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The aim of the research was to determine the effect of fertilisation applying various doses of manure and
nitrogen on the selenium content of soil against a background of soil catalase and dehydrogenase activity.
The experiment was conducted using a crop rotation system of: potato—winter wheat + intercrop-spring
barley + undersown and red clover + grasses. The soil was treated with organic fertilisation in the form
of manure under potato at doses of 0, 20, 40, 60 and 80t - ha—1, and with nitrogen at doses of 0, 40, 80
and 120kg N - ha~1. A supplement of manure at 80t - ha~? resulted in the greatest significant increase in
soil total selenium content of ~100% compared with soil from control plots. We observed that interaction
of the highest manure and nitrogen doses resulted in a significant decrease in the total selenium content of
the soil. Selenium content in soil was statistically highly correlated with organic carbon content. Analysis
of the correlation showed a significant dependence between the total selenium content in the soil and the
activity of soil catalase and dehydrogenase.
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1. Introduction

Selenium (Se) is considered to be an essential trace element for humans, animals and higher plants,
however, at high levels, selenium can be toxic, causing deformities, decreased hatchling survival
and death to aquatic wildlife, and larger animals with increased exposure [1]. The concentration
of Se in plants and animals is strongly correlated with its concentration in soils. Plants and
products derived from plants transfer Se taken up from the soil to humans [2]. Thus the Se
cycle begins and ends with soil, and the chemical forms (dissolved in soil solution, adsorbed
on oxide surfaces, fixed in the mineral lattice) and concentrations of Se in soil determine its
bioavailability and thus the need for dietary supplementation [3]. Many factors, for example, soil
pH, Eh, weathering of parent materials and microbial intervention, should be taken into account
to explain the entry of Se into the biogeochemical cycles in which the soil-plant system is a
key compartment [1]. Selenium occurs mainly in soil in insoluble elemental (Se0) and selenide
(Se(1)) forms, but in oxidising environments such as aerobic soils, Se is converted to soluble
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selenite (Se(1V)) and selenate (Se(V1)) forms, selenate being predominant at alkaline pH. At low
redox potential, selenate can be reduced to selenite, which has a much higher adsorption affinity.
It is strongly retained by ligand exchange on oxide surfaces, especially at low pH, which reduces
its bioavailability. Volatile Se is lost to the atmosphere from plants or through microbial activity,
but Se also returns to the soil from the atmosphere with precipitation [4]. Selenium is one of the
trace elements strongly affected by microbiologically mediated redox processes, which influence
its solubility, and consequently its mobility, bioavailability and uptake in the soil-plant system [5].
In soil, the processes of decomposition and synthesis of mineral and organic matter occur all the
time, and are monitored and activated by a variety of enzymes. All these processes make up soil
metabolism, which is crucial for soil fertility maintenance and preservation [6]. Many authors have
indicated a strong influence of Se on the activities of oxidoreductase enzymes, such as catalase,
glutathione peroxidase and superoxide dismutase. The literature provides abundant information
on the role Se plays in animals. However, there have been relatively few reports on the contribution
of Se to biochemical processes in soil and plants [7]. Such processes depend on the availability
of selenium. The aim of this research was to determine the effect of fertilisation with various
doses of manure and nitrogen on the Se content in soil against a background of soil catalase and
dehydrogenase activity.

