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Abstract 
The experiment was conducted in the fields of the Agricultural Division - University of Kufa 
during the season 2022-2021 with the aim of studying the use of a inoculum of Rhizobium 
leguminosarum bacteria fortified with sulfur for the purpose of producing an efficient bio-fertilizer 
and then using the bio-fertilizer produced in an agricultural experiment to know its effects on soil 
and Vicia faba L. The results showed that the treatment of using the 5% sulfur-enhanced bacterial 
inoculum was superior in reducing soil pH values and increasing the degree of electrical 
conductivity on the rest of the treatments. As for the harvest stage 6.73, as for the electrical 
conductivity in the flowering stage, the lowest rate was 3.85 and 3.90 dsm-1 at the flowering and 
harvest stages, respectively.  The treatment of adding sulfur 5% in the vegetative and root dry 
weight was excelled on the rest of the treatments, reaching 49.30 (gm. plant-1) for the vegetative 
group and 15.89 (gm. plant-1) for the root system. While the treatment of adding sulfur 5% 
excelled in the number of Rhizobia bacteria in the soil over the rest of the treatments, the number 
of Rhizobia bacteria reached 139.67 (106×CFU.gm of dry soil-1). While the concentration of N, 
P and S in vegetative of the broad bean plant reached 3.45%, 0.63% and 2.41%, respectively. 
Keywords: broad bean . Agricultural sulfur. 
Introduction 
The green broad bean plant(Vicia faba L,) belongs to the Fabaceae family, and it is one of the most 
important winter legume crops in the world, with great nutritional value, low costs, and rich in 
protein, carbohydrates, and fiber (1). As the cultivation of broad bean leads to an increase in the 
nitrogen content in the soil and thus its fertility. The plant broad bean is with an average content 
of calcium and phosphorous, and is rich in vitamins B1, B2 and C (2). The broad bean is an 
important crop (3) from an ecological, nutritional and economic point of view as a versatile crop 
that provides various ecosystem services. Sulfur is one of the important nutrients after nitrogen, 
phosphorous, and potassium (4), and is of great importance in plant growth, as it enters the protein 
synthesis through many acids such as Cysteine acid and Methionine acid, which are among the 
most important sulfur-containing security acids in the plant. They are free and act as basic plants 
in building protein (5). It also enters the composition of the B vitamins such as Biontine and 
Thiamine, as well as enters the composition of Glutathione, which has an important role in 
oxidation and reduction reactions and helps in building and renewing the protoplasm of plant cells 
and is important in reducing nitrates in plants (6.(This bacterium, Rhizobium leguminosarum, is 
found either as a symbiont with a plant within the root nodes or as a free-accumulator in the soil 
(7). The optimum temperature for Rhizobium bacteria for their growth is (28-30) degrees Celsius, 
and the pH 8-6 is ideal for some strains. Rhizobium bacteria are one of the most important types 
of nitrogen fixers in the air in a symbiotic manner, where the symbiotic relationship between 
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leguminous plants and bacteria leads to the formation of root organs called root nodes. Improving 
the bacterial vaccines of the genus Rhizobium bacteria and increasing their efficiency in the growth 
of broad bean plant and the use of sulfur to enhance the effectiveness of the bacterial vaccine and 
the use of bio-fertilizer Fortified  with sulfur and knowing its various effects on the growth and 
yield of the broad bean plant. 
Materials and  methods 
 bacterial inoculum  
 Peat moss and sulfur were obtained locally from agricultural equipment. The holder was prepared 
consisting of peat moss (200 g with 6 different levels of sulfur (0,1,2,3,4,5)%/100 gm of peat moss, 
and the holder was placed in polyethylene bags (Heat-resistant) and sterilized at a temperature of 
70 degrees Celsius in the oven for 15 minutes to get rid of pathogenic microorganisms that may 
be present in it (8).The local isolates of Rhizobium leguminosarum (Rhizobium cicerii) were used 
for the purpose of liquid inoculum , as they were inoculated in the nutrient medium extracted Yeast 
- Mannitol (YEM) Mannitol Yeast Extract Table (1) and using Loop, swabs of bacteria were 
transferred to the medium under sterile conditions, then placed in the incubator at a temperature 
of 28 ° C for 3 days, after which 10 ml of each isolate was taken and added to the holder (peat 
moss). (With different levels of sulfur (0,1,2,3,4,5) g. The contents in the polyethylene bags (heat-
resistant) were stirred to ensure the distribution and homogeneity of the vaccine with the carrier. 

