-1 = 281.2 kgN+ 140.6 kg P2O5 + 156 kgK2O  
150% NPK ha-1 = 337.5 kgN + 168.7 kgP2O5 + 187.5 kg K2O. 
 

The tallest, heaviest fresh and dry weight plants were  recorded by 70 plant m-2 (20 cm inter-
rows) compared with the two other densities 93 and 112 plant m-2 (15.0 and 12.5 cm inter-rows),  
respectively. The superiority of plant growth by the lowest density may be due to plants size 
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variability which directly related to neighbor-hood competition in which the growth of plant depends 
on the number, size and proximity of the plants in the unit area (Ahmed, 2012). There were different 
advantages by optimum inter-row and intra-row spacing (Geremew et al., 2010).  It reduces the 
competition between plants for main factors of growth, such as water, light and nutrient (Jilani et al., 
2009 and Kahsay et al., 2013). The obtained results are in  line with those reported by Bosekeng and 
Coetzer, (2015), Islam et al.,  (2015), Gebrekorkos et al., (2017), Mekonnen et al., (2017)  all working 
on onion, El-Shal et al., (2011) and  Muneer et al., (2017) on garlic, they found that growth rate of 
onion and garlic plants varied greatly according  to the number of plants per unit area.  

Moreover, it is quiet clear from such data in Table 2 that application of different  NPK 
fertilizers rates caused significant and marked effect on increasing  plant growth traits of onion plants,  
whereas the highest  values in this respect were more distinct by using 125% NPK ha-1, i.e. 281.2 kgN 
+ 140.6 kg P2O5 + 156.2 kg K2O ha-1 also, the superiority in total fresh and dry weight of whole plant 
amounted by 16.33 and 17.76% in the first season, as well as 13.36 and 18.46% in the second season, 
respectively compared with the recommended rate of NAK fertilizers. On the other hand, the lowest 
values were achieved by the highest rate( 150%) of NPK fertilizers  used, i.e. 337.5kgN+168.7kgP2O5 
+187.5kgK2O ha-1. In this concern, Brewster (2008) stated that onion is often considered as heavy 
feeder crop due to its high requirement of nutrients for its potential growth and yield. Moreover, 
Sullivan et al. (2001) stated that either insufficient or very high quantity of fertilizer application 
reduced plant growth and yield of onion plants.  Such favorable effect of mineral nitrogen on plant 
growth may be due to its role as building blocks in the synthesis of amino acids, which linked together 
to form proteins and make up metabolic processes required  for plant  growth (Marschner, 1995).  The 
enhancing effect of nitrogen fertilizer on plant height and neck diameter may be attributed to the 
higher  vegetative growth and used of sugar content to produce protoplasm and form new cells 
(Bagali, 2012, Simon et al., 2014 and Khan et al., 2016). As for the increase of number of leaves by 
nitrogen application,  this may be due to that it accelerate cell division,  enlarged the cell size and 
consequently increased vegetative growth especially number of leaves (Rizk et al., 2012). Moreover, 
phosphorus is the second important essential nutrient increased different plant growth characters, i.e. 
plant  height and number of leaves.  The positive effect of phosphorus on growth may be due to that, 
it is the main constituent of nucleic  acid,  protein and co-enzyme activity, as well as its importance 
for division and development of meristem tissue (Singh et al., 2010). However, the influence  of 
potassium may be attributed to that it increased  the efficiency of plants for utilized nitrogen which is 
essential for the growth of plant and other processes related to nitrogen metabolism (El-Bassiony, 
2006).  These results are in accordance with those reported  by Falodun and Ehigiator (2015) by using 
NPK fertilizers, Khan et al., (2016), Messele, (2016) and El-hamady, (2017) with NP rates,  as well as 
Abd El-Al et al.,(2005), Abo El-Salehein et al., (2008) and Saud et al., (2013) of K fertilizer. They 
found that application of various rates of NPK fertilizers enhanced the vegetative growth characters of 
onion plants.  

