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Abstract

The aim of this research was to determine the effect of mineral fertilisation 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 collected from a field experiment set up at the Agri-
cultural Experimental Station in Grabéw nad Wistg by the Institute of Soil Science and
Plant Cultivation (IUNG) in Putawy. The sampling was carried out twice during the vege-
tative period of maize in 2008. The experiment involved exclusive mineral fertilisation com-
posed of increasing rates of ammonium nitrate (0, 50, 100, 150, 200 kg N ha=1), and fertili-
sation with P — 80 kg P,Oy4 ha-l, K — 140 kg K,0 hal, Ca — 200 kg CaO ha™l, Mg —
70 kg MgO ha! and S in fertilisation forms with other elements. The activity of arylsul-
phatase was determined following the Tabatabai and Bremner method, and sulphate sul-
phur was assayed compliant with the Bardsley-Lancaster method. 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 leading to the highest aryl-
sulphatase activity in soil was the rate of 100 kg N ha~l. The analysed Luvisol demon-
strated low sulphur abundance and should be enriched with this nutrient to ensure that
the plants would produce yields adequate in terms of both quality and quantity.
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AKTYWNOSC ARYLOSULFATAZY ORAZ ZAWARTOSC SIARKI OGOLEM
I JEJ FORM POD WPLYWEM NAWOZENIA AZOTEM
I POZOSTALYMI MAKROELEMENTAMI

Abstrakt

Celem pracy bylo okreslenie wplywu mineralnego nawozenia na aktywnos¢ arylosul-
fatazy (EC 3.1.6.1.) oraz zawarto$¢ siarki ogotem i jej frakcji w glebie spod uprawy kuku-
rydzy. Probki gleby pobrano z do$wiadczenia polowego, zalozonego na terenie RZD w Gra-
bowie nad Wistg przez IUNG w Putawach, dwukrotnie w sezonie wegetacyjnym kukurydzy
w 2008 roku. W doswiadczeniu zastosowano tylko nawozenie mineralne: wzrastajace daw-
ki saletry amonowej (0, 50, 100, 150, 200 kg N ha™! ) oraz nawozenie: P — 80 kg P,04 hal,
K - 140 kg K,0 ha™l, Ca — 200 kg CaO hal, Mg - 70 kg MgO ha! i S w formach
nawozowych z innymi pierwiastkami. Aktywno$¢ arylosulfatazy oznaczono wg metody Ta-
batabai i Bremnera, a siarke ogdlem i siarczanowa zgodnie z metodg Bardsleya-Lancastera.
Nawozenie saletra amonowa wplywalo na koncentracje siarki organicznej i siarczanowej
oraz aktywno$c¢ arylosulfatazy w glebie ptowej. Zawarto$¢ siarki ogélem wynosita $rednio
0,053 g kg™l i nie zalezala od zastosowanego nawozenia mineralnego. Optymalna dawka
azotu, po ktorej zastosowaniu stwierdzono w glebie najwiekszg aktywno$é arylosulfatazy,
byto 100 kg N ha!. Na podstawie zawartosci siarki siarczanowej (§rednio 11.0 mg kg™1)
zakwalifikowano badana glebe do gleb o Sredniej zasobnosci w siarke, dlatego uprawa ku-
kurydzy wymaga uzupelnienia zawarto$ci tego pierwiastka, by umozliwié¢ roslinom wydanie
plonu o odpowiedniej jakoSci i wielkoSci.

Stowa kluczowe: arylosulfataza, siarka, gleba, makrosktadniki.