Table (1) Components of the agricultural medium YEM 

Quantity g.L -1 Material name 

0.5  K2HPO4 

0.1  MgSO4.7H2O 

0.2  NaCl 

10   Mannitol 

0.5  Yeast Extract 

15  Agar 

1000 ml Distilled Water 

 
Execution of the experiment 
The field experiment was carried out at the University of Kufa / Agricultural Division fields during 
the winter season 2022-2021, in sandy mixed soil using the seeds of a local cultivar, according to 
the design by Randomized Complete Block Design (RCBD) The seeds were washed with water in 
order to inoculate them with bacteria leguminosarum. R, the seeds were inoculated with ready-
made bacterial inoculum with different levels of sulfur added by mixing 10 ml of bacterial 
inoculum with 100 g of peat moss with different levels of sulfur (0,1,2,3,4,5 %(0,1,2,3,4,5 
%).Where the seeds were soaked for an hour and a half to ensure the success of pruning, and the 
field was divided into three main sectors, and each sector included 6 experimental units with 
dimensions (2×3) m2, and the experimental unit included 3 lines, the distance between the lines is 
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75 cm, and the distance between one plant and another is 35 cm. Three replicates were used for 
each experimental unit. 

Table (2) Some physical and chemical properties of field experiment soil 
units values Traits 

 96.6 pH 
DS.m-1 56.2 Ec 

 
g.kg-1 

1.2 Organic matter 

Mg.g-3 1.35 bulk density 
 

mg.kg-1 
15.79 available nitrogen 
19.05 available  

phosphorous 
57.142 available potassium 

 
g.kg-1 

800 sand Soil 
Separators 78 silt 

122 clay 
 Sand loam texture 

Cfu g-1 soil 
dry 

128 *106 Total bacteria count 

 
studied traits 
A soil sample was taken for each experiment unit in the flowering and harvesting stage, and after 
the drying process of the soil, pH and Ec were estimated. The number of Rhizobia bacteria was 
estimated after taking a direct sample from the field at the harvest stage, after extracting the plant 
from the soil and washing it well and then placing it in paper bags and drying it in the oven at a 
temperature of 65 degrees Celsius until the weight is stable, and then estimating the content of 
elements P, N, S . 
Results and discussion 
 pH  
The results in Table (3) showed that the levels of sulfur added to the bacterial inoculum (R. 
Leguminosarum) all gave a significant difference from the comparison treatment in pH in the 
different stages of plant growth. The results of the effect of the bacterial pollen Fortified  with 
sulfur levels indicated a decrease in pH, The 5% sulfur treatment was significantly excelled and 
gave a lower pH of 6.87 compared to the control treatment (without adding peat moss and sulfur) 
which gave a value of 6.07 and 0% treatment without adding a value of 7.23 respectively at one 
stage. The reason for this is that the effect of increasing the numbers of R. Leguminosarum 
bacteria, which carries out the biological oxidation of sulfur and the production of sulfuric acid 
and the liberation of hydrogen ions, which led to a decrease in pH of the soil available.As the 
reason for decreasing soil pH is due to the role of sulfur in increasing the activity of 
microorganisms in the rhizosphere, so the secretions of the roots increase, which reduces pH 
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(9).The results in Table (3) showed that the bacterial inoculum R. Leguminosarum Fortified  with 
levels of sulfur all gave significant differences in the low pH in the harvest stage compared to the 
flowering stage. Where the 6% treatment excelled in decreasing the pH and gave a value of 6.73 
compared to the comparison treatment without adding sulfur, with moss and treatment without 
addition, where the control treatment gave a value of 7.2, and the treatment without adding 0% 
gave a value of 6.80,The reason for this is due to an increase in the biological oxidation of sulfur 
by microorganisms in the rhizosphere and the formation of sulfuric acid, as well as an increase in 
acid secretions from the roots, which leads to a decrease in soil pH.These results are in agreement 
with the findings of ((10) that there is a significant effect of increasing the amount of sulfur in 
decreasing pH. 
Table (3) Effect of the bacterial inoculum R.Leguminosarum Fortified  with sulfur on the 

