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MICROBIOLOGICAL TRANSFORMATIONS OF PHOSPHORUS
AND SULPHUR COMPOUNDS IN ACID SOILS

ABSTRACT: The dynamics of phosphorus and sulphur in soil is closely related to the
dynamics of the biological cycle in which microorganisms play a central role. There is not
much microbiological activity in acid soils because aerobes are scarce, rhizosphere is re-
stricted to the shallow surface layer, and the biomass of microorganisms decreases with
higher acidity. The aim of the research was to investigate the number of microorganisms, which
decompose organic and inorganic phosphorus compounds and organic sulphur compounds
in calcocambisol, luvisol, and pseudogley.

The following parameters were determined in the soil samples: pH in H,O and in
IMKCI; the content of CaCOs (%); humus content (%), nitrogen content (%); the content of
physiologically active phosphorus and potassium (mg P,05/100g of soil; mg K,0/100g of soil).
The number of microorganisms was determined by the method of agar plates on appropriate
nutrient media: the number of microorganisms solubilizing phosphates on a medium by
Muramcov; the number of microorganisms that decompose organic phosphorus compounds
on a medium with lecithin; and the number of microorganisms that transform organic sulphur
compounds on a medium by Baar.

All three types of soil are acid non-carbonate soils with a low level of available phos-
phorus and a more favorable amount of potassium, nitrogen, and humus. The largest number
of bacteria, which transform organic phosphorus compounds, was found in calcocambisol.
The largest number of phosphate solubilizing bacteria was recorded in pseudogley, whereas
the largest number of phosphate solubilizing fungi was recorded in calcocambisol. The largest
number of bacteria, which transform organic sulphur compounds, was recorded in pseudogley.
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INTRODUCTION

Soil microorganisms play a major role in the decomposition of plant res-
idues, creation of humus and maintenance of stable soil structure. They also
participate in the cycles of the most important macro and microelements such
as phosphorus and sulphur (Cairney, 2000; Klironomos etal., 2000).
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The dynamics of phosphorus in soil is closely related to the dynamics of the
biological cycle in which microorganisms play a central role (Wakelin et
al.,, 2004; Vassilev et al., 2006). Microorganisms affect the amount of
phosphorus accessible to plants by means of mineralization of organic phos-
phorus compounds, immobilization of available phosphorus and solubiliza-
tion of non-soluble phosphorus minerals such as tricalcium phosphate (Chen
et al., 2006; Kang et al,, 2002; Pradhan and Sukla, 2005). Organic
phosphorus compounds in soil are an important supply of this plant nutrient
but only after they have been mineralized (Gyaneshwar et al, 2002).
Mineralization is catalyzed by microbiological enzymes phosphatases (O ber-
son etal., 2001). Organic phosphorus mineralization in soil depends on tem-
perature, pH soil moisture, degree of aeration (Dalal, 1977). According to
Wittmann etal (2003a), optimum pH value for phosphatase activity is 4-5
and optimum temperature 35° C.

Sulphur is one of the essential plant nutrients contributing to yield and
quality of crops. There are two main forms of sulphur in soil, inorganic and
organic sulphur (Landers et al., 1983). In soil, sulphur is mainly found in
organic form (90%). Organic sulphur is present in three forms, ester sulfate-S,
C-bonded S and non-reducible organic sulphur (Freney et al., 1975). Sul-
phur transformations in soil are considered to result primarily from microbial
activity, which involves processes of mineralization, immobilization, oxida-
tion, and reduction. Mineralization of organic sulphur compounds and trans-
formation into forms accessible to plants is catalyzed by enzyme sulphatase
(Eivazi and Bayan, 1996; Hayes et al., 2000). Sulphatase activity has
been noticed even in soils with extremely low values of pH (pH 3-5), but its
effects in such extreme conditions are unknown (Kahkonen etal., 2002).

As acid soils are found in many areas in our country, the aim of the re-
search was to investigate the number of microorganisms that transform inac-
cessible phosphorus and sulphur compounds into forms accessible to plants.

MATERIAL AND METHODS

Acid soil samples were taken from the slopes of Golija mountain (calco-
cambisol), Radoc¢evo (luvisol), and Kraljevacka valley (pseudogley).

The following chemical properties of soil were determined: pH in H,O
and in IMKCI; the content of CaCOj; (%); humus content (%); total nitrogen
content (%); the content of physiologically active phosphorus and potassium
(mg P,0s/100g of soil; mg K,0/100g of soil).