INTRODUCTION

Over the last twenty years, sulphur deficiency has been recognized as
a constraint on crop production all over the word (ERIKSEN et al. 2004, Mas-
CAGNI et al. 2008, ScHERER 2009). The main reasons are the reduction of sul-
phur emission from various industrial sources, increasing use of high-analy-
sis low-S-containing fertilizers, and the decreasing use of S-containing
fungicides and pesticides (SCHRERER 2001, ERIKSEN et al. 2004.). Sulphur in
soil occurs in inorganic and organic forms and it is cycled between these
forms by mobilization, mineralization, immobilization, oxidation and reduc-
tion processes. Organic sulphur occurs mainly in two primary forms: as es-
ter sulphates and carbon bonded (C-S). While organic sulphur compounds
are largely immobile, inorganic sulphur is more mobile and sulphate (SO42_)
is the most mobile form (ScHERER 2001). Arylsulphatases are enzymes that
catalyse the hydrolysis of aromatic sulphate esters (C-O-SO57) to phenols
(R-OH) and sulphate (SO42_) In soil, sulphate esters represent a large frac-
tion (25.3-93.1%) of the total S and therefore, arylsulphatases may be impor-
tant for mobilisation of inorganic SO 42_ for plant nutrition (FITZGERALD 1976).
Soil enzymes play key biochemical functions in the overall process of organ-
ic matter decomposition in the soil system (SiNsaBAUGH 1994). Mineral fertili-
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sation stimulates biochemical reactions in soils, however, it is also a suppli-
er of anions an excessive concentration of which can lead to the inhibition
of enzymatic reactions in soil.

The aim of the paper was to determine the effect of mineral fertilisa-
tion on the activity of arylsulphatase and the content of total sulphur and
its fraction in soil under maize cultivation.

MATERIAL AND METHODS

The soil was collected from a field experiment set up in the Agricultural
Experimental Station in Grabow nad Wisla, conducted by the Institute of
Soil Science and Plant Cultivation (IUNG) in Putawy. The soil sampling was
performed twice in the vegetative period of maize in 2008. The soil was a
very good rye complex soil. The experiment involved only mineral fertilisa-
tion consisting of increasing rates of ammonium nitrate (0, 40, 80, 120,
160 kg N ha™1), and fertilisation with P — 80 kg P,O, ha!, K — 140 kg K,O
ha-1, Ca — 200 kg CaO ha!, Mg — 70 kg MgO ha_51 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, and
the second one corresponded to fertilisation with the other macroelements.
There were six treatments of the second factor. The first level involved
a fertiliser combination of all the minerals, and then one element was ab-
sent in the following treatments; 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, —.

In the treatments with S, single superphosphate and potassium sulphate
were used, while the treatments without S consisted of triple superphos-
phate and high-percentage potassium salt.

The activity of arylsulphatase was determined following the TABATABAI
and BREMNER method (1970), and the sulphate sulphur activity was analyzed
according to the BARDSLEY-LANCASTER method (1960). Organic sulphur was cal-
culated from the difference between the content of total sulphur and
S-S0,2~. The results of the sulphur content and the activity of the exam-
ined enzyme were processed using an analysis of variance with Tukey’a semi-
intervals of a confidence test (p = 0.05).
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RESULTS AND DISCUSSION

The reaction of the soil collected from the field in Grabow nad Wislg
ranged from 6.18 to 6.81 pH (Table 1). The reaction of the analysed soil
ranged from slightly acid to neutral. Changes in the soil reaction were
caused by neither the increasing rates of ammonium nitrate nor the vari-
ous combinations of P, K, Ca, Mg and S fertilisation. CzEkara et al. (2002)
found that changes in the soil reaction were to a greater extent caused by
the crops grown than nitrogen fertilisation. The content of sulphur available
to plants depends on the soil reaction; when exposed to a higher soil pH,
more sulphur is released owing to a higher rate of organic matter decompo-
sition; when the soil pH is lower, an increased adsorption of sulphates on
hydrate iron and aluminium oxides as well as kaolinite occurs (JOHNSON
1984). Similarly, the activity of soil enzymes depends on the concentration
of hydrogen ions in soil. Arylsulphatase has a broad pH optimum from
5.8-8.2 (KrosE et al. 1999).

