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AbstrAct

The accumulation of heavy metals in the environment can contribute to soil homeostasis distur-
bance. However, their adverse effect can be reduced by introducing neutralizing substances to 
soil. Therefore, an experiment was carried out to determine the effect of varied doses of zinc on 
the microbiological and enzymatic properties of soil. Additionally, the neutralizing effect of lim-
ing applied to zinc-contaminated soil was evaluated with regard to the microbiological and bio-
chemical properties of the soil. Loamy sand of pHKCl 5.6 was used as the soil material. Calcium 
carbonate was applied in doses neutralizing the hydrolytic acidity of soil, which amounted to 0, 
1 and 2 HAC, respectively. Next, zinc (ZnCl2) was introduced to soil, in the amounts of 0, 250, 
500, 750, 1000 and 1250 mg kg-1 DM of soil. In weeks 2 and 20 of the experiment, the counts of 
microorganisms (organotrophic bacteria, copiotrophic bacteria, oligotrophic bacteria, actinomy-
cetes and fungi) and activity of enzymes (dehydrogenases, catalase, urease, acid phosphatase, 
alkaline phosphatase and β-glucosidase) were determined in soil samples. Based on observations 
of the proliferation of microorganisms, changes in the diversity of the soil microbiome exposed 
to zinc were evaluated with the use of the colony development (CD) index and ecophysiological 
biodiversity (EP) index. Excessive amounts of zinc demonstrated a negative effect on the biolog-
ical parameters of soil. It brought about a reduction in the count of microorganisms, although 
the highest resistance to zinc was demonstrated by copiotrophic bacteria and fungi. Additionally, 
this element revealed an inhibitory effect on the activity of soil enzymes and colony development 
index, as well as on the ecophysiological biodiversity (EP) index of microorganisms. The addition 
of calcium carbonate to the soil neutralized the negative effects of zinc on its microbiological and 
biochemical properties. 
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INTRODUCTION

Upsetting the equilibrium between individual elements of environment 
can lead to disturbances in the functioning of the entire ecosystem. Soil is a 
very important element of the environment for its use by humans. Therefore, 
the highest emphasis is placed on soil fertility, which determines the yields 
obtained. In turn, soil productivity is conditioned by the biological processes 
occurring in it (Vrščaj et al. 2008). Soil microorganisms form a living, inte-
gral part of each soil environment. Processes occurring in soil with the parti-
cipation of its microbiome can be disturbed by the toxic effect of xenobiotics, 
including heavy metals, on living organisms (Knopf, König 2010). KucharsKi 
et al. (2011) and WyszKoWsKa et al. (2016) demonstrated the adverse effect of 
zinc on biological soil parameters, such as the count of microorganisms and 
their biodiversity and biochemical processes occurring in soil. 

Another important factor determining the effect of heavy metals on soil 
functions is their availability in soil, which is closely related to the physicoche-
mical properties of the soil (ModrzeWsKa, WyszKoWsKi 2014). Transformation of 
the biologically inassimilable form to the assimilable one can be related to 
some disturbance of the physicochemical properties of soil, i.e. pH, cation ex-
change capacity, share of organic matter and silty minerals, content of Fe, Al, 
Mn oxides and redox potential (aydinalp, MarinoVa 2003). Therefore, the alka-
line reaction of soils and a high content of carbonates result in decreasing 
mobility of heavy metals, as a result of which they do not pose a direct threat 
to ecosystems affected by their presence (naVarro et al. 2008). A practical  
application of this fact is soil liming, which significantly decreases the bio- 
assimilability of heavy metals (including zinc) in soil (Garau et al. 2007).

The aim of the research was to determine the relations occurring  
between the content of zinc in soil and microbiological and biochemical 
properties of soil. Additionally, the effectiveness of soil supplementation with 
calcium carbonate in mitigating the negative effects of zinc on the soil micro-
biome and enzyme activity was evaluated. 

