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AbstrAct

The effects of various doses of copper (0, 50, 150, 300, 450 mg kg-1 of soil) on the activity of ca-
talase and total antioxidant capacity (TAC) in soil under the amaranth cv. Aztec were evaluated 
in a pot experiment. The activity of catalase increased in fresh and air dry soil for all objects 
during the growing period of amaranth (soil sampling deadlines – June, August and October). 
Higher activity of catalase was observed in fresh soil samples than in air dry ones.  
It has been shown that increasing doses of copper applied (50, 150, 300, 450 mg kg-1) contributed 
to a reduction in the activity of catalase in fresh and air dry soil samples in the test months in 
relation to the control object. The highest catalase activity was observed in objects without the 
application of Cu, whereas the lowest catalase activity was affected by the highest dose of Cu. 
An increase in total antioxidant capacity under amaranth cultivation was caused only by the 
first dose of copper (50 mg kg-1). The application of increasing doses of copper, greater than  
50 mg kg-1, resulted in progressive reduction of the mean value of total antioxidant capacity, 
which in any case was lower than the value for the control object. The mean value of total an-
tioxidant capacity increased during the growing period, regardless of the applied dose of copper. 
The statistical analysis showed high significant negative correlations between a dose of Cu and 
the catalase activity in fresh and air dry soil samples in the test months as well as between a 
dose of Cu and the value of its total antioxidant capacity.
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INTRODUCTION

Initial studies confirm that amaranth can be grown in areas contamina-
ted with heavy metals and other chemical compounds, where the plant-soil 
homeostasis is affected, which can lead to chemical degradation of soil 
environment (Ogunkunle et al. 2013). It is common knowledge that heavy 
metals occur in soils in different forms and quantities. The majority of heavy 
metals are crucial for many biochemical reactions to proceed properly in soil. 
However, excessive accumulation of these elements in soil poses a serious 
threat because it disturbs the biological processes that occur in soil  
(WyszkOWska et al. 2005, Oliveira, PamPulha 2006, sOlanki et al. 2011,  
BartkOWiak, lemanOWicz 2014). This influences the diversity of organisms 
that inhabit the soil as well as the enzymatic activity of the soil (WyszkOWska 
et al. 2005, Bielińska, Mocek-Płóciniak 2009, symanOWicz et al. 2014). Diffe-
rent studies confirm that excessive accumulation of heavy metals in soil has 
a toxic effect on the activity of soil enzymes (renella et al. 2005, khan et al. 
2007, WyszkOWska et al. 2010). The results obtained by Bandick and dick 
(1999) and kunitO et al. (2001) revealed that heavy metals bind with amino 
acids and inactivate extracellular enzymes, which leads to a decrease in the 
number of microorganisms that produce enzymes.

Enzyme activity is considered to be a soil quality indicator and can  
be used to determine the degree of environmental pollution with heavy me-
tals and their impact on living organisms (khan et al. 2007, BartkOWiak, 
lemanOWicz 2014).The monitoring that employs methods based on enzymatic 
tests allows for comprehensive evaluation of changes which occur in the soil 
environment (shaW, Burns 2003).

The initial studies prove that amaranth absorbs the excess of toxic ele-
ments from the soil to build its biomass (Ogunkunle et al. 2013), thus pre-
venting heavy metal bioaccumulation. Moreover, this plant improves biologi-
cal activity of the soil. The studies confirm that seed amaranth cultivated in 
the climatic-soil conditions found in the south-east of Poland has a stimula-
ting effect on the development of soil micro flora and enzymatic activity 
(skwaryło-Bednarz, krzePiłko 2009a). The evaluation of soil enzymatic acti-
vity is often referred to as an indicator of biochemical and microbiological 
activity of soil (niemi et al. 2005). 

