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ABSTRACT 
   Pot experiment was carried out under greenhouse conditions to evaluate the impact of 
BYFA (bacterial, fungal, yeast, and actinomycets isolates), and biofertilizers (mycorrhizae 
and N2fixers) in remedy the heavy metals -polluted soil and its effect on wheat growth. Basal 
recommended doses of P and N were applied; the treatments were arranged in completely 
randomized block design. The results showed a positive effect on growth and N uptake by 
wheat cultivated in polluted soil with (Zn, Cu, Pb, Co, Ni and Cd). The data cleared that, 
the lowest content of Pb in the soil was occurred with composite inoculants plus BFYA 
(274.57ug/gm) as compared to the other treatments. Reduction in zinc content in soil was 
recorded with control + BFYA (272.0 ug/g) compared to other one. Similarly, inoculation 
with (Azo) + (BFYA) induced a reduction in Cu content in soil, Data of 15N revealed that 
both the mechanisms of BNF have been occurred. In this respect, it is worthy to mention 
that, symbiotic bacteria has a considerable role with such cereal crop via BNF or 
enhancement of plant growth, The inoculation with Rh+AM resulted in the highest 
percentage of N uptake from fertilizer (29%), followed by AM, then Azo (23.9%, 22.7%, 
respectively) without BFYA. Another picture was noticed with BFYA whereas the best 
percentage was recorded with Azospirillum (19.3 %). This treatment is the only one that 
increased the portion of N derived from fertilizer over those recorded with the control 
(11.13%). BFYA have the ability to reduce the content of heavy metal in both the 
contaminated soil and wheat plant. Similar function was detected with biofertilizers, besides 
to their effects on enhancement of plant growth via plant growth promotion substances and 
BNF mechanisms.  
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INTRODUCTION 
 

   Sewage sludge is rich in plant nutrients such as N and P so, it could be applied as a cost-
effective fertilizer [1] and because it contains heavy metals and other toxic substances that 
potentially could be introduced into the human food chain [1], it represents an important 
environmental problem. Soil bioremediation means the biological treatments of contaminated soil 
via transformation of complex or simple chemical compounds into non-hazardous forms. 
Accumulated metals in soils are depleted slowly by leaching, plant uptake, erosion or deflation[2] 
.The enhancement of plant growth and nutrient uptake as affected by bioremediators and different 
biofertilizers, i.e. symbiotic or nonsymbiotic bacteria as well as mycorrhizae applied into heavy 
metal contaminated soils was also detected elsewhere[2];[3] .In the present study, we are dealing 
with(1) the application of microbial community (bioremediators and biofertilizers),  
which possess different dynamics to remove and detoxify the soil contaminants especially with 
heavy  
metals and promoted the plant growth and enhanced nutrient uptake. (2) The response of wheat 
plants 
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 grown in heavy metal contaminated soil to biofertilization technology.  
   

MATERIALS AND METHODS 
 

   Pot experiment was carried out in the greenhouse of the Agricultural Department of Soil and 
Water Research, Nuclear Research Center, Atomic Energy Authority, to evaluate the impact of 
BFYA and Biofertilizers in remedy the heavy metal-polluted soils. Soil samples were collected 
from surface layer (0 - 40 cm) of different sites of Al-Gabal Al Asfar farm, Abu-Zabal, Egypt. 
The soil samples were collected from sites irrigated with sewage effluent for more than 60 years, 
to isolate the microbial community Properties of the soil used (Table A and B).Unsterilized soil 
(sandy loam) was packed in 48 pots, each pot contains about 6.5 Kg soil and 6 plants for wheat 
Seeds of wheat (Triticum aestivum cv Sids 1).Complete randomized blocks (factorial) design was 
followed. 

