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ABSTRACT 
 

Production of gibberellins, indole acetic acid, exoploysaccharides, phosphate solubilization (PS) and 
nitrogenase activity are main characteristics of the two used bacterial strains under this investigation. The 
beneficial bacterial strains and Arbuscular mycorrhizal fungi (AMF) can help wheat plants grown in newly 
reclaimed sandy soil to grow well and obtain better yield components. Therefore, two field experiments were 
carried out during two successive winter seasons of 2012/2013 and 2013/2014 to evaluate the ability of the 
tested bacterial strains Azotobacter chroococcoum and Bacillus polymyxa in addition to mycorrhizal fungi as 
plant growth promoters, nitrogen fixers and phosphate solublizers for enhancing growth and productivity of 
wheat (Triticum asativum) var. Gize 168, in the presence of 2/3 (two-third) of the recommended dose of mineral 
NP. Generally, Plant dry weight, plant height, number of tillers, colonization percentage of mycorrhizal fungi 
(%), dehydrogenase and nitrogenase activities were significantly increased with combined mixture of Bacillus 
polymyxa, Azotobacter chrococcoum and Arbuscular mycorrhizal fungi after 45 and 75 days of sowing during 
the two successive seasons. Moreover, high content of NPK in wheat seeds as well as crude protein % were 
determined. The combined mixture during first and second season of all (T8) also exhibited the highest grains 
yield 2.56 and2.55ton / fed and straw yield 3.55 and 3.60 ton / fed.  respectively. The obtained results obviously 
revealed that the tested   bacterial strains besides AMF in combined mixture succeeded to compensate the 1/3 
dose of NP through N2- fixation and phosphate solubilization processes. Finally, the combined (mixture 
treatment) is considered the unique one as there was a markedly reduction in the pathogenic fungal diseases 
during storage after harvest. Therefore, the role of the used beneficial microorganisms is not only directed for 
promoting wheat growth and yield but also exceeded that to protect wheat seeds from hazard mycotoxins. 
 
Keywords: N2- fixation, plant growth promoters, P. solubilization, Arbuscular mycorrhizal fungi, Azotobacter 

chroococcoum, Bacillus polymyxa, Storage, mycotoxins, pathogenic fungi. 

 

Introduction 
 

Wheat is a stratagem commodity in the country .It provides more than one – third of the daily caloric 
intake of Egyptian consumers and 45 % of total daily protein consumption by Egyptians (Ali and Adams, 1996) 
. Loss of wheat due to inadequate storage and other post harvest factors at the farm, village and commercial 
levels of up to 4 percent have been observed (Abdullahi and Haile, 1991), though losses in excess of 40 percent 
for other cereals are not uncommon,The loss reports for wheat average 10 percentage, with the combined major 
causes being insects, rodents, and mould during storage (NRC,1996). In Egypt, world largest wheat importer 
losses wheat more than 20% due to improper storage. Annual production of wheat 8 million tons, the storage 
capacity is only 3.4 million (Amr and Helal, 2015). The roles of Arbuscular mycorrhizal (AM) symbiosis are 
now highlighted strongly for natural ecosystems, AM fungi are integral components of root systems in 
agricultural plants (Andrew and Sally 2011). Root-related traits are receiving considerable attention worldwide 
with respect to the need to increase crop yield by improving nutrient uptake, mycorrhizal are wide spread fungi 
as   most plants (more than 90%of all know species) present at least one type of mycorrhizae (Gahoonia and 
Nielsen 2004).  

Plant growth promoting rhizobacteria (PGPRs) based on their functional activities as (i) biofertilizers 
(increasing the availability of nutrients to plant), (ii) phytostimulators (plant growth promotion, generally 
through phytohormones), (iii) rhizoremediators (degrading organic pollutants) and (iv) biopesticides (Kaymak et 
al., 2011). 

