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Abstract: Over years 2005–2007 research was carried out to determine the effect of sulphur fertilisation on
the content of total nitrogen and its mineral forms in Luvisol. Sulphur was applied in an ionic form as sodium
sulphate(VI) and in an elemental form as Siarkol Extra at the dose: 0, 20, 40, 60 kg per hectare. Following the
application of sulphur at the dose of 60 S kg × ha–1. A significant increase was recorded in the mean content of
total nitrogen in soil, as compared with the control. There was shown no clear effect of neither the sulphur
form applied nor its dose on the mean content of ammonium nitrogen in soil, while those factors significantly
differentiated the content of nitrate nitrogen(V) in soil.
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Over the recent years the transformation of economy and proecological actions have
resulted in an about 40 % decrease in sulphur dioxide emissions in Poland. There has
been a limited supply of sulphur from industrial emissions, which decreased the content
of this macronutrient in soil considerably, thus decreasing the value of ratio N:S in
plants, being an essential yield quality indicator [1, 2]. Today in Poland more than half
of the soils used for agricultural purposes demonstrates natural or low sulphur content
[3]. This element participates in plant metabolic processes, is a building component of
proteins and an essential part of exogenous amino acids and thus constitutes an
indispensable component of living organisms [4, 5].

With that in mind, research has been launched to determine the effect different forms
of sulphur and the dose on the content of total nitrogen and its mineral forms in Luvisol.
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Material and methods

The research involved soil sampled from a two-factor static field experiment set up
following the randomized complete block design, at the Experiment Station of the
Faculty of Agriculture at Wierzchucinek in the vicinity of Bydgoszcz. The research was
performed over years 2005–2007 based on three parallel field experiments carried out in
three repetitions. The experiments involved the following crops:

Experiment I: 2005 – spring barley, 2006 – narrow leaf lupin, 2007 – mustard.
Experiment II: 2005 – narrow-leaf lupin, 2006 – mustard, 2007 – spring barley.
Experiment III: 2005 – mustard, 2006 – spring barley, 2007 – narrow-leaf lupin.
The experiment was carried out in Haplic Luvisol, of good rye complex. In the year

in which the experiment was established the soil demonstrated the following properties:
pHKCl – 5.8; humus content 1.13 %; total nitrogen content – 0.72 g × kg–1; ratio C:N
– 8.9:1.

The factors investigated were the sulphur forms (n = 2, factor I) and doses (n = 4,
factor II) of sulphur-containing compounds. They were used in an ionic form as sodium
sulphate(VI) and as elemental sulphur in a form of Siarkol Extra, at the following doses
in kilograms per hectare: 0, 20, 40, 60. Sulphur fertilisers were applied into soil, once
prior to plant sowing. After three research years the soil was sampled from the arable
layer (0–25 cm); the following were determined in the samples: total nitrogen with the
Kjeldahl method, ammonium nitrogen with the distillation method and nitrate(V)
nitrogen colorimetrically with phenoldisulphonic acid.

The results were statistically verified, applying the analysis of variance; the
differences were verified with the Tukey test at the significance level of a = 0.05.

Results and discussion

After the application of sulphur at the dose of 60 kg S × ha–1 there was noted
a significant increase (by 1.4 %) in the mean content of total nitrogen in soil as
compared with the control. The other sulphur doses investigated (20 kg × ha–1 and
40 kg × ha–1) did not differentiate the mean content of total nitrogen in soil significantly
(Table 1). Similarly Klikocka [6] did not observe significant changes in the content of
total nitrogen in soil following the application of different sulphur doses (25 and 50 kg
S × ha–1) in a form of ammonium sulphate(VI) when growing triticale. One shall note
that the highest dose (60 kg S × ha–1) applied for lupin growing was the only one which
resulted in a significant increase in the mean content of total nitrogen in soil as
compared with the treatments with the fertilisation dose of 40 kg S × ha–1. After three
research years it was observed that the varied sulphur dose affected the nitrogen
concentration in soil neither under spring barley nor under mustard. Interestingly, of all
the sulphur doses applied, the dose of 20 kg S × ha–1 in a form of sodium sulphate(VI)
was the only one which demonstrated a clearly more favourable effect on the content of
total nitrogen than the same amount of sulphur contained in a form of Siarkol Extra.
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Table 1

