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Introduction

Sulphur is a basic nutrient both for humans and animal organisms. It is a basic nutrient that
directly or indirectly plays an important role in numerous vital functions. In the past period
sulphur input to agricultural lands was reduced. Therefore a reasonable sulphur fertilisation
will have an increasing importance and might be the part of everyday fertilisation procedures.
Rescarch is also being done regarding the use of elemental sulphur for fertilisation purposes,
since the biological activity of soils can be increased by this without additional microbial
inoculation. (Kalocsai et al. 2000). Attia and Dosuky (1996) in their experiments carried out
on calcareous sandy soil proved, that the yield and nutrient element content of winter wheat
increased due to the application of organic manure, nitrogen and sulphur fertilisation and
inoculation with Thiobacillus sp. Szentpéteri et al.(2005) emphaised the importance of these
factors also. The favourable effect of Thiobacillus inoculation and elemental sulphur
fertilisation was proved in experiments with maize Kabesh et al. (1989), and soybecan Saber et
al. (1989) respectively. Similar experiences were gathered in pot experiments with vegetables
Shinde et al. (1996). Beyond plant nutrition aspects sulphur application might play a role in
the amelioration and improvement of alkalic and sodic soils (Groudeva et al. 1984, Slaton ct
al. 1998a, 1998b) and can also are an important tool of phytorecmediation (Tichy et al. 1997,
Maini et al. 2000). These facts will have an impact on Hungarian agriculture as well; therefore
the research activity regarding sulphur should be increased in the future. (Kalocsai et al.
2000).

Methods

For studying sulphur oxidation in the soil an experiment was launched that included sulphur
fertilisation, N, P, K fertiliser application and bacterial soil inoculation. In our incubation
experiments the oxidation of increasing elemental sulphur doses was studied (0,1; 1,0; 2,5;
5,0 and 10 g pot”, i.e. 50, 500, 1250, 2500 and 5000 kg ha™). In the 84 days long pot
experiment the oxidation potential of the soil and the sulphur reducing micro-organisms
Thiobacillus ferrooxidans and T. thiooxidans was studied in unfertilised and N, P, K fertilised
soil respectively. The nutrient status of the soil was as follows: N- medium supply, P,Os-
excellent supply, K,O- poor supply (Table 1).

Table 1. Soil analysis values of the experimental soil

oH - - AL -cxtractablo mp kg (7) | nKCI |__IIDTA-oxtractable mg kg'!
P‘;‘;"“ CaCOy | Humus “‘N“" Nitrate | Sulphate extr.
LY Yo Y ky! mg kg™ y
1,0 |KC1| index ' ’ % meket L MERE | b 0¢ | KiO | Na m':'k‘;. zn | cu | mn Fe
79 | 74| 372 | 44 2.5 02 | 379 | 1322 | 1768 | 929 | 130 | 653 | 12| 26 | 536 | 243

After mixing the elemental sulphur into the soil it was divided into two parts. The first part
was not supplemented with N, P, K fertilisers, N, P, K fertiliser in an amount calculated
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according to “MEM NAK?” fertilisation system was given to the second part. After this the
two soil parts were separated into another three parts. The first part was not inoculated (N),
the second part was inoculated with the bacterium strain 7. ferrooxidans (DSM No. 583) (F)
and the third part with 7. thiooxidans (ATCC 8085), too. The treatments applied in the
experiment are listed in Table 2. The inoculating solution contained 1.5x10% ml”' bacteria.
After the inoculation 10 CFU g' values were detected in the pots on a dry soil basis.

Table 2. Treatments used in the sulphur oxidation experiment

applied elemental sulphur dosex
(¢ pot’y g kg’ kg har”?
SO (conirol) - - B
S| ol 238 50
S2 10 2380 o0
S3 23 5932 1250
S4* 50 11964 2500
S5* 10,0 23809 3000
unfertilised (4) N,P.K fertilised (13
treatment uninoculated inocutated uninoculated inocutated
T ferrauxidans | Tthiooxidans (BN) T ferraoxidans | T.thiooxidans
(Al) (AT) 1) 371

quantity of fertiliser

N - - - 38 mg 9l mgkg', 191 kg ha!
P05 - - - 16mg,  38mgke'  80kgha'!
K.0 - - ISmy 36mykg, 75k ha’

The experiment started on 24™ February 2000 and the soils were incubated according to
Newell and Wainwright (1987), Shukla and Singh (1992), Lan et al. (2000) at 60% of
maximum waler capacity in a thermostat at a temperature of 22,8+0.5°C (Ballenegger and di-
Gléria 1962). This tempcrature practically equals the maximum temperature of the upper 10
cm soil layer of Hungarian fields (Varga-Haszonits et a/. 2000). After the incubation period
the pHipo, the pHg and the SO,%-valucs of the soil werc measured.

Results and discussion

In the experiment we cstablished, that as a result of the clemental sulphur given to the soil the
available sulphur content increased in every case compared to the values of treatments
without sulphur application (Figure 1.)

Figure 1. The effect of elemental sulphur application on the SO4% concentration of the soil

= unnoculted
1180 =3 T. farrooxitans inoculated
/=1 T. thicoxidans inoculated
980 ——  Polinom (uninoculated )
E-U A N £ *” ol I LN N O I I I ISP Polinom (T. ferrooxidans
2780 inoculated)
P ~—em Polinom (T. thicoxidans
e inoculatad)
&
3 se0
¥(1) = -105,8x + 788,12x - 349,38
R=0,93637
380
¥(2) = -89,85x? + 709,57x - 277.64
R=0.91055
180

¥(3) = -71,929x7 + 562.87x - 177.94)
0.1 1 25 s 10 R= 09663+

applied slemmenta! suiphur g pot-1

188



V. Alps-Adria Scientific Workshop Opatija, Croatia 2006.

The bacterial soil inoculation increased the oxidation rate of the soil to a great extent, which
was displayed by the decreasing pH values (Figure 2.) This effect was significant at 0.1%
probability level. Between the two bacteria species used in the experiment 7. thiooxidans was
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more effective.
Figure 2. The effect of elemental sulphur application on the pHyuao of the N, P, K fertilised
soil

The increasing elemental sulphur doses stimulated the microbial sulphur oxidation that was
also indicated by the increasing sulphate content of the soil. The N, P, K fertilisation
increased the oxidation of elemental sulphur significantly in every case. This significant
relationship did not show a strong correlation with the pH values of the soil. The changes of
pHizo values can be explained by the sulphate concentration in 50% (R2=0,5056), 443 %
(R?=0,4437) and 22.37 % (R®=0,2237) in the case of uninoculated and T. ferrooxidans
inoculated and 7. thiooxidans inoculated group respectively. Therefore we assume that
numerous physico-chemical processes might play a role in the background that require further
investigations.

Conclusions

In a soil inoculation experiment we proved that the original microbial population of the
calcarcous Danube alluvial soil has a significant ability to oxidise sulphur.

The applicability of Thiobacillus sp. inoculation on calcareous, alkaline soils was proved. It
was established that on the calcarcous Danube alluvial soil the bacterium species 7.
thiooxidans oxidised sulphur the most efliciently.
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