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ABSTRACT  
 
 Bio-fertilization or inoculation with plant growth-promoting bacteria (PGPB) is a sustainable alternative for 
agro-ecosystems. Inoculation of wheat is a widespread agricultural practice that has proved to be efficient in 
increasing production and promoting nutrition of this crop. The greenhouse experiment was carried out to 
examine the effect of using biofertilizers (Anabaena oryzae and Azospirillum brasilens) on growth, yield and 
anatomy of three cultivars of wheat called Sakha 69, Sakha 93 and Gemaza7. A factorial design 3x3 with three 
replicates was applied. The morphological characters of wheat plants and anatomical studies were recorded after 
80 days from sowing date and after physiological maturity grain and straw yield and grain and harvest index 
were determined. Culturable microorganisms were analyzed in rhizosphere samples which collected at 0, 60 and 
120 days of planting and counts of most probable number of azospirilla and cyanobacteria were determined at 
the same time. Results showed a great variation in the effect of inoculation with different bio-fertilization on 
nitrogenase and dehydrogenase activities in rhizosphere of wheat plants. Inoculated soil with Az. brasilense and 
A. oryzae showed significant increase in all investigated morphological characters except number of leaves/plant. 
The interaction among biofertilizers and wheat cultivars proved significant effect on grain and straw yield as 
well as on weight of 1000 grains, while no significant effect on spike length and harvest index percentage. 
Anatomical studies showed the treatment of Anabeana oryzae or Azosprillium brasilense could be attributed to 
the increased in diameter of stem, thickness of mechanical tissue and parencymatous area of the ground tissue 
included vascular bundles. The mechanical tissue was increased by 40% for treatment with Anabeana oryzae 
and 33.2% for treatment with Azosprillium brasilense as compared with the control. Anabaena oryzae increased 
stem diameter of wheat plant cv Sakha 93, thickness of mechanical tissue , parenchymatous area of the ground 
tissue included vascular bundles, number of large vascular bundles , number of small bundles and diameter of 
metaxylem vessel by 30,8.2,14.3 31,7 and 39.9% more than those of the control; respectively. Anabaena oryzae 
increased stem diameter of wheat plant cv Gemaza 7, thickness of mechanical tissue , parenchymatous area of 
the ground tissue included vascular bundles, number of large vascular bundles , number of small bundles and 
diameter of metaxylem vessel by 34.8,40,24,32.2,26.6 and 16.5% more than those of the control; respectively. 
Azosprillium brasilense gave the same effect on anatomical characters of  cv Sakha 93 and cv Gemaza 7. 
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characters, Stem anatomy. 
 
Introduction 
 
 Wheat plant (Triticum aestivum L.) is one of the most important feed crops in all over the world. Wheat is 
considered the first strategic food crop in Egypt. Its grains are a staple human food and straw can be used as a 
fodder for livestock. The cultivated area of wheat in Egypt is about 3.1 million faddans during 2011 season, 
produced about 8.7 million tons (Anonymous, 2011). Since, Egyptian peoples need about 14 million tons to 
achieve food security. The wheat production in Egypt did not adequate the urgent needs of people, thus more 
than 40 % of consumption are imported annually. This gap between production and consumption is a resultant 
to many problems. 
 The genus Azospirillum ssp. can colonize the roots and stems of plants without causing disease symptoms 
to stand out (Terver and Hollis, 2002). These microorganisms called plant growth-promoting bacteria (PGPB) 
greatly influence the ability of biological nitrogen fixation; the increase in nitrate reductase activity when grown 
endophytically in the plants; the production of hormones such as auxins, cytokinins, gibberellins, ethylene and a 
variety of other molecules; the phosphate solubility; favor beneficial mycorrhizal–plant associations and may act 
indirectly on growth to protect the plant from soil fungi or phytopathogenic bacteria (Perrig et al., 2007; Cassán 
and Garcia, 2008; Reis Júnior et al., 2008). 
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 Several modes of action are documented in Azospirillum PGPR, especially the production of 
phytohormones such as auxins, which is often proposed as the main phytobeneficial mechanism underpinning 
root system stimulation (Dobbelaere et al., 2003). Other significant traits include associative nitrogen fixation, 
the synthesis of nitric oxide (Creus et al., 2005), and 1-aminocyclopropane- 1-carboxylate deaminase activity 
(Prigent-Combaret et al., 2008). 
         Cyanobacteria are a group of prokaryotic photosynthetic, microorganisms. Their capacity to fix 
atmospheric nitrogen and carbon makes them attractive as a source of nitrogenous biofertilizer in rice 
agriculture (Stewart et al. 1987). The acts of these bacteria include: (1) Increase in soil pores with having 
filamentous structure and production of adhesive substances. (2) Excretion of growth-promoting substances 
such as hormones (auxin, gibberellin), vitamins, amino acids (Roger and Reynaud 1982, Rodriguez et al. 2006). 
(3) Increase in water- holding capacity through their jelly structure (Roger and Reynaud, 1982). (4) Increase in 
soil biomass after their death and decomposition. (5) Decrease in soil salinity. (6) Preventing weeds growth. (7) 
Increase in soil phosphate by excretionof organic acids (Wilson, 2006).   
 The objective of this work is to study the effect of selected efficient indigenous Azospirillum (rhizobacteria)  
and Anabaena (cyanobacteria)  on growth and anatomy of three varieties wheat plants. 
 
