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Abstract: Our research into the ecophysiological features of phytotoxigenic fungi prevalent in different
biotopes of Azerbaijan and representing soil-, plant- and water-derived micromycetes biotas are aiming
at the determination of the ranges of environmental factors, which favor the fungal prevalence and
phytotoxicity. We identified ~130 fungal species (representing the microbiotas of ~2500 samples), out
of which 76 species were previously reported as phytotoxigenic. Of these phytotoxigenic fungi, 19
species showed strong (> 50%), 32 species, intermediate (10-50%), and 25 species, weak (<10%)
toxicity. The study of abiotic factors contributing to the fungal persistence reveals that, with regards to
soil moisture preferences, only 9.5% of phytotoxigenic fungi belong to the hydrophiles, while 55.3%
and 35.2% represent the xerophiles and the mesophiles, respectively. According to their thermal
preferences, the studied fungi are divided into 89.9% of mesophiles and 10.1% of thermotolerant
species. Our research shows that mildly acidic environments (pH~4.9-6.0) favor the intensive growth
of most phytotoxigenic fungi. However, some alkaline-tolerant species such as Aspergillus fumigatus,
Lichtheimia corymbifera and Mucor hiemalis are able to persist at pH~9. Zygomycetes (Mucor
hiemalis, Lichtheimia corymbifera and Rhizomucor miehei) are shown to have microaerophilic
features, as far as the fungal oxygen requirements are concerned.
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1. Introduction

Fungi are the heterotrophic organisms, which occupy, virtually, any location rich in
organic matter, and an incredibly wide range of fungal habitats differing in physicochemical
conditions. This makes the study of the relationship between these parameters and the fungal
features an important task [1, 2].

Fungi exchange energy and chemical compounds with the local environment the
exchange rate depending on abiotic and biotic environmental factors.

These include humidity, temperature, pH, oxygen availability, illumination, etc. [3, 4].
Each of these factors has a specific contribution, and they act in a combined manner [5], while
the variation of one factor results in the variation of the others. The combined effect of these
factors on fungal traits remains underinvestigated in the current literature and, thus, requires
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more attention. In addition, the combined effect needs to be analyzed individually for each
particular fungal biotope under study.

We, thus, aim to study the ecophysiological characteristics of fungi prevalent in
different areas of Azerbaijan. We focus on a particular group, the phytotoxigenic fungi since
toxigenicity is a form of expression of ecotropic specialization of fungi and not their immanent
feature.

The fungi, which exert their toxigenic effects on the other species, have recently
become the focus of current research. Toxigenic fungi represent a wide and non-uniform group
of species, which differ from each other in their morphological features, nutrition, reproduction
cycle, the range of habitats, as well as in their toxic effect on the other species [6-7]. The
number of fungal species known to be able to produce toxic substances (mycotoxins) is
increased annually. Besides, the toxigenicity of fungal species can vary greatly, and the same
species can either produce one or several toxins or, conversely, no toxins at all [8]. However,
the information on the relationship between the traits of phytotoxigenic fungi and the
environmental factors is insufficient. It is important to establish the ecophysiological limits
within which the phytotoxigenic fungi can persist in the territories of a certain areal.

Azerbaijan has a small territory, which, however, represents nine (out of eleven) types
of climate, and includes two types of terrain (highlands and lowlands) with a wide number of
biotopes with rich and rare flora [9]. Thus, the territory of Azerbaijan offers a great advantage
for various aspects of mycological studies, including the relationship between the fungal
phytotoxigenicity and environmental factors, which is the objective of our research.

2. Materials and Methods
2.1. Sample collection.

The samples of soil, water, and plants for fungal isolation were collected in the districts
of Azerbaijan (Aran, Absheron, Ganja-Gazakh, Sheki-Zagatala, Lankaran-Astara, Guba-
Khachmaz, Mountain Shirvan and other economic regions of Azerbaijan) differing from each
other in their area, terrain, type of farming, climate, soil type, and flora, as well as the level of
technogenic influence on the water sources. Soil and plant samples represented the main types
of soils in the areas and the prevalent wild-growing and cultivated medicinal herbs. Water
samples from Absheron and Sheki-Zagatala areas lying in the Azerbaijan sector of the Greater
Caucasus were collected from different water sources (lakes, rivers, and thermal springs).
Samples were collected according to the established procedures [10-11] published by us and
others [2, 12-13].

