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Abstract. Influence of edaphic factors and metal content on diversity of 7Trichoderma
species at 14 different soil sampling locations, on two depths, was examined. Fortyone
Trichoderma isolates from 14 sampling sites were determined as nine species based on
their ITS sequences. Our results indicate that weakly alkaline soils are rich sources of
Trichoderma strains. Also, higher contents of available K and P are also connected with
higher Trichoderma diversity. Increased metal content in soil was not inhibiting factor for
Trichoderma species occurence. Relationship between these factors was confirmed by
LOESS nonparametric smoothing analysis. Trichoderma strain (SZMC 22669) from soil
with concentrations of Cr and Ni above remediation values should be tested for its potential
for bioremediation of these metals in polluted soils.
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Introduction

The species composition of the genus 7richoderma is well described in diverse ecosystems
(Kredics et al. 2014). Known as cosmopolitan soil fungi they are found to colonize soil
niches from cool temperatures to tropical climates (Friedl and Druzhnina 2012; Yamazaki
et al. 2011). Trichoderma biodiversity has been investigated by molecular methods in
Europe, Asia, Africa and South America (Friedl and Druzhnina 2012, Kérmdoczi et al. 2013,
Kredics et al. 2014). Although there are series of data reporting new species and genotypes
of Trichoderma, there are just a few studies where Trichoderma biodiversity was examined
in relation to well described locations/soil types as habitats (Friedl and Druzhinina 2012;
Naar and Dobos 2006). Either the distribution of only one species in soil (Eastburn and
Butler 1988a, 1988b, 1991), or the population density of a few species in one soil type
(Muniappan and Muthukumar 2014) was examined. Although fungal species which belong
to the genus Trichoderma are known as very effective soil colonizers with resistance to
different organic and inorganic pollutants (Harman et al. 2004a, b; Lorito et al. 2010), there
is a lack of information about the effect of metal presence in soil on Trichoderma species
composition. Metal contamination of soil is a significant problem and presents threat to
ecosystems with negative impact on life forms. It is impossible to completely eliminate
metals from soil as they can only be modified in less toxic metal compounds. Trichoderma
spp. developed several mechanisms that provide detoxification of metals and can be
divided into four categories: biosorption, biovolatilazation, bioaccumulation and phitobial
remediation (Tripathi et al. 2013). Trichoderma tolerance to a range of metal concentrations
is mostly studied in in vitro tests, where Kredics et al. (2001) demonstrated that
Trichoderma strains are able to tolerate more than one metal. Tripathi et al. (2013) reported
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multiple tolerances against Ni, As and Zn in four Trichoderma isolates and suggested that
indigenous metal-tolerant 7Trichoderma species isolated from contaminated sites might be
promising bioremediation agents for metal removal.

Although, research on variability of Trichoderma spp. is well documented, effect of
environmental parameters on their occurrence in soil has not been reported in depth. The
aim of this work was examination of relationship between soil physico-chemical and
microbiological characteristics, metal content and variability of Trichoderma species,
determined by molecular methods. In addition, relationship between studied factors was
confirmed by “flexible” nonparametric regression approach (Cleveland 1979). The final
goal was to determine the richest soil habitat as source for 7Trichoderma species with high
potential for metal remediation.

Materials and methods

Soil sampling and analysis

Based on the results of several authors (§koric’ et al. 1985; Ciri¢ et al. 2012; Mrvié et al.
2013; Beli¢ et al. 2013) 14 locations with most common soil types of the region were
chosen (Figure 1, Table 1). Beli¢ et al. (2013) analyzed 400 soil profiles in different
locations of Vojvodina and determined 10 different soil types defined according to the
WRB classification (IUSS Working group WRB, 2006). Recently, pedological map of
Serbia was created on the basis of existing digitalized pedological maps (scale 1:50000)
(Mrvi¢ et al. 2013).

Soil samples were collected randomly from the top horizon (A) of soils at two depths 0-
30cm and 30-60 cm (Figure 1). The only location where sample was taken from the 0-20cm
depth was at Zmajevac, soil sample number 11; because dominant parental rock was
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reached at 20 cm. Soil samples were placed in sterile polythene bags and transported to
laboratory. For microbiological analysis, soil samples were immediately separated from
roots and large particles, and the samples were air-dried and smashed in a sterile mortar to
collect fine particles. Thereafter, each soil sample was spread into a sterile tray and divided
into four equally sized fragments, two of which were discarded while the remaining two
were thoroughly mixed and again spread on the same tray for subsequent subsampling.
Finally 50 g of each soil was stored at -20 °C for further analysis.