A-Physical properties 
Soil Texture Sand % Silt % Clay % 
Sandy loam 64 27 9 

                                                                Soluble ions (meq/L) 
Cations (meq/L) Anions (meq/L) 

K+ Na+ Ca++ Mg++ Cl- HCO3
- CO3

- SO4
-
 

0.98 0.36 4.85 2.17 6.0 2.33 0.00 0.03 
PH Organic matter (%) TotalN(%) CaCO3 (%) ECds ml1) Avail. P (ppm) 

6.5 7.03 0.323 5.7 1.9 1.66 
B-Heavy metals (Total) (ug/g soil)  

Pb2+ Zn2+ Cd2+ Ni2+ CO2+ Cu2+ 
433.05 1037.0 10.1 474.0 28.7 417.0 

 
   Two types of microbial inoculums were used: (1)Biofertilizers: A- Rhizobium leguminosarum 
(Rh)  biovar vicia(strain ARC 207 and ICARDA 441)  and Azospirillum   brasilense (Azo) NO 
40 B-Arbuscular mycorrhizae (AM) Spores of mycorrhizal inoculums were isolated using the 
wet-sieving method [4],. (2)Heavy metal-tolerant group (BFYA group) consists of:1- (B) 
Bacterial isolates Micrococcus leteus , Pseudomonas diminuta and Pseudomonas facilis, 
,(Y)Yeast , Candian curvata(F) Fungal, Aspergillus fumigatus and and Aspergillus 
fiaccum(A)Actinomycets ,Streptomyces sannanesis: 2- Microflora in collected soil samples 
consists of: (F) Fungal Isolates: Aspergillus parasiticus (I9)  and Fusarium oxysporum (I1) 
Identification was carried out according to  Raper and Fennell[5] and Booch[6].  (15NH4) 2SO4 was 
applied 1.5 g/pot (2 % atom excess) for wheat 15 days after sowing.  Rock phosphate (Rp), (27.5 
% P2O5), 0.5 gm (Rp)/pot. Samples of soil solution were obtained from a water saturation 
extract prepared to determine (Co, Cu, Zn,Pb, Cd and Ni) under different microbial inoculations 
[7] as the following: 1-Control (uninoculated), (2)I1 + G, (3)I9 + G,(4)I1 + I9, (5)I1+ I9 + G. 
   Pot experiment was carried out in complete randomized blocks design; Two ml of buffer 
containing approximately 108 /seed of Azospirillum brasilense (Azo) No 40 were added. Also 
seeds of wheat were treated with carrier- based inoculums of Rhizobium sp. having a population 
of 2.8X108 cells /g inoc-1, and infected by 200 g of fertile soil containing approximately 1270 
Arbuscular mycorrhizae (AM) spores was added to each pot and mixed with the soil. A 
suspension of BFYA growth was added in quantity of 2 X 108 cells per/seeds at cultivated time 
and repeated after 7 days (one week). At maturity stage plants were harvested. Seeds, spikes, 
shoot and root dry weight Total N [8] and (15N estimation) in plant parts were determined 

[9].Statistical analyses were determined according to [10]. 

 
 



RESULTS AND DISCUSSIONS 
Effect of Microbial Inoculations on Metal Concentrations in Soil Solution   
                                                                                                
   Effect of Microbial Inoculations on Metal Concentrations in Soil Solution were illustrated in 
(Table1) Composite inoculation (I1 + I9 + G) reduced metals in soil solution, especially in case of 
Co metal (80.8 %) while recorded in Cd and Ni (12% and 17.6.0%, respectively) comparable to 
the control, while in Zn 40.0 % was recorded by (I1 + I9) and I1 + I9 + G treatment Table(1)Our 
results are in agreement with Ghoneimy, [11] who study, the effect of different isolates of bacterial, 
fungal, actinomycets and yeast cells were applied in term group (G) on reduction of metal in soil 
solution by recycling the wastewater . Reduction values in the third stage of the treatment or the 
last stage of recycling waste water, reached 99.2% in case 
  
             Table (1): Effect of microbial inoculations on metal concentrations   in soil solution. 

Metal concentration(mg/l) Treatments 
 Cd2+  Zn2+ Cu2+ Pb2+ Co2+ Ni2+ 
Control 0.10 0.335 0.258 1.283 0.193 3.462 
I1+G 0.099 0.252 0.223 0.983 0.190 2.990 
I9+G 0.091 0.210 0.205 0.864 0.103 3.365 
I1+I9 0.093 0.201 0.194 0.664 0.061 3.05 
I1+I9+G 0.088 0.201 0.173 0.545 0.037 2.805 