Materials and Methods  
 
 This study was carried out in the laboratory and greenhouse of Agric. Microbiology Dept. and the anatomy 
studies was carried out in laboratory of Botany of Agric. Bot. and Plant Pathology Dept. , at the Faculty of 
Agriculture, Zagazig University, Egypt, to examine the effect of indigenous selected biofertilizers contaning 
Azospirillum brasilens and Anabaena oryzae on the morphological, yield and anatomy of wheat (Triticum 
aestivum L.) plants cultivated in sandy soil of Sharkia governorate. 
 
2.1. Physicochemical and mechanical analysis of soil under investigation: 
 
 Physicochemical and mechanical analysis of soil was carried out according to Jackson (1970) and listed in 
Table (1). Rippka et al., 1979).   
 
Table 1: Mechanical and  physicochemical analysis of soil: 

Type of soil 
analysis 

physical analysis Mechanical analysis Chemical analysis 
Cations (mg/l) anions(mg/l) 

pH E.C 
dsm-1 

O 
M.% 

Sand % Silt % Clay % Type of 
soil 

Ca++ Mg++ Na+ K+ CO3+HCO3
- CL- SO4--

Soil sample 7.25 1.5 1.13 55.0 31.6 13.3 sandy 
loam 

14.8 3.3 3.01 1.9 2.2 8.1 4.2 

 
2.2. Inocula Preparation: 
 
 Two efficient indigenous strains of Azospirillum brasilens and Anabaena oryzae were chosen as the best 
indigenous bio-fertilizers   from Sharkia Governorate soils (Salem et al., 2006 and Ali, 2012) to be used in this 
investigation . Azospirillum strain was cultured in NFM Semisolid Malate Medium (Day and Döbereiner, 1976), 
and incubated in the dark at 28 ± 2°C in rotary shaker 120 rpm for 2-5 days; the bacterial suspension contained 
107 CFU ml-1.  The inocula of Anabaena oryzae strain was prepared by inoculating 500 ml Erlenmeyer flasks 
contained 250 ml of BG011 medium (Rippka et al., 1979) with a loop-full of 10 days old culture of organism.  
Inoculated flasks were incubated at 30ºC under continuous illumination (400-500 lux) for 21 days. Cultures 
were then centrifuged at 2000 rpm for 10 min. and pellets were suspended in sterilized Ringers solution to get 
high density of Colony Forming Unit of cyanobacterium (1 x 107CFU/ml). 
 
2.3. Experimental design and treatments study: 
 
 The greenhouse experiment was carried out to examine the effect of using biofertilizers (Anabaena oryzae 
and Azospirillum brasilens) on growth, yield and anatomy of three cultivars of wheat named Sakha 69, Sakha 93 
and Gemaza7. The grains of wheat cultivars were obtained from Wheat Research Section, Field Groups 
Research Institute, ARC, Giza, Egypt. The soil was distributed in plastic pots (25 cm diameter and 20 cm depth) 
at the rate of 6 kg/pot. The wheat grains were surface sterilized according to Vincent, (1970). The sterilized 
grains were soaked in Azospirillum and Anabaena suspension separately at the rate of 1 × 107 cfu for two hours. 
The grains were sown on the 20th of November 2010/2011 and repeated in November 2011/2012 and then 5 ml 
of cell suspension was applied over the grains in each treated pot and covered with soil. The experimental 
design was a factorial design 3 x 3 in 9 treatments and 3 replicates. In all the following treatments, after ten days, 
plants were thinned to 5 plants/ pot. 
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Pots were amended with the following treatments: 
1 - Sakha 69 uninoculated as a control 1           2- Sakha 93 uninoculated as a control 2 
3-  Gemaza7 uninoculated as a control 3          4- Sakha 69 inoculated with Azospirillum   
5-  Sakha 93 inoculated with Azospirillum        6- Gemaza7 inoculated with Azospirillum 
7-  Sakha 69 inoculated with Anabaena            8- Sakha 93 inoculated with Anabaena   
9 - Gemaza7 inoculated with Anabaena 
 
2.3.1. Recording of data: 
 
 A. Total count of bacteria, azospirilla and cyanobacteria in rhizosphere : 
 
 The soil was distributed in plastic Microbial populations were undertaken directly in specimens of soil 
samples collected at 0, 60 and 120 days after cultivation to determine total bacteria, total azospirilla and total 
cyanobacteria. Plate count technique was followed for total bacteria (Difco, 1985). Enumeration of azospirilla 
populations was carried out by MPN (Most Probable Number) technique using NFM Semisolid Malate Medium 
according to Bashan and Levanony (1985). Also, counting of total cyanobacteria was undertaken using the 
dilution frequency method to obtain the most probable number (MBN) technique and tabulated for each site 
under the various locations using BG011 medium. The enrichment flasks and MPN tubes were regularly 
monitored for growth and observed microscopically according to Stanier et al., (1978) and Rippka et al., (1979)  
 
