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ABSTRACT 
 

Aim: To evaluate the effects of endomycorrhizal fungi (AMF) and sulfur oxidizing bacteria as 
biofertilizers in presence of phosphors and sulfur as mineral nutrients on onion (Allium cepa L.) and 
maize (Zea mays L.) plants under field conitions. 
Study Design: Identification of the used bacterial isolate and applied with endomycorrhizae 
individually or mixed culture as bioinoculum for onion and maize plants grown in sandy soil under 
field conditions. 
Methodology:  sequence analysis of 16S rRNA gene was applied to identify the bacterial isolate. 
Two field experiments were carried out in sandy soil  to study the effect of AMF and the sulfur 
oxidizing bacterium  individually or combination with the recommended dose of N, K and P (as rock 
phosphate or super phosphate) with or without sulphur element, on some growth parameters, 
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nutrients content and yield parameter of maize and onion crops . 
Results: Results indicated that the bacterial isolate A1 was identified as Acidithiobacillus 
ferrooxidans based upon the 99% of sequence similarity of 16S rRNA gene with the reference 
strain. Field experiments revealed that after 60 and 90 days, inoculation of onion plants with dual 
inoculation induced significant response in nutrient content, but this response was found after 90 
days in case of maize plant. The maximum data of the sulphur oxidizing bacterial count, 
dehydrogenase activity and CO2 evolution in the rhizosphere were obtained after 60 days of 
cultivation for onion and after 90 days with maize plants. Inoculation with Acidithiobacillus 
ferrooxidans A1+ AMF in amended soil with NK + S + R.P gave the best results in N, P and K 
content of onion crop, bulbs weight and pyruvic acid content. For maize plant, data indicated that 
added recommended dose of nitrogen, potassium, sulphur and rock phosphate (NK+S+R.P) with 
AMF + Acidithiobacillus ferrooxidans A1 inoculant led to highest significant increases of nitrogen , 
phosphours and potassium contents compared to other treatments. Also, there were high 
significant increases in dry weight of 100 seeds, ear weight and its nutrients content with the 
abovementioned treatment.  
Conclusion: The dual application of a mixture of arbuscular mycorrhizal fungi and Acidithiobacillus  
ferrooxidans A1 seems to have the most pronounced effect on quality and quantity of onion bulbs 
and yield of maize plants with the recommended dose of sulphur and rock phosphate fertilizers in 
sandy soil. 
 

 
Keywords: Onion; Maize plant; biofertilizers; Arbuscular mycorrhiza; Acidithiobacillus; 16S rRNA 

gene; field conditions. 
 
1. INTRODUCTION 
 

The chemical fertilizers used to enhance crop 
productivity have often negative effects on the 
ecosystems [1], including the environmental 
degradation by leaching of nutrients, especially 
nitrogen (N) and phosphorus (P) [2]. Except N 
and P, sulphur (S) is another essential element 
for plant growth due to its presence in proteins, 
glutathione, phytochelatins, thioredoxins, 
chloroplast membrane lipids, and certain 
coenzymes and vitamins [3]. The S taken up by 
plant roots is in the form of sulphate (SO4

2-), 
which undergoes a series of transformation 
inside the plants and in the environments [4]. 
Sulfur oxidation accomplished in both chemical 
and biological processes in the soil, while 
bacteria belonging to Thiobacillus are the most 
important sulphur oxidizers in the soil [5]. 
Phosphorus (P) is one of the most important 
elements for plant growth and metabolism, since 
it is a constituent of ATP and several vitally 
important compounds, notably nucleic acids and 
membranes [6]. Moreover, P plays indispensable 
role in photosynthetic and respiration reactions. It 
is also necessary for cell division and 
development of meristematic tissues. However, 
the mobility of P is very poor and the P fertilizers 
are easy to be immobilized in soil, which made 
the P difficult to be absorbed by plant roots. 
Mycorrhizae are widespread root-fungus 
symbioses formed by nearly all of the terrestrial 
plants. These symbioses are characterized by bi-

directional   transfer of nutrients   between the 
plants and the mycorrhizal fungi, where the 
plants provide sugar to the fungi and the latter 
help the plants on the acquisition of mineral 
nutrients, especially P, from the soil [7]. Balloei et 
al. [8] showed that mycorrhiza accompanied by 
the bacteria of Thiobacillus and inoculation of 
Thiobacillus plus sulphur could improve the yield 
of soybean because of the synergistic effects 
between the fungus and the bacterium. 
Numerous studies showed that the phosphours 
and sulphur nutrition affected the growth, yield, 
chemical constituents and storability 
characteristics of onion. In this concern, 
Bolandnazar et al. [9] found that arbuscular 
mycorrhizal fungi improved onion growth and 
development in comparison with the non-
mycorrhizal ones. This improvement was 
resulted from increasing leaf area, plant height 
and leaf chlorophyll content, which led to greater 
photosynthesis capacity and subsequently 
greater dry mass and larger bulb. Based upon 
the positive effects of mycorrhiza-sulphur 
oxidizing bacterium association on growth of 
plants, we conducted this study to investigate the 
impact of soil amendment with arbuscular 
mycorrhizal fungi (AMF) and the sulphur 
oxidizing bacteria as biofertilizers on the growth 
parameters, nutrient content and productivity of 
onion and maize plants grown in sandy soil 
under field conditions.   
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2. MATERIALS AND METHODS 
 

2.1 Bacterial Isolate and Soil Analysis 
 
A S oxidizing bacterial isolate A1 was used in 
this study which was isolated and characterized 
previously [10]. This isolate has high efficient to 
oxidize sulfide into sulphate  as well as gave the 
best effect on onion and maize plants with or 
without arbuscular mycorrhizal fungi in pot 
experiments under net house conditions [10]. 
The field experiments were conducted at the 
Agricultural Research Station in Ismailia. The 
physical and chemical characteristics of the soil 
were determined according to Baruah and 
Barthakur [11] and Jackson [12] respectively, 
and were presented in Table 1. Its 
microbiological contents, before cultivation, were 
4x10

5
 and 6X10

2
 cfu/g dry soil of total bacteria 

and sulphur oxidizing bacteria respectively, and 
83.3 spores / 100 g soil AMF.  
 

