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ABSTRACT: In order to study the effects of nitrogen fertilizer and plant density on yield characteristics of 
potatoes (CV. Sante), an experiment was conducted in summer of 2013. The experimental design was 
factorial based on randomized complete blocks design with four replications. In this experiment, densities 
were in 80, 100 and 130 thousand plants in ha and nitrogen fertilizer was tested at four levels (Nitroxin, 
Nytrazhyn, Azotobacter and urea). After harvesting potatoes on number of tubers per plant, tuber weight, 
tuber yield, harvest index, density and percent nitrogen gland tubers were measured and the results of 
analysis of variance. The results showed that the density and type of nitrogen fertilizer was significant on 
all traits. The density of 80 thousand plants per hectare than other treatments were superior in many 
characteristics between the treatments of different types of nitrogen fertilizer urea fertilizer for most traits 
were statistically significantly better. Also, in different types of nitrogen fertilizer urea fertilizer was better 
statistically significantly for most traits. The interaction between plant density and nitrogen fertilizer were 
statistically significant for most traits.  so most of the potato tuber yield (4584.9), the density of the tuber 
(1.44 cm3) and harvest index (56.33) was conducted from application of urea and planting 80 thousand 
plants per hectare. Therefore it is suggested to use density of 80 thousand plants per hectare and 
application of urea fertilizer in this study has shown the best results. Also yield difference between 80 and 
100 thousand plant density was not significant in any of the applied fertilizers. 
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INTRODUCTION 
 

 Potato is the fourth most important food crop of the world and also the most important non-cereal food crop. In 
Iran, it is cultivated in an area of 173000 hectares with a production of 21.5 million tones. One of the major concerns 
in today's world is the pollution and contamination of soil with the use of excess chemical fertilizers and pesticides. 
Biological nitrogen and phosphorus, environmentally friendly fertilizers organisms, such as bacteria, fungi and 
cynobacteria may be considered as the key word for solving such problem. Consequently, this may enhance plant 
nutrients uptake and promote plant growth (Lampkin, 1990). Biofertilization is now a very important method of 
providing the plants with their nutritional requirements without having an undesirable impact on the environment 
(Lampkin, 1990; Abdulla, 1995; Yassin, 2002; Abd El-Malek, 2005 and Abou El-Yazied and Sellim, 2007). In addition, 
there is now a very fast growing demand for organically grown food products (for both the local and export markets), 
which helps in the fast spreading of organic and bio-agriculture all over Egypt and in many other countries, especially 
the developing countries of the southern hemisphere (Abdulla, 1995; Yassin, 2002; Abd El-Malek, 2005). The 
objective of this study was to investigate the effect of selected commercial nitrogen and phosphorus bio-fertilizers on 
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potato growth, quality and yield of three potato cultivars under Assiut conditions. The results of this work may help in 
optimizing the growth and quality of potato tuber and increasing its yield.  
 The quantity and quality of this crop is affected by many factors, the most important factor is fertilization. The 
fertilizer use technique is an important tool through the minimum and complete use of mineral and biofertilizer. It has 
been proved that the excessive uses of mineral fertilizer causes many negative results, so and from this prospective 
the concept of complete fertilization come truth by combining the chemical and biological fertilization to preserve soil 
fertility. Using biofertilizers is very important for the production through the role of Azotobacter genus for nitrogen 
fixation unsymbiotic and exudation of some compounds like Auxins, Gibberllins, Cytokinins and antibiotic for Fungus, 
bacteria that can improve soil fertility and growth and production of agricultural cops (Forlin et al, 2008). The mineral 
(nitrogen) fertilizer (Urea) was found to play an important role in increasing growth, yield and its component of many 
crops. Nitrogen fertilizer (Urea) gave appositive and significant increases for potato vegetative growth, yield and its 
component. 
 

