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Abstract: The presented paper deals with the analysis of potential differences between organic waste
compost (Cpp), vermicompost (Cygr) and mineral fertilizer (MF; 27% of N) applications affecting the
quality of arable soil by influencing microbial activity therein. The selected types of compost represent
alternatives to conventional organic fertilizers, which are, however, not available to Czech and Slovak
farmers in sufficient amounts. Their mutual comparison and the comparison with organic fertilizers
aim to provide farmers further information about their influence on arable land and thus to give
them the possibility of deciding on the most suitable amendments. To demonstrate the effect of these
amendments, six variants were prepared: one without the addition of fertilizers; two variants with the
addition of 40 Mg/ha of Cygr and Cpp; one variant with the addition of double dosed Cygr (80 Mg/ha),
and the remaining two variants were fertilized only with MF (0.22 Mg/ha) and with the combination
of Cygr (0.20 Mg/ha) and MF (0.11 Mg/ha). Substrate induced respiration (SIR), basal respiration
(BS), microbial carbon (Cp,;c) and enzymatic activities (hydrolysis of fluorescein diacetate—FDA,
dehydrogenase activity—DHA, and phosphatase activity—PA) were used to evaluate the effect of
Cgp, Cyer and MF application on the soil quality. Both organic and mineral amendments affected BS
and SIR. The highest BS and SIR rates were found in variants with compost application (Cygr and
Cpp). All variants treated with the mineral fertilizer showed the lowest level of enzyme activities;
lower by about 30% in comparison with variants where Cygr, Cgp and the combination of MF and
Cygr were applied. We found insignificant differences between the individual types of compost. More
importantly, we compared the situation at the beginning of the experiment and after its end. It was
found that the application of mineral fertilizers automatically led to the deterioration of all enzymatic
parameters, on average by more than 25%, as compared with the situation at the beginning of the
experiment. However, when the mineral fertilizer dose was supplemented with organic amendments
(Cyer), this negative effect was eliminated or significantly reduced. Furthermore, both composts
(Cygr and Cgp) positively affected plant biomass production, which reached a level of production
enhanced by the MF. Results clearly showed that the application of both compost types could be used
to improve soil quality in agriculture.
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1. Introduction

Modern agriculture has to face new phenomena, such as climate change, erosion, loss of nutrients
from the soil sorption complex, contamination by pollutants, protection of drinking water sources, or
depletion of soil fertility. Arable land represents an unnatural system that is constantly disrupted by
human activities [1-3]. The main difference between farmland and soil in the natural ecosystem lies in
their way of coping with possible external impacts, for example with the climate change. In contrast
with agricultural system, the resilience of natural ecosystems is maintained by the fact that all resources
of organic matter remain in them. On the other hand, resilience of farmland depends on management
methods and on the sufficient supply of organic matter in particular. The most significant aspects
include regular application of organic fertilizers such as plant residues, microorganisms, root exudates,
etc. [4-6] and varied crop rotations [1,2].

Soil organic matter (SOM) and texture are important factors affecting the rate of carbon and
nitrogen mineralization in soils under conditions of variable temperature and water content and hence
soil fertility — availability of nutrients in the rhizosphere soil [7]. Moreover, SOM quantity and quality
is important in relation to soil fertility, soil health and quality, and SOM has therefore a direct effect
on the level of farmland resistance to the above-mentioned negative phenomena [8]. Generally, there
are several possibilities to improve the content of SOM in the soil, and thus to reduce the risk of soil
degradation. One of basic possibilities is the application of organic matter originating as a by-product,
i.e., organic municipal waste, crop residues after harvest, organic waste from biogas plants such as
digestate, etc. [9]. This category includes, for example, composts [10-12]. The above organic substances
or fertilizers are very often used in modern agriculture [11,13]. Basic types of compost used to improve
soil fertility (such as those used in the European Union, China, etc.) include organic waste compost
and vermicompost [14-16].

Soil health is a capacity of soil to maintain a vital living system within ecosystems and land-use
boundaries, to sustain plant and animal productivity, to maintain or enhance water and air quality,
and to promote plant and animal health [17]. The state of soil environment can be monitored using
selected indicators. De la Rosa and Sobral [18] claimed that critical limits of soil quality indicators
are threshold values, which must be adhered to for the normal functioning of the soil system [19].
Within this critical range, the soil performs its specific functions in natural ecosystems. As reported
by Benintende et al. [19], Stone et al. [20] and Mbuthia et al. [21], biological variables can be used as
soil quality and health indicators. Soil respiration and enzymatic activities, particularly hydrolase
activities, involved in organic matter turnover, hence in nutrient cycles and plant nutrition, are used by
soil scientists to investigate the effects of different soil management strategies and agricultural practices
including organic amendments on the soil quality and health [22-24].

The aim of the presented research was to evaluate the effect of two types of organic fertilizers
and one type of mineral fertilizer: organic waste compost, vermicompost and mineral fertilizer
(calcium ammonium nitrate N27) as amendments enhancing soil quality. Another goal was to provide
information to farmers and public about the potential influence of these composts on arable land not
only from the viewpoint of soil fertility but also soil quality. We are convinced that these composts
represent a potential alternative to conventional organic fertilizers. Changes in the quality of arable
soil were evaluated by using (micro)-biological parameters.