(Controlling diseases, mainly by the production of antibiotics and antifungal metabolites) (Antoun and 
prevost, 2005).PGPR like Azotobacter, Azosprillum and Bacillus (Bhattacharyya and ha, 2012), promote plant 
growth directly by facilitating resource an acquisition (nitrogen, phosphorus and essential minerals) and 
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modulating plant hormone levels, or indirectly by decreasing the inhibitory effects of various pathogens on 
plants in the form of biocontrol agents (Bernard and Glick,2012)  

Biofertilizers have great potential as a renewable and environmental friendly source of plant nutrition. 
They are microbial preparations containing living cells of different microorganisms which have the ability to 
mobilize plant nutrients in soil from unusable to usable form through biological process (Ritika and Utpal,2014). 

Mycotoxins are a cause of concern in grains storage, being one of many important factors, as they come 
from fungus development due to previously existent conditions such as : moisture content, temperature, storage  
period, contamination rate, broken grains and impurities, insect presence, oxygen rate, damages during harvest 
processing and grains transport (Scudamore, 2005). 

The majority of the mycotoxins groups are produced by three fungalgenera: Asperigillus, Penicillium and 
Fusarium (Council for Agricultural Science and Technology, 2003).The species of Asperigillus and Penicillum 
genera are the ones that proliferates easier in stored grains (Puzzi, 1986). Fusarium spp is one of the most fungi 
that develop at different temperatures and produce toxins (Krabbe,1995).Therefore the main objectives of this 
study are (i) to assess the effect of Azotobacter, Bacillus and A-mycorrhizae on the growth and yield of wheat 
plants (ii) to reduce the disease severity of pathogenic fungi during storage. 
 

Materials and Methods 
 
Microorganisms: 
 
Arbuscular mycorrhizal fungi (AMF): 

 
AM fungi inoculants was prepared as described by Massoud et al. (2009). Surface sterilized spores of  

AM- genera in a mixture form of Glomus, Gigospora and Acaulospora were applied after propagation and 
mixed with sterilized peat as a carrier (5oo spore / g) and then applied as seed coating for surface sterilized 
wheat seeds for each mycorrhizal treatment. To aid adhesion, the inocula are often mixed with a sticker, such as 
Arabic gum and uniformly coating the seeds, then air dried for 2h before sowing.  
 
Azotobacter chroococcum: 

 
An active free living N2- fixer strain was obtained from Agric- Microbiology Rec-Department, 

Agricultural Research Center, Giza, Egypt. It was grown on modified Ashby,s medium (Abdel- Malak and 
Ishac, 1968)at 30oc  for 7 days just before seed coating . The liquid culture of A. chroococcum reached the final 
density (108 cfu/ ml) according to Cochran (1950). 
 
Bacillus polymyxa: 

 
Nitrogen fixing active strain was obtained from Agric. Microbiol. Res. Dept., Agricultural Res. Center, 

Giza, Egypt. The strain was grown on Hino Wilson medium (Hino and Wilson, 1958) at 28±2 0c for 48 h where 
the liquid culture of B. polymyxa reached the final density 108 cfu/ml. Single or mixed cells of bacterial strains 
were prepared and mixed with sterilized vermiculite (20% moisture) then adhesion using sticker such as Arabic 
gum (20%) to give homogenized inoculums. The two bacterial strains were used as plant growth promoters 
besides their role as nitrogen fixers. 
 
Field trails: 

 
Two field experiments were conducted in newly reclaimed sandy soil at Ismailia Agricultural Research 

Station, Ismailia governorate, Egypt during two successive winter seasons of 2012/ 2013 and 2013 / 2014 to 
study the response of winter wheat var. Giza 168 to inoculation with Arbuscular mycorrhizal fungi, Azotobacter 
chrococcum and Bacillus polymyxa  in single, dual and mixture form and their impact on wheat productivity. 
The fungal infection during storage also was accomplished.  
 
