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Isolates of the plant pathogenic fungus Cladobotryum sp. were isolated from white button mushroom carpophores affected by
cobweb mould, which were collected in different commercial mushroom farms of Ukraine. Influence of nutrient medium pH
values on accumulation of mycelium biomass of 11 strains of Cladobotryum sp. was determined. It was determined that the
optimal pH value for the growth of all strains is 6.9. It was found that depending on the acidity of the nutrient medium, the
majority of strains synthesize pigments that stain mycelium of the fungus. Using the methods of confocal microscopy, we
have studied the colour and conducted spectral analysis of autofluorescence of mycelial hyphae of different strains of
Cladobotryum sp.
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Introduction

Commercial cultivation of edible mushrooms is an important area of biotechnology, especially at the present stage, in the
face of the global food shortage in the world. In Ukraine, like in most European countries, Agaricus bisporus (J.E. Lange) Imbach
(white button mushroom) ranks first in the volume of the commercial production. A significant problem during the cycle of
commercial cultivation of button mushrooms lies in affection of fungal fruits with cobweb mould, which is caused by
mycophilous fungus Cladobotryum sp., resulting in significant loss of yield and reduction in profitability of production
(Carrasco et al., 2017; Bhatt & Sing, 1992; Chakwiya et al., 2015). Elaboration of effective and environmentally safe methods
for fighting cobweb mould of A. Bisporus requires clarification of biologic characteristics of Cladobotryum sp. strains and
investigation of the role of abiotic factors, including the pH value, on the development of the pathogen of cobweb mould
disease.

Literature data on the influence of the pH value on growth of mycophilous fungi Cladobotryum sp. in culture are quite limited.
There are no data about the influence of the pH value on growth of strains of Cladobotryum sp. affecting button mushrooms
in commercial mushroom farms of Ukraine. The lack of knowledge on this problem determines the relevance of such study.
The purpose of this study was to determine the influence of pH values of a nutrient medium on accumulation of biomass and
morphological features of mycelium of Cladobotryum sp. Strains.

Materials and methods

The object of the study is represented by pure cultures of 11 different strains of Cladobotryum sp. isolated from white button
mushroom carpophores affected by cobweb mould, which were collected in different commercial mushroom farms of
Ukraine according to the methods (Naumov, 1937; Bilay, 1982).

To determine taxonomical characteristics of the genus, we used identification guides (Gaze, 1995; Gams & Hoozemans, 1970;
McKay et al. 1999; Mutumeenakshi & Mills, 1995).

The study of the influence of pH values on synthesis of biomass of isolated strains of Cladobotryum sp. was conducted in
sterile plastic containers with a volume of 120 mL with 40 mL of glucose-peptone-yeast nutrient medium (GPY). Composition
of GPY, g/dm3: glucose-25 (Khimlaborreaktyv, Kyiv), peptone-3 (Sigma), yeast extract-3 (Sigma), K2HPO4-1 (Khimlaborreaktyv,
Kyiv), KH2PO4-1 (Khimlaborreaktyv, Kyiv), MgS0,+7H,0-0.25 (Khimlaborreaktyv, Kyiv), distilled water-1 dm?. Acidity of the
medium was adjusted to the necessary level (6; 6.5; 7; 7.5) using a 10% solution of KOH and 1 N HCl. After autoclaving, pH
values of the nutrient media changed to the following values: 6; 6.6; 6.9; 7.3, respectively. In order to obtain an inoculum,
strains of Cladobotryum sp. were cultivated in GPYA (20 g of agar agar was added to GPY) inside Petri dishes for 20 days;
spores were sampled using a loop and transferred to 1 ml of sterile water. The aqueous suspension of spores was transferred
to containers with a sterile nutrient medium. 9-days cultivation in the dark was carried out at a temperature of 25 °C, which is
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optimal for the growth of strains of Cladobotryum sp. as it had been determined in the previous study (Medvedev & Bisko,
2018).