2. Materialsand methods

Soil samples were taken from a long-term experiment established in 1980 at the Experi-
mental Station Grabow of the IUNG Pulawy on the soil classified as Albic Luvisols. The
experiment was conducted with crop rotation system: potato—-winter wheat + intercrop-spring
barley + undersown and red clover + grasses. The soil was treated with organic fertilisation in
the form of manure under potato at doses of 0, 20, 40, 60 and 80t - ha~! and with nitrogen at
doses (kg N - ha=1) of: NO, 0; N1, 40; N2, 80; and N3, 120. Soil samples were taken in May 2002
from a depth of 5-15 cm under winter wheat cultivation in the 22nd year of the experiment. Total
selenium content in soil was determined by the method of Watkinson [8] using a Hitachi F-2000
spectrofluorometer. Soil samples were microwave digested with concentrated nitric acid and per-
oxide water. The different forms of Se in the samples were reduced by boiling with 10% HCI.
The Se was complexed with 2,3-diaminonaphtalene (DAN) to give the fluorescent compound,
which was extracted with cyclohexane and read on a spectrofluorometer at excitation and emis-
sion wavelengths of 376 and 519 nm, respectively. Dehydrogenase activity (DHA) was assayed
using the method of Casida et al. [9]. Determination of DHA in soils is based on the use of soluble
tetrazolium salts as artificial electron acceptors, which are reduced to red-coloured formazans,
extracted and then determined colorimetrically. Catalase activity (CAT) was determined using the
method of Johnson and Temple [10]. The samples were analysed for granulometric composition
according to the Bouyoucoss—Cassagrande method, organic carbon by wet oxidation with potas-
sium dichromate, and pH in distilled water and 0.1 M KCI potentiometrically. All analyses were
performed on triplicate samples. The statistical analysis was performed using Statistica software
at the 0.05 level of significance.

3. Resultsand discussion

The general properties of the soil under study are given in Table 1. The investigated soil had a
texture of light loamy sand and was a very good rye complex — IVa of soil valuation class. The pH
values of the soil were in the slightly acidic range, 5.4-6.9. The application of manure resulted
in the highest amounts of organic carbon in the soil, which were obtained from plots manured at
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Table 1. General properties of the soil under study.

Sample Soil particle size fraction (%) pH
symbol <0.02 (mm) <0.002 (mm) in H,0 in KCI Corg (9-kg™) Neot (g - kg™t)
0-NO 18 6 6.8 5.7 7.9 0.889
0-N1 17 6 6.8 5.8 8.4 0.966
0-N2 19 8 6.8 5.8 84 0.924
0-N3 17 7 6.7 5.7 8.3 0.966
20-NO 14 5 6.8 5.8 8.9 0.980
20-N1 16 8 6.5 5.7 8.5 0.956
20-N2 15 6 6.5 5.6 8.7 0.956
20-N3 18 7 6.5 54 9.3 0.956
40-NO 19 8 6.3 5.6 9.5 0.991
40-N1 17 6 6.6 55 9.3 1.012
40-N2 13 5 6.6 5.6 10.4 0.942
40-N3 19 6 6.6 5.5 10.3 0.987
60-NO 16 5 6.7 6.0 104 0.931
60-N1 16 6 6.4 5.8 10.2 0.970
60-N2 19 7 6.7 5.8 10.1 0.956
60-N3 20 6 6.7 5.9 9.8 0.921
80-NO 15 4 6.9 5.9 104 0.959
80-N1 16 6 6.9 5.7 10.1 0.966
80-N2 15 5 6.7 5.9 10.3 0.980
80-N3 14 5 6.8 5.9 10.4 1.005

doses of 60 and 80t - ha1. The Se content of control plots ranged from 0.096 t0 0.112mg - kg~
Another increase in manure doses by 20t - ha=? significantly increased the total Se content in the
soil by 55, 74, 84 and 101%, respectively, compared with the no-manure treatment (Figure 1).
The Se content of the manure applied in the experiment was 2.28 mg - kg™ fresh weight. Thus
the increase in Se in manured soil may have been caused by the amount of this microelement in
farmyard manure. According to data from the literature [11-13], Se is present in various manures
in amounts varying from 0.32 to 2.4 mg - kg~*. We observed that interaction of the highest manure
and nitrogen doses resulted in a significant decrease in the total Se content in soil. Supplementation
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Figure 1. Total selenium content in soil.
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of mineral fertilisers caused a decrease in the total Se content in soil, which may be explained
as follows: increased mineral fertilisation causes greater root growth and provides plants with
a larger volume of soil from which Se can be extracted, as confirmed by Blagojevic et al. [11].
Similar data were obtained by Gissel-Nielsen et al. [14], who examined the influence of N, P
and S on the uptake of selenite by barley and a complex interaction between the three fertiliser
anions. Nitrogen application decreased the Se concentration, which was to some extent only a
dilution effect due to increased yield. The average Se content in subsurface arable soil horizons
around the world is 0.33mg - kg™, and for Polish soils is 0.27 mg - kg~* [1]. In Finnish soils,
which also show some Se deficit, a level of 0.2-0.3mg - kg™ is considered too low [15]. The
Se concentration in agricultural products is very low in many areas of the world, including large
areas of Central and Northern Europe. This has traditionally been attributed to a poor supply of
Se from the soil, and ultimately the underlying geology. For example, in German agricultural soil
a mean Se concentration of 0.12 mg - kg~* was found [2], whereas in Norwegian farmland soils,
the Se concentration in general is very low (0.3mg - kg~* on average) [16]. Comparison of the
results offered in the literature suggests that the soils researched were poor in that element. Total
Se content in soil was statistically highly correlated with organic carbon content. This agrees with
our earlier findings [17] and those of other authors [1,18].