With regard to the effect of both factors of study, i.e. three plant densities combined with 
different rates of NPK fertilizers, it is evident from data presented in Table 2 that all vegetative 
growth characters significantly affected by the interaction treatments.  Whereas, application of 70 
plant m-2 with 125% NPK (281.2 kg N+ 140.6 kg P2O5 + 156.2 kg K2O ha-1) showed the best results 
for the vegetative growth during the two growing seasons of study. On the other hand, the highest 
plant density (112 plant m-2) show gradually increased of plant height by increasing NPK rates.  These 
results are in agreement with those mentioned by Sing  et al.,(2010), Saud et al., (2013), Falodun and 
Ehigiator, (2015), Islam et al., (2015) and Gebretsadik and Dechassa, (2015). 

 
b) Total bulb yield, quality and nutritional value 
 

The obtained results in Tables 3, 4 and 5 illustrate that the influence of the  applications of plant 
densities and rates of NPK fertilizers and their interactions showed significant effect on the total onion 
bulb yield ha-1, bulb  quality and its nutritional values(except the interaction of some assess) in both 
growing seasons. It is quite clear from the presented data that the lowest planting density (70 plant m-

2), followed by 93 plant m-2 in the second rank led to the highest values in the measurements of onion 
bulbs, i.e. total, marketable bulbs yield (t ha-1), bulb quality (bulb diameter, length, fresh weight and 
dry matter percentage), as well as the nutritional value of bulbs expressed as  N, P, K and total 
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carbohydrates content, as well as TSS percentage. Moreover, there was decrease in culls bulb yield in 
this respect. On the other hand, the least records were obtained by using 112 plant m-2). The 
superiority of 70 plant m-2 (20 cm inter-row) over than 112 plant m-2 (12.5cm inter-row) were 
amounted in bulb diameter by 20.5% and 19.3% , fresh weight of bulb 38.9%  and 35.9%, total bulb 
yield 16.1% and 14.8%, as well as the marketable yield by 19.6% and 18.2%, in the first and second 
seasons, respectively. 

 
Table 3 : Effect  of plant density , NPK treatments, as well as their interaction on bulb quality, total, marketable 

and culls  onion bulb yield during 2013/2014 and 2014/2015 seasons.  
Characters 

 
Treatments 

Bulb Total 
bulb 
yield  

(t ha-1) 

Marketable 
bulb yield 

(t ha-1) 

Culls bulb 
yield  

(t ha-1) 
Diameter 

(cm) 
Length 
(cm) 

Fresh 
weight 

(g) 

D.M  
(%) 

  Season 2013/2014 
Plant density  
(plant m-2) 

(A) 

112 5.34 4.72 67.66 17.55 42.783 39.091 3.691 
93 6.03 5.21 86.76 17.44 47.918 44.664 3.253 
70 6.44 5.40 94.02 17.84 49.676 46.765 2.911 

L.S.D. at 0.05 0.32 0.12 2.44 0.11 0.083 0.142 0.101 

NPK fertilizers  
(%) 
(B) 

100 5.80 5.02 79.57 16.63 46.531 43.304 3.227 
125 6.17 5.19 84.77 18.33 47.066 43.852 3.214 
150 5.84 5.11 84.10 17.87 46.780 43.365 3.414 

L.S.D. at 0.05 0.11 0.14 2.80 0.12 0.l085 0.119 0.071 
Interaction (AxB)         

112 
100 5.00 4.46 60.66 16.79 41.486 37.883 3.603 
125 5.33 4.70 64.90 18.20 42.516 38.626 3.890 
150 5.70 5.00 77.41 17.66 44.346 40.764 3.581 

93 
100 6.06 5.20 86.06 16.08 48.008 44.808 3.200 
125 6.26 5.31 90.93 18.31 48.283 45.283 3.000 
150 5.76 5.12 83.30 17.95 47.463 43.902 3.561 

70 
100 6.33 5.40 92.00 17.02 50.100 47.220 2.880 
125 6.93 5.56 96.46 18.50 50.400 47.646 2.754 
150 6.06 5.23 93.61 18.00 48.530 45.43 3.100 

L.S.D. at 0.05 0.20 0.25 4.85 0.21 0.147 0.206 0.123 
 Season 2014 / 2015 

Plant density  
(plant m-2) 

(A) 

112 5.62 4.85 72.22 17.58 43.626 39.952 3.674 
93 6.50 5.26 93.89 17.86 48.473 45.027 3.409 
70 6.71 5.42 98.21 18.51 50.085 47.242 2.843 

L.S.D. at 0.05 0.24 0.20 2.35 0.06 0.139 0.126 0.064 

NPK fertilizers  
(%) 
(B) 

100 6.00 5.10 84.35 17.28 46.895 43.502 3.356 
125 6.66 5.23 93.14 17.92 47.871 44.593 3.278 
150 6.16 5.20 86.83 18.46 47.418 44.126 3.292 

L.S.D. at 0.05 0.16 N.S. 4.07 0.07 0.141 0.109 0.036 
Interaction (AxB)         

112 
100 5.06 4.60 64.86 16.55 42.150 38.631 3.519 
125 5.70 4.76 72.06 17.26 43.73 39.926 3.804 
150 6.10 5.20 79.75 18.05 45.000 41.30 3.700 