Seeds: 

 
Wheat seeds Giza 168 (Triticum asativum) were obtained from Field Crops Research Institute, 

Agricultural Research Center, Giza, Egypt. 
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Experimental soil: 
 
The used experimental soil was sandy loam, the physico-chemical properties were illustrated according to 

Black (1982)as following : PH  7.75, Ec (m mohs / cm) 1.60, organic carbon  0.143%, total nitrogen  0.02%, 
total phosphorus (ppm), 0.020, Available p (ppm), 0.025 caco3 ( %) 0.60, CO3– traces, HCO3- (meq/ L) 1.13, 
chloride (meq/ L), 0.20 and 0.07 SO4

- 
 
Fertilization: 

 
The control treatment received full recommended dose of NPK where nitrogen was added as ammonium 

nitrate at a rate of 350 Kg/fed in four equal doses after 15, 30, 45 and 60 days from sowing .Phosphorus was 
applied during soil preparation as superphosphate (15.5 %P2O5) at a rate of 200Kg/ fed. Potassium was added as 
potassium sulphate at a rate of 50Kg/fed once directly before flowering stage (60 days from sowing). 
Treatments that inoculated with N2-fixers received two third (2/3) dose of ammonium nitrate whereas the 
treatments that inoculated with Arbuscular mycorrhizal fungi (AMF) received two third (2/3) dose of calcium 
superphosphate. 
 
Experimental design: 

 
Two field experiments were carried out in the growing winter seasons of 2012/2013 and 2013/2014.The 

experimental treatments were arranged in a complete randomized blocks design with three replicates as the 
following: 

(T1). Full NPK. 
(T2). Arbscular mycorrhizal fungi (AMF) + 2/3 P + NK. 
(T3). Bacillus polymyxa +2/3 N + PK. 
(T4). Azotobacter chroococcum + 2/3 N+ PK. 
(T5). AMF + B. polymyxa + 2/3 NP + K. 
(T6). AMF + A. chroococcum + 2/3 NP+K. 
(T7). B. polymyxa + A .chroococcum + 2/3 N + PK. 
(T8).  Mixture of all + 2/3 NP + K. 

 
Measurements: 

 
The ability of the two tested   bacterial strains to produce gibberellins and indole acetic acid were studied 

in vitro by the methods described by Udagwa and Kinoshita (1961) and Glickmann and Dessoux (1995). 
Phosphate solubilization (PS) activity was detected on Tricalcium phosphate agar (Nautiyal, 1999). Production 
of total exopolysaccharides were estimated as described by Hebber et al., (1992) N2-ase activity was determined 
according to Somasegaran and Hoben (1994). Dehydrogenase activity in the rhizosphere were determined 
according to Skujins and Burns, (1976).  

The plant parameters (plant height (cm), number of reproductive tillers / plant dry weight (g/ plant) were 
measured after 45 and 75 days of sowing. The activities of dehydrogenase (µg TPF / g dry soil / day) and 
nitrogenase (nmole C2H4 /g rhizosphere / h) were estimated after 45 and 75 days according to the methods 
described by Skujins and Burns (1976); Somasegaran and Hoben (1994) respectively. Total nitrogen (% N), 
total phosphorus (% p) and Total potassium (% K) in addition to the crude protein (%) in seeds were determined 
according to Black (1982). The grains yield (ton / fed) and straw yield ( ton/ fed)  were also measured 
thecolonization percentage (%)of Arbuscular mycorrhizal Fungi (AMF) in wheat roots after 45 and 75 days was 
also determined according to Phillips and Hayman (1970).The fungal infected seeds percentage (%) per 100 
seeds during storage of six months under favorable conditions of storage was measured. The grains were stored 
in a well-ventilated storage under controlled conditions, where the temperature ranges between 25-35 Co and the 
moisture 25-30 %. The grains were stored in paper bags and arranged on wooden shelves according to Morsy et 
al. (2013). The frequency (%) of pathogenic and saprophytic fungi that infected the seeds during storage was 
determined. The identification of the Fungal groups was also carried out on Cox’s agar medium (Difco, 1984) 
and confirmed by Faculty of Science, Cairo university, Egypt according to Gilman (1957); Ainsworth et al, 
(1973); Raper and Fennell (1965 and 1977). 
 
