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Abstract 

The diversity and habitat of sulphur-

oxidizing bacteria recently gained the 

attention to consummate sulphur deficiency 

and to improve the fertility of soil. The 

present study strives to decrypt the 

abundance and diversity of sulphur-

oxidizing bacteria in agricultural soil of 

Indore, Madhya Pradesh. A total of 40 

different bacterial morphotypes were 

isolated from soil samples. Total of 14 

isolates is screened on the basis of their 

efficacy to reduce pH of growth medium to 

5 or less. The maximum pH reduction on 

starkey and thiosulphate broth is 4.37 and 

4.41 by IS29GA, S12ND respectively. The 

maximum sulphate ion production was 

studied is IS210B (8.53mM), IS22B 

(7.25mM), IS29GA (7.14mM) and IS10NB 

(5.92mM), lowest by KA03B (0.782mM). 

Seven isolates showed mixotrophic growth 

utilize both elemental sulphur and 

thiosulphate as energy source; whereas 5 

isolates utilized thiosulphate only and two 

utilize elemental sulphur only. These 

findings unveil the abundance of the SOB in 

agricultural soil and their role in the 

oxidation of sulphur.  

Key Words: Oxidation, Sulphur-Oxidizing 

Bacteria (SOB), Sulphur, Sulphate ion, 

Thiosulphate. 

Introduction  

Sulphur is an essential nutritional element 

for plants and animals. It is one of the 

sixteen elements required for growth and 

development of plants. It is now considered 

as a fourth indispensable plant nutrient after 

N, P and K predominantly in legumes 

(Vidyalakshmi and Sridar, 2007). Sulphur is 

the chief constituent of three amino acids, 

viz. cysteine, cystine and methionine. It 

forms a basic framework for proteins; 

methionine is a basic constituent of seed 

protein in legumes. Sulphur is involved in 

various enzymatic and metabolic activities 

include photosynthesis, respiration, nitrogen 

fixation and production of large-sized 

granules (Srinivasrao et al., 2004). 

In the environment, sulphur accumulation is 

the result of soil weathering, from the 

atmosphere and originally from bonded 

sulphur. Mostly sulphur is present in 

elemental form in the soil. Plants do not 

absorb elemental sulphur they uptake it in 

the form of sulphate. Sulphur prior to its 

incorporation in original compound 

undergoes a series of transformation.  
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Conversion of sulphur is necessary for crop 

uptake (Mahendra, 1988). Microbial 

biomass plays an important role in the 

transformation of sulphur; they mineralize, 

immobilize, oxidize and reduce sulphur. 

Microorganisms are the source and sink of 

sulphate ions. They oxidize the elemental 

sulphur and other forms of sulphur to 

produce sulphate and other reduced form of 

sulphur, available for uptake in soil (Sridar 

et al., 2013). 

Sulphur-oxidizing bacteria are an important 

group of microorganism involved in the 

oxidation of sulphur. Primarily they are 

gram-negative bacteria of 

Gammaproteobacteriaceae (Kelly et al., 

2000). The diverse habitat of sulphur-

oxidizing bacteria showed that they belong 

to Firmicutes, Betaproteobacteria and 

alphaproteobacteria (Marvi et al., 2016). In 

soil oxidation of sulphur is majorly carried 

out by bacteria of genus Thiobacillus, 

importantly five species are predominant in 

soil (Starkey, 1966), four of them are T. 

ferrooxidans, T. denitrificans, 

Acidithiobacillus thiooxidans and T. 

thioparus obligate chemolithotrophs while 

T.novellus considered a facultative 

chemolithotrophs (Vidyalakshmi et al., 

2009). The sulphur oxidation in soil is not 

restricted to true sulphur-oxidizing bacteria; 

the sulphur oxidizing ability was also 

studied in the heterotrophs isolated from soil 

and marine environment (Das et al., 1996). 