The previous studies (skwaryło-Bednarz 2012) proved that the activity of 
dehydrogenases in the soils where amaranth is cultivated is one of the most 
popular indicators of enzymatic activity of soils contaminated with heavy 
metals and non-contaminated ones. There are also other soil enzymes whose 
activity in contaminated and non-contaminated soil where amaranth is cul-
tivated have not been thoroughly studied yet. It seems interesting to deter-
mine the activity of catalase enzyme. Catalase is an intracellular enzyme 
involved in the metabolism of oxidoreductase bacteria (garcia-gil et al. 
2000). It decreases the effect of oxidative stress (BartkOWiak, lemanOWicz 
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2014). The activity of catalase in soil depends on the content of organic mat-
ter, biomass, absorption of O2, emission of CO2, and on the activity of dehy-
drogenases, glycosidase amidase and phosphodiesterase (riffaldi et al. 2002, 
dinesh et al. 2004). The results obtained by BartkOWiak and lemanOWicz 
(2014) revealed that the activity of catalase in soil decreased when the depth 
of soil profiles increased.

One of the innovative methods for the determination of soil properties is 
the assessment of total antioxidant capacity (TAC), which allows the user to 
determine the intensity of the oxidation and reduction processes taking place 
in the soil. Humic acids are the most important antioxidant substances in 
soils (rimmer 2006, cardelli et al. 2012, saviOzzi, cardelli 2014). The total 
antioxidant capacity of soil also depends on the species of plants cultivated. 
Different chemical composition of their root secretions may stimulate or hin-
der the development and activity of the soil microflora, and hence the total 
antioxidant capacity of soils (skwaryło-Bednarz, krzePiłko 2009b). The macro-
nutrient fertilization also affects the total antioxidant capacity of soils  
(skwaryło-Bednarz, krzePiłko 2009b). The determination of total antioxidant 
capacity in soils in different condition, i.e. contaminated with heavy metals 
(copper), seems to be interesting.

The aim of the study was to evaluate the influence of soil contamination 
with increasing doses of copper on the activity of catalase and total antioxi-
dant capacity (TAC) in soil cropped with amaranth cv. Aztek.

MATERIAL AND METHODS

The experiment was carried out in plastic pots holding 3.5 kg of soil 
each, and set in three replications. The pots were filled with silt loam having 
pH = 6.4 marked in solution of KCl at the concentration of 1 mol dm-3.  
The content of total copper in soil was 13.0 mg kg-1 of soil and the content of 
organic carbon equalled 32.2 g kg-1 of soil. Nowadays, the permitted content 
of total copper in such soils in Poland is 30.0 mg kg-1 of soil (Regulation  
of the Minister of the Environment 2002). Before Amaranthus cruentus L., 
cv. Aztek (a Polish cultivar with pink and red flowers planted for seeds) was 
sown, uniform fertilization with macroelements was applied in the following 
doses per pure element (g kg-1 of soil): N – 0.25, P – 0.10, K – 0.10. The soil 
was fertilized twice with N in the form of ammonium nitrate, before sowing 
and during the intensive growth period. P and K fertilizers were applied be-
fore sowing as Polifoska fertilizer and potassium chloride.

The variable factor in the experiment comprised doses of copper in  
mg kg-1 of soil: 0, 50, 150, 300, 450 (CuSO4· 5H2O). The choice of copper dos-
es was made according to the sequence given by WyszkOWska et al. (2009), 
which characterizes the strength of the limiting influence of copper, where a 
dose of copper causes a 50% decrease in the activity of dehydrogenases.
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The seeds were sown on 28 May 2010. After sprouting, 3 plants were left 
in each pot. The experiment covered the whole growth period of Amaranthus. 
5 soil samples were taken (into plastic bags) from each pot in order to obtain 
a composite sample. The soil was carefully mixed, and then sifted through a 
2 mm mesh sieve. The catalase activity in fresh soil samples and air dry 
ones (to indicate the effect of biological and chemical properties in relation to 
chemical properties) was measured at the same time and presented in cm of 
emitted oxygen in 1 min by 1 g of soil.

The soil was taken from each composite sample for analysis of the activ-
ity of catalase. The activity of catalase was marked in June, August and 
October. The study included determination of the activity of catalase with 
the Beck’s modified method (Brauner, Bukatsch 1987). To this end, 1.0 g  
of fresh or air dry soil was weighed and then placed in an Eykman tube to 
determine the activity of catalase. The next stage of the analysis comprised 
an addition of 25 cm3 of 3% H2O2. After a specified time, the height of the 
resulting oxygen column was measured. A unit of the activity of catalase 
determined this way was cm min-1 g-1.