MATERIALS AND METHODS 
 

 Field experiments were conducted at the Experimental Farm of Faculty of Agriculture, Arak, Iran in fall seasons 
2012-13 on effect of nitrogen fertilizer and plant density on yield characteristics of potatoes (CV. Sante). The 
experimental design was factorial based on randomized complete blocks design with four replications. Nitrogen 
fertilizer were tested at four levels (Nitroxin, Nytrazhyn, Azotobacter and urea). Three commercial biofertilizer 
formulations used in the study are Microbein [a mixture of Azotobacter chroococcum, Azospirillum lipoferum, (free 
living N2-fixers) and Bacillus circulants (Potassium releasing bacteria)], Rhizobacterin is a mixture of Azotobacter 
chroococcum and Azospirillum lipoferum]. The three potato density used was 80, 100 and 130 thousand plant in 
hectare. Biofertilizers were applied by dipping potato seed tubers in a suspension culture of each type of biofertilizers 
for about 60 min before sowing time. The seed tubers were planted in the field immediately after the incubation 
treatment. The experimental site was prepared using a conventional method. Experimental plots were consisted of 
five ridges each of 3 meters in length and 0.7 meter in width forming a plot area of 10.5 m2. The distances between 
the hills in the rows were about 30 cm. Urea (45.5 % N) 400 kg/ hectare was applied to the plots. Fertilizer dose was 
added after complete emergence and the other half was added 30 days later. Potassium sulfate was added as usual 
in potato production field. The plots treated with nitrogen fixation bacteria received half amount of the recommended 
phosphors fertilizer (46% P2O5) before planting and the other half was applied 45 days after planting. Normal cultural 
practices, irrigation, weeds and pest control were followed as in commercial fields of potato production. Harvesting 
was done when maturity was attained. After harvesting potatoes on number of tubers per plant, tuber weight, tuber 
yield, harvest index, density and percent nitrogen gland tubers were measured. To calculate the nitrogen content of 
tubers after harvest, plant samples, were transferred to our laboratory and thoroughly washing the lump and took as 
much as possible. Then plant samples at 65 ° C until constant weight, and then weighed, ground and dried at 550 ° 
C in an electric furnace ash came. Ash plant using two molar hydrochloric acid and extraction was passed through 
filter paper (Chapman and Pratt, 1961) and to measure the grain nitrogen micro kjeldal method (Nelson and 
Sommers, 1972) was used.  To determine the density of tubers of potato tubers from each plot selected 2 tubers and 
to calculate the tubers volume into glass scale within which the water had reached the size of 1000 cc was placed 
and then the water volume within the tubers volume was considered. The tuber weight, tuber size distribution 
measured by dividing the weight of the harvest index was also calculated from the following formula (Dblvndh and 
Ldnt, 2000).  

 
tuber yield in harvesting time  

𝑚𝑢𝑥𝑖𝑚𝑢𝑚 𝑠ℎ𝑜𝑜𝑡 𝑤ℎ𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝑔𝑟𝑜𝑤𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 +tuber yield in harvesting time
 ×100 

 
 Data of vegetative and yield characters were subjected to statistical analysis using normal F- test with SAS 
(2004) and means of treatments were compared using the Duncan method 
 

RESULTS AND DISCUSSION 
 

 The results showed that the experimental treatments  node density effect of different sources of nitrogen, the 
nitrogen content of the tuber, shoot dry weight, tuber yield and harvest index at 1% level  Gland weight and diameter 
of 5.5 cm affected at the 5% level. The effect of different levels of congestion density of tubers, tuber yield, nitrogen 
content of the tumor, tumor diameter of 5.5 cm, weight and harvest index at 1% level and shoot dry weight was 
affected at the 5% level. The dual interaction of different levels of nitrogen fertilizer and plant density  tuber density 
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was not significantly affected the 5.5-cm-diameter tumor weight, shoot dry weight, nitrogen content of tubers, tuber 
yield and harvest index m impressed at the 5% level (Table 1-4). 
Tuber volume:  
 review of results by statistical comparison to detect changes in tumor density showed that (Table 2-4). Chemical 
nitrogen fertilizer (urea) with 35.1 cubic centimeter gland showed the highest density the lowest node density is the 
use of biological nitrogen source Nitrazhyn (1.09 cubic centimeter) was obtained. Increasing the size of the tumor 
mainly occurs through the growth of brain cells use fertilizer for plant led to the development of these cells becomes 
more and faster. Looks availability of nitrogen fertilizer use in the treatment of brain tumor is causing cavities. Supply 
adequate amounts of nutrients can increase the efficiency of rhizosphere microorganisms to growth although in poor 
nutritional condition of these creatures are able to increase plant growth and yield. This is by Zabihi and colleagues 
(1388) have also been approved. Effect of node density showed the highest density (1.30 cubic inches) and 100 
thousand plants per hectare obtained from cultures treated tuber and the lowest density (1.15 cubic inches) of treated 
cultures was 80 thousand plants per hectare. Asma (2011) stated that potatoes needed for the proper density is 
higher than many other products. For example, high frequency of plant in grand, reduces brain cavity and also 
obtainable the small potato tubers. Investigate the interactions between treatments showed the highest density of 
tumor (1.44 cubic centimeters) of nitrogen fertilizer application and planting density treatment plant 100 thousand in 
hectares and the lowest node density (1.01 cubic centimeters) was seen in biological treatment of nitrogen fertilizer 
(Nitrazhyn) application and planting density of 80 thousand plants in hectar. 
 
