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ABSTRACT 
  

This expirment was carried out during the two  successive seasons 2008-2009 and 2009-2010 aiming to 
study the effect of different nitrogen sources on some botanical characters of wheat plant under sandy soil 
conditions. The applied nitrogen fertilizer sources were; mineral (NH4)2 SO4 (20.5% N), bio (Azospirillum 
brasilense, Bacillus polymyxa, Azotobacter choococcum, Klebsiella pneumonia and Pseudomonas putida), as 
well as plant compost. The study outcomes showed that, mineral nitrogen treatment led to the highest mean 
values of dry weight per plant, leaf area per plant, average spike length as well as grain yield per plant. Single 
bio nitrogen treatment caused minute effect on mean performance of the characters under investigation. The 
yielding ability of wheat plants could be enhanced by the following single nitrogen treatments ranked in 
ascending order; mineral nitrogen, plant compost and bio nitrogen treatments. The treatments of combined 
nitrogen sources proved to be more convenient for enhancing the studied traits. The highest mean values of the 
studied traits were recorded on plants that received mineral nitrogen plus plant compost treatment. Appling bio 
nitrogen plus 0.5 mineral nitrogen combined with 0.5 plant compost treatment showed the maximum values of 
dry weight/plant, leaf area per plant, average spike length and average grain yield per plant. Stem anatomical 
measurements and counts of treated plants proved that, all used nitrogen sources caused vital increase in whole 
stem diameter. These increments were accomplished with changing the investigated nitrogen sources, i.e. the 
mineral nitrogen source achieved the highest increase in stem diameter, while the lowest increase was attained 
with bio nitrogen treatment. The increments of stem wall thickness were reflected on the anatomical features of 
all tissues shared in stem structure; epidermis, sclerenchyma belt layers, vascular bundles and the ground 
parenchyma. The enlargement occurred on stem wall thickness was linked with remarkable increase in the 
average diameter of ground parenchyma tissue as well as the average vascular bundle diameter. Relative to 
control treatment, all nitrogen sources resulted in a remarkable increase in the measurements of all tissues in leaf 
lamina; thickness of upper and lower epidermis, thickness of mesophyll ground tissue, main vascular bundle 
length and width, metaxylem vessel diameter and thickness of phloem tissue.  
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Introduction 
 

Wheat (Triticum aestivum L.) belongs to the family Poaceae which was considered one of the largest 
families of angiosperms. Wheat is the most important cereal food grown in Egypt. Nitrogen fertilizer ranks first 
among the external inputs to maximize the output in of the crops. Input efficiency of N fertilizer is one of the 
lowest additives among the plant nutrients and, in turn, contributes substantially to environmental pollution. To 
optimizing nutrient utilization and cost efficiency, to maintain a favorable growth environment for culture 
species and to keep the environment cleans, over the last decade the acreage dedicated to organic cropping 
systems has shown a continuous growth in number of European countries (Anonymous, 2007). Whereby, the 
combined application of organic and inorganic N fertilizers resulted in reducing N losses from chemical N 
fertilizer and increasing the amount of N mineralization from organic N source (Azam et al., 1985). The organic 
substances play a direct role in sustaining soil fertility, as they are sources of plant nutrients, which liberate in 
available form during mineralization (Smith and Harpley, 1990). As is commonly reported in comparisons 
between organic and conventional cropping systems in industrialized countries it was found that the mean 
values for the organic system were usually lower than for the conventional system (Padel and Lampkin, 1994).  

The mean yields reflect the fertility level of the systems. The organic yields were considerably higher than 
in the studies in other continents (Kitchen et al., 2003; Mason et al., 2007 and Murphy et al., 2007). The yield 
reduction in the organic system varied considerably between countries, from 5% for barley in Denmark to 47% 
for winter wheat in UK. However, the results do not show a clear influence of the difference in productivity 
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between systems on the yield genetic correlation. The use of bio-fertilization technique either alone or mixed 
with bacterial species leads to maximize the counts and activity of such organisms. This is in turn release plant 
growth promoting substances which could stimulate plant growth, absorption of nutrient and efficiency of 
nutrient and metabolism (Reynders and Valassak, 1982 and Fayez et al., 1985). 

The main objectives of the present study were to detecting the alternatives of the mineral nitrogen fertilizer 
to improve wheat production and studying the effect of different nitrogen sources; mineral, bio as well as plant 
compost fertilizers on the some morphological, anatomical and yield characteristics of wheat plant under sandy 
soil conditions. 
 