Statistical analysis: 
 

The randomized complete blocks design was used. Each experimental design has its previously mentioned 
replication. Data were transformed before subjection to analysis of variance using COSTAT computer program. 
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Means were compared using LSD at 0.05 level of significant method and multiple range tests according to 
Sendecor and Cohran (1980). 

 

Results 
 
Biochemical aspects: 

 
The tested used bacterial strains; Bacillus polymyxa and Azotobacter chrooococcum were evaluated as 

plant growth promoters. Data revealed that they both produced gibberellins and Indole a cetic acid in various 
ratios, where A. chroococcum produce more gibbrillins36.36 mg L-I than B. polymyxa 33.16mg L-I. They, also 
nearly produce the same amount of Indole acetic acid. B. polymyxa are characterized in solubilizing phosphates 
represented in tricalcium phosphates. However, A. chroococcum are characterized by execrating 
exoploysaccharides in large quantities. Both of the two tested strains could be fix atmospheric nitrogen, they 
obtained 7.25 and 4.13µmole C2H4/ml/hr culture of A. chroococcum and B. polymyxaas N2-ase activity when 
they were  grown in N-deficient Ashby’s and N-deficient Hino Wilson media respectively. 
 
Table 1: Biochemical characteristics of the bacterial strains 

Strain 
Gibberellins 

(GA3) 
(mgL-1) 

Indole acetic acid 
(IAA) 

(mgL-1) 

Exoploysaccharides 
 ( EPS) g/L 

Phosphate 
solubilization 

( µg ml-1) 

N2-activity 
(µ moles C2H4 / ml / h) 

B. polymyxa 33.16 25.29 1.18 140.44 4.13 

Azotobacter 
chroococcum 

36.36 27.66 1.60 ND 7.25 

 
Plant growth parameters: 

 
Inoculation of wheat plants with biofertilizers represented in AM-fungi, Azotobacter chrococcum and B. 

polymyxa individually, in pairs or combined mixture induced a significant increase of  plant growth parameters 
namely plant dry weight, shoot height and number of plant tillers at 45 and 75 days of sowing ( Table 2) during 
the two successive growing seasons respectively . Treatment (T8) exhibited a significant increase of shoot dry 
weight at 45 days of sowing .It recorded 5.23and 5.44 (g) during the two seasons respectively. At 75 days the 
same treatment still obtained the highest dry weight 45.66 and 45.50 (g) respectively. The control treatment (T1) 
obtained less dry weights than other treatments except T2. 

In concern the plant height,T8 ( mixture of all)exhibited the highest values, slightly higher than the dual 
ones and much higher than the control treatment during the two time intervals 45 and 75 days through the two 
seasons respectively . For, the number of tillers, there is no trend for preferring any of the treatments as they all 
approximately gave the same tillers. 
 
Table 2: Effect of inoculation with N2-fixers and/or Arbuscular mycorrhizal fungi on growth parameters of wheat (Triticum 

asateivum) during the two successive seasons 2012/2013 and 2013/2014. 
Treatments 
 