Staining of mycelium of strains and the nutrient medium was evaluated on visual inspection. The obtained mycelial biomass
was separated from the culture fluid through filtration followed by double washing off with distilled water. The weight of the
biomass was determined by the standard method (Bilay, 1982). The final pH value was measured in the culture fluid.
Morphology of all strains of Cladobotryum sp. which were grown in GPYA in the dark at an optimal pH and temperature (25 °C)
during 9 days was studied using the LSM510-META microscope (Carl Zeiss, Germany). To create a three-dimensional relief
image of samples of hyphae and conidia, DIC (differential interference contrast) with Axio Obzerver Z1 (Carl Zeiss, Germany,
Scale bars=20 pm) was used. For integral estimation of 11 strains of Cladobotryum sp. mycelium, the computer software
AimlmageExaminer was employed (Carl Zeiss Microlmaging).

Autofluorescence of hyphae and conidia was studied using the laser confocal microscope LSM-510 Meta (Carl Zeiss, Germany)
with excitation by a diode laser with a wavelength of 405 nm. Statistical processing was performed using the standard Excel
package (Microsoft, USA).

Results and discussion

The pH value of the nutrient medium is an important factor of growth of fungi.

The standard optimal acidity value for industrial compost of the second phase for cultivating Agaricus bisporus is 7.1-7.4.
Progressively as it grow, and after compost is completely overgrown with mycelium of A. Bisporus, pH is reduced to 6.0-6.4,
and the pH of the soil covering the compost initially is 7.2-7.5, and then decreases to 6.5-6.7 (after its complete overgrowth
with button mushroom mycelium). Since fungal fruits of button mushrooms are affected by cobweb mould only on the
surface of the covering soil, the nutrient medium pH range of 6-7.3 was chosen to study growth and cultural-morphological
characteristics of mycelium of 11 strains of Cladobotryum sp.

The obtained results show that the optimal acidity value of the GPY nutrient medium for the growth of 11 strains of
Cladobotryum sp. is pH 6.9 (Table 1). Findings of Indian scientists suggest that the optimal pH value of the nutrient medium for
growth of mycelium of C. dendroides is 7.0 (Dhar & Seth, 1992; Bhatt & Sing, 1992). Alekseeva K.L. (2013) has found that under
in vitro conditions, the most favourable for growth and sporulation of C. dendroides is the pH value within the range of 6.5 to
7.2, whereas another study states that the optimal medium acidity for growth and sporulation of this species ranges from 5 to
6 (Fletcher et al., 2007; Jandaik et al., 2004).

It was found that the increase of the initial pH of the nutrient medium up to 7.3 causes average reduction in the mycelial
weight of all of the studied strains by 15-19% (Table 1). When pH reduced from 6.9 to 6.0, the reduction in biomass of all
strains of Cladobotryum sp. in experiments on media was more significant compared to the reduction in the setting of pH
increase from 6.9 to 7.3 (Table 1).

It was found that during the process of growth of all strains of Cladobotryum sp., nutrient medium pH is reduced compared to
initial pH values (Table 2). However, the extent of the pH reduction varies depending on the initial pH value of the medium
and biological features of the studied strains (Table 2). Thus, when the initial pH was 6.0, cultivation of all strains of
Cladobotryum sp. caused reduction of the medium pH by 0.2 - 0.5 units. According to the reaction of strains to increase of the
initial medium pH to 6.6, the studied isolates can be divided into several groups: strains 1 and 11 reduced pH by 1-1.1 units,
strains 5 and 7 reduced pH by 0.5-0.7 units, other strains reduced it by 0.2 -0.4 units. As the result of cultivation of strains with
the medium pH of 6.9 acidity of the medium significantly reduced by 1.1-1.3 units, only during growth of isolates 9 and 10
(Table 2). After cultivation of other strains, the pH value of the medium decreased by 0.1-0.5 units. Further increase of the
medium pH up to 7.3 on the basis of the intensity of pH reduction resulted in the possibility of isolating a large group of
isolates-strains 1, 4, 5, 6, 7, 8,9, 10, 11 which decreased the pH value by 0.2-0.5, and two strains-2 and 3 which in the course of
their growth decreased the pH value by 0.8 units (Table 2).