For physico-chemical investigations, samples were air dried and sieved through a 0.2 mm
sieve prior to analysis. Soil texture was determined by the pipette method. Sample
preparation for analysis was done with Na-pyrophosphate (Gee and Bauder 1986; Karkanis
et al.1991). Soil acidity in 1:2.5 soil-water and soil-KCl suspensions was determined using
a Radiometer PHM 62 Standard pH Meter. Humus content was determined by the wet
oxidation method with K>;Cr,O7 (Tyurin 1931) modified by Simakov (1957). The free
CaCOs content was determined by the ISO 10693:1995 volumetric method. The available
phosphorus (P20s) and available potassium (K2O) were determined by ammonium lactate
extraction, followed by spectrophotometric and flame photometric detection, respectively
(Egner et al. 1960). The total N was determined according to the AOAC 972.43:2000
method by elemental analysis on a Vario EL III CHNS Analyzer (Elementar, Germany).
Soil water retention was measured at matrix potentials of -33 kPa using a porous plate
apparatus (Soilmoisture Equipment Corp., Santa Barbara, CA) (Richards 1948).

The colony-forming units (CFUs) of total number of bacteria as well as numbers of
ammonifiers, Nitrobacter, oligonitrofils, actinobacteria and fungi were determined by serial
dilution and plating on selective media. The total number of microorganisms was
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determined on soil agar, the number of azotobacters on nitrogen-free medium using the
,fertile drops* method (Anderson 1958), the number of ammonifiers on meat pepton agar —
MPA (Pochon and Tardieux 1962), N-fixing bacteria on Fiodorov medium, actinobacteria
on synthetic medium (Krasiljnikov 1965) and fungi on Czapek-Dox agar. Incubation
temperature was 28°C, while the incubation time depended on the tested group of
microorganisms. Soil was dried at 105°C for 2 h and the number of microorganisms was
estimated as CFU g! dry soil (DW). Dehydrogenase activity (DHA) was measured
spectrophotometrically by the modified method according to Thalmann and expressed as
ug TPF g! soil (triphenylformazan g' soil) (Thalmann 1968). All measurements were
performed in three replicates.

Metal content in soil samples

Determination of the total metal content in soil samples was performed according to EPA
6010C method using inductively coupled plasma-optima emission spectrometry (ISP-OES)
as described previously (Stajic et al. 2016).

Isolation of Trichoderma strains from different soil types

Isolations were performed from soil on dichloran — Rose Bengal medium (5 g L! peptone,
1 g L' KH2PO4, 10 g L glucose, 0.5 g L' MgSO4 x 7H20, 0.5 ml L 0.2% dichloran-
ethanol solution, 0.25 ml L' 5% Rose Bengal and 20 g L! agar supplemented with 0.1 g L-
! oxytetracyclin, 0.1 g L*! streptomycin and 0.1 g L' chloramphenicol to inhibit bacteria)
(King et al. 1979). The isolated strains were deposited at the Szeged Microbiology

Collection (SZMC, szmc.hu).



Molecular identification of the isolated Trichoderma strains

DNA isolation and PCR amplification of the internal transcribed spacer (ITS: ITS1-5.8S
rDNA-ITS2) region of the ribosomal RNA gene cluster were performed as described
previously (Koérmoczi et al. 2013). DNA sequencing of amplicons was performed at LGC
Genomics, Germany. Trichoderma isolates were identified based on their ITS sequences
with the aid of the barcoding program 7richOKEY 2.0 available online at the home page of
the International Subcommission on Trichoderma and Hypocrea Taxonomy
(www.isth.info) (Druzhinina et al. 2005). In the cases where TrichOkey 2.0 was not able to
identify the isolate at the species level, BLASTN homology searches were performed at the
homepage of NCBI (National Center for Biotechnology Information) (Zhang et al. 2000).
The validities of the BLASTN hits were checked with TrichOkey 2.0 and literature
searches.  Sequences were deposited at the NCBI Genbank database
(www.ncbi.nlm.nih.gov), accession numbers are listed in Table 5.

Data analysis

Robust locally weighted sequential smoothing (LOESS) of the curves was used to examine
relations between environmental parameters including edaphic factors or metal presence
and Trichoderma spp. isolated strain number (Cleveland 1979). LOESS is nonparametric
simple strategy used to fit the smooth curves to empirical data. It is beneficial fitting
technique as it doesn’t require specification of the relationship between the dependent and
independent variables. It is particularly valuable in case of the presence of outliers i.e.
extreme parameter values. Mostly it is used as a scatterplot smoother, but also it can be

generalized very easily to multivariate data (Jacoby 2000).



The relationship between each examined soil variable and number of strains was examined
as individual model. The godness-of fit of the individual models was measured by
estimating the Pearson linear correlation coefficient between the dependent variable and
fitted values of the individual models. The relationship between pairs of variables is not
expressed by equation whereas the value of the correlation coefficients reported as R?
indicates the quality of the nonparametric regression models.