2.2 Genetic Analysis 
 

To clarify the taxonomic position of the isolate 
A1, sequence analysis of 16S rRNA gene was 
performed. Cellular DNA of the bacterial isolate 
was isolated as described by Ausubell et al. [13] 
and amplification of 16S rDNA according to Lane 
[14] using the universal 16S primers. The PCR-
product was purified using QIAquik PCR 
Purification Kit (Qiagen) and was sequenced in 
two directions using the previously described 
primers by Lane [14] in GATC Company 
(Germany). Sequencing data was analyzed by 
two different computer alignment programs, 
DNAStar (DNASTAR, Inc., USA) and Sequence 
Navigator (Perkin, Corp., USA). The BLAST 
database [15] of National Center for 
Biotechnology Information was used to compare 
the acquired sequence of the isolate A1 with the 
reported 16S rDNA sequences. The phylogenetic 
position of the tested isolate was analyzed by the 
program Phylogenetic Analysis CLC free 
workbench version 4.5.1.  
 

2.3 Evaluation the Role of The Tested 
Bacterium with AM Fungi as 
Biofertilizers for Two Economical 
Plants Under Field Conditions 

 
2.3.1 Preparation of bacterial inoculums 
 
Active culture of identified isolate was grown in 
Thiobacillus enrichment medium [16] under static 
condition at 30°C for 5 days. Cell suspension 

containing about ̴̴ 6108 cfu/ml was used as 
standard inoculum. 
 

2.3.2 AM fungi inoculums 
 
Mycorrhizal spores that contained the mixture of 
Glomus sp. and Gigaspora sp. were extracted 
from rhizosphere of maize plants grown in the 
Ismailia Experimental Station of Agriculture 
Research Centre, Egypt. Extraction and counting 
of mycorrhizal spores were carried out according 
to the method described by Gerdemann and 
Nicolson [17]. The identification of mycorrhizal 
spores was carried out according to the key of 
Schenck and Perez [18] using morphological 
characteristics of hyphae, attached hyphae, 
chlamydospores, azygospores and sporocarp. 
 
2.3.3 Field experiment design  
 

Two field experiments were carried out at 
Ismailia station during July 2012 for maize and 
September 2013 for onion plants, to study the 
effects of AMF and the isolate A1 separately or 
combination with recommended dose of N, K and 
P (as rock phosphate or super phosphate) with 
or without sulphur supplement, according to the 
recommendation of Agronomy Research 
Institute, on growth parameters, nutrients content 
and yield parameter of maize and onion crops. 
Onion (A. cepa L., cv. Shandweel) bulbs and 
seeds of maize (Z. mays L.) plants were obtained 
from Agronomy Research Institute, Agricultural 
Research Centre (ARC), Giza, Egypt.  A spilt plot 
experiment based on randomized complete block 
with three replicates for each treatment was 
carried out. The recommended dose of rock 
phosphate (R.P) (10% P) and super phosphate 
(SP) (15.5% P2O5), as sources of P were 107 kg 
and 300 kg/ feddan for onion plants and 86 kg & 
200 kg/feddan (=0.42 hectares) for maize plants, 
respectively. The recommended dose of 
potassium nitrate as a source of nitrogen and 
potassium were 75 unites N/feddan for onion 
plant and 100 unite N/ feddan for maize plant. 
The recommended dose of elemental sulphur 
powder was 1.7 ton/feddan, as a source of S for 
the tested plants. These mineral fertilizers were 
mixed with soil before sowing. Each plot (3×3.5 
m) was planted with 4 grains of maize or 1 bulb 
of onion / hill. The mineral fertilizers treatments 
were NPK, NPK +S, NK+ R.P and NK+S+RP 
and each mineral treatment contained 4 
inoculated treatments that were uninoculated 
(control), bacterial isolate A1, AMF and bacterial 
isolate A1 + AMF. Inoculated treatments were 
inoculated with 20 ml of bacterial cell suspension
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Table 1. The physico-chemical characteristics of field experiment soil 
 

Particle size (%) Texture  CaCO3  
 (%)  

Organic 
matter (%) Coarse sand Fine sand   Silt  Clay 

50.4 40.4 3.2 6 sandy 1.40 0.40 
Chemical properties Soluble ions in saturated extract  (meq/l)  Available nutrients µg 

g-1 
 ECe  dS/m pH K

+
 Na

+
 Ca

2+
 Mg

2+
 SO4

2-
 Cl

-
 HCO3

-
 N P K 

2.67 8.30 5.33 13.6
8 

8.00 4.00 18.42 9.5
0 

2.70 140 50 132 

 

while mycorrhizal inoculation was performed with 
10 ml of spore suspension / bulb or grain (28 
spores/ ml) at planting time. The soil samples 
were taken after 30, 60 and 90 days for onion 
plants and 60, 90,120 days for maize plants of 
cultivation for chemical and biological 
determinations.  
 

2.3.4 Parameters measured 
 
2.3.4.1 Growth parameters 
 

Plants were harvested at the end of experiment. 
Fresh and dry matter of onion bulbs and maize 
plants were measured. The yield parameters 
include dry & fresh weight of bulb / plant (gram) 
for onion plants and weight of 100 seeds and ear 
weight of maize plants.  
 
2.3.4.2 Biological analy 
 

Densities of total counts of bacteria and total 
sulphur-oxidising bacteria were carried out by 
decimal plate count technique using nutrient agar 
and Thiobacillus enrichment agar media, 
respectively, at 28-30°C. Some biological 
activities  such as dehydrogenase activity (DHA) 
(µg TPF/100 g dry soil day-1) and CO2 evolution 
(mg CO2/100 g soil), were determined in 
collected soil samples from onion and maize 
rhizosphere according to  Casida et al. [19] and  
Pramer and Schmidt [20], respectively. The 
spores of arbuscular mycorrhizal fungi in the 
rhizosphere and percentage of mycorrhizal 
colonization of root were estimated after 60 days 
of planting for maize and onion plants by the 
methods of Gerdemann and Nicolson [17] and 
Trouvelot et al. [21], respectively.  
 

2.3.5 Chemical analysis 
 

Nitrogen, phosphours and potassium contents 
were determined in the rhizosphere and plant 
samples according to the methods of Cottenie, et 
al. [22]. The sulphur was determined in soil 
samples according to Issam and Antoin [23]. 