2.2. Fungal isolation.

Isolation of fungi from soil and water samples was performed by preparing a 10% (w/v,
for soil samples, and v/v, for water samples) water suspension, which was further diluted 10-,
100-, and 500-fold. Water samples were merely diluted by water. The growth medium was
inoculated by the dilutions and incubated at 28°C for 3-7 days.

Plant samples were washed with tap water, and affected parts were used for further
processing. The surface of the sample was disinfected by 0.5% HgCl2, and the sample was 3
times rinsed in sterile water to completely remove the disinfectant. The sample was then cut in
1-2 mm thick pieces by a sterile scalpel, and 3-5 pieces were transferred to agar Petri dishes.
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These cultures were incubated at 20°C due to the specific temperature requirements of some
phytotoxic species and were checked on a daily basis for fungal growth.

In all cases, the fungal samples were stored, and the pure cultures were established
using the standard growth media (wort agar, agarized Czapek medium, rice, or potato agar)
[13].

2.3. Identification of fungi.

The fungal species of the established pure cultures were identified using the
determinant guidebooks based on morphological, physiological, and culture features [14-15].
The current internationally accepted approaches were used for systematization and naming of
fungal cultures [16].

2.4. Fungi prevalence analysis.

The prevalence of fungi (P) was established using the following formula
P = (n/N) x100%

where n is the number of fungi found in our samples (or the number of individual plants
affected by fungi in the studied area), and N is the total amount of samples (or the total number
of plants studied in the area).

The following formula was used to quantify the fungi in the soil samples from studied

biocenoses:
a.b.c
d

N (CFU/g) =

where N is the number of fungi (in CFU) per 1 gram of soil, a is the number of colonies in Petri
dishes, b is the dilution factor, c is the number of drops in 1 ml of suspension, and d is the
amount of soil taken for analysis (in grams).

2.5. Phytotoxicity analysis.

The phytotoxicity analysis of isolated fungi was determined, as follows: the fungi were
cultivated in liquid Czapek medium (glucose — 14.0 g/l, CaCO3 — 0.7 g/l, KHO3 - 0.7 g/l,
MgSO4 - 0.35 g/l, K2HPO4 — 0.35 g/l, FeSO4 — trace amounts) for 5 days upon inoculation at
26-28°C. Then, the produced fungal biomass was removed from the culture medium, which
was further used to treat the pea seeds. The phytotoxic activity was determined by the viability
(germination ability) of treated seeds expressed as the % of the negative control mock-treated
with an empty Czapek medium.

The proportion of phytotoxigenic fungi among all studied fungal species was
determined by analyzing their phytotoxicity activities, and, sometimes, according to the
literature data. The effects of temperature, humidity, and other environmental factors on
phytotoxigenicity of fungi were analyzed by the accepted methods published elsewhere [11,
17-19].

2.6. Statistical analysis.

All experiments were performed in 4 repeats, and the acquired data were statistically
analyzed. The following formula was used Sm/M=P<0,05, where M is the mean indicator of
repeats, Sx - is the mean square deviation, and P is Student’s criterion [20].
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3. Results and Discussion
3.1. Identification of fungal species derived from different biotopes.

We analyzed as much as ~2500 soil, water, and plant samples from ecologically
different regions of Azerbaijan and isolated ~500 pure fungal cultures. The identification of
these cultures shows that they represent 130 fungal species. The members of
Aspergillus and Pencillium genera are found to prevail in the mycobiota, with 11 and 17
representative species identified, respectively. The results demonstrate that 76 species show
phytotoxic activity (inhibition of seed germination), of which 19 species are classified as
strongly (> 50 % phytotoxic activity), 32, as an intermediary (10-50%), and 25 (<10%), as
weakly toxic.

The identified fungal species are found to be distinctly distributed across different
biotopes (Table 1). Apparently, soil represents the type of biotope where fungi are encountered
most frequently, while water is the less colonized biotope. The highest proportion of
phytotoxigenic fungi among the identified fungal species is found in plant-derived microbiotas.