Soil extract for determination of total antioxidant capacity (TAC) was 
prepared according to the procedure described by Baran (2000).

Determination of total antioxidant capacity was made with the  
rice-evans and miller method (1994). The method uses ABTS+ (2,2-azinobis- 
-(3-ethylbenzothiazoline-6-sulfonic acid radical) as an indicator substance. 
The ABTS+ solution is green. Adding antioxidants causes discoloration of 
ABTS+. The decrease of absorbance after a short time of mixing is a measure 
of the content of some antioxidants i.e. some vitamins and glutathione. Pro-
teins and some substances having antioxidant properties react more slowly 
with ABTS+. A decrease of absorbance after 30 min is a measure of the total 
content of all antioxidants in the sample.

In this study, the soil extract was added to ABTS + solution. The decrease 
of absorbance was measured at a wavelength of 414 nm after 30 minutes.  
A standard curve was used to read the trolox concentration corresponding to 
the change in absorbance in the sample. Trolox (C14H18O4) is an organic 
chemical compound, soluble in water, used in biological or biochemical pro-
cesses to reduce stress or damage caused by oxidation. Total antioxidant  
capacity corresponding to the 1cm3 of extract prepared from 1 g of soil was 
expressed in µM of the trolox equivalent (µM trolox cm-3 g-1 of soil). 

In this paper, the correlation coefficients were calculated. The Tukey’s 
test with a 5% of error risk was used for calculating the least significant dif-
ference. The statistical analyses were supported by the Enterprise Guide 4.2 
(SAS 9.2) programme.
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RESULTS AND DISCUSSION

A higher activity of catalase was observed in fresh soil than in air dry 
soil throughout the experiment. The activity of this enzyme in the soil in all 
the objects gradually increased during plant growth period (Tables 1 and 2).

The investigation reveals that the highest mean values of catalase  
activity in fresh soil in the analysed months (June, August, October)  
were observed in control objects, where no copper was applied (Table 1).  
It was observed that the mean value of catalase activity in the consecutive 
months of the analysis decreased alongside with the increase in the content 
of copper in the soil – 50, 150, 300, 450 mg kg-1 (Table 1). A similar correla-
tion was observed when the activity of catalase in air dry soil was determi-
ned (Table 2).

The activity of catalase in fresh soil in June in the control objects was 

Table 1
The activity of catalase in fresh soil in the experimental months in relation to contamination 

of the soil with copper (mean values)

Cu dose
(mg kg-1 soil)

Catalase activity (cm min-1 g-1)
June August October

0 (control object)
50
150
300
450

2.47
2.45
2.30
1.50
0.74

2.58
2.56
2.10
1.64
0.76

2.98
2.85
2.12
1.68
0.78

LSD0.05
Cu dose 0.72
month 0.08
Cu dose x month 0.57

Table 2
The activity of catalase in air dry soil in the investigated time periods in relation  

to soil contamination with copper (mean values)

Cu dose
(mg kg-1 soil)

Catalase activity (cm min-1 g-1)
June August October

0 (control object)
50
150
300
450

2.25
2.15
2.04
1.30
0.60

2.28
2.19
2.08
1.44
0.68

2.47
2.32
2.10
1.52
0.72

LSD0.05
Cu dose 0.62
month 0.07
Cu dose x month 0.49
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2.47 cm min-1 g-1. When 50 mg kg-1 of Cu was applied, the activity of catala-
ses was only 0.8% lower than in the control objects. Application of doses  
of Cu into the soil (150 mg kg-1 Cu, 300 mg kg-1 Cu, and 450 mg kg-1 Cu), 
caused a decrease of the activity of catalase by 6.9%, 39.3% and 70.0%  
respectively (Table 1).

The activity of catalase in fresh soil in the control objects in August was 
2.58 cm min-1 g-1. It was 0.8% higher than in the pots to which the first dose 
that had been applied, and 18.6%, 36.4%, 70.5% higher for the subsequently 
increasing doses (Table 1).