Pyruvic acid was determined in onion bulbs 
according to Gordon and Diane [24]. 
 

2.4 Statistical Analysis 
 

Data were statistically analyzed according to 
Gomez and Gomez [25]. Fisher's Least 
Significant Difference (LSD) at 5 % level of 
significance was used for comparison between 
the means of different treatments. In this 
analysis, data of mineral treatments without 
biofertilizer inoculums were used for calculate 
LSD of Mineral (M); biofertilizer treatments 
without mineral treatments were included for LSD 
of Biofertilizers (Bio), and the interaction between 
biofertilizer and mineral treatments were included 
for LSD of  M*Biol. 
 

3.  RESULTS AND DISCUSSION 
 

3.1 The Identification of Used Bacterium 
 

Previously, nearly complete sequences of the 
16S rRNA genes have been determined for 
different S oxidizing bacteria [26].  In the present 
study, nearly complete 16S rRNA gene 
sequence was obtained for the bacterial isolate 
A1, which shared 97-98% identity with the 
closest Acidithiobacillus strains. In the 
phylogenetic tree constructed in this study    
isolate A1 is closely related to Acidithiobacillus 
ferrooxidans ATCC23270 with similarity level of 
99%, therefore, the isolate A1 should be 
identified as Acidithiobacillus ferrooxidans      
(Fig. 1).  
 

3.2 Performance of onion and maize 
plants in different treatments under 
field conditions 

 

3.2.1 Onion Plant      
 

3.2.1.1 Biological activity in the rhizosphere  
 

Data in Table 2 showed that high values of total 
sulphur oxidizing bacteria were obtained from 
treatments of dual inoculation supplied with 
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different mineral fertilizers, particularly NK + S+ 
R.P. The highest values of CO2 evolution and 
dehydrogenase activity were 300.8 mg CO2/100g 
soil and 27.9 µg triphenylformazan (TPF) / 100g 
soil day-1, in the same treatment. The maximum 
values of total sulphur oxidizing bacteria, CO2 
evolution and dehydrogenase activity were 
obtained after 60 days of planting. The 
inoculated plants by AMF + A. ferrooxidans A1 
with NK+ S+ RP supplement gave the highest 
values of the mentioned  parameters: 1.15x105 
cfu/g dry soil 344.6 mg CO2/100g soil Day-1 and  
44.0 µg TPF/ 100g soil Day-1 ,in respective 
order, after 60 days. The lowest values of the 
measured parameters were obtained after 90 
days of cultivation under different treatments. In 
general in all of the 3 sampling times, the 
treatment with NK +S + RP mineral fertilizers 
inoculated with both of the AMF and A. 
ferrooxidans A1 gave the highest values which 
significantly greater than those in the 

uninoculated treatments. Dehydrogenase activity 
can therefore be used as an indicator of 
biological redox systems and as measure of 
microbial activity in soil. Concentration of soil 
dehydrogenases depends on conditions and 
intensity of biological conversion of organic 
compounds. The evolution of CO2 under field 
conditions represents  respiration by plant roots 
and soil biota and is a sensitive indicator of 
abiotic controls root exudates, crop residues 
decomposition, soil organic carbon turnover and 
ecosystem disturbance. Chendrayan et al. [27] 
reported that the increase in dehydrogenase 
activity was mainly due to higher microbial 
population. The highest number of Mycorrhizal 
spores were obtained from added recommended 
dose of nitrogen, potassium, sulphur and rock 
phosphate with AMF + A. ferrooxidans A1 (600 
spores/100 g soil) followed by the same 
bioinoculant with recommended dose of NPK 
with or without sulphur (450 spore/100 g soil)   

 

 
 

Fig. 1. Neighbor-joining tree showing the estimated phylogenetic relationships of the studied 
         isolate A1 (ICI627) [shown in box] and other closely-related strains based on comparative 

analysis of 16S rRNA gene sequence 
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after 60 days of planting. Results also showed 
that the colonization of AMF ranged from 33-90% 
in the roots of the tested plants. The highest 
percentages of colonization were recorded in 
inoculated plants with AMF + A.  ferrooxidans A1  
in  amended  soil  by   recommended   dose  of 
NK+R.P with or without sulphur after 60 days of 
planting (Table 2.). This result is in line with that 
observed by Alloush and Clark [28] and 
Bagayoko et al. [29] who stated that in presence 
of rock phosphate the root colonization by AM 
fungi increased compared with addition of triple 
superphosphate which reduced mycorrhizal 
function. 
 
3.2.1.2 NPKS in onion rhizosphere  
 

Data in Table 3 presented that appreciable 
changes in N, P, K, S content were observed in 
onion rhizosphere due to inoculation with AMF 
and / or Acidithiobacillus ferrooxidans A1 
compared with the uninoculated ones at different 
ages. After 30 days of cultivation, inoculated 
plants with AMF + A. ferrooxidans A1 gave the 
highest values of N in presence of NK+RP with 
or without sulphur. After 60 and 90 days, 
inoculation of plant with dual inoculants (AMF+ 
A. ferrooxidans A1) induced significant 
responses in nutrients content in the presence or 
absence of mineral fertilizers. However, the 
effects were greater on mineral fertilizers 
amended plants particularly with NK+S+RP. This 
observation was reported in nitrogen, 
phosphorus, potassium and sulphur contents in 
the rhizosphere being 350, 12.6, 521.3 ppm and 
25.6 mg SO4

-2
/ 100g soil for plants amended with 

NK+S+ RP after 60 days of cultivations. The 
values of NPKS with all treatments decreased 
after 90 days of cultivation compared to the data 
after 30 and 60 days due to consume the soil 
nutrient by onion plants at the end of  plant  
growth period. 
 

3.2.1.3 NPK content of plants 
 

Nitrogen, phosphorus and potassium percentage 
and uptake (mg/g) in onion bulbs (90 days old) 
gave maximum concentration when soil fertilized 
with NK + Rock Phosphate + Sulpher and 
inoculated with AMF + A.ferrooxidansA1, with 
significant increasing over control treatment 
(Table 4). The corresponding values of 
percentages and uptake of nutrients were 3.26% 
and 324.7 mg/g plant for nitrogen, 2.15% and 
214.1 mg/g plant for phosphorus, and 3.46% and 
344.6 mg/g plant for potassium. The nutrients 

especially P and S enhanced quantitative and 
qualitative characters of onion plants as showed 
by Nassar et al. [30], in which the foliar 
application of phosphours and sulphur 
significantly enhanced their concentration in 
onion plants. Mahaveer and Alok [31] showed 
that the inoculation of onion plants with AM Fungi 
(AMF) can significantly increase bulb diameter, 
bulb yield and  shoot P content, furthermore, AM 
Fungi improve the uptake of P and other 
nutrients including N, Ca, S, K, Cu and Zn. 
 