B. Nitrogenase and Dehydrogenase activities in rhizosphere: 
 
 After 60 days from planting, nitrogenase and dehydrogenase activities in rhizosphere were estimated. 
Nitrogenase activity was measured using the acetylene reduction assay technique (ARA) according to the 
standard procedures by Hardy et al., (1973). Dehydrogenase activity was measured as a reduction of triphenyl 
tetrazolium chloride technique (TPF) according to the standard procedures by Tabatabai (1994). 
 
C.  Morphological characters of vegetative growth: 
 
 After 80 days from sowing, a random sample of 5 plants/pot from each treatment was taken for measuring 
plant height (cm), number of leaves/plant, leaf area (cm2) and number of tiller/plant.   
 
D. Yield characters: 
 
 At maturity (after 120 days of planting) the rest of all plants were harvested and the grain and straw yields 
(g/pot), spike length (cm), grain index (weight of 1000 grain) and harvest index (percentages of grain yield 
/grain + straw yields) were recorded. 
 
E. Anatomical studies: 
  
 It was intended to carry out a comparative micrscopical examination on plant material, which showed the 
most prominent response of plant growth to investigated treatments. Specimens of wheat cv. Sakha 93 and 
Gemaza 7 were taken from the fourth internode which resmbled the median internode of the main stem. Plants 
used for examination were taken through out the second season at the age of 75 days. Specimens were killed and 
fixed for at least 48 hr. in FAA (10 ml formalin, 5 ml glacial acetic acid and 85 ml ethyl alcohol 70%). The 
selected materials washed in 50% ethyl alcohol, dehydrated in normal butyle alcohol series, embedded in 
paraffin wax of 56oC melting point, sectioned to a thickness of 20 microns, double stained with crystal 
violet/erythrosin, cleared in xylene and mounted in Canada balsam (Nassar and El-Sahhar, 1998). Sections were 
examined to detected histological manifestations of the chosen treatments and photomicrographed. 
 
2.4. Statistical Analyses: 
 
 The data recorded in three replicates for the parameters in various treatments were subjected to analysis of 
variance (ANOVA) in accordance with the experimental design (factorial deign 3x3) according to Snedecor and 
Cochran (1980) using SPSS statistical package to quantify and evaluate the sources of variation. Duncan’s 
multiple range test (DMRT) was applied to compare the mean performances of different treatments for the 
specific parameters under study and the rankings were denoted by superscripts in the relevant Tables. 
 
 
 



630 
J. Appl. Sci. Res., 9(1): 627-637, 2013 

 

 

Result and Disscussion 
 
1-Total count of bacteria, azospirilla and cyanobacteria in rhizosphere: 
   
 This experiment was conducted to study the existence of microbial inoculants which added to the soil and 
its impact on the total number of bacteria in soil. Microbial populations were counted directly in specimens of 
soil samples collected at the beginning of planting, in the middle age of plants (after 60 days of planting) and 
after harvesting to determine total count of bacteria, azospirilla and cyanobacteria. The results presented in 
Table (2), showed that at the beginning of cultivation, all treatments which inoculated or uninoculated with Az. 
brasilense or A. oryzae recorded low numbers of total count of bacteria, azospirilla and cyanobacteria compared 
with other periods. While all uninoculated wheat cultivars showed low numbers of bacteria being (4.3: 5.1 x 106 
cfu/g soil). It is noticeable that all treatments inoculated with Az. brasilense inoculants after 60 days of 
cultivation showed high numbers of total count of bacteria if compared to the treatments at cultivation time 
being (1.1 : 1.7 x 107 cfu/g soil). At the same time, the highest numbers of azospirilla found in treatments 
inoculated with Az. brasilense ranged from 1.5 x106 to 3.1 x106 cfu/g soil. The same trend was observed with 
plants inoculated with A. oryzae. In the middle age of plants (after 60 days from cultivation), as expected, all 
microbial counts was markedly increased, this increase may be due to wheat roots secretions. After harvesting, 
total bacteria and total azospirilla counts decreased in most treatments if compared with earlier times however, 
total counts of cyanobacteria was increased if compared with counts at different times of cultivation.  
 Azospirilla and cyanobacteria represent cosmopolitan prokaryotes, which can be found in almost every 
conceivable habitat, including different types of soil (Fischer, 2008). These organisms represent a free-living 
soil bacteria, which when grown in association with host plants, result in stimulation of growth of their hosts 
(Dobbelaere et al., 2003). 
 
Table 2: Total count bacteria, Azospirilla and cyanobacteria counting in soil cultivated with wheat and treated with bio-fertilizers. 

