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Abstract: Sulphur oxidizers are involved in oxidation of elemental sulphur to plant available sulphate. Sulphur
is the key element for higher pulse production and plays an important role in the formation of proteins, vitamins
and enzymes. Sulphur is a constituent of the essential amino acids cystine, cysteine and methionine. In the
recent years the importance of sulphur in pulse nutrition has been well recognized because of the widespread
occurrence of its deficiency in the soil world over. Majority of sulphur taken up by plant roots is in the form
of sulphate (SO ), which undergoes a series of transformation prior to its incorporation into the original4

compounds. The soil microbial biomass is the key driving force behind all sulphur transformations. The biomass
acts as both a source and sink for inorganic sulphate. They make available sulphate from element or any
reduced forms of sulphur, through oxidation process in the soil. The role of chemolithotrophic bacteria of the
genus Thiobacillus in this process is usually emphasized. Use of sulphur oxidizers enhance the natural
oxidation and speed up the production of sulphates.
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INTRODUCTION when supplied with oxidizable sulphur compounds (and

Sulphur is one of the essential plant nutrients and it that  can   also   use   the   chemolithoautotrophic   mode
contributes to yield and quality of crops. Sulphur occurs of growth. The obligate chemolithotrophs include
in a wide variety of organic and inorganic combinations. Thiobacillus thioparus, T. neapolitanus, T. denitrificans
The transfer of sulphur between the inorganic and organic (facultative denitrifier ), Thiobacillus thiooxidans
pool is entirely caused by the activity of the soil biota, (extreme acidophile), Thiobacillus ferrooxidans
particularly the soil microbial biomass, which has the (acidophilic ferrous iron-oxidizer), Thiobacillus
greatest potential for both mineralization and also for halophilus (halophile) and some species of
subsequent transformation of the oxidation state of Thiomicrospira. The heterotrophs include Thiobacillus
sulphur. Thiobacilli play an important role in sulphur novellus, T. acidophilus (acidophile), Thiobacillus
oxidation in soil. Sulphur oxidation is the most important aquaesulis (moderate thermophile), Thiobacillus
step of sulphur cycle, which improves soil fertility. It intermedius, Paracoccus denitrificans, P. versutus,
results in the formation of sulphate, which can be used by Xanthobacter tagetidis, Thiosphaera pantotroph and
the plants, while the acidity produced by oxidation helps Thiomicrospira thyasirae. 
to solubilize plant nutrients and improves alkali soils [1]. Several Thiobacillus species are able to utilize

Sulphur Oxidizing Microorganisms: The sulphur simultaneously, often referred to as mixotrophic growth
oxidizing  microorganisms  are  primarily  the gram [2]. Depending on the ratio of inorganic and organic
negative bacteria currently classified as species of substrates, CO may serve as an additional carbon source.
Thiobacillus, Thiomicrospira and Thiosphaera, but Of the 13 species of the genus Thiobacillus recognized,
heterotrophs, such as some species of Paracoccus, occurring in diverse habitats, only five species are
Xanthobacter, Alcaligens and Pseudomonas can also important in sulphur oxidation in soil [3]. Four of these
exhibit chemolithotrophic growth on inorganic sulphur Thiobacillus thiooxidans, T. ferrooxidans, T. thioparus
compounds [2]. and  T.  denitrificans  are  obligate  chemoautotrophs

Two  clear metabolic  types  exist  in   this  group: while T. novellus is considered a facultative
The obligate chemolithotrophs, which can only grow chemoautotroph [4].