3.2.1.4 Bulbs weight and nutrient components 
 

Pungency in onions is derived from a number of 
volatile sulphur compounds. Pyruvic acid as 
indicator for pungency was determined. Data 
shown in Table 4 revealed that weight of bulbs 
and pyruvic acid content were significantly 
enhanced with microbial inoculation. In presence 
of sulphur with recommended dose of N, P 
(superphosphate), K, the bulbs fresh weights 
were significantly greater with dual inoculants 
compared with the same conditions without 
sulphur, 64.1 g/bulb with S against 55.0 g/bulb 
without S. Recommended dose of NK+R.P with 
dual inoculants gave 50.6 g/ fresh bulb whereas 
36.2 g/ fresh bulb with same mineral fertilizer 
with AMF inoculant only and pyruvate contents 
were 11.2 and 9.3 µ mole/g bulb respectively. 
The maximum value of bulbs weight and 
pyruvate content were obtained from inoculated 
plants with AMF+ A. ferrooxidans in amended 
soil by NK+S+R.P being 64.7g/bulb and 11.8 µ 
moles/g fresh weight. Our results were consistent 
to Mahaveer and Alok [31] that the inoculation of 
onion plants with AM fungi can significantly 
increase bulb diameter, bulb yield, shoot dry and 
fresh weights and shoot phosphours content. 
 

3.2.2 Maize Plant 
 

3.2.2.1 Soil biological activity 
 

The highest values of sulphur oxidizing bacterial 
counts were obtained in maize plants 
rhizosphere with dual inoculant in the presence 
of NK+R.P with or without sulphur after 90 days 
of planting (Table 5). Generally, the activity of 
dehydrogenase and CO2 evolution in the 
rhizosphere were remarkably stimulated after 90 
days of cultivation with all treatments. 
Biofertilizers treatments enhanced the 
dehydrogenase activity and CO2 evolution 
compared to uninoculated treatments. 
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Table 2.  Biological characters of onion rhizosphere and AMF parameters as influenced by different fertilizer treatments under field 
conditions 

 
                 Treatment     Sampling time       AMF  

after  60 days. Mineral 
Fertilizer 

    Biofertilizers      30 days       60 days   90 days 
T.SOB* 
(x10

3
) 

CO2* DHA* T.SOB 
(x10

3
) 

CO2 DHA T.SOB 
(x10

3
) 

Co2 DHA Spores 
/100g 
Soil 

Root 
colonization 
(%) 

Un- 
amended  

Uninoculated(Control) 38 84.3 10.6 51 163.0 12.6 34 76.7 9.6 166.6 33 
A. ferrooxidans A1 66 185.9 14.2 84 267.2 26.5 56 135.7 12.1 216.6 51 
AMF

#
 57 178.3 15.8 80 216.5 23.0 48 88.2 14.0 250.0 67 

AMF +A1
#

 76 207.8 20.4 92 284.0 35.2 62 137.2 17.8 366.6 68 
N P K Un inoculated 60 105.4 13.4 65 310.5 19.0 50 82.5 11.8 250.0 45 

A. ferrooxidans A1 68 219.6 18.5 87 337.4 34.1 61 143.4 16.9 366.6 52 
AMF 71 248.0 21.1 80 297.8 30.3 61 164.5 16.1 400.0 75 
AMF + A1 81 299.0 23.8 97 347.6 36.7 74 220.1 19.2 450.0 80 

N P K + 
S 

Un inoculated 79 126.9 13.8 80 245.3 18.2 57 130.0 12.6 250.0 49 
A. ferrooxidans A1 76 224.2 17.1 100 350.4 34.4 70 143.4 15.1 233.3 57 
AMF 74 260.7 23.6 84 341.1 31.3 64 174.5 15.2 350.0 80 
AMF + A1 83 289.4 23.7 116 359.2 39.8 71 197.5 18.8 533.3 90 

N K + 
R.P

#
 

Un inoculated 65 157.2 18.1 77 286.3 27.8 57 100.1 14.5 283.3 57 
 A. ferrooxidans A1  71 245.3 20.4 102 371.8 31.8 64 199.8 18.3 300.0 59 

AMF 83 235.7 23.7 87 272.5 31.5 57 189.0 15.5 400.0 81 
AMF + A1 86 264.5 24.7 103 370.7 41.4 81 214.7 19.2 450.0 83 

N K + S + 
R.P 

Un inoculated 75 144.9 16.0 104 267.2 26.1 67 118.9 13.5 266.6 50 
A.ferrooxidans A1 89 281.8 20.6 110 328.9 45.0 76 214.3 16.6 350.0 68 
AMF 83 283.3 26.1 107 293.2 35.3 75 142.3 18.3 416.6 72 
AMF +A1 93 300.8 27.9 115 344.6 44.0 81 199.8 22.6 600.0 86 

LSD 
(0.05) 

Mineral(Min) 7.76 28.72 4.23 9.95 45.34 4.31 7.48 31.71 2.05 56.18 5.64 
Biofertilizers(Bio) 8.96 33.17 4.89 11.49 52.36 4.98 8.63 36.62 2.36 64.88 6.51 
Min *Bio 10.02 37.08 5.46 12.84 58.54 5.57 9.65 40.94 2.64 72.53 7.28 

*.  T.SOB=Total count of sulpher oxidizing bacteria (cfu/g dry soil); CO2 = CO2 evolution (mgCO2/100g soil); DHA  =Dehydrogenase activity (µg TPF/100g soil Day
-1

). 
#
.  AMF = Arbuscular Mycorrhizal Fungi;    A1=A. ferrooxidans A1; R.P= rock phosphate; Each value is average of three replicate 