                  Microbial count  
 
Treatments 

When cultivation time After  60 days of cultivation After  Harvesting  (120 day) 
T. C. B 
(cfu/g)* 

T. C. Az 
(cfu/g)** 

T. C. Cy 
(cfu/g)*** 

T. C. B 
(cfu/g)* 

T. C. Az 
(cfu/g)**

T. C. Cy 
(cfu/g)***

T. C. B 
(cfu/g)* 

T. C. Az 
(cfu/g)** 

T. C. Cy 
(cfu/g)*** 

Sakha 69 uninoculated 4.3 x 106 5.0x104 2.5x102 4.0 x 107 8.0x104 3.8x104 5.5 x 106 6.4x104 5.6x104 

Sakha 69 inoculated 
with Azospirillum 

1.2 x 107 3.5x105 2.4x102 4.4 x 108 1.5 x 106 3.7x104 8.4 x 106 4.5 x 105 6.7x104 

Sakha 69 inoculated 
with Anabaena 

5.5 x 106 4.8x104 3.8x104 8.7 x 107 8.9x104 5.2x105 3.4 x 107 8.3x104 8.2x105 

Sakha 93 uninoculated 5.1x 106 5.1x104 2.4x102 4.3 x 107 8.0x104 3.4x104 4.8 x 106 6.0x104 6.1x104 

Sakha 93 inoculated 
with Azospirillum 

1.7 x 107 3.3x105 2.6x102 5.7 x 108 2.4 x 106 3.9x104 8.7 x 106 4.8 x 105 5.9x104 

Sakha 93 inoculated 
with Anabaena 

5.3 x 106 5.1x104 4.0x104 8.9 x 107 9.0x104 5.9x105 3.9 x 107 8.0x104 7.9x105 

Gemaza7 uninoculated 4.5 x 106 5.0x104 2.5x102 3.7 x 107 8.3x104 3.7x104 3.6 x 106 5.3x104 5.7x104 

Gemaza7 inoculated 
with Azospirillum 

1.1 x 107 3.6x105 2.3x102 5.2 x 108 3.1 x 106 3.5x104 9.2 x 106 5.5 x 105 6.5x104 

Gemaza7 inoculated 
with Anabaena 

5.9 x 106 5.2x104 3.9x104 8.7 x 107 9.5x104 6.2x105 4.7 x 107 8.5x104 8.2x105 

* Total count bacteria (colony forming unit /g soil)       
** Total count of azospirilla bacteria (colony forming unit /g soil) 
*** Total count of cyanobacteria (colony forming unit/ g soil) 
 

- Nitrogenase and dehydrogenase activities: 
 
 The effect of biofertilizers (Az. brasilense or A. oryzae) on nitrogenase and dehydrogenase activities in 
rhizosphere of wheat plants was presented in Table (3). Results showed a great variation in the effect of 
inoculation with different bio-fertilization on nitrogenase and dehydrogenase activities in rhizosphere of wheat 
plants. The nitrogenase activities generally, ranged from 1.65 to 19.27 μ mole C2H4/h/100g dry soil and the 
specific dehydorgenase activity in rhizosphere ranged from 2.63 to 6.10 μ g hydrogen/100g dry soil. The results 
indicated that the differences between wheat cultivars had no significant difference among all cultivars in both 
nitrogenase and dehydrogenase activities. 
 On contrary, the biofertilizers treatments had highly significant effect on nitrogenase and dehydrogenase 
activities. Data in Table (3) reveal that rhizosphere of wheat plants obtained from inoculated soil with Az. 
brasilense or A. oryzae showed significant increase in nitrogenase and dehydrogenase activities when compared 
with uninoculated soil. On the other hand rhizosphere obtained from inoculated soil with  
Az. brasilense showed significant decrease in dehydrogenase activity. The highest value of nitrogenase and 
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dehydrogenase activities was recorded in the treatment inoculated with A. oryzae being 17.64 μ mole 
C2H4/h/100g dry soil and 5.61 μ g hydrogen/100g dry soil, respectively. 
  

Table 3: Nitrogenase and dihydrogenase activities ( X ± SE) in rhizosphere of wheat cultivars as affected by selected bio-fertilizers 
(Average of the two seasons, 2011 and 2012 combined).  

Treatments 
Nitrogenase activity  

(µ mole C2H4/h/ 100 g dry soil) 
Dehydrogenase activity  
(µ g H2 /100 g dry soil) 

Wheat  cultivars   
Sakha 69 10.40±2.57 a 3.58 ±0.43 a 
Sakha 93 11.79±2.66 a 3.75±0.48 a 
Gemaza 7 10.77±2.42 a 4.14±0.53 a 
Significant NS NS 
Inoculation   
Without inoculation 1.66 ± 0.11 c 2.70±0.07 b 
Inoculated  with Az. brasilense 13.66± 0.81 b 2.16±0.20 b 
Inoculated with A. oryzae 17.64 ±1.32 a 5.61±0.24 a 
Significant ** ** 
Interactions   
Sakha 69 x without inoculation 1.65± 0.24 c 2.63±0.14 b 
Sakha 69 x Az. brasilense 12.83±2.34 b 3.00±0.35 b 
Sakha 69 x A. oryzae 16.72±3.59 a 5.12±0.50 a 
Sakha 93 x without inoculation 1.66± 0.17 c 2.63±0.14 b 
Sakha 93 x Az. brasilense 14.43±0.99 b 3.02±0.33 b 
Sakha 93 x A. oryzae 19.27±1.13 a 5.61±0.19 a 
Gemaza 7x without inoculation 1.67±0.22 c 2.84±0.08 b 
Gemaza 7 x Az. brasilense 13.70±0.91 b 3.47±0.41 b 
Gemaza 7x A .oryzae 16.93±2.24 a 6.10±0.42 a 
Significant * * 