The number of Thiobacillus is not 

significant in most of the agricultural soil 

(Champman et al., 1990; Lawrence et al., 

1991), the heterotrophic rhizospehric and 

soil bacteria are the driving source of 

oxidation. It is observed that species of 

Paracoccus, Xanthobacter, Alcaligenes, 

Enterobacter, Pseudomonas and Bacillus 

have the capability to oxidize sulphur in 

agricultural soil. They exhibit 

chemolithotrophic growth on inorganic 

sulphur. 

Sulphur-oxidizing bacteria are isolated from 

different habitats includes paddy rhizosphere 

soil, black gram rhizosphere soil, sewage 

water, tannery effluent and mine soil 

(Vidyalakshmi and Sridar, 2007; Marvi et 

al., 2016; Sultan and Faisal, 2016). Their 

presence is also studied in rhizosphere of 

mustard, decomposing sites, pit house and 

mangrove soil of Mahanadi river delta 

(Chaudhary et al., 2017; Behera et al., 

2014). During the transformation of 

elemental and other forms of sulphur 

bacteria reduce the pH which helps in the 

uptake of other nutrients like phosphorous, 

nitrogen and potassium. This property of 

sulphur-oxidizing bacteria helps in the 

reclamation of soil and reduces the alkalinity 

of soil, they are the source of sulphate which 

full fills the sulphur requirement of crops. 

The present study was to isolate, 

characterize and evaluate the sulphur 

oxidizing ability of bacteria in agricultural 

soil. 

Materials and Method 

Collection of soil sample 

Ten soil samples were collected from 

agricultural fields of Indore, Madhya 

Pradesh. The samples were collected 

randomly from the 10-15cm depth and 

mixed in sterile polyethylene bags and 

shifted to the laboratory for studies. 
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Isolation of Sulphur Oxidizing 

Bacteria 

The media used for isolation includes 

Starkey broth (Starkey and Collins 1923) 

comprises 3.0g KH2PO4, 0.2g MgSO4.7H2O, 

0.2g CaCl2.2H2O, 0.5g (NH4) SO4, trace of 

FeSO4.7H20 per liter of deionized water and 

pH is adjusted to 8 and Thiosulphate broth 

contained 5.0g Na2S2O3, 0.1g K2HPO4, 0.2g 

NaHCO3, 0.1g NH4Cl per liter of deionized 

water and final pH adjusted to 8.0. 0025g 

per liter bromocresol purple is added as an 

indicator (Vidyalakshmi and Sridar, 2007). 

5.0g of glucose per liter of media was added 

for isolation of heterotrophs. Elemental 

sulphur 10.0g per liter was added to Starkey 

broth and sterilized for three successive 

days. Thiosulphate broth was deprived of 

elemental sulphur. 1.5g of soil was added to 

25ml of broth and incubated at 32°C  with 

initial shaking condition for 25days. The 

isolates were purified by transferring thrice 

in fresh medium every biweekly. The 

isolates streaked on corresponding media 

and pure individual colony was obtained. 

The pure isolates were streaked on 

thiosulphate agar and stored at 4°C for 

further studies.   

Screening of Isolates by pH 

reduction test 

Pure isolated bacteria were inoculated in 

thiosulphate broth with initial pH adjusted to 

8 and incubated at 32°C for 15 days; the 

experiment was performed in triplicate. The 

pH reduction was recorded using pH meter 

and the average was taken. The isolates were 

screened based on their efficacy to reduce 

pH from 8 to 5 or less.  

Quantification of sulphate ion 

The amount of sulphate ion (SO42-) 

produced by isolates in thiosulphate broth 

was determined spectrophotometrically by 

method explained by Cha et al., (1999). The 

fully grown culture media was centrifuged at 

6000 rpm for 5 min. to obtain the 

supernatant. Equal volume of barium 

chloride (10%w/v) was added in supernatant 

in ratio of 1:1 and mixed strenuously to find 

out sulphate ion. Tubes showed formation of 

white turbid solution due to formation of 

barium sulphate. Absorbance was measured 

at 450 nm using UV-Visible 

spectrophotometer. Each sample was tested 

in triplicate and mean absorbance was 

considered to calculate sulphate ion (SO42-) 

concentration. The value obtained was 

compared with standard curve, K2SO4 was 

used to prepare standard curve according to 

Kolmert et al., (2000). The standard K2SO4 

solution was prepared in a known 

concentration of 0 to5 mM. The turbidity 

produced is directly proportional to sulphate 

ion concentration.  