Results

Chemical and physical analysis of soil samples

The results from the chemical and physical analysis of the samples derived from different
soil types are presented in Table 2. The total CaCOs content of the studied soil samples
varied in the broad range from 0 to 20.62%, i.e. from non-calcareous to strongly calcareous.
The lowest pH values were measured in sample 13 (5.24-H>O; 3.78-KCl), while the highest
ones were determined in sample 10 (8.48-H>O; 7.9-KCl), however, most of the examined
soil types were weakly alkaline. The humus content ranged from values characteristic for
weakly humic soils (1.41%) to soils very rich in humus (7.35%). Total nitrogen content
varied betwen 0.121% in sample 9 to 0.472% in samplel1, which is considered as an
optimal value in agricultural soils. Available phosphorus content was highly variable from
very low, 0.30 mg P,Os/100 g DW in forest soil to very high, 79.3 mg P>Os/100 g DW in
agricultural soil (sample number 26). Available potassium content in the examined soils
ranged from <11 in forest soils to >50 mg K>O/100 g DW in agricultural soils.

According to the soil mechanical composition analysis of the examined soil types, the
following soil texture classes were represented: Clay Loam (sample numbers: 7, 8, 14, 15,
24-27), Clayish Loam (sample numbers: 1-6, 18-23), Fine Sandy Loam (sample numbers:
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9, 10, 16, 17), Sandy Loam (sample numbers: 11, 12) and Sandy Clay Loam (sample
number 13) (Food and Agriculture Organization of the United Nations 2006) (Table 2).
Water retention capacity ranged from 17.3 kPa for sample 17 to 33.76 kPa for sample 26
(Table 2).

Metal content

Total content of metals in the examined soils are shown in Table 3. The highest
concentration of Cd, Cu and Zn was found in sample number 1, from Sremski Karlovci,
sampled from vineyard under conventional farming, whereas concentration of Cr, Co and
Ni was the highest in sample number 11 from Zmajevac (forest soil). The highest
concentrations of Pb and Mn were found in sample number 26, from Svilajnac.
Microbiological characteristics

Bacteria were the most abundant microbes in the examined soil samples (Table 4). Total
number of bacteria ranged from 7.4 x 10° to 4.53 x 108 CFU g'! DW soil in sample 10 and
20, respectively. Ammonifiers were the least abundant in sample 13, and the most abundant
in sample 24. Oligonitrofils were present in the range of 1.5 x 10° (sample 13) to 3.81 x 107
CFU g'! DW soil (sample 22). Nitrobacter species were absent in samples 12 and 13, while
in the highest amount they occurred in sample 16. Samples 26 and 27 did not contain
actinobacteria while samples from forest in Kac, sample 9, were the richest for them.
Number of fungi was the highest in samples from Svilajnac (sample 24), and the lowest in
sample 10. DHA in the examined soils ranged from 36 pg TPF g! soil in sample 27 to 823

ng TPF g soil found in sample 5.



Species composition of the genus Trichoderma in the examined soil samples

A total of 41 strains were isolated from 11 out of 14 examined locations in Serbia (Table 5).
According to identification based on their ITS sequences, the isolated strains could be divided
into 9 taxa: 7. harzianum species complex (THSC), T. koningiopsis, T. koningii, T. atroviride, T.
brevicompactum, T. gamsii, T. citrinoviride, T. virens and T. longibrachiatum. The abundance of
strains and species at examined sampling sites is presented in Figure 2. The diversity of the
isolated Trichoderma species was the highest in agricultural soils. The 14 strains isolated from
Svilajnac proved to belong to six different species. Six strains were isolated from Cenej and
Crepaja and they were identified as members of three and two different species, respectively.
Four strains, belonging to 3 species, were isolated from Sremski Karlovci, sampling site 1. Only
one strain was isolated from the following sampling sites: Titelski Breg, Lok, Kacka Suma,
Zmajevac, put za Vrdnik, Ljutovo and Rimski San¢evi. No strains were isolated from the
following sampling sites: Sremski Karlovci 2, Kisa¢ and Svilajnacl (Figure 2). Most of the
strains were isolated from the depth 0-30cm. Out of 41 isolated strains only 3 were derived from
the depth of 30-60 cm.

The abundance of identified Trichoderma spp. at 11 locations is presented on Figure 3. In The
most abundant taxon was the THSC with an overall abundance of 45 %. The frequences of T.
brevicompactum, T. koningiopsis, T. virens and T.longibrachiatum were the second group of
most abundant species detected at 3 locations. The abundance of the rest of the species was less

than 20% (Figure 3).
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Data analysis

Results shown in the Table 6 present correlation coefficients, reported as R? that indicates the
quality of the nonparametric regression models, between environmental parameters (edaphic
factors and metal content) and Trichoderma spp. isolated strain number. High R’ values were
obtained for models presenting relationship between isolated number of strains and available
content of K and P, as well as pH, Cr, Co, Pb, Mn and Ni (R? equales 0.9147, 0.8058, 0.7678,
0.7111, 0.8833, 0.8221, 0.8425, 0.8006 respectively). The godness-of fit for the individual
models describing relationships between number of isolated strains and other edafic factors such
as content of CaCQOs3, total N, humus, Cd, Cu and Zn was lower (R’ equals 0.3128, 0.4228,
0.4555, 0.4747, 0.4895, 0.4356 respectively).

