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Species Composition of Indigenous Trichoderma Fungi Affected
by Cd, Ni and Zn Heavy Metalsin Calcareous Chernozem Soil
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Hungarian Academy of Sciences, Budapest

The interest has been growing recently for studying the role and functioning of
various microbial communities under environmental stress conditions. Among the
abiotic stress factors, the heavy metals and/or toxic elements are the most frequently
investigated (BIRO et al., 1996, 2005; KANDELER et al., 2000; ELLIS et al., 2001;
MULLER et al., 2001; VARADY et al., 2002; VIVAS et al., 2003). The processes con-
tributing to soil conditions, however, have mainly remained unexplored, due to the
complex relationships among the compartments of soil and the different microbial,
soil biological parameters. The Trichoderma population of soil seems to be a good
candidate for such studies, as their assessment is simple both quantitatively and
qualitatively. Trichoderma fungi are among those few saprophytic soil microbes
that are extensively investigated nowadays regarding their inevitable influence on
the various microbial populations, more particularly the plant symbiotic and patho-
genic fungi (NAAR et al., 2002; KUBICEK et al., 2001). Their coexistence in various
soils has proven to be a common phenomenon (DOMSCH et al., 1980; WIDDEN,
1980; NAAR & DOBOS, 2006). Considering the actively growing hyphae of Tricho-
derma species, the habitat competence among the various environmental (stress)
factors can be more successful for these fungi, in comparison with other microbial
components of the soil-plant environment (PIANKA, 1978). The effect of soil tem-
perature (WIDDEN & ABITBOL, 1980; WIDDEN, 1984) and some other abiotic pa-
rameters (NAAR & DOBOS, 2006) were investigated as potentials for niche (habitat)
separation. Among the heavy metals and/or toxic elements copper (DUFFY et al.,
1997), manganese (BULLUCK et al., 2002) and zinc (NAAR & DOBOS, 2006) were
reported to have influence on the frequency of the introduced Trichoderma fungi in
the soil. NAAR et al. (2002) found a significant species-loss at some low metal
loads, where the loss of rare species, such as the T. viride could be recorded after 8
years of metal application.

In the present study the effect of long-term Cd, Ni and Zn loads on the most fre-
quent six Trichoderma species were investigated at different metal ratios to clarify
the role of metals in the interactions with other soil biotic, abiotic factors.
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Materials and Methods

Soil samples originated from a long-term field experiment of RISSAC set up in
Nagyhorcsok (Hungary) (KADAR, 1995). The calcareous chernozem soil (pHgcr:
7.2; CaCOs: 5.5%; humus: 3%; sand:silt:clay ratio: 2:2:1) was artificially contami-
nated with salts of trace elements in 1991 at rates of 90, 270 and 810 kg-ha™ (30, 90
and 270 mg rnetals-kg'l dry soil). Samples collected in 2003 were air-dried and
remoistened to 60% of the maximum water holding capacity, and were kept on this
level throughout the experiment. The samples were incubated at room temperature
for two weeks, to reach equilibrium beyond the fluctuating environmental condi-
tions.

To assess the density and species composition of the Trichoderma population,
soil particles (about 1-2 mm) were placed on a Trichoderma-selective agar (ASKEW
& LAING, 1993). Twenty particles were placed on each of the three agar plates in a
120 mm diameter. Cultures were incubated for 14 days at room temperature in day-
light. Preceeding the isolation of all developed colonies, the rate of Trichoderma-
colonized soil particles was also recorded. Isolates were maintained on potato-
dextrose agar (PDA) slants until identification. Colonies growing on 2% malt ex-
tract agar and oatmeal agar were examined macro- and microscopically and identi-
fied according to RIFAI (1969) and BISSETT (1991a,b,c, 1992). Frequency of species
was calculated as the percent of colonized soil particles, originating from the metal
polluted soils.