Utilization of sulphur source 

The selected isolates were tested for 

utilization of sulphur source i.e. elemental 

sulphur and thiosulphate. Isolates were 

inoculated in Starkey and Thiosulphate 

broth with initial pH 8. Bromocresol purple 

was added as indicator.  

 

The tubes were incubated in a BOD 

incubator at 32°C for 15 days. The sulphur 

utilization was measured with reduction in 
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pH and change in colour due to production 

of sulphate ions.  

Characterization of Isolates 

The isolates were characterized primarily by 

studying morphological and biochemical 

characters. The morphology of cell was 

confirmed microscopically using 

monochrome staining, gram staining was 

performed. Single colony was obtained on 

thiosulphate agar and colonial characters, 

viz. size, shape, elevation, opacity, margin, 

texture and pigmentation were recorded. 

Biochemical tests including Catalase test, 

Oxidase test, Citrate utilization, Urease test, 

Indole, MR-VP test, Sugar utilization (TSI) 

test, H2S production, Gelatin liquefaction 

test and Starch hydrolysis was performed 

according to standard protocol.  

Results 

Isolation and screening 

In the present study total 40 isolates have 

been isolated from agricultural soil samples. 

Among them 14 isolates are selected on the 

basis of pH reduction on thiosulphate and 

Starkey media (table:1, Fig.:1) and coded as 

IS22B,  IS9NA, IKI09A, S12ND, IS210B, 

KA03B, IS10NB, KA01GA ,IK01GB, 

IS29GA, IK02GA, KA01GC, IS1NGI and 

KA01GF. The isolate IS29GA showed 

maximum pH reduction to 4.37 and 

minimum reduction was observed in KA03B 

5.99 results are presented in (Table: 1).     

the resulting change in colour of media due 

to pH reduction is shown in Fig1. Seven 

isolates are chemolithoautotrophic and seven 

are chemolithohetrotrophic as they utilize 

glucose. 

Quantification of sulphate ion 

Extracellular sulphate ion production by 

screened isolates in thiosulphate medium 

was found maximum in 

chemolithoautotrophic isolates IS210B (8.53 

mM) followed by IS22B (7.25mM), IS10NB 

(5.92mM), IS9NA (4.96mM) and S12ND 

(4.16mM). Whereas in 

chemolithohetrotrophic isolates it was 

IS29GA (7.14 mM), IK02GA (4.51 mM), 

IS1NGI (3.90 mM) and IK01GB (3.47 mM) 

respectively (Table: 1). Values obtained 

indicate that isolates have potential to 

produce high amount of sulphate ions. The 

comparative account of amount of sulphate 

ion produced is shown in fig.2.  

 

Utilization of sulphur source 

The potential isolates were studied for 

utilization of sulphur source, viz. elemental 

sulphur and thiosulphate. The isolates 

showed mix response on the sources. Isolate 

IS22B, IS9NA, IKI09A, S12ND, KA01GA, 

IK01GB and IS29GA are utilizing both 

elemental sulphur and thiosulphate; Isolate 

IS210B, IS10NB, IK02GA, KA01GC and 

IS1NGI utilizes only thiosulphate while only 

elemental sulphur is utilized by KA01GF 

and KA03B  respectively. The details are 

shown in table 1.  

 

 

Table 1. pH reduction, sulphate ion 

production and sulphur utilization by 
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potential isolates, + Utilizing and - Not 

Utilizing. 