Content of total nitrogen in soil [N g × kg–1]

Experiment
Form

of sulphur

Sulphur dose [kg S × ha–1]
Mean LSD0.05

0 20 40 60

Na2SO4 0.71 0.74 0.72 0.73 0.72 I – ns
II – ns

I in II – ns
II in I – ns

I Siarkol* 0.73 0.71 0.73 0.74 0.73

Mean 0.72 0.72 0.72 0.73 0.72

II

Na2SO4 0.62 0.67 0.67 0.63 0.65 I – ns
II – ns

I in II–0.049
II in I – 0.068

Siarkol* 0.60 0.60 0.64 0.66 0.62

Mean 0.61 0.63 0.65 0.64 0.63

III

Na2SO4 0.78 0.78 0.74 0.77 0.76 I – ns
II – 0.030

I in II – 0.039
II in I – 0.042

Siarkol* 0.75 0.73 0.73 0.77 0.74

Mean 0.76 0.75 0.73 0.77 0.75

Mean

Na2SO4 0.70 0.73 0.71 0.71 0.71 I – ns
II – 0.001

I in II – 0.026
II in I – 0.002

Siarkol* 0.69 0.68 0.70 0.72 0.70

Mean 0.70 0.70 0.70 0.71 0.70

* Siarkol – elemental sulphur.

As reported in literature [7], the excessive amount of sulphur introduced into soil
both in a form of acid rain or dry deposition affects the soil processes thus decreasing eg
the amount of cations Ca2+ and Mg2+. As a result, the soil gets poorer in alkaline
components. The soil researched showed a slightly acidic reaction, however, the
application of sulphur at the doses and forms compliant with the assumptions of the
experiment did not result in considerable changes in the content of total nitrogen.

Mineral nitrogen forms are most easily available for plants and their contents in soil
are used to define nitrogen doses and they are an indicator of the soil environment status
[8].

Mean contents of ammonium nitrogen, as affected by the experimental factors
investigated, varied and reached in soil under mustard (experiment I), spring barley
(experiment II), yellow lupin (experiment III), respectively: 13.8 mg × kg–1, 13.4
mg × kg–1 and 16.2 mg × kg–1.

Under the conditions of the present experiment, there was demonstrated no clear
effect of neither the sulphur form applied nor its dose on the content of ammonium
nitrogen in soil (Table 2). One shall, however, note that as a result of the sulphur doses
applied, the contents of this nitrogen form slightly decreased, as compared with the
control, reaching the lowest value equal to 16 mg × kg–1 after the use of 60 kg S × ha–1.
According to Kopec [4], a combined mineral fertilization (NPK) increases the nitrogen
leaching considerably. Reports by Spychaj-Fabisiak and Murawska [10] confirm that
ammonium nitrogen is especially heavily leached from acid soil, and one shall stress
that the experiment was carried out on slightly acidic soil. The intensity of leaching also
effected the mineral nitrogen dose, soil type and the amount and reaction of
precipitation [11]. However, in the present research there was noted a more favourable
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effect of Siarkol Extra thanks to which in each fertilisation treatment the mean content
of ammonium nitrogen was significantly higher as compared with the treatments with
sodium sulphate(VI) fertiliser. Siarkol Extra gets solved in water much harder, and so
its acidifying effect is lower, which, in turn, could have led to lower ammonium
nitrogen leaching. It was also demonstrated that the experimental factors did not
differentiate the mean content of this nitrogen form determined in soil after harvest of
mustard, spring barley and lupin.