A significant increase in catalase activity of almost 40% was recorded in soil fertilised with
manure at 20 and 40t - ha—*, compared with the treatment without manure (Figure 2). Manure
fertilisation at 60 or 80t - ha—* mostly increased catalase activity in the soil under study. The
increase was 51 and 50%, respectively, compared with controls. Nitrogen fertilisation did not have
a significant effect on catalase activity in the soil. Nowak et al. [14] noted that adding selenium
to soil enhanced the activation of soil and plant catalase. The correlation analysis demonstrated a
significant dependence between the content of total selenium (0.58*) and organic carbon (0.56*)
in soil and the activity of soil catalase. Many authors mention that catalase activity is significantly
correlated with organic carbon content and is usually higher in humus horizons of soils [10,17].

Mean dehydrogenase activity in soil from control plots was 0.034ugTPF.-g~t.24h7!
(Figure 3). We observed an increase in enzymatic activity with increasing doses of manure. Dehy-
drogenase activity in soil from a plot manured at the highest dose was approximately two times
higher than dehydrogenase activity from control samples. The application of nitrogen resulted
in an increase in dehydrogenase activity of 31, 25 and 9% compared with controls. We found a
very significant correlation between dehydrogenase activity and organic carbon content in the soil
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Figure 2. Catalase activity in the soil under study.
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Figure 3. Dehydrogenase activity in the investigated soil.

under study. According to Hadas and Kautsky [20], mineral fertilisation increased dehydrogenase
activity in mineral soil and the application of manure in organic soil also increased enzymatic
activity in comparison with mineral fertilisation. In soil studied by Spychaj-Fabisiak and Smolin-
ski [19], nitrogen fertilisation stimulated an increase in dehydrogenase activity. Moreover, the
authors found that dehydrogenase activity in soil increased with increasing numbers of micro-
organisms and their metabolism rate, which enabled the use of organic carbon stock. According to
Brzezinska et al. [21], dehydrogenase plays an essential role in the initial stages of the oxidation
of soil organic matter by transferring hydrogen and electrons from substrates to acceptors. Many
authors [6,7,21,22] have suggested that soil enzymes play essential roles in soil processes, such
as nutrient cycling and energy transformation, by catalysing numerous chemical, physical and
biological reactions, and can be used as indices of soil fertility and soil health. Any management
practice that influences microbial communities in the soil may be expected to produce changes
in soil enzyme activity, in agreement with our findings. Previous studies have demonstrated a
significant effect of soil dehydrogenase and catalase activity, and organic matter content on the
selenium status of soil.

4. Conclusions

There was a significant effect of organic and mineral fertilisation on the total Se content in the
investigated soil. A manure supplement at 80t - ha~?* resulted in the greatest significant increase
in soil total Se content of ~100% compared with soil from control plots. The soil Se content was
statistically highly correlated with the organic carbon content. We observed that interaction of the
highest manure and nitrogen doses resulted in a significant decrease in total Se content in soil.

The analysis of correlation showed a significant dependence between the total selenium content
in the soil and the activity of soil catalase and dehydrogenase.

References

[1] A. Kabata-Pendias and H. Pendias, Biogeochemistry of Trace Elements, PWN, Warsaw, 1999 (in Polish).

[2] M. Stadlober, M. Sager, and K.J. Irgolic, Effects of selenate supplemented fertilisation on the selenium level of
cereals — identification and quantification of selenium compounds by HPLC-ICP-MS Food Chem. 73 (2001),
pp. 357-366.



