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Abstract

Heavy metal ions are harmful for entomopathogenic fungi. Derivatives of starch dialdehyde 
such as dihydrazone (DHZ), dithiosemicarbazone (DTSC), and dioxime (DOX) were used to 
form water-insoluble complexes with heavy metal ions. This phenomenon thus provided protec-
tion of entomopathogenic fungus Paecilomyces farinosus from the toxic effects of heavy metal 
ions. The fungus growth and the sporulation of mycelium was inhibited by heavy metal ions. 
This fungus grown on medium with heavy metal ions was also less pathogenic to tested insects. 
Because the metal complexes of DHZ, DTSC and DOX were non-toxic to P. farinosus these 
complexons could protect entomopathogenic fungi from the toxic effects of metal ions, given 
good approximation of empirical values.
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Introduction

Contemporary human activity results in significant 
changes in natural distribution of minerals and organics 
of the environment. The environment suffers intoxication 
with industrial products and waste. Agricultural activity 
utilising artificial fertilisers, pesticides, and crop preser-
vatives also contributes to unusual fluctuations in chemi-
cal composition of the environment, passing the limit of 
tolerance of many organisms in adapting to varying en-
vironmental conditions. Some heavy metals are the most 
harmful components of ecosystems. In some areas of 
Poland, mainly in Upper Silesia, their concentration ex-

ceeds officially accepted levels [1,2]. Heavy metal com-
pounds may reside in ecosystems in immobile, insoluble 
as well as mobile, soluble forms. The latter might be par-
ticularly harmful for living components of the ecosystem 
by their direct effect as well as by entering the food chain. 
However, apparently insoluble metal compounds may 
enter a food chain being slightly and slowly accumulated 
by plants.

Certain areas are contaminated by heavy metals to 
such an extent that such land must be exempted from 
agricultural production. There have been several attempts 
to recover this land for agriculture. Metal ions can be im-
mobilised in soil either by their conversion into insoluble 
forms or as trapped by complexons. Derivatives of starch 
dialdehyde [3] might be potentially useful as complexons 
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of various heavy metals. Certain complexons with heavy 
metal ions are biologically active [4,5]. These complex-
ons could be used to protect certain soil microorganisms. 
Introducing these complexions into soil is a new approach 
in environmental protection.

Entomopathogenic Hyphomycetes fungi commonly 
reside in Polish soils. They have found their applica-
tion in modern plant protection from pests. Their 
pathogenicity is controlled by several factors such as 
temperature, humidity, presence of antagonists [6,7].

Very little is known on the effect of xenobiotics on 
these fungi. Some studies [8-10] suggest that heavy 
metals influence their growth, amount of biomass, and 
enzymatic activity. Some heavy metal ions have a toxic 
effect on entomopathogenic fungi, whereas others do 
not influence them or even stimulate their activity 
[11,12].

This paper reports results of laboratory study of 
the influence of heavy metal ions and complexions on 
growth, sporulation, and pathogenicity of Paecilomy-
ces farinosus belonging to the class of Hyphomycetes.

Experimental

Derivatives of low-oxidised (16%) dialdehyde 
starch prepared according to Para et al. [3] were 
used as complexing substances. Heavy metal ion 
solutions were prepared from the following salts: 
CdCl2 -2.5 H2O, CuSO4, Ni(NO3)2 -8 H2O, Pb(NO3)2 
, ZnCl2 analytical grade were purchased from POCH 
Gliwice, Poland.