Materials And Methods 

 
This expirment was carried out during the two  successive seasons 2008-2009 and 2009-2010 at the  

Experimental Farm Station, Department of Agricultural Botany,  Faculty of Agriculture, Cairo University. 
Grains of wheat T.  aestivum L.cv “Sakha93” were soaked about 24 hr before planting in a tap-water in all 
treatments except biofertilizeration treatments which were soaked in biofertilizer liquid. Seed were  sown in 
well washed sandy soil on 30 cm pots arranged in three replicates, five rows each. The experimental treatements 
were as shown in the following tabulation. 

 
Nitrogen sources Treatments 
Control (washed sandy soil) Mineral nitrogen + plant compost 
Mineral nitrogen (NH4)2SO4, (9 g/ pot) Bio + o.5 mineral nitrogen  
Bio nitrogen* Bio + o.5 plant compost 
Plant compost, (106g/pot) Bio + o.5 mineral nitrogen +o.5 plant compost  

*Bio nitrogen : liquid inoculum containing 108 cells/ml of Azospirillum brasilense, Bacillus polymyxa, Azotobacter choococcum, Klebsiella 
pneumonia and Pseudomonas putida. 

    
The traditional agricultural farming procedures for wheat production were followed. The recommended 

amount of P2O5 and K2O requirements were used according to the recommendations of the Ministry of 
Agriculture except the rates of nitrogen fertilizers. The applied biofertilizer was secured from the Enviromental 
Studies and Research Unit (ESRU), Department of Agriculture Microbiology Faculty of Agriculture, Cairo 
University. The traits under study were; average dry weight (g/plant), average leaf area (mm2), average spick 
lengths (cm) and average grain yield (g/plant). For the anatomical study, specimens representing the 3rd stem 
internode with its leaf were taken and the anatomical procedures as described by Nassar and El-Sahhar (1998) 
were followed. Sections 20µ representing each nitrogen treatment were examined. The experiment layout was 
complete randomized block design (CRBD) with three replicates. The results, except the anatomical 
measurements and counts were analyzed with statistical analysis system (SAS) program applying an ANOVA 
and an associated Tukey’s test to determine differences between means (MSTAT, 1986).  
 
Results And Discussions 

 
Effect of nitrogen sources on average shoot dry weight/ plant: 
 
- Main Effect of nitrogen source: 

 
Data in Table (1) show the impact of different investigated nitrogen sources on average shoot dry weight 

matter measured at heading stage. Over the two seasons, the mean dry weight of bio nitrogen treatment was 
compared with plants treated by mineral nitrogen and plant compost. The combined analysis of variance over 
the two studied seasons revealed that, among all different single nitrogen sources, the recommended mineral 
nitrogen treatment led to the highest shoot dry weight. While, no significant differences were detected between 
the averages shoot dry weight of bio-nitrogen and plant compost treatments. Significant elevation in the average 
shoot dry weight between control (zero nitrogen) and mineral nitrogen treatment was also noticed. These 
elevation percentages were 78.5 and 77.6% in the two successive seasons, respectively. The importance of 
nitrogen in controlling the dry matter formation in plants was early reported by many workers; i.e. Parihar and 
Tripathi (1989), Doyle and Shapland (1991) and Sabry et al. (1998).  

In this connection, Russel (1973) stated that the positive effect of nitrogen fertilizers on plant dry weight 
may be due to the role of nitrogen in protoplasm formation and all proteins, e.g., amino acids, nucleic acid and 
many enzymes in addition to energy transfer materials ADP and ATP. Moreover, Sabry et al. (2000) stated that, 
the increase in grain yield with the increase in nitrogen supply might be due to the increase in dry weight of 
vegetative organs which could be considered as a criterion for the photosynthetic efficiency of wheat plant. 
Moreover, Al-Rawashdeh et al. (2008) reported that, nitrogen application cause a relative improving dry matter 
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accumulation in vegetative parts and maturity stages, grain and yield and N translocation efficiency of wheat 
plant.  

It is notice that, there was no significant effect between biofertilizer treatment and control while, the 
differences were significant between biofertilizer treatment and the other treatments. Whereas plants which 
received single bio-nitrogen fertilizer showed 5.27 and 5.59g. at the first and second seasons, respectively. It is 
obvious that biofertilizer treatment showed minute effect on the average shoot dry weight.  
 