CO  as the source of metabolic carbon) and heterotrophs2

mixtures of inorganic and organic compounds
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Also fungi are capable of oxidizing elemental sulphur Different metabolic reactions merge into common
and thiosulphate, which include, Alternaria tenius, mechanism in lithotrophic and phototrophic sulphur
Aureobasidium pullulans, Epicoccum nigrum, a range of oxidizing bacteria [30].
Penicillium species [5], Scolecobasidium constrictum,
Myrothecium cinctum and Aspergillus [6]. Other  Sulphur  Bacteria:  Other bacteria may also

The  Sulphur-Oxidizing Prokaryotes: Biological include those bacteria that have a gliding motion on the
oxidation  of  hydrogen  sulphide  to  sulphate  is  one  of substrate; their cells are arranged in trichomes. The most
the major reactions of the global sulphur-cycle. Reduced important members of this group in relation to sulphur
inorganic sulphur compounds are exclusively oxidized by oxidation in soils are species of Beggiatoa bacteria that
prokaryotes and sulphate is the major oxidation product. participate  in  sulphate  oxidation  in  the  root zone of
Sulphur oxidation in members of the Eukarya is mediated rice. All strains of Beggiatoa deposit sulphur
by lithoautotrophic bacterial endosymbionts [7]. In the intracellularly in the presence of hydrogen sulphide.
domain  Archaea  aerobic sulphur oxidation is restricted Phototrophic bacteria, such as Chromatium and
to members of the Sulfolobales [8, 9] and in the domain Chlorobium, also play an important role in sulphide
Bacteria sulphur is oxidized by aerobic lithotrophs or by oxidation in rice soil, but not in aerobic agricultural soils
anaerobic phototrophs. The nonphototrophic obligate [2]. A number of non-filamentous, chemolithotrophic
anaerobe Wolinella succinogenes oxidizes hydrogen sulphur oxidizing bacteria such as Sulfolobus, Thiospira
sulphide to polysulphide during fumarate respiration [10]. or  Thiomicrospira  have  also  been  isolated  from

Prokaryotes oxidize hydrogen sulphide, sulphur, special habitats.
sulphite,   thiosulphate   and   various  polythionates
under alkaline [11] neutral or acidic conditions 12]. Sulphur Transformation in Soil: The dominant form of
Aerobic sulphur oxidizing prokaryotes belong to genera sulphur taken up by plants and soil microbes is sulphate.
like Acidianus 13], Acidithiobacillus [14], Aquaspirillum The sulphur may originate from the weathering of soil
[15], Aquifer [16], Bacillus [17], Beggiatoa (Strohl, minerals, from the atmosphere and from originally bound
1989)[18], Methylobacterium [19,20], Paracoccus, sulphur. Transformation of elemental sulphur to sulphate
Pseudomonas [15], Starkeya [21], Sulfolobus, form was necessary for sulphur to be available for crop
Thermithiobacillus [14], Thiobacillus and Xanthobacter uptake [31]. The oxidation was faster in coarse textured
[15] and are mainly mesophilic. Phototrophic anaerobic soils and was completed in 3-4 weeks [32]. Sulphur
sulphur oxidizing bacteria are mainly neutrophilic and transformations in soil are considered to result primarily
mesophilic [22,23] and belong to genera like from microbial activity which involves processes of
Allochromatium [24], Chlorobium, Rhodobacter, mineralization, immobilization, oxidation and reduction. 
Rhodopseudomonas, Rhodovulum and Thiocapsa [25]. Reduced sulphur compounds formed by assimilatory
Lithoautotrophic growth in the dark has been described sulphate reduction are cell constituents and are therefore
for Thiocapsa roseopersicina, Allochromatium vinosum protected within the cells against reaction with oxygen.
and other purple sulphur bacteria, as well as for purple The reduction of SO  to H S is mediated by anaerobic
non sulphur bacteria like Rhodovulum sulfidohilum [26], sulphate-reducing bacteria. Sulphate reduction is a major
Rhodocyclus genatinosus and Rhodopseudomonas component of the sulphur cycle in soils exposed to water
acidopphila [27, 28]. This capacity may be based on logging conditions or periodic flooding, especially, where
related biochemical mechanism of sulphur oxidation in readily decomposable plant residues are present.
lithotrophic bacteria. The biogeochemical transformations of sulphur have