 
 Period   

Shoot dry weight (g) Plant  length (cm) Number of tillers /plant 

1 st 

Season 
2 nd 

Season 
1 st 

Season 
2 nd 

Season 
1 st 

Season 
2 nd 

Season 

45d 75d 45d 75d 45d 75d 45d 75d 45d 75d 45d 75d 
Full NPK (T1) 3.41 34.6 4.00 36.6 27.0 65.0 30.0 68.0 2.0 5.0 3.0 5.0 
AM-fungi (T2) 3.65 29.3 3.50 31.2 23.0 65.0 25.0 67.0 2.0 3.0 3.0 4.0 
B. polymyxa (T3) 3.77 34.0 4.30 35.5 35.0 70.0 35.0 73.0 1.0 3.0 2.0 3.0 
Azotobacter chroccocum (T4) 3.66 35.6 3.50 37.0 30.0 70.0 33.0 70.0 3.0 4.0 3.0 5.0 
AMF+ B. polymyxa (T5) 4.30 40.1 4.50 42.2 37.0 71.0 37.0 72.0 2.0 4.0 3.0 4.0 
AMF + A. chroccocum (T6) 4.50 39.0 4.50 41.5 35.0 73.0 36.5 75.0 1.0 3.0 3.0 4.0 
A. chroccocum B. polymyxa (T7) 4.70 42.3 4.81 43.6 36.0 73.0 37.0 73.0 3.0 4.0 3.0 4.0 
Mixture of all (T8) 5.23 45.6 5.44 45.5 37.0 80.0 39.0 83.5 4.9 5.0 3.0 4.0 
L.S.D 0.05 0.20 2.523 0.889 2.737 2.737 4.095 2.685 4.620 0.341 0.441 0.462 0.574 

 

Enzymes activity: 
 
The increase of both dehydrogenase and nitrogenase enzymes depended mainly on the beneficial 

microorganisms in soil besides the success of inoculants (AMF, A .chroococcum and B.  polymyxa) to invade 
and colonize the rhizospheric area in large numbers. As shown in Table (3) the least activities of both enzymes 
were recorded with T1. In the contrary, the highest activities were detected with T8. A steadily increase of 
dehydrogenase enzyme from 110.94 to 130 µ g TPF/g dry soil / day  at 45  and 75 days, respectively during the 
first season  of the root volume. The ability of the tested bacterial strains to fix atmospheric nitrogen was clearly 
observed where T8indicated the highest activity in wheat rhizosphere, at 45 and 75 days of sowing in both 
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seasons (89.56 and 91.43 µ mole C2H4/g soil/h) respectively. These values increased up to (103.18 and 115.0 
µmoles C2H4/g soil/h) at 75 days of both seasons respectively. T7attained slightly less activity of both enzymes 
than T8 as the positive role of AMF should be put in consideration. 

 
Table 3: Effect of inoculation with N2-fixes and/or Arbusculer mycorrhizal fungi on enzymes activity/and the in soil, 

rhizosphere during the two successive seasons 2012/2013 and 2013/2014. 
Treatments 
 
 
Period   

Enzymes activity 
Dehydrogenase ( µg TPF/g dry soil /day) N2ase ( µ mole C2H4/g soil/h) 

First season Second season First  season Second season 
45d 75d 45d 75d 35d 75d 45 d 75 d 

Full NPK (T1) 65.67 77.83 66.31 77.66 16.49 18.66 16.60 19.33 
AM-fungi (T2) 65.88 80.10 66.00 81.76 13.37 15.44 13.00 15.44 
B. polymyxa (T3) 82.67 91.66 84.55 93.44 32.20 40.00 35.00 43.00 
Azotobacter chrooccocum (T4) 76.16 86.31 79.33 87.90 40.71 45.55 41.00 50.00 
AMF+ B. polymyxa (T5) 97.79 105.33 99.36 109.22 35.31 54.00 40.00 58.00 
AMF + A. choroccocum (T6) 97.30 105.0 97.00 106.00 45.33 53.00 47.66 57.00 
B. polymyxa + A. chrooccocum (T7) 105.88 110.44 107.66 115.00 50.71 71.66 65.55 99.30 
Mixture of all (T8) 110.99 130.00 115.00 130.00 89.56 103.18 91.43 115.00 
L.S.D.0.05 5.154 4.413 4.78 2.737 5.046 4.284 3.919 4.413 

 
The symbiotic relationship among the groups of beneficial microorganisms associated the plant roots 

helped in enhancing these organisms to exist and colonize this area in large members. T8exhibited more 
colonization percent of mycorrhizal (Table 4) than both individual and in pairsin comparison with control. This 
treatment (T 8) gave 9o and 93% colonization at 45 days, whereas at 75 days the percentage increased to 100% 
during the two successive seasons respectively. The existence of mycorrhizal colonization in non inoculated 
treatments could be attributed to the native mycorrhiza spores in soil. The least colonization percent recorded 
with control treatment (T1) whereas the inoculated treatments either individual or in pairs gave higher 
colonization (%) than the control.  
 