( I1 ): Fusarium oxysporum    ( I9 ) : Aspergillus parasiticus G: Groups of (B) Bacterial isolates: 
Micrococcus luteus,  Pseudomonas diminuta and Pseudomonas Facilis ;  (F) Fungal Isolates: 
Aspergillus fumigatus  and Aspergillus fiaccum ;  (Y) Yeast isolate :Candida curvata ; and (A) 
Actinomycets 
 
of Zn++,76.9% in case of Fe++, 37% in case of Co++, with the maximum reduction value was 
reached 100 % in case of Pb++, Cu++ and Cd++ with specific combination of isolates [12]. 
Similarly, in our research, the same group (G) was applied but with added isolates Fusarium 
oxysporum (I1) and Aspergillus parasiticus (I9) in combined inoculations (BFYA) group to obtain 
the best results of metal reduction in soil solution. The obtained results indicated that combined 
inoculation with (I1+I9+G) is suitable tool in removal of heavy metals especially with cobalt. 
 
Dry Matter Accumulation (DMA) of Ground and Aerial Parts of Wheat Plant: 
   Accumulation of dry matter as affected by BFYA and biofertilizers were showed in Table 
(2).The highest record of root dry weight was (21.55 g/pot) by Azospirillum (Azo) +arbuscular 
mycorrhizae (AM). Mean value was higher +BFYA than -BFYA. Similarly, the best values of 
(DMA) in spikes were recorded (+BFYA), but vary with different biofertilizers, where the 
highest accumulation with Azo(19.09 g/pot) as 
 
                        Table (2) dry weight (g/pot) in  root, shoot and spikes of wheat plant. 

Dry weight g/pot 
Root Shoot Spikes 

 
Biofertilizers 

 -BFYA +BFYA -BFYA +BFYA -BFYA +BFYA 
Control 13.73ab 13.98ab 23.57a 27.67a 8.76c 9.06c 
Rh 14.03ab 18.70ab 20.28a 26.32a 9.40c 13.84abc 
Az 13.09ab 17.91ab 24.31a 25.13a 9.27c 19.09a 
AM 10.7b 16.64ab 23.89a 24.74a 8.85c 11.81bc 
Rh+AM 15.08ab 18.21ab 25.25a 27.90a 9.21c 17.70ab 
Rh+Az 12.22b 18.44ab 24.06a 28.90a 10.09c 10.55bc 
Az+AM 12.31ab 21.55a 24.24a 29.71a 10.67bc 12.32abc 
Rh+Az+AM 13.21ab 17.41ab 26.77a 21.04a 14.1abc 13.35abc 

             Means in the same column followed by the same letter are significantly different at p ≤ 
0.05 



 
compared with other treatments, especially controls. Relative changes in mean DMA of 
spikes+BFYA indicated that a positive accumulation occurred (32.7%) as compared to the 
untreated one. Contrary, there were no sharp differences between biofertilizers, either combined 
or not with BFYA when shoot dry weights were considered (Table2). Inoculation of wheat with 
AM (Glomus mosseae) improves biomass production, tillering, plant growth up to 11.6 times and 
increased grain yield up to 5.4 times as compared to non-inoculated plant [13]. Also, uptake of 
macro-nutrients and trace elements with low mobility like Cu and Zn [14]. This explained by a 
slow growing bradyrhizobia cause an alkaline reaction within their immediate niche, thereby 
reducing metal solubility and activity of most metals [15]. It is possible that, with the appropriate 
concentration and time of application of Azo and Rhizobium(Rh), more root hairs become 
susceptible to rhizobia infection. Such improvement might be attributed to high N uptake of the 
inoculated                   
plants and the ability of both organisms to produce growth-promoting substances as well [16]. 
Also, on sludge- amended soils and inoculated with rhizobia produced in sludge the inoculation 
of alfalfa was beneficial for increasing rhizobia number, nodulation, shoot dry weight, and N 
content of alfalfa [18]. The effectiveness of fungi to improve plant growth varied according to the 
levels of heavy metals in soil. Diaz et al. [17], stated that application of isolated fungus from the 
contaminated soil with heavy metals (Zn or Pb) especially endophyte (G. mosseae) was more 
efficient than those isolated endophyte from uncontaminated soil (G.macrocarpum) in stimulating 
plant growth. 
 