Interrelations between the particular heavy metal loads and the indigenous
Trichoderma species and frequency were calculated with correlation regression
analysis (CA). The differences between the initial two-factorial correlation data and
the partial correlation coefficients were estimated after eliminating the effects of
heavy metals. Such techniques are also commonly used in casual modelling studies.
The partial correlation among the independent (i) and the dependent (j) factors is
estimated, when controlling or equalising a third (k) or other additional factors. The
partial correlation, r(ij,k) may be equal, lower, or higher than the original correla-
tion, r(ij). There is no effect when the original (CA) and partial correlations (PCA)
are equivalent in their value. Suppression occurs when PCA data are higher than the
two-factorial (CA) correlation, r(ij) (MCPHERSON, 1990). In the present trial the
differences between the two correlation types were treated as follows: If [r(ij)-
r(ij,k)] < 0.25, then no heavy metal effect on the particular intraspecific relationship
was suspected. The effect of metals was partly considered when 0.25 < [1(ij)-r(ij,k)]
< 1.0 was found. A strong suppression of metals was accepted, if [r(ij)-r(ij,k)]>1.0.
Statgraphics 5.1 software was used for all analyses.

Results
Trichoderma fungi were present in all soil samples, with the exception of the

highest cadmium load (270 mg Cd-kg'l soil), from which only two strains were
identified as Fusarium sp. on the applied medium. Among 278 isolates 93.5%
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proved to be Trichoderma, while others belonged to the genera of Gliocladium and
Fusarium. Six species of Trichoderma fungi were identifiable from the control soil
(Fig. 1). The abundance of Trichoderma fungi was quite low (25%) in the uncon-
taminated control soil. Some heavy metal treatments, however, significantly af-
fected both the density and the species composition of the Trichoderma population.
The frequency ranged between 0-3.3%, 0-31.7%, 0-3.3%, 0-1.7%, 0-16.7% and
0-26.7% for T. atroviride KARSTEN, T. harzianum RIFAIL; T. pubescens BISSETT; T.

Zn270

Zn90

Zn30

Ni270

Ni90

Ni30

Cd270

Heavy metal treatments (numbers show doses in mg/kg soil)

Cdoo

Cd30

control

-5 5 15 25 35 45

Frequency of colonized soil particles (%)

‘IT. harzianum OT. viride BT. pubescens BT. atroviride ET. virens B T. tomentosum ‘

Fig. 1
Species composition of the Trichoderma population in the calcareous chernozem soil
(Nagyh6resok) 12 years after applying Zn, Ni and Cd loads (30, 90 and 270 mg-kg™ dry soil)
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tomentosum BISSETT; T. virens MILLER von ARX and T. viride PERS ex GRAY, re-
spectively. The highest density occurred in the case of the highest nickel and zinc
loads (270 mg-kg " soil), indicating the relatively high general environmental toler-

ance of Trichoderma fungi to heavy metals.
A significant correlation was established between the available heavy metal con-
tent of soil and the species composition of the Trichoderma fungi (Table 1). The

Table1

Correlation between the available heavy metal content of soil and the frequency
of Trichoderma spp.

Heavy Trichoderma species
metal T.harzia- | T.virens | T. pubes T. atro- T.viride | T. tomen-
num cens viride tosum
Cd -0.931* -0.953* -0.952% -0.975* n.s. n.s.
Ni 0.955* 0.964* n.s. n.s. n.s. n.s.
7n n.s. 0.955* n.s. n.s. n.s. -0.965*

density of T. harzianum, T. viride, T. pubescens and T. atroviride was strongly re-
duced concomittant with the increasing concentration of cadmium. The latter spe-
cies seemed to be the most sensitive to metal contamination. No significant correla-
tion was found, however in the case of T. virens and T. tomentosum. The relation-
ship between nickel contamination and Trichoderma spp. showed an opposite ten-
dency. The abundance of T. harZianum, T. viride significantly increased as a func-
tion of Ni concentration. The rate of Zn pollution, on the other hand, positively
correlated with T. viride and negatively with T. tomentosum.

The heavy metals had various effects on the interspecific relationships of the in-
digenous Trichoderma spp. Cadmium suppressed the correlation between T. har-
Zianum-T. pubescens and T. harzianum-T. atroviride pairs. The absolute value
between the two-factorial correlation and partial correlation coefficients [r(ij)-
r(ij,k)] was higher than 1.00 in a negative direction. Although the [r(ij)-r(ij,k)]value
for the T. harzianum-T. viride pair was below the upper threshold of no effect, the
very high partial correlation [r(ij,k) = 0.999] suggested that there might be a close
positive relationship between these species under the unpolluted conditions. No
marked influence of Cd is probable for the T. pubescens-T. atroviride pair and
either pairs of T. virens. In other cases, various levels of the inhibitory effect of
cadmium, as a partial explanation of the calculated correlation could be assumed
(Table 2).