The number of microorganisms was determined by the method of agar
plates (Trolldenier, 1996) on appropriate nutrient media (Hi Media Labo-
ratories Pvt. Limited Mumbai, India): the number of bacteria decomposing or-
ganic phosphorus compounds on a medium with lecithin, the number of phos-
phate solubilizing bacteria and fungi on a medium with aluminum phosphate,
and the number of microorganisms transforming organic sulphur compounds
on a medium by Baar. All groups of microorganisms were introduced into Petri
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dishes with 0.5 ml soil suspension from 10 dilution. The microorganisms
were incubated at the constant temperature of 28° C. The incubation of micro-
organisms, which transform phosphorus compounds, lasted 2-10 days, where-
as the incubation of microorganisms, which transform sulphur compounds,
lasted 7-10 days.

Statistical data analysis was performed using STATISTICA 10 software.

The significance of differences in the number of microorganisms between
different soil types was determined upon the least significant difference (LSD).

RESULTS AND DISCUSSION

The investigated soil types are characterized by the chemical properties
shown in Table 1.

Tab. 1. — Chemical properties of the investigated soil types

Soil pH Humus N CaCO; | mgP,0s | mgK,0
InH,O |[InIMKCI| % % % ul00g | uld0g
Calcocambisol 6.2 4.8 32 0.26 0.26 4.9 12.25
Pseudogley 5.1 3.7 2.4 0.18 0.46 43 14.3
Luvisol 4.0 3.6 3.7 0.43 0 2.1 15.7

Calcocambisol is a low carbonate soil. It abounds in nitrogen and has high
humus content. The amount physiologically active phosphorus in it is minimal
whereas the amount of potassium is greater. Pseudogley is an extremely acid
type of soil. It has a medium amount of nitrogen and humus. It is characterized
by a very low amount of phosphorus and calcium carbonate and a medium
amount of potassium. Luvisol is an extremely acid non-carbonate soil type. It
is well- provided with nitrogen and humus. The amount of phosphorus in it is
low whereas the amount of potassium is somewhat greater.

Microbial communities are important in soils because of their key function
in ecosystems processes such as decomposition, nutrient cycling, and plant
symbioses (Nannipieri etal., 2003). All these processes enable mutual re-
lations of microorganisms, soil, and plants. Soil pH is one of the most important
soil properties related to the composition of microbial communities (Baath
and Anderson, 2003; Nilsson et al, 2007, Wu et al., 2009; Brady
and Weil, 2002).

Three types of acid soils were used in this research, which certainly af-
fected the number of microorganisms. The number of bacteria decomposing
organic phosphorus compounds ranged from 5.37 to 6.49 x 10* g of abso-
lutely dry soil (Graph 1). The differences were not statistically significant (LSD
for 5% =5.42).
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Graph 1. — The number of bacteria transforming organic phosphorus compounds (10* g of soil)

Tarafdar and Claasen (1988) documented that almost half of the
microorganisms in soils and on plant roots were able to mineralize organic P
through the phosphatase action. Organic phosphorus compounds are mainly
phospholipids, phytin, and nucleoproteins. A large number of bacteria are able
to use phospholipids and nucleoproteins transforming them into phosphate
anions. In this research, a large number of bacteria decomposing organic phos-
phorus compounds could provide plants with a significant amount of this nu-
trient. However, in acid soils, phosphate anions form bonds aluminum and iron
cations and become available to plants only after the activity of microorgan-
isms. In acid soils, fungi are more active solubilizers of insoluble phosphates,
whereas in neutral soils, bacteria are more active. In this research, the number
of fungi solubilizing phosphates inaccessible to plants was similar in all three
types of soil, ranging from 1.41 to 1.73x10* g”! of absolutely dry soil (Graph 2).
The differences in the number of this group of microorganisms in the investi-
gated types of soil were not statistically significant (LSD for 5% = 1.21).

Phosphate solubilizing bacteria were not found in calcocambisol, where-
as in the other two types of soil their number ranged from 0.49 x 10* g to
8.81 x 10*g! of absolutely dry soil (Graph 3). A statistically significant differ-
ence in the number of bacteria was recorded between pseudogley and the
other two soil types and it was on the level P< 0.05 (LSD for 5%= 7.09).

Several reports have examined the ability of different bacterial species to
solubilize insoluble inorganic phosphate compounds, such as tricalcium phos-
phate, dicalcium phosphate, hydroxyapatite, and rock phosphate (Goldstein,
1986). It is generally accepted that the major mechanism of mineral phosphate
solubilization is the action of organic acids synthesized by soil microorgan-
isms(Halder, 1990; Leyval, 1989; Salih, 1989). Among them, gluconic
acid seems to be the most frequent agent of mineral phosphate solubilization.
Another organic acid identified in strains with phosphate-solubilizing ability
is 2-ketogluconic acid (Halder, 1990, 1993). Bacteria are more effective in
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phosphorus solubilization than fungi (A lam et al., 2002). Among the whole
microbial population in soil, phosphorus-solubilizing bacteria constitute 1 to
50 %, while phosphorus-solubilizing fungi are only 0.1 to 0.5 % in P solubili-
zation potential (Chen et al., 2006).