93 
100 6.26 5.30 92.30 17.30 48.32 44.810 3.400 
125 7.13 5.39 100.63 18.45 49.100 45.850 3.250 
150 6.10 5.10 88.75 17.85 48.000 44.423 3.577 

70 
100 6.66 5.41 95.90 18.00 50.216 47.066 3.150 
125 7.16 5.55 106.73 18.88 50.783 48.003 2.780 
150 6.30 5.31 92.00 18.66 49.256 46.656 2.600 

L.S.D. at 0.05 0.28 0.22 7.05 0.12 0.244 0.189 0.063 
100% NPK ha-1 = 225kgN+112.5 kg P2O5 + 125 kg K2O,the recommended rate          
125% NPK ha-1 = 281.2 kgN+ 140.6 kg P2O5 + 156 kgK2O  
150% NPK ha-1 = 337.5 kgN + 168.7 kgP2O5 + 187.5 kg K2O. 

 



Middle East J. Appl. Sci., 7(4): 766-777, 2017 
ISSN 2077-4613 

772 

Meanwhile, the highest weight of culls bulb were recorded in case of highest planting density, 
112 plant m-2 (12.5 cm inter-rows), due to the increase in competition between plants for water and 
nutrients and that reflected in bulb shap, diameter, fresh  weight and this consequently affect onion 
yield (Eksteen et al., 1997 and Rahman and Talukdar, 2003). According to Brewster, (1994) plant 
population between 50-100 plant m-2 produced the demand bulb in most markets which its diameter 
between 50-70 mm. Moreover, Bosekeng and Coetzer, (2015) reported  that the heavier bulb fresh 
weight obtained by the density of 61 plant m-2 compared with planting density at 83 or 95 plant m-2 
whereas bulb fresh weight decreased as plant population increased. As for the supremacy of lowest 
planting density (70 plant m-2) on total and marketable bulb yield which correlated with the number of 
plants per unit area and the fresh weight of bulb, (Ahmed, 2012) attributed that to the less competition 
between plants and well benefit from the nutrients, and consequently encourage the plants to building 
metabolites which in turn to increase the accumulation of stored food in onion bulbs causing increased 
the total yield. Obtained results agree with those reported by Falodun and Ehigiator, (2015), 
Gebrekorkos et al., (2017) and Muneer et al., (2017). 

The highest values of N, P and K contents of bulbs produced from the lowest density (70 plant 
m-2) may be due to the lowest competition between plants take opportunity for plants to absorb higher 
amounts of N, P and K from the soil. In this respect, Karam, (2005) on onion, Rekowska and Skupien, 
(2009) and Temperini et al., (2010) on garlic reported that higher bulb dry matter, TSS, N, P and K, as 
well as total carbohydrates were obtained with wider spacing. 

There was significant differences in total bulb yield and quality (Table 3), as well as bulb 
nutritional value (Table 4) due to the application of NPK fertilizer at different rates.  Results revealed 
that increasing application of NPK fertilizers up to 125% NPK%, i.e. 281.2 kgN + 140.6 kg P2O5 + 
156.2 kg K2O ha-1 resulted to the maximum values of total and marketable bulb yield, as well as bulb 
characters, i.e. diameter, length, fresh weight and dry matter content. Moreover, bulb nutritive values 
(N, P, K, total carbohydrates and TSS percentage) were achieved the same results by this treatment. 
Meanwhile, the application rate at 150% NPK (337.5 kg N + 168.7 kg P2O5 + 187.5 kg K2O ha-1) 
came to the second rank in this respect.  The superiority in onion bulb weight, total and marketable 
bulbs yield by 125% of recommended NPK may be due to the favourable effect of such treatment on 
promoting vegetative growth rate and dry matter content (Tables 2and3) which may enhanc the 
efficiency of photosynthetic capacity which resulted in more metabolites synthesized and the 
accumulation of stored food in onion bulbs (Gessesew et al., 2015). 

In this concern, Arian et al., (2004) and Morsy et al., (2012) found that combined application of 
NPK gave the higher bulb yield and this mainly related to the increase in bulb size and weight which 
caused by these nutrients. Moreover, El-Hadidi et al. (2016) stated that increasing phosphorus and 
nitrogen fertilizers levels increased onion bulb yield and its quality and this probably due to that 
phosphorus had a function in building energy for metabolism of plant growth through cellular 
productions such as ATP from the early stages to the end of plant life. Moreover, nitrogen play an 
essential role in formation of proteins, chlorophyll and protoplasm, consequently increases cell size, 
leaf area, photosynthetic process which improved the assimilation and  accumulation of food in bulbs.  
These results are in accordance with those reported  by Khan et al., (2002),Shaheen et al.,(2007), 
Falodun and Ehigiator, (2015); Islam et al., (2015), Moradi, (2015), Saud et al., (2015) and Gessesew 
et al., (2015).  