The effect of nickel on the interspecific relationships differed from that of cad-
mium. The T. harzianum-T. pubescens and T. harzianum-T. atroviride pairs were
among those showing suppressive effect, but the positive partial correlation coeffi-
cients suggested an opposite influence of nickel as compared to cadmium. The rela-
tionship of T. tomentosum with T. harzianum and T. viride was also suppressively
affected by nickel. Another difference from Cd was that all pairs of T. virens were
influenced by Ni pollution. Pairs of T. pubescens with T. atroviride and T. tomento-
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Table 2
Influence of the available Cd content of soil on the relationships among Trichoderma spp.
Trichoderma species
T.viride | T-Pubes | T.aU0- | o s | T, tomentosum
cens viride
T. r(ij) 0.758 0.642 0.087 0.354 0.554
har- r(ij,k) 0.999 -0.821 -0.98 0.46 -0.412
danum| r(ij)ik) | 0241 | 1463 | 1067 | 0106 | 0966
T r(ij) 0.003 -0.577 0.485 0.010
Viriae r(ij,k) -0.814 -0.978 0.47 -0.412
M i || 0817 | o401 | 0015 | o042
T. r(ij) 0.815 0.172 0.707
pubes- r(ij,k) 0918 0.13 -0.182
_oens ()i | 1o ] 0103 | 0042 | 0889
T. r(ij) -0.14 0.577
atro- r(ij,k) -0.273 0.222
_viride | r(ij-rijk) | || 0133 | 035
T r(ij) -0.485
. r(ij,k) 0.999
virens
1(i))-(ij,k) 0.514
Table3

Influence of the available Ni-content of soil on the relationship among Trichoderma spp.

Trichoderma species
T viride | |- Pubes- | T.atro- T.virens | T.tomentosum
cens viride
T. r(ij) 0.925 -0.218 -0.593 -0.692 -0.378
harzia- r(ij,k) 0.057 0.947 0.820 -0.997 0.689
_num | Gk | 0868 | 1165 | 1413 | 0305 | 1067
T r(ij) -0.530 -0.839 -0.465 -0.382
viride r(ij,k) -0.268 -0.525 -0.134 0.763
(i) | ] 0262 | 0314 | 0331 | 1145
T. (i) 0.904 -0.501 0.577
pubes- | r(ij,k) 0.960 0.919 0.419
_cens | r(ij)rjk) | I 0056 | 0418 | 0158
T. (i) -0.082 0.522
atro- | r(ijk) -0.773 0.149
_viride | r(ij)-rGjk) | R 0691 | 0373 .
T 1(ij) -0.289
s 1(ij,k) -0.743
VTS Gi)-rijk) 0.454

Remarks: Significance level: * p < 5%; n.s.: not significant correlations; r(ij): values of the

correlation coefficients; r(ij,k): values of the partial correlation coefficients of given pairs of
parameters when the effect of heavy metal was fixed; {r(ij)-r(ij,k)}: the absolute values of
difference between correlation and partial correlation coefficients
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sum were the only cases in which nickel did not affect the interspecific relationships
(Table 3).

The effect of zinc differed both from that of cadmium and nickel. Only this
heavy metal modified markedly the relationship between the two most frequent
species, T. harzianum and T. viride. The correlation between the frequency of T.

Table 4
Influence of the available Zn content of soil on the relationship among Trichoderma spp.

Trichoderma species
T viride | T pubes- | T. atro- T.virens | T. tomentosum
cens viride
T. r(ij) -0.477 -0.185 -0.367 -0.500 0.855
harzia- r(ij,k) 0.739 -0.383 -0.221 -0.797 0.637
num | irGik) | 1216 | 0098 | 0146 | 0297 | 0218
T r(ij) 0.049 0.469 -0.447 -0.625
Vi riae r(ij,k) 0.338 0.494 -0.996 0.990
M ik | 0289 | 0025 | 0549 | 1615
T. (i) 0.905 £0.246 0.301
pubes- | r(ij,k) 0.985 -0.252 0.468
oens | Giptiiky | | | 0080 | 0006 | o167
T. r(ij) -0.408 0.011
atro- 1(ij,k) -0.413 0.620
viride | r(iGi) | | B 0005 | 0609
T r(ij) -0.408
. r(ij,k) -0.973
VTS Gi)-rii k) 0.565

