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Abstract 
This study evaluated the phytotoxic activity of endogenous and exogenous metabolites produced by fungi 

isolated from different ecosystems in Azerbaijan. A total of 46 fungal species belonging to the phyla Ascomycota, 

Basidiomycota, and Mucormycota were investigated to determine the toxicity of their metabolites. The results 

revealed considerable variation in phytotoxic activity among the studied fungi. Of all species examined, 26.7% 

exhibited strong phytotoxic activity, 56.6% moderate activity, 10.0% weak activity, while 6.7% showed no detect-

able phytotoxic effect. All fungi with strong phytotoxic activity belonged to the phylum Ascomycota. In contrast, 

none of the Basidiomycota species demonstrated either strong or moderate phytotoxicity; 50% exhibited weak 

activity, whereas the remaining species showed no phytotoxic effects. All representatives of the phylum Mu-

cormycota displayed weak phytotoxic activity. Comparative analysis further demonstrated that exogenous metab-

olites generally exhibited higher phytotoxicity than endogenous metabolites. The observed differences among tax-

onomic groups appear to reflect their ecological adaptations and competitive strategies in natural habitats. Xy-

lotrophic macromycetes, which colonize relatively stable woody substrates with lower levels of biological 

competition, exhibited substantially lower phytotoxic activity than soil- and plant-associated micromycetes. These 

findings provide new insights into the ecological significance of fungal metabolites and demonstrate that phyto-

toxicity is closely associated with fungal taxonomy, ecological niche, and adaptive strategies. 
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Introduction 

Fungi constitute one of the most diverse and eco-

logically important groups of organisms on Earth, play-

ing indispensable roles in ecosystem functioning. As 

major components of the heterotrophic compartment of 

terrestrial and aquatic ecosystems, fungi contribute to 

the decomposition of organic matter, nutrient cycling, 

soil formation, and the regulation of ecological pro-

cesses. Although approximately 120,000 fungal species 

have been formally described, recent estimates suggest 

that their global diversity may reach 2.2–3.8 million 

species, highlighting the vast extent of undescribed fun-

gal biodiversity¹. In addition to their ecological signifi-

cance, fungi synthesize a wide range of primary and 

secondary metabolites that influence interactions with 

other organisms and determine their adaptation to di-

verse environmental conditions (22-27). 

Among fungal secondary metabolites, mycotoxins 

represent one of the most intensively studied groups be-

cause of their ecological and biological significance. 

These compounds enhance fungal competitiveness by 

inhibiting the growth of competing microorganisms 

and plants while also contributing to successful coloni-

zation of ecological niches. However, many mycotox-

ins are harmful to animals and humans due to their mu-

tagenic, carcinogenic, hepatotoxic, nephrotoxic, and 

immunotoxic properties. Consequently, evaluating the 

toxic potential of fungal metabolites has become an im-

portant research area in environmental microbiology, 

mycology, agriculture, and food safety. 

The Republic of Azerbaijan is characterized by di-

verse climatic zones and ecosystems that support a rich 

and insufficiently explored fungal diversity. Previous 

investigations have documented numerous toxigenic 

fungal species in soils, freshwater habitats, and plant-

associated communities across different regions of the 

country⁵⁻⁷. Nevertheless, current knowledge remains 

limited regarding the comparative phytotoxic activity 

of endogenous and exogenous metabolites produced by 

fungi belonging to different taxonomic groups and eco-

logical habitats. Moreover, the influence of ecological 

adaptation and habitat characteristics on fungal phyto-

toxicity has received relatively little attention. 

Differences in environmental conditions, substrate 

availability, and biological competition are expected to 

affect both the qualitative and quantitative composition 

of fungal metabolites. Consequently, fungi occupying 

different ecological niches may exhibit distinct levels 

of phytotoxic activity, reflecting their adaptive strate-

gies and ecological functions. Comparative investiga-

tions of metabolite toxicity among fungi from different 

habitats therefore provide valuable insights into fungal 

ecology and the biological significance of secondary 

metabolites. 