Table 4: Effect of inoculation with N2-fixes and/or Arbusculer mycorrhizal fungi on the colonization percentage (%) of 

mycorrhizal in the roots of wheat (Triticum asateivum) during the two successive seasons 2012/2013 and 
2013/2014. 

Treatments                                  
 

 Period   

Colonization (%)  
First season Second season 

45d 75d 45d 75d 
Full NPK (T1) 40 50 40 55 
AM- fungi (T2) 60 85 65 88 
B. polymyxa (T3) 50 70 55 72 
Azotobacter chroccocum (T4) 40 70 40 70 
AMF +B .polymyxa (T5) 75 91 75 93 
AMF + A. chroccocum (T6) 80 91 85 92 
B. polymyxa + A. chroccocum (T7) 60 66 60 66 
Mixture of all (T8) 90 100 93 100 
L.S.D 0.05 5.405 5.12 5.996 4.497 

 
The effect of inoculation with Azotobacter chroococcum, B. polymyxa and Arbusular mycorrhiza L as 

shown in Table (5) positively reflected on the productivity of wheat plants. Therefore T8 obtained the optimum 
yield during the two seasons, it gave 3.11, 3.16 (ton/fed) grain yield and 4.11 and 4.00 ton/fed straw yield 
respectively. T7treatment exhibited the second highest yield after T8 as it gave 3.09 and 3.10 ton /fed grain yield 
and 4.50, 4.51 ton/fed straw yield respectively. The least yield was observed with T32.30, 2.42  ( ton / fed) and 
3.00.3.00 (ton /fed),respectively.  
 
Table 5: Effect of inoculation with N2-fixes and/or Arbusculer mycorrhizal fungi on the wheat yield components 

  Treatments 
Grain yield (ton./fed) Straw yield (ton/fed) 

1 st 
season 

2 nd 
season 

1 st 

season 
2 nd 

season 
Full NPK (T1) 2.00 2.10 3.00 3.10 
AM-fungi(T2) 2.46 2.57 3.13 3.41 
B.polymyxa(T3) 2.30          2.42 3.00 3.00 
Azotobacterchroccocum(T4) 2.34 2.71 3.41 3.44 
AMF+B.polymyxa(T5) 3.00 3.08 3.33 3.45 
AMF + A.chroccocum(T6) 2.99 3.00 3.44 3.60 
A. chroccocum +B.polymyxa(T7) 3.09 3.10 4.50 4.51 
Mixture of all (T8) 3.11 3.16 4.11 4.00 
LSD 0.05 0.152 0.173 0.196 0.194 
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The application of biofertilizers in agricultural methods is becoming increasingly popular in many 
countries and for many crops. As shown in Table (6) the inoculation of wheat plants   whether one source of 
biofertilizers or more contributed in the increase of growth and yield parameters over the control. Therefore, 
there was a marked increase in the translocation and accumulation of macro elements in wheat seeds where all 
single and dual inoculants obtained more N, P and K percentages than the control in both seasons. The 
combined  mixture all treatment ( T8)  was the unique one as it exhibited the highest percentages of N, P and K 
where it recorded 0.90 and 0.89 %N, 0.44 and 0.50% P and 0.86 and 0.91% K in both seasons respectively . 
This reflected on the crude protein  (%) as the same treatment (mixture of all) attained the optimum protein 
percentage in wheat seeds as it gave 5.63 and 5.56 % in the two successive seasons respectively on the contrary, 
the least N,P and K percentage recorded with T1 ( AM-fungi) followed by T2 .  

 
Table 6: Effect of inoculation with N2-fixes and/or Arbuscular mycorrhizal fungi on macro elements and crude protein 

percentage (%) of wheat seeds (Triticum asateivum) during the two successive seasons 2012/2013 and 2013/2014. 