2. Materials and Methods

2.1. Experiment Design

The above-described goals of work and hypotheses were tested in a pot experiment lasting
95 days. Eighteen metal blocks were used as experimental containers and placed in a greenhouse. Each
experimental container had the same following properties: (a) height = 550 mm; (b) width = 200 mm;
(c) thickness = 100 mm (Appendix A). Each container was filled with the same amount of soil, i.e.,
14.6 kg. The sampling of used soil was carried out on June 5, 2014 in the protection zone of underground
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drinking water source in Bfezova nad Svitavou. Soil sampling was realized according to CSN ISO 10
381-6 (Czech Technical Standard and International Standards for soil sampling) on three plots (soil
type: fluvisol; soil subtype: modal) in the cadastral area of the municipality “Banin” (Figure 1). Soil
samples were taken from six soil probes (two per one plot). Each probe was of square ground plan
(a = 800 mm) and its depth was approximately 300 mm according to the thickness of the topsoil layer.
Soil was sampled only from the top soil layer. Information about the area of our interest: Banin is
situated in the protective zone of underground source of drinking water in Bfezovd nad Svitavou
(Czech Republic). Annual mean (1962-2012) precipitation amounts are 588.47 mm and mean annual air
temperature is 7.9 °C. The location was selected as there is an important source of drinking water for
more than 500,000 people. There is also intensive farming using the application of soil amendments of
organic origin in order to improve soil properties, which also affects infiltrated water quality. The soil
samples were homogenized and sieved (grid size of 10 mm). Experimental containers were assembled
after 20 days of soil sample pre-incubation.

Figure 1. Location of sampling points (1—green; 2—red; 3—yellow) in the Czech Republic.

The pot experiment was conducted from June 27, 2014 to September 30, 2014 (95 days); all
containers were planted with one indicator plant: Zea mays L. The medium late variety of Zea mays
L., ASTER CS, FAO 240 was used. This variety is intended for biogas production and is commonly
used in the Czech Republic. The experiment was carried out in greenhouses (Appendix A; Figure Al)
under the following conditions: (a) 26 °C (day temperature); (b) 20 °C (night temperature); (c) 65%
humidity (24h); d) day length 11 h (light intensity 3 000 Ix), day period starting at 8:00 a.m. and ending
at 7:00 p.m., night period was from 7:00 p.m. to 8:00 a.m. Soil water content was maintained at 70% of
soil Water Holding Capacity (WHC) in all variants. WHC was determined for the top soil according to
Dykyjova [25] as a capacity of soil samples (100 g) to soak up a certain amount of water for 2 h and
then drain for 2 h. After that time, the soil sample was weighed and this value represented the weight
of soil sample achieving “100%” WHC. The value of WHC was converted to the amount of topsoil.
After having filled and achieved the required values of WHC (70%), the experimental containers were
weighed. Subsequently, the measured weight was maintained throughout the experiment by irrigation
(distilled water).

Six treatments of the experiment with or without the addition of different fertilizers were prepared
(Table 1). The following fertilizers were used for the establishment of the experiment: (a) organic
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waste compost (Cpp), which is registered for agricultural use in the Czech Republic as “Black Dragon”;
(b) non-registered vermicompost (Cygr); (c) mineral fertilizer LAD 27 (MF; Calcium ammonium nitrate
27 % N). All fertilizers were incorporated into the top soil layer before sowing the indicator crop.
In the Czech Republic, the recommended dose of compost is 5 kg/m? (50 Mg/ha) per 5 years and ha
according to CSN EN 46 5735 — Czech Technical Standard and European Norm for industrial composts.
Consequently, the used compost dose of 4 kg per m? (=40 Mg/ha) is in accordance with CSN EN 46 5735.

Table 1. Overview of the laboratory experiment.

Treatment No. Characteristics Dose of Fertilizers (Mg/ha)
1 Control without fertilizers 0
2 CvER 40
3 CsDp 40
4 Combination of LAD 27 and Cyggr 0.11 +20
5 LAD 27 0.22
6 Double dose of Cygr 80

Vermicompost (fermented for one year) was made of compost mixed of cattle manure (30%),
sheep manure (25%), straw (10%), mixtures of grass, leaves and lop (25%), and earth (10%). After the
fermentation, earthworms (Eisenia foetida) were added to the vermicompost and left there for four
months. Mechanical aeration was used to prepare the compost made of organic waste (Cpp) using the
composting process in outdoor piles. Aerobic composting was provided by the composting plant in
Brno — Cernovice (Czech Republic; European Union). The maturation of Cpp took three months.

2.2. Analysis of Arable Ssoil and Composts

The ion-selective electrode was used to determine the potential pH value after the extraction of
samples in 0.01 M CaCl, complying with ISO 10 390:2005 [26]. The content of N, was determined in
the soil and compost samples according to Bremner et al. [27] using the LECO CNS 2000 (St. Joseph,
MI, USA) automatic analyzer.

The oxidometrical (modified Tjurin’s) method was used for the detection of Cox according to
Filcheva and Tsadilas et al. [28]. Moreover, the soil and compost samples were analyzed for mineral
N (Ninorg—consists of NH,"-N and NO3~-N) contents. Ninorg Was extracted with 2 M KCl using the
method by Bundy and Meisinger et al. [29] and the concentration of Njnorg in extracts was determined
by using the distillation-titration method [30]. Table 2 summarizes the results of chemical properties of
the soils and organic compounds used for the establishment of the laboratory experiment.