Means in the same column with different superscripts are significantly (P≤0.05) different. NS=Not significant, *=Significant at P≤0.05 and 
**= Significant at P≤0.01. 

 
 Interaction between two tested factors was significant in all treatments. The highest value in nitrogenase 
activity was observed in cv. Sakha 93 grown in soil inoculated with A. oryzae being 19.27 μ mole C2H4/h/100g 
dry soil. While, increase in dehydrogenase activity can be observed in cv. Gemaza 7 grown in soil inoculated 
with also A. oryzae being 6.10 μ g hydrogen/100g dry soil. These results are in accordance with Mario et al., 
(2009) on rice which showed that bio-fertilization allowed a decrease of up to 50% in the use of nitrogen 
synthetic fertilizer. The same results reported by Quesada et al., (1991, 1997).  
 Therefore inoculation with native cyanobacterial isolates appeared as a possible supplementary nitrogen 
input to this ecosystem. Inoculation may decrease the necessary time for cyanobacteria to divide and efficiently 
colonize the soil (Roger, 1996). The importance of cyanobacterial bio-fertilizer as a source of nitrogen has been 
well documented by Roger and Kulasooriya (1980) and Roger (1996). 
 The proliferation and activation of microorganisms in rhizosphere of the inoculated plants may explain the 
observed increase in dehydrogenase activity. In this respect, a good correlation between microbial biomass and 
soil dehydrogenase activity has been demonstrated by Carlile et al. (2004).  
 
Morphological characters: 
 
 The effect of biofertilizers containing Azospirillum brasilense or Anabaena oryzae on some morphological 
characters of wheat plant cv. Sakha 69, cv. Sakha 93 and cv. Gemaza 7 at the age 80 days are presented in Table 
(4). The investigated characters included plant height, number of leaves/plant, total leaf area and number of 
tillers/plant.  
 Results in Table (4) clearly show that the maximum plant height was recorded at cv. Gemaza 7, being 
23.4% and 28.2% more than height of cv. Sakha 69 and cv. Sakha 93, respectively. The highest leave area/plant 
was  recorded at cv.  Sakha 93, being 18.8% and 28.5% over the leave area of cv. Sakha 69 and cv.Gemaza 7; 
respectively. Number of tillers/plant showed the same trend that leave area, the highest number was recorded at 
cv. Sakha 93, being 80% and 156% more than number of cv. Sakha 69 and cv.Gemaza 7; respectively. On the 
other hand, bio-fertilizers showed no significant effect on number of leaves /plant. 
 Regarding the effect of biofertillizers, data in Table (4) reveal that wheat plants obtained from grains grown 
in inoculated soil showed significant increase in all investigated morphological characters except number of 
leaves/plant when compared with wheat plants obtained from grains grown in uninoculated soil . The maximum 
increments in morphological characters of wheat plant due to Anabaena oryzae treatment were 11.8% and 1.6% 
for plant height and leave area ; respectively. The highest increment in number of tillers due to Azospirillum 
brasilense. Data revealed that the application of Anabaena oryzae or Azospirillum brasilense showed no 
significant effect on number of leaves / plant. 
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Table 4: Certain morphological characters of vegetative growth ( X ± SE) of wheat plant, at the age of 80 days from sowing date, as 
affected by biofertilizers (Average of the two seasons, 2011 and 2012 combined). 