Remarks: Significance level: * p < 5%; n.s.: not significant correlations; r(ij): values of the
correlation coefficients; r(ij,k): values of the partial correlation coefficients of given pairs of
parameters when the effect of heavy metal was fixed; {r(ij)-r(ij,k)}: the absolute values of
difference between correlation and partial correlation coefficients

viride and T. tomentosum was also suppressed. Eight of thirteen further species
pairs were not affected by zinc, the others were partly influenced by zinc pollution
(Table 4).

Discussion

The composition of Trichoderma population was quite variable, according to the
type and severity of heavy metal contamination. It is hard to make a comparison of
the results, due to the fact that no similar work has been published in the literature,
as yet. The consideration of indigenous, native Trichoderma species is not frequent
in the literature and not many field experiments exist with metal contaminated soils
in the World (KADAR, 1995). Several evidences are found for the structural and
functional changes of some microbial communities, other than the Trichoderma in
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metal polluted soils (KANDELER et al., 2000; ELLIS et al., 2001; MULLER et al.,
2001; KADAR et al., 2001).

The rate of cadmium pollution significantly correlated with the frequency of
four of six Trichoderma spp. Presumably, the Cd tolerance of isolates from differ-
ently contaminated plots is similar. This fact was supported by an earlier study, in
which the metal (Cd) tolerance of T. harzianum, T. virens, and T. viride isolates,
originating from soils with different Cd pollution level were studied. No consider-
able difference was found in the minimum inhibitory concentration (MIC) for in
vitro growth rate on Cd containing medium. However, their antagonistic activity
against Pythium irregulare under Cd stress correlated in some cases with the pollu-
tion level of their original habitat (NAAR, 2006). In addition to the direct inhibitory
effect of the metals and the physiological status of the fungi there are other ele-
ments that influence the density and species composition of the Trichoderma fungi.

The partial correlation analysis revealed that the heavy metals significantly alter
the relationship among the indigenous Trichoderma species. The combination of
affecting, stable abiotic soil factors could be explained by the variance of Tricho-
derma species composition in 24 arable soils only to a 66.2% extent in the investi-
gation of NAAR and DOBOS (2006). It seems obvious that a further part of the vari-
ances could be attributed to the differently structured soil and rhizosphere microbi-
ota. The microbial tolerance to the varying inhibitory effect of the soils was found
to be mainly responsible for the soil colonization of Trichoderma fungi (NAAR &
KECSKES, 1998). It is also expected that the shifts in the composition of microbiota
at the heavy metal pollution may alter the inhibitory effect towards the Trichoderma
fungi, as well. In vitro experiments have shown that the metals also used in our
study could affect the mycelial growth (KREDICS et al., 2003), the differentiation
(FRANK et al., 1993) and biomass distribution within the colony (GADD et al.,
2001). Although they did not modify the activity of extracellular enzymes playing
role in the mycoparasitism (KREDICS et al., 2001, 2004), the in vitro antibiosis of
Trichoderma spp. against Pythium irregulare growing on heavy metal containing
agar proved to be more sensitive than mycelial growth (NAAR, 2006). Unfortu-
nately, no such data are available from in vivo soil conditions.

Besides the soil microbiota, the coexisting Trichoderma fungi may also have an
influence on each other, as their ecological niche may overlap due to similar envi-
ronmental requirements. It was established that the competitive success of sympat-
ric species depended on the season; they shared the available ecological space along
the fluctuating temperature (WIDDEN, 1984). Competition, however, is not only the
single way for the interaction between Trichoderma spp. VAINA (1987) observed
that some strains of Trichoderma could parasitize on other members of the genus
under in vitro conditions. REAVES and CRAWFORD (1994) showed different growth
intensities as influencing factors in the competition among 15 Trichoderma isolates.
Although there is a lack of data on those phenomena in real soils, the heavy metal
effect on the species composition of soil biota is obvious.

The present study is among the first to report the significant influence of long-
term heavy metal applications on the Trichoderma fungal interactions under field
conditions. Further studies are necessary to understand the structure and function of
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other soil and rhizosphere microbiota in those dynamic interactions, especially on
the targeted long-term level.