The highest activity of catalase was observed in fresh soil in October, 
when it was 2.98 cm min-1 g-1. Lower activity of catalase was observed in the 
objects where the smallest dose of Cu had been applied, there it equalled 
2.85 cm min-1 g-1, being 4.4% lower than in the control objects. Significantly 
lower activity of catalase in fresh soil, as compared to the control objects, 
was observed in the objects where 150 mg kg-1 Cu (28.9% decrease),  
300 mg kg-1 Cu (43.6% decrease), and 450 mg kg-1 Cu had been applied 
(73.8% decrease) – Table 1.

According to WyszkOWska et al. (2006), decomposition of hydrogen peroxide 
in fresh soil sample is triggered by organic compounds that have antioxidant 
effects and mineral effects, such as heavy metal oxides, ions of metals belon-
ging to transient groups – Fe 2+, Cu1+, and microorganisms that contain  
the catalase enzyme. Therefore, the rate of hydrogen peroxide decomposition 
in a fresh soil sample is in most cases higher than in air dry soil (gulser, 
erdgan 2008), which is proved by the results reported in this paper.

The activity of catalase in dry soil in the control objects in June was  
2.25 cm min-1 g-1. When 50 mg kg-1 of Cu had been applied to soil, the activity 
of catalases was by 4.4% lower than in the control objects. Application of the 
higher doses of Cu into soil (150 mg kg-1 Cu, 300 mg kg-1 Cu, and 450 mg kg-1 
Cu), caused a decrease in the activity of catalase by 9.3%, 42.2% and 73.3%, 
respectively (Table 2).

The activity of catalase in dry soil in the objects with Cu fertilization 
was 2.28 cm min-1 g-1 in August, being 3.9% higher than after the first dose 
of Cu that had been applied, and then 8.8%, 36.8% and 70.2% higher in  
response to subsequently higher doses of copper (Table 2).

The highest activity of catalase was observed in dry soil in October, at 
the end of amaranth’s growing period, when it reached 2.47 cm min-1 g-1.  
Lower activity of catalase was observed in the objects where the smallest 
dose of Cu had been applied. There it equalled 2.32 cm min-1 g-1 and was by 
6.1% lower than in the control objects. The activity of this enzyme in air dry 
soil decreased alongside with an increase in the doses of copper, as compared 
to the objects with no Cu fertilization. Lower activity of catalase in fresh  
soil, as compared to the control objects, was observed in the objects where 
150 mg kg-1 Cu (15.0% decrease), 300 mg kg-1 Cu (38.5% decrease), and  
450 mg kg-1 Cu had been applied (70.9% decrease) – Table 2.
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It is commonly known that copper is a heavy metal which, in small  
doses, is vital for the proper functioning of live organisms. High doses of cop-
per can be toxic to live organisms. The investigation clearly reveals that  
application of copper into soil, especially in the highest dose used in the 
experiment, causes a decrease in the activity of catalases in the soil, despite 
the fact that catalase is the most resistant enzyme to soil contamination 
with copper, as demonstrated by WyszkOWska et al. (2009)

The fact that heavy metals, including copper, decrease the activity of soil 
enzymes has been proved by many authors (WyszkOWska et al. 2005, 2006, 
gulser, erdgan 2008, WyszkOWska, WyszkOWski 2010). The effects of copper 
on soil enzymes depend on the plant cultivar, type of soil and the way it  
is used (WyszkOWska et al. 2010). WyszkOWska et al. (2010) in their pot expe-
riments observed that the contamination of soil with copper at doses  
150-450 mg kg-1 significantly decreases the enzymatic activity of soil, an  
effect which has also been observed in this study. 