Table 1: Effect of different nitrogen source treatments and their combinations on the average dry weight and average leaf area in two  

successive seasons 2008/2009 and 2009/2010 

 Treatments Average dry weight (g /plant)  Average leaf area (mm2)    
1st season 2nd season Combined 1st season 2nd season Combined 

Control (zero nitrogen) 4.90±0.01 5.19 ± 0.03 5.04 ± 0.04 D 1641.52±1.45 1738.72±1.02 1688.4±1.88 E 
Mineral nitrogen 8.75±0.05 9.22 ± 0.06 8.98± 0.03  B 2931.30±1.66 3088.70±2.08 3008.3±2.55 C 
Bio nitrogen 5.27±0.02 5.59 ±0.05 5.43± 0.05  D 1765.53±1.95 1872.72±1.82 1819.1±1.70 D 

Plant compost 5.98±0.03 6.33 ±0.04 6.15± 0.05  C 1773.33±2.77 1820.61±1.61 1860.3±2.38 D 

Mineral + plant compost 10.61±0.03 11.24 ±0.06 10.93± 0.06A 3554.41±3.82 3765.40±3.27 3661.6±2.04 A 

Bio + 0.5 mineral nitrogen 9.33±0.04 9.89 ±0.05 9.61± 0.03  B 3125.60±2.73 3313.22±3.63 3219.4±2.17 B 
Bio + 0.5 plant compost 8.83±0.04 9.36 ±0.04 9.09± 0.09  B 2958.14±1.62 3135.61±3.11 3045.2±2.30 C 
Bio + 0.5 mineral  nitrogen + 
0.5 plant compost   11.16±0.07 11.15 ±0.05 11.15± 0.06A 3738.60±2.11 3735.33±2.72 3735.3±3.64 A 

L.S.D. 5% 0.52 0.54 0.76 174.20 198.71 171.30 
 
The above results are in conflict with the results produced by many investigators. They emphasized that 

biofertilizer treatments resulted in an increase in plant dry matter in many crops. El-Shahat (2007) stated that 
leaf area and dry weight of leaves were significantly affected by inoculation of wheat grains with Azospirillum 
or yeast and/or Azos + yeast in comparison to control treatment (100%NPK, without inoculation).  

The effect of plant compost on the average shoot dry weight proved that, plant compost resulted in 
significant increase in plant dry weight compared with the control (zero nitrogen) treatment. Relative to the 
control, the plant compost treatment showed increased plant dry weight by 22.0 and 21.9% in both studied 
seasons, respectively.  Khalil (2000) mentioned that, added various plant compost to the soil resulted increase 
growth characters, yield and chemical constituents of rosemary. In addition Ezz El-din and Hendawy et al. 
(2010) pointed out that add 20L/fed of plant compost was significant increased plant height, fresh and dry 
weight of aerial parts and flowers and number of branches of Borago officinalis L. plant. 
 
- Effect of combined nitrogen sources: 

 
The combined treatments were more efficient in enhancing shoot dry weight as compared with single use of 

bio nitrogen or plant compost. The effects of combined mineral nitrogen plus plant compost treatment on mean 
dry weight were 10.61 and 11.24 g at the first and second seasons, respectively. Relative to single nitrogen 
source treatments, the effect of combined treatment of bio nitrogen + 0.5 plant compost on shoot dry weight 
showed significant increase as compared with single treated bio nitrogen or plant compost, Table (1). It is 
worthy to mention that the combined nitrogen sources treatments scored the highest plant dry weight. This is in 
line with the findings produced by Mohamed and Medani (2005) and Zahir et al. (2007).  

In this connection, Mahfouz and Sharaf-Eldein (2007) mentioned that application of biofertilizer, which 
was a mixture of Azotobacter chroococcum, Azospirillum liboferum and Bacillus megatherium with chemical 
fertilizers (only 50% of the recommended dosage of NPK) increased vegetative growth of fennel plant (plant 
height, number of branches and herb fresh and dry weight per plant) compared to chemical fertilizer treatments. 
Ahmed and Abo-baker (2010) reveals that biofertilization treatments of Azospirillum + Bacillus plus 100% 
chemical fertilizers produced the highest values in all growth and yield parameters of wheat compared with full 
dose of chemical fertilization as control.  
 