The application of NPK fertilizer for onion plants caused a significant increase on the 
nutritional value of onion bulbs expressed as the content of minerals (N, P and K), total carbohydrates 
and total soluble solids (TSS) as shown in Table 4. The highest values of all mentioned traits were 
obtained from plants treated with 125% NPK, i.e. 281.2 kg N + 140.6 kg P2O5+ 156.2 Kg K2O ha-1 
compared to the values obtained from the other treatments. Similar results were pointed by Ibraheim 
(2010) and El-Hadidi et al. (2016) on onion, as well as El-Shal et al. (2011) on garlic.   

The interaction treatments between the three planting densities and NPK fertilizer applications 
gained significant effect on bulb yield and its bulb quality (Table 3). Whereas the highest values of 
total and marketable bulb yield, bulb physical characters, as well as the lowest culls bulb yield were 
obtained with application of mineral fertilizers at the rate 125%of NPK ha-1 with the thin planting 
density (70 plant m-2). The superiority of fresh weight of bulb amounted by 59.0 and 64.5 %, for total 
yield, 21.5 and 20.5, as well as 25.8 and 24.3 for marketable yield ha-1 in the first and second season, 
respectively. In this respect, similar results were obtained with Khan et al., (2002), Aliyu et al., (2008) 
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and Falodun and Ehigiator, (2015). Meanwhile, the nutritional value of onion bulbs had no significant 
effect with the interaction of the two studied factors except the percentage of TSS and total 
carbohydrates in the two growing seasons and nitrogen content in the first season only which gained 
the best results with the same treatment reported in total yield (Table 5). 

Table 4: Effect of plant density, NPK treatments on the nutritional value of onion bulb at harvesting time during 
2013/2014 and 2014/2015 seasons. 

Characters 
 
Treatments 

Minerals content (%) Total 
carbohydrate

s (%) 

TSS 
(%) 

Minerals content (%) Total 
carbohydrates 

(%) 

TSS 
(%) N P K N P K 

  Season 2013 / 2014  Season 2014 / 2015 

Plant density 
(plant m-2) 

(A) 

112 2.91 0.377 2.42 31.83 13.80 2.92 0.377 2.55 33.67 13.68 
93 2.93 0.385 2.62 33.3 14.16 2.96 0.394 2.81 34.26 14.40 
70 3.00 0.392 2.66 34.9 14.18 3.01 0.40 2.84 35.92 14.57 

L.S.D. at 0.05  0.08 0.005 0.11 0.08 0.09 0.04 0.003 0.11 0.05 0.08 

NPK  fertilizers 
(%) 
(B) 

100 2.88 0.375 2.41 33.11 13.36 2.93 0.386 2.65 34.09 13.45 
125 2.98 0.387 2.59 34.68 14.00 3.02 0.393 2.77 35.76 14.23 
150 2.98 0.392 2.69 32.36 14.78 2.94 0.397 2.79 33.99 14.96 

L.S.D. at 0.05  0.06 0.004 0.08 0.10 `0.08 0.07 0.003 0.06 0.05 0.05 
Interaction 

(AxB) 
 ** 

N.S N.S ** ** N.S N.S N.S. ** ** 
L.S.D. at 0.05  0.10 - - 0.18 0.15 - - - 0.09 0.08 

100% NPK ha-1 = 225kgN+112.5 kg P2O5 + 125 kg K2O,the recommended rate          
125% NPK ha-1 = 281.2 kgN+ 140.6 kg P2O5 + 156 kgK2O  
150% NPK ha-1 = 337.5 kgN + 168.7 kgP2O5 + 187.5 kg K2O. 

 
Table 5: Effect of the interaction between plant density and NPK treatments on some nutritional value of onion 

bulb at harvesting time during 2013/2014 and 2014/2015 seasons. 
Characters 

 
Treatments 

N (%) 
Total 

Carbohydrates 
(%) 

TSS (%) 
Total 

Carbohydrates  
(%) 

TSS (%) 

 Season 2013/2014 Season 2013/2014 

P
la

nt
 d

en
si

ty
 (

P
la

nt
 m

- )
 

 

11
2 

M
in

er
al

s 
N

P
K

 e
rt

il
iz

er
s 

(%
) 

100 2.82 31.00 13.30 32.46 12.85 
125 2.93 33.35 14.00 34.20 13.50 
150 2.98 31.15 14.10 34.34 14.70 

