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Abstract: The aim of the present research was to determine the effect of mineral fertilisation only on the

activity of arylsulphatase (EC 3.1.6.1.) and the content of total sulphur and its fraction in soil under winter

wheat. The soil was sampled from a field experiment set up on the area of the Agricultural Experiment Station

at Grabow on the Vistula by the Institute of Soil Science and Plant Cultivation (IUNG) in Pulawy twice in the

vegetation period of winter wheat in 2008. The experiment involved only mineral fertilisation: increasing

rates of ammonium nitrate (0, 40, 80, 120, 160 kgN � ha–1) and fertilisation with P – 70 kgP2O5 � ha–1, K – 90

kgP2O5 � ha–1, Ca – 200 kgCaO � ha–1, Mg – 70 kgMgO � ha–1 and S in fertilisation forms with other elements.

The activity of arylsulphatase was determined following the Tabatabai and Bremner method, and sulphate

sulphur – compliant with the Bardsley–Lancaster method modified by COMN-IUNG. The fertilisation with

ammonium nitrate determined the content of total sulphur and its fraction as well as the activity of

arylsulphatase in Luvisol. The optimum nitrogen rate for the application of which the soil was identified with

the highest content of total and organic sulphur was the rate of 80 kgN � ha–1. The Luvisol investigated

demonstrated a low richness with sulphur and it should be enriched with that nutrient to facilitate the plants

producing the yield adequate in both the quality and the size. A decrease in the activity of arylsulphatase when

exposed to complete fertilisation with nutrients in a form of mineral salts points to an inactivating effect of

ions of those elements on the activity of the enzyme in the soil.
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In the early 1980s numerous ecological actions were taken to reduce the emissions of

sulphur compounds to the atmosphere. As a result of its decreased supply from the air

accompanied by a limited consumption of sulphur-containing fertilisers there were

observed deficits of that element in field crops, eg in Great Britain, Germany and

Denmark [1–3]. Similarly in Polish agriculture there occur symptoms which point to
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sulphur deficits [4–6]. There is a risk that the NPK fertilisation applied will not be

balanced and that sulphur deficit can limit the use of the other nutrients, mostly

nitrogen. The metabolism of those elements is interconnected and the deficit of one of

them inhibits the effect of the other. An insufficient nutrition of plants with sulphur is

seen in the plant look, similarly as when exposed to nitrogen deficit [7]. The difference

in the comparison to the nitrogen deficit symptoms is that with nitrogen deficit older

leaves get lighter in colour and yellow initially and when exposed to sulphur deficit –

those are young leaves which yellow. In such plants there are found considerable

amounts of nitrogen in a non-protein form, the content of reducing sugars decreases and

the content of starch and hemicelullose increases [3].

The aim of the present paper was to determine the effect of exclusively mineral

fertilisation with nitrogen, potassium, phosphorus, calcium, magnesium and sulphur on

the content of total sulphur and its fractions as well as the activity of arylsulphatase (EC

3.1.6.1.) in the soil under winter wheat.

Material and methods

The soil was sampled from a field experiment set up at the Agricultural Experiment

Station at Grabów nad Wis³¹, by the Institute of Soil Science and Plant Cultivation

(IUNG) in Pu³awy twice in the vegetation period of winter wheat in 2008. The soil is a

very good rye complex soil. The experiment involved only mineral fertilisation:

increasing rates of ammonium nitrate (0, 40, 80, 120, 160 kgN � ha–1) and fertilisation

with P – 70 kgP2O5 � ha–1, K – 90 kgP2O5 � ha–1, Ca – 200 kgCaO � ha–1, Mg – 70

kgMgO � ha–1 and S in fertilisation forms with other elements. The experiment was

performed as a split-plot design, the first factor involved increasing rates of nitrogen

fertiliser, the second factor – fertilisation with the other macroelements. There were

applied six levels of the second factor; the first level involved a fertiliser combination of

all the minerals and then one of them was absent in each, respectively; hence the

following six treatments:

1. P, K, Ca, Mg, S;

2. –, K, Ca, Mg, S;

3. P, –, Ca, Mg, S;

4. P, K, –, Mg, S;

5. P, K, Ca, –, S;

6. P, K, Ca, Mg, –.

Mineral fertilisation was applied only. In the treatments with S there was used single

superphosphate and potassium sulphate, while the treatments without S involved triple

superphosphate and high-percentage potassium salt.

