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Introduction. Sulphur is an essential nutrient 

plant, classified as macroelements, and in the terms 
of importance it ranks right after nitrogen, phosphorus 
and potassium. However, for several years in 
agricultural soils in different parts of the world this 
component is in deficient and the situation in this 
regard deteriorates (Barczak, 2010). Also in some 
areas of Poland there is a paucity of sulphur in soils 
and its negative balance in the main cultivated plants 
species is observed (Podle na, 2013). Sulphur 
deficiency is an increasingly widespread phenomenon 

also in grassland soils in the world (Breymeyer and 
van Dyne, 2012; Muir et al., 2008), especially in soils 
fertilized with high doses of nitrogen (Defra, 2010). 
Insufficient amount of sulphur in the grassland soils 
limits grass growth, protein production and reduces 
the efficiency of nitrogen use, which increases the risk 
of nitrates leaching (Mathot et al., 2008 by Murphy 
and O'Donnell, 1989 and Brown et al., 2000). To 
avoid these consequences is needed testing of 
grassland soils in terms of sulphur content and 
appropriate to the obtained results their fertilization 
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with sulphur-containing fertilizers. 
Aim of this study was to recognize the state of 

the sulphur content in the top layer of soil under 
grassland in Poland and dynamics its seasonal 
changes. 

Materials and methods. The research was 
conducted in 2009-2011 in the framework of the 
monitoring system of soil and water in the areas 
occupied by grassland in Poland. Monitoring is lead 
by the National Agrochemical Station (KSChR) and its 
regional stations in cooperation with the Institute of 
Technology and Life Sciences. Soil samples were 
taken from the 0-30 cm soil layer, from 317-326 
(depending on the year) permanent monitoring points 
designated in grasslands across the country. Samples 
were taken twice a year: in early spring, before the 
application of nitrogenous fertilizers (i.e. before or 
immediately after the start of the growing season) and 
autumn - after harvesting the plants. In the soil 
samples were determined: /i/ total sulphur (Stot.) 
content, after sintering soil magnesium nitrate - by 
nephelometry; /ii/ sulphur sulphate (S-SO4) content, 
after extraction with a solution of ammonium acetate 
and acetic acid - by nephelometry. Results of 
laboratory analyzes were processed statistically by 
calculating on their basis the arithmetic means and 
coefficients of variation - CV. Furthermore the normali-
ty of results distribution using the Shapiro-Wilk test 
and the significance of differences between mean 
values of the series from spring and autumn periods, 
using Student's t-test were tested. 

Obtained data concerning average total and 
sulphate sulphur content in the soil were classified by 

comparison with the limit values used for the 
evaluation of the sulphur content in the soil (Kabata-
Pendias et al., 1993) and proposed standards for the 
evaluation of sulphur available for the plants cultivated 
on mineral soils (Lipi ski et. al., 2003). 

Results and discussion. In 2009-2011, the 
average total sulphur content in the 0-30 cm layer of 
mineral grassland soils in Poland, was 395.0 mg kg-1 
in spring periods and 391.4 mg kg-1 in autumn 
periods, while in mineral-organic and organic soils 
1607.7 mg kg-1 and 1522.4 mg kg-1, respectively. 
Average sulphur sulphate content in mineral 
grassland soils during the whole study period was 
13.6 mg kg-1 in the spring season and 18.1 mg kg-1 in 
the autumn season. While the S-SO4 content in 
mineral-organic and organic soils reached in the 
mentioned seasons values:  43.3 mg kg-1 and 45.6 mg 
kg-1, respectively (Table 1). The observed seasonal 
variation was statistically significant only in respect of 
the contents of S-SO4 in mineral soils (t = -3.403; p = 
0.001; df = 1494). During the study period occurred - 
sometimes quite significant, changes in the content of 
total sulphur and sulphate in grassland soils. 
Differences in the Stot. content in various years of the 
study reaching up to 109 mg kg-1 in mineral soils, and 
more than 566 mg kg-1 in organic. In the case of S-
SO4 these differences reached 3.2 and about 17.9 mg 
kg-1, respectively. The reason for these disparities 
probably was the diversity of weather conditions in 
particular years of the study (in 2009, 2010 and 2011 
precipitation and average temperatures in Poland 
amounted to 692; 830; 576 mm and 8.6; 7.5 and  
8.9 °C).  