Unfavourable effects of copper on enzymatic activity may be due to the 
indirect toxic influence of copper on microorganism proliferation (Oliveira, 
PamPulha 2006), and also because of its destructive influence on enzymes 
(WyszkOWska et al. 2005).

khan et al. (2007) observed toxic effects of different doses of heavy me-
tals introduced into soil on the activity of catalase. The results of their stu-
dies revealed that the extent to wich catalase activity decreased was parallel 
to the increase in the concentration of heavy metals. They observed higher 
toxic effects of Cd than of Pb on enzymatic activity of the soil. Higher toxicity 
of Cd is due to greater mobility of this element and less binding with soil 
colloids. Different results were obtained by Belyaeva et al. (2005), who obser- 
ved that the activity of catalase is not clearly depressed by heavy metals.

szymczak et al. (2011) in their own studies observed a decrease in the 
activity of catalase alongside with an increase in doses of another heavy  
metal, namely cadmium, regardless of the time when the analyses were car-
ried out, which was probably influenced by the reaction of the metal with the 
substrate-enzyme complex, a complex reaction of the substrate or the blockade 
of catalytically active groups of the enzyme. The research carried out by 
szymczak et al. (2011) confirms earlier observations of liu et al. (2008).

The results obtained by sOlanki et al. (2011) carried out on sprouting 
plants of Vigna mungo revealed a decrease in the activity of catalase at the 
seedling stage. It was also observed that while the activity of catalase  
decreased, the activity of peroxidase increased. The study also showed that 
combined effects of copper and zinc are more harmful than the effects of a 
single metal.

BartkOWiak and lemanOWicz (2014) did not observe any significant effects 
of heavy metals – Cu, Zn, and Ni (their total form and available form) – 
present in the soil on the activity of catalase.

The activity of soil enzymes reflects the intensity of biochemical processes 
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that take place in the soil, although it is often difficult to characterize it  
because of a great variety of factors shaping the properties of soil environ-
ment. Chemical properties of soils determine the activity of soil enzymes 
(BartkOWiak, lemanOWicz 2014). Soil enzymes are involved in the decomposi-
tion of organic matter, reactions that create humus, decomposition of humus, 
and in production of nutrients available to plants (mOcek-Płóciniak 2010). 
Bielińska and DoMżał (2001) and WyszkOWska et al. (2010) observed that 
changes in enzymatic activity of soils depend on the type of plants, and even 
on specific plant cultivars.

The results of numerous studies revealed changes in the enzymatic  
activity of soils in relation to the depth of a soil profile. BartkOWiak and  
lemanOWicz (2014) showed an increase in the activity of dehydrogenases in 
subsurface horizons of the investigated soil profiles. The activity of soil  
enzymes decreased with the depth of a soil profile, which is due to the specific 
distribution of humus and soil microorganisms and a decreasing amount of 
carbon substrates available for microorganisms and enzymes (Bielińska, 
Mocek-Płóciniak 2009, skwaryło-Bednarz, krzePiłko 2009a).

The statistical analysis revealed significant negative correlations between 
the dose of copper that had been applied and the activity of catalase in fresh 
soil and air dry soil where amaranth was cultivated (Table 3).

An innovative method for the determination of soil properties is the  
assessment of total antioxidant capacity (TAC) of soil, inter alia under ama-
ranth cultivation. The application of 50 mg Cu kg-1 of soil resulted in the 
highest mean value of the total antioxidant capacity of soil under amaranth 
cultivation in the test months. The application of higher doses of copper  
reduced the mean value of its total antioxidant capacity. It has been found 
that TAC increased in all objects during the plant growing season (Table 4).

In June, the TAC in the pots fertilized with 50 mg Cu kg-1 was  
188.55 µM trolox cm-3 g-1 of soil and was higher than in the control object by 

Table 3
Correlation coefficient between the doses of Cu and the activity of catalase and between  

the doses of Cu and TAC in the soil under amaranth cultivation

Cu dose
(mg kg-1 soil)

Catalase activity (cm min-1 g-1)

June August October
fresh soil

-0.976 -0.988 -0.992
air dry soil

-0.980 -0.976 -0.988
TAC (µM trolox cm-3 g-1 soil)

-0.949 -0.963 -0.971

Correlation significant at p = 0.01.
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11.4%. Higher doses of copper (150, 300 and 450 mg kg-1) reduced the mean 
value of this parameter by 9.9%, 40.7% and 47.7%, respectively (Table 4).

In August, the mean value of total antioxidant capacity in the control 
objects was 177.34 µM trolox cm-3 g-1 of soil. The lowest dose of Cu raised 
TAC by 8.64% in the comparison with the control object, while the growing 
doses of copper fertilization decreased TAC by 12.1 to 49.4% (Table 4).