Table 1. Influence of the pH value of the GPY nutrient medium on accumulation of the biomass (g/L) by strains of
Cladobotryum sp. (9 days of cultivation).

*

pH; 6 6.6 6.9 7.3

strain
142+06 151+02 18.6+0.2 157+0.3

2 134+£01 15.0+£02 18.0+£03 15404
3 140+0.1 155+£0.1 18.0+04 16.4+0.3
4 136+£0.2 154+£03 18.0+£03 156+0.2
5 126+0.1 148+0.1 195+03 158104
6 13.1£03 156+£02 18.0+£04 157x0.1
7 128+0.1 153+£0.1 183+05 16.1+0.2
8 13.3£0.2 154+02 18.0+£02 159+04
9 13.5£0.2 155+£0.2 189+03 16.2+0.3
10 13.3£03 149+£03 199+04 16404
11 140+03 147+03 19.7+05 15903
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*pHi - initial pHi value.

Table 2. Changes in pH values of the GPY nutrient medium and mycelium colour of strains of Cladobotryum sp. after 9-day
cultivation.

Strain pH; 6.0 colour pH;6.6 colour pH;6.9 colour pH;7.3 colour

pH; pHs¢ PH¢ PHs
1 5.5 r 5.6 r 6.8 w 6.8 r
2 5.7 r 6.5 r 6.4 w 6.5 r
3 5.8 r 6.4 w 6.6 w 6.5 y
4 5.7 w 6.5 w 6.5 w 6.9 w
5 5.6 w 5.8 o] 6.6 r 7.1 r
6 5.7 r 6.2 o] 6.4 r 7 r
7 5.6 r 5.9 o] 6.7 r 6.8 w
8 5.6 r 6.3 r 6.8 r 7.1 r
9 5.7 w 6.5 o] 5.6 w 7 y
10 5.7 r 6.6 r 5.8 w 6.8
11 5.7 r 5.5 o] 6 w 7.1 r

Arbitrary notations: w - white; r - red; y - yellow; o - orange, pHi - initial pH value, pHf - final pH value

Simultaneously with changes in the medium pH in the course of cultivation, the majority of strains of Cladobotryum sp. were
characterized by changes in mycelium colour. The white mycelium at the beginning of growing gradually turned into yellow,
orange, or deep red by the end of cultivation (Table 2). It should be noted that only one strain No.4 did not change the
mycelium colour despite the different pH value of the medium (Table 2). At the end of cultivation on the medium with pH 6
most strains, 8 of 11, changed mycelium colour to red (Table 2). Findings in Table 2 show that only upon cultivation on the
medium with pH 6.6, mycelium colour of 5 out of 11 strains becomes orange. Cultivation of strains of Cladobotryum sp. in the
nutrient medium with pH 6.9 resulted in preservation of white colour by most strains, 7 out of 11, by the end of cultivation
(Table 2). Due to increase in medium pH up to 7.3, mycelium of two isolates (No.3 and No.9) became yellow, two isolates (No.
4 and No.7) remained white, and the majority of strains became red (Table 2). Thus, it can be argued that mycelium
pigmentation of strains of Cladobotryum sp. largely depends on biological features of the isolate and the pH value of the
culture medium.

Literature data confirm our results regarding the variability of pigment synthesis by isolates of Cladobotryum sp. (Potocnik et
al., 2008).

The experiments conducted to study cultural-morphological characteristics of strains that have been cultivated for 9 days in
the agarized GPYA nutrient medium at pH 6.9, which is optimal for biomass accumulation, have confirmed results obtained
earlier in the liquid GPY (Table 2) regarding changes in the colour of mycelium of the studied isolates of Cladobotryum sp.

It is known that any physical, chemical or biological factor that negatively affects cellular physiology, growth, or survival causes
a chain of reactions at different hierarchical levels, from the populational to molecular, which leads to induction of adaptive
mechanisms within the genetic potential. Thus, in response to environmental stress (temperature, composition of the
nutrient medium, fluorescent light) during mycelial growth, quinone-type pigment, aurofusarin, is synthesized by fungi of the
Cladobotrium genus - C.varium, C.micophillum, C.semicirculore, C.heterosporum (Back et al., 2012; Poldmaa, 2011; Potocnik
et al., 2008), which causes changes in the colour of mycelium, colour of the medium and morphological properties of cultures.
In order to study pigmentation of 11 isolates of the Cladobotryum sp. fungus, we have conducted a series of microscopic
examinations of aerial mycelium and mycelium immersed in the nutrient medium.