- Effect of nitrogen sources on average leaf area: 
 
- Main effect of nitrogen source: 

 
The recommended mineral nitrogen treatment and the combined data led to the highest leaf area over the 

two studied seasons Table (1). Significant increase in the average leaf area was recorded between control and 
mineral nitrogen treatments. These increases were 78.6 and 77.7% in the two successive seasons, respectively. 
The vigorous effects of mineral nitrogen on the leaf area and consequently average plant dry weight were early 
reported by Sabry et al. (2000). 
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As to the bio nitrogen, it is obvious that, there was no significant difference between bio nitrogen and 
control treatment, while there were significant differences between bio nitrogen treatment and the other studied 
treatments. 

The mean leaf area of bio nitrogen treatment was decreased by -66.8 and -64.9%, -0.44 and -2.8%  as 
compared with plants treated by mineral nitrogen and plant compost in both seasons, respectively.  

The above mentioned results are in disagreement with the results produced by many investigators, Kumar 
and Singh (1997), Vyas et al. (1997) and Aal et al. (2005). 

Plant compost treatment resulted in significant increase in average plant leaf area as compared with the 
control (zero nitrogen) treatment. However, the recorded average of leaf area due to treatment by mineral 
nitrogen was higher than this obtained from plant compost treatment. The increase in average leaf area was 
previously explained by Soliman and Monem (1995) and Aal et al. (2005). 
 
- Effect of combined nitrogen sources: 

 
It is obvious from the interaction effect of mineral nitrogen and plant compost. As shown in Table (1), that 

the highest averages of leaf area was obtained from bio + 0.5 plant compost + 0.5 mineral nitrogen. Same trend 
was obtained with less extent effect in case of plant compost + mineral nitrogen where the recorded leaf area 
was 3554.4 and 3765.4 mm2, in the two successive seasons, respectively. So it could be stated that the combined 
nitrogen sources treatments produced the highest leaf area / plant. This is in harmony with the findings of, 
Attallah and EL-karamity (2003), Mohamed and Medani (2005) and Zahir et al. (2007) on wheat plant. 

Significant increase in mean leaf area was recorded when comparisons were held between bio nitrogen or 
plant compost. Relative to nitrogen source treatments, the combined treatment bio + 0.5 plant compost showed 
prominent increase compared with single bio nitrogen or plant compost treatments respectively. So, the 
combined treatments were more efficient in enhancing average leaf area compared with single use of bio- or 
plant compost. 
 
- Effect of nitrogen sources on average spike length: 
 
- Main effect of nitrogen source:  

 
Data presented in Table (2) illustrate the main effects of different nitrogen sources on the average spike 

length. Statistically, over the two studied seasons, different nitrogen sources significantly affect the average of 
spike length per plant. It is evident that mineral nitrogen treatment produced the tallest spikes length as 
compared with all other investigated nitrogen treatments. In both seasons, the recommended mineral nitrogen 
treatment showed spikes averaged 22.83 and 24.22 cm. This finding is reflecting the important role of mineral 
nitrogen source on promoting the vegetative growth of wheat plants.  

As shown in Table (2) in both seasons, plant compost treatment increased the average spike length by 21.1 
and 20.8% as compared with the control in the first and the second seasons, respectively. Comparing the mineral 
nitrogen with plant compost treatments, proved the dominant effect of mineral nitrogen treatment upon the plant 
compost. The superiority of mineral nitrogen source with plant compost treatment in different plant species was 
confirmed by Popkin (1995) and Dommelen et al. (1998). Moreover, Sarwar et al. (2008b) found that, the 
height of rice and wheat plants increased  significantly when adding organic materials alone or with chemical 
fertilizers.  

The bio nitrogen treatment performed the shortest wheat spikes length as compared with all other used 
nitrogen treatments. Relative to control treatment, the plants received bio nitrogen treatment the spikes lengths 
exceeded by 15.9 and 11.5% for the first and second seasons, respectively. This was confined by Hani et al. 
(1988) who stated that the simulative effect of Azorhizobia plant height could be attributed to plant growth 
promoting substances excreted on by some bacteria. 
 
