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Abstract. A field experiment was set up in 2007 in a split-
plot design to investigate the effect of various NPK fertilizer doses
on the total antioxidant capacity (TAC) of fresh leaf tissue of the
Polish amaranth varieties Rawa and Aztek, cultivated for seed, and
of the soil they were cultivated on. The experiment was conducted
with three replicates. The following combinations of macro-
element doses were applied: I: N—50, P—40, K—40 kgha'; II: N
—-90,P-60,K—60kgha™; and IIl: N— 130, P—70, K — 70 kg ha™".
The total antioxidant capacity (TAC) of the soil and amaranth
leaves was determined using the method described by Rice-Evans
and Miller, as modified by Bartosz. Organic carbon content was
determined as well. In most of the cases the fertilization (NPK)
caused an increase in total antioxidant capacity of the soil under
amaranth cultivation. The highest total antioxidant capacity in the
soil examined (compared with the control) was found with
combination III of NPK fertilizers for soil under Rawa cultivation,
and with combination I for the Aztek soil. The total antioxidant
capacity of amaranth per unit fresh leaf mass was dependent on the
variety and on the doses of the macroelements applied. The highest
total antioxidant capacity in Rawa per unit fresh leaf mass was
observed with combination III, while for the Aztek variety the
highest TAC was found with combination I. Statistical analysis
showed significant dependencies between TAC of the soils and
leaves and the level of fertilization, as well as between the TAC of
the soil and of amaranth leaves.
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INTRODUCTION

Soil fertilization is one of the main factors increasing the
yield of plants (Kotodziej, 2006). It affects the accumula-
tion, mineralization and humification of organic matter ad-
ded to the soil (Loginow et al., 1991), and determines plant
production potential (Demmler, 1998). The amount of ferti-
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lizer introduced into the soil, including mineral fertilizers,
affects the amount of mineral nitrogen available to plants
and the organic carbon content of the soil (Bijlsma and
Lambers, 2000). Compounds contained in soil can take part
in redox reactions. In recent years, soil testing has been ex-
panded to include measurement of the total antioxidant ca-
pacity of soils, which makes it possible to determine the in-
tensity of redox processes taking place in the soil environ-
ment. Total antioxidant capacity depends on a variety of factors:
type of soil, content of organic compounds, especially of hu-
mus, microbiological activity, and also the species of plant
cultivated. Through different chemical composition of root
exudates, plants can stimulate or inhibit the development
and activity of soil microflora, and thus the total antioxidant
capacity of soils. A special environment for interactions bet-
ween microorganisms and plants is the rhizosphere (Wielgosz
and Szember, 2006). The speed and type of chemical pro-
cesses taking place in the rhizosphere, particularly transport
of water and nutrients, oxidation and reduction reactions,
exudation of organic acids, sugars, phenols and amino acids
by plant roots, and the formation of chelates, are affected by
antioxidant substances (Baran ef al., 1999), especially hu-
mic acids contained in humus (Rimmer, 2006; Schepetkin et
al., 2002). Unpublished preliminary research by the authors
of this paper indicates that amaranth has a positive effect on
the numbers and activity of soil microorganisms. This sug-
gests that the soil environment under amaranth cultivation is
characterized by high content of antioxidant substances. These
compounds are taken up from the soil by plants, where they
then become components of plant products and can be
beneficial to human health (Olivier, 1997). Numerous epi-
demiological studies confirm that antioxidants present in
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food have a beneficial effect on the course of many diseases
associated with the occurrence of oxidative stress, such as
neoplasms, cardiovascular diseases, osteoporosis, inflam-
mations, Alzheimer’s disease, Parkinson’s disease, and others
(Martinez-Cayuela, 1995).

The aim of this study was to assess the effect of various
doses of NPK fertilizer on the total antioxidant capacity of
soil and of leaves of two Polish varieties of amaranth, Rawa
and Aztek, cultivated for seed.