Table 2. Selected chemical and physical properties: pH, Cox and Nyt content in soil samples (soil
type: fluvisol; soil subtype: modal; textural class: sandy loam) and in organic fertilizers used for the
establishment of the experiment.

PH Cox Niot Ninorg
Sample (CaCly) [mgkgll [mgkg1l [mgkg] CN
Soil 5.62 10.30 141 16.10 7.3
Csp 8.06 158.31 15.00 33.67 10.6
CvEer 791 132.56 14.86 37.95 8.9
LAD - - 270 270 -

2.3. Measurement of Basal and Substrate Induced Respiration

After the end of the experiment, soil samples were taken from each variant and placed in sterile
plastic bags. Prior to the determination of soil respiration, the samples were pre-incubated for 28 days
at 4 °C. Soil respiration was determined according to Simek et al. [31]: Basal respiration (BS) was
assessed in 15 g of field-moist soil sample by using serum bottles secured with butyl rubber stoppers.
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The bottles were incubated for 24 hours at 25 °C. A 0.5 mL sample of internal atmosphere was analyzed
by using gas chromatography (Agilent Technologies 7890A GC System equipped with the thermal
conductivity detector) after 3 hours and at the end of the incubation period. BS was determined
from CO, production within 21 hours. The technique of filling water was used to measure the total
headspace volume in each bottle. Results were adjusted to gas in liquids and given per gram of dry soil
and hour. Substrate induced respiration (SIR) was analyzed by determining the produced CO; using
the procedure of glucose addition and incubation for 4 hours. Five grams of field-moist soil together
with 2 mL of glucose solution (4 mg C-g™! of dry soil) were put into bottles; this was replicated three
times. The bottles were secured with stoppers and incubated for 4 hours at 25 °C and the 0.5 cm?
sample of internal atmosphere was analyzed by gas chromatography in the second and fourth hour of
incubation. Analysis of enzymatic activities and content of carbon in microbial biomass

2.4. Determination of Enzymatic Activities and Content of Microbial Carbon

Three enzymatic activities (dehydrogenase activity, phosphatase activity and hydrolysis of
fluorescein diacetate) in the soil samples were determined at the start (immediately after the addition
of fertilizers) and at the end of the experiment after 95 days of experiment duration. The procedure of
soil sampling was similar to that used for determining respiration. Dehydrogenase activity (DHA) was
determined using the assay by Casida et al. [32] as a reduction of triphenyltetrazolium chloride (TTC) to
triphenylformazan (TPF). Three grams of field-moist soil were placed into 16 mL-test tubes, and 1 mL
TTC was added followed by 2.5 mL distilled water; the suspension was incubated for 24 hours at 37 °C.
Then 50 mL methanol were added for the extraction of TPF reflecting in red coloration. Finally, the
suspension was filtrated, and the intensity of reddish color was measured with the spectrophotometer
at a wave-length of 485 nm using methanol as a blank. The concentration of TPF was calculated
according to the calibration curve and expressed as pug TPF per 1 g dry soil matter.

Total microbial activity in the soils was measured by monitoring the hydrolysis of fluorescein
diacetate (FDA), as described by Green et al. [33]. Briefly, 1 g of soil was incubated in a
250 mL-Erlenmayer flask containing 50 mL of 60 mM Na-phosphate solution (buffered at pH
7.6). The reaction was started by adding 0.5 mL of FDA solution (2 mg-mL™!) and incubated for 3 h
in the shaker incubator at 37 °C and 200 rpm. After the removal of the soil by centrifugation and
filtration, FDA was measured with the spectrophotometer at a wave-length of 490 nm. The samples
were analyzed in triplicate. The concentration of released fluorescein was calculated by reference to a
standard curve prepared from the fluorescein standards.

Phosphatase activity (PA) was determined using the assay by Tabatabai and Bremner et al. [34].
The field-moist soil (0.5 g) was incubated at 37 °C for 1 h in a 50 mL-Erlenmayer flask containing 0.2 mL
of toluene and 1 mL of p-nitrophenyl phosphate (pNPP) solution (buffered at pH 6.0). After incubation,
1 mL of 0.5 M CaCl; and 4 mL of 0.5 M NaOH were added, and after filtration, p-nitrophenol was
measured using the spectrophotometer at a wave-length of 400 nm.

The above analyses were complemented by the determination of microbial carbon content (Cpic)
in the individual samples using the fumigation-extraction method for measuring soil microbial biomass
in accordance with Vance et al. [35].

2.5. Statistical Analysis

The one-way analysis of variance (ANOVA) combined with Tukey’s HSD (high significant
differences) test at a level of significance 0.05 (p < 0.05) was used to test differences in the microbial
respiration and enzymatic activities related to fertilization. Potential differences in the selected
parameters within the respective variants were analyzed using the paired t-test (p < 0.05). The statistical
evaluation and graphical data were processed by using the Statistica 13 software (StatSoft, division of
Dell Software, Round Rock, TX, US).
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3. Results and discussion

3.1. Respiration Activity

After the end of the experiment, two types of respiration were measured in the soil samples,
which were taken from the individual experimental containers: BS and SIR. Both mineral and organic
amendment treatments affected microbial respiration in the soils (Figure 2), but this influence was not
always significant (p < 0.05). The potential differences in BS and SIR are shown in Figure 2. SIR was
higher than BS, which was expected as Bloem et al. [36] state the SIR method is based on the detection
of a respiratory response of soil microorganisms to glucose addition. Based on this information, it
can be concluded the value of SIR indicates predominantly the microbial biomass. On the other hand,
Creamer et al. [37] mention there is a relationship between BS and the current microbial activity in the
soil, which originates from the decomposition of available nutrients (SOM). Thus, current respiration
without the addition of energy source (Corg) must be lower than Corg induced respiration.
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Figure 2. Basal respiration (BS) and substrate induced respiration (SIR). Error bars indicate standard
deviation, n = 3 (ANOVA; p < 0.05). Different lower case letters indicate HSD in BS and different upper
case letters indicate HSD in SIR between individuals variants.