Nitrogen Uptake by Different Parts of Wheat Plant: 
 
   Effect of different microbial inoculations on nitrogen uptake by different Parts of wheat plant 
were illustrated in Table (3).The highest accumulation of N in roots and shoots occurred with 
Azo+AM +BFYA (77.57 mg/pot) and (238.62 mg/pot) respectively as compared with other 
treatments (Table3), concerning the mean value of root and shoot+ rhizobia infection. Moreover, 
it was found that +BFYA the relative increase in N uptake by root and shoots were 63.5% and 
44.0%, respectively comparing to -BFYA. Inoculation with Azo+BFYA recorded higher content 
of N uptake in spike of wheat plant (274.89 mg/pot) than the other treatments. Similarly, all 
individual and dual inoculations of biofertilizers when combined with (BFYA) have improvement 
N uptake comparable to those recorded with the untreated one. Contrary, inoculation with 
(Rh+Azo+AM) -BFYA increased N content in spike as compared with the same treatment 
(+BFYA). In controls + or – BFYA data reflected N content in spikes as compared with same  
 
               Table (3) Nitrogen uptake  (mg/pot) in   roots, shoots and spikes of wheat plant.     

N uptake mg/pot 
Root Shoot Spikes Biofertilizers 

-BFYA +BFYA -BFYA +BFYA -BFYA +BFYA 
Control 38.13ef 54.34abc 119.62c 224.48ab 116.15d 129.89cd 
Rh 51.34bcd 75.31ab 136.06c 185.15abc 116.46d 238.75ab 
Azo 42.98def 61.32abc 167.94abc 191.68abc 121.51d 274.89a 
AM 32.25f 63.84abc 135.07c 173.72abc 102.46d 153.70bcd 
Rh+zo 30.12f 46.22cde 156.16abc 204.48abc 101.09d 219.15abc 
Rh+AM 33.42f 68.97abc 159.31abc 231.22ab 114.60d 139.70cd 
Azo+AM 41.39ef 77.57a 124.16c 238.62a 126.14cd 151.50bcd 
Rh+Azo+AM 45.80cde 68.33abc 148.22bc 199.89 191.6abc 175.34bcd 
Means in the same column followed by the same letter are significantly different at p ≤ 0.05 
 
treatment with significant difference and indicating the positive role of tolerant group in 
increasing N uptake by spikes. Under industrially polluted soil contaminated with high levels of 



Cd and Zn, N concentration in alfalfa shoots was affected by soil pH and both with Rhizobium sp. 
and VAM, where the  
shoot-N increased with increasing soil pH of 6.0 and 7.2 Also Rhizobium sp. was superior over 
VAM fungi. At the same time, Rh enhanced N2-fixation while inoculation with VAM probably 
enhanced the uptake of N from soil [19]. Also inoculation of Rhizobium meliloti and Glomus 
mosseae fungus significantly enhanced shoot N content of alfalfa compared to control [18]. The 
interaction of Rh and AM [20] has a positive effect on shoot dry weight and nodules. They also 
added that, application of N2 –fixers and AM in combined inoculations, in legumes, induce better 
results than each alone in enhancing the growth, N-levels, nodulation, and dry weights, of many 
plants[18]. Giller et al. [20] showed that, effective rhizobia inoculated into the sludge-contaminated 
soil were killed in eight weeks. This happened when inoculate of 107 or fewer cells were used. 
Larger doses than this did allow effective in nodulation of clover, presumably because a sufficient 
a number of cells survived to nodulate. In our research, the results of Ni indicated into high levels 
of this element, but on the other hand nodulation process was clearly increased and healthy plant 
was noticed, therefore we are able to indicate that, the positive effect of BFYA on minimizing the 
toxic effect of heavy metals especially in case of Ni is responsible for nodulation process. Ni is a 
structure component of the urease and hydrogenase enzymes of Rh[21] and heterobacteria [22]. 
Such type of stimulatory effect of Ni on nitrogenase activity of free of living N2 fixing 
Cyanobacterium, Nostoc muscorum, has been reported by Henriksen and De Silva[23]. Similar 
effect was showed in count recorded by symbiotic N2 fixer bacteria, especially treatment with AM 
+ BFYA in present study. 
   As noted by Giller et al. [20], increasing rhizobia concentrations added to metal contaminated soil 
above 107cells g-1, effective nodulation was observed because sufficient numbers of cells survive 
to nodulate their host. Similarly, our results are in agreement with the results of Giller et al [20] of 
nodulation criteria and N2-fixation might be attributed into rhizobia inoculation or N2 fixers group 
Rh and Azo with volume applied in 2x108 cells g-1. We are in agreement also with those of El-
Kherbawy et al. [18], who found that; nodulation was induced by inoculation with (Rh+VAM) at 
soil (pH 7.2). This finding holds true under different soil pH (7.2 or 6.7).  On sludge amended soil 
in our study, decreasing in metal concentrations, especially with application of tolerant group 
with biofertilizers induced increments in nodulation criteria. Observations of nodules dry weight 
in present research (unpublished data) was agree with the data of AM inoculation in soil amended 
with different rates of sewage sludge [24], where the nodules number and dry weight responded 
significantly to sewage sludge application and mycorrhizal inoculate.  
  