Unlike these results, in this research the number of phosphate solubiliz-
ing fungi was larger than the number of bacteria apart from pseudogley where
the number of bacteria was larger. This could be the result of unfavorable
conditions for microorganism activity in the investigated soil types. The in-
vestigated soil types are characterized by heavy soil texture, unfavorable
water-air ratio, and acidity (M iljkovi¢, 1996). Our results confirmed the
resultsof Yahya and Azawai (1998) who concluded that phosphate solu-
bilizing fungi in infertile soils were more numerous than bacteria.

The number of bacteria, which transform organic sulphur compounds,
amounted to thousands (Graph 4). Their smallest number was recorded in
luvisol (12.16 x 10*g™), whereas their largest number was recorded in pseu-
dogley (28.01 x 104 g). The differences in the number between the investi-
gated soil types were not statistically significant (LSD for 5% = 20.45).
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Graph 2. — The number of phosphate solubilizing fungi (10* g™)

Phosphate solubilizing bacteria were not found in calcocambisol, where-
as in the other two types of soil their number ranged from 0.49 x 10* g to
8.81 x 10* g of absolutely dry soil (Graph 3). A statistically significant differ-
ence in the number of bacteria was recorded between pseudogley and the other
two soil types and it was on the level P< 0.05 ( LSD for 5%= 7.09).

Several reports have examined the ability of different bacterial species to
solubilize insoluble inorganic phosphate compounds, such as tricalcium phos-
phate, dicalcium phosphate, hydroxyapatite, and rock phosphate (Goldstein,
1986). It is generally accepted that the major mechanism of mineral phosphate
solubilization is the action of organic acids synthesized by soil microorgan-
isms (Halder, 1990; Leyval, 1989; Salih, 1989). Among them, gluconic

31



10°g of soil 1V

8,81

= e T T - - T -

0,45
il

Luvisol Pseudogley Calcocambisol

Graph 3. — The number of phosphate solubilizing bacteria (10* g! of soil)

acid seems to be the most frequent agent of mineral phosphate solubilization.
Another organic acid identified in strains with phosphate-solubilizing ability
is 2-ketogluconic acid (Halder, 1990, 1993). Bacteria are more effective in
phosphorus solubilization than fungi (A lam et al., 2002). Among the whole
microbial population in soil, phosphorus-solubilizing bacteria constitute 1 to
50 %, while phosphorus-solubilizing fungi are only 0.1 to 0.5 % in P solubili-
zation potential (Chen et al., 2006).

Unlike these results, in this research the number of phosphate solubiliz-
ing fungi was larger than the number of bacteria apart from pseudogley where
the number of bacteria was larger. This could be the result of unfavorable
conditions for microorganism activity in the investigated soil types. The in-
vestigated soil types are characterized by heavy soil texture, unfavorable
water-air ratio, and acidity (M iljkovi¢, 1996). Our results confirmed the
results of Yahya and Azawai (1998) who concluded that phosphate solu-
bilizing fungi in infertile soils were more numerous than bacteria.

The number of bacteria, which transform organic sulphur compounds,
amounted to thousands (Graph 4). Their smallest number was recorded in
luvisol (12.16 x 10*g™), whereas their largest number was recorded in pseu-
dogley (28.01 x 104 g). The differences in the number between the investi-
gated soil types were not statistically significant (LSD for 5% = 20.45).

Sulphur is one of the essential plant nutrients classified as secondary
nutrient. Sulphur transformations in soil are considered to result primarily
from microbial activity which involves processes of mineralization, immobi-
lization, oxidation and reduction (Vidyalakshmi, 2009). So far, a great
deal of attention has been paid to the isolation and identification of Sulphur
Oxidizing Bacteria (Chapman, 1990; Wood, 1991; Johnson, 1992),
whereas very little attention has been devoted to investigating their number
and activity in soil. A relatively large number of bacteria, which transform
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Graph 4. — The number of bacteria that transform organic sulphur compounds (104 g of soil)

organic sulphur compounds in the investigated soils, confirms the results of
Wittman etal (2003b) who stated that the optimum pH value for sulphatase
is 4-5, which indicates that the hydrolitic activity of the enzyme is adapted to
acid soils.

CONCLUSION

All three types of soil belong to the group of acid, non-carbonate soils with
a low level of accessible phosphorus and a more favorable content of potassium,
nitrogen, and humus.