In October, the highest TAC (199.78 µM trolox cm-3 g-1 of soil) was  
observed in the object fertilized with the lowest dose of copper. It was higher 
by 6.2% compared to the control object. The dose of 150 mg Cu kg-1 of soil 
decreased the total antioxidant capacity by 15.3%, while 300 and 450 mg kg-1 
lowered TAC by 41.6% and 51.3%, respectively (Table 4).

Studies on total antioxidant capacity of soils are mostly carried out in 
the context of the soil type (rimmer, smith 2009) or the impact of organic and 
macronutrient fertilization (Wang, lin 2003, skwaryło-BeDnarz, krzePiłko 
2009b) on this parameter. Little is known on the relationship between the 
content of heavy metals in soil and the quantity of antioxidants. sharma and 
agraWal (2005) stated that heavy metals entering from the soil to a plant 
can affect the level of antioxidants in the plant products. The consumption of 
these plants can be noxious to human health, which was confirmed by XiOng 
and Wang (2005).

Our result proved that the amount of antioxidants in the soil is affected 
by heavy metals, such as copper. The statistical analysis showed significant 
negative relationships between doses of copper and total antioxidant capacity 
of tested soils (Table 3).

Table 4
Total antioxidant capacity (TAC) of the soil in the investigated time periods in relation  

to soil contamination with copper (mean values)

Cu dose
(mg kg-1 soil)

TAC (µM trolox cm-3 g-1 soil)
June August October

0 (control object)
50
150
300
450

169.2
188.6
152.5
100.4
88.5

177.3
192.7
155.9
106.1
89.7

188.1
199.8
159.2
109.8
91.6

LSD0.05
Cu dose 51.5
month 5.6
Cu dose x month 40.6
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CONCLUSIONS

1. The pot experiment revealed an increase in the activity of catalase in 
fresh soil and air dry soil in all the objects throughout the plant growing 
period of amaranth. Higher activity of catalase was found in fresh soil sam-
ples than in air dry ones.

2. The highest activity of catalase was found in the objects where no fer-
tilization with Cu had been applied, and the smallest activity of catalase was 
observed in the objects where the dose of this microelement was the highest.

3. Application of higher doses of copper (50, 150, 300, 450 mg kg-1) contri-
buted to the decrease in the activity of catalase in soil in the experimental 
months, as compared to the control objects.

4. The highest mean value of total antioxidant capacity in soil was  
obtained by the smallest dose of copper (50 mg kg-1) applied. Throughout the 
study period, the value of this parameter was higher than the value obtained 
in the soil from the control object. Increasing doses of copper, higher than  
50 mg kg-1, resulted in a progressive reduction of the value of total antioxi-
dant capacity, which in any case was lower than the TAC value for the con-
trol object.

5. The mean value of catalase activity and total antioxidant capacity  
increased during the plant growing period, regardless of the copper dose  
applied to soil.

6. Significantly high negative correlations between doses of Cu and the 
activity of catalase and total antioxidant capacity in soil in the experimental 
months were observed.

REFERENCES
Bandick A.K., dick R.P. 1999 Field management effects on soil enzyme activities. Soil Biol. Bio-

chem., 31: 1471-1479. DOI: 10.1016/s0038-0717(99)00051-6
Baran S. 2000. Evaluation of degradation and reclamation of soils. Univ. Life Sci. Press, Lublin, 

Poland, 243. (in Polish)
BartkOWiak A., lemanOWicz J. 2014. Application of biochemical tests to evaluate the pollution  

of the Unislaw Basin soils with heavy metals. Int. J. Environ. Res., 8(1): 93-100.  
DOI: 10.22059/ijer.2014.698

Belyaeva O.N., haynes R.J., BirukOva O.A. 2005. Barely field and soil microbial and enzyme  
activities as affected by contamination of two soils with lead, zinc or copper. J. Biol. Fert. 
Soils, 41(2): 85-94. DOI: 10.1007/s00374-004-0820-9

Bielińska E.J., DoMżał H. 2001. Enzymatic activity of the soil as an indicator of environment 
contamination. Acta Agroph., 56: 61-72.