Discussion

The influence of environmental factors on the growth of different Trichoderma species was
mostly examined under in vitro conditions (Antal et al. 2000; Kredics et al. 2003; Longa et al.
2009). In order to predict the behavior of Trichoderma species under changing natural
conditions, mathematical models on combined effects of environmental parameters in vitro have
also been developed (Begoude et al. 2007; Schubert et al. 2009). The most important factors
influencing Trichoderma abundance in vitro are water availability, temperature, pH and the
nutrient composition of the substrate (nutrient availability). Kredics et al. (2000) determined
nearly linear correlation between water potential and 7. harzianum colony growth rate. Schubert
et al. (2009) showed that 7. atroviride is more sensitive to the reduction of water activity than to
temperature or nutrient status of the growth media. Similar results on sensitivity of another 7.
atroviride strain, isolated from decaying wood, to water availability in the substrate were
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obtained by Longa et al. (2008). However, the information on the survivability and proliferation
of Trichoderma species in relation to soil type and soil parameters is limited. The results of
Muniappan and Muthukumar (2014) indicated that the fungal populations in the studied Alfisol
soils were very stable and not easily influenced by edaphic factors at several locations. Our
results indicate that water availability in the soil is an important factor for Trichoderma diversity.
At the sampling site Svilajnac, soil type determined as Vertisol, with the highest measured water
retention capacity (33.76 kPa) proved to be the location with the highest species diversity, six out
of nine identified species as well as 14 out of 41 strains were isolated from Svilajnac2 (Table 5,
Figure 2).

It was shown that the optimal pH for in vitro growth of different Trichoderma species varies
between 4 and 6 (Kredics et al. 2004). According to our results, 7Trichoderma strains were
present in all examined soil samples, the pH of which varied from 5.26 to 8.3. From soil samples
with pH > 7.2, 37 strains belonging to 9 species were isolated. Our results indicate that weakly
alkaline soils are rich sources of Trichoderma strains. Longa et al. (2008) have demonstrated that
in vitro survivability of T. atroviride in three soil types was higher in soils with higher content of
organic matter, nitrogen, P2Os and K20O. Anita and Ponmurugan (2011) have shown that the
population density of Trichoderma spp. in soil samples from different locations was in
significant positive correlation with the content of K (r=0.910), P (r= 0.686) and N (r=0.602).
Our results indicate that the higher contents of available K and P and soil pH is connected with
higher Trichoderma diversity (Tables 2 and 5), which is confirmed by LOESS data analysis
(Table 6).

Soil contamination with increased metal concentrations in Serbia was rarely examined.
Milenkovic et al. (2015) have investigated metal distribution in central Serbia around the city of
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Kragujevac and their results indicate that mean concentrations of Cr (109.25 mg kg ') and Ni
(120.12 mg kg!) exceed the Dutch standard target values for soil (100 and 35 mg kg!,
respectively) (VROM 2000). Our results for the same two metals (Cr: 718 mg kg 'and Ni: 1587
mg kg!) show that their concentration in the soil sample from Zmajevac significantly exceeds
these standards. Sampling site Zmajevac, located on the mountain Fruska gora, is previously
described as serpentinite soil lying on ultramafic rocks (Kosti¢ et al. 1998). Indeed we have
reached dominant parental rock at the depth of 20cm in soil sampling procedure. Soils from
serpentinitic areas have high natural background of Ni and Cr (Bonifacio et al. 2010). Among
serpentine soils Dystric Leptosol (Ranker, according to Serbian national classification) is
standing out by significantly higher concentrations of Ni and Cr (Mrvi¢ et al. 2013). It has been
suggested that higher concentrations of Cr and Ni are the result of pedogenetic processes in the
soil (Facchinelli et al. 2001; Lee and Kao 2004; Bonifacio et al. 2010). This sample was a source
of only one Trichoderma species, T. longibrachiatum. The highest concentrations of Cd, Zn and
Cu were determined in the soil sample from Sremski Karlovci, location 1, sampled from a
vineyard which was under conventional farming, and thus it can be assumed that the metal
content originates from the application of fungicides. However, 4 Trichoderma strains belonging
to 3 species were isolated from this sample, indicating that it can be a good source of
Trichoderma species.

Although most Trichoderma species are aggressive colonizers, they still have to compete with
other soil microorganisms. The presence of other fast growing and opportunistic microbes in the
vicinity of a Trichoderma fungus can reduce the substrate availability. According to
microbiological characteristics of the examined soil samples in this investigation, fast growing
bacterial populations which could compete with fungal populations were dominant (Table 4).
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Among the examined soil types, bacterial populations were the most abundant in samples from
Cenej, Crepaja and Svilajnac. In the same time the greatest diversity of Trichoderma species
were found in these soil samples (Figure 2). According to our results, the investigated soil
microbial characteristics did not affect Trichoderma diveristy in different soil samples (Table 4
and 5). The number of Nitrobacter in the sample from Zmajevac was significantly reduced
probably due to high contentrations of nickel (Wyszkowska et al. 2007).

