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Relevance of the Subject

A problem which has emerged in modern plant produc-
tion and requires new scientific solutions is the decrease 
in sulphur in the soils of most European countries during 
the last 20-30 years. According to the predictions of sci-
entists from the USA Sulphur Institute, the deficit of sul-
phur as a nutritional element will have increased to over 
11 million tonnes worldwide by 2010 (Zhao et al., 2003). 
Problems with the sulphur nutrition of agricultural plants 
have also been observed in Lithuania and are associated 
with a decrease in sulphur in atmospheric pollution, as 
the average concentration of sulphates in precipitation has 
decreased more than by half (Kairiūkštis and Rudzikas, 
1999). At the same time, fertilisers containing less sul-
phur are being used. As a result, less sulphur reaches the 
soil (Velička et al., 2001). An increase in crop yields in 
agriculture leads to increased uptake of plant nutrients, 
including sulphur. In recent years in Lithuania, there has 
been a considerable increase in the area covered by win-
ter and spring rapeseed crops, which have a high demand 
for sulphur for growth. The area cropped with rapeseed 
in 2007 had doubled from 60,000 ha in 2002 and has a 
tendency to increase in the future. Rapeseed occupies 
10.1% of arable land and is one of the most promising 
oilseed crops in Lithuania (Lietuvos žemės ir maisto ūkis, 
2008). Currently, rapeseed is used for vegetable and en-

gine oil, an ecologically clean fuel. Conditions for spring 
rapeseed growing in Lithuania are favourable because of 
the suitable texture of many soils, and a sufficient amount 
of moisture and warmth. Spring rapeseed can tolerate 
a moderate soil acidity and can therefore be cultivated 
not only on heavy, but also on light soils (Velička, 2002; 
Šidlauskas and Bernotas, 2003). 
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Figure 12.1. Available sulphur content in 0-60 cm layer in Lithuania’s 
soil at spring-time in year 2008. The soils of very low (<10.0 kg ha-1), 
low (10.1-15.0 kg ha-1) and moderate (15.1-20.0 kg ha-1) content of 
sulphur prevailed (Staugaitis et al., 2009).
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Sulphur Contents in Soil

In Lithuania, 45.4% of soils are very low and low (content 
of mobile sulphur less than 6.0 mg kg-1) in mobile sulphur 
(S-SO4 determined in 1 M KCl extract turbidimetrically). 
There are moderate contents of sulphur (6.1-12.0 mg kg-1) 
on 33.2% of soils and sufficient contents (more than 12.0 
mg kg-1) on 21.4% (Mažvila, 1998). Regular application 
of sulphur-containing fertilisers has a significant effect 
on sulphur content in the 0-20, 21-40, 41-60 and 61-90 
cm layer of soils. When mineral fertilisers were applied 
in four crop rotations (winter wheat, sugar beet, spring 
barley and perennial grasses) in the period 1976-2005 at 
annual rates of 96 kg ha-1 P2O5 (simple superphosphate, 
which contains gypsum – 13% of sulphur), 96-192 kg ha-1 
K2O and 114-228 kg ha-1 N, the content of mobile sulphur 
in the 0-90 cm soil layer increased by on average 9.7 mg 
kg-1 (5.8-fold) (Mažvila et al., 2007). The content of sul-
phur in the soil depends on the sequence of crops in the 
crop rotation. A higher content of mobile sulphur (22.0 
mg kg-1) was determined when spring or winter rapeseed 
was cultivated three years in a row (75% rapeseed in the 
crop rotation), compared with 17.9 mg kg-1 of mobile sul-
phur when rapeseed occupied 25% of the crop rotation 

(Velička et al., 2001). The content of mobile sulphur in 
soil before these trials was low (5.6 mg kg-1) and sulphur 
was released from gypsum (single superphosphate was 
applied) and from the soil organic material. After the first 
four-year rotation, the humus content in soil decreased 
by 10-16% and the content of total sulphur tended to de-
crease by 10-27%. 

Effect on Crop Yield

A positive effect of sulphur on crop yield was revealed 
in long-term investigations. A single superphosphate was 
used as a source of sulphur during 1971-2004. The ef-
fect of gypsum containing single superphosphate was 
compared with that of ammonium phosphate (ammo-
phos). The yield of potato tubers and spring barley grain 
increased when sulphur was applied at a rate of S 23-35 
kg ha-1as gypsum together with single superphosphate 
annually on NPK background, but the effect of sulphur 
on yield of red clover and winter wheat was insignificant 
(Mašauskas and Mašauskienė, 2005). The data indicating 
that sulphur effects on wheat grain yield are minor and 

Figure 12.2. The symptoms of sulphur shortage for winter wheat and winter rape are similar to that of nitrogen shortage - yellowish leaves.
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are in good agreement with the results of trials conducted 
in 2003-2005 (Šiaudinis, 2007). The experiments were 
performed in soil which according to the classification 
used in Lithuania was sufficient in total, but low in mo-
bile sulphur. Despite the low content of mobile sulphur 
in the soil, spring wheat did not show any sulphur defi-
ciency – the measured sulphur concentrations in plants at 
different growth stages were higher than critical values 
mentioned in the literature (Spencer and Freney, 1980). 
Therefore the influence of 15 and 30 kg ha-1 sulphur (S) 
applied as potassium sulphate on top of NPK (40 kg ha-1 

of P2O5, 100 kg ha-1 K2O and 90-150 kg ha-1 N) for wheat 
grain yield was insignificant. However the moderate rate 
(20 kg ha-1) of sulphur significantly increased the number 
of pods per spring rapeseed plant, number of secondary 
branches and rape seed yield. However, the N/S ratio in 
rape seeds varied from 7.67 to 9.61 and exceeded the 
critical (10/1) value (Šiaudinis, 2007). 