Tuber weight with more 5.5 diameters 
 results of the Comparison of means showed that Application of chemical fertilizer nitrogen source (4.41 kg.m2) 
and 14 percent from the application of biological Nitroxin greater than 5.5 cm in diameter and bulb weight showed it 
should be noted that the weight of the tumor with a diameter of 5.5 cm there was no significant difference between 
the three biologic fertilizer application. Effect of different levels of congestion that the weight of the tumor with a 
diameter of 5.5 cm (4.64 kg.m2) of cultures treated with 80 thousand plants per square meter was obtained cultures 
treated with 100 thousand plants per square meter, but with no significant difference the tuber weighs less than 5.5 
cm in diameter and 130 thousand plants per square meter of crop treated (2.96 kilograms per square meter), 
respectively. Investigate the interactions between treatments showed that the weight of the tuber with a diameter of 
5.5 cm (5.16 kg.m2) of the treated mineral fertilizer nitrogen (urea) and planting 80 thousand plants per square meter 
was minimum of 5.5 cm diameter and bulb weight (2.69 kg.m2) in the treatment of biological nitrogen application and 
planting Nitroxin 130 thousand plants per square meter was observed. Low availability of N means that plants can 
reach their potential photosynthetic organs. Which consequently reduces production and storage plant assimilate 
following all this stuff, of course not unexpected reduction in shoot dry weight.  
Karimiyan (1385) reported that application of nitrogen has a significant effect on leaf area index of the crop so that 
with increasing nitrogen levels from 100 to 150 kg per ha significantly increased leaf area index. As Haas and 
colleagues (2007) have an adequate supply of nitrogen fertilizer early in the growing season, causing widespread 
organ of photosynthesis and photosynthetic capacity of the plant and materials were developed. 
 
Tuber yield:  
 Tubers affected the results by comparing the performance of different sources of nitrogen (Table 5-4) showed 
the application of chemical fertilizer nitrogen source to produce the highest tuber yield showed 4434.9 grams per 
square meter 14 percent more than the application of biological Nitrazhyn gland showed However, significant 
differences between the various sources of biological fertilizer for tuber yield was observed. Nezam eldin et al (2003) 
conducted a trial to evaluate the effect of different amounts of nitrogen, potassium and phosphorus on growth and 
yield of potatoes in this experiment, five compound NPK with control were studied. The results are increased potato 
yield by 21 to 110% compared to controls (21 ha) under different fertilizer application levels indicated. Body weight 
gain ground with increasing nitrogen levels can be due to nutritional improvement and plant growth on high nitrogen 
values attributed the increasing growth of the underground organs. Can cause weight gain ground with dry nitrogen 
application because increased availability of nitrogen and chlorophyll in photosynthesis and dry matter production 
followed by an increase in the plant. Effect of different compression levels also showed the highest tuber yield per 
square meter (4215.87 mg) were obtained from plots planted 100 thousand plants per hectare and lowest tuber yield 
is about 130 thousand plants per hectare cultivated tuber yield equivalent to 3851.27 grams per square meter was 
found of course, with 80 thousand plants per hectare yield of tubers planted in a group were analyzed. Investigate 
the interactions between treatments showed the highest tuber yield (4584.9 grams per square meter) treated with 
chemical fertilizer nitrogen (BUN) and 100 thousand plants per hectare was planted and lowest tuber yield (3637.3 
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grams per square meter) in the treatment of biological nitrogen application and planting Nitrazhyn 130 thousand 
plants per hectare was observed. 
 It should be noted Which spread over the foliage and shoots as a result of overuse of nitrogen, due to growing 
competition between shoots and tubers to assimilate the and crop yield decreases according to the research results 
khoda doost (2003) Nitrogen application increased dry matter potato to a certain extent Since then significant 
amounts of nitrogen in the dry matter of potato was found. Large amounts of nitrogen fertilizers did not produce a 
significant increase in tuber yield  And the concentration of nitrate in tubers and threats to the health of the consumer. 
The application of N fertilizer based on soil test and given the critical level of cadmium in soil  
Could Also yield favorable tumor accumulation of excess nitrates in the tubers prevent harmful. 
 