Paecilomyces farinosus (Polish strain from Profes-
sor Bajan’s collection) was the tested fungus. Equal 
concentrations of heavy metal ions (300mg/dm3) and 
complexing substances (DHZ, DTSC and DOX) (15g/
dm3) were applied. Heavy metal salts and complexing 
substance were added to the glucose-potato medium. 
Metal ions were used separately. The medium with 
metal ions and complexing substances was autoclaved 
(120°C). Sterile medium was applied to Petri dishes 
followed by inoculation with P. farinosus. The dishes 
with fungus growing on a medium devoid of heavy 
metal ions and complexing substances provided the 
control. The dishes were placed in a thermostat at 25°C 
and for two weeks in 48 h intervals the area of the 
fungus colony was checked. The P. farinosus sporula-
tion was checked after 4 weeks. Using a cork borer a 
0.758cm2 area was marked out on the border of fungus 
colony growing on Petri dishes. Sporulating mycelium 
was collected with a scalpel and placed in a test tube 
with 10 cm3 of distilled water. Spore concentrations in 
the initial solution were determined in a Bürker cham-
ber according to methodology described by Lipa and 
Śliżyński [13]. P. farinosus pathogenicity was tested on 
G. mellonella caterpillars. Tested insects were placed 
on Petri dishes coated with filter paper and sprayed 
with the fungus spore suspension. The dishes were 
kept in a thermostat at 25°C. Tested insect mortality 

was checked for one week in 24 h intervals. All experi-
ments were triplicated.

Results and Discussion

Heavy metal ions strongly inhibited surface growth 
of entomopathogenic fungi [8]. Their response to heavy 
metal ions depended not only on the examined ion but 
also on the species and strain of fungus [14,15]. However, 
some heavy metal ions, e.g. lead or zinc could stimulate 
growth of entomopathogenic fungi biomass [11].

Applied complexons had no adverse effect on the 
surface growth of P. farinosus mycelium (Tab. 1). Surface 
growth of the tested P. farinosus strain was strongly inhib-
ited by the heavy metal ions. The ions of lead, cadmium, 
zinc, and copper were particularly toxic. Some authors 
[12] pointed to a resistance of P. farinosus to high concen-
trations of copper ions. High sensitivity of P. farinosus to 
Cu ions found in this experiment might result from the ap-
plication of another, more sensitive strain. Complexions 
added to the medium faintly with heavy metal ions had 
diverse effect on the surface growth of P. farinosus. DHZ 
supplement did not affect P. farinosus growth, whereas 
DOX reduced the negative effect of the Pb(ll) ions and 
DTSC admixed to the medium together with the Pb(ll) 
ions inhibited the mycelium growth to a higher degree 
than Pb(ll) ions applied separately.

DHZ effectively limited the toxic effect of the Cd ions, 
whereas the other complexons did not influence the effect of 
these ions on the P. farinosus growth. A strong toxic activity 
of the Cu(ll) ions was best limited by DHZ and DOX. Only 
DHZ removed the toxic effect of the Zn ions on the myce-
lium growth. In the media with the Pb+DTSC, Zn+DTSC 
and Ni+DTSC combinations the fungus growth was more 
inhibited than in the medium with the same complexon used 
separately or with individual ion. DTSC complexes with 
ions are more toxic than the ions themselves.

P. farinosus sporulation was similar in both con-
trol medium and containing additional complexions 
(Tab. 1). Not all examined ions limited sporulation of P. 
farinosus. The lead and cadmium ions limited sporula-
tion to the highest extent. The copper ions which had a 
very strong toxic effect on surface growth did not effect 
sporulation. DHZ and DTSC totally cancelled the toxic 
effect of the Pb ion on sporulation. On the other hand, 
DOX, which most effectively controls the toxic effect of 
Pb on mycelium growth, did not influence sporulation. 
None of the tested complexons limited effectively the 
toxic effect of Cd on sporulation. Toxic activity of Zn 
was annihilated by DHZ, DTSC and DOX. DHZ seemed 
to be the most effective complexion limiting toxic effect 
of Ni on sporulation.

P. farinosus caused total mortality of G. mellonella 
caterpillars within a week from spraying them with a 
spore suspension (Tab. 1). The complexons used sepa-
rately did not affect P. farinosus pathogenicity to the 
tested insects. Its pathogenicity was most limited by the 
Cd and Pb ions. Cu, Zn, and Ni ions only weakly influ-
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enced pathogenicity of the tested fungi. DHZ, DTSC and 
DOX efficiently reduced the toxic effect of the Pb and Cd 
ions on P. farinosus pathogenicity.