Table 2: Effect of different nitrogen source treatments and their combinations on the average spike length and average grain yield in two  
               successive seasons 2008/2009 and 2009/2010 

Treatments Average spike length (cm) Average grain yield/plant (g) 
1st season 2nd season Combined 1st season 2nd season Combined 

Control (zero nitrogen) 13.80±0.62 14.90±0.70 14.4±0.66F 2.16±0.019 2.29±0.023 2.23±0.021E 
Mineral nitrogen 22.83±0.85 24.22±0.79 23.5±0.80A 3.17±0.021 3.21±0.018 3.19±0.019C 
Bio nitrogen 16.00±0.71 16.61±0.82 16.3±0.73E 2.18±0.016 2.27±0.028 2.23±0.023E 
Plant compost 16.71±0.67 18.00±0.77 17.3±o.67D 2.41±0.025 2.57±0.029 2.49±0.027D 
Mineral nitrogen + plant compost 21.15±0.84 22.33±0.97 21.7±0.80B 3.33±0.028 3.62±0.026 3.48±0.027A 
Bio + o.5 mineral nitrogen 19.91±0.66 20.24±0.71 20.0±0.68C 3.23±0.022 3.22±0.021 3.23±0.021B 
Bio + o.5 plant compost 18.05±0.56 19.11±0.61 18.5±0.59D 2.91±0.026 3.22±0.015 3.07±0.020C 
Bio + o.5 plant compost +  
o.5 mineral nitrogen 23.00 ±0.77 23.83±0.84 23.4±0.81A 3.73±0.028 3.82±0.026 3.78±0.027A 

L.S.D. 5% 1.30 1.11 1.40 0.89 0.81 0.79 
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In addition, combined seasons data proved that, spike length of bio treatment was decreased by 30.6 and 
5.8% as compared with plants treated with; mineral nitrogen and plant compost, respectively. Sabry et al. (2000) 
reported that wheat plant inoculated with Azorhizobia under zero nitrogen level significantly increased plant 
height. Nitrogen fertilization led to significant increase in number of tillers. On the contrary, no stimulate effect 
was recognized due to bio treatment alone while, combined bio nitrogen treatments showed enhancement effect.  
 
- Effect of combined nitrogen sources: 

 
The combination of the investigated nitrogen sources showed significant effect between the experimental 

nitrogen types in both seasons and combined over seasons. It is obvious that (Table 2),  bio nitrogen plus o.5 
mineral nitrogen and bio plus 0.5 plant compost combined treatments exhibited, to some explant, comparable 
same effect on the average spike length. Significant differences could be detected among the means of such 
treatments. Moreover, the effect of the combined treatment bio nitrogen plus  0.5 plant compost  showed 
relatively increase in mean spike length (13.5 and 6.9%) as compared with the single bio or plant compost 
treatments.  

It could be stated that, all combined treatments were more efficient in enhancing mean spike length 
comparable with single use of bio, plant compost and mineral nitrogen treatments. It is worthy to mention that 
no significant differences were found in mean spike length per plant with bio plus 0.5  plant compost and single 
plant compost, but it is increased compared with single bio nitrogen.   
 
- Effect of nitrogen sources on average grain yield per plant: 
 
- Main effect of nitrogen source: 

 
Grain yield per plant was significantly affected as the source of nitrogen treatment changed Table (2). 

Single nitrogen treatments discouraged the averages grain yield per plant compared with the combined nitrogen 
treatments. In both seasons, bio nitrogen treatment showed no significant differences as compared with their 
relative control. It could be stated that, bio treatment alone did not promote the average grain yield per plant. On 
the contrary, the plant compost treatment showed an increase in grain yield per plant by 11.57% as compared 
with control treatment. Nevertheless, mineral nitrogen and plant compost treatments showed the foremost effect. 
As, the mineral nitrogen treatment gained the higher grain yield as compared with the plant compost treatment. 
Whereby, the average increased percentages of grain yield per plant due to the mineral nitrogen treatment 
relative to plant compost were 38.2 and 40.8% in the first and second seasons, respectively. While, the relative 
increased percentages between the plant compost and bio treatments were, 10.5 and 13.2% in the same order. 
This is in agreement with the findings of Sohail et al. (2002) observed that application of nitrogen resulted to 
increase number of grains spike, 1000-grain weight and grain yield. The effect of organic plant compost on the 
grain yield of wheat plant was previously studied by El-Sharawy et al. (2003) their findings are in agreement 
with the above results. These findings indicated that average grain yield of wheat plants could be enhanced by 
following single nitrogen treatments ranked in ascending order; mineral nitrogen, plant compost and finally bio 
nitrogen treatments. These findings emphasized that, application of various mineral nitrogen and organic 
amendments on different yield parameters maximizes plant height, number of fertile tillers and total plant 
biomass. Swarup and Yaduvanshi (2000), Kuepper (2003) and Sarwar et al. (2008b), reported that yield of 
wheat crop increased significantly with the use of chemical fertilizer alone or in combination with various 
organic applied in the plant compost. It is worthy to mention that the obtained results in the study proved that 
single bio nitrogen treatment did not enhance the average grain yield per plant.  
 