Our iinvestigation on the diversity of 7richoderma species in Serbia showed that the most
abundant taxon was THSC, the beneficial 7. harzianum species complex (Table 5; Figure 3), the
members of which are widely used for the biological control of plant pathogenic fungi. THSC
strains were most frequently isolated from soils which are used for agricultural purposes. A
second beneficial taxon, 7. virens was identified at three soil sampling locations. It is reported
that the most common BCAs of the genus Trichoderma are strains of T. virens and THSC
(Benitez et al. 2004). THSC strains are also recommended for metal removal, as demonstrated in
vitro (De Freitas Lima et al. 2011; Kredics et al. 2001). Furthermore, 7. atroviride was isolated
at 2 locations of agricultural soil samples. Lopez and Vazquez (2003) have demonstrated that 7.
atroviride isolate from sludge was able to tolerate higher concentration of Cd, Zn and Cu in
different conditions. 7. koningiopsis was mostly identified in samples from vineyards. T.
longibrachiatum - a species of the genus known as rare opportunistic pathogen of
immunocompromised humans (Hatvani et al. 2013) - was mostly isolated from forest soil
samples in 3 out of 11 soil sampling locations. 7. brevicompactum - a species known to produce
a potent antifungal antibiotic trichodermin, which is also a protein synthesis inhibitor in

mammalian cells (Degenkolb et al. 2008) - was present in 3 out of 11 soil sampling locations.
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Increased metal content in soil was not inhibiting factor for Trichoderma species. For example T.
longibrachiatum was isolated from the soil sample with the highest conentrations of Cr and Ni.
Most of the Trichoderma strains (14 out of 41) were isolated from Svilajnac2 sampling location
where the concentration of Ni (38.38 mg kg ') exceeded the Dutch stundard (35 mg kg™!) and the
Mn concentration was found to be very high compared to other examined samples (926.6 mg
kg ™). Application of Trichoderma spp. in metal removal was mostly examined in vitro (Kredics
et al. 2001; Kacprzak and Malina 2005), only few studies have demonstrated results conducted in
practice (Estudio y Gestion Ambiental, 2010). Tripathi et al. (2013) summarized the potential use
of Trichoderma species in bioremediation and concluded that metal removal can be developed
by reintroduction of mass-cultured metal-tolerant T7richoderma strains isolated from the
contaminated sites. According to our results 7richoderma strain SZMC 22669 isolated from soil
where determined concentrations of Cr and Ni were above remediation values should be tested
for its potential for bioremediation of these metals in polluted soils.

Conclusions

The diversity of the isolated Trichoderma species was the highest in Svilajnac2, Cenej and
Crepaja soil samples, which belong to agricultural soils. Weakly alkaline soil samples are rich
sources of Trichoderma strains. The higher contents of available K and P seem to be an
important edaphic factor connected with higher Trichoderma diversity. However, other
examined chemical and microbial soil characteristics did not affect Trichoderma diversity. Our
results suggest that Trichoderma strain (SZMC 22669) isolated from Cr and Ni contaminated
soil sample could be tested for use in bioremediation of those site.
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Figure 1. Abundance of Trichoderma species and strains in different soil types
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Figure 2. Frequency of Trichoderma species isolated from Serbian soil samples during the study.

THSC: Trichoderma harzianum species complex.
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Table 1. Physico-chemical characteristics of the examined soil samples