New nitrogen fertilisers which contain natural sulphur 
minerals have been developed. Their effect is 0.53-0.55 
t ha-1 for winter wheat (at a total 7-8 t ha-1 grain yield 
on Cambisols), 0.03-0.05 t ha-1 for spring rapeseed (at 
total rapeseed yield of 2 t ha-1on Albeluvisols), and 3.8-

4.2 t ha-1 for potato tubers (at 40-50 t ha-1 tuber yield on 
Luvisols) compared with the effect of nitrogen fertiliser 
without sulphur (Mažeika et al., 2008). 

Uptake and Leaching
In recent trials, sulphur (S) uptake per hectare by plant 
production was found to be 30.9 kg for sugar beet roots, 
16.5 kg for annual grasses, 14.9 kg for spring barley and 
12.3 kg for winter wheat grain (Mažvila et al., 2007). The 
uptake by rapeseed was much more – 60-80 kg ha-1 for 2-
3 t ha-1 seed production. Therefore in soil where rapeseed 
was a pre-crop, shortage of sulphur for other crops in the 
rotation markedly increased. 

The essential source of sulphur losses is leaching. The 
amount of leached sulphur ranged from 33.1-202.9 kg 
ha-1 and depended on weather conditions and manage-
ment (Tyla et al., 1997). Up to 80% of sulphur is leached 
over the warm growth period. Long-term experiments 
conducted on sandy and silty loam Cambisol soils showed 
that the variation in amount of leached sulphur was high 
and was influenced by the fertilisation, crop type and 
meteorological conditions. The average concentration of 
sulphates in lysimeter water at 40 cm depth amounted to 

Table 12.1. Effect of mineral fertilisation on the concentration of sulphates in lysimeter water over different periods. Lithuania, LIA (Mažvila et 
al., 2007).

Fertiliser rate kg ha-1 1976-1985 1976-1995 1976-2005
(n 671)

N P2O5 (single superphosphate) K2O SO4
2- mg l-1 In lysimeter water

At 40 cm depth

0 0 0 53±30 39±25 39±20

0 96 96 199±120 128±94 134±90

114 0 96 52±29 44±24 33±16

114 96 0 252±88 167±110 176±103

114 96 96 128±76 115±62 129±67

0 192 192 213±106 202±100 232±125

228 0 192 53±29 36±23 34±16

228 192 0 194±131 198±119 235±110

228 192 192 224±151 212±118 222±115

At 80 cm depth

0 0 0 67±28 45±27 43±19

114 96 96 127±64 115±52 130±64

0 192 192 300±131 293±118 291±117

228 192 192 178±81 218±100 223±102
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39-53 mg l-1 in plots where mineral fertilisers were not 
applied and to 115-252 mg l-1 in fertilised plots (Table 
12.1) (Mažvila et al., 2007). However in a few cases the 
concentration at 40 cm depth was up to 133 mg l-1 when 
no fertilisers were applied and up to 288 and 507 mg l-

1 when fertiliser in doses of N114P96K96 and N228P192K192 
were applied, respectively. Sulphur leaching was closely 
related to the single superphosphate rate and thus to the 
sulphur rate. At the end of a 35-year period (1976-2005) 
the concentration of SO4 in lysimeter water at 40 cm depth 
was 176 mg l-1 when P96 of single superphosphate (with 
56 kg of pure S in gypsum) was applied annually to crops 
in a rotation of winter wheat-sugar beet-spring barley-an-
nual grasses, and 235 mg l-1 when P192 was applied. Based 
on the average data for 1976-2005, it was concluded that 
crop fertilisation with 96 kg ha-1 resulted in a 95 mg l-1 
increase in sulphate concentration in lysimetric water to 
a level of 176 mg l-1, while 192 kg ha-1 phosphorus ferti-
lisation rate resulted in a 189 mg l-1 increase to a level of 
235 mg l-1. 

Although a lot of research has been done at a global 
scale, the optimal rate between nitrogen and sulphur has 
still not been finally estimated, since the potential of 
cultivars is changing as well as cultivation management 
and environmental conditions. The phenomenon is that 
much more sulphur is leached when the cropping system 
is extensive. For example, the five-year average amount 
of leached SO4 with drainage water was 554 kg ha-1 per 
season in organic cropping systems and 349 kg ha-1 of 
SO4 in intensive systems (Gužys, 2001). This could be 
related to the evidence that lack of sulphur in the envi-
ronment is caused by slower nitrate reduction and uti-
lisation. Correlation analyses show the dependency of 
nutrient leaching on crop yield, with the amount of the 
leached elements increasing when crop yield decreases. 
Application of fertiliser to soils is required for economi-
cally viable plant production, although leaching of ele-
ments contributes to eutrophication of streams and lakes. 
However, decreasing the inputs of fertilisers will not au-
tomatically result in decreasing nutrient losses (Šileika et 
al., 2003), so sulphur leaching is not possible to predict 
if good agricultural practice is maintained. The manage-
ment measures implemented to reduce levels of leached 
elements in drainage water and groundwater must include 
balanced fertilisation required for target yield, taking ac-

count of sulphur. An increasing proportion of grasses on 
arable land can also decrease sulphur leaching. 
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