Table 1 –  Descriptive statistics of the total sulphur content and sulphate, the mineral (MS) and 
mineral-organic and organic (OMS and OS) grassland soils in Poland in the 0-30 cm layer 
in the years 2009-2011 

Soil type Year 
Total sulphur Sulphate sulphur 

n mean content, 
mgStot. kg-1 CV, % n mean content,  

mgS-SO4 kg-1 CV, % 

spring
MS 2009 282 335.8 90.2 283 11.8 124.8

OMS and OS 35 1329 58.7 35 52.4 133.8
MS 2010 288 403.2 108.3 247 15.0 165.2

OMS and OS 38 1895.3 52.8 38 43.2 130.7
MS 2011 287 444.8 178.4 245 14.3 143.5

OMS and OS 35 1574.1 65.3 35 34.5 99.3
MS 2009-

2011 
857 395.0 140.2 775 13.6 148.6

OMS and OS 108 1607.7 60.0 108 43.3 128.2
 autumn

MS 2009 240 372.1 85.3 239 19.5 173.6
OMS and OS 34 1508.2 72.4 34 52.9 102.5

MS 2010 238 381.8 82.9 237 16.9 172.4
OMS and OS 35 1437.8 60.7 34 38.4 90.8

MS 2011 246 419.4 119.3 245 17.9 148.3
OMS and OS 35 1620.9 74.6 35 45.6 98.7

MS 2009-
2011 

724 391.4 99.4 721 18.1 165.5
OMS and OS 104 1522.4 69.6 103 45.6 99.3

Source: own elaboration based on results of KSChR 
 
The level of Stot. and S-SO4 in most parts of 

grassland soils was natural acc. to classification elab-
orated by Kabat-Pendias et all. (1993). Higher than 
the natural sulphate and total sulphur content 
approximately was recorded, respectively in 7.5-
10.4% and 3.2-3.3% (depending on the season) 

mineral soils and 2.6-12.8 and 5.3-20.5% and mineral-
organic and organic soils. Referring to the data on the 
content of sulphate sulphur in the grasslands soil to 
the proposed standards to determine needs of 
grasses fertilization with this component, has been 
found that in classes with very low and low S-SO4 was 
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about 57.6-61.7% mineral grasslands soil, and in 
classes with an average, high and very high content of 
S-SO4 was 18.4-20.0% and 18.3-24.0% this type soil, 
respectively. These results suggest that in a large 
area of grassland mineral soils may occur sulphur 
deficit. This problem is probably to a much lesser 
extent relates to mineral-organic and organic 
grassland soils (it is difficult to clearly determine due 
to a lack in this area limit values permitting detailed 
analysis). 

Conclusion. In 2009-2011, in the 0-30 cm layer 
of mineral grasslands soil in Poland, the average 
content of Stot. and S-SO4, depending on the season 
amounted 391.4-395.0 mg kg-1  and 13.6-18.1 mg kg-

1, and in mineral-organic and organic grassland soils – 
1522.4-1607.7 mg kg-1 and 43.3-45.6 mg kg-1, 
respectively. In the whole three-year cycle of study S-
SO4 content in mineral soils was statistically signifi-
cantly higher in autumn than in the spring. In other 
cases the analyzed seasonal changes in the sulfur 
content were not statistically significant. Contents of 
Stot. and S-SO4,  in most mineral grassland soils 
occurred in a range corresponding to its natural level. 
Conversely, because of the requirements for sulphur 
fertilization in approx. 58-62% of mineral grassland 
soils the content of S-SO4 was very low and low, 
which indicates the existence of therein deficiency of 
this component. 
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