Treatments 
Macro elements (%) Crude protein (%) 

 First season Second season 
N P K N P K 1st season 2nd season 

Full NPK (T1) 0.49 0.35 0.80 0.50 0.37 0.80 3.06 3.13 
AM-fungi (T2) 0.54 O.33 0.50 0.60 0.35 0.53 3.37 3.75 
B. polymyxa (T3) 0.60 0.29 0.61 0.63 0.30 0.63 3.75 3.93 
Azotobacter chroccocum (T4) 0.68 0.24 0.65 0.69 0.24 0.66 4.25 4.31 
AMF+ B. polymyxa (T5) 0.70 0.37 0.71 0.78 0.38 0.77 4.48 4.88 
AMF + A. chroccocum (T6) 0.76 0.38 0.75 0.80 0.38 0.74 4.75 5.00 
A. chroccocum + B. polymyxa (T7) 0.81 0.38 0.67 0.86 0.41 0.70 5.06 5.38 
Mixture of all (T8) 0.90 0.44 0.86 0.89 0.50 0.91 5.63 5.56 
LSD 0.05 0.091 0.045 0.156 0.095 0.051 0.094 0.139 0.154 

 
As illustrated in Table (7) the highest percentage of seed infection during the six months of storage (from 

May to October) during the two successive seasons was recorded with control treatment (T1) where it recorded 
infection percent of 60 % and  healthy seeds  percentage  of 40%  the first and second  respectively  seasons 
.The inoculation with Arbuscular mycorrhizal fungi (AMF), B. polymyxa and A. chroococcoum individually, in 
pairs or in combined  mixture markedly reduced the infection with some saprophytic and pathogenic fungi that 
cause decline of seeds during storage. The highest reduction in the infected fungi was recorded with the (T8) as 
it obtained 3 and 2% infection percentage while it recorded 97 and 98% healthy seeds with the first and second 
seasons respectively. 

 
Table 7: Healthy and infected seeds   percentages (%)/during6 months of storage  

Treatments 
First season Second seasons 

Healthy            
seeds % 

Infected      
seeds % 

Healthy 
seeds % 

Infected               
seeds  % 

Full NPK(T1) 40 60 40 60 
AM- fungi(T2) 90 10 93 7 
B. polymyxa(T3) 80 20 85 15 
Azotobacter chroccocum (T4) 80 20 87 13 
AMF + B. polymyxa (T5) 93 7 95 5 
AMF + A. chroccocum (T6) 95 5 96 4 
B. polymyxa + A. chroccocum (T7) 90 10 94 6 
Mixture of all (T8) 97 3 98 2 
L.S.D 0.05 5.405 5.12 5.996 4.497 

 

Results in Table (8) illustrate the fungal isolates from stored wheat seeds during the two seasons. Both 
saprophytic and pathogenic fungal species that infected wheat seeds during six months of storage in both 
growing seasons were markedly decreased with (T8), this treatment recorded 3 and 2 total fugal 
colonies(CFU×105/g) represented in one fungal species, penicillum spp . Therefore it obtained 100 % frequency. 
The most infected seeds were detected  with  ( T1) where it obtained 40 total fungal colonies(CFU×105/g) and 
attained the following fungal species : Aspergillu sniger, Aspergillus flavaus, Rhizobus nigricus and Penicillum 
spp and the frequency of each species was in order, 40,25,25, and 10% in the first season where as in the second 
season the total fungal colonies were 50(CFU×105/g)and distributed according to their frequencies Asprigillus 
flavaus (25%), Asperigillus spp (20%), A. nigar (15%), R. nigircus (20%) and penicillum spp ( 20%). 
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Table 8: Fungal isolates from infected stored wheat seeds after 6 months of storage during two successive seasons 
respectively 

Treatments 
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Discussion: 