L.S.D value:  Least Significant difference between two values of mineral treatments without bio-inoculum (Min); between biofertilizer treatments without mineral 
treatments(Bio) and between two values in the same parameters (Min*Bio), according to Duncan's at 5% level 
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Table 3. Concentration of nutrients N, P, K (ppm) and S (mg SO4 
2-

/100 g soil) in rhizosphere of onion plants as influenced by different 
fertilizer treatments under field conditions 

 
                        Treatments       Sampling time 

  Mineral  
fertilizer      

Biofertilizers 30 days 60 days 90 days 
N P K S N P K S N P K S 

Un- amended  Uninoculated(Control) 130.7 5.3 115.7 3.3 140.0 7.2 148.8 4.9 74.7 4.0 98.2 3.2 
A. ferrooxidans A1 205.3 7.4 161.2 8.5 214.7 8.0 266.5 14.8 144.7 6.2 128.7 7.4 
AMF* 210.0 8.3 170.3 6.0 228.7 8.3 187.8 10.3 149.3 6.9 139.1 5.4 
AMF +A1* 219.3 8.7 189.8 7.7 266.0 9.9 267.8 15.7 168.0 7.6 163.8 8.4 

N P K Un inoculated 196.0 6.9 193.9 6.1 247.3 8.7 275.6 9.1 130.7 7.1 104.0 4.2 
A. ferrooxidans A1 233.3 8.6 283.8 11.9 280.0 9.3 304.2 17.1 177.3 7.8 139.1 8.6 
AMF 247.3 9.6 238.9 9.2 289.3 10.1 305.5 11.7 158.7 7.8 150.2 7.1 
AMF +A1 252.0 10.3 292.5 12.4 308.0 10.4 421.2 17.2 191.3 8.2 198.9 11.5 

N P K + S Un inoculated 200.7 7.7 182.0 7.1 219.3 9.4 218.4 7.7 112.0 6.8 159.9 6.5 
A. ferrooxidans A1 238.0 8.9 271.0 13.0 298.7 10.0 287.9 18.5 191.3 8.1 188.2 8.2 
AMF 247.3 9.5 200.2 10.3 308.0 10.0 317.8 12.6 205.3 8.4 184.2 7.9 
AMF + A1 252.0 10.4 308.1 13.3 340.7 11.3 374.4 21.5 205.3 9.8 188.5 12.1 

N K + R.P
§

 Un inoculated 210.0 8.8 172.4 6.3 228.7 9.6 221.0 7.9 163.3 7.4 155.3 7.0 
A. ferrooxidans A1 247.3 9.9 251.5 11.9 275.3 9.9 315.2 19.3 186.7 8.4 192.1 9.0 
AMF 266.0 10.1 189.1 10.4 308.0 11.1 225.5 18.7 154.0 9.5 188.5 9.3 
AMF + A1 281.0 10.5 308.7 12.3 345.3 12.6 350.3 21.5 196.0 9.8 195.1 10.0 

N K + S + R.P Un inoculated 228.7 8.0 173.1 9.3 238.0 9.8 269.7 9.3 158.7 7.6 170.5 7.3 
A. ferrooxidans A1 266.0 9.9 269.7 12.1 312.7 10.0 399.7 20.3 196.0 8.8 186.6 10.9 
AMF 256.7 10.4 195.0 10.6 317.3 11.0 343.8 16.6 186.7 9.4 185.9 8.6 
AMF +A1 284.7 10.6 309.4 12.8 350.0 12.6 521.3 25.6 219.3 9.6 199.0 12.1 

LSD (0.05) Mineral(Min) 20.53 0.77 52.04 1.75 26.83 0.93 52.44 2.25 19.47 0.65 21.17 1.65 
Biofertilizers(Bio) 23.71 0.89 60.09 2.02 30.99 1.08 60.55 2.60 22.49 0.75 24.44 1.91 
Min *Bio 26.51 0.99 67.18 2.25 34.64 1.20 67.70 2.91 25.14 0.84 27.33 2.02 

* . A1: Acidithiobacillus ferrooxidans A1;  AMF= Arbuscular Mycorrhizal Fungi  
§
. R.P.: rock phosphate   Each value is average of three replicate 

L.S.D value:  Least Significant difference between two values of mineral treatments without bio-inoculum(Min); between biofertilizer treatments without mineral 
treatments(Bio) and between two values in the same parameters (Min*Bio), according to Duncan's at 5% level 
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Table 4. The weight and nutrients content of onion bulbs as influenced by different fertilizer treatments under field conditions after 90 
days 

 
Treatments Weight of onion bulb Nutrients Content Of Onion Bulbs

       N            P            K Pyruvate
(µ moles/ g f.w 

#
)Mineral  

fertilizer
Biofertilizers 

Fresh  weight
(g/bulb)

Dry  weight
(g/ bulb)

%    Uptake    
(mg/plant) 

% Uptake 
 (mg/plant) 

% Uptake
(mg/ plant)

Un amended
(control)

Uninoculated 
 (Control) 

34.5 5.24 0.92 48.2 0.77 40.3 0.87 45.6 6.9 

A. ferrooxidans A1 48.9 5.86 2.06 120.7 1.29 75.6 1.87 110.0 8.4 
AMF* 39.5 5.68 1.61 91.4 1.52 86.3 1.69 96.0 8.0 
AMF + A1* 52.1 6.15 2.59 160.0 1.85 113.8 2.23 137.1 9.6 

N P K Un inoculated 35.9 5.38 1.75 94.2 1.00 53.8 2.35 126.4 8.4 
A. ferrooxidans A1 48.4 6.40 2.85 182.4 1.52 97.2 2.71 173.4 10.8 
AMF 39.1 5.99 1.99 119.2 1.54 92.2 1.92 115.0 9.8 
AMF + A1 55.0 6.93 2.98 206.5 1.56 108.1 2.82 195.4 11.1 

N P K + S Un inoculated 35.4 5.89 2.12 124.8 0.96 56.5 1.52 90.0 9.5 
A. ferrooxidans A1 52.4 6.55 2.55 167.0 1.48 97.0 2.74 180.4 11.2 
AMF 37.7 6.28 2.43 152.6 1.69 106.1 2.39 150.0 10.7 
AMF + A1 64.1 6.89 2.98 205.3 1.74 120.8 3.20 220.4 11.2 