Effect of Different Biofertilizers and Tolerant Group Inoculations on Nitrogen Portions 
Derived From Different N Sources and Uptake By Wheat Plants. 
% of Nitrogen derived from air (Ndfa) and Uptake Spikes. 
 
         Table (4) Effect of Different Biofertilizers and Tolerant Group Inoculations on   
15NExcess,     

Ndfa % Ndfa mg/pot 
15N  atom excess  

 
Wheat (Spikes) Wheat (Spikes) Wheat (spikes) Biofertilizers 

-BFYA +BFYA -BFYA +BFYA -BFYA +BFYA 
Control 0.000 27.6 0.000 36.60def 0.308f 0.222h 
Rh 17.6 39.6 20.72ef 101.3bc 0.253g 0.185j 
Azo 47.5 26.3 58.46hi 64.97hi 0.454c 0.387e 
AM 55.7 74.4 58.57hi 114.4ab 0.478b 0.078o 
Rh+Azo 60.8 40.9 32.40de 90.28bc 0.121n 0.182k 
Rh+AM 88.6 46.6 98.32i 65.82bcd 0.579a 0.164m 
AM+Azo 27.3 38.7 34.9gh 58.59cde 0.406d 0.189I 
AM+Rh+Azo 80.5 42.7 154.8a 75.04bcd 0.060p 0.176L 



 
 
   
 
 
                 
             Means in the same column followed by the same letter are significantly different at p ≤ 
0.05 
   Effect of different biofertilizers and tolerant group inoculations on nitrogen portions derived 
from air (Ndfa) and uptake by wheat Plants were cleared in Table (4 and 5). The highest 
percentage of BNF was detected with composite inoculums (80.5 %) as compared to the other 
one, but without BFYA. It is worthy to mention that Rh inoculation had a positive effect on BNF 
process and portion of nitrogen derived from air (Ndfa) indicating its ability to fix atmospheric-N in 
association with such cereal crops. This phenomenon holds true either + or - BFYA. Ndfa 
increased in case of Rh+Azo or AM fungi comparable to Rh solely. It is obvious that application 
of BFYA enhanced the indigenous N2 fixer whereas the Ndfa was detected in control. The 
absolute values of N2 fixed showed the superiority of (AM + Rh + Azo) over the other 
biofertilizers - BFYA. As BFYA was applied, the best value of BNF obtained with AM followed 
by Rh. It means that enhancement of N uptake, as affected by inoculation treatments, was due to 
another mechanism rather than BNF process. 

Nitrogen Derived From Fertilizer (Ndff):  

   Concerning wheat spikes, Ndff recorded higher percentages indicating the dependence on 
inoculants as well as + or - BFYA. Likewise, the best portions of Ndff were recorded - BFYA as 
compared to plus one. Rh+AM resulted in the highest % of Ndff (29%), followed by AM, then 
Azo (23.9%, 22.7%, respectively) - BFYA. Another picture was noticed + BFYA whereas the 
best percentage was recorded with Azo (19.3 %) solely. This treatment is the only one that 
increased Ndff over those recorded with the control (11.1%).Absolute values of Ndff, also 
showed the superiority of Azo and AM either applied alone or with other biofertilizers + or - 
BFYA. These results confirmed the role of this micro flora as a helper for plant growth and 
enhancement of N uptake from the fertilizer source. But the overall means of biofertilization 
treatments was indicated about (19.45 mg pot-1) in case of + or -   BFYA indicating that there was 
no 