The activity of arylsulphatase was determined following the Tabatabai and Bremner

method [8], and sulphate sulphur – according to the Bardsley–Lancaster method

modified by COMN-IUNG [9]. Organic sulphur was calculated from the difference

between the content of total sulphur and S-SO4
2–. For the results of the content of

sulphur and the activity of the enzyme, there was performed the analysis of variance

with the Tuke’y semi-intervals of confidence (p = 0.05).
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Results and discussion

The reaction of the soil ranged from 6.37 to 6.84 units for the soil sampled from soil

from soil was sampled from a field experiment at Grabów nad Wis³¹ (Table 1). The

reaction of the soils analysed ranged from slightly acid through acid to neutral.

Table 1

Reaction (pH in 1mol KCl � dm–3) of soil the years of investigation

Treatments
Nitrogen fertilization [kg � ha–1]

0 40 80 120 160

1. P, K, Ca, Mg, S 6.78 6.77 6.68 6.84 6.62

2. –, K, Ca, Mg, S 6.81 6.76 6.65 6.68 6.65

3. P, –, Ca, Mg, S 6.69 6.63 6.69 6.77 6.58

4. P, K, –, Mg, S 6.67 6.84 6.63 6.65 6.54

5. P, K, Ca, –, S 6.72 6.77 6.61 6.64 6.56

6. P, K, Ca, Mg, – 6.56 6.49 6.42 6.63 6.37

The content of total sulphur in the Luvisol investigated was, on average, for all the

experimental treatments 0.05 g � kg–1. The range of occurrence of that element in the

soil was quite wide and ranged from 0.015 g � kg–1 to 0.103 g � kg–1 (Fig. 1a, b). The

contents of sulphur recorded in the present research classified the soil, applying the

grading scale developed by IUNG, as showing a natural (� 0.150 g � kg–1) sulphur

content [5, 10].

There was observed an effect of the mineral fertilisation applied on the concentration

of that nutrient in the soil analysed. The highest contents of total and organic sulphur

were determined in the soil sampled from the plots where complete fertilisation with all

the macroelements was applied, where the content of Stot was, on average, 0.066 g � kg–1

and Sorg 59.00 mg � kg–1 (Fig. 1b, 2b). The lowest amounts of total sulphur and organic

sulphur compounds in the soil, on the other hand, were determined for the treatments

with sulphur fertilisation, however, without Ca and Mg fertilisation (Fig. 1b, 2b).

Total sulphur covers a total content of organic and mineral compounds of that

element which occurs in soil. In Polish soils organic sulphur is a dominant form of

occurrence of that element and its content ranges a lot from 6 to 688 mg � kg–1 [5]. The

share of that sulphur fraction in total sulphur in the humus horizons of mineral soils

accounts for 50–80 % [3]. Liming enhances the release of sulphur eg by accelerating the

decomposition of organic compounds, leading to the transformation of sulphur into

soluble sulphates [9]. Earlier Williams [12] found that the application of CaCO3 results

in an increase in the concentration of soluble sulphates and sulphur mineralization up to

the value of pH 7.5, above that pH value there occurs a fast process of chemical

bonding of sulphates.

The transformations of organic sulphur to the mineral form do not always result in

a considerable increase in the content of sulphates in soil [13]. Most probably

considerable amounts of inorganic sulphur are leached deep down the soil profile in

winter and at the beginning of the vegetation period, especially in light soils [7, 15].
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The fertilisation with ammonium nitrate also modified the content of both sulphur

forms. Their lowest amount was reported in the soil sampled from the treatments with

the rate of N 40 kgN � ha–1 (Fig. 2a, 3a).

The content of the sulphur form available to plants ranged from 2.368 g � kg–1

to 14.42 g � kg–1 (Fig. 3a, b). In most soils under agricultural use the content of

sulphate sulphur in Poland does not exceed 25 mg � kg–1 of soil. In most soils, namely
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Fig. 1. Content of total sulphur in soil as dependent on fertilization



70 % of the agricultural acreage, the content of that sulphur fraction ranges from 5.0 to

20.0 mg � kg–1 [14]. The content of sulphate sulphur was, on average, 8.219 mg � kg–1.

Such soil richness with available sulphur is considered low and wheat, although found

to represent the group of plants of low sulphur requirements, needs supplementary

sulphur fertilisation [15]. There was noted an effect of the mineral fertilisation applied

on the content of that sulphur fraction in the soil from Grabow. The highest content of
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sulphate sulphur was recorded in the soil sampled from the treatments with nitrogen

fertilisation at the rate of 80 kg � ha–1 (Fig. 3a).

The increase in the nitrogen rate to 120 and 160 kg � ha–1 resulted in a decrease in the

content of the sulphur form available to plants. There was observed an effect of

fertilisation with the other macronutrients on the content of S-SO4
2–. The highest

content of sulphur available to plants was noted in the soil sampled from the treatments
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without P fertilisation (treatment 2), a slightly lower – for the treatments without K and

Ca (treatments 3 and 5) (Fig. 3b). The lowest amount of S-SO4
2–, on the other hand, was

obviously reported in the soil where no fertilisation with that nutrient was used

(Fig. 3b).