 

      

(A)             (B)   

  

(C)                                     (D) 

Fig. 1. (A) Change in colour due to pH reduction 

after 15 days in thiosulphate broth. (B) Change in 

colour due to pH reduction after 15 days in 

Starkey broth. (C) Change in colour due to pH 

reduction after 15 days on thiosulphate agar. (D) 

Change in colour due to pH reduction after 15 

days in Starkey Agar.  

 

Fig.2 Amount of sulphate ion produced 

by Isolates. 
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IS22B 4.46 4.72 7.25 + + 

IS9NA 4.72 4.85 4.96 + + 

IKI09A 5.05 5.25 2.65 + + 

S12ND 4.56 4.41 4.16 + + 

IS210B 4.71 4.65 8.53 - + 

KA03B 5.25 6.99 0.782 + - 

IS10NB 5.51 5.14 5.92 - + 

KA01G

A 

4.44 4.54 2.30 + + 

IK01GB 4.84 4.56 3.47 + + 

IS29GA 4.37 4.75 7.14 + + 

IK02GA 4.90 4.5 4.51 - + 

KA01GC 4.80 4.6 3.22 - + 

IS1NGI 5.01 4.9 3.90 - + 

KA01GF 5.02 7.02 2.08 + - 
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Characterization of potential 

Isolates 

The bacterial isolates were studied for 

morphological and biochemical characters 

(table 2). Microscopic studies of isolates 

shows that all morphotypes are rod shaped 

motile except IS9NA which is a cocci. They 

have variability in gram staining. All the 

bacterial isolates are catalase producer. In 

conformity with morphological and 

biochemical studies bacterial isolates 

identified as IS22B and KA01GA 

Pseudomonas Spp., S12ND, IS210B, 

IK01GB and IK02GA Bacillus Spp., 

KA01GC and KA01GF  Kosakonia Spp., 

IS9NA and IS1NGI Paracoccus and 

Enterobacter respectively.  

 

Table 2. Morphology and Biochemical Characters of Potential Isolates, P: Positive and       

N: Negative. 
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KA03B Rods  Negative P N P N N N P N N P N 

IS10NB Rods  Negative P N P N N N P N N P N 
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Short  

Rods 
Negative P N P N N   P N P  P 

N 

IK01GB Rods Positive P N P N N N P N P P P 

IS29GA Rods  Negative P N P N N P P N N P N 

IK02GA Rods  Positive P N N N N   P N P  N N 

KA01GC Rods  Negative P N P N N P P N N P N 

IS1NGI Rods  Negative P N P N N P P N N P N 

KA01GF Rods  Negative P N P N N P P N N P N 
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Discussion 

Sulphur-oxidizing bacteria have an 

important role in transformation of sulphur 

in soil. They undergo a series of steps to 

convert sulphur in its original compound. In 

present investigation 40 bacterial isolates 

were obtained from soil. The finding of 

investigation reveals the role of sulphur- 

oxidizing bacteria in soil transformation. As 

they are present in soil, SOB becomes an 

important microbial biomass of rhizospheric 

soil. Their existence in rhiosphere is 

confirmed by various researchers, they 

isolated SOB from rhizosphere of mustard, 

paddy rhizosphere soil, black gram 

rhizosphere soil and sesame rhizosphere soil 

(Chaudhary et al., 2017; Vidyalakshmi and 

Sridar, 2007; Anandham et al., 2010). 

Studies showed their presence in different 

habitats; acid mine drainage and Black Shale 

soil; copper mines and surrounding 

agricultural soil; mangroove soil (Sajjad et 

al., 2016, Marvi et al., 2006, Behera et al., 

2014). Their abundance and diversity in 

cropping soil; landfill cover soil is 

confirmed by SoxB gene analysis (Zhao et 

al., 2017, Xia et al., 2014). 

The potential sulphur oxidizing bacteria has 

characteristics to reduce the pH of medium. 