- Effect of the combined nitrogen sources: 

 
In both seasons, no significant differences were detected in the average grain yield per plant among 

combined treatments, except 0.5 mineral nitrogen plus bio nitrogen plus 0.5 plant compost;   this treatment 
enhanced the average grain yield per plant by 56.0 and 69.5%. Whereas, no significant differences were found 
between the bio nitrogen plus 0.5 mineral nitrogen and plant compost plus mineral nitrogen indicating that using 
any of these combined treatments gave the same effect on average grain yield per plant. So, adding bio nitrogen 
source, with the half recommended mineral nitrogen treatment showed the same yielding potential. The highest 
recorded grain yield per plant was recorded with bio nitrogen plus o.5 mineral plus 0.5 plant compost treatment. 
Abd alla et al. (1994) mentioned that the increase in growth parameters could be attributed to the substantial 
increases of N-2-fixation due to nitrogenase activity of the cyanobacteria. The promotive effect of 
cyanobacterial inoculant, especially on growth, Hussein and Radwan (2001) found that, the application of 
biofertilization increased grain yield by 6.49% over the non-biofertilized treatments. Mahfouz and Sharaf El-din 
(2007) mentioned that the highest yield per plant of wheat was observed with the treatment of biofertilizer 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=grain+yield�
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(mixture of Azotobacter chroococcum, Azospirillum liboferum, and Bacillus megatherium) plus a half dose of 
chemical fertilizers (only 50% of nitrogen and phosphorus). Dandan and Yan (2013) found that, increase in the 
quality and yield with the high amount levels of nitrogen fertilizer in wheat. The results also indicated that bio 
nitrogen, beside its ability to improve the nutrient supply in the soil, also increases the efficiency of added 
chemical fertilization.  
 
- Effect of different nitrogen sources on stem anatomical structure: 

 
The effect of different nitrogen sources on the anatomical measurements and counts of the stem as shown in 

transverse sections are presented in Table (3) and Figure (1). It is realized that, relative to the control treatment, 
all used nitrogen sources caused vital increase in whole stem diameter. These increments were accomplished 
with changing the investigated nitrogen sources i.e., the mineral nitrogen source achieved the highest increase 
(68.2%) in stem diameter. While, the lowest percentage (15.1%) in average stem diameter was achieved with 
bio nitrogen treatment. The increases in stem diameter were reflected on the anatomical features of all tissues 
shared in stem structure; epidermis, hypodermis sclerenchyma belt, vascular bundles and the ground 
parenchyma. The enlargement occurred in stem wall thickness due to different nitrogen source treatments was 
linked with remarkable increase in the average thickness of ground parenchyma tissue as well as the average 
vascular bundle diameter. It is also evident that different sources of nitrogen greatly altered the stem wall 
thicknesses. Relative to control treatment, the average increases in stem diameter were 36.4, 54.5 and 63.6%; 
bio nitrogen, plant compost and minerel nitrogen sources, respectively. These increments in stem wall thickness 
were correlated with another increase in the thickness of the hypodermal sclerenchymatous belt. Stem 
parenchymatus ground tissue showed the major response to different nitrogen source treatments. Since, the 
highest average thickness of the ground tissue parenchyma cells was recorded with the mineral nitrogen 
treatment. While, both control and bio nitrogen treatments produced relatively thin parenchyma cells as 
compared with the mineral nitrogen and plant compost. On the contrary, remarkable decrease (7.4%) was 
noticed in number of vascular bundles due to mineral nitrogen treatment followed by bio nitrogen (2.1%) and 
plant compost (1.1%)  The amount of reduction occurred in number of vascular bundles was associated with an 
increase in vascular bundle diameter (length × width). The mineral nitrogen treatment scored the largest 
vascular bundles as compared with bio nitrogen and plant compost.   