Nitrogen tuber:  
 a review of the results by comparing the nitrogen content of the gland showed that application of chemical 
fertilizer nitrogen source (urea) by 80/1 percentage gland has the highest nitrogen content of 18% compared to 
biological nitrogen fertilizer (Nytrazhyn) nitrogen content greater tumor indicated all biofertilizers application also 
significant differences in the percent of nitrogen was observed in the tumor regions, and only a 3% difference between 
the three biological source of nitrogen for the nitrogen content of the tumor was observed. Production of one ton of 
potato tubers attract mining 5 / 4- 8 ha of soil nitrogen Kyklvgrm shoots and tubers (the President and Khajehpour, 
2000). New varieties of potatoes to nitrogen abundance ratios of nitrogen to stimulate vegetative growth need to be 
and gland packing to delay, but not until the other limiting environmental factors and vegetation, thereby increasing 
the growth and yield of tubers (Arbhy et al., 2001). Effect of node density showed the highest nitrogen content (1.67%) 
of the cultures treated with 80 thousand plants per hectare achieved which use this cumulative level of 100 thousand 
plants per hectare cultivated for the nitrogen content of the gland revealed no significant differences and low nitrogen 
content of the treated tubers planted 130 thousand plants per hectare (1.52 percent) were seen. Looks at densities 
of 80 and 100 thousand plants per hectare plant has more space available for the use of inputs such as water and 
food Therefore, the further development of the root system to absorb water and nutrients has increased and also the 
conditions and environment for the growth and development of shoots and photosynthesis is provided. Investigate 
the interactions between treatments showed the highest nitrogen content of the gland (1.94%) in the treatment of 
chemical nitrogen fertilizer (urea) and 80 thousand plants per hectare was planted and the lowest nitrogen content 
of tubers (1.43 percent) was observed in treated Nitrazhyn biological nitrogen application and planting 130 thousand 
plants per hectare.  
 
Harvest index:  
 To evaluate the changes caused by the treatment (HI) test (according to the results of the statistical comparison 
table) showed that application of chemical fertilizer nitrogen harvest index of 45/53% relative to the application of 
biofertilizers application (Nitroxin, Nitrazhyn and Azotobacter), showed respectively, 16, 14 and 10 percent higher 
harvest index. The effect of nitrogen addition on potato yield, tuber quality production is also affected. Nitrogen can 
increase nitrogen content of tubers and their conversion to protein improves the nutritive value of the tubers (Qdymf 
and R. Verdi, 2007). However, the use of nitrogen fertilizers size, may be part of the nitrate to accumulate in tuber 
and if the nitrate is exceeded, the threat to human health in the long term (Joern and Vytvsh, 2005). Effect of density 
on changes in harvest index (HI) showed that most 51.19) of cultures treated with 100 thousand plants per hectare 
achieved and the lowest HI (45.43 percent) of treated cultures was 130 thousand plants per hectare. Effect of the 
interaction treatments also showed the highest HI (56.33) of treatment application of chemical nitrogen (BUN) and 
100 thousand plants per hectare was planted and the lowest HI (03/44 percent) in the treatment of nitrogen 
application Nitroxin and 130 thousand plants ha biological cultivation was seen. 
 