Table 1
Reaction (pH in 1 mol KC1 dm™3) of soil in the year of the experiment
Nitrogen fertilization (kg ha=1)
Treatments 0 50 100 150 200
1. P, K, Ca, Mg, S 6.28 6.59 6.54 6.76 6.56
2.— ,K Ca, Mg, S 6.51 6.36 6.49 6.59 6.25
3.P,— ,Ca, Mg, S 6.23 6.51 6.72 6.18 6.37
4. P K, - ,Mg, S 6.72 6.45 6.63 6.56 6.64
5.P,K Ca, —,S 6.67 6.33 6.58 6.38 6.58
6. P K, Ca, Mg, — 6.81 6.51 6.75 6.36 6.61

The content of total sulphur in soil ranged from 0.038 g kg~! to 0.059 g
kg!. MoTowicka-TERELAK and TERELAK (1998) indicated that the content of S,
in mineral soils under agricultural use ranged from 0.07 to 1.07 g kg1. In
the examined soil, the content of total sulphur was found below the range
characteristic for mineral soils in Poland’s agricultural areas. According to
Yana et al. (2007) or Kotkova et al. (2008), the total soil sulphur depends on
the type of fertilisers applied (mineral or organic). In our experiment, both
types of fertilisation, with nitrogen and with the other macroelements, af-
fected the content of sulphur in the soil. In the plots receiving either NK or
NPKS fertilizers for more than 80 years, no significant accumulation of to-
tal sulphur, as compared with the control, could be detected (Yanc et al.
2007). The highest total sulphur content was observed in the soil collected
from the treatments with the highest rate of ammonium nitrate (200 kg
ha=1) — Figure 1. The other nitrogen fertiliser rates did not show any signif-
icant effect on the content of this macroelement in soil. However, fertilisa-
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Fig. 1. Content of total sulphur in soil as dependent on fertilization

tion with the other macroelements resulted in a significant effect of the
type of macroelements on the content of total sulphur. Its highest rate was
determined in soil fertilised with P, K, Ca, —, S (treatment 5) — Figure 2.
The total sulphur content in soil from that treatment was 8% higher than
in the control treatment without sulphur fertilisation and 14% higher than
in the treatment including fertilisation with all the macroelements. The
present research did not identify the effect of the soil sampling date on the
content of this sulphur fraction. Total sulphur includes the total content of
organic and mineral compounds of this element which occurs in soil and so
the application of fertilisers containing sulphur results in an increase in the
content of the nutrient in soil, whereas the immobilization and mineraliza-
tion processes depend on the physicochemical soil properties, climate and
the vegetation (McGraTH et al. 2003) and occur at varies intensity in the
vegetation period (WIELEBSKI 2000).
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Fig. 2. Content of sulphate sulphur in soil as dependent on fertilization

Inorganic S is generally much less abundant than organically bound S
in most of the agricultural soils (BoHN et al., 1986). Sulphate, the most com-
mon form of inorganic S, is divisible into SO42‘ in soil solution, adsorbed
SO 42‘ and mineral sulphur (ScHERER 2001). Sulphate sulphur in the analysed
soil ranged from 8 to18 mg kg1, depending on the fertilisation with nitro-
gen and the other nutrients (Figure 2). In most agriculturally used soils in
Poland, the content of sulphate sulphur does not exceed 25 mg kg1 of soil.
In most soils, i.e. 70% of the total arable land, the content of this sulphur
fraction ranges from 5.0 to 20.0 mg kg1 (LipiNsk1 et al. 2003). The content
of sulphate sulphur determined in our study was, on average, 11 mg kg1.
This level of soil richness in available sulphur is considered a medium one,
hence maize needs supplementary sulphur fertilisation (LipiNski et al. 2003).
The content of sulphate sulphur depended significantly on the rates of am-
monium nitrate. The highest content of this sulphur form, 8% higher, was
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reported in the soil sampled from the control treatments with no nitrogen
fertilisation (Figure 2a). As for the fertilisation with macroelements, the high-
est content of sulphates occurred in the soil collected from the treatments
fertilised with P, K, Mg, S (4) and P, K, Ca, —, S (5) — Figure 2b.