Two groups of sulphur oxidizing lithotrophic bacteria been formulated by Vernadskii [34]. 
have been distinguished previously; members of one In the magmatic crust of our planet, sulphur is always
group are able to utilize polythionates and members of the present in its reduced form as sulfide of metals. Oxidation
other group are not able to do this [29, 13]. On the basis of the magmatic metal sulphides reaching the crust and
of physiological and biochemical data, at least two major settling in ore deposits preceded with the participation of
pathways have been proposed for sulphur oxidizing Thiobacillus ferrooxidans into the oceans. In arid
bacteria:  (I)  the  sulphur  oxidation  pathway   and  (ii) the regions, lagoons, or inland seas they may form gypsum
S intermediate pathway involving polythionates [29]. deposits.  In  waterlogged  soils, sulphates are reduced to4

oxidize sulphur compounds. The gliding sulphur oxidizers
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Fig. 1: The sulphur cycle [33] organism was first isolated by Nathansohn [39], from the

hydrogen sulphide by Desulfovibrio desulfuricans. When mineral media containing thiosulphate was accompanied
the  secondarily  formed   hydrogen  sulphide  enters  the by the production of a pellicle of elemental sulphur.
oxidative zone, it is oxidized by Thiobacillus thioparus. According to Nathansohn [39], these organisms derive
This is the pattern of formation of sedimentary deposits their energy from the exothermic oxidation of thiosulphate
of  native  sulphur.  The  activity  of  T.    thioparus  and to tetrathionate and sulphuric acid.
T. thiooxidans in the soil accounts for the oxidation of Bacteria, closely resembling the organisms described
hydrogen sulphide to sulphur. The final oxidation stage by Nathanson [39], were isolated in pure culture by
of molecular sulphur to sulphuric acid is accounted for, by Beijernick [40], from seawater, silts of the Delft canals and
the  activity  of T. thiooxidans. The role of filamentous freshwater. The new organism studied by Nathanson [39]
and pigmented sulphur bacteria in the metabolism of and Beijerinck [40] was named Thiobacillus thioparus.
sulphur in water bodies and soil was of secondary The T. thioparus was isolated by various authors
importance [35]. (Jacobsen, [41] Jofee, [42] Brown, [43]) from soil,

Role of Thiobacilli in the Oxidation of Sulphur in Soil: sulphur to sulfate was also studied. Waksman [44]
Though sulphur traces may be oxidized in soil by various
species of microorganisms and fungi, Waksman [36]
pointed out Thiobacilli as the most characteristic group
of microorganism performing the oxidative part of sulphur
transformation in soil. 

Studies on the distribution of Thiobacillus
thioxidans and T. thioparus showed that these bacteria
are found in an active state mainly in soils fertilized with
sulphur. The distribution of T. thioparus in soils was
studied by Starkey [37], who demonstrated the almost
ubiquitous presence of bacteria in alkaline and neutral
soils  and their absence in strongly acid soils fertilized
with sulphur. The widespread occurrence of Thiobacilli
in soils fertilized with sulphur or in soils in which
accumulation of sulphur compounds occurs under natural
conditions (marshes and peats) indicates that these
bacteria play an important role in the oxidation of sulphur
and its compounds in soils. 

Inoculation of Thiobacilli generally increases the
rate of sulphur oxidation [38], although such amendment

is  unnecessary in many agricultural soils, as they
possess a native population of sulphur oxidizers which is
stimulated on sulphur addition. Kapoor and Mishra [38]
observed that sulphur was rapidly oxidized in a field soil
of pH 8.0 and the rate of oxidation could be enhanced by
inoculation with T. thiooxidans.

Isolation,Characterization and Identification of Sulphur
Oxidizing Bacteria
Isolation: In 1888, Winogradsky, on the basis of his
studies on Beggiatoa, established that sulphur bacteria
derive their energy from the oxidation of reduced sulphur
compounds and utilize it for the uptake of CO . Similar2

silts of the Bay of Naples. Their excellent growth in

ditchwater, sewage and sea water and its oxidation of

isolated Thiobacillus thioparus and Thiobacillus
novellus from compost which were capable of sulphur
oxidation under alkaline condition.

Waksman and Jofee [45] described another species
of Thiobacilli, isolated from soil previously fertilized with
sulphur and designated as Thiobacillus thiooxidans.
Brown [43] obtained a similar organism from garden soil,
activated sludge and soil-sulphur compost. Ayyar [46]
and Ayyar et al. [47] obtained a culture from activated
sludge which reacted much same as Thiobacillus
thiooxidans.