Table 1. Prevalence of fungi and the proportion of phytotoxigenic fungal species isolated from different

biotopes.
Type of biotope Fungal species (total) Fungal species (phytotoxygenic) Proportion of phytotoxigenic species (%)
Soil 105 59 56,2
Plant 72 49 68,1
Water 43 17 39,5
Total 130 76 58,5

3.2. Soil moisture preference of the identified fungi.

Our analysis of fungal species in the soils of different moisture reveals that the
hydrophilic fungi defined as those species, the zoospores of which are only able to germinate
in the environments with >50% humidity, are represented by 7 species all belonging to the
phylum of Zygomycota (Table 2). As much as more than 1/3 (35.2%) of the identified fungal
species represent the group of mesohydrophiles, i.e., those that spread in the soils with 10-40%
moisture. Finally, more than % (55.3%) of the identified species belong to the group of
xerophilic fungi, the growth and spread of which is not prevented by soil dryness (less than
10% of moisture) (Table 2).

Table 2. Soil moisture preference of fungi isolated in different regions of Azerbaijan.
Ecological groups Genera (with number of representative species) Proportion in total
phytotoxigenic
microbiota, %
Hydrophiles Absidia (1), Mucor (5), Rhysopus(1) 9,5
Xerophiles Aspergillus (5), Fuzarium (3), Pencillium (7), Candida (2), 55,3
Alternaria (3), Phoma (1), Puccinia (4), Verticillium (1), Botrytis

(1), Colletotrichum (2), Cladosporium (2), Paecelomyces
(1), Sphaerotheca (1), Phyllosticta (1), Uromyces (2), Sporothrix
(1), Stemphylium (1), Sclerotina (1), Gymnosporangium (1),
Trichothecium (1), Thielaviopsis (1),
Mesohydrophiles | Ascochyta (4), Fusarium (4), Septoria (2), Stachybotrys (1), Monilia 35,2
(1), Humicola ( 1), Macrosporium (1), Penicillium (3), Nectria
(1), Trichoderma (3), Aspergillium (2), Phomopsis
(1), Acremonium(1), Verticillium (2)
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3.3. Thermal preference of the identified fungi.

An analysis of the thermal preferences of the identified fungal species shows that
psychrophilic species are lacking (Table 3). According to the contemporary classification of
fungi with regards to the preferred temperature range, the majority of the identified
phytotoxigenic species belong to the mesophiles, while a small number of fungi represent the
thermotolerant species. No true thermophilic species defined as those, for which the
characteristic optimum temperature is above 55°C, have been found among the identified
phytotoxigenic fungi.

Table 3. Thermal preference of the phytotoxigenic fungi isolated in different regions of Azerbaijan.
Thermal preference(optimal growth temperature range) Ne of species

Psychrophiles (<20°C) 0
Mesophiles (26-30 °C) 69
Thermotolerant (35-50 °C) 7

True thermophiles (>55 ° C)
3.4. Soil acidity preference of the identified fungi.

The acidity preference of the identified fungal species was analyzed via the cultivation
of fungi in the Czapek medium with different pH and the determination of fungal colony-
forming activity (expressed in CFU per gram of soil). Our analysis shows that the pH range
4.9-6.5 is optimum for the majority of fungi (Fig. 1). However, some of the identified fungi
represent the alkaline-tolerant species, such as Aspergillus fumigatus, Lichtheimia corymbifera
and Mucor hiemalis, which are capable of growth at pH~9.

8
a
5.5 6,0 6,5 70 75 8,0 9,0
pH

Figure 1. Acidity preference of the identified fungi.

Number of fungi (CFU/qg)

3.5. Oxygen requirements of the identified fungi.

Typically, most fungi are aerophiles, but some of the fungal species are aerotolerant
anaerobes capable of maintaining their viability under aerophilic conditions. Of interest, we
identified some representatives of this group, such as Mucor hiemalis, Lichtheimia corymbifera
and Rhizomucor miehei, and only those species were found present in the deep-lying soil
samples.

3.6. Toxigenicity profiles of the identified fungi.

Noteworthy, a particular group of the identified fungi belongs to the phytotoxigenic
ones. The study of the influence of environmental factors on this fungal feature represents a
particular interest. To this end, the role of temperature, acidity, and illumination was studied
for those fungal species common for the studied regions.
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3.7. The dependence of fungal phytotoxigenicity on the temperature.