N K + R.P
§

Un inoculated 28.1 5.73 2.24 128.3 0.87 50.0 1.72 100.0 8.9 
A. ferrooxidans A1 41.7 6.79 2.36 160.2 1.57 106.6 2.71 184.0 9.2 
AMF 36.2 7.42 2.43 180.3 1.69 125.3 3.20 237.4 9.3 
AMF + A1 50.6 7.43 2.77 205.8 1.87 138.9 2.67 198.3 11.2 

N K + S
+ R.P

Un inoculated 53.0 6.66 2.55 169.8 0.97 64.6 1.98 131.8 8.2 
A. ferrooxidans A1 54.7 7.71 2.82 217.4 1.65 127.2 3.18 245.1 10.6 
AMF 47.8 7.18 3.00 215.4 1.96 140.7 3.22 231.2 9.2 
AMF + A1 64.7 9.96 3.26 324.7 2.15 214.1 3.46 344.6 11.8 

LSD (0.05) Mineral(Min) 0.5 1.00 0.41 0.79 0.15 0.18 0.42 0.57 0.10 
Biofertilizers(Bio) 1.5 1.16 0.47 0.91 0.16 0.21 0.48 0.66 0.12 
Min * Bio 2.9 1.29 0.53 1.02 0.17 0.24 0.54 0.74 0.13 

* . A1: Acidithiobacillus ferrooxidans A1; AMF= Arbuscular Mycorrhizal Fungi §. R.P.: rock phosphate Each value is average of three replicate 
L.S.D value: Least Significant difference between two values of mineral treatments without bio-inoculum(Min); between biofertilizer treatments without mineral 

treatments(Bio) and between two values in the same parameters (Min*Bio), according to Duncan's at 5% level
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The highest values of these parameters were 
331.2 mg CO2/100 g soil and 30.2 µg TPF /100g 
soil day-1 with dual inoculation amended with 
recommended dose of nitrogen, potassium and 
phosphours as superphosphate, followed by the 
same inoculated treatment with recommended 
dose of NK+R.P+S being 327.8 mg CO2/100 g 
soil and 29.2 µg TPF /100g soil day-1 in 
respective order.The lowest measured 

parameters were recorded after 120 days of 
cultivation. Similar results were obtained by Chu 
et al. [32] that the fertilization greatly increased 
soil microbial biomass CO2 evolution and 
dehydrogenase activity after long-term 
application. The increased biomass and activity 
by mineral fertilization may be derived from the 
increased root biomass and exudates because of 
greater crop yields by fertilization.  

 
Data in Table 5 shows that the highest numbers 
of AMF spores and colonization percentage of 
AMF were obtained from added recommended 
dose of nitrogen, potassium, sulphur and rock 
phosphate to inoculated plants with AMF + A. 
ferrooxidans A1 after 60 days of planting. The 
corresponding values were 400 spore/100 g soil 
and 98% for number of mycorrhizal spores and 
colonization percentage, respectively. We 
observed that Acidithiobacillus ferrooxidans 
inoculant enhanced significantly the colonization 
percentage and number of spores with all 
mineral fertilizer treatments compared with AMF 
inoculation singly. The inoculation with AMF + A1 
increased the biological properties the 
rhizosphere of maize plant more than the single 
inoculation with either AMF or Acidithiobacillus. 
 
3.2.2.2 NPKS in maize rhizosphere 
 
After 60 days, significant differences were 
observed for N, P, K, S rhizosphere content 
between the control treatments (uninoculated) 
and inoculated plants with AMF and A. 
ferrooxidans either singly or in a mixture form 
(Table 6). The highest recorded figures were 
obtained by dual inoculation treatment with all 
mineral fertilizers treatments during the growth 
period. The highest values of nutrients were 
obtained after 90 days of cultivation whereas the 
lowest values were found at the harvest time 
(120 days). The highest values of nitrogen, 
phosphours, potassium and sulphur in the 
rhizosphere were recorded with dual inoculants 
(AMF+ A. ferrooxidansA1) after 90 days of 
planting. The corresponding values of nitrogen 
and phosphorus were 396.7 and 14.3 ppm in 
presence of NK+R.P fertilizer whereas 373.8 
ppm  and 24.1 mg SO4

-2 for potassium and 
sulphur in soil amended with NK+R.P+S fertilizer, 
in respective order (Table 6). In this respect, 
Ochs [33] showed that biological weathering or 
biochemical is made by microorganisms which 
produce organic acids, phenolic compound and 

siderophores. Soluble organic acids affecting 
rock phosphate weathering in soil could be high 
molecular weight or low molecular produced by 
plant roots and soil microorganisms. 
 
3.2.2.3 NPK content of maize seeds 
 
The data in Table 7 showed that nitrogen, 
phosphours and potassium content of maize 
seeds were remarkably simulated with 
biofertilizer treatments. The addition of 
recommended dose of NK+S+R.P with AMF + A. 
ferrooxidansA1 led to significant increase of 
nitrogen percentage and uptake of plant 
compared to other treatments. The highest 
values of nitrogen percentage and plant uptake 
were 0.993% and 172.2 mg/g plant respectively 
with the abovementioned treatment. The dual 
inoculant gave the highest value of phosphours 
(0.537%) and potassium (1.86%) content of 
seeds with NK+ S +R.P. MF inoculant mobilizes 
P from R.P more efficiently than those 
indigenous AM fungi which suggest that R.P 
weathering is highly dependent to the fungal 
symbiont and the interaction between AMF 
Acidithiobacillus and plant root exudates which 
increase the the mobilization of nutrient through 
the metabolic reactions. 
 