MATERIAL AND METHODS

The laboratory experiment was conducted in three replications. The soil 
material used in the experiment was loamy sand (Eutric Cambisols) collected 
from the uppermost humus horizon (0-20 cm) at the Educational and  
Research Station in Tomaszkowo (north-eastern Poland, 53.71610 N, 
20.41670 E). The characteristics of the soil used in the experiment are pre-
sented in Table 1. Glass beakers were filled with 100 g air-dried soil materi-
al of <2 mm in the graining diameter. Before setting up the experiment, a 
liming dose was established based on the soil hydrolytic acidity. Calcium 
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carbonate was added to the soil in an amount neutralizing the hydrolytic acid-
ity: 0 Hh, 1 Hh, 2 Hh. Next, zinc was applied to the samples in the form of 
ZnCl2 in the following doses: 0, 250, 500, 750, 1000 and 1250 mg Zn2+ kg-1 soil. 
Samples were thoroughly homogenized. Incubation was conducted at 25°C for 
2 and 20 weeks, keeping the humidity of soil at 50% capillary water capacity. 
After the set incubation time, the number of the following groups of microbes 
was determined: organotrophic bacteria (Bunt, roVira 1955), oligotrophic and 
copiotrophic bacteria (ohta, hattori 1983), actinomycetes (parKinson et al. 
1971) and fungi (Martin 1950). The activity of selected enzymes: dehydroge-
nase, catalase, urease, acid phosphatase, alkaline phosphatase, β-glucosidase 
was also tested. The detailed procedure for determining the activity of the ex-
amined enzymes was discussed in BorowiK et al. (2014). Additionally, physico-
chemical analyses of soil were performed, such as measuring the granulomet-
ric composition of soil with a laser particle size analyser Mastersizer 2000, pH, 
hydrolytic acidity, sum of exchangeable base cations, organic carbon content 
and total nitrogen content according to the method described in carter (1993), 
the content of exchangeable cations (K+, Na+, Ca2+, Mg2+) according to the 
methodology reported by harris (2006) and the total zinc content and the con-
tent of assimilable zinc using atomic absorption spectroscopy (FAAS).

Table 1
Physicochemical properties of soil

Parameter Unit Value
Soil texture
<0.002
0.002-0.05
0.05-2.00

(%) 1.490
17.98
80.56

pH - 5.600
Total organic carbon

(g kg-1 DM)
10.00

Total nitrogen 0.580
Available cations
P
K
Mg

(mg kg-1 DM) 96.32
179.1
50.17

Total exchangeable cations
K+

Ca2+

Na+

Mg2+

(mg kg-1 DM)
217.7
568.6
100.3
64.52

Hydrolytic acidity (HAC)
(mM(+) kg-1 DM)

18.66
Total exchangeable bases (TEB) 40.00
Cation exchange capacity (CEC) 58.66
Base saturation (BS) (%) 68.19
Total zinc

(mg kg-1 DM)
22.68

Available zinc 9.130
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The results were statistically analysed using Statistica 12 software 
(StatSoft, Inc. 2014). The percentage of factors contributing to the observed 
η2 variability was determined for dependent variables and independent va-
riables. Data concerning the activity of enzymes and counts of soil microor-
ganisms were analysed using the method of multivariate principal compo-
nent analysis (PCA). Based on the count of microorganisms (organotrophic 
bacteria, actinomycetes and fungi), the colony development (CD) index was 
determined (sarathchandra et al. 1997), as well as the ecophysiological bio-
diversity (EP) index (de leij et al. 1993). 

RESULTS AND DISCUSSION 

The results indicate that zinc significantly contributed to upsetting the 
microbiological equilibrium of soil (Table 2). A particularly highly significant 
effect of a zinc dose was recorded with regard to the count of fungi  
(in 81.92%). The count of other groups of microbes depended to a higher  
degree on the soil incubation time – from 26.34% (actinomycetes) to 60.15% 
(organotrophic bacteria). Soil liming demonstrated the highest effect on the 
number of organotrophic bacteria (in 11.59%) and actinomycetes (in 15.55%).

The counts of the groups of soil microorganisms examined in the study 
are visualized in Figure 1 according to the principal component analysis 

Table 2
Percentage share of factors for observable variability η2

Factors
Parameters

Org Cop Olig Act Fun Deh Cat Ure Pac Pal Glu

 Dose of Zn 7.829 22.13 23.92 15.08 81.92 76.08 70.00 41.05 47.35 92.15 55.23

 Dose of CaCO3 11.59 0.146 5.689 15.55 0.799 2.284 1.319 4.721 32.13 2.158 0.434

 Incubation time 60.15 47.81 28.52 26.34 1.092 3.730 10.88 6.954 1.567 1.264 0.858

 Dose of Zn· 
dose of CaCO3

6.163 10.48 12.60 7.497 5.379 2.352 1.693 13.38 8.526 2.892 4.097

 Dose of Zn· 
incubation time 6.687 5.662 11.90 14.35 5.538 5.418 10.34 3.853 0.340 0.463 3.048

 Dose of CaCO3· 
incubation time 1.169 1.182 1.835 11.32 2.008 2.295 2.533 6.890 2.827 0.185 30.32

