
 
 
 

4827 
 

Ann. For. Res. 65(1): 4827-4834, 2022 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
https://www.e-afr.org/ 

© ICAS 2022 

EFFECT OF SULFUR AND RHIZOBIUM LEGUMINOSARUM ON AVAILABLE OF 
SOME NUTRIENTS AND THE GROWTH OF BROAD BEAN PLANTS 

 
Duaa Basem Hameed and Alaa Eadan Hasan 
Faculty Of Agriculture, University Of Kufa, Iraq 

Abstract  
The experiment was conducted in the fields of the Agricultural Division / University of Kufa 
during the season 2022-2021 and by designing Randomized Complete Block Design (RCBD) with 
the aim of studying the use of sulfur to enhance the effectiveness of the bacterial inoculum and to 
improve the bacterial inoculum of the genus Rhizobium leguminosarum and increase their 
efficiency in the availability of elements and the growth of broad bean plant (Vicia faba L ), the 
study included the effect of different levels of sulfur (0,1,2,3,4,5,) g, The results of the study 
showed that the treatment of using sulfur-enhanced bacterial inoculum increased by 5% in 
increasing plant height and the number of leaves over the rest of the treatments, where the plant 
height reached 55.01 (cm) and the number of leaves was 480 (leaf.plant-1). The treatment of adding 
sulfur 5% was also excelled on the increase in the number of total bacteria on the rest of the 
treatments in the soil, where the total number of bacteria in the soil reached 104.00 (106 x CFU g. 
soil-1 dry). While the concentration of available elements N, P and S in the soil reached 44.82%, 
51.71%, and 176.19%, respectively. The treatment also exceeded the addition of sulfur 5% in 
increasing the yield of broad bean plant, as it gave a yield of 7.054 (ton ha-1). 
Keywords: broad bean sprouts. Agricultural sulfur. R. leguminosarum, Element available  
Introduction 
Vicia faba L plant belongs to the Fabaceae family. It has a high nutritional protein and is widely 
cultivated in all countries of the world. It is considered one of the oldest cultivated crops around 
the world (1). broad bean seeds have a protein content of 2.26%, carbohydrates 58% and fiber 25% 
(2).The broad bean plant contains a number of amino acids, carbohydrates, vitamins and other 
fatty substances. Sulfur is one of the nutrients necessary for plant growth and development (3).It 
is considered one of the basic elements in plant nutrition and enters into the formation of bonds to 
form glutamic acids and glycine and constitutes about 1-27% of the two amino acids methionine 
and cystine in sequence and enters in the formation of glutathione, which has an important role in 
oxidation and reduction reactions and has great importance in proteins, vitamins and in Nitrogen 
fixation process in legumes (4), It helps in renewing the protoplasm of plant cells and is important 
in reducing nitrates in plants (5). Sulfur is important in the formation of enzymes such as CoA 
enzyme, and sulfur enters the formation of the enzyme Nitrogenase, which helps in fixing nitrogen 
in the soil by legume crops (6). Rhizobium bacteria are characterized as chromosomally negative 
and not producing sporophytes with a length of about (0.9-0.5) µm and a width between 2-3 µm 
(7) Rod-shaped, and these bacteria have the ability to move by one or two polar flagella and may 
reach to six (8). This bacterium is found in Rhizobium leguminosarum Either symbiotic with one 
of the plants within the root nodes or in a free-formed form in the soil (9), the optimum temperature 
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for Rhizobium bacteria for their growth is (28-30) degrees Celsius, and the pH 8-6 is ideal for 
some strains. 
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 
75 cm, and the distance between one plant and another is 35 cm. Three replicates were used for 
each experimental unit. 
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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 
In the flowering stage of the plant, the height of the plant was measured and the number of leaves 
of the plant was calculated, and the total bacterial count was estimated after taking a sample 
directly from the field in the harvest stage. As for the prepared elements in soil, samples were 
taken from the soil of the field and then dried, and the content of the prepared elements in soil P, 
N, S was estimated. 
Results and discussion 
plant height 
The results in Table (3) showed that the levels of sulfur added to the bacterial inoculum 
(R.leguminosarum)) gave significant differences from the control treatment in the values of the 
height of broad bean plant, especially the level of 5% sulfur, which gave the highest plant height 
of 55.01 cm,The reason for this may be due to the important role of sulfur in the vital processes of 
microorganisms and plants. Its presence in the SH group stimulates the elongation and growth of 
plant cells and its role in increasing the readiness of nutrients, such as increased nitrogen 
absorption, which in turn increases vegetative growth.Increasing the availability of the 
phosphorous element, gives a good root total for the plant, and these results are in agreement with 
the findings (11) who indicating that the increase in sulfur levels had a significant effect in 
increasing the height of the plant. 
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Table (3) Effect of R.leguminosarum Bacterial Inoculum Fortified  with Sulfur on Broad 
bean Plant Height (cm) 

plant height R.leguminosarum fortified  with Sulfur 
Levels   (%)  

42.23 control 

44.98 0 

48.84 1 

50.2 2 

52.13 3 

52.53 4 

55.01 5 

3.513 LSD0.05 

 
Number of leaves (leaf. plant-1) 
From the results of Table (4), we note that the levels of sulfur added to the bacterial inoculum 
(R.leguminosarum)) all gave significant differences from the control treatment in the number of 
leaves of the plant. And the increase was significant when using high levels of sulfur 2, 3, 4 and 
5%, as it reached 374.7, 427.7, 462.7 and 480 (leaves. Plant-1) respectively, compared to the control 
treatment, which gave 299 leaves. plant-1,This reason is due to the fact that sulfur is an essential 
food element that enters into the formation of some important organic compounds in bacteria, in 
addition to its important role in changing the degree of interaction and thus increasing the available 
of the elements and their absorption by the plant. Sulfur had a significant effect on the number of 
onion leaves. 