Table 2

Content of ammonium nitrogen in soil [N-NH4
+ mg × kg–1]

Experiment
Form

of sulphur

Dose of sulphur [kg S × ha–1]
Mean LSD0.05

0 20 40 60

I

Na2SO4 14.4 13.5 12.6 12.2 13.2 I – ns
II – ns

I in II – ns
II in I – ns

Siarkol* 15.4 14.0 14.0 13.8 14.3

Mean 14.9 13.8 13.3 13.0 13.7

II

Na2SO4 12.6 13.1 12.6 12.2 12.6 I – 1.398
II – ns

I in II – 1.533
II in I – 0.739

Siarkol* 14.0 13.6 14.6 14.4 14.2

Mean 13.3 13.4 13.6 13.3 13.4

III

Na2SO4 20.6 21.4 21.0 21.3 21.0 I – ns
II – 0.667
I in II – ns
II in I – ns

Siarkol* 21.8 22.4 22.4 22.0 22.2

Mean 21.2 21.9 21.7 21.7 21.6

Mean

Na2SO4 15.5 16.0 15.4 15.2 15.5 I – 0.440
II – 0.278

I in II – 0.454
II in I – 0.393

Siarkol* 17.4 16.7 17.0 16.7 17.0

Mean 16.5 16.3 16.2 16.0 16.2

* Siarkol – elemental sulphur.

Nitrate(V) nitrogen is a form totally soluble in water. It shows a special mobility,
does not undergo physicochemical sorption, which makes it easily leaching deep down
the profile, thus contaminating ground and surface waters [12].

The content of nitrate(V) nitrogen in soil (Table 3) depended significantly on the
experimental factors. The total mean content of this nitrogen form was 3.46 mg × kg–1.
On average the highest content of nitrate(V) nitrogen was recorded in the soil under
mustard (5.98 mg × kg–1), while the lowest – soil under narrow-leaf lupin – 1.82
mg × kg–1. On average the highest content of nitrate(V) nitrogen was recorded for soil
under mustard (5.98 mg × kg–1), whereas the lowest – the soil under narrow-leaf lupin –
1.82 mg × kg–1. However, due to Siarkol Extra fertilization, the content of nitrate(V)
nitrogen in soil was on average 3.57 mg × kg–1 and it was 6.6 % significantly higher than
the one recorded due to the application of sodium sulphate(VI). There was also
observed a significant increase in the mean content of this nitrogen form due to different
sulphur doses. This increase, as compared with the control, was highest after the
application of 60 kg S × ha–1 and it accounted for 2.9 %.
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Table 3

Content of nitrate nitrogen (V) in soil [N-NO3
– mg × kg–1]

Experiment
Form

of sulphur

Dose of sulphur [kg S × ha–1]
Mean LSD0.05

0 20 40 60

Na2SO4 5.21 5.39 5.21 6.53 5.58 I – 0.294
II – 0.249

I in II – 0.384
II in I – 0.352

I Siarkol* 5.52 5.85 6.33 7.86 6.39

Mean 5.36 5.62 5.77 7.19 5.98

II

Na2SO4 3.12 3.27 2.58 2.36 2.83 I – 0.046
II – 0.315
I in II – ns
II in I – ns

Siarkol* 3.13 3.32 2.50 2.70 2.91

Mean 3.13 3.29 2.54 2.53 2.87

III

Na2SO4 1.74 1.69 1.72 1.82 1.74 I – ns
II – 0.103

I in II – 0.159
II in I – 0.146

Siarkol* 2.05 1.65 1.85 2.07 1.90

Mean 1.89 1.67 1.78 1.94 1.82

Mean

Na2SO4 3.35 3.30 3.17 3.57 3.35 I – 0.076
II – 0.034

I in II – 0.048
II in I – 0.070

Siarkol* 3.57 3.61 3.56 3.54 3.57

Mean 3.46 3.45 3.36 3.56 3.46

* Siarkol – elemental sulphur.

One shall note that the experimental factors studied clearly differentiated the content
of nitrate(V) nitrogen in soil under spring barley. There was recorded a more favourable
effect of Siarkol Extra after the application of which a 2.8 % increase in the content of
nitrate(V) nitrogen in soil was identified as compared with the treatments with sodium
sulphate(VI) fertiliser. Following the application of the highest sulphur doses in-
vestigated (40 kg S × ha–1 and 60 kg S × ha–1), there was a clear decrease in the content of
nitrate(V) nitrogen in soil which was, respectively: 18.8 % and 19.2 %, as compared
with the control.