 Dose of Zn· 
dose of CaCO3·  
incubation time

5.338 8.736 12.80 9.416 2.949 7.142 1.158 21.37 5.723 0.819 5.136

 Error 1.074 3.854 2.736 0.447 0.315 0.699 2.077 1.782 1.537 0.069 0.877

Zn – zinc, Org – organotrophic bacteria, Cop – copiotrophic bacteria, Olig – oligotrophic bacteria, 
Act – actinomycetes, Fun – fungi, Deh – dehydrogenases, Cat – catalase, Ure – urease, Pac – 
acid phosphatase, Pal – alkaline phosphatase, Glu – β-glucosidase 
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(PCA). Three groups of microorganisms (organotrophic bacteria, oligotrophic 
bacteria and actinomycetes) were stimulated by zinc, but the highest contam-
ination of soil with this element (1250 mg Zn2+ kg DM of soil) had an inhibi-
tory effect on their development. Zinc in moderate amounts can contribute to 
the stimulation of soil microorganisms (WyszKoWsKa et al. 2013a). On the 
other hand, high doses of zinc, i.e. between 1200 and 2400 mg Zn2+ kg-1 DM 
of soil, lead to a reduced growth of soil microorganisms (WyszKoWsKa et al. 
2016). In our own research, soil contamination with zinc (doses between 250 
and 1250 mg Zn2+ mg kg-1 DM of soil) did not demonstrate a negative effect 
on the development of copiotrophic bacteria or fungi. 

The application of liming to soil, both uncontaminated and contaminated 
with zinc, resulted in the stimulation of the growth of organotrophic bacteria, 
oligotrophic bacteria and actinomycetes. The count of microorganisms  
decreased over the soil incubation time. As a result of changes occurring in 
the soil environment under the influence of zinc, soil microorganisms more 
resistant to this metal could emerge, eliminating more susceptible species 
(WyszKoWsKa et al. 2016). 

Fig. 1. Counts of selected groups of microorganisms in zinc-contaminated soil supplemented 
with calcium carbonate (PCA). Abbreviations of microbiological parameters described under 

Table 2. Dose of zinc (mg Zn2+ kg-1 DM soil): I – 0, II – 250, III – 500, IV – 750, V – 1000,  
VI – 1250; dose of CaCO3 (corresponding to HAC): a – 0, b – 1, c – 2; incubation time:  

2 – two weeks, 20 – twenty weeks
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The Pearson’s correlation coefficients also confirm that soil contamination 
with zinc had a highly significant adverse effect on the count of the  
examined group of microorganisms (Table 3). The exception was organotrophic 
bacteria, in which this trend was unobserved. The number of organotrophic 
bacteria and actinomycetes was highly significantly positively correlated with 
the sum of exchangeable base cations, cation exchange capacity and base sat-
uration, but was negatively correlated with hydrolytic acidity. The count of 
organotrophic bacteria was also positively correlated with pH of the soil.

Contamination of soil with zinc contributed to changes in the soil micro-
biome’s biodiversity. The value of the colony development (CD) index of  
organotrophic bacteria decreased along with the zinc content in soil (Figure 2). 
Liming at the level of 1 HAC of soil contaminated only with 1000 and  
1250 mg Zn2+ kg-1 DM of soil resulted in an increase in the value of this  
index, while a dose of CaCO3 corresponding to 2 HAC mitigated the stress 
related to zinc in all variants of pollution. In addition, for actinomycetes, 
only a slight decrease in the CD index value was found, while the response 
of fungi was not evident. Liming only slightly changed the CD index for actino- 
mycetes, while for fungi, liming of uncontaminated soil and soil contaminat-
ed with zinc in the amount of 250 and 500 mg Zn2+ kg-1 DM of soil contribut-
ed to reducing the rate of proliferation of this group of microorganisms. Zinc 
applied in excessive doses lowered the values of the ecophysiological biodiver-
sity (EP) index of microbes (Figure 3). All groups of microorganisms under 
examination responded negatively to increased zinc doses, which was proven 
by declining values of the EP index. The most significant changes caused by 
the heavy metal content were found among fungi. The reaction of organo-
trophic bacteria and actinomycetes was less evident. Liming at the level of  
2 HAC contributed to increasing the value of the ecophysiological biodiversity 
index of fungal diversity in the soil contaminated with zinc. The diversity of 
actinomycetes was also larger in samples with 1000 and 1250 mg Zn2+ kg-1 
DM of soil subject to CaCO3 at the levels of 1 and 2 HAC. Zinc can effect 
changes in the structure of microorganisms, which can also develop resis-
tance to zinc. Zinc ions, eliminating susceptible microorganisms, can also 
support the development of microorganisms resistant to its presence in soil 
(locK, janssen 2005). Additionally, soil liming can lead to modifications in 
the soil microbiome structure (Garau et al. 2007) and the change of pH in 
this environment brings about a change in the living conditions of microor-
ganisms (Geisseler, scoW 2014).

The activity of soil enzymes was influenced by all examined factors  
(Table 2). The dose of zinc changed the activity of enzymes ranging from 
41.05% (urease) to 92.15% (alkaline phosphatase). The soil incubation time 
had the greatest effect on the activity of catalase (in 10.88%) and urease  
(in 6.95%), while liming affected most strongly the activity of acid phospha-
tase (in 32.13%).