The highest BS rates were found in variants, where organic carbon was applied (Cygr and Cgp),
and in the control variant without the addition of fertilizer. Double dose of Cygr showed the highest
BS rate of 0.53 pg CO,-C emitted per one hour and gram of soil. This value was significantly higher
in comparison with the variant where only MF (0.36 ng CO,-C/g/h) was applied and with variants
where lower amounts of Cygr (Cygr 40 Mg/ha: 0.38 ug CO,-C/g/h) or a combination of Cygr and
MF (0.39 pg CO,-C/g/h) was applied. As compared with the control, the treatment with 40 Mg/ha of
Cygr and Cgp, which complies to the legislation, affected neither BS nor SIR. The above results of BS
show the positive effect only in the application of double dose of Cygr (80 Mg/ha) on actual microbial
activity in the soil and a possibility of using the combined application of MF and Cygr to support
microbial activity in the soil. Our results correspond with the observations of other researchers, such
as [38,39], who demonstrated a positive effect of Cygr application on the actual microbial activity in
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the soil. Available carbon, which is present in both compost types (Table 2) is a source of energy for
microorganisms and hence can improve their respiratory activity [40].

The graph of BS and SIR (Figure 2) indicates that the largest amount of microbial biomass was
detected in variants with the addition of Cygr and MF showing the highest value of SIR (4.86 pg
CO,-C/g/h). The relationship between SIR and microbial biomass was evaluated by [41]. On the other
hand, significant differences in SIR were found only between the control variant and the variant where
CyvEr (20 Mg/ha) was applied together with MF (0.11 Mg/ha) In some cases, for example in variants
with the addition of Cygr and Cpp (40 Mg/ha), the recorded value was higher than the value of the
control variant but without significant differences. The same results were found in the variant with
the addition of MF only. The application of individual substances had a potential to influence the
microbial activity in the soil (SIR), which is indicated by all fertilized variants as compared with the
control. However, the differences were not significant. Therefore, we can only assume that the above
result showed a potential effect of Cygr on the development of soil microbial communities in the
combined application with MF. The effect of standard dose of 40 Mg/ha of Cygr and Cpp was not
found. The found positive impact of Cygr application on SIR together with MF can be explained based
on Tejada et al. [14]. The chemical composition of each fertilizer affects favorable or harmful influence
of its application in the soil. The application of Cygr and MF exhibited a positive influence on SIR
probably because of the combined application of the source of C-substances (Cygr) and N readily
available in the form of MF [14,15].

3.2. Content of Carbon in Microbial Biomass

As in the case of enzymatic parameters (Figure 4, Figure 5, Figure 6), the content of carbon in
microbial biomass (Cic, Figure 3) was determined immediately after adding the fertilizers (Sampling
1) and after the end of the experiment (Sampling 2).
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Figure 3. Content of microbial carbon (Cp;c) in the soil samples before and after the experiment. Error
bars indicate standard deviation, n = 3 (ANOVA; p < 0.05).
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The course of measured values (Figure 3) confirms that the chosen fertilization strategy, i.e.,
the application of different fertilizers, significantly affected the Cp,;. content in the soil. Only two
significant differences in the Cp,;. content ranging from 412 to 644 ug C,i/g were found in Sampling 1,
i.e. at the beginning of the experiment. These differences were found between variants with Cygr
(40 Mg/ha), MF application and all other variants. Furthermore, the highest values were measured at
the end of the experiment in each variant, i.e., in Sampling 2 as compared to Sampling 1. The highest
value was found with the applied double dose of Cygr (80 Mg /ha, 1 165 pg Chic/g), which was
significant compared to all other variants in Sampling 2 (Table 3). Compared with the other variants,
the application of increased Cygr dose had a great positive effect on the Cy,ic content, probably due
to the composition and higher input of Corg into the soil [13-16]. The positive effect on the increase
of Cpic between Sampling 1 and Sampling 2 was observed even in variants without the application
of organic fertilizers (control +52%) or only with the application of MF (LAD 27 +113%). This fact is
quite interesting and can be explained on the basis of results published by Holz et al. [42] and Wang
et al. [43]: the Cpic content in the soil was affected not only by the application of soil amendment
substances but probably through the activity of roots and root exudates production into the soil by
the cultivated plant. The mentioned differences between Sampling 1 and Sampling 2 are presented in
Table 3 indicating the presence or absence of statistically significant differences between the respective
variants in Sampling 1 and Sampling 2. Based on the mentioned differences, it can be assumed that a
significant increase in Cp,jc was detected in all experimental variants.