Table (5) N (%), Uptake  (mg/Pot) Derived From Fertilizer and Fertilizer Use  
                                   Efficiency by Wheat Spikes  
 
 
 
 
 
 
 
 
 
 
               Means in the same column followed by the same letter are significantly different at p ≤ 
0.  
 
significant difference between BFYA treatments. N  values of Ndfa with AM Fungi and Azo 
inoculants solely or with Rh reflected its role on enhancement of N nutrition of wheat crop by 

Ndff %  Ndff  mg/pot FUE% 
Wheat (Spikes) Wheat (Spikes) Wheat (spikes) Biofertilizers 
-BFYA +BFYA -BFYA +BFYA -BFYA +BFYA 

Control 15.4 11.13 18.07cde 14.40def 1.19gh 0.96i 
Rh 12.7 9.3 14.83def 21.82cd 0.98I 1.48ef 
Azo 22.7 19.3 27.69bc 52.55a 1.84c 3.55a 
AM 23.9 3.9 24.6bcd 6.01f 1.63de 0.40k 
Rh+Azo 6.0 9.1 5.75f 19.67cde 0.41k 1.34fg 
Rh+AM 29.0 8.3 33.02b 11.49ef 2.21b 0.77j 
AM+Azo 20.3 9.5 25.81bc 14.35def 1.71cd 0.96i 
AM+Rh+Azo 3.0 8.8 5.75f 15.37def 0.38k 1.03hi 



either mechanisms rather than BNF with exception of inoculation with AM fungi in BFYA 
treated soil , where the positive effect on BNF was noticed. Galal [25] stated that inoculation with 
Rhizobium leguminosarum alone or in dual with Azospirillum brasilense induced higher 
percentages of Ndfa and utilized by either shoots or grains of wheat as compared to singlel 
inoculation of Azo. Rh can occupy another endophytic niche inside different cereal crops, and via 
different mechanisms can benefits these cereal hosts. Some of the responsible mechanisms, i.e. 
N2-fixation and plant growth promoting (PGP) have been approved through 15N-technique 
application. Noteworthy, some positive findings of Rh plus Azo were detected [26].The activities 
of free-living heterotrophy in sludged soil were also reviewed. Laboratory studies have confirmed 
the sensitivity of heterotrophic N2-fixation at concentrations of 50 and 200 mg Cu Kg-1 soil 
[27].Although, we have higher values of such elements -mentioned above in our results, both 
bacteria and N2 fixing organisms seems to be more resistant and have the normal activity. This 
may be the reason for active role of these bacteria on BNF process. These data lead us to 
conclude that even under these adverse conditions the mechanisms of promoting growth and BNF 
were processed. A great reduction of Ni content in soil was recorded with single inoculation of 
(Azo +BFYA) (127.7 ug/g) as compared to other treatments. Application of (AM-BFYA) had 
reduced Ni content in treated soil and recorded the lowest value comparable with other treatments 
-BFYA . Reduction in Zn content in soil was recorded with control + BFYA (272.0 ug/g), 
compared to other treatments\ followed by (AM+Rh+Azo) –BFYA In other turn, these results 
proved the synergistic effect of biofertilizers and BFYA on reducing Zn content in treated soil. 
Detoxification of higher Zn supply in media could be explained by the mechanism of lowering Zn 
supply to plant roots due to binding of the metal by hyphal cell-wall polymers or extrahyphal 
slime [28]. Deposition of potentially toxic elements in mycorrhizal fungal structures in the root, or 
within root tissue itself, could lead to higher concentrations in roots of mycorrhizal plants, but 
lower concentrations in shoots, as observed of Zn in Paxillus involutus colonized pine Pinus 
sylvestris seedlings [29]. This also, may explain the high concentration of Zn in wheat root, which 
we have in the present study, as compared to reduced concentration in shoots of mycorrhizal 
plants. 
 
Table (6) Effect of different biofertilizers and tolerant group inoculations on   heavy metal    
                 concentration of soil cultivated with wheat. 

        Means in the same column followed by the same letter are significantly different at p ≤ 0 

Heavy metal concentration of soil cultivated with wheat µg /g. 
 