Conclusion  
       Compared to nitrogen fertilizer application of nitrogen fertilizers and biological resources could not provide an 
acceptable level of compression reply  In this study, density functional density with eighty thousand plants seem 
appropriate because the difference in performance is not between eighty and one hundred thousand plant density in 
any meaningful application of fertilizer But the difference in achieving a high number of tuber diameter of 5.5 cm per 
hectare decreased with increasing density. The potato tuber yield (equivalent to 4584.9 grams per square meter) 
maximum node density (1.44 cubic centimeters) and the highest harvest index (56.33) of cultures treated with 80 
thousand plants per hectare and nitrogen fertilizer application was and the lowest yield (grams per square meter 
3637.3) number of tubers per square meter (62.12) and nitrogen content of the gland (1.43 percent) are treated 
Nitroxin biological nitrogen fertilizer application and planting 130 thousand plants per hectare, respectively. It is clear 
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that macro fertilizers application will be the significant increase in the production of and net income. That seems to 
be in dire need of treatment do not apply fertilizer and crops, especially potatoes in this vital element, according to 
ecological rules (the minimum lybic, Blackman and Mycherlikh, less than any other element that has the greatest 
impact on limiting performance is available) The main reason for limiting nitrogen deficiency because of the potato 
(CV. Sante) because Sante has been the unique cultivar to Intensive agronomy and field tested over the years under 
the common agricultural management of soil organic matter and the potential benefit of nitrogen fixation was not 
acceptable. The maximum amount of nitrogen fertilizer application following traits (urea 46%) was not unexpected.  
 

Table 1. Analysis of variance for different plant parameters as affected by different experimental treatments 

 
**, * and: significant at the 1%, 5% probability levels. 

 
Table 2. Mean comparisons effects of main traits of measured 

 
N1: Nitricsin, N2: Nitragin, N3: Azetobacter, N4: Urea 46%. D1: 80000 pl.Ha, D1: 100000 pl.Ha, D3: 130000 pl.Ha. 
Means followed by the same letters in each column are not significantly different (Duncan’s multiple range test 5%). 

 

 

Tuber yield  
Tuber weight with more 5.5 
diameters 

Tuber 
volume 

Harvest 
index 

Tuber 
nitrogen 

Height 
plant  

D.F SOV 

* ** ns * ns ns 3 replication 
** * ** ** ** ** 3 Nitrogen source  
** ** ** ** ** ** 2 Density 
* * 

 
* * * 6 Nitrogen 

source× 
65517.49 0.75 0.002 62.6 0.07 41.57 33 Error 
9.4 6.3 6.4 8.3 5.8 5.7  C.V(%) 

Tuber yield 
(g.m2)  

Tuber weight with more 5.5 
diameters(kg.m2) 

Tuber 
volume(cm3) 

Harvest index 
(%) 

Tuber nitrogen 
(%) 

Height plant 
(cm) 

Treat 

      Nitrogen 
source  

3897.8b 3.73b 1.23c 45.45c 1.54b 57.05b N1 
3848.3b 3.79b 1.09d 46.50c 1.49b 59.02b N2 
3946.8b 3.82b 1.30b 48.93b 1.56b 57.32b N3 
4434.9a 4.41a 1.35a 53.45a 1.80a 65.34a N4 
      Density  
4028.70b 4.64a 1.15b 49.12b 1.67a 57.25b D1 
4215.87a 4.21b 1.30a 51.19a 1.60a 59.92a D2 
3851.27b 2.96c 1.27a 45.43c 1.52b 61.88a D3 
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Nitricsin, N2: Nitragin, N3: Azetobacter, N4: Urea 46%. D1: 80000 pl.Ha, D1: 100000 pl.Ha, D3: 130000 pl.Ha. 

 
Figure 1. Changes of properties of potato evaluated by the use of different sources of nitrogen and density 
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