There was observed an effect of the mineral fertilisation on the activity of

arylsulphatase (Fig. 4a, b). The activity of the hydrolase investigated in the soil sampled
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from the plots fertilised with nitrogen at the rate of 120 kg � ha–1 was highest, while its

lowest activity was noted in the soil sampled from the treatments fertilised with

ammonium nitrate at the rate of 40 kg � ha–1. As for the control treatment, the activity of

hydrolase was 5 % higher. One can thus assume that there must have occurred an

inhibition of the activity of that enzyme. The applicable literature [16, 17] reports on a

negative effect of ions (NO3
–, NO2

–, PO4
3–, SO4

2–, Cl–) on the enzymatic activity of soil.

The present research also report on an inhibiting effect of mineral salts on the activity of

arylsulphatase. Its lowest activity was assayed in the soil sampled from the treatments

with complete mineral fertilisation.

Conclusions

1. The fertilisation with ammonium nitrate determined the content of total sulphur

and its fraction in Luvisol. The optimum rate of nitrogen in a form of mineral salt was

the rate of 80 kg N � ha–1. Higher amounts of that macroelement introduced into soil did

not result in an increase in the content of sulphur and its fraction in soil.

2. Complete balanced fertilisation with nitrogen, phosphorus, potassium, magnesium,

calcium and sulphur created favourable soil conditions to the occurrence of sulphur of

organic compounds and total sulphur in soil.

3. The highest amount of sulphate sulphur (VI) was noted in the soil samples

fertilised with potassium, magnesium, calcium and sulphur, however, non-fertilised

with phosphorus.

4. The Luvisol investigated showed a low richness with sulphur and, as such, it

should be enriched with that nutrient to make it possible for the plants to produce the

yield adequate in both the quality and the size.

5. A decrease in the activity of arylsulphatase when exposed to complete fertilisation

with nutrients in a form of mineral salts points to an inactivating effect of the ions of

those elements on the activity of arylsulphatase in soil.
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WP£YW NAWO¯ENIA MIKROSK£ADNIKAMI NA ZAWARTOŒÆ SIARKI

ORAZ AKTYWNOŒÆ ARYLOSULFATAZY W GLEBIE
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Uniwersytet Technologiczno-Przyrodniczy w Bydgoszczy

Abstrakt: Celem pracy by³o okreœlenie wp³ywu wy³¹cznie mineralnego nawo¿enia na aktywnoœæ arylosul-

fatazy (EC 3.1.6.1.) oraz zawartoœæ siarki ogó³em i jej frakcji w glebie spod uprawy pszenicy ozimej. Próbki

gleby pobrano z doœwiadczenia polowego za³o¿onego na terenie RZD w Grabowie nad Wis³¹, przez IUNG

w Pu³awach dwukrotnie w sezonie wegetacyjnym pszenicy ozimej w 2008 r. W doœwiadczeniu zastosowano

tylko nawo¿enie mineralne: wzrastaj¹ce dawki saletry amonowej (0, 40, 80, 120, 160 kgN � ha–1) oraz

nawo¿enie P – 70 kgP2O5 � ha–1, K – 90 kg P2O5 � ha–1, Ca – 200 kgCaO � ha–1, Mg – 70 kg MgO � ha–1 i S w

formach nawozowych z innymi pierwiastkami. Aktywnoœæ arylosulfatazy oznaczono wg metody Tabatabai i

Bremnera, a siarkê siarczanow¹ zgodnie z metod¹ Bardsleya–Lancastera w modyfikacji COMN-IUNG.

Nawo¿enie saletr¹ amonow¹ determinowa³o zawartoœæ siarki ogó³em i jej frakcji oraz aktywnoœæ arylosulpha-

tazy w p³owej glebie. Optymaln¹ dawk¹ azotu, przy zastosowaniu której stwierdzono w glebie najwiêksz¹

iloœæ siarki ogó³em i organicznej, by³a iloœæ 80 kgN � ha–1. Badana gleba p³owa wykazywa³a nisk¹ zasobnoœæ

w siarkê i powinna byæ wzbogacona w ten sk³adnik, by umo¿liwiæ roœlin wydanie plonu o odpowiedniej

jakoœci i iloœci. Zmniejszenie aktywnoœci arylosulfatazy przy pe³nym nawo¿eniu sk³adnikami pokarmowymi

w postaci soli mineralnych wskazuje na inaktywuj¹cy wp³yw jonów tych pierwiastków na aktywnoœæ enzymu

w badanej glebie

S³owa kluczowe: arylosulphataza, siarka, gleba, makrosk³adniki
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