3.2.2.4 Yield parameters 
 
Maize plants showed high response to AMF and 
Acidithiobacillus ferrooxidans A1 inoculation 
either singly or in a mixture forms (Table 7). 
There were significant increases in dry weight of 
100 seeds and ear weight in presence of AMF + 
Acidithiobacillus ferrooxidans A1 with NK+RP+S 
or NK+RP, compared to uninoculated plants with 
the same mineral fertilizer. Dry weight of shoot 
and dry weight of 100 seeds as affected by dual 
inoculant which gave the best recorded values 
especially with  NK+ S+R.P  treatment  equal  to  
266.2%  and 41.8% increases respectively over 
uninoculated plants with recommended dose of 
NPK (Table7). 
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Table 5. Biological characters of maize rhizosphere and AMF parameters as influenced by different fertilizer treatments under field conditions 
 
                               Treatment                                                   Sample time   AMF  

after 60 days 
Mineral Fertilizer Biofertilizers                60 days 90 days         120 days             spores 

/100 g 
Soil 

Root 
colonization 
(%) 

T.SOB
*

 
(X103) 

CO2
* 

DHA
*
 T.SOB

 

(X103) 
CO2 DHA T.SOB 

(X103) 
CO2 DHA

 

Un -amended 
(control) 

Uninoculated(Control)  38 163.0 10.0 56 182.5 13.3 51 168.7 8.7 83.0 53 
Thiobacillus A1 45 237.3 15.3 83 243.0 19.0 54 224.7 12.5 108.0 71 
AMF #.   49 194.7 13.2 93 200.8 15.9 73 188.6 11.0 225.0 87 
AMF +A1 

#
 59 240.0 21.6 94 269.5  27.0 101 237.3 14.7 233.0 90 

N P K Un inoculated 59 197.3 15.9 65 247.3 16.1 43 125.6 11.8 116.0 64 
A. ferrooxidans A1 98 221.6 19.5 100 264.5 26.7 71 145.7 12.8 175.0 72 
AMF 74 201.3 24.1 90 254.2 25.9 83 193.6 12.0 258.0 85 
AMF + A1 101 302.1 24.8 107 331.2 30.2 78 251.5 15.7 283.0 95 

N P K + S Un inoculated  63 198.6 15.7 64 224.3 18.2 51 122.7 12.6 133.0 69 
A. ferrooxidans A1 92 219.1 20.6 93 268.5 25.1 63 171.4 14.8 200.0 75 
AMF 79 203.2 22.3 89 265.7 26.0 68 218.0 13.4 250.0 88 
AMF +A1 105 248.1 28.5 114 281.8 29.2 90 333.9 15.0 283.0 95 

N K + R.P # Un inoculated 62 198.6 10.8 69 243.5 17.3 54 143.8 14.2 100.0 75 
A. ferrooxidans A1 84 216.2 11.5 109 291.0 26.1 88 174.7 25.6 158.0 81 
AMF 82 210.5 13.5 89 297.9 25.6 77 191.7 24.3 266.0 85 
AMF +A1 98 235.0 18.4 114 304.8 28.9 102 200.1 26.7 291.0 95 

N K + S + R.P Un inoculated 60 179.1 12.4 83 228.1 14.7 53 158.1 11.7 166.0 68 
A. ferrooxidans A1 99 254.2 21.6 108 271.3 28.3 97 217.1 12.5 233.0 72 
AMF 95 243.5 18.9 115 245.9 25.1 74 180.9 13.5 275.0 86 
AMF + A1 105 235.8 23.7 116 327.8 29.2 103 293.7 19.9 400.0 98 

LSD (0.05) Mineral(Min) 11.36 36.63 2.76 13.99 64.43 3.12 9.02 21.93 2.38 84.67 10.50 
Biofertilizers(Bio) 13.12 42.30 3.18 16.15 74.40 3.60 10.40 25.32 2.75 109.31 14.95 
Min*Bio 14.66 47.30 3.56 18.05 83.19 4.03 11.64 28.31 3.08 146.66 18.00 

Each value is average of three replicate *.  T.SOB=Total count of sulpher oxidizing bacteria (cfu/g dry soil); CO2 = CO2 evolution (mgCO2/100g soil);  DH A=Dehydrogenase  
activity   (µg TPF/100g soil Day

-1
).  

#
.  AMF = Arbuscular Mycorrhizal Fungi; A1=A. ferrooxidans A1;  

# 
R.P= rock phosphate 

L.S.D value:  Least Significant difference between two values of mineral treatments without bio-inoculum(Min); between biofertilizer treatments without mineral treatments(Bio) 
and between two values in the same parameters (Min*Bio), according to Duncan's at 5% level 
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Table 6. Concentration of nutrients N, P, K (ppm) and S (mg SO4
2-

/100 g soil) in rhizosphere of maize plants as influenced by different fertilizer 
treatments under field conditions 

 
                          Treatment Sampling time 
Mineral fertilizer Biofertilizers                   60 days                         90 days                   120 days 

N P K S N P K S N P K S 
Un amended  Uninoculated(Control) 130.7 4.5 117.0 5.7 242.7 7.1 168.4 9.6 116.7 2.6 102.0 4.4 

A. ferrooxidans A1 163.3 8.0 157.3 7.6 284.7 10.9 293.8 15.7 186.7 7.3 150.2 8.0 
AMF* 168.0 8.5 164.5 7.5 289.3 12.6 230.8 15.6 149.3 8.1 137.8 5.1 
AMF + A1* 308.0 8.9 167.7 8.7 336.0 13.2 308.8 17.2 210.0 8.2 139.7 8.3 

N P K Un inoculated 205.0 4.7 149.9 6.9 308.0 9.8 261.3 10.7 149.3 4.6 141.7 6.3 
A. ferrooxidans A1 214.7 6.7 153.4 8.1 331.0 10.5 263.3 14.8 191.3 7.1 150.2 8.9 
AMF 233.3 9.2 178.1 8.3 322.0 13.0 326.3 11.5 219.3 6.6 146.3 7.6 
AMF +A1 336.0 9.9 182.0 9.5 345.3 13.4 327.8 18.0 242.7 7.6 154.7 8.3 

N P K + S Un inoculated 214.7 6.2 160.5 7.6 310.0 9.8 258.7 10.1 140.0 4.5 124.1 7.2 
A. ferrooxidans A1 233.3 7.8 175.5 8.4 331.3 9.9 280.2 16.3 200.7 6.9 137.1 7.9 
AMF 214.7 8.2 167.1 8.6 331.3 12.3 284.7 16.3 172.7 8.0 126.8 7.8 
AMF + A1 254.7 8.9 185.4 8.9 374.7 13.0 349.1 20.8 219.3 8.3 161.9 8.4 

N K + R.P§ Un inoculated 210.0 6.9 159.9 7.8 345.3 9.5 248.3 16.0 154.0 4.0 128.7 7.0 
A. ferrooxidans A1 238.0 7.6 206.1 9.1 373.3 9.7 276.3 16.7 168.0 7.0 130.7 8.6 
AMF 233.3 8.4 172.9 8.5 373.3 11.3 289.3 16.2 205.3 7.2 148.2 7.9 
AMF + A1 350.0 8.5 252.2 9.1 396.7 14.3 313.9 17.8 219.3 7.9 152.8 9.1 