Table 3. Statistical analysis of determined microbial carbon (Cpy;c) in the soil samples

HSD (p < 0.05)

Treatment No. Dose of Fertilizer X :
Sampling 1 Sampling 2 S1vs S2
1 0 — control b b *
2 CVER 40 Mg/ha a b *
3 CBD 40 Mg/ha b b -*
4 LAD + Cygg (0.11 + 20 Mg/ha) b a -
5 LAD 0.22 Mg/ha a a *
6 CVER 80 Mg/ha b C *

Comment: Different low case letters indicate significant differences (Tukey’s post-hoc HSD test at p < 0.05) in the
content of Cpy;. between the respective variants in Sampling 1 and Sampling 2. Differences (paired t-test at p < 0.05)
in Cpic between the sampling dates in the respective variants are marked with an asterisk *.

3.3. Soil Enzyme Activities

Soil enzymes were used as sensitive indicators of soil fertility, soil quality, and productivity.
Furthermore, their activities can indicate microbial activity, decay rates, and availability of substrates
for microbial or plant uptake [44].

The highest values of dehydrogenase activity (DHA; Figure 4) were detected before the start
of the experiment (Sampling 1). Based on the course of Sampling 1 values, it can be suggested that
soil used for the experiment was useable from the microbiological activity point of view since a
significant difference in DHA was recorded only between the soil used in the control variant and
variants with the application of Cygr (40 Mg/ha) and MF Contrarily, in Sampling 2, the dynamics
of DHA values (Figure 4) showed significant (p < 0.05) differences between the respective variants
and the influence of the studied fertilizers on DHA. It was shown (Table 4) that the application of
Cygr and Cpp amendments positively affected the soil microbial activity in comparison with the
application of only MF in Sampling 2. This difference could have been caused by the MF application;
however, there is also a possibility that the soil used for establishing the experiment had been stressed
(reduced microbial activity) after having been taken from the field and the problem was compensated
by pre-incubation only partly. On the other hand, the detected values show that the addition of Cygr
(in our case represented organic matter) can reduce the potential negative impact of MF (LAD 27) on
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the DHA value. This was confirmed by the significant difference between the variant where LAD 27
fertilizer was applied together with Cygr and the variant, in which only MF was applied.

O DHA - state at the beginning of the experiment
O | DHA - state after termination of the experiment

s 3 {
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Control Cyver Cgp LAD 27+ Cygr LAD 27 Cyer
(40Mgha)  (40Mg/ha) (0.114+20Mg/ha) (0.22Mg/ha) (80 Mg/ha)

Figure 4. Dehydrogenase activity in the soil samples before the establishment and after the end of the
experiment. Error bars indicate standard deviation, n = 3 (ANOVA; p < 0.05).

Table 4. Statistical analysis of determined dehydrogenase activity (DHA) in the soil samples.

HSD (p < 0.05)

Treatment No. Dose of Fertilizer N X
Sampling 1 Sampling 2 S1vsS2
1 0 — control b b *
2 CVER 40 Mg/ha a C -
3 Cgp 40 Mg/ha ab b,c -
4 LAD + Cygg (0.11 + 20 Mg/ha) ab b *
5 LAD 0.22 Mg/ha a a *
6 CVER 80 Mg/ha a,b b,C

Comment: Different lower case letters indicate significant differences (Tukey’s post-hoc HSD test at p < 0.05) in
DHA between the respective variants within Sampling 1 and Sampling 2. Differences (paired t-test at p < 0.05) in
DHA between sampling dates in the respective variants are marked with asterisk *.

As compared with the results from Sampling 2, the DHA values measured in Sampling 1 were
higher and declined after the end of the experiment. The observed differences between Sampling 1
and Sampling 2 (Table 4), were negative (p < 0.05) in the following variants: control, LAD + Cygr
(0.11+20 Mg/ha) and LAD (0.22 Mg/ha). The highest drop (—28%), hence the lowest DHA (5.10 pg
TPF/g'h), was found in the variant with the MF application. The second highest decrease was found in
the control variant (—21%) and in the variant with the combined application of MF and Cygr (—16%).
Very important is namely the fact that a significant difference was found between the variants where
MF was applied together with Cygr and the variant where only MF was applied. Therefore, if a part of
the MF dose is supplemented with the organic form of nutrients, a positive effect on DHA values can
be expected. As the DHA value is an indicator of total microbial activity in the soil or compost [45,46],
it can be assumed that the total microbial activity in the soil was decreasing within the experiment.
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The phenomenon showed most in variants with the absence or reduced dose of organic nutrients.
The application of organic nutrients (e.g., in the form of organic waste products or organic fertilizers)
is necessary to maintain and to support the development of microbial communities in the soil [47].

The measured hydrolysis of fluorescein diacetate (FDA) values (Figure 5) can be compared from
two aspects: the first one (a) is the state at the beginning of the experiment, and the second one (b) the
influence of soil amendments during the experiment. FDA values were variable (minimum = 0.17 mg
FDA/g-3h; maximum = 0.39 mg FDA/g-3h) at the beginning of the experiment. Since the highest FDA
values in Sampling 2 were found in variants with its lowest initial value, it can be assumed that the
initial state probably did not affect the results of the experiment. Additionally, the comparison of
Sampling 1 and Sampling 2 shows that significant differences (Table 5) can be found only in variants
with the application of 40 Mg Cygr/ha (+95%), MF (—35%) and a double dose of Cygr (—28%). These
findings show that the dose 40 Mg Cygr and had a positive effect on FDA increase while the application
of the second type of compost (Cpp) did not have any significant adverse effect on FDA (+24%).