The present study aimed to evaluate and compare 

the phytotoxic activity of endogenous and exogenous 

metabolites produced by fungi isolated from soil, wa-

ter, and plant ecosystems of Azerbaijan and to deter-

mine how phytotoxicity varies among different taxo-

nomic groups in relation to their ecological adaptation. 

MATERIALS AND METHODS 
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Fungal isolation and identification 

The study was conducted during 2024–2025 using 

fungal isolates obtained from soil, water, and plant 

samples collected in different regions of the Greater 

Caucasus, including the Guba–Khachmaz and Ab-

sheron Economic Regions of Azerbaijan. Fungal isola-

tion, purification, species identification, and the assess-

ment of their suitability for bioconversion were per-

formed using standard microbiological, mycological, 

and biotechnological methods described previously 

(15–16, 42-44). 

Preparation of endogenous and exogenous me-

tabolites 

The phytotoxic and zootoxic activities of fungal 

metabolites were evaluated using both exogenous and 

endogenous metabolites. Exogenous metabolites were 

represented by culture filtrates (CF) obtained after cul-

tivating fungal isolates for five days in liquid Czapek 

or glucose–peptone medium. Endogenous metabolites 

were obtained from the fungal biomass (vegetative my-

celium, VM). 

Following cultivation, the fungal biomass was 

separated from the culture filtrate and washed several 

times with neutral phosphate buffer (pH 7.0). Subse-

quently, 50 mL of phosphate buffer was added to the 

biomass, after which the cells were disrupted using a 

tissue grinder. The homogenate was centrifuged three 

times at 5,000 rpm for 10 min, and the resulting super-

natant was collected as the source of endogenous me-

tabolites. 

Evaluation of phytotoxic and zootoxic activity 

Phytotoxic activity was assessed by determining 

the effects of fungal metabolites on the germination of 

wheat (Triticum aestivum L.) and pea (Pisum sativum 

L.) seeds using established bioassay methods. Zootoxic 

activity was evaluated using the ciliate Paramecium 

caudatum Ehrenberg as the test organism following 

standard protocols reported in previous studies. 

Each experiment was performed in at least four in-

dependent replicates. The obtained data were statisti-

cally analyzed, and the results are presented as mean 

values. Statistical significance was evaluated using ap-

propriate statistical methods at a significance level of P 

< 0.05. 

RESULTS AND DISCUSSION 

Approximately 500 soil, water, and plant samples 

were collected from different locations within the study 

area during 2024–2025. From these samples, 76 pure 

fungal isolates were obtained, including 60 micromy-

cetes and 16 macromycetes. Based on their cultural and 

morphological characteristics, these isolates were iden-

tified as belonging to 46 fungal species. Of the identi-

fied species, 65.2% belonged to the phylum Ascomy-

cota, 26.1% to Basidiomycota, and 8.7% to Mucoromy-

cota. 

The phytotoxic activity of fungal metabolites var-

ied considerably among the investigated taxa. Strong 

phytotoxic activity, defined as more than 40% inhibi-

tion of seed germination, was observed exclusively 

among micromycetes. Moderate phytotoxic activity 

(20–40% inhibition) was also recorded primarily in 

species belonging to Ascomycota, whereas Basidiomy-

cota species did not exhibit either strong or moderate 

phytotoxic effects. Weak phytotoxic activity (less than 

20% inhibition) was detected in several representatives 

of Basidiomycota and all representatives of Mucoro-

mycota. 

Overall, 26.7% of the Ascomycota species exhib-

ited strong phytotoxic activity, 56.6% moderate activ-

ity, 10.0% weak activity, and only 6.7% showed no de-

tectable phytotoxic effect. In contrast, none of the Ba-

sidiomycota species demonstrated strong or moderate 

phytotoxicity; half of the species exhibited weak activ-

ity, whereas the remaining species showed no phyto-

toxic effects. All Mucoromycota species exhibited 

weak phytotoxic activity. 

Interestingly, culture filtrates obtained from the 

xylotrophic fungi Cerrena unicolor, Pleurotus os-

treatus, and Laetiporus sulphureus did not inhibit seed 

germination. Instead, they stimulated wheat seed ger-

mination by approximately 4–7% compared with the 

untreated control, suggesting the presence of metabo-

lites with growth-promoting properties. 