Emoto [48, 49] isolated from hot springs several
bacterial strains differentiated mainly by colonial
morphology:  Thiobacillus  thermitanus,  T.  umbonatus,
T. lobatus and T. crenatus. These are autotrophic,
developing at low pH, morphologically resembling
variants of Thiobacillus thiooxidans. Starkey [50]
isolated sulphur oxidizing bacteria from soil. Parker [51],
Parker and Prisk [52] isolated Thiobacillus X and
Thiobacillus concretivorus from corroded concrete. The
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organism described as Thiobacillus ferrooxidans has grew rapidly near pH 7.0 at 30°C, whereas Starkey [37]
been isolated from acid mine water by Colmer and Hinkle described it as non-motile coccoid cells, 0.5 × 0.7µ; while
[53]. Thiobacillus denitrificans was first isolated by Parker and Prisk (1953) [52] described them as medium-
Beijerinck [40] and has been studied in detail by Lieske sized rods, single or in pairs measuring 0.5× 1-1.5µ.
[54] and Baalsrud and Baalsrud [55]. Thiobacillus thiooxidans are described as short rods

Thiobacilli   were  isolated  from  only  one  out  of with round ends, 1µ long and 0.5µ wide, gram positive,
six  alkali   soils   in  India  [56].  Brock   et   al.  [57] motile [45] and bore one polar flagellum [68], revealed that
isolated members of a new genus of sulphur oxidizing the protoplasm of Thiobacillus thiooxidans is gram
acidophilic bacteria, Sulfolobus, the type species of which negative, while the vacuoles are gram positive. Young
was S. acidocaldarius. It grew and oxidized elemental cells devoid of reserve substances are gram negative.
sulphur over a temperature range of 55-88°C. Khalid and Sokolova and Karavaiko [35] described them as rod-
Malik  [58]  isolated  two  acidophilic  chemolithotrophic shaped cells of 0.5-0.7 × 1-1.2 µ, gram negative cells which
 bacterial strains resembling Thiobacillus thiooxidans occurred singly and occasionally in pairs and short
and Thiobacillus ferrooxidans from sewage waters. chains.

Thiobacillus acidophilus and Thiobacillus cuprinus Guay and Silver [69] characterized Thiobacillus
are mixotrophic acidophiles, isolated from acid strams [59]. acidophilus as short rods, 0.5-0.8µm × 1-1.5µm with round
Chapman [60] detected neutrophilic Thiobacilli in 84 per ends, gram negative and motile non-sporulating. The cells
cent of the soils examined with a mode of 10  to 10 occured singly, mainly in pairs and rarely in chains.-2 -3

organisms per gram soil. Heterotrophic sulphur oxidizing Wood and Kelly [70] isolated and characterized
isolates, colonizing elemental sulphur beads were Thiobacillus halophilus sp. nov. a sulphur oxidizing
obtained by Lawrence and Germida [61]. Sulfolobus and eubacterium from a Western Australian hypersensitive
Thermus like strains and thiosulphate oxidizing organism lake. The organism was obligately halophilic, grew best
were isolated from the thermal spring waters of Surat by with 0.8-1.0µ NaCl and tolerated upto 4M NaCl. Optimum
Dave  and Upadhyay [62]. Shooner and Tyagi [63] growth was obtained at about 30°C and pH 7.0-7.3.
isolated moderate thermophilic organism Thiobacillus
thermosulfatus from sewage sludge. Two novel Microbial Production of Sulphate: Starkey [37] reported
chemolithotrophic sulphur bacteria were isolated from oil that sulphate production from elemental sulphur in
field brine by Gevertz et al., [64]. sulphur media ranged from 31.7 mg per 100 cc. to 118.9 mg