Summary

Cadmium, nickel or zinc contaminated soils originating from a long-term heavy
metal field experiment were used to assess the influence of those particular treat-
ments on the coexistence of various Trichoderma species. The abundance of six
indigenous Trichoderma spp. — T. atroviride, T. harzianum, T. pubescens, T. tomen-
tosum, T. virens and T. viride — were studied 12 years after the application of Cd,
Zn and Ni salts on four levels (0, 30, 90 and 270 mg‘kg'l) in a calcareous cher-
nozem soil. Trichoderma fungal colonies from the soil particles were estimated on
selective media. The isolated strains were taxonomically characterized by micro-
scopic visualization.

A reduced Trichoderma fungal colonization was found at the lower ratio of the
studied metals. No colonization could be recorded in the case of Cd, and a slightly
increased abundance at Ni and Zn metal salts at the highest 270 mg-kg'l doses. The
species composition of the fungi varied considerably in the contaminated samples
as a function of the metals and the applied doses. Correlation analysis revealed that
the population density of T. atroviride, T. harzianum, T. pubescens, T. viride was
negatively affected by the available Cd concentration. The nickel content of the
soil, however, correlated positively with the abundance of T. harzianum (r = 0.955)
and T. virens (r = 0.964). In addition to this finding, the frequency of T. viride and
T. tomentosum showed significant positive and negative correlation with the Zn
treatment (r = 0.955; r = -0.965, respectively). Great differences between the corre-
lation and partial correlation coefficients suggested that the heavy metals may alter
not only the abundance of the fungi, but the interspecific relationships among the
indigenous Trichoderma population, as well. This fact is considered to have further
influence on some other biotic parameters and the soil functioning in heavy-metal-
affected soils.

The present study was supported by the Hungarian National Scientific Research
Fund (OTKA) under grants F034665 and T046610.
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References

ASKEW, D. J. & LAING, M. D., 1993. An adapted selective medium for the quantitative
isolation of Trichoderma species. Plant Pathol. 42. 686-690.

BIRO, B. et al., 1996. Interaction between rhizosphere microorganisms and red clover at
metal stress. Acta Microbiol. Immunol. Hung. 44. §9-90.



Species Composition of Indigenous Trichoderma Fungi Affected by Heavy Metals 269

BIRO, B. et al., 2005. Mycorrhizal functioning as part of the survival mechanisms of
barley (Hordeum vulgare L.) at long-term heavy metal stress. Acta Biol. Szegedi-
ensis. 49. 65-68.

BISSETT, J., 1991a. A revision of the genus Trichoderma. II. Infrageneric classification.
Can. J. Bot. 69. 2357-2372.

BISSETT, J., 1991b. A revision of the genus Trichoderma. III. Section Pachybasium.
Can. J. Bot. 69. 2373-2417.

BISSETT, J., 1991c. A revision of the genus Trichoderma IV. Additional notes on sec-
tion Longibrachiatum. Can. J. Bot. 69. 2418-2420.

BISSETT, J., 1992. Trichoderma atroviride. Can. J. Bot. 70. 639-641.

BULLUCK, IIT L. R. et al., 2002. Organic and synthetic fertility amendments influence
soil microbial, physical and chemical properties on organic and conventional
farms. Appl. Soil Ecol. 19. 147-160.

DowmscH, K. H., GamMs, W. & ANDERSON, T. H., 1980. Compendium of Soil Fungi.
Vol. 1. Academic Press. London.

DUFFY, B., OWNLEY, B. H. & WELLER, D. M., 1997. Soil chemical and physical prop-
erties associated with suppression of take-all of wheat by Trichoderma koningii.
Phytopathology. 87. 1118-1124.

ELLIS, R. J. et al., 2001. Comparison of microbial and meiofaunal community analyses
for determining impact of heavy metal contamination. J. Microb. Methods. 45.
171-185.

FRANK, V., TAMOVA, G. & TAKACSOVA, L., 1993. Effects of cadmium and mercury on
growth and differentiation of Trichoderma viride. Zentralbl. Mikrobiol. 148. 229—
232.

GADD, G. M. et al.,, 2001. Nutritional influence of fungal colony growth and biomass
distribution in response to toxic metals. FEMS Microb. Lett. 204. 311-316.