Treatments Plant height (cm) No. of leaves 
/plant 

Leaf area (cm2) No. of tillers / 
plant 

Wheat cultivars     
Sakha 69 45.00 ± 1.36b 5.33 ± 0.17a 11.56 ± 0.75ab 1.11 ± 0.26b 
Sakha 93 43.33 ± 1.28b 5.11 ± 0.11a 13.74 ± 0.87a 2.00 ± 0.29a 
Gemaza 7 55.56 ± 1.61a 5.33 ± 0.17a 10.68 ± 0.73b 0.78 ± 0.28b 
Significant ** NS * ** 
Inoculation     
Without inoculation 45.11 ±  1.62 b 5.00  ± 0.00a 9.78  ± 0.66b 0.44  ± 0.26c 
Inoculated  with Az. brasilense 48.33 ±  2.87 ab 5.33  ± 0.17a 12.99 ± 1.12a 2.00  ± 0.23a 
Inoculated with A. oryzae 50.44 ±  2.33 a 5.44  ± 0.18a 13.20 ± 0.68a 1.44  ± 0.29b 
Significant * NS ** ** 
Interactions     
Sakha 69 x without inoculation 42.67  ± 1.47c 5.00 ± 0.00a 8.64 ± 1.10c 0.33 ± 0.34c 
Sakha 69 x Az. brasilense 44.67  ± 2.92b 5.33 ± 0.34a 13.75±  2.37a 2.00 ± 0.00a 
Sakha 69 x A. oryzae 47.67  ± 2.39b 5.67 ± 0.34a 12.30 ± 0.60b 1.00 ± 0.00c 
Sakha 93 x without inoculation 41.67  ± 1.68c 5.00 ± 0.00a 11.13 ± 1.17b 1.00 ± 0.00c 
Sakha 93 x Az. brasilense 42.67  ± 2.68c 5.00 ± 0.00a 15.16 ± 1.53a 2.67 ± 0.34a 
Sakha 93 x A. oryzae 45.67  ± 2.39b 5.33 ± 0.34a 14.93 ± 0.47a 2.33 ± 0.34a 
Gemaza 7x without inoculation 51.00  ± 0.58ab 5.00 ± 0.00a 9.58 ± 1.08c 0.00 ± 0.00c 
Gemaza 7 x Az. brasilense 57.67  ± 2.20a 5.67 ± 0.34a 10.08 ± 0.58b 1.33 ± 0.34b 
Gemaza 7x A .oryzae 58.00   ± 3.24a 5.33 ± 0.34a 12.38 ± 1.66b 1.00 ± 0.58b 
Significant * NS * * 

Means in the same column with different superscripts are significantly (P≤0.05) different. NS=Not significant, *=Significant at P≤0.05 and 
**= Significant at P≤0.01. 

 
 The interaction among biofertilizer and wheat cultivars proved significant effect for all investigated 
morphological characters except number of leaves. Increment in plant height value can be observed in cv. 
Gemaza 7 grown in inoculated soil with Anabaena oryzae, while the highest leave area and number of tillers 
were recorded in cv. Sakha 93 grown in inoculated soil with Azospirillum brasilense.  Application of A. oryzae 
or Az. brasilense showed no statistical effect on number of leaves / plant of all treated wheat cultivars. These 
results are in accordance with those reported by Braccini et al. (2012) on corn, they stated that grains 
inoculation with A. brasilense in liquid formula increased the plant height and grain yield compared to the 
control. Also, Samayeh et al. (2012) found that Azospirillum inoculation significantly increased total plant dry 
weight, total number of tillers, earlier heading and flowering time, number of spike, grains per spike, grain 
weight and higher harvest index of wheat both at non-saline water and severe salinity water. Saadatnia and Riahi 
(2009) or rice stated that Anabaena spp. increase of 53% in plant height, 66% in root length, 58% in fresh leaf 
and stem weight, 80% in fresh root weight, 125% in dry leaf and stem weight and 150% in dry root weight. 
 
Yield characters: 
 
 Data given in Table (5) indicate the effect of biofertilizers containing Azospirillum brasilense or Anabaena 
oryzae on yield characters of wheat plant cv. Sakha 69, cv. Sakha 93 an cv. Gemaza 7. The investigated 
characters included spike length, grain yield/pot, straw yield/pot, weight of 1000 grains and harvest index 
percentage. 
 It is noted from Table (5) that the highest spike length, straw yield/pot and weight of 1000 grains were 
recorded at cv. Gemaza 7, being 22.1%, 9.5% and 9.5% more than cv. Sakha 69; respectively. Also, the 
maximum values of these characters were achieved at cv. Gemaza 7, being 3%, 27% and 6.5% more than cv. 
Sakha 93 ; respectively. The maximum grain yield was recorded at cv. Sakha 93, being 16.8% and 2.4% more 
than cv. Sakha 69 and cv. Gemmaza 7; respectively. The maximum harvest percentage was recorded at cv. 
Sakha 93, being 14.8% and 12.1% over cv. Sakha 69 and cv. Gemaza 7; respectively. 
 Results in Table (5)  also reveal that wheat plants obtained from grains grown in inoculated soil exhibited 
significant increase in all yield characters except harvest index percentage when compared with wheat plants 
obtained from grains grown in uninoculated soil. The maximum increments in yield characters due to Anabaena 
oryzae treatment were 41.7%, 55.7%, 47.3% and 21.7% for spike length, grain yield, straw yield and weight of 
1000 grains; respectively. Plants treated with A. oryzae or A. brsilense showed no significant effect on harvest 
index percentage. 
 The interaction among biofertilizers and wheat cultivars proved significant effect on grain yield, straw yield 
and weight of 1000 grains, while no significant effect on spike length and harvest index percentage. Increased in 
grain yield value can be observed in cv. Sakha 93 grown in inoculated soil with Az. brasilense,while the 
maximum value of straw yield recorded at cv. Gemaza 7 + A. oryzae. The highest weight of 1000 grains was 
rcorded at cv.  Sakha 93 + A. brasilense and Gemaza 7 +  A. oryzae treatments. These results are in accordance 
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with those reported by Zorita and Conigia (2008) and Piccinin et al. (2011) on wheat, they showed that A. 
brasilense significant increments in yield. Also, Hungria (2011) observed an average increase of 26% in corn 
yield and 31% for wheat. In this concern, Braccini et al. (2012) obtained similar results for corn, noting that 
grains inoculation with A. brasilense in liquid formula increased the plant height and grain yield compared to 
the control. Likewise, Somayeh et al. (2012) found that Azospirillum inoculation significantly increased total 
plant dry weight, total number of tillers, earlier heading and flowering time, number of spikes, grains per spike, 
grain weight and higher harvest index of wheat both at non-saline water severe salinity water. 
 The effect of Anabaena on yield reported by Kannaiyan et al. (1997) found that a combination of fertilizer 
nitrogen and inoculation with cyanobacteria significantly increased the rice grain and straw yield. 