Relative to the control, the length of the vascular bundle was increased by 15.4, 35.0, and 59.4% for the 
different nitrogen sources; bio nitrogen, plant compost and mineral treatments, respectively. Same trend of 
increment was recorded in the average vascular bundle width. Furthermore, the increment occurred in vascular 
bundle length and width was linked with remarkable increase in average metaxylem vessel diameter. Where, the 
widest vessel diameter (70.9 µ) was recorded with mineral nitrogen treatment while bio nitrogen fertilizer 
maintained the narrowest one (57.4 µ). Moreover, plant compost was exhibited 61.8 µ metaxylem vessel 
diameter. No remarkable differences were found between the thickness of vascular bundle fibrous sheath of 
different nitrogen treatments.  

The mentioned results are in accordance with the findings produced by Mohamed (2000) who concluded 
that, mineral fertilizers, especially at the rate of 100% positively increased stem structure by 31.15% for section 
diameter, 53.41% in thickness of fiber layer, 41.02% in ground tissue thickness, 20% in number of ground tissue 
layers, 17.54% in average of ground tissue cell, 36.36% in number of vascular bundles, 86.67 and 19.15% in 
length and width of vascular bundle and 60% in the average diameter of metaxylem vessels compared with 
those of untreated plants. On the contrary, Forrest and Young (2006) stated that, internode anatomy was 
unaffected by either nitrogen fertilizer type or nitrogen level as nitrogen level did not have significant effects on 
tissue ratios. In addition, Huang et al. (1994) mentioned that, neither the diameter nor the number of xylem 
vessels were affected by increasing N supply. These findings are not matching with the present results were in 
the internode anatomical characteristics were significantly affected by nitrogen fertilizer type. Moreover, xylem 
area and volume as well as the average diameter of ground tissue were appreciably bigger with the non organic 
nitrogen treatment as compared to control and/or organic and bio nitrogen treatments. As well, stem wall 
thickness was remarkably thicker with non organic nitrogen treatment than the control. Two anatomical 
characteristics were not influenced by nitrogen fertilizer type; number of vascular bundles and the average 
thickness of the vascular bundle fiber sheath. This is in contrast to previous findings of Mohamed (2000) who 
stated that treatments with 100% recommended non organic nitrogen fertilizer increased the number of vascular 
bundles in stem cross section. It is worthy mention that in monocot stems vascular bundles mainly initiated in 
early growth stage within the apical meristem that may not be affected by nitrogen type or level.  
 
- Effect of nitrogen sources on leaf anatomical structure: 

 
The leaf blade transverse sections of wheat plant treated by the different nitrogen source types are presented 

in Table (4) and Fig. (2). It is obvious that, all measurements of certain anatomical characters of all nitrogen 
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treated plants showed a remarkable increase as compared with their respective controls. Since, the 
measurements of the following anatomical features were appreciably increased with remarkably different 
extents; thickness of leaf lamina, thickness of upper and lower epidermis, thickness of ground spongy 
parenchyma, main vascular bundle length and width, diameter of metaxylem vessel, phloem thickness and 
thickness of fibrous bundle sheath. So, generally, different nitrogen sources treatments resulted in a remarkable 
increase in measurements of all shared tissues in leaf lamina. It is also realized that no remarkable change was 
found in number of spongy parenchyma rows in all investigated treatments. The intercellular space seemed to be 
wider in case of control, bio nitrogen and plant compost treatments. So, it could be stated that the enlargement 
occurred in the thickness  of leaf lamina in all nitrogen treated plants were due neither to the increase in cell size 
nor to the increase in number of spongy parenchyma rows. The thickness of leaf main vascular bundle of the 
mineral nitrogen treatments exhibited notable enhancement as compared with the control or both bio nitrogen 
and plant compost treatments. The enlargements in vascular bundle dimensions of mineral nitrogen treatments 
were accompanied by unvarying increments in both average diameter of metaxylem vessels and average 
thickness of phloem tissue. The average increments percentages in metaxylem vessel diameter of mineral 
nitrogen treatments were 25.1% as compared with control treatment. While bio nitrogen and plant compost 
treatments showed comparable same metaxylem vessel diameter 35.2 and 35.8 µ. Similar trend of effects was 
realized in phloem thickness, since phloem thickness was not greatly differed compared to control (63.5 µ), bio 
nitrogen (66.4 µ) and plant compost (69.1 µ) treatments. Phloem thickness showed outstanding enlargements 
with mineral nitrogen treatment (89.1 µ).    