0.40

O FDA - state at the beginning of the experiment %
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Figure 5. Hydrolysis of fluorescein diacetate (FDA) in the soil samples before and after the experiment.
Error bars indicate standard deviation, n = 3 (ANOVA; p < 0.05).

Table 5. Statistical analysis of determined hydrolysis of fluorescein diacetate (FDA) in the soil samples.

HSD (p < 0.05)

Treatment No. Dose of Fertilizer ; X
Sampling 1 Sampling 2 S1vs S2
1 0 - control ab b -
2 CVER 40 Mg/ha a C *
3 Cgp 40 Mg/ha ab b,c -
4 LAD + Cygr (0.11 + 20 Mg/ha) ab b -
5 LAD 0.22 Mg/ha b,c a *
6 CVER 80 Mg/ha C b *

Comment: Different lower case letters indicate significant differences (Tukey’s post-hoc HSD test at p < 0.05) in
FDA between the respective variants in Sampling 1 and Sampling 2. Differences (paired t-test at p < 0.05) in FDA
between the sampling dates in the respective variants are marked with asterisk *.
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The highest FDA hydrolysis activity of Sampling 2 was measured in variants with the application
of 40 Mg Cygr/ha (V2 = 0.33 mg FDA/g/3h). This FDA value was significantly the highest in comparison
to other variants except for the variant with the application of 40 Mg Cgp/ha (0.29 mg FDA/g/3h).
Principally, the application of Cpp had the same effect (p < 0.05) on FDA as the combined application
of Cygr and MF. The measured value of FDA in the variant with Cgp was at the same level as in the
variant where 80 Mg Cygr was applied. As stated above, the average FDA value in this variant at
the end of the experiment was significantly (by 28%) lower than the baseline. Huang et al. [45] state
that the process of vermicomposting caused a decrease in the amount of microbial biomass in the end
products of “vermicompost”, but increased microbial diversity. There might have been a situation
where certain types of bacteria began to predominate after the Cygr application. The species could
have had a negative effect on the overall microbial activity in the soil.

Hydrolysis of fluorescein diacetate (FDA) is performed by a variety of enzymes including esterase,
proteases, and lipases [46]. Moreover, according to [48], FDA hydrolysis can be used as an indicator of
microbial activity in relation to the state of the soil environment. When we consider the characteristics
of FDA and the results of Sampling 2, we can state the above results illustrated a positive effect of
organic fertilizers application and a potential negative effect of MF application on the overall microbial
activity. Tian et al. [38] reported that FDA is widely accepted as an accurate and simple method
for determining total soil microbial activity. Additionally, these authors observed a direct effect of
organic matter application in the form of compost on the increasing microbial activity in the soil. Thus,
FDA as well as DHA can be considered indicators of microbial activity in the soil. If we compare the
values in Sampling 2, we will find a positive correlation (R = 0.79, F = 27.01, P < 0.0001, Appendix B,
Figure A2). The results of regression analysis confirm that both soil parameters were equally influenced
in the course of the experiment by the type of soil amendments applied, respectively positively by the
application of organic matter, no matter whether it was Cygr or Cpp.

Compare to Sampling 2 (measured after the end of the experiment), a higher phosphatase activity
(PA) was detected in Sampling 1 (Figure 6). Phosphorus (P) represents an important nutrient in the
soil, which is necessary to maintain plant growth and to sustain crop yields. Essential soil P sources
are SOM and mineral compounds, which must be decomposed and immobilized through enzymatic
reactions [42,49]. The plants are motivated to get P from the soil and to use it as nutrition during their
growth. This would explain the decrease of soil PA in some variants. The decrease of PA was significant
(Table 6) in the following variants: control, Cygr and Cpp (both 40 Mg/ha). As compared with the
initial condition of soil used in the experiment (Appendix A; Table A1), the control variant exhibited
a lower content of plant available P after the end of the experiment. This variant was not fertilized
and microorganisms did not have enough organic matter for decomposition due to PA [42,50,51]. A
different situation was observed in the variant where composts (Cygr and Cpp) were applied at more
than 565 mg P/kg of Cgp and 800 mg of P in one kg of Cygr (Appendix A; Table AT). Even so, PA did
not increase after the application of Cygr and Cgp.

Table 6. Statistical analysis of determined phosphatase activity (PA) in the soil samples.

HSD (p < 0.05)

Treatment No. Dose of Fertilizer

Sampling 1 Sampling 2 S1vsS2
1 0 — control c b,c *
2 CVER 40 Mg/ha C C *
3 Cpp 40 Mg/ha b,c C *
4 LAD + CVER (011 + 20 Mg/ha) b d -
5 LAD 0.22 Mg/ha a a -
6 CVER 80 Mg/ha a d *

Comment: Different lower case letters indicate significant differences (Tukey’s post-hoc HSD test at p < 0.05) in PA.
Significant differences (paired t-test at p < 0.05) in PA between the sampling dates in the respective variants are
marked with asterisk *.
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Figure 6. Phosphatase activity (PA) in the soil samples before and after the experiment. Error bars
indicate standard deviation, n = 3.