We first studied the dependence of phytotoxic activity of fungi on the temperature. To
this end, we obtained the conditioned growth medium, in which the phytotoxigenic fungi
(Aspergillus fumigatus, Aspergillus flavus, Aspergillus niger, Candida albicans, Mucor
hiemalis, Paecelomyces variotii, Pencillium chrysogenum, Pencillium notatum) have been
cultivated at 20, 24, 28, 32 or 36°C, and we determined its phytotoxic activity using the
phytotoxicity assay described in the Materials and Methods section.

Our results show that the optimum growth temperature and the temperature of
maximum phytotoxic activity do not correspond to most fungal species under study. A 100%
(maximum) phytotoxicity is corresponding to the optimum growth temperature only for the
species best growing at 28°C (Paecelomyces variotii, Pencillium chrysogenum, Pencillium
notatum). Meanwhile, for the species, which grow best at 30°C and higher, the highest
production of biomass at their optimum temperatures does not correspond to the maximum
phytotoxic activity, as can be seen from the data presented in Table 4. Instead, the maximum
phytotoxicity temperature of fungal species, which have the growth optimum in the range of
32-35°C, is 2-3°C lower than their optimum growth temperature.

Table 4. The dependence of growth optimum and maximum phytotoxicity temperatures of some phytotoxigenic
fungal species.

Species Optimum growth Phytotoxic activity (%)
temperature 20°C 24°C 28°C 32°C 36°C
Aspergillus flavus 329C 94 97 100 94 90
Aspergillus fumigatus 32°C 85 96 100 95 87
Aspergillus niger 30°C 86 97 100 96 76
Candida alpicans 350C 85 95 100 100 92
Mucor hiemalis 32°C 92 97 100 98 95
Paecelomyces variotii 28°C 78 92 100 70 10
Pencillium chrysogenum 28°C 80 93 100 72 15
Pencillum notatum 28°C 82 94 100 74 14

3.8. The dependence of fungal phytotoxigenicity on the pH.

We then studied the relationship between the fungal phytotoxic activity and the acidity,
and two important trends have been observed here.

First, the optimum growth pH and the pH, at which the highest phytotoxic activity was
detected, corresponding to each other.

Second, increasing or reducing the acidity from the optimum growth pH exerts
quantitatively different effects on fungal cytotoxicity, which is decreasing more slowly, when
the pH is lower than the optimum one while falling down more rapidly when the pH is higher
than the optimum one. For example, the optimum growth pH of Mucor hiemalis is 6.0. It is
decreasing the pH to 5.0 results in a 12% reduction of phytotoxic activity, while it's increasing
to 7.0 causes a 25 % reduction of phytotoxic activity (a 2-fold higher value). A similar trend
was observed when calculating the dependence of the specific phytotoxic activity
(phytotoxicity per unit of produced biomass). Acidification of growth medium results in a
reduction of the specific phytotoxicity, which is 2-fold lower than that caused by the
alkalization. Interestingly, the same holds true of the other fungal species and different plants
used for phytotoxicity testing assay (peas, wheat, or barley). Thus, this can be considered a
general feature of toxigenic fungi.

https://biointerfaceresearch.com/ 6778


https://doi.org/10.33263/BRIAC106.67736782
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC106.67736782

3.9. The dependence of fungal phytotoxigenicity on the light.

We then attempted to reveal the effect of light on the phytotoxic activity of toxigenic
fungi. We, thus, applied three modes of illumination: first, the fungi were grown in complete
darkness (CD), the second involved a 24-hour illumination in the thermostat (CI), and the third
mode was based on an alternating circadian illumination simulating the day/night cycle (D/N).
In all cases, the experiment on the effects of illumination on fungal phytotoxicity lasted 5 days.
Our data show that both complete illumination and complete darkness do not favor the fungal
toxigenicity, while the alternating 12 hour/12 hour day/night cycle resulted in the highest
toxigenic activity. The phytotoxic activity of fungi cultivated under permanent light conditions
was 6-15% lower than that obtained under alternating day/light conditions, while the full-time
illumination caused a 9-20% reduction of phytotoxicity of different fungal species (Table 5).

Table 5.The effect of illumination on the phytotoxic activity of some identified fungal species.