The present findings support the fact that nitrogen has positive effects on the rate of leaf elongation (Ryle, 
1964; Radin, 1983; Volenec and Nelson, 1983; Gastal and Nelson, 1994) and to a greater extent on leaf internal 
structure (Mohamed, 1996 and Sakr, 2001). 
 
Table 3: Means of measurements (µ) and counts of different tissues as shown in the transverse sections of wheat stem 3rd internode treated  
               by different nitrogen fertilizers  (average of 10 readings) 

Characters Control Mineral 
nitrogen 

±% to 
 control Biofertilizer ±% to 

control 
Plant 
compost 

±% to  
control 

Stem diameter 3529.8 5938.2 68.2 4062.6 15.1 4728.6 34.0 
Stem wall thickness 366.3 599.4 63.6 499.5 36.4 566.1 54.5 
Hollow pith diameter 2797.2 4283.4 53.1 3063.6 9.5 3596.4 28.6 
Epidermis thickness 9.3 15.9 71.9 12.5 35.1 13.7 48.1 
Hypodermis sclerenchymatous belt 63.0 80.2 27.3 72.4 14.9 75.8 20.3 
Ground parenchyma thickness 294.0 503.3 71.2 415.6 41.4 477.6 62.5 
Vascular bundle: 
- Length 
- Width 
- Number/mm2 
- Bundle sheath thickness 

162.5 
125.0 
47.0 
12.3 

259.0 
204.8 
43.5 
12.6 

59.4 
63.8 
-7.4 
1.6 

187.5 
162.5 
46.0 
12.3 

15.4 
30.0 
-2.1 
0.0 

219.3 
170.0 
46.5 
12.5 

35.0 
36.0 
-1.1 
0.8 

Average vessel diameter 37.0 70.9 91.6 57.4 55.1 61.8 67.0 
 
Table 4: Means of measurements (µ) and counts of different tissues as shown in the transverse sections of wheat leaf treated by different  
               nitrogen fertilizers (average of 10 readings)  

Characters Control Mineral 
nitrogen 

±% to 
control Biofertilizer ±% to 

control 
Plant 
compost 

±% to 
control 

Thickness of leaf lamina 734.4 985.4 25.4 882.1 20.1 896.4 22.0 
Upper epidermis thickness 26.7 34.9 23.4 28.4 6.3 28.9 8.2 
Lower epidermis thickness 17.1 19.1 10.4 18.2 6.4 18.6 8.7 
Ground spongy parenchyma 
thickness 694.4 932.7 25.5 835.2 20.2 844.1 21.5 

Parenchyma cell diameter 86.8 116.3 34.0 96.1 9.7 106.7 22.9 
Main vascular bundle: 
- length 
- width 

 
233.8 
221.8 

 
402.3 
396.4 

 
72.0 
78.7 

 
267.2 
257.6 

 
14.2 
16.1 

 
310.2 
301.4 

 
32.6 
35.8 

Diameter of metaxylem vessel 35.05 43.8 25.0 35.2 0.4 35.8 2.1 
Thickness of phloem 63.5 89.1 40.3 66.4 4.4 69.1 8.8 
Thickness of fibrous bundle   
sheath 375.1 482.1 28.5 438.6 16.9 458.3 22.1 
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Fig. 1: Anatomical features of stem 3rd internode as shown in transverse sections. (X 40) (X100) a= Control, b= 

mineral nitrogen treatment, c= bio nitrogen treatment, and d= plant compost treatment Details: ep: 
epidermis; sw: stem wall; sb; sclerenchyma belt; vb: vascular bundle and hp: hollow pith. 

 

 
 

Fig. 2: Anatomical features of wheat leaf as shown in transverse sections. (X100) a=control, b= mineral 
nitrogen treatment, c= bio nitrogen treatment and d= plant compost treatment Details: uep: upper 
epidermis; mv: mean vascular; lep: lower epidermis; ph: ploem; sc: sclerenchyma and x: xylem.       

 
- Recommendations: 

 
From these results, it appeared that the vegetative growth and grain yield of wheat plant can be improved by 

the application of some fertilizers, safe and low cost treatments, i.e. bio nitrogen and plant compost. It could be 
suggested that bio nitrogen plus o.5 mineral plus 0.5 plant compost treatment could be used as alternative 
recommendation for induction of high grain yield per plant. 

Uep. Mv. Lep. 
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