Matured composts represent important source of plant available P [52]. Thus, the composts
applied at a dose of 40 Mg/ha could have theoretically contributed to plant nutrition but had no positive
effect on the PA level because they probably did not increase the content of mineralizable P in the
so0il [53]. To confirm the possible relation, an analysis of the relationship between the available P content
(mg/kg) in the soil at the end of the experiment and the PA values was made after the experiment
resulting in a weak positive correlation (R = 0.58, F = 4.79, P = 0.043, Appendix B, Figure A2). This
result confirms that variants with the lower availability of P content showed lower PA levels. An
exception was the variant with the double dose of Cygr where a significant increase in PA by 11.95 %
was found. The organic fertilizer, Cygr, was applied at a dose of 80 Mg/ha. According to Saha et al. [49]
and Horta et al. [54], the application of Cygr leads to the increased content and availability of basic
nutrients in the soil through the mineralization of SOM. The double dose of Cygr had a significant
positive effect on plant available phosphorus content in the soil (Table 7). Focusing on the composition
of Cypr and Cgp (Appendix A; Table A1), it is obvious that it has a positive effect on the soil P content
(Table 7). Compared to the initial condition of arable soil (146 mg/kg; see Appendix A; Table A1),
the increased soil P content could have also resulted from the increased availability of nutrients (P, N
etc.) to plants and soil microorganisms that could release it from SOM.

In general, the significantly higher value of phosphatase enzyme activity (PA) in Sampling 2, i.e.,
after the end of the experiment, was found in the variants where Cygr was applied: (a) LAD+Cygr
(0.11+0.20 Mg/ha); (b) Cygr (80 Mg/ha). These values indicate that only the increased dose of Cygr
resulted in PA support. Conversely the standard dose of composts (Cygr and Cpp; 40 Mg/ha) which is in
accordance with the Czech and Slovak regulations, did not positively affect PA. Lemanowicz et al. [49]
reported that the application of organic compost in the soil through vermicompost seems better for P
mineralization and related biological activities. The measured values demonstrated that earthworms
cast a significantly increased P microbial biomass as well as available P in the soil. Data presented in
Figure 6 show the variation of PA due to the application of Cgp, Cygr and MF. The mineral fertilizer
treated variant showed the lowest level of enzyme activities (see Figure 4—DHA, and Figure 5—FDA).
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The result of enzymatic activities (DHA, FDA, PA) after the end of the experiment in the variant with MF
application indicated a potential negative effect of MF application on the microbial activity and on the
soil quality. On the other hand, the results also show that the negative effect of mineral fertilization can
be reduced by the application of composts (conventional organic waste or vermicompost), as confirmed
by [49,55].

Table 7. Content of soil phosphorus available to plants after the end of the experiment.

P
Treatment No. Dose of Fertilizer
mg/kg +SD HSD (p < 0.05)
1 0 - control 144 3.47 a
2 CVER 40 Mg/ha 169 4.66 b,C
3 Cpp 40 Mg/ha 160 1.87 b
4 LAD + Cygg (0.11 + 20 Mg/ha) 158 2.69 ab
5 LAD 0.22 Mg/ha 153 3.85 ab
6 CyEgr 80 Mg/ha 179 1.87 C

Comment: Different low case letters indicate significant differences (Tukey’s post-hoc HSD test at p < 0.05) in the
content of phosphorus available to plants.

3.4. Plant Biomass Production

Biomass plant production was measured after the end of the experiment. Results are presented
in Mg of dry matter per hectare. Plant biomass was sampled at a stage of milk ripeness. All values
including HSD are shown in Table 8.

Table 8. Production of aboveground plant biomass.

Plant Biomass

Treatment No. Dose of Fertilizer Mg/ha -SD HSD (» < 0.05)
1 0 - control 7.98 0.45 C
2 Cygr 40 Mg/ha 10.01 0.72 ab
3 Cgp 40 Mg/ha 8.82 0.77 b
4 LAD + Cygr (0.11 + 20 Mg/ha) 8.09 0.31 C
5 LAD 0.22 Mg/ha 8.44 0.61 b
6 Cygr 80 Mg/ha 9.54 0.98 b

Comment: Different low case letters indicate significant differences (Tukey’s post-hoc HSD test at p < 0.05) in the
plant biomass production.

The highest yield of plant biomass was found in the variant with 40 Mg Cygr per ha. The lowest
yield was recorded in the control variant without the application of fertilizers. Maize biomass yield
ranged from 10 Mg/ha (Cygr 40 Mg/ha) to 7.9 Mg/ha (control). Differences between the respective
variants were only partly significant. The highest yield in the variant with the application of Cygr
(40 Mg/ha) was significant compared to the control variant and to the variant with the applied Cygr
with mineral fertilizer. In the results (Table 8), the application of Cygr and Cgp contributed to biomass
increase as compared with the unfertilized variant and the variant with the application of MF and
Cygr. Moreover, the yield from the variants with the application of only Cygr and Cpp reached the
same level or was higher as in the variant with only mineral fertilizer. The second highest yield was
detected in the variant with the double amount of Cygr (80 Mg/ha). Nevertheless, the result was
significant only as compared with the control variant.