Sulphur oxidizing bacteria were isolated from paddy per 100 cc. Sulphate-sulphur over the range of 100-200 µg
rhizosphere, pulse rhizosphere, sewage, biogas slurry, per ml with a precision of ± 10 µg was obtained on the
tannery effluent and mine soil by Vidyalakshmi and Sridar, oxidation of elemental sulphur by Thiobacillus
[65]. Out of the 28 Thiobacillus isolates obtained, 14 were thiooxidans [71].
screened based on their efficacy to reduce the pH of the In a experiment involving the biological oxidation of
growth mediu m from 8.0 to 5.0. pyrite conducted in mine spoil, Pichtel and Dick [72]

Characterization  and  Identification:  Winogradsky’s mol kg  (at controlled atmospheric conditions) spoil after
[66]    observation,    that   hydrogen   sulphide  could 28 days of incubation. 
serve  as electron  donor  in  the  respiration of
Beggiatoa  species  was  the  first  in  his  series of Sulphur Deficiency Symptoms in Pulses: Plants suffering
studies which culminated in the discovery of the from severe sulphur deficiency show characteristic
chemoautotrophic  mode  of life. The experiments of symptoms. Natesan et al. [73] reported that sulphur
Cataldi [67] suggested that at least some strains of deficiency leads to reduction in growth rate of the plant
Beggiatoa are heterotrophic. and generally the growth of shoots were more affected

Beijerinck [40] characterized Thiobacillus thioparus than that of roots. Sulphur deficient plants were yellow,
as a strictly aerobic motile, minute thin rods, 0.5×3µ small and spindle with short slender stalks [74]. Randall
bacterium which grew rapidly in a mineral medium [75] opined that the mobility of sulphur in the plants is
containing thiosulphate and frequently deposited large relatively lesser than nitrogen, leading to chlorosis of
amounts of molecular sulphur and gave the colonies a younger leaves. The leaves at later stages show necrotic
milky white to canary yellow appearance. The organisms symptoms and die [76].

noticed concentration of sulphate was found to be 81 m.
1
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The classical symptom was the yellowing of younger Effect of Sulphur and Phosphorus Application: Legumes
leaves, while old leaves remained green [77]. Joseph and usually require almost equal amount of phosphorus and
Verma [78] reported that nodulation in legumes was sulphur. When phosphorus and sulphur are present
affected and nitrogen fixation was reduced. below the critical level in the soil, plant growth and quality

Role of Sulphur in Pulse Crops: Sulphur is one of the by Thiobacilli in soil leads to production of H SO , which
essential plant nutrients classified as secondary nutrient. would then solubilize phosphorus. The acidity generated
It is essential for all plants and is indispensable for the on  oxidation  of  pyrite  can be  coupled  to solubilization
growth and metabolism. The concentration was found to of rock phosphate or to reclaim alkali soil [38]. The
be the highest in oilseeds (1.1-1.7 per cent), intermediate solubilization of Mussoorie rock phosphate on addition
in  pulses  (0.24-0.32 per cent) and the lowest (0.12-0.20 of elemental sulphur and pyrite and on inoculation with
per cent) in cereals [79]. Sulphur has a number of oxidizing sulphur and iron-oxidizing bacteria in soil was studied by
function in plant nutrition and is best known for its role in Kapoor et al. [94]. Inoculation with Thiobacillus
protein synthesis [75]. Sulphur is a constituent of certain thioxidans and Thiobacillus ferrooxidans increased
aminoacids like methionine, cystine and cysteine and also oxidation of sulphur and pyrite and consequently the
a constituent of Fe-S proteins called ferrodoxins [80]. solubilization of rock phosphate. A similar finding was

Khandkar et al. [81] observed that the nodule in also reported by Costa et al. [95].
blackgram was increased due to sulphur application. Saraf Also, the grain yield of green gram was maximum
[82] reported that sulphur is involved in the formation of when 50 kg P O  + 40 kg sulphur ha  was applied [86].
nitrogenase enzyme and is known to promote nitrogen Application of 40 kg sulphur along with 40 kg P O ha
fixation in legumes. Sulphur is involved in the formation resulted in higher grain yield than sulphur alone, in
of chlorophyll [83]. Hanesklaus and Schnug [84] reported chickpea [96]. Thus phosphorus and sulphur are reported
that sulphur is associated with production of crops of to have synergistic effect on the productivity of crops. 
superior nutritional and market quality. Poorani [85]
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