P05 K:0 grit fine powder clay total | powder water
. Sampling Vegetation CaCO; pH pH Humus | Total N (mg (mg 2.0- sand 0.02 - sand + clay .
Soil type site Depth(em) | “00™ | in0) | &cp | (%) %) | /100g | /100g | 02 | 0.2:002 | 0002 | <4002 | Sgg2 | <gg2 | "etention
mm -33 kPa
DW) DW) mm mm mm mm mm
1 Sremski vineyard 0-30 1761 | 817 | 7.64 1.74 0150 | 327 | 24.10 | 4300 | 38580 | 3692 | 2020 | 42.88 | 57.2 | 24.60
2 Rendric Karlovei 30-60 1012 | 8.17 | 7.62 1.84 0.158 | 258 | 19.10 | 4.100 | 36260 | 3920 | 2044 | 4036 | 59.64 | 2530
3 . vineyard 0-30 1090 | 7.94 | 731 1.49 0.128 | 43.8 | 28.60 | 2.100 | 40.660 | 3576 | 2148. | 42.76 | 5724 | 2340
Leptosol Sremski (ecological
4 Karlovei tabli) 30-60 1132 | 813 | 743 148 0127 | 412 | 2500 | 2300 | 42860 | 31.80 | 2304 | 4516 | 5484 | 2320
5 Regosol Titelski | agricultural 0-30 796 | 8.08 | 7.1 326 0223 | 425 | 3550 | 0.700 | 39.740 | 3556 | 2400 | 4044 | 5956 | 26.60
6 (i‘i‘ﬁi‘)‘: Breg soil 30-60 922 | 820 | 733 | 321 0220 | 39.6 | 2820 | 0500 | 38540 | 3460 | 2636 | 39.04 | 6096 | 26.00
7| catcic Glevsol Lok agricultural 0-30 335 | 803 | 735 | 4.05 0260 | 694 | 1640 | 1300 | 48340 | 2192 | 2844 | 4964 | 5036 | 25.00
8 ¥ soil 30-60 243 | 788 | 726 | 4.65 0298 | 60.9 | 14.10 | 1.100 | 48300 | 21.80 | 28.80 | 4940 | 50.60 | 26.40
9 Fluvisol Kacka forest soil 0-30 1970 | 831 | 7.3 141 0.121 5.8 730 | 0900 | 79.180 | 12.56 836 | 8008 | 19.92 17.40
10 uvi $uma 30-60 2054 | 848 | 7.90 1.52 0.131 1.9 550 | 1400 | 83.600 9.20 580 | 8500 | 1500 | 22.90
11 L]Z gigslgl Zmajevac | orestsoil 0-20 034 | 763 | 677 735 0472 3.1 | 2450 | 36500 | 35420 | 21.04 704 | 7192 | 28.08 29.80
12 Butric put za forest soil 0-30 000 | 551 | 426 | 507 0325 0.9 | 1090 | 2500 | 37.700 | 4508 | 1472 | 4020 | 59.80 | 2930
13 Cambisol Vrdnik 30 -60 000 | 524 | 378 | 3.9 0.246 03 | 1000 | 1500 | 35460 | 4752 | 1552 | 3696 | 63.04 | 25.80
14 agricultural | 5, 070 | 830 | 747 | 3.8 0252 | 308 | 41.80 | 0100 | 30.180 | 37.84 | 31.88 69.72 | 2540
Chernozem on - soil 30.28
loess terrace Kisac
15 30-60 182 | 818 | 7.51 3.46 0237 155 | 3500 | 0100 | 31180 | 3508 | 3364 | ;.0 | 6872 | 2540
16 | Cherozem Livtove | aevicultural 0-30 713 | 827 | 765 | 2.65 0.197 | 36.1 | 3000 | 8800 | 65880 | 1348 | 11.84 | 74.68 | 2532 18.10
17 (Arenic) J soil 30-60 671 | 821 | 7.69 | 257 0.191 33.0 | 17.30 | 12000 | 62240 | 1372 | 12.04 | 7424 | 2576 17.30
13 Rimski | agricultural 0-30 196 | 8.19 | 754 | 2.74 0.204 98 | 21.80 | 0400 | 37480 | 3280 | 2932 | 3788 | 6212 | 24.60
] Chemozem Sancevi soil 30-60 182 | 8.2 | 746 | 220 0.163 105 | 2230 | 1.000 | 36760 | 31.68 | 3056 | 3776 | 6224 | 2530
20 Cenej | rhizosphere 0-30 113 | 775 | 710 | 399 0273 | 385 | 2320 | 0440 | 44.840 | 3044 | 2428 | 4528 | 5472 | 30.61
21 Crepaja_| rhizosphere 0-30 2062 | 8.00 | 739 | 325 0220 | 348 | 5273 | 1320 | 40.600 | 39.06 | 1901 | 4192 | 58.08 | 31.10
22 Vertisol Svilajnac_|_rhizosphere 0-30 000 | 590 | 470 | 287 0.204 57 | 1365 | 3615 | 34045 | 3488 | 2746 | 3766 | 68.04 | 28.90
23 Svilajnac | rhizosphere 0-30 051 | 730 | 669 | 4.04 0259 | 793 | 118 397 | 32390 | 37.08 | 2656 | 3636 | 63.64 | 33.76
MIN 000 | 524 | 378 141 0.121 03 550 | 0.100 | 30.180 | 9.0 580 | 3028 | 15.00 17.40
MAX 2062 | 848 | 790 | 735 0472 | 793 | 118 | 36500 | 83.600 | 4752 | 3364 | 8500 | 69.72 | 33.76

*MIN=minimum value; MAX=maximum value; DW: dry weight.
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Table 2. Total heavy metal content of the examined soil samples