Cu2+µg /g Pb2+µg /g Co2++µg /g Biofertilizers 

-BFYA -BFYA -BFYA +BFYA -BFYA +BFYA 
Control 109.8 92.2 318.17ab 289.8bc 15.70a 6.13ef 

Rh 65.8 87.7 329.57a 319.97ab 12.37ab 4.80ef 
Azo 97.3 75.1 313.87ab 331.37a 12.43ab 4.63ef 
AM 120.9 98.9 290.27bc 316.83ab 7.53cde 3.30f 

Rh+Azo 117.7 93.4 301.67abc 284.53bc 11.03bcd 8.37bcd 
Rh+AM 104.8 123.1 300.87abc 315.23ab 11.17bc 3.97ef 
AM+Azo 131.8 74.5 302.53abc 303.67ac 11.0bcd 7.77cde 

AM+Rh+Azo 107.3 118.2 306.10abc 274.57c 8.10bcd 6.75def 
Ni2+µg /g Zn2+µg /g Cd2+µg /g Biofertilizers -BFYA -BFYA -BFYA +BFYA -BFYA +BFYA 

Control 162.6 138.9 272.0 289.8bc 109.8 92.2 
Rh 157.0 155.6 684.0 319.97ab 65.8 87.7 
Azo 156.8 127.7 435.0 331.37a 97.3 75.1 
AM 136.9 154.0 395.0 316.83ab 120.9 98.9 

Rh+Azo 163.8 155.4 671.6 284.53bc 117.7 93.4 
Rh+AM 141.2 164.3 698.0 315.23ab 104.8 123.1 
AM+Azo 149.9 170.1 709.6 303.67ac 131.8 74.5 

AM+Rh+Azo 148.2 139.0 724.3 274.57c 107.3 118.2 



 
   Our results are in harmony with many of earlier investigations. Cu content in soil was reduced 
with individual inoculate of (Rh) -BFYA 65.8 ug/g as compared to other treatments Table (6). In 
this respect, it is known that the soil organic matter can regulate the availability of metals through 
chelating reaction [30] in which the metals from stable 5 and 6-membered ring structure have 
carboxyl and hydroxyl functional groups in organic aggregation, thus becoming a part of the solid 
phase, mostly unavailable to plants. On the other hand, soluble organic molecules especially low 
molecular weight organic acids produced during the microbial decomposition of added sludge can 
form complex Zn and other elements and make them more available and toxic to plants [31]. 
Microbial fixation plays a prominent role in the binding of Cu in certain surface soils. The 
amount of Cu fixed by the microbiomass is widely variable and is affected by various factors, 
such as metal concentration, soil properties and growing season.  
   In our study, the values of NH4+-N and NO3--N were increased when Ni, Cu and Zn levels 
were decreased in the media as affected by BFYA as well as biofertilizer and consequently 
reduced its toxic effect on ammonifires. Nitrification process as well as nitrifiers activities could 
be inhibited by increasing Zn concentration in media also the nitrification by N. communis was 
stimulated by low concentrations of toxicants [32].Nitrifying bacteria are widespread in soil and are 
responsible for the maintenance of soil fertility and a part of the N cycle [32]. Moreover, nitrifiers 
are more sensitive to toxic compounds than many other microorganisms [32]. Therefore, we are 
able to conclude that the positive effect of BFYA on minimizing the toxic effect of heavy metals 
is responsible for speeding up the mineralization process in soil. Also, in this respect, various 
reactions were undertaken due to the different combinations of biofertilizers, i.e. dual and 
composite inocula.  
 

CONCLUSION 
 
BFYA have the ability to reduce the concentration of heavy metals in both the contaminated soil 
and plants parts. Similar function was detected with biofertilizers, besides to their effects on 
enhancement of plant growth via plant growth promotion substances and BNF mechanisms. 
These applications, either individually or in combinations, gave the tested plant the ability to 
combat the hazardous effects of soil contaminants such as heavy metal toxicity. Impact of BFYA 
group on reduction of heavy metal content in soil proved its role as a bioremediators that could be 
used on large scale for cleaning up the contaminated soil. Biofertilization technology assists the 
role of BFYA as bioremediators via substitution a part of N demand (BNF) and promoting plant 
growth. Finally, further investigation in a large scale, i.e. field experiments and pilot frame is 
urgently required in order to give exact recommendation .to whom it may concern with the 
detoxification and reuse of the heavy metal-contaminated soil (sludge one). 
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