MATERIAL AND METHODS

A field experiment was conducted in 2007, on a field be-
longing to a farmer, situated near Zamos¢. Rawa and Aztek
varieties of Amaranth were grown on brown soil with very
high N content and high P, K and Mg content. Soil pH was
slightly acidic (pHgy 5.9). Sorption capacity, determined
using the Kappen method, was 189.2 mmol(+) kg'l. The con-
trol soil contained 29.0-29.4 g kg'l of organic carbon (SOC).

The experiment was set up in a random split-plot design
with three replicates. The following combinations of NPK
doses were used: I) nitrogen — 50, phosphorus — 40, potassium
—40 k% ha™! ; ID) nitrogen — 90, phosphorus — 60, potassium — 60
kg ha™'; Il ) nitrogen — 130, phosphorus — 70, potassium — 70
kg ha™!. The soil was fertilized with nitrogen in the form of
ammonium nitrate twice, before sowing and during the
intensive growth period. Phosphorus and potassium fertili-
zers were applied before sowing — P in the form of Polifoska
and K in the form of potassium chloride. The results ob-
tained were compared with the control (without NPK ferti-
lization). Amaranth seeds were sown during the last decade
of May, at wide row spacing (every 30 cm). The area of the
experimental microplots from which the plants were to be
harvested was 1 m”. The plants were cultivated in accordan-
ce with proper horticulture procedures.

A soil extract for determining total antioxidant capacity
was prepared according to the procedure described by Baran
(2000). An extract from fresh amaranth leaves was prepared
by the method described by Sas-Piotrowska et al. (1996).

Total antioxidant capacity was determined using the
Rice-Evans and Miller method (1994) as modified by
Bartosz (2003). This method uses ABTS" (2,2-azinobis-
(3-ethylbenzothiazoline-6-sulfonic acid radical) as an indi-
cator substance. The ABTS" solution is green. Adding an
antioxidant substance causes ABTS to lose its colour. The
decrease in absorbance after 30 min is a measure of the total
content of all antioxidants in the sample. In this study, soil
extract or amaranth leaf extract was added to ABTS " radical
cation solution. After 30 min the decrease in absorbance was
measured at a wavelength of 414 nm. A standard curve was
used to read the Trolox concentration corresponding to the
change in absorbance in the sample.

RESULTS

The organic carbon content in the soil increased
successively with the amount of NPK. This tendency was
observed with both varieties of amaranth (Table 1).

The total antioxidant capacity of the soil was dependent
on the NPK fertilization applied and also on the variety of
amaranth (Table 1). The soil under Rawa cultivation with
fertilizer combination III had the highest total antioxidant
capacity — 64.8% higher than the unfertilized soil (control).
The soils fertilized with combination I showed a 21.4%
increase in TAC, while a 40.5% increase was attained with
combination II. The soil on which the Aztek variety was
grown had the highest TAC with fertilizer combination I —
39.49% higher than the control. The TAC increase was 38.6%
with combination II, and 38.7% with combination III,
compared with the unfertilized soil (Table 1).

Table 1.Effect of NPK fertilization on organic carbon content in soil and TAC of soil and amaranth leaves (mean values)

SOC TAC of soil TAC of leaves
Macroelement doses (gkg™h (uM trolox em” g'soil) (uM trolox cm™ g leaf extract)
Rawa variety
Combination I 29.8 147.83 9.47
Combination II 313 171.09 9.59
Combination IIT 32.7 200.65 14.55
Control 29.2 121.74 7.35
Aztek variety
Combination | 30.9 209.13 12.50
Combination I1 31.2 207.83 9.83
Combination I1I 31.8 208.04 9.74
Control 29.3 150.00 8.23
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The TAC of the amaranth leaves was also found to be
dependent on the amaranth variety and on the dose of macro-
elements applied (Table 1). Leaves of the Rawa variety had
the highest TAC for combination III of macroelements
(TAC nearly 98% higher than in the leaves from plants
growing on unfertilized soil). The TAC increase in the
leaves was 28.8% for NPK combination I, and 30.5% for
combination II, compared with the control (Table 1). All the
fertilizer doses applied caused an increase in the TAC of
Aztek leaves. The TAC increase was about 52% for combi-
nation I, about 19.5% for combination II and 18.3% for
combination II.