Bacteria oxidize the sulphur, thiosulphate 

and other reduced forms of sulphur finally in 

to sulphuric acid. This drastically reduces 

pH of the medium to 3 or less. The bacterial 

isolates are subjected to pH reduction test 

and 14 potential isolates were screened out 

on the basis of pH reduction. The test was 

the basis of screening in various studies 

(Ullah et al., 2014). This property of 

potential isolate may help in reclamation of 

soil alkalinity. Reports showed decrease in 

pH is due to oxidation of sulphur and due to 

formation of sulphate to sulphuric acid 

(Donati et al., 1996, Vidyalakshmi and 

Sridar, 2007). Acidophilic microbes oxidize 

environmental pyrite and other sulphide 

quickly in presence of oxygen and ferric 

iron. The pH reduction by bacterial isolate is 

clearly seen in Fig.1. 

The screened potential isolates are tested for 

quantification of sulphate ion, using barium 

chloride precipitation. The bacterial isolates 

oxidize sulphur to produce sulphate ion. In 

test they oxidize thiosulphate and produce 

sulphate ion. The maximum sulphate ion 

production was 8.5 mM by IS210B, followed 

by IS29GA 7.14 mM. The lowest sulphate 

ion was produced by KA03B 0.78mM. other 

studies also reported sulphate ion production 

to 3.012 mM, 2.268 mM, and 2.785 mM 

(Chaudhary et al., 2017), 1.51 mM and 1.60 

mM (Ohba and Owa, 2005). The ability to 

produce sulphate ion reveals that IS210B and 

IS29GA are the potential sulphur oxidizer 

amongst all other. The form of sulphur 

oxidized by bacterial isolate provides 

information and helps in characterization of 

bacteria. Sulphur-oxidizing bacteria can 

utilize a variety of organic and inorganic 

forms of sulphur. The potential isolate was 

checked for the sulphur source utilization. It 

was observed that 7 bacterial isolates 

showed mixotrophic growth they utilize 

both elemental sulphur and thiosulphate, 5 

isolates utilize strictly thiosulphate only and 

remaining 2 utilize elemental sulphur only. 

Authors reported properties of sulphur-

oxidizing bacteria in their studies 

(Vidyalakshami and Sridar, 2007). 
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Isolates were identified as IS22B and 

KA01GA Pseudomonas Spp., S12ND, 

IS210B, IK01GB and IK02GA Bacillus 

Spp., KA01GC and KA01GF Kosakonia 

Spp., IS9NA and IS1NGI Paracoccus and 

Enterobacter respectively. All are present 

abundantly in soil. Behera et al., 2014 

isolated Pseudomonas Spp, Bacillus 

pumilus, Bacillus subtilis, Micrococcus spp. 

and Bacillus megaterium from soil. Sulphur 

oxidizing Pseudomonas Spp. was studied in 

Odisha (Thatoi et al., 2012). Earlier sulphur 

oxidizing ability of Micrococcus and 

Bacillus spp. was reported in soil 

(Chattopadhyaya et al., 1993). Chaudhary et 

al., 2017 isolated sulphur oxidizing bacteria 

from rhizospheric soil of mustard and 

characterized them as Pseudomonas Spp. 

and Xanthobacter. Findings revealed the 

abundance of heterotrophic sulphur-

oxidizing bacteria in soil. These bacteria 

serve as source and sink of sulphur in soil. 

 

Conclusion 

The present study emphasizes on abundance 

and significance of sulphur-oxidizing 

bacteria in oxidation of sulphur in soil. All 

the isolates were using sulphur containing 

chemicals as their energy source. The level 

of sulphate production is significant and 

potential bacteria isolated can be used as 

bioinoculants in soil to increase sulphur 

oxidation in turn increase available sulphate. 

The pH reduction and sulphate ion 

production ability can help in uptake of 

other nutrients from soil and increase soil 

fertility. They can be used in reclamation of 

alkaline soil. They increase the protein 

content and oil yield in oil seed crops; 

leading to sustainable agriculture with 

increased crop yield. 
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