93 
100 2.84 33.50 13.40 36.31 13.80 
125 2.92 34.40 14.50 36.59 14.90 
150 3.05 32.25 14.65 34.85 15.00 

70 
100 2.98 34.85 13.40 33.49 13.70 
125 3.10 36.31 13.50 36.50 14.30 
150 2.92 33.70 15.60 32.80 15.20 

L.S.D. at 0.05 0.10 0.18 0.15 0.09 0.08 
100% NPK ha-1 = 225kgN+112.5 kg P2O5 + 125 kg K2O ,the recommended rate          
125% NPK ha-1 = 281.2 kgN+ 140.6 kg P2O5 + 156 kgK2O  
150% NPK ha-1 = 337.5 kgN + 168.7 kgP2O5 + 187.5 kg K2O. 

 
c) Storability of onion bulbs  
 
         There were significant differences in weight loss percentage of bulbs starting from the second 
month (July) of storage up to the end storage month (October). It is clear from results that increasing 
plants density increased weight loss percentage of bulbs. Moreover, there were gradual increas of bulb 
weight loss from the lowest density 70  followed by 93 and 112 plant m-2 which achieved the highest 
percentage of bulb weight loss during the storage period.  Obtained results are related with the highest 
bulb dry matter and TSS percentage gained by planting the lowest number of plants in the unit area 
(70 plant m-2) as shown in Tables 3 and 4. Therefore, these bulbs exhibited the lowest values of 
weight loss percentages during the five months of storage.  This finding is in accordance with those 
reported by Karam, (2005); Kahsay et al., (2013) and Mekonnen et al., (2017).  
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NPK fertilizer rates had a significant effect on total weight loss of onion bulbs at all storage 
periods (Table 6). Therefore, the minimum weight loss percentage of onion bulbs was obtained by 
applying the rate 125% of the recommended NPK ha-1 compared with the higher rate 150% NPK ha-1. 
Such results may be attributed to that the rate of NPK elements in mineral fertilizers may increase the 
percentage of dry matter and TSS of bulbs (Tables 3 and 4). Obtained results agree with those 
reported by El-Sheekh, (2000), Karam, (2005) and Tekalign et al., (2012).  

The interaction treatments between plant densities and NPK applications had no significant 
effect on total weight loss percentage of onion bulbs during the different months of storage. In this 
respect, El-Sheekh et al., (1994) reported that the combination between plant density and nitrogen 
fertilizer levels had no significant effect on bulb weight loss percentage during the storage period.  

 
Table 6:  Effect of plant density, NPK treatments and their interaction on total weight loss percentage of onion 

bulbs during the storage period at 2013/2014 and 2014/2015. 
Characters 

 
Treatments 

Weight loss (%) 
Storage months Storage months 

Jun July Aug. Sept. Oct. Jun July Aug. Sept. Oct. 
  Season 2013/2014 Season 2014/2015 

Plant density 
(plant m-2) 

(A) 

112 2.27 3.56 4.45 4.56 11.48 2.26 3.34 4.26 4.40 11.30 
93 2.22 3.18 4.13 4.39 10.74 2.22 2.92 3.98 4.17 10.27 
70 2.20 2.95 3.42 3.75 10.43 2.21 2.67 3.37 3.61 10.09 

L.S.D. at 0.05 N.S 0.05 0.08 0.06 0.03 N.S 0.05 0.08 0.19 0.10 

NPK 
fertilizers (%) 

(B) 

100 2.18 3.02 3.88 4.12 10.75 2.10 2.87 3.80 3.87 10.56 
125 2.22 3.20 3.98 4.20 10.69 2.18 2.93 3.81 4.07 10.38 
150 2.31 3.48 4.13 4.39 11.22 2.26 3.14 4.00 4.25 10.73 

L.S.D. at 0.05 0.05 0.04 0.04 0.09 0.08 0.05 0.07 0.06 0.18 0.07 
Interaction (AxB) N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S 

100% NPK ha-1 = 225kgN+112.5 kg P2O5 + 125 kg K2O,the recommended rate          
125% NPK ha-1 = 281.2 kgN+ 140.6 kg P2O5 + 156 kgK2O  
150% NPK ha-1 = 337.5 kgN + 168.7 kgP2O5 + 187.5 kg K2O. 

 
Conclusion 
 

It can be concluded that the optimum onion production with good quality, highest nutritional 
value and longest storage ability produced by application of 281.2 kg N + 140.6 kg P2O5 + l56.2kg 
K2O ha-1 at plant density 70 plant m-2 (700,000 plant ha-1) under the same conditions of this locality. 
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