When we focus on the explanation of results, it is necessary to note that the primary goal of the
experiment was not to monitor biomass yield parameters, but rather the effect of selected fertilizers
on soil health and quality. On the other hand, the production of plant biomass is an indicator of
soil fertility or soil phytotoxicity [9]. As to soil fertility, it can be stated that the application of Cygr
and Cgp at a dose of 40 Mg/ha positively affected plant biomass production as compared with the
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control variant. Namely the application of increased Cygr dose had a positive effect on plant biomass
production in comparison with the control variant. The beneficial effect of Cygr was likely to be caused
by the vermicompost, which is produced by the fragmentation of organic waste by earthworms. Thus,
it creates substances (stable complex of humic substances), which may positively influence the cycle
of carbon in the soil and the extracellular activity of microorganisms [56,57]. It was proved [14,56]
that the Cygr application affects plant growth due to the increase of humic acid in the soil and other
essential substances, which are bio-stimulants for plants and soil microorganisms.

From the long-term perspective, an increased dose of Cygr (80 Mg/ha) may by significant compared
to mineral nutrition (application of LAD 27; MF). The reason is that N substances (the main condition
for plant growth) are present in both types of composts (Cygr and Cgp) especially in organic bonds,
i.e., fixed in organic matter. Compared with the typical organic waste compost (Cpp)., the used Cygr
in the presented experiment exhibited a lower C:N ratio. Therefore, the highest yield was found in the
variant with the lower dose of Cygr (10 Mg of corn biomass/ha) and with the double dose of Cygr
(9.5 Mg of corn biomass/ha); however, the values were not statistically significant as compared with
the MF variant. For the use of N from composts, mineralization must occur in order to release N
substances. It extends the time when the plants have a lower capacity to withdraw mineral forms of
N [58]. Nevertheless, the process has an essential advantage of promoting long-term soil fertility with
nutrients being released gradually from the compost [4,58]. The pot experiment took 95 days. It is
probable that during the time, mineral N forms might be lost from the variant fertilized with LAD 27 by
leaching [4]. Variants with the application of Cygr and Cgp (without the addition of N mineral forms)
were probably releasing N substances gradually, thus providing gradual maize nutrition until the end
of the experiment, which is common when using compost [16,55,58]. Furthermore, the decreased plant
biomass yield in the variant, with the combined application of LAD 27 and Cygg, can be explained by
the composition of the respective fertilizers [4]. The decreased Cygr dose could not have probably
sufficiently affected the plant biomass yield because of the lower content of Ny, and the potential
long-term process of its release from compost organic bonds [58].

4. Conclusions

The presented results of this paper showed a potential positive effect of organic fertilizers
application on soil health and quality while sustaining production functions of the soil. The application
of organic fertilizers, such as vermicompost in combination with mineral N improved microbial
activity in the soil through their composition: high content of available nutrients, C and N in accessible
form. We did not find significant differences between the applications of conventional compost and
vermicompost in the indicators of soil quality and we can state that the 40 Mg/ha dose of both compost
types had a similar positive effect on the soil C,;c content, soil respiration and some enzymatic activities.
The higher dose of vermicompost (80 Mg/ha) had a positive effect on the above parameters except
for FDA enzymatic activity, which was lower in comparison to the dose 40 Mg of vermicompost
per ha. Thus, the increased dose could probably be used in practice without negative effects on soil
fertility. On the other hand, there is a question of transport and application costs, which will be higher.
Furthermore, the results point to the possibility of using the combined application of mineral fertilizer
and vermicompost, thus eliminating the negative effect of sole mineral fertilizer application on soil
health and quality. In addition to the selected indicators, plant biomass yield was monitored. Although
significant differences in soil fertility were not found in the variants with composts, vermicompost
may become an interesting alternative supporting plant biomass production. Moreover, both organic
fertilizers positively affected plant biomass production, reaching the production enhanced by the
mineral fertilizer. Further studies will examine the influence of different types of compost on the loss
of nutrients from the soil in relation to the effect on soil health and quality.
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Appendix A

Experimental containers, their placement in the greenhouse and chemical composition of the
compost applied.
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Figure Al. Experimental containers and their placement in the greenhouse. The size of the experimental
container: a—height (550 mm); b—width (200 mm); c—depth (100 mm). Each container was filled with
14.6 kg of soil.

Table Al. Plant available nutrient composition in soil samples used for the establishment of the
experiment (soil type: fluvisol; soil subtype: modal; textural class: sandy loam) and in organic fertilizers.

Plant Available Nutrient Content (mg/kg)

Sample K:Mg
P K Ca Mg
Arable soil 146 370 3703 187 1.9
Arable soil + Cpp 565 6422 11,235 1255 5.1
Arable soil + Cygr 855 3475 6100 2407 3.9
LAD 27 0 0 0 4 -

Comment: Contents of individual plant available nutrients were determined according to Mehlich et al. (1984) [59]
and Zbiral et al. (2016) [60] except for LAD 27. Information about the fertilizer composition was provided
by producer.
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Appendix B

Hlustration of the dependence (correlation) between the selected parameters

0.35 ° /%

FDA = 0.00539 + 0.03834 * DHA s
0.30f R=079 oo .

0.25

0.20

0.15

FDA (mg FDA/g"3h)

0.10

0.05

OOO L L L L L L L L
0 1 2 3 4 5 6 7 8 9

DHA (ug TPF/g-h) [0.95 confidence interval |

Figure A2. Scatter plot of correlation analysis results. Strong positive correlation (R = 0.79) between
dehydrogenase activity and hydrolysis of fluorescein diacetate.
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Figure A3. Scatter plot of correlation analysis results. Weak positive correlation (R = 0.58) between
phosphatase activity and plant available phosphorus content in the soil.
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