Statistical analysis revealed significant dependencies
between the antioxidant properties of the soils and the
different doses of NPK fertilizers. For the Rawa variety, the
TAC of the soil was significantly positively correlated with
the doses of macroelements applied (correlation coefficient
r=+0.788, significance level p = 0.01) and with its organic
carbon content (r=+ 0.986, p=0.01). Similar dependencies
were found for the Aztek variety: the correlation coefficient
between the TAC of the soil and the level of NPK
fertilization applied was r=+0.531 withp=0.01. A positive
correlation was also found between the TAC of the soil and
organic carbon content (r =+0.531, p=0.01).

The TAC of Rawa amaranth leaves was significantly
dependent on the amount of fertilizers applied to the soil (r=
+0.950, p = 0.05). TAC of leaves of this variety positively
correlated with organic carbon content (r = +0.936, p =
0.01). Positive values for the correlation coefficient, but
lower than for the Rawa variety, were obtained for the Aztek
variety (r = +0.239, p = 0.05). Furthermore, significant
correlations were found between TAC of Aztek leaves and
organic carbon content in the soil (r =+0.707, p=0.01).

DISCUSSION

Measurement of total antioxidant capacity has been
used to determine the antioxidant capacity of samples with
diverse chemical composition, such as food and drinks
(Gorinstein et al., 2003), or plant extracts used as para-
pharmaceuticals (Mantle et al., 2003). Many studies in-
dicate the potential of this method for blood analysis in
diagnosing diseases associated with generation of reactive
forms of oxygen, such as Alzheimer’s disease (Pulido ez al.,
2005) or type II diabetes (Opara et al., 1999). Methods for
measuring TAC make use of various indicator substances,
and the amount of antioxidants contained in the sample is
compared to the activity of such antioxidants as trolox,
ascorbic acid or ferulic acid. It was pointed out that it can be
difficult to compare results obtained using different methods
for measuring antioxidant capacity because different types
of antioxidant molecules react with indicator substances at
varying rates (Arts et al., 2004). However, if we consider
results obtained using one method in strictly defined con-
ditions, they are repeatable and comparable.

Soil type significantly affects the chemical composition
of plants. Studies on the content of antioxidant compounds
in kale have confirmed that plants grown on lessive soil
under certain conditions have higher antioxidant content
than when grown on alluvial soil. Cultivation on lessive soil
favours increased synthesis of ascorbate and small-molecule
thiol compounds in kale. In the leaves of the plants grown on
lessive soil, the average concentrations of ascorbate and
glutathione were 11 and 12% higher than in plants grown on
alluvial soil. Soil type had the least effect on total phenol
content and anthocyanin content (5 and 2% increase), while
the greatest effect was on concentration of y-glutamyl-
cysteine, a precursor of glutathione (33% increase). The
FRAP index was about 13% higher in the case of lessive soil
(Lata and Winska-Krysiak, 2006).

Soil composition not only affects plant yield, but also deter-
mines the nutritional value of plants for animals and people.
Antioxidant substances present in soil, particularly humic
compounds in humus, can affect the biological activity of the
soil, redox reactions and plant-soil interactions taking place
in the rhizosphere (Rimmer, 2006; Schepetkin et al.,2002).

A number of factors influence total antioxidant
capacity. The type of soil and content of humic compounds
in it have a decisive effect. The higher the content of these in
the soil, the more potent its antioxidant properties (Rimmer,
20006). In this study an attempt was made to determine the
total antioxidant capacity of soil extracts with varied doses
of NPK fertilizers from soil on which two varieties of
amaranth were cultivated. The TAC of the soil is positively
correlated with its organic carbon content.