The results implied that the Cu, Pb and Cd ions were the 
most toxic for the investigated P. farinosus strain. The tested 
heavy metal ions affected growth, sporulation and pathoge-
nicity of P. farinosus differently. The Cu ions, which nad a 
very strong toxic effect on the surface growth of the fungus, 
influenced neither sporulation nor pathogenicity. On the oth-
er hand, the Pb and Cd ions proved toxic for growth, sporu-
lation, and pathogenicity of P. farinosus. None of the inves-
tigated complexions protected fungus from all tested heavy 
metal ions. Their activity were selective. DTSC coupled with 

heavy metal ions was more toxic to P. farinosus growth than 
the separate ions. Such toxic effects of certain complexions 
with heavy metal ions on microorganisms was found also by 
other authors [4,5,16]. The investigated complexes might be 
utilised for some pathogen control.

Conclusions

Starch dialdehyde derivatives are suitable agents for 
protection of soil microorganisms from heavy metal ions. 
Complexions, which efficiently immobilise heavy metal 
ions making them inaccessible for living organisms, may 
be used in protection of soil microorganisms against toxic 

Table 1. Effect of heavy metal ions and complexons upon the growth, sporulation, and the pathogenicity of P. farinosus.

Heavy metal Complexon Colony area [cm2] Spore concentration
[milions/1 cm3] Insect test mortality [%]

Pb

DHZ 18.3b 72.0c 100c

DTSC 11. 3a 111. Od 100c

DOX 28.3c 10.0b 80b

- 19.6b 3.7a 60a

None - Control - 40. 3d 66.7c 100c

Cd

DHZ 29.2b 22.2c 80c

DTSC 20.9a 7.7b 60b

DOX 21.2a 6.2b 50b

- 18.3a 2.7a 30a

None - Control - 40.3c 66.7d 100d

Cu

DHZ 5.0c 18.2a 70a

DTSC 1.8b 89.0c 100b

DOX 6.1c 83.2bc 100b

- 0.8a 80.0bc 80a

None - Control - 40.3d 66.7b 100b

Zn

DHZ 23.7c 53.0b 100b

DTSC 8.2a 64.2c 100b

DOX 15.9b 62.5c 100b

- 15.9b 12.5a 80a

None - Control - 40.3d 66.7c 100b

Ni

DHZ 13.6b 67.7d 100a

DTSC 1.1a 33.7c 100a

DOX 18.6bc 11. 5a 100a

- 23.7c 22.5b 90a

None - Control - 40.3d 66.7d 100a

DHZ 35.4abc 70.4a 100a

DTSC 31. 2a 60.2a 100a

DOX 38.4bc 64. 3a 100a

None - Control - 40.3bc 66.7a 100a

*Means in columns marked with identical characters arę not different (p=0.05) according to Duncan multiple test.
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effects of the metal ions. Because of their origin, tested 
complexions readily undergo biodegradation and do not 
pose any hazard to the environment.

References

1.  BADURA L. Metale ciężkie w ekosystemach lądowych a 
ekotoksykologia, w Drobnoustroje w środowisku, 13-21. 
AR Kraków, 1997.

2.  BADURA L., PIOTROWSKA-SEGET Z. Heavy metals in 
the environment and their impact on soil microorganisms. 
Chem. Inż. Ekol. 7(11), 1135, 2000.

3. PARA A., KAROLCZYK-KOSTUCH S, HAJDOM T., 
TOMASIK P. Dialdehydestarch of Iow degree of oxidation 
and its derivatives. Poi. J. Food Nutr. Sci. 9/50(2), 7, 2000.

4.   HALL l.H., LEE C.C., IBRAHIM G., KHAN M.A., BOUET 
G.M. Cytotoxicity of metallic complexes of furan oximes 
in murine and human tissue cultured celi lines. Appl. Or-
ganomet. Chem. 11, 565, 1997.