The number of bacteria decomposing organic phosphorus compounds
ranged from 5.37 x 10* g to 6.49 x 10* g of absolutely dry soil.

The number of phosphate solubilizing fungi was similar in all three types
of soil, ranging from 1.41 x 10* g to 1.73 x 10%g" of absolutely dry soil.

Phosphate solubilizing bacteria were not found in calcocambisol, whereas
in the other two soil types their number ranged from 0.49 x 10* g to 8.81 x
10* g! of absolutely dry soil.

The number of bacteria that transform organic sulphur compounds amount-
ed to thousands. The smallest number was recorded in luvisol (12.16 x 10* g™,
whereas the largest number was recorded in pseudogley (28 x 10* g™).
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MUKPOBUOJIOIKE TPAHCOOPMAILIUJE JEABEBA
DOOCDPOPA 1 CYMIIOPA V KUCEJIUM 3EMJBUILITUMA

Jparana Ctamenos', Mupjana JapaK CI/IMOHI/IILa ‘Bypuh',
Tumea Xa_]HaJ‘I Jadapu', [Iparana Bjennh?

HOJ‘LOHpI/IBpeZ[HI/I (akynrer, Tpr Jocuteja Obpanosuha 8, 21000 Hosu Can
*MIHCTUTYT 3a paTapcTBO U MOBpTapcTBO, Makcuma Iopkor, 21000 Hosu Can

Pesnme

Junamnka dpochopa u cymnopa y 3eMIbHLITY TECHO j€ MOBE3aHa Ca IMHAMUKOM
OMOJIOLIKOT LMKITyCa y KOjeM MUKPOOPraHU3MH UMajy LEHTpaHy ysnory. Mukpoouo-
JIOIIKA aKTHBHOCT Yy KHCEIIUM 3eMJBHINTHMA HUje BEJINKA, jep CY MOTUCHYTH acpOOH,
pu3ocdepa je orpaHrYeHa Ha INIUTKY MTOBPIIMHCKY 30HY, a ca moBehameM KUCEI0CTH
cMamyje ce M Onomaca MUKpoopranuzama. Llusbp oBHX HCTpaKUBamba je OMo Ja ce UCITH-
Ta 3aCTYIJBEHOCT MHKPOOPraHu3aMa KOjH pa3iaxy OpraHcka i HeOPraHCKa jeIHbCrba
(hocdopa u oprancka jeTBEHa CYMIIOpa y KAITKOKaMOUCOITY, TYBUCOITY H TICEYIOTIIE]Y.

VY y3opiumMa 3emsbuinTa oapelenu cy cienehu napaMeTpu: peaxiimja 3eMIbUIITA
(pH) y H,O n y IMKCI; cangpxaj CaCOs (%); canpikaj xymyca (%); canpikaj azora (%);
cajpxaj ¢puzuonomku akTuBHOr (hochopa u kanujyma (mg P,Os/100g 3emipuinTa;
mg K,0/100g 3emipuinra). Bpoj Mukpoopranuzama oapehuBaH je METOIOM arapHUX
IIoYa Ha OAToBapajyliuM CeNeKTHBHUM XPamHBHM MOAJIOraMa: 6poj MUKPOOpraHH-
3aMa KOju pas3iaxy (ocdare Ha 1ojsiosu mno: MypamIios, 6poj MEKpoOpraHuzama Koju
paznaxy opraHcka GocgopHa jeumberha Ha MOJIO3H ca JISIIMTHHOM, a OpOj MUKpOOpra-
HHU3aMa KOji TpaHC(HOPMUIIY OpraHCcKa jelnibemha CyMITopa Ha ToJJI03u 110 Baar-y.

CBa Tpu THIIA 3eMJBHIITA CIIA/1a]y Y TPYILY KHCENUX OecKapOOHATHUX 3eMJBUIIITA,
ca HUCKUM caJip>kajeM IpUcTynaqHor hocdopa v MoBOJBHUJUM cajipiKajeM Kallujyma,
a3ora u xymyca. Hajsehu Opoj Oakrepuja koje TpaHCHOPMHUIILY OpraHcKa jeIUHCHha
docdopa yrephen je y kankoxkambucomy. Hajsehn 6poj bakrepuja koje paznaxy pocda-
Te yTBpheH je y nceynoriejy, a Hajsehu Opoj IibBa Koje pasnaxy pocdare y Kankokam-
Oucomy. Hajsehu 6poj 6akrepuja Koje TpaHCHOPMHUILY OPraHCKa jeqnbEba CyMIIopa
yTBpleH je y nceynoriejy.

KJbYUYHE PEUU: kuceno 3eMJbHIITE, MUKPOOPTaHU3MU, CyMITOP, hochop
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