In a previous study by these authors, TAC of three types
of soil was compared: brown rendzina, lessive soil and acid
podzolic soil (Skwarylo-Bednarz and Krzepitko, 2007).
Brown rendzina was found to have the highest total antioxi-
dant capacity. The TAC value was over 30% higher than for
lessive soil and nearly 65% higher than for acid podzolic
soil. Fresh soils had higher TAC than air-dry soils, probably
due to activity of soil microorganisms. Statistical analysis
revealed that the numbers of the microorganisms studied
were significantly positively correlated with the total
antioxidant capacity of the soils studied.

Soil substrata rich in humic compounds increase the
antioxidant content of plants produced on them (Jarosz, 2006;
Rimmer, 2006; Shiow et al., 2003). Research by Jarosz
(2006) confirms that tomatoes of the Cunero F; variety grown
on peat had considerably more vitamin C, total sugars, total
nitrogen and potassium than tomatoes grown on mineral
wool or sand. In addition, non-chloride medium increased
vitamin C content in comparison with medium containing
chlorine (Jarosz, 2006). Cultivation of two varieties of
strawberry — Allstar and Honeoye — on soil supplemented
with compost (at a 1:1 ratio), or on compost alone, sub-
stantially increased the concentration of ascorbic acid and
glutathione, as well as total antioxidant capacity, in their
fruits (Shiow et al., 2003). Content of antioxidant compounds
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in the leaves of this plant was also tested. Many chemically
diverse compounds, such as polyphenols, flavonoids and
anthocyanins, have antioxidant functions in plants. In ama-
ranth plants, most of these compounds accumulate in the
seeds and leaves. B-carotene content is particularly high.
The vegetative parts and seeds of amaranth have also been
found to contain large amounts of phenols (Acar et al., 1988).
Of particular value is the oil obtained from the seeds, which
contains potent antioxidants such as squalene, tocopherols
or tocotrienols (Nalborczyk ez al., 1994). It is recommended
that the leaves of this plant, which are rich in antioxidant
substances, should be consumed as a vegetable, like spinach
or lettuce. Amaranth leaves are a source of many mineral
nutrient, such as calcium, phosphorus, potassium, magne-
sium, iron, as well as vitamins A, By, By, C and E
(Nalborczyk et al., 1994). Measuring TAC of amaranth leaf
extract reveals that the leaves of this plant have high TAC,
and that the value of this parameter is dependent on the
fertilizer combinations applied and on the variety of ama-
ranth. Studies by other authors confirm that mineral fertili-
zation not only affects the content of mineral components in
the plant, but also the content of antioxidant substances
(Nurzynska-Wierdak, 2006). A frequently used indicator of
the antioxidant properties of fruits and vegetables is vitamin
C content which increases when a mineral fertilizer is used,
particularly nitrogen. Properly selected nitrogen fertilization
applied to Erucca sativa grown in autumn (0.2-0.25 gN dm'3)
made it possible to obtain very high biomass yield with very
high vitamin C content (Nurzynska-Wierdak, 2006).

CONCLUSIONS

1. Fertilization with increasing doses of macroelements
(NPK) caused an increase in total antioxidant capability of
the soil in which the analysed varieties of amaranth were
cultivated, as well as in fresh leaf mass.

2. The highest total antioxidant capability of soil (as re-
ferred to the control) in which amaranth (Rawa variety) was
cultivated was observed at combination III of NPK fertili-
zation, and in the case of Aztek variety at combination I of
NPK fertilization.

3. The doses of macroelements that were used (as
referred to the control) positively influenced the increase of
total antioxidant capability of the leaves of amaranth, both
Rawa and Aztek varieties. The highest total antioxidant
capability for the plants of amaranth (Rawa variety) was
observed at combination III of macroelements dose, and for
Aztek variety at combination 1.

4. The statistical analysis that was carried out revealed
many significant correlations between total antioxidant
capability of the soils in which two varieties of amaranth
were cultivated and the level of fertilization that was used,
and between the total antioxidant capability of the investi-
gated soils and the leaves of amaranth and the content of
organic carbon in the soil.
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