In Polish soils, organic sulphur is a dominant form of the element, with
its content falling within a wide range of 6 to 688 mg kg~!. The share of
this sulphur fraction in total sulphur varies from 50 to 80% in the humus
horizons of mineral soils (MoTowiCKA-TERELAK, TERELAK 1998). In the soil sam-
pled from the Grabow experiment, the share of organic sulphur in total
sulphur depended on the fertilisation variant, and ranged from 61 to 80%
(Figure 3). The content of sulphur in organic compounds found in the soil
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Fig. 3. Percentages of organics sulphur in total sulphur in soil as dependent on fertilization

was within the range from 26 to 46 mg kg~! (Figure 4) and did not undergo
significant changes during the maize growing season, although it depended
on the applied fertilisation. The highest amount of this sulphur fraction was
noted in the treatments fertilised with the highest rate of ammonium ni-
trate and fertilisers containing —, K, Ca, Mg, S (treatment 2) and P, —, Ca,
Mg, S (treatment 3) — Figure 5. KnicHTs et al. (2001) found that a 153-year-
-long application of FYM in the experiment in Broadbalk resulted in an
increase in the content of organic sulphur in soil, whereas soil fertilised
with mineral fertilisers only showed a low level of organic sulphur in all
plots. The authors also observed an increase in the level of mineralization
in the soil sampled from the plots fertilised with FYM, as compared with
those treated with mineral fertilisation and so they claim that long-term
FYM fertilisation definitely supplies plants with sulphur.

Soil enzymes play a biochemical function in the overall process of or-
ganic matter decomposition in the soil system (BurNns 1983). They are en-
gaged in catalysing several important reactions necessary for the life proc-
esses of microorganisms in soils and the stabilisation of soil structure, the
decomposition of organic waste, formation of organic matter and nutrient
cycling (Dick et al. 1994). All soils contain enzymes that determine soil met-
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Fig. 4. Content of organic sulphur in soil as dependent on fertilization

abolic processes, which in turn depend on its physical, chemical, microbio-
logical and biochemical properties (Makoi, NDAkiDEMI 2008). The activity of
arylsulphatase in the analysed Luvisol soil depended on the fertilisation,
ranging from 0.038 to 0.066 pmol pNP g1 h~1. The optimal rate of ammoni-
um nitrate which coincided with the highest activity of the hydrolase was
100 kg N ha™l. In an experiment analysing soil from a field under potato
fertilized with different doses of farmyard manure (0, 20, 40, 60 and 80 t
ha~1) and mineral nitrogen (0, 45, 90, 135 kg N ha™!), the highest activity of
arylsulphatase (an average 0.018 pmol pNP g1 h-1) was determined in the
samples fertilised with nitrogen at the amount of 45 kg ha1 (SIwIK-Z10MEK,
Korer 2010). Fertilisation with the other macronutrients affected the activi-
ty of arylsulphatase, which was the highest in samples of the soils fertilised
with P, K, Ca, —, S (treatment 5) and all the macroelements applied in the
experiment (treatment 1) and P, K, Ca, Mg, —, (treatment 6) — Figure 5.
Literature reports (GANESHAMURTHY, NIELSEN 1990, GERMIDA et al. 1992) discuss
a negative effect of ions (NO5;~, NOy™, PO43_, SO42_, CI7) on the soil enzy-
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Fig. 5. Arylsulphatase activity in soil as dependent on fertilization

matic activity. The experiments made in Grabow on Haplic Luvisol did not
reveal any inhibiting effect of mineral fertilisation on the activity of this en-
zyme. Wyszkowska, KucHARsKI, KucHARSKI (2010) showed in a pot experiment
that g-glucosidase, arylsulfatase and phosphatases were less resistant to cop-
per contamination in cropped than in uncropped soil. The soil enzymatic ac-
tivity undergoes complex biochemical processes, e.g. integrated and organic
synthesis, immobilisation and stability of enzymes (KHazivev, GULKE 1991).

In the current experiment, no significant coefficients of correlation were

found between the content of total sulphur and its fractions versus the ac-
tivity of arylsulphatase.
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CONCLUSIONS

1. The effect of fertilisation with nitrogen and the other macroelements
(P, K, Ca, Mg, S) on the content of total sulphur and its fraction and the
activity of arylsulphatase was identified.

2. In respect of the sulphate sulphur content (an average of 11.0 mg kg1)
the soil was classified as having an average sulphur content, and therefore
must be supplemented for maize to achieve the right quality and quantity
of yields.

3. The optimal rate of ammonium nitrate for which the highest activity
of arylsulphatase was reported was 100 kg N ha1.

4. Low concentrations of total and organic sulphur in the soil fertilised
with mineral fertilisers only would suggest that natural and organic fertilis-
er should be applied.
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