KADAR, I., 1995. Contamination of the soil-plant—animal-man—food chain by chemical
elements in Hungary. (In Hungarian) Ministry of Environmental Protection and
Rural Management. Budapest.

KADAR, 1. et al., 2001. Effect of microelement loads on peas grown on calcareous cher-
nozem soil. II. Element uptake, quality and root symbiosis. (In Hungarian)
Agrokémia és Talajtan. 50. 83—101.

KANDELER, E. et al., 2000. Structure and function of the soil microbial community in
microhabitats of a heavy metal polluted soil. Biol. Fertil. Soils. 32. 390-400.

KREDICS, L. et al., 2001. Effect of heavy metals on growth and extracellular enzyme
activities of mycoparasitic Trichoderma strains. Bull. Environ. Contam. Toxicol.
66. 249-254.

KREDICS, L. et al., 2003. Influence of environmental parameters on Trichoderma strains
with biocontrol potential. Food Technol. Biotechnol. 41. 37-42.

KREDICS, L. et al., 2004. In vitro water activity and pH dependence of mycelial growth
and extracellular enzyme activities of Trichoderma strains with biocontrol poten-
tial. J. Appl. Microbiol. 96. 491-498.

KUBICEK, C. P. et al., 2001. Trichoderma: from genes to biocontrol. J. Plant Pathol. 83.
11-23.

MCPHERSON, G., 1990. Statistics in Scientific Investigation: Its Basis, Application and
Interpretation. Springer-Verlag. New York.



270 NAAR - BIRO

MULLER, A. K. et al., 2001. The effect of long-term mercury pollution on the soil mi-
crobial community. FEMS Microb. Ecol. 36. 11-19.

NAAR, Z., 2006. Effect of cadmium, nickel, and zinc on the antagonistic activity of
Trichoderma spp. against Pythium irregulare BUiSMAN. Acta Phytopathol Ento-
mol. (In press)

NAAR, Z. & DOBOS, A., 2006. Redundancy analysis of the influence of metal content
and other edaphic parameters on the coexsistence of Trichoderma species. Appl.
Ecol. Envir. Res. (In press)

NAAR, Z. & KECSKES, M., 1998. Factors influencing the competitive saprophytic ability
of Trichoderma spp. Microb. Res. 153. 1-11.

NAAR, Z., ROMAN, F. & FUzy, A., 2002. Correlation between indigenous mycoparasitic
and symbiotic beneficial fungi at heavy metal stress. Agrokémia és Talajtan. 51.
115-122.

PaPAvIZAS, G. C., 1985. Trichoderma and Gliocladium: biology, ecology, and potential
for biocontrol. Annu. Rev. Phytopathol. 23. 23-54.

PIANKA, E. R., 1978. Evolutionary Ecology. Harper and Row. New York.

REAVES, J. L. & CRAWFORD, R. H., 1994. In vitro colony interactions among species of
Trichoderma with reference toward biological control. Research Paper PNW-RP-
474. Department of Agriculture, Forest Service, Pacific Northwest Research Sta-
tion. Portland. OR.

RIFAL, M. A., 1969. A revision of the genus Trichoderma. Mycol. Papers. Commonw.
Mycol. Inst. Kew, Surrey, England. 116. 1-56.

VAINA, L., 1987. Plant Pathogenic Fungi. (In Hungarian) Mez6gazdasagi Kiad6. Buda-
pest.

VARADY, GY. et al., 2002. Heavy metal sensitivity and siderophore production of Pseu-
domonas Rhizobacterium strains. (In Hungarian) Agrokémia és Talajtan. 51. 481—
490.

VIvaAs, A. et al., 2003. Symbiotic efficiency of autochthonous arbuscular mycorrhizal
fungus (G. mosseae) and Brevibacillus sp. isolated from cadmium polluted soil
under increasing cadmium levels. Environment Pollut. 126. 179-189.

WIDDEN, P., 1984. The effects of temperature on competition for spruce needles among
sympatric species of Trichoderma. Mycologia. 76. 873—883.

WIDDEN, P. & ABITBOL, J. J., 1980. Seasonality of Trichoderma species in a spruce-
forest soil. Mycologia. 72. 775-784.