pH to the growth stages of broad bean plant 

harvest stage flowering stage Sulfur levels (%) 

7.2 7.06 Control 

6.80 7.23 0 

6.70 7.23 1 
6.80 7.20 2 
6.83 7.27 3 
6.83 7.07 4 
6.73 6.87 5 

0.182 0.151 LSD0.05 
 
Electrical Conductivity degree (EC) DS.m-1 
The results in Table (8) indicated that the levels of sulfur added to the bacterial inoculum (R. 
Leguminosarum) all gave significant differences from the control treatment in the degree of 
electrical conductivity (EC) in the different stages of plant growth. The results in the effect of the 
bacterial inoculum Fortified  by sulfur levels showed a significant increase in the degree of 
electrical conductivity of the soil in the flowering stage.  Whereas, the level of addition of 5% 
significantly exceeded and gave the highest value of the electrical conductivity degree of 3.85 Ds. 
m-1 compared to the control treatment (without adding peatmoss and sulfur), which gave a value 
of 1.73 Ds. m-1 with an increase of 1.22%, and the level of addition of 5% significantly excelled 
on the addition level of 4% in this trait and gave a value of 2.73 Ds. m-1and in turn on the control 
treatment without adding. The reason for this increase is due to the fact that the addition of sulfur 
as one of the acidic soil conditioners leads to the displacement of the exchanged ions on the 
exchange surfaces by means of hydrogen, so the increase of these ions in the soil solution and the 
release of the ions associated with it chemically,This is consistent with his findings (11) that the 
addition of sulfur has a significant effect in increasing the degree of electrical conductivity of the 
soil. 
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Table (4) The effect of the bacterial inoculum R.Leguminosarum Fortified  with sulfur on 
the degree of electrical conductivity of the soil for the growth stages of broad bean plant 

harvest stage flowering stage 
Sulfur levels   (%)  