It was found that white colonies of strain No.4 consist exclusively of colourless conidia and hyphae (Figure 1B). The increase of
the duration of growth up to 20 days or a short-term effect of lowered temperatures (from 25 to 8 °C) for 4 hours followed by
cultivation did not change the colour of mycelium, hyphae, and conidia. Thus, negative factors such as changes in pH (Table
2), temperature and reduction of nutrients during 20 days growth, and accumulation of metabolic products did not induce the
synthesis of pigments in strain No. 4. It can be assumed that the absence of mycelium staining of this strain is genetically
determined.
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Figure 1. Microphotographs of hyphae and conidia of strains of Cladobotryum sp. (9 days of cultivation). Scale bars: 20 ym, A-
strain No.7 (DIC); B-strain No.4 (DIC); C-strain No.11 (DIC); D-strain No.5 (light microscopy).

In samples of the remaining 10 strains (regardless of the colour of colonies), yellow, orange, or red hyphae are detected along
with colourless hyphae. The ratio between colourless and coloured hyphae varied across different cultures-white mycelium of
strains No. 1, 2, 3, 9, 10, 11 on the periphery of colonies consisted only of colourless hyphae and conidia, while occasional
coloured hyphae were observed in samples collected from the centre of colonies (Figures 1A, 1C, 1D and Figure 2A). In red-
coloured colonies of strains No. 5, 6, 7, 8 red hyphae are predominant (Figure 1D). A part of pigmented hyphae becomes
thicker. This is partially due to encrustation of the cell membrane and the cell itself with pigments (Figures 1C and 2), and is
also associated with biological properties of the strains.

According to scientific publications, hyphae of C. rubrobrunnescens and C. tenue immersed in the nutrient medium
synthesize the red pigment aurofusarin (Back et al., 2012; Poldmaa, 2011). Findings of our study give grounds to suggest
different staining of hyphae immersed in the culture medium, as well as of aerial mycelium of isolates of Cladobotryum sp. The
difference in the evaluated colour of the strain colonies and hyphae (white, yellow, orange, red) depending on the medium pH
is subjective in its nature, since it is evaluated visually. However, by studying autofluorescence of samples, it was determined
that yellow hyphae do not have autofluorescence; red hyphae are identified in the range of 433 - 476 nm and 583 - 668 nm,
colourless hyphae are identified in the range of 433 - 476 nm, with the excitation wavelength of 405 nm (Figure 2) A more
detailed interpretation of the results will require further in-depth study of endogenous fluorophores of Cladobotryum sp.,
which may be promising and provide important information, since many of them play an important role in cell metabolism.
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Figure 2. 3D image of hyphae and conidia of aerial mycelium obtained using the laser scanning microscope LSM510-META: A-
red, colourless, orange hyphae of Cladobotryum sp., strain 8; B-white hyphae of Cladobotryum sp., strain 4. 20XY scans with an
increment size on the Z scale of 4.2 pm. The excitation wavelength is 405 nm. The power of the laser is 10 mW. Emission
filters: blue 433-476 nm; green 433-476 nm; orange 561-583 nm; red 583-668 nm. The thickness of the sample is 80.6 pm.
Scale bars: 20 pm.

Conclusion

The obtained results suggest that for biomass accumulation of 11 studied strains of Cladobotryum sp., the optimal pH value of
the nutrient medium (GPY) is 6.9. It was found that when acidity parameters of the nutrient medium are close to
unfavourable, mycelium becomes orange, hot-yellow, and then almost completely red. It was found that in the course of
growth of all strains of Cladobotryum sp., the pH value of the nutrient medium decreases in comparison to initial values.
Pigmentation of hyphae of mycelium of Cladobotryum sp. strains have been studied using a laser confocal microscope.
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