Species Phytotoxic activity under different modes of illumination (%)
CD Cl D/N

Aspergillus flavus 90 94 100

A. fumigatus 80 85 100

A.niger 83 86 100

Albicans fungi 85 89 100

Mucor hiemalis 87 92 100

Paecelomyces variotii 90 94 100

Pencillium chrysogenum 86 89 100

Pencillium notatum 91 93 100

4. Conclusions

Fungi inhabit an enormous variety of habitats, and in order to compete with a great
number of other living organisms, they acquired the ability to synthesize various [21], including
toxic, metabolites as a result of evolution [22]. The dependence of this fungal feature on the
environmental factors, which is the study objective in the present work. This study is important
for the ecophysiology of fungi, which is attempting to determine the potential limitations of
their physiological responses to environmental problems and to study their adaptation to their
ecological niches. Being a component of any ecosystem, fungi sustain the constant influence
of various biotic and abiotic factors, but the impact of these factors on fungal phytotoxicity
requires detailed studies, even within a specific area, such as Azerbaijan territories.

Water is the most important condition of life for any organism, including fungi [23].
However, our data show that very high humidity does not benefit the persistence of true
aerophilic fungi. This can be apparently seen in soil biocenoses where the high humidity
prevents the efficient aeration and results in a great reduction of fungal species or their
complete disappearance.

The ambient temperature also exerts major effects on the growth, spread, and
physiological activity of fungi [24]. It also has a great influence on toxin production [25]. Our
data show that according to their optimum growth temperature, the fungi studied belong to the
group of mesophiles, while the true thermophiles are absent.

We also discovered an intriguing fact that fungi with optimum growth temperature
lying in the range of 32-35°C do not show maximum phytotoxicity when cultivated at this
temperature. Instead, their phytotoxic activity is increased when the incubation temperature is
decreased by 2-3°C from the optimum one. We believe that this fact can be explained by the
notion that toxigenicity is a feature developed by the fungi in the course of their struggle for
survival and contributing to their enhanced ability to adapt to their habitats. Most fungi belong
https://biointerfaceresearch.com/ 6779
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to the mesophilic organisms with optimum growth temperature lying in the range of 24-30°C.
Thus, the competition of fungal species is the highest within that range. Therefore, the
phytotoxigenic activity of all fungi, including those possessing higher optimum growth
temperatures, is expected to be highest within this temperature range. Such an explanation
needs further corroboration to be conducted in our future research.

Filamentous fungi are known to be tolerant to acidic environments, and the pH range
of 5.0-6.0 is the optimum one for fungal cell growth and metabolism [26]. Our data suggest
that mildly acidic environments are optimal for the fungi collected in different regions of
Azerbaijan. The distribution of fungi across the biotopes with different soil acidity indicates
that the amount of fungi in acidic soils is much higher than that in neutral and mildly alkaline
soils. However, some of them found fungal species have the acidity preferences way beyond
the pH range indicated above (and ranging from pH~3 to pH~9).

We also report that the amount of humus in the soil is positively affecting the prevalence
of fungi in addition to soil acidity. For example, the soils with higher humus content will have
a higher prevalence of fungi, than the soils of similar acidity, but containing less humic
substances.

Finally, the light does not play such an important role for fungi compared to plants [27].
However, according to the published data, light has a particular effect on the living of fungal
species [28], which is also confirmed by our experimental data. We showed that even the modes
of illumination affect both fungal growth and their phytotoxigenic activity. The alternating
day/night cycle is most favorable for the fungal toxigenicity, while complete darkness or, to a
lesser extent, complete illumination results in reduced phytotoxicity.

Our study of ecophysiological features of phytotoxigenic fungi from ecologically
different territories of Azerbaijan reveals the functional limits of fungal persistence in
ecosystems with regards to several environmental factors (temperature, humidity, acidity, and
light). In an established collection of 130 soil-, water-, and plant-derived fungal species, as
much as 76 species show phytotoxic activity (inhibition of seed germination), of which 19
species are classified as strongly (> 50% phytotoxic activity), 32, as an intermediary (10-50%),
and 25 (<10%), as weakly toxic.

The study of the role of abiotic environmental factors, such as ambient temperature and
acidity, oxygen availability, soil moisture, and illumination on the ecophysiological features of
the studied toxigenic fungi, reveals that they have different influence on fungal prevalence and
phytotoxigenicity, and their effects are exerted in an interaction between the character of the
environmental factor and the biological features of fungi. The obtained data indicate that,
although some environments are stressful for fungi and may disturb their homeostasis, some
fungal species are able to inhabit, grow, and reproduce under such difficult conditions.
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