1.50 1.73 control 

1.36 1.63 0 

2.14 1.8 1 

2.63 2.41 2 
2.77 2.67 3 

2.79 2.73 4 

3.90 3.85 5 

0.403 0.403 LSD0.05 

 
As for the harvest stage, the level of addition excelled 5% significantly and gave the highest value 
of 3.90 Ds. m-1, as measured by a control treatment without adding peat moss and sulfur, which 
gave a value of 1.50 dS-Siemens m-1, This is due to the oxidation of sulfur and the formation of 
sulfuric acid, which led to a decrease in the degree of pH, an increase in the solubility of some 
compounds and minerals, and the release of some exchanged ions as a result of replacing them by 
hydrogen ion, which led to an increase in the electrical conductivity of the soil solution. These 
results agree with many previous studies (12) that the addition of sulfur at different levels led to a 
significant increase in electrical conductivity. 
Plant nitrogen concentration (%) 
 The results in Table (5) showed that the levels of sulfur added to the bacterial inoculum (R. 
Leguminosarum) all gave a significant difference from the values of the percentage of nitrogen in 
the plant. The 5% sulfur treatment significantly excelled and gave the highest value of 3.45% 
compared to the control treatment without adding peat moss and sulfur, which gave the lowest 
value of 1.37%. Compounds of the elements, which lead to an increase in the availability of the 
elements and an increase in their absorption by the plant,These results are consistent with the 
findings (13) that the increase in sulfur levels had a significant effect on increasing the nitrogen 
availability in the plant. 
   Plant Phosphorous Concentration (%) 
The results in Table (5) showed that the levels of sulfur added to the bacterial inoculum (R. 
Leguminosarum) all gave a significant difference from the values of the percentage of phosphorous 
in the plant. The results indicated that the effect of the bacterial inoculum Fortified  by sulfur levels 
led to an increase in the morale of nitrogen, as the 5% sulfur treatment excelled and gave the 
highest value of 0.63% compared to the treatment compared without the addition of peat moss and 
sulfur, which gave the lowest value of 0.23%,  The reason for this increase is due to the role of 
added sulfur in the formation of sulfuric acid, which contributes to the dissolution of some 
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chemical compounds containing phosphorous in the soil, as well as the role of release hydrogen 
ions in reducing the degree of pH, which increases the availability of most nutrients, including 
phosphorous, and thus increase The readiness of phosphorous, and this agrees with what he found 
(14). 
  Plant Sulfur Concentration (%) 
The results in Table (5) showed that the levels of sulfur added to the bacterial inoculum 
(R.Leguminosarum) all gave a significant difference from the values of the percentage of sulfur in 
the plant. The results indicated that the effect of the bacterial inoculum Fortified  by sulfur levels 
led to an increase in the morale of nitrogen, as the 5% sulfur treatment significantly excelled and 
gave the highest value of 2.41%.  Compared with a control treatment without adding peat moss and 
sulfur, which gave the lowest value of 0.61%, and the reason for this is that the addition of sulfur 
led to a decrease in the degree of pH through its oxidation and transformation into sulfur acid due 
to an increase in the number of microorganisms of the type of bacteria (R. Leguminosarum). which 
hydrolyzed it to SO4-2 sulfur ions and increased its release in the soil, in addition to the role of 
sulfuric acid in dissolving some compounds carrying sulfate ions in the soil and then increasing 
their absorption by the plant.These results are consistent with what was concluded (15)) that the 
increase in sulfur levels led to the availability of sulfur in the soil and then an increase in its 
absorption by the plant. 

Table (5) Effect of the bacterial inoculum R.Leguminosarum Fortified with sulfur on the 
concentration of nutrients 

S 
N 
 

P 
Sulfur levels   (%)  

0.61 1.37 0.23 control 

0.70 1.46 0.28 0 

1.13 1.63 0.47 1 

1.73 2.41 0.30 2 

1.74 2.74 0.34 3 

1.92 2.87 0.37 4 

2.41 3.45 0.63 5 

0.468 0.250 0.037 LSD0.05 

 
number of Rhizobia bacteria in soil (106 x CFU g. soil-1 dry) 
The results in Table (6) showed that the levels of sulfur added to the bacterial inoculum (R. 
Leguminosarum) all gave a significant difference from the comparison treatment in the number of 
Rhizobia bacteria in the soil. The results of the effect of the bacterial inoculum boosted with sulfur 
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levels showed a significant increase in the number of Rhizobia bacteria.The sulfur treatment 
significantly excelled 5% and gave the highest rate of 104.(106×CFU g. soil-1 dry) compared to 
the control treatment (without adding peat moss and sulfur) which gave the lowest average of 
65.33 (106×CFU g. soil-1 dry)The reason for this may be due to the success of the bacterial 
pollination process and the role of effective sulfur in the biological oxidation process and the 
increase in the activity of bacteria biologically in the rhizosphere, which contributes to an increase 
in the number of rhizobia bacteria and these results are consistent with what was found by Khatibi 
(2011). 
Table (6) The effect of the bacterial inoculum R. Leguminosarum Fortified with sulfur on 

the number of Rhizobia bacteria in soil (106×CFU.gm of dry soil-1). 

Rhizobia bacteria numbers Sulfur levels  (%)  

61.00 control 

65.33 0 

74.67 1 

77.33 2 

84.00 3 

91.33 4 

139.67 5 

9.38 LSD0.05 

  Conclusions 
The addition of sulfur led to an increase in the efficiency of the bacterial inoculum and its reflection 
on soil characteristics, vegetative growth indicators, and nutrient absorption. 
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