Table 5: Yield characters ( X ± SE)  of wheat plant at harvest time, 120 days from sowing date, as affected by biofertilizers (Average of the 
two seasons, 2011 and 2012 combined). 

Treatments 
Spike length 
(cm/plant) 

Grain yield 
gm/pot 

Straw yield 
gm/pot 

Grain index (%) 
Harvest index 
(%) 

Wheat cultivars      
Sakha 69 9.28 ± 2.38 b 31.56 ± 2.14 b 34.89 ± 2.38 b 31.56 ± 1.04 b 47.55 ± 1.45 b 
Sakha 93 11.00 ± 1.90 a 36.89 ± 3.21 a 30.11 ± 1.90 c 32.44 ± 1.44 b 54.61 ± 0.84 a 
Gemaza 7 11.33 ± 2.12 a 36.00 ± 1.47 a 38.22 ± 2.12 a 34.56 ± 0.77 a 48.68 ± 0.81 b 
Significant ** ** ** * ** 
Inoculation      
Without inoculation 8.39 ± 0.31b 26.33 ± 1.34c 27.00 ± 1.35c 29.22 ± 1.01b 49.60 ± 1.67a 
Inoculated  with Az. brasilense 11.33 ± 0.47a 37.11 ± 1.14b 36.44  ± 1.87b 33.78 ± 0.60a 50.48 ±1.52a 
Inoculated with A. oryzae 11.89 ± 0.35a 41.00 ± 1.25a 39.78 ± 1.27a 35.56 ± 0.56a 50.77 ±1.36a 
Significant ** ** ** ** NS 
Interactions      
Sakha 69 x without inoculation 7.50 ± 0.29a 23.33 ± 1.46c 27.33 ±4.51c 28.00 ± 1.16b 46.65 ±4.77a 
Sakha 69 x Az. brasilense 9.67 ± 0.33a 34.67 ± 0.33b 37.33 ±0.88ab 32.67 ±1.21b 48.16 ±0.82a 
Sakha 69 x A. oryzae 10.67 ± 0.33a 36.67 ± 0.89ab 40.00 ±1.15a 34.00 ±0.58ab 47.85 ±1.16a 
Sakha 93 x without inoculation 8.67 ± 0.33a 24.33 ± 0.67c 23.00 ±1.16c 27.67 ±2.20b 51.45 ±0.73a 
Sakha 93 x Az. brasilense 12.00 ± 0.58a 41.33 ± 1.21a 32.00 ±1.00b 33.33 ±0.33ab 56.36 ±0.59a 
Sakha 93 x A. oryzae 12.33 ±0.33a 45.00 ± 0.58a 35.33 ±0.63b 36.33 ±0.88a 56.02 ±0.23a 
Gemaza 7x without inoculation 9.00  ±0.58a 31.33 ± 0.33b 30.66 ±2.42b 32.00 ±0.5b 50.69 ±1.98a 
Gemaza 7 x Az. brasilense 12.33 ±0.33a 35.33 ± 0.67b 40.00 ±1.00a 35.33 ±0.88a 46.91 ±0.56a 
Gemaza 7x A .oryzae 12.66 ±0.33a 41.33 ± 0.34a 44.00 ±0.58a 36.33 ±0.88a 48.44 ±0.18a 
Significant NS ** ** * NS 

Means in the same column with different superscripts are significantly (P≤0.05) different.  
NS=Not significant, *=Significant at P≤0.05 and **= Significant at P≤0.01. 
 