 
To improve capture and cycling of nutrients, the management of soil- plant microbial interactions has been 

suggested as an appropriate strategy. Both plant and bacteria associate with each other and this association is 
very beneficial for them. The use of both Azotobacter chroococcum and Bacillus polymyxa as N2- fixers 
depended mainly on the fact that, up to 25% of total nitrogen comes from nitrogen fixation and the activity of 
nitrogen fixing microorganisms depends greatly upon excessive amount of carbon compounds supplied by 
plants as carbohydrates which come directly from photosynthesis or from decay of organic wastes in soil. In this 
study, the nitrogen fixing free living microorganisms have been reported as plant growth promoters. These 
bacteria could fix atmospheric nitrogen, solublizers phosphorus and produce plant hormones. The accordance to 
our results many researchers reported that Azotobacter spp are most specifically noted for their N2 – fixing 
ability and besides, they have the ability to produce different growth hormones (IAA and other axons, such as 
gibberellins and cytokinenes) (Jen. Hshuan, 2006).The use of AM-Fungi have shown to possess the ability of 
increasing nutrient uptake of plant, by developing association with plant roots and consequently improving plant 
growth through improved uptake of nutrients, especially phosphorus, due to the explanation by the external 
hypha of the soil beyond the root hair zone where phosphorus is depleted (Massoud et al., 2009).The increase of 
growth parameters represented in plant height, plant dry weight and number of tillers with T8 could be attributed 
was due to the efficiency of the used strains to enhance the uptake of essential nutrients required to plants and 
efficacy of their acclimatization in soil. 

These findings and this explanation were well matched with Ashok Kumar et al., (2015). Our results 
showed the maximum population of both A. chroococcum and B.polymyxa in the rhizosphere of wheat plants 
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particularly at 75 days with T8depended mainly on the treated seeds with the mentioned bacterial strains which 
enhanced the microbial populations in soil over the untreated ones, the reason why the populations were higher 
is the better acclimatized and natural environment to flourish the microflora (Mauya et al., 2012). The increase 
of % mycorrhizal colonization, dehydrogenase and nitrogenase enzymes activity in soil of wheat plants may be 
due to the increased impact of AM-mycorrhizal Fungi that enhanced the N2-fixers to fix atmospheric nitrogen 
and produce growth promoting substances all that led to the efficient release of more nutrient (Bulgarelli et al., 
2013). The significant increase in the activity of dehydrogenase enzyme nearly in almost treatments and 
especially in mixture one was due to the plenty of microbial populations in (Afifi et al., 2014). The capacity of 
N2-fixing Azotobacter to convert nitrogen into ammonia in a free state so the presence of ammonia has a strong 
impact on the expression of nif gene in most dizatrophs that credit the nitrogenase enzyme activity (Afifi, 2014). 
The increase of macro elements and crude protein in wheat grains was due to an increase and uptake of N,P and 
K when soil was inoculated with N2 –fixing and P and K solubilizing bacteria as the inoculation positively 
influenced the uptake of many elements such as N, P and K and improved the quality of wheat grains (Mehrvaiz 
et al., 2008). The increase of yield parameters over control in almost treatments was due to seed bacterization of 
A. chroococcoum and B. polymyxawhere these strains besides Arbuscular mycorrhizal fungi showed 
significantly greater yield as compared to uninoculated control. However, yield depends on efficiency and 
performance of strains, how they can easily acclimate in soil environmental conditions (Ashok Kumar et al., 
2015). Currently the global trend is turned to safer and ecofriendly alternative approaches (Sapna Sharama et al., 
2009). One of these possibilities is the use of antagonistic microorganisms to control mycotoxigenic fungi. 
Besides the role of AMF and N2- fixers as biofertilizers, they diseases during storability after harvest where the 
possible biocontrol mechanisms have been suggested including, production of antibiotics, lyticenzymes, direct 
practices, induction of resistances, competition for nutrients and space (Singh, 2009). 

In conclusion, this study may reach the level of recommendation where production of strategies crops free 
from fungal diseases by using beneficial microbial groups as biofertilizers and in the same time as biocides to 
protect plants against diseases is considered an essential target for sustainable agriculture.  
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