Bielińska E.J., Mocek-Płóciniak A. 2009. Field management effects on soil enzyme activities. 
Arch. Environ. Prot., 35(3): 101-107.

Brauner L., Bukatsch F. 1987. Workbook of Plant Physiology. PWN Press, Warsaw, Poland.
cardelli r., marchini f., saviOzzi a. 2012. Soil organic matter characteristics, biochemical  

activity and antioxidant capacity in Mediterranean land use systems. Soil Till. Res., 120: 
8-14. DOI: 10.1016/j.still.2012.01.005



835

dinesh R., chamdhuri S.G., sheeja T.E. 2004. Soil biochemical and microbial indices in wet 
tropical forests. Effect of deforestation and cultivation. J. Plant Nutr. Soil Sci., 167: 24-32. 
DOI: 10.1002/jpln.200321254

garcia-gil J.C., Plaza C., sOler-rOvira P., POlO A. 2000. Long-term effects of municipal soil 
waste compost application on soil enzyme activities and microbial biomass. Soil Biol. Bio-
chem., 32: 1907-1913. DOI: 10.1016/s0038-0717(00)00165-6

gulser F., erdgan E. 2008. The effects of heavy metal pollution on enzyme activities and basal 
soil respiration of roadside soils. Environ. Monit. Asses., 145: 127-133. DOI: 10.1007/
s10661-007-0022-7

khan S, cOa Q., hesham A., Xia Y., He J. 2007. Soil enzymatic activities and microbial commu-
nity structure with different application rates of Cd and Pb. J. Environ. Sci., 19: 834-840. 
DOI: 10.1016/S1001-0742(07)60139-9

kunitO T., saeki K., gOtO S., hayashi H., Oyaizu H., matsumOtO S. 2001. Copper and zinc  
fractions affecting microorganisms in long-term sludgeamended soils. Biores. Technol., 79: 
135-146. DOI: 10.1016/s0960-8524(01)00047-5

liu J, Xie J, chu Y, sun CH, chen CH, Wang Q. 2008. Combined effect of cypermethrin and  
copper on catalase activity in soil. J. Soils Sediments, 8: 327-332. DOI: 10.1007/s11368-008- 
-0029-x

mOcek-Płóciniak A. 2010. Utilisation of enzymatic activity for the evaluation of the impact of 
anthropogenic changes caused by heavy metals in soil environment. Nauka Przyr. Technol., 
4(6): 86-96. (in Polish)

niemi R., vePsäläinen M., Wallenius M., simPanen K., alakukkuB S., PietOla L. 2005. Temporal 
and soil depth-related variation in soil enzyme activities and in root growth of red clover 
(Trifolium pratense) and timothy (Phleum pratense) in the field. Appl. Soil Ecol., 30:  
113-125. DOI.org/10.1016/j.apsoil.2005.02.003

Ogunkunle C.O., fatOBa P.O., aWOtOye O.O., Olorunmaiye K.S. 2013. Root-shoot partitioning  
of copper, chromium and zinc in Lycopersicon esculentum and Amaranthus hybridus grown 
in cement-polluted soil. Env. Exp. Biol., 11: 131-136.

Oliveira A., PamPulha M.E. 2006. Effects of long-term heavy metal contamination on soil micro-
bial characteristics. J. Bios. Bioeng. 102(3): 157-161. DOI:10.1263/jbb.102.157

Regulation of the Minister of the Environment of 9 September 2002 on soil quality standards 
and earth quality standards. Dz.U. 2002 nr 165 poz. 1359. (in Polish)

renella G., mench M., landi L., nanniPieri P. 2005. Microbial activity and hydrolase synthesis 
in long-term Cd-contaminated soils. Soil Biol. Biochem., 37: 133-139. DOI:10.1016/j.soilbio. 
2004.06.015

rice-evans C., miller N.J. 1994. Methods enzymology. Acad. Press Inc., 234: 279-293.
riffaldi r., saviOzzi a., Levi-Minzi R., Cardelli R. 2002. Biochemical properties of a Mediterra-

nean soil as affected by long-term crop management systems. Soil Tillage Res., 67: 109-114. 
DOI: 10.1016/s0167-1987(02)00044-2