Anatomical studies: 
 
 Microscopical measurements of certain histological characters in transvers sections through the fourth 
internode of the stem of wheat cv. Sakha 93 and cv. Gemaza 7 treated with Anabaena oryzae and Azospirillum 
brasilense are given in Table (6). Likewise, microphotographs illustrating these treatment as well as the 
untreated plants are shown in Figure (1) and (2).  
 It is clear from Table (6) and Figure (1) that the treatment of wheat cv. Sakha 93 with Anabaena oryzae and 
Azospirillum brasilense increased the diameter of stem, at the fourth internode by 30 and 24.4% more than those 
of the control plants; respectively. The increment in the stem diameter as a result of the treatment of Anabaena 
oryzae and Azospirillum brasilense could be attributed to the increased in the thickness of mechanical tissue and 
parenchymatous area of the ground tissue included vascular bundles. The mechanical tissue was increased by 
8.2 in wheat stem treated with Anabena oryzae and 2.7% in wheat stem treated with Az.Spirillum brasilense as 
compared with the control plants. The treatment with Anabaena oryzae or Azospirillium brasilense increased the 
thickness of parenchyma tissue by 14.3 and 7.1% more than those of the control ; respectively. The number of 
large vascular bundles increased by 31 and 31% in wheat stem treated with Anabaena or Azospirillium as 
compared with the control plants, respectively. Wheat stem treated with Anabaena oryzae and Azosprillium 
brasilense increased the number of small bundles by 7 and 4.8 % more than the control; respectively. The 
diameter of metaxylem vessel was increased by 16.5 and 12.7 % for treatment with Anabaena oryzae and 
Azosprillium brasilense more than of the control; respectively. On the other side, the treatment with  biofertilizer 
has not any effect on epidermal thickness.  
 It is clear from Table (6) and Figure (2) that the treatment of wheat cv. Gemaza 7 with Anabaena oryzae 
and Azosprillium brasilense increased the diameter of the stem at the fourth internode, by 43.8 and 34% more 
than of the control; respectively. The increment in the stem diameter as a result of the treatment with Anabaena 
oryzae andAzosprillium brasilense could be attributed to the increased in the thickness of mechanical tissue and 
parencymatous area of the ground tissue included vascular bundles. The mechanical tissue was increased by 
40% for treatment with Anabaena oryzae and 33.2% for treatment with Azosprillium brasilense as compared 
with the control. The treatment with Anabaena orzae and Azosprillium brasilense increased the thickness of 
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parenchyma tissue by 24 and 19.6% more than those of the control; respectively. The number of large vascular 
bundles increased by 32.2 and 29% in wheat stem treated with Anabeana oryzae and Azosprillium brasilense as 
compared with the control plants; respectively. Wheat stem treated with Anabaena oryzae and Azosprillium 
brasilense increased the number of small vascular bundles by 26.6 and 42% more than the control, respectively. 
The diameter of metatxylem vessel was increased by 16.5 and 16.5% for treatment with Anabeana oryzae and 
Azosprillium brasilense more than the control, respectively. On the other hand, the treatment with biofertilizer 
has ont effect on epidermal thickness. In this respect, Mapfumo et al. (1993) found that wider vessels have 
enhanced conductivity and this can increase xylem transport from the roots to the leaves. Also, Pereyra et al. 
(2012) showed that change in vessels size have an important role in the adaptation to unfavourable 
environmental conditions. 
 
Table 6: Measurements in microns of certain histological features in transverse sections through the fourth internod  of the main stem of 

wheat cv. Gemaza 7 and Sakha 93, at the age of 75 days from sowing date, as affected by biofertilizers (Means of three sections 
from three specimens). 

 
Characters 

Gemaza 7 Sakha 93 
Without With 

A. oryzae 
±control 

% 
With 

Az.brasilen
se 

±control 
% 

Without With 
A. oryzae

±control 
% 

With 
Az.brasile

nse 

±control 
% 

Stem diameter 1719.5 2473.6 +34.8 2303 +34 1629 2117.7 +30 2027.2 +24.4 
Thickness of 
epidermise 

18.1 18.1 _ 18.1 _ 18.1 18.1 _ 18.1 _ 

Thickness of 
mechanical tissue 

72.4 101.3 +40 96.5 +33.2 72.4 78.4 +8.2 74.4 +2.7 

Thickness of 
paranchma tissue 

615.4 762.7 +24 630 +2.3 591.2 675.7 +14.3 633.5 +7.1 

Number of bundles : 
Large 31 41 +32.2 40 +29 29 38 +31 38 +31 
Small 15 19 +26.6 21.3 +42 14.3 15.3 +7 15 +4.8 

Diameter of 
metaxylem vessel  

of 
metaaxylem  

Vessel 

66.9 84.4 +16.5 75.4 +12.7 60.3 84.4 +39.9 72.4 +20 

 

 
Fig. 1: Transverse sections through the median portion of the main stem of wheat plant cv. Gemaza-7, at the age 

of 75 days from sowing date, as affected by biofertilizers. (x 45). 
A- From plant grown in non- inoculated soil. (control plant). 
B- From plant grown in inoculated soil with Anabaena oryzae . 
C- From plant grown in inoculated soil with Azospirillum brasilense. 
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Fig. 2: Transverse sections through the median portion of the main stem of wheat plant cv. Sakha-93, at the age 

of 75 days from sowing date, as affected biofertilizers. (x  45). 
A- From plant grown in non- inoculated soil. (control plant). 
B- From plant grown in inoculated soil with Anabaena oryzae. 
C-  From plant grown in inoculated soil with Azospirillum brasilense. 
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