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Introduction 

Sulfur deficiency in plant nutrition is a current problem in the Czech Republic (Balik 

et al. 2006) and in other European states (Scherer 2001, Zhao et al. 2003, Lehmann et al. 

2008). Agricultural and horticultural crops are more susceptible to deficiency symptoms. 

Sulfur deficiency can be attributed to the decrease of atmospheric emissions, less intensive 

application of mineral fertilizers together with change of their composition. The aim of our 

experiment was to estimate the changes in different S fractions in soils that were influenced 

by the lowering of S inputs from emissions. Furthermore, the influence of manure and mineral 

fertilizing was assessed.  

 

Materials and methods 

Topsoil samples from stationary long-term field experiments were used for the 

experiment. Samples from the years 1981 and 2007 were chosen. The stationary experiments 

on 10 sites with different soil-climatic conditions in the Czech Republic were established in 

the years 1966–1977. Basic agrochemical characteristics of the soil samples before 

establishing the experiment are presented in Table 1. Three treatments were chosen: i) control 

– not fertilized - Treatment 1, ii) farmyard manure (8 kg S ha
-1

 year
-1

) – Treatment 2, iii) 

manure + mineral NPK fertilizing (99.2 kg S ha
-1

 year
-1

) – Treatment 3. Each treatment was 

conducted in 6 replicates. The samples were always taken after the harvest of winter wheat in 

the years 1981 and 2007. 

 

Table 1. Agrochemical characteristics of the soils in the year of the experiments establishment 

 
Fine soil was used for the analysis (<2 mm). The samples were extracted using the 

following S-fractionation (Morche, 2008): demineralized water (1:10; w/v) → 0.032M 

NaH2PO4 (1:10; w/v) → 1M HCl (1:20; w/v).  

 

Results and Discussion 

The Czech Republic was known as an important S emitting country from the 1950s to 

the beginning of the 1990s. For example in the year 1991, the emissions in Prague region 

reached 394 kg S ha
-1

, in the north Bohemian region 484 kg S ha
-1

 and in the rest of the area 

of the Czech Republic almost 100 kg S ha
-1

. New technologies of thermal power plant 

desulfurization significantly decreased SO2 emissions. Therefore, dry + wet deposition is 

currently approximately 15-30 kg S ha
-1

. Table 2 summarizes S contents (average from 10 

sites) using the fractionation of the soil samples from the year 1981 and 2007. The contents of 

plant available S (SH2O), exchangeable sorbed S (SNaH2PO4) and occluded S (SHCl) were 

Site soil texture pH/KCl content (%) 

 

soil type 

  Ntot Cox 

Horazdovice Cambisol loamy sand 6.2 0.12 0.80 

Chrastava Cambisol loamy sand 5.3 0.08 0.99 

Jaromerice Haplic Luvisol loam 6.1 0.12 1.03 

K. Udoli Cambisol sandy loam 6.2 0.14 1.09 

Libejovice Haplic Luvisol sandy loam 5.7 0.14 0.88 

Lipa Cambisol loamy sand 6.6 0.13 0.99 

Ostroh Haplic Luvisol loam 6.9 0.12 1.06 

Jakartice Haplic Luvisol loam 6.7 0.12 0.97 

Sedlec Chernozem loam 7.4 0.12 1.34 

Zatec Chernozem silt clay 7.3 0.17 1.53 



estimated after Morche (2008). The content of organic S (Sorg) was calculated as a difference 

between total S (Stot) and sum of mineral S (S*). From the mentioned results it is clear that a 

decrease of total S content in soils was observed in time. Average contents observed at the 

control treatment were 221 mg S kg
-1

 in the year 1981 and 204 mg S kg
-1

 in 2007. Similar 

decreasing trends were observed in treatment 2 (from 216 mg S kg
-1

 to 210 mg S kg
-1

) and 3 

(from 235 mg S kg
-1

 to 219 mg S kg
-1

). The contents of Stot ranged in dependence on the site 

and treatment between 133 and 334 mg S kg
-1

 in 1981 and between 105 and 321 mg S kg
-1

 in 

2007. It is clear, that these soils follow similar properties Stot trends as most European soils. 

Similar results in other European experiments were published also by Zhao et al. (2003), 

Morche (2008), Lehmann et al. (2008). 

 

Table 2. The average content (10 sites) of different S fractions (mg S kg
-1

) 

SH2O SNaH2PO4 SHCl S* Sorg Stot Treatment 

 1981  

1 

2 

3 

22.6 

21.4 

27.4 

8.50 

8.10 

8.70 

12.4 

11.9 

14.1 

43.5 

41.4 

50.1 

177 

175 

185 

221 

216 

235 

  2007  

1 

2 

3 

7.20 

7.10 

9.50 

5.20 

4.60 

5.10 

9.90 

9.80 

11.5 

22.3 

21.4 

27.0 

182 

189 

192 

204 

210 

219 

S* = Σ SH2O + SNaH2PO4 + SHCl 

 

The content of SH2O reached 22.6 mg S kg
-1

 at the control treatment in 1981 and was 

only about 7.20 mg S kg
-1

 in 2007, which represents only a fraction of 32%. Similar trends 

were obtained for treatments 2 and 3 where it accounted for 33% and 35%, respectively. The 

content of exchangeable sorbed S also decreased through the 26 years of experiment duration. 

Contents in the year 2007 decreased to 61% at the treatment 3. Using the HCl extraction as a 

part of the fractionation should mobilize a major portion of S occluded with carbonates (Shan 

et al. 1992, Chen et al. 1997). The data from our experiments do not confirm selectivity HCl 

only on S occluded with carbonates. From the comparison of the data from 1981 and 2007 an 

evident decrease of occluded S is apparent. The values of this fraction in the year 2007 

reached only 80-89% from the year 1981. 

The sum of the fractions SH2O, SNaH2PO4 and SHCl represents the so-called “inorganic S” 

(Morche, 2008). Although the use of the extractants is not fully selective, it is reasonable to 

assume that most of the extracted S is inorganic S (Shan et al. 1992, Morche 2008). Due to the 

significant restriction of atmospheric depositions during the last 20 years in the Czech 

Republic the ratio of inorganic S decreased by 50%. Intensive S fertilization (treatment 3) led 

to increased contents of inorganic S in soil (27 mg S kg
-1

). The ratio of different fractions (in 

%) from the total S content is mentioned in Table 3. It accounted for 78.7 – 80.9% from Stot in 

the year 1981 and 87.7 – 89.8% in 2007, respectively. From the comparison of the results 

from 1981 and 2007 it is clear that during 26 years, the content of inorganic S fractions 

significantly decreased. While the ratio ranged between 9.9 and 11.7% in the year 1981, it 

was only between 3.4 and 4.3% in 2007. The ratio of S occluded with carbonates ranged 

between 5.5 – 6.0% in the year 1981 and between 4.6 – 5.3% in 2007. The decreasing content 

of inorganic S was evidently influenced by decreasing inputs and with elutriation losses. The 

content of Sorg did not change. That corresponds also with a stable Cox content.  

 

 

 



 

 

Table 3. The ratio (in %) of the different S fractions compared to the Stot content in soils 

(Stot = 100 %) 

Treatment year 1981 

 SH2O SNaH2PO4 SHCl S* Sorg 

1 10.2 3.9 5.6 19.7 80.3 

2 9.90 3.7 5.5 19.2 80.9 

3 11.7 3.7 6.0 21.3 78.7 

 year 2007 

1 3.5 2.5 4.9 10.9 89.1 

2 3.4 2.2 4.6 10.2 89.8 

3 4.3 2.3 5.3 12.3 87.7 
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