Comparison of endogenous and exogenous metab-

olites demonstrated that exogenous metabolites con-

sistently exhibited higher phytotoxic activity. The num-

ber of fungal species showing strong phytotoxicity de-

creased from eight to six when endogenous metabolites 

were evaluated. Likewise, the overall phytotoxicity in-

dex decreased from 44.4–59.7% for exogenous metab-

olites to 40.4–54.4% for endogenous metabolites, indi-

cating that extracellular metabolites contribute more 

substantially to fungal phytotoxicity. Similar findings 

have been reported for fungal secondary metabolites by 

Keller (18) and Vasilenko et al. (5). 

Evaluation of zootoxic activity using Paramecium 

caudatum revealed a pattern similar to that observed for 

phytotoxicity. Exogenous metabolites from fungi ex-

hibiting strong or moderate phytotoxicity reduced the 

viability of the test organism by approximately 1.2–2.0-

fold relative to the control, whereas endogenous metab-

olites reduced viability by 1.05–1.65-fold. In contrast, 

metabolites produced by fungi with weak phytotoxic 

activity had little or no adverse effect on the survival of 

P. caudatum. Furthermore, metabolites produced by 

xylotrophic macromycetes frequently stimulated the 

growth of the protozoan rather than inhibiting it. 

The observed differences in phytotoxic and zoo-

toxic activities among fungal taxa are likely associated 

with their ecological adaptation and competitive strate-

gies (6,18). Soil- and water-associated micromycetes 

inhabit environments characterized by intense compe-

tition for nutrients and space, favouring the production 

of biologically active secondary metabolites that en-

hance competitive ability (2,6). In contrast, xylotrophic 

macromycetes colonize relatively stable woody sub-

strates where interspecific competition is generally less 

intense. Consequently, these fungi appear to invest less 

in the production of toxic metabolites, which explains 

their comparatively low phytotoxic activity. 

The consistently higher toxicity of exogenous me-

tabolites further supports the ecological role of extra-

cellular secondary metabolites in mediating interac-

tions between fungi and other organisms (5,6,18). 

These metabolites may suppress competing microor-

ganisms and influence surrounding biota, whereas en-

dogenous metabolites primarily participate in intracel-

lular metabolic processes necessary for fungal growth 
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and development. Similar ecological functions of fun-

gal secondary metabolites have been widely reported in 

previous studies (5,6,18), supporting the findings of the 

present investigation. 

 

CONCLUSION 

This study demonstrated that endogenous and ex-

ogenous metabolites produced by fungi isolated from 

different ecosystems of Azerbaijan differ significantly 

in their phytotoxic and zootoxic activities. Exogenous 

metabolites consistently exhibited stronger biological 

activity than endogenous metabolites, indicating that 

extracellular secondary metabolites play a more im-

portant role in fungal interactions with other organisms. 

The results also revealed that phytotoxic activity 

varied among fungal taxonomic groups. Species be-

longing to the phylum Ascomycota showed the highest 

phytotoxic activity, whereas Basidiomycota and Mu-

coromycota exhibited predominantly weak or no phy-

totoxic effects. In particular, xylotrophic macromycetes 

displayed substantially lower toxicity than micromy-

cetes. 

The observed differences are likely associated 

with ecological adaptation and habitat-specific compet-

itive strategies. Fungi inhabiting soil and water envi-

ronments experience stronger competition for re-

sources, which may promote the production of biologi-

cally active secondary metabolites. In contrast, 

xylotrophic macromycetes colonize relatively stable 

woody substrates and therefore exhibit lower levels of 

phytotoxic activity. 

Overall, the findings improve our understanding 

of the ecological functions of fungal metabolites and 

demonstrate that metabolite toxicity is closely related 

to fungal taxonomy, ecological niche, and adaptive 

strategies. These results provide a useful basis for fu-

ture studies on fungal secondary metabolites and their 

potential applications in biotechnology, agriculture, 

and environmental management. 
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