Soil type Depth(cm) Cd Cr Co Cu Fe Pb Mn Ni Zn
Sample (mg/kg) (mg/kg) (mg/kg) (mg/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 0-30 0.5659 37.47 7.345 72.820 26.87 11.830 4022 22.11 80.50
2 | | 30-60 0.4974 35.10 6.867 58.610 28.58 11.550 363.7 23.89 73.13
Rendzic Leptoso
3 0-30 0.3616 44.91 8.773 58.840 31.08 12.660 484.9 25.26 76.92
4 30-60 0.3619 4342 8.808 61.600 29.83 11.730 4772 23.70 71.23
5 L cal 0-30 0.3005 39.64 7.781 20.110 28.82 9.936 486.1 21.97 56.57
Regosol (Calcaric. Arenic)
6 30-60 0.3105 39.52 7.646 20.170 29.54 9.894 484.8 21.57 55.61
7 0-30 0.2481 41.22 6.892 26.740 2221 11.430 216.8 24.27 58.18
Calcic Gleysol
8 30-60 0.2915 39.96 6.983 27.570 20.28 11.890 217.3 24.18 61.32
9 0-30 0.2076 22.61 5.528 11.540 14.54 6.984 302.4 15.61 47.77
Fluvisol
10 30-60 0.1630 20.29 5.983 10.330 14.10 5.965 290.1 15.88 42.51
11 Dystric Leptosol 0-20 <0.1 718.10 57.180 10.630 50.25 15.920 595.9 1587.00 66.49
12 0-30 0.1327 102.80 9.319 8.148 28.00 14.800 2204 57.58 51.10
Eutric Cambisol
13 30-60 0.1642 97.38 9.923 9.119 27.14 13.290 220.6 57.03 52.12
14 0-30 0.2764 51.89 9.036 26.290 32.35 11.970 4573 26.32 68.69
15 Chernozem on loess terrace 30-60 0.2580 45.70 8.853 25.260 29.50 11.090 4237 24.92 65.33
16 0-30 0.2202 23.26 3.878 35.530 15.00 6236 3293 10.67 43.92
Chernozem (Arenic)
17 30-60 0.2046 23.29 3.973 28.610 14.87 6.029 326.8 10.57 44.79
18 0-30 0.2839 50.04 8.941 23.480 33.92 12.710 5232 26.79 64.41
19 . 30-60 0.2667 49.13 8.700 23.220 32.94 12.610 520.9 24.90 65.11
Chernozem
20 0-30 0.2662 48.49 8.957 23.400 30.48 12.200 598.7 24.66 56.96
21 0-30 0.4181 36.99 6.886 22.320 26.10 9.662 566.3 19.64 50.31
22 0-30 0.1733 60.72 11.090 21.650 31.83 20.560 748.7 30.35 56.69
Vertisol
23 0-30 0.2708 71.76 16.590 33.940 35.59 24.480 926.6 38.48 73.81
MIN <0.1 20.29 3.878 8.148 14.10 5.965 216.8 10.57 42.51
MAX 0.5659 718.10 57.180 72.820 50.25 24.480 926.6 1587.00 80.50
LIM 0.8 100 9 36 / 85 / 35 140
REM 12 380 240 190 / 530 / 210 720

*MIN=minimum value; MAX=maximum value; LIM=limit values; REM=remediation values
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Table 3. Microbiological characteristics of the examined soil samples

Number of microorganisms (CFU g absolutely dry soil))

DHA pg TPF g! of

Total . soil
Soil type Sampling Vegetation Depth(cm) No. Qf ammonifiers | Nitrobacter | oligonitrofils | actinobacteria iungl
site bacteria | x 109 x 10! x 103 x 102 5
x 108 10
1 Sremski vineyard 0-30 19.6 21.1 121 24.6 194 14.0 290
2 Rendzic Karlovci 30-60 8.0 9.5 111 12.9 167 124 307
3 L . vineyard 0-30 23.2 23.1 109 233 64 10.8 446
eptosol Sremski (ecological
4 Karlovci ect(;mi) 30-60 21.7 16.8 105 15.6 52 8.3 281
5 (Iclzlg:;r(i)(lz' Titelski agrlcs:g}itural 0-30 21.7 21.7 79 23.0 48 5.8 823
6 Areni Breg 30-60 13.1 13.7 32 21.0 44 5.6 436
renic)
7 Calcic Lok agricultural 0-30 14.9 20.0 65 21.3 52 5.8 125
8 Gleysol soil 30-60 19.1 22.9 105 21.7 31 5.2 134
9 Fluvisol Kacka forest soil 0-30 13.2 13.6 24 134 377 7.7 148
10 Suma 30-60 7.4 8.2 6 9.6 274 33 108
1| P¥te g aevae | forestseil g a9 27.9 193 4 30.3 27 8.6 709
Leptosol
12 Eutric put za forest soil 0-30 19.2 9.5 0 1.7 88 222 357
13 | Cambisol Vrdnik 30 -60 8.2 6.7 0 1.5 19 9.4 109
14 | Chernozem agricultural 0-30 8.4 17.1 81 26.1 10 10.2 195
15| onloess | Kisat soil 30-60 8.2 21.4 65 16.2 5 6.7 358
terrace
16 | Chernozem Liut agricultural 0-30 23.0 19.1 139 22.3 65 7.8 782
17| (Arenic) Jutovo soil 30-60 12.0 13.1 83 16.3 30 8.6 314
18 Rimski | agricultural 0-30 14.5 14.6 36 18.4 80 14.2 215
19 Chernozem éavméevi soil 30-60 13.7 13.6 32 174 53 12.9 244
20 Cengj rhizosphere 0-30 453 108 93 329 50 40 149
21 Crepaja | rhizosphere 0-30 443 118 56 381 110 32 390
22 Vertisol Svilajnac | rhizosphere 0-30 316 143 27 273 90 66 203
23 Svilajnac 0-30 206 52 14 157 0 43 40
MIN 7.4 6.7 0 1.5 0 3.3 40
MAX 453 143 139 381 377 66 823