N K + S + R.P Un inoculated 200.0 7.0 141.0 7.4 322.0 9.7 262.6 10.7 177.3 6.9 137.8 6.0 
A. ferrooxidans A1 270.6 8.4 239.2 8.3 331.3 11.4 308.8 17.5 214.7 8.8 148.2 7.4 
AMF 270.7 8.8 236.6 8.3 350.0 13.0 269.1 13.8 214.7 8.5 144.4 6.5 
AMF + A1 354.3 10.2 242.5 9.6 359.3 13.9 373.8 24.1 233.3 9.4 170.3 9.0 

.LSD (0.05) Mineral(Min) 28.66 0.93 45.76 0.96 29.03 0.95 77.24 1.87 24.05 0.83 12.58 0.65 
Biofertilizers(Bio) 33.09 1.08 52.84 1.11 33.52 1.09 89.19 2.16 27.77 0.96 14.52 0.75 
Min* Bio 37.00 1.21 59.08 1.24 37.48 1.22 99.71 2.41 31.05 1.07 16.24 0.84 

*  A1: Acidithiobacillus ferrooxidans A1 ; AMF = Arbuscular Mycorrhizal Fungi    
§
. R.P. : rock phosphate  Each value is average of three replicate 

L.S.D value:  Least Significant difference between two values of mineral treatments without bio-inoculum(Min); between biofertilizer treatments without mineral treatments(Bio) 
and between two values in the same parameters (Min*Bio), according to Duncan's at 5% level 
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Table 7.  Yield parameters and N, P, K content of seeds of maize plants as influenced by different fertilizer treatments under field conditions after 
120 days 

 

Treatment                      Yield parameters NPK contents of seeds 
N P K 

Mineral 
Fertilizer 

Biofertilizers Dry weight of 
shoot 
(g/ plant) 

Ear weight  
(g/ear) 

Dry weight of 
100 grains (g) % Uptake 

(mg/100 seed) 
% Uptake 

(mg/100 seed) 
% Uptake  

(mg/100 
seed) 

Un 
amended 
( control) 

Uninoculated 
(control) 

6.77 39.5 10.81 0.519 56.1 0.166 17.9 0.84 9.08 

A. ferrooxidans A1 9.54 77.7 13.09 0.712 93.2 0.98 128.3 1.32 17.28 
AMF* 9.70 78.7 12.33 0.578 71.3 0.225 27.7 1.29 15.90 
AMF + A1* 13.10 151.9 13.61 0.742 100.9 0.290 39.5 1.54 20.96 

N P K Un inoculated 7.81 57.6 12.23 0.519 63.5 0.250 30.6 1.37 16.75 
A. ferrooxidans A1 12.48 163.6 13.64 0.890 121.4 0.284 38.7 1.63 22.23 
AMF 14.80 160.9 13.24 0.816 108.0 0.355 47.0 1.63 21.58 
AMF +A1 16.30 181.3 14.41  0.963 138.8 0.500 72.0 1.64 23.63 

N P K + S Un inoculated 14.5 127.5 13.86 0.697 9.6.6 0.200 27.7 1.38 19.13 
A. ferrooxidans A1 18.20 172.6 15.53 0.801 124.4 0.252 39.1 1.40 21.74 
AMF 15.80 154.4 14.52  0.712 103.4 0.360 52.3 1.74 25.26 
AMF + A1 23.60 173.3 17.81  0.860 153.2 0.398 70.8 1.76 31.34 

N K + R.P
§
 Un inoculated 11.90 123.8 13.89 0.593 82.4 0.200 27.8 1.38 19.17 

A. ferrooxidans A1 15.17 162.6 16.94 0.756 128.1 0.356 60.3 1.54 26.09 
AMF 16.50 164.3 14.29 0.801 114.5 0.340 48.6 1.56 22.29 
AMF + A1 25.30 166.3 18.20 0.846 153.9 0.398 72.4 1.67 30.39 

N K + S + 
R.P 

Un inoculated 10.07 90.3 15.30 0.623 95.3 0.319 48.8 1.31 20.04 
A. ferrooxidans A1 13.52 169.8 16.21 0.917 148.6 0.340 55.1 1.66 26.91 
AMF 17.20 161.5 15.91 0.905 143.9 0.404 64.3 1.67 26.56 
AMF + A1 28.60 171.2 17.34 0.993 172.2 0.537 93.1 1.86 32.25 

LSD (0.05) Mineral(Min) 1.55 2.15 1.28 0.08 0.10 0.06 0.17 0.22 0.56 
Biofertilizers(Bio) 2.8733 5.50 1.48 0.10 0.19 0.07 0.22 0.25 0.65 
Min*Bio 4.98 9.43 1.65 0.11 0.25 0.08 0.24 0.28 0.73 

*. A1:  Acidithiobacillus ferrooxidans A1; AMF = Arbuscular Mycorrhizal Fungi 
§ . 

R.P. : rock phosphate Each value is average of three replicate 
L.S.D value:  Least Significant difference between two values of mineral treatments without bio-inoculum(Min); between biofertilizer treatments without mineral treatments(Bio) 

and between two values in the same parameters (Min*Bio), according to Duncan's at 5% level 
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These results are in compatible with previous 
finding which demonstrated the positive effects of 
inoculation of sulphur oxidizing bacteria like 
Thiobacillus sp on grain yield and grain protein 
content in soybean [34]. As a result, the natural 
oxidation of elemental sulphur caused to 
increase soil sulphate content. The availability of 
SO4-2 is important for protein synthesis in plant. 
Additionally Mostafavian et al. [35] found that 
applying sulphur, alone or in combination with 
Thiobacillus had stimulating effect on seed yield. 
 

4. CONCLUSIONS 
 

Based on the our results, it can be concluded 
that the inoculation of onion and maize plants by 
arbuscular mycorrhizal fungi and Acidithiobacillus  
ferrooxidans A1 with the application of the 
recommended dose of sulphur and rock 
phosphate fertilizers has a remarkable positive 
impact on the quality and quantity of onion bulbs 
and yield of maize plants . 
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