In the soil under narrow-leaf lupin, after the application of the dose of 20 kg S × ha–1

there was recorded a significant decrease, as compared with the control, in the content
of nitrate(V) nitrogen (by 11.6 %). However, there was recorded no clear effect of the
kind of the sulphur fertiliser on the content of this form of nitrogen.

Conclusions

1. After the application of sulphur at the dose of 60 kg S × ha–1 there was recorded
a significant increase in the content of total nitrogen in soil, as compared with the
control.

2. The content of nitrate(V) nitrogen in the soil researched depended significantly
both on the sulphur form and its dose, however in the case of ammonia nitrogen no such
relationship was recorded.

Content of Total Nitrogen and Its Mineral Forms in Soil... 785



References

[1] Oenema O. and Postma R.: [in:] Managing sulphur in agroecosystems, Abrol Y.P. and Ahmad A. (eds.),
Kluwer Publ., Dordrecht 2003, 45–70.

[2] Podleœna A.: Pamiêt. Pu³aw. 2005, 139, 161–174.
[3] Motowicka-Terelak T. and Terelak H.: Zesz. Nauk. AR w Szczecinie 2000, 204, Rolnictwo 81, 7–16.
[4] Fotyma E.: Nawozy i Nawo¿enie 2003, 17, 117–136.
[5] Lipiñski W., Terelak H. and Motowicka-Terelak T.: Biblioteka Monitoringu Œrodowiska, Warszawa

2003, 1–106.
[6] Klikocka H.: Fragm. Agronom. 2004, (XXI), 3(83), 70–79.
[7] Motowicka-Terelak T. and Terelak H.: Zesz. Probl. Post. Nauk Roln. 1994, 413, 235–240.
[8] Fotyma E. and Fotyma M.: Nawozy i Nawo¿enie 2000, 4, 91–101.
[9] Kopeæ S.: Wiad. Inst. Melior. U¿ytk. Zielon. 1985, 157–171.

[10] Spychaj-Fabisiak E. and Murawska B.: Zesz. Probl. Post. Nauk Roln. 1998, 456, 357–362.
[11] Spychaj-Fabisiak E. and Andrzejewski J.: Zesz. Nauk. ATR w Bydgoszczy 1992, 178, Rolnictwo 31,

13–20.
[12] Spychaj-Fabisiak E.: Modelowanie procesów wymywania przyswajalnych zwi¹zków azotu w zale¿noœci

od w³aœciwoœci gleb, ATR w Bydgoszczy, Rozprawy 100, 2001, pp. 77.

ZAWARTOŒCI AZOTU OGÓ£EM I JEGO FORM MINERALNYCH
W GLEBIE PO ZASTOSOWANIU ZRÓ¯NICOWANEGO NAWO¯ENIA SIARK¥

Katedra Chemii Rolnej
Uniwersytet Technologiczno-Przyrodniczy w Bydgoszczy

Abstrakt: W latach 2005–2007 przeprowadzono badania, których celem by³o okreœlenie wp³ywu nawo¿enia
siark¹ na zawartoœæ azotu ogó³em i jego form mineralnych w glebie p³owej. Siarkê stosowano w postaci
jonowej w formie siarczanu(VI) sodu oraz w postaci elementarnej jako Siarkol Extra w dawkach: 0, 20, 40,
60 kg na hektar. Po zastosowaniu siarki w dawce 60 S kg × ha–1 stwierdzono znaczny wzrost œredniej
zawartoœci azotu ogó³em w glebie, w porównaniu do obiektu kontrolnego. Nie wykazano wyraŸnego wp³ywu

zastosowanej formy siarki, jak równie¿ jej dawki na œredni¹ zawartoœæ azotu amonowego w glebie, natomiast

czynniki te w znaczny sposób ró¿nicowa³y zawartoœci azotu azotanowego(V) w glebie.

S³owa kluczowe: siarka, nawo¿enie, azot ogó³em, mineralne formy azotu
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