*MIN=minimum value; MAX=maximum value DHA: dehydrogenase activity; TPF: triphenylformazan
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Table 4. - Isolation data and identification details of the examined Trichoderma strains

GenBank
. L SZMC Accession TrichOkey 2.0 or
Soil type Sampling site Vegetation Depth (cm) Number number NCBI di;]gnosis
aTS)
SZMC 20966 KP316411 | T. koningiopsis
. : SZMC 20969 KP316414 | T. harzianum
! Sremsid vineyard 0-30 SZMC 20976 | KP316421 | T atroviride
Rendzic Leptosol SZMC 20978 KP316423 | T. koningiopsis
2 30-60 - - -
3 Sremski vineyard 0-30 - - -
Karlovei t(Aorggmc 30-60 - - -
arming)
5 . agricultural 0-30 SZMC 22661 KP316440 | T.brevicompactum
Regosol (Calcaric. Titelski Breg soil SZMC 22662 | KP316450 | T. gamsii
6 Arenic) 30-60 SZMC 22663 | KP316441 | T brevicompactum
7 Lok agricultural 0-30 SZMC 22664 | KP316444 | T. longibrachiatum
3 Calcic Gleysol soil 30-60 - - -
9 X Kacka Suma forest soil 0-30 SZMC 22668 KP316445 | T citrinoviride
Fluvisol =
10 30-60 - - -
. . forest soil SZMC 22669 KP316442 | T. longibrachiatum
11 Dystric Leptosol Zmajevac 0-20 -
. : SZMC 22665 KP316443 | T. longibrachiatum
12 Eutric Cambisol putza Vrdnik | forest soil 0-30 SIMC 22666 | KP3164ds | T virens
13 put za Vrdnik 30 -60 SZMC 22667 | KP316447 | T. virens
14 L. agricultural 0-30 - - -
Chernozem on loess Kisac¢ soil - N N
15 terrace 30-60
16 . agricultural 0-30 - - -
. Ljutovo R -
17 Chernozem (Arenic) soil 30-60 SZMC 22660 KP316448 | T. harzianum
18 Rimski Sancevi | agricultural 0-30 SZMC 22659 | KP316449 | T. virens
19 Rimski Sancevi soil 30-60 ; ; ;
SZMC 20974 KP316419 | T. brevicompactum
) SZMC 20977 KP316422 | T. brevicompactum
20 Cencj thizosphere 0-30 SZMC 20979 | KP316424 | T. koningiopsis
SZMC 20985 KP316430 | T. gamsii
Chernozem SZMC 20986 KP316431 | T. brevicompactum
SZMC 20988 KP316433 | T. harzianum
SZMC 20971 KP316416 | T. brevicompactum
SZMC 20973 KP316418 | T. brevicompactum
21 Crepaja rhizosphere 0-30 SZMC 20975 | KP316420 | T. harzianum
SZMC 20982 KP316427 | T. harzianum
SZMC 20990 KP316435 | T. brevicompactum
SZMC 20994 KP316439 | T. harzianum
22 Svilajnac 0-30
SZMC 20965 KP316410 | T. harzianum
SZMC 20967 KP316412 | T. harzianum
SZMC 20968 KP316413 | T. atroviride
SZMC 20970 KP316415 | T. harzianum
SZMC 20972 KP316417 | T. koningii
. SZMC 20980 KP316425 | T. harzianum
. rhizosphere )
2 Vertisol Svilajnac 0-30 SZMC 20981 KP316426 | T. harzianum
SZMC 20983 KP316428 | T. koningiopsis
SZMC 20984 KP316429 | T. koningiopsis
SZMC 20987 KP316432 | T. citrinoviride
SZMC 20991 KP316436 | T. virens
SZMC 20992 KP316437 | T. harzianum
SZMC 20993 KP316438 | T. koningiopsis
SZMC 20989 KP316410 | T. harzianum
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1  Table 5. Relationship between isolated number of Trichoderma strains and the environmental
2 variables used in localy weighted regression scatterplot smoothing analysis (LOESS)

Environmental

iabl pH pH Total K,O Cd Cr Co Cu Fe Pb Mn Ni Zn
variables CaCOs (H,0) | (KCI) Humus N P,0s
r? 0.3147 | 0.6355 | 0.6361 | 0.4318 | 0.387 | 0.7996 | 0.8961 | 0.3281 | 0.7111 | 0.8508 | 0.479 | 0.7525 | 0.8221 | 0.8309 | 0.8766 | 0.3827
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