5.   KOH L.L, KOŃ O.L., LOH K.W., LONG Y.C., RANFORD 
J.D., TAN A.L.C., TJAN Y.Y. Complexes of salicylaldehyde 
acylhydrazones: Cytotoxicity, QSAR and crystal structure 
of the sterically hindered f-butyl dimer. J. Inorg. Biochem. 
72, 155, 1998.

6. MIĘTKIEWSKI R., SAPIECHA A., MIĘTKIEWSKA, 
Z. Wzrost grzybów owadobójczych na pożywkach 
zawierających herbicydy stosowane w sadownictwie. Acta 
Mycol. 25, 35, 1990.

7.   FARGUERS J., BOUAMAMA-BENHALIMA N., GOUJET 
R., ROUGIER M. Effect of temperaturę, humidity and free 
water on the persistence of quiescent conidia of the hypho-
mycete Paecilomyces fumosoroseus. Rei. Konf. l. Pathol. 
Heidelberg , Aug. 16-21 , p. 229, 1992.

8.  TKACZUK C., MIĘTKIEWSKI R., KRÓLAK E. Wpływ 
wybranych jonów metali na wzrost Metarhizium anisopliae 
(Metsch.) Sorok. w warunkach in vitro. Mat. II Konf. Nauk., 

Oddziaływanie jonów metali na mikroorganizmy, pp. 101-
105, Kraków, 1997.

9.  BARABASZ W., GALUS A., OPALIŃSKA-PISKORZ J., 
SEPIOŁ J., TOMASIK P. Wpływ wybranych jonów metali 
l ich interakcje na wzrost l bioakumulację Cd, Ni l Li w bio-
masie grzybni Aspergillus flavus Link et Fries. Mat. II Konf. 
Nauk., Oddziaływanie Jonów Metali na Mikroorganizmy, 
3-11, Kraków, 1997.

10. GORCZYCA A., ROPEK D. Accumulation of some metal 
ions on biomass of insect pathogenic fungus Paecilomyces 
fumosoroseus. IOBC WPRS Bulletin 23(2), 213, 2000.

11. BAJAN  C., TYRAWSKA D., POPOWSKA-NOWAK E., 
BIEŃKOWSKI P. Biological response of Beauveria bassi-
ana (Bals.) Vuill. Strains to heavy metal pollution and their 
accumulative ability. Chem. Inż. Ekol. 5(8-9), 685, 1998.

12. NORDGREN A., BAATH E., SÓDERSTRÓM B. Soil mi-
crofungi in an area polluted by heavy metals. Can. J. Bot. 
63, 448, 1984.

13. LIPA J.J., ŚLIŻYŃSKI K. Wskazówki metodyczne i termi-
nologia do wyznaczania średniej dawki śmiertelnej (LD50) 
w patologii owadów l toksykologii. Prace Naukowe IOR 
XV(1), 59, 1973.

14. TYRAWSKA D., POPOWSKA-NOWAK E., BIEŃKO-
WSKI P., BAJAN C. The influence of some heavy metals 
ions on accumulation and pathogenicity of entomopatho-
genic fungus Paecilomyces fumosoroseus in the laboratory 
conditions. Chem. Inż. Ekol. 6(5-6), 533, 1999.

15. POPOWSKA-NOWAK E., BIEŃKOWSKI P., BAJAN 
C., TYRAWSKA D. Influence of some heavy metal ions 
on biological activity of two strains of entomopathogenic 
fungus Paecilomyces farinosus. Chem. Inż. Ekol. 7(11), 
1121, 2000.

16. NAWAR N., HOSNY, N.M. Transition metal complexes 
of 2-acetylpyridyne o-hydroxybenzoylhydrazone (APo-
OHBH): Their preparation, characterisation and antimicro-
bial activity. Chem. Pharm. Buli. 47, 944, 1999.