The PCA analysis (Figure 4) shows that zinc demonstrated a strong in-
hibitory effect on soil enzyme activity. The highest activity of the tested en-
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Fig 2. Colony development (CD) index for microorganisms in zinc-contaminated soil 
supplemented with calcium carbonate
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Fig. 3. Ecophysiological biodiversity (EP) index for microorganisms in zinc-contaminated  
 soil supplemented with calcium carbonate 
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zymes was found in soil uncontaminated with zinc and subject to 250 and 
500 mg Zn2+ kg-1 DM of soil. The projection of cases in relation to the position 
of vectors describing enzymes indicates a linear relationship with their activ-
ity, decreasing along with the growth of the zinc content in soil. 

Numerous references (chaperon, sauVé 2007, WyszKoWsKa et al. 2013b, 
BorowiK et al. 2014, WyszKoWsKa et al. 2016) have also confirmed the nega-
tive effect of zinc ions on soil enzyme activity. In a study carried out by lee 
et al. (2009), soil respiration and the activity of urease and dehydrogenases 
were negatively correlated with the assimilable zinc content. In our research, 
dehydrogenases proved more susceptible to zinc, while β-glucosidase demon-
strated the highest resistance. Additionally, the distribution of cases in rela-
tion to vectors justifies the conclusion that liming contributed to mitigating 
the stress due to to the presence of zinc in soil. Soil supplementation with 
calcium carbonate to the highest degree mitigated the toxic effect of zinc on 
the activity of dehydrogenases, catalase, urease and acid phosphatase. Garau 
et al. (2007) found that liming effects the stimulation of dehydrogenase and 
urease activity in comparison to control soil. lee et al. (2009) also observed 
an increase in soil respiration and activity of dehydrogenases, urease and 

Fig. 4. Activity of selected enzymes in zinc-contaminated soil supplemented with calcium car-
bonate (PCA). Abbreviations of biochemical parameters described under Table 2. Dose of zinc 
(mg Zn2+ kg-1 DM soil): I – 0, II – 250, III – 500, IV – 750, V – 1000, VI – 1250; dose of CaCO3 
(corresponding to HAC): a – 0, b – 1, c – 2; incubation time: 2 – two weeks, 20 – twenty weeks
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phosphatase in soil subjected to liming. The activity of dehydrogenases, ure-
ase, acid phosphatase and β-glucosidase was the highest at week 20. This 
could have resulted from the rapid response and high susceptibility of these 
enzymes to the effects of excessive zinc doses at week 2 of the experiment. 
Another consequence could have been the emergence of microorganisms charac- 
terized by higher tolerance to excessive doses of the examined heavy metal. 

The Pearson’s correlation coefficients presented in Table 3 also indicate 
that soil contamination with zinc was negatively correlated with the activity 
of all tested enzymes. Additionally, the examined physicochemical parame-
ters of soil were positively correlated with the activity of dehydrogenases, 
alkaline phosphatase and β-glucosidase. The only exception was hydrolytic 
activity, which was significantly negatively correlated with the activity of 
those enzymes.

The addition of calcium carbonate caused an increase of pH in soil  
(Figure 5). The highest growth of pH value was observed in samples to which 

calcium carbonate was applied in the 2 HAC dose. Soil pH was positively 
correlated with the sum of exchangeable base cations, cation exchange capac-
ity and base saturation, but was negatively correlated with hydrolytic acidity 
(Table 3). Basta, McGoWen (2004) confirmed that calcium carbonate effects 
an increase in soil pH and a decrease of the amount of bioassimilable zinc. 
This could be caused by conditions conducive to the formation of carbonates 
with heavy metals. Since these are the conditions in which ZnCO3 can be 
formed, by changing physicochemical properties of soil, liming influences the 
conditions for microbial growth and enzyme activity.

Fig. 5. Changes in pH of soil contaminated with zinc and supplemented with calcium carbonate
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CONCLUSIONS 

Contamination with zinc had an effect on the biological condition of soil. 
The current study demonstrated that an excessive amount of zinc in soil re-
sulted in decreasing the count of microorganisms and caused changes in the 
microbiome’s diversity. Additionally, zinc revealed an inhibitory effect on soil 
enzyme activity. Nevertheless, zinc applied to soil in the amounts of 250 to 
500 mg Zn2+ kg-1 DM of soil stimulated the proliferation of microorganisms. 
Fungi demonstrated higher tolerance to the presence of zinc in soil, but zinc 
was responsible, to the highest degree, for a decrease in the ecophysiological 
diversity of this group of microorganisms. Soil liming contributed to the limi-
tation and reduction in fungi diversity. Based on the results, it can be conc-
luded that liming reduces stress related to the presence of zinc in soil and 
the activity of soil enzymes, while stimulating the growth of microorganisms. 
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