rimmer D.L., smith A.M. 2009. Antioxidants in soil organic matter and in associated plant ma-
terials. Eur. J Soil Sci., 60(2): 170-175. DOI: 10.1111/j.1365-2389.2008.01099.x

rimmer D.L. 2006. Free radicals, antioxidants, and soil organic matter recalcitrance. Eur. J. 
Soil Sci., 57: 91-94. DOI: 10.1111/j.1365-2389.2005.00735.x

saviOzzi a., cardelli r. 2014. Organic matter characteristics, biochemical activity and antioxi-
dant capacity of soil amended with different organic materials. J. Arch. Agron. Soil Sci., 
60(1): 119-131. DOI.org/10.1080/03650340.2013.767444

sharma R.K., agraWal M. 2005. Biological effects of heavy metals: An overview. J. Environ. 
Biol., 26(2): 301-313.

shaW L.J., Burns R.G. 2003. Biodegradation of organic pollutants in the rhizosphere. Adv. Appl. 
Microbiol., 53: 1-60.



836

skwaryło-Bednarz B., krzePiłko A. 2009a. Effect of different fertilization on enzyme activity  
in rhizosphere and non-rhizosphere of amaranth. Int. Agroph., 23(4): 409-412.

skwaryło-BeDnarz B., krzePiłko a. 2009b. Effect of various NPK fertilizer doses on total  
antioxidant capacity of soil and amaranth leaves (Amaranthus cruentus L.). Int. Agrophys. 
23: 61-65.

skwaryło-Bednarz B. 2012. Influence of contamination of soil with copper on the activity  
of dehydrogenases in areas where amaranthus is cultivated. Ecol. Chem. Eng. A., 19(1-2): 
155-159. DOI: 10.2428/ecea.2012.19(01)017

sOlanki R., anju K.R., POOnam, dhankhar R. 2011. Zinc and copper induced changes in physio-
logical characteristics of Vigna mungo L. J. Environ. Biol., 32: 747-751.

syManowicz B., kaleMBasa s., skoruPka w., nieDBała M. 2014. The changes of enzymatic activi-
ty of soil under eastern galega (Galega orientalis Lam.) after NPKCa fertilization. Plant Soil 
Environ., 60(3): 123-128.

szymczak J., kłóDka D., smOlik B., PaWlica M. 2011. Effect of cadmium salt on the activity  
of oxidative stress enzymes in soil and maize (Zea mays var. saccharata). Ochr. Środ. Natur., 
48: 210-215. (in Polish)

Wang S.Y., lin H.-S. 2003. Compost as a soil supplement increases the level of antioxidant com-
pounds and oxygen radical absorbance, capacity in strawberries. J Agric Food Chem., 51: 
6844-6850. DOI: 10.1021/jf030196x.

WyszkOWska J., kucharski J., lajszner W. 2005. Effect of soil contamination with copper on its 
enzymatic activity. Pol. J. Environ. Stud., 14(5): 119-124.

WyszkOWska J., kucharski J., lajszner W. 2006. The effect of copper on soil biochemical proper-
ties and its interaction with other heavy metals. Pol. J. Environ. Stud., 15(6): 927-934.

WyszkOWska J., kucharski M., kucharski J., BOrOWik A. 2009. Activity of dehydrogenases, cata-
lase and urease in copper polluted soil. J Elem., 14(3): 605-617. DOI: 10.5601/
jelem.2009.14.3.19

WyszkOWska J., kucharski M., kucharski J. 2010. Activity of B-glucosidase, arylsulfatase and 
phosphatases in soil contaminated with cooper. J. Elem., 15(1): 213-226. DOI: 10.5601/
jelem.2010.15.1.213-226

WyszkOWska J., WyszkOWski M. 2010. Activity of dehydrogenases, urease and phosphatases  
in soil polluted with petrol. J. Toxicol. Environ. Healt, A., 73(17): 1202-1210. DOI: 10.1080/ 
15287394.2010.492004

XiOng Z.-T., Wang H. 2005. Copper toxicity and bioaccumulation in Chinese cabbage (Brassica 
pekinensis Rupr.) Environ. Tox., 20(2): 188-194. DOI: 10.1002/tox.20094