Table (4) Effect of the bacterial vaccine R.leguminosarum Fortified  with sulfur on the 
number of Broad bean leaves (leaf. plant-1) 

number of leaves R.leguminosarum fortified  with Sulfur 
Levels    (%)  

299.0 control 

307.0 0 

314.3 1 

374.7 2  

427.7 3 

462.7 4 

480.0 5 
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58.02 LSD0.05 

 
available nitrogen in the soil (mg N kg soil 1- ) 
The results in Table (5) showed that the high levels of sulfur (2, 3, 4 and 5%) added to the bacterial 
inoculum (R. leguminosarum) gave a significant increase over the control treatment in nitrogen 
availability in the soil.As the 5% treatment excelled on the control treatment which gave the 
highest value 44.82 (mg kg soil 1-) compared to the control treatment which gave the lowest value 
10.62 (mg kg soil 1-)The 5% treatment also excelled on the rest of the treatments, the reason may 
be due to the low soil pH, which leads to available of most elements, including nitrogen (13). 
4-3-2-4-available phosphorous in soil (mg P kg soil 1-) 
From the results in Table (5) that the levels of sulfur added to the bacterial inoculum 
(R.leguminosarum) all gave a significant increase on the control treatment in the availability of 
phosphorous elements in the soil As the 5% treatment was superior to a control treatment that gave 
a value of 51.71 (mg kg soil-1) compared to a comparison treatment without adding peat moss and 
sulfur, which gave a value of 15.87 (mg kg soil-1),The reason for the increase in phosphorus 
available in the soil by increasing the levels of sulfur may be due to the increase in the secretions 
of the roots from the acids as a result of an increase in the numbers of R. leguminosarum 
bacteria,As well as the role of release hydrogen ions that reduce the degree of pH, which increases 
the availability of phosphorus (14). 
5-3-2-4 available sulfur in soil (mg S kg soil 1-) 
The results in Table (5) indicate that the levels of sulfur added to the bacterial inoculum 
(R.leguminosarum) gave a significant difference from the control treatment in the availability of 
elemental sulfur in the soil, especially the high levels of sulfur.As the 5% treatment excelled on 
the control treatment, which gave a value of 176.19 (mg S kg soil 1-) compared to the control 
treatment without adding sulfur and with peat moss, which gave a value of 15.87 (mg S kg soil-1) 
,The reason for this may be due to the increase in the amount of ready sulfur as a result of the 
biological oxidation of sulfur, which works to release the largest amount of sulfur and then increase 
the sulfur accumulation .These results are consistent with what was found (15) that the increase in 
sulfur levels had a significant effect on increasing the availability of sulfur in the soil. 

Table (5) The effect of the bacterial inoculum R.leguminosarum Fortified with sulfur on 
available of nutrients (mg.kg soil 1-) 

available 
nitrogen 

available 
phosphorous 

available  sulfur R.leguminosarum 
fortified  with Sulfur 

Levels   (%)  

10.62 15.87 14.33 control 

11.65 17.28 15.92 0 

14.37 24.69 23.99 1 
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18.71 26.38 27.49 2 

24.59 30.32 44.36 3 

26.89 31.65 159.33 4 

44.82 51.71 176.19 5 

7.32 1.616 24.03 LSD0.05 

 
 number of Rhizobia bacteria in soil (106 x CFU g. soil 1-dry). 
The results in Table (6) showed that the addition of sulfur added to the bacterial inoculum (R. 
leguminosarum) all gave a significant difference from the control treatment in the number of total 
bacteria in the soil compared to the control treatment.The sulfur treatment was significantly 
excelled 5% and gave the highest rate of Cfu 106×104.gm soil-1 dry compared to the control 
treatment (without adding peat moss and sulfur), which gave the lowest rate of Cfu106×55.gm 
soil-1 dry,The reason for this is that the effect of increasing the number of Rhizobia bacteria is the 
success of the process of inoculation with bacteria and the high effectiveness of it in the 
rhizosphere, which contributes to increasing their numbers, and these results are consistent with 
what was reached (16). 

R.leguminosarum fortified  with Sulfur 
Levels   (%)  

Total bacteria count 

control 51. 67 
0 59.60 
1 68.67 
2 74.67 
3 80.00 
4 96.00 
5 104.00 

LSD0.05 22.48 
 
pods yield (ton ha-1) 
The results in Table (7) showed that the levels of sulfur added to the bacterial inoculum 
(R.leguminosarum) gave a significant difference in the yield of pods of the broad bean plant. 
Whereas the 5% sulfur treatment was significantly excelled and gave the highest yield of 7.054 
tons ha-1Compared with a control treatment without adding sulfur and with tmus, which gave the 
lowest weight of 2.342 (ton ha-ha-1) with an increase rate,The reason for this is the increase in the 
yield of pods as a result of the increase in sulfur levels, which led to a decrease in the degree pH, 
which was reflected in the increase in the number of pods, which was reflected in the yield of 
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pods.These results agree with the findings (17) that the increase in sulfur levels had a significant 
effect on increasing the yield of pods of chickpea plant. 

Table (11) Effect of the bacterial inoculum R.leguminosarum Fortified with sulfur on the 
yield of broad bean plant (ton ha-1) 

R.leguminosarum fortified  with 
Sulfur Levels (%) 

pods yeild 

Control   2,342 

0 2.896 

1 3.371 

2 4.051 

3 4.257 

4 5.256 

5 7.054 

LSD0.05 0.564 

 
Conclusions 
The treatment of adding sulfur when inoculated with Rhizobia bacteria led to a significant increase 
in plant growth indicators and an increase in the availability of nutrients and the total number of 
bacteria in the rhizosphere area. 
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