11: 51 15 January 2011

Downl oaded At:

116 K. Borowska and J. Koper

[3] H. Hartikainen, Biogeochemistry of seleniumand itsimpact on food chain quality and human health, J. Trace Elem.
Med. Biol. 18 (2005), pp. 309-318.

[4] A.F. White and N.M. Dubrovsky, Chemical oxidation—reduction controls on selenium mobility in groundwater
systems, in Selenium in the Environment, W.T. Frankenberger Jr and S. Benson, eds., Marcel Dekker, New York,
1994, pp. 185-221.

[5] S. Roussel-Debet, S. Deneux-Mustin, and C. Munier-Lamy, Screening the importance of soil micro-organisms on
radionuclides mobility, Radioprotection 40 (2005), pp. 87-91.

[6] J. Nowak, K. Kaklewski, and D. Klodka, Influence of various concentration of selenic acid (IV) on the activity of
soil enzymes, Sci. Total Environ. 291 (2002), pp. 105-110.

[7] J. Nowak, K. Kaklewski, and M. Ligocki, Influence of selenium on oxidoreductive enzymes activity in soil and in
plants, Soil Biol. Biochem. 36 (2004), pp. 1553-1558.

[8] J.H. Watkinson, Fluorometric determination of seleniumin biological material with 2,3diaminonaphtalene, Anal.
Chem. 38 (1966), pp. 92-97.

[9] L.E. Casida Jr, D.A. Klein, and T. Santoro, Soil dehydrogenase activity, Soil Sci. 98 (1964), pp. 371-376.

[10] J.L. Johnson and K.L. Temple, Some variables affecting the measurement of catalase activity in soil, Soil Sci. Soc.
Am. Proc. 28 (1964), pp. 207-216.

[11] S. Blagojevic, B. Jakovljevic, and B. Zarkovic, Influence of long-term fertilization on the selenium content of
calcareous chernozem soil, J. Environ. Pathol. Toxicol. Oncol. 17 (3/4) (1980), pp. 183-187.

[12] Cz. Mackowiak, The Rules of Surry Application, IUNG, Pulawy, 1994 (in Polish).

[13] M. Sager, Trace and nutrient elementsin manure, dung and compost samplesin Austria, Soil Biol. Biochem. 39(6)
(2007), pp. 1383-1390.

[14] G. Gissel-Nielsen, U.C. Gupta, M. Lamand, and T. Westermarck, Seleniumin soils and plants and itsimportancein
livestock and human nutrition, Adv. Agron. 37 (1984), pp. 397-461.

[15] A. Aro and G. Alfthang, Effects of selenium supplementation fertilizers on human nutrition and selenium status,
in Environmental Chemistry of Selenium, W.T. Frankenberger Jr and R. Engberg, eds., Marcel Dekker, New York,
1998, pp. 81-97.

[16] L. Wu and J. Lag, Seleniumin Norwegian farmland soils, Acta Agr. Scand. 38 (1988), pp. 271-276.

[17] K. Borowska, Uptake and accumulation of selenium and sulfur by plants as related to soil factors in Poland, in
Developments in Soil Science, A. Violante, P.M. Huang, J.M. Bollag, and L. Gianfreda, eds., Elsevier, Amsterdam,
2002, pp. 109-115.

[18] M.C. Wang and H.M. Chen, Formsand distribution of selenium at different depths and among particle size fractions
of three Taiwan soils, Chemosphere 52 (2003), pp. 585-593.

[19] E. Spychaj-Fabisiak and S. Smolinski, The effect of different nitrogen fertilization and stimulated acid precipitation
on the enzymatic activity of some soils, Ann. UMCS, Sec. E 59(3) (2004), pp. 1415-1420 (in Polish).

[20] A. Hadas and L. Kautsky, Feather meal, a semi-slow-release nitrogen fertilizer for organic farming, Fertil. Res. 38
(1994), pp. 165-170.

[21] M. Brzezinska, Z. Stepniewska, and W. Stepniewski, Oxygen status and dehydrogenase activity, Soil Biol. Biochem.
30(13) (1998), pp. 1783-1790.

[22] J. Koper, A. Piotrowska, and A. Siwik, The index of sail fertility in a long-term experiment with crop rotation and
monoculture, Zesz. Probl. Post. Nauk Roln. 465 (1999), pp. 461-470.



