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Highlights: 

● Myco-surface model effectively describes F. solani growth on building materials 

● Non-thermal plasma is suitable for inhibiting mold growth on building materials 

● Surface barrier discharge completely inhibits F. solani growth on fiberboard 

● Corona discharge is less efficient but more accessible and easier to use 
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Abstract 

Controlling fungal growth on building materials is essential for preserving indoor air quality 

and structural integrity. This study aims to (i) adapt the Myco-surface growth model for 

Fusarium solani colonization on plasterboard and wood fiberboard, and (ii) evaluate the 

antifungal efficacy of non-thermal plasma (NTP) treatments on these substrates. Fungal growth 

was monitored over a temperature range of 5–40 °C and modeled using the sigmoid-based 

Myco-surface model. Two NTP sources, a high-power diffuse coplanar surface barrier 

discharge (DCSBD) and a low-power negative corona discharge, were applied at various stages 

of fungal development. The Myco-surface model successfully captured the growth dynamics 

on both materials, with plasterboard supporting faster colonization than fiberboard. NTP 

treatments significantly inhibited fungal growth: the DCSBD source achieved complete 

inhibition on fiberboard, while the corona discharge had partial efficacy. These findings 

confirm the predictive capability of the Myco-surface model on complex building substrates 

and highlight NTP as a promising, non-destructive technology for fungal control in construction 

materials. 

1. Introduction 

Fungi are ubiquitous microorganisms that play a vital role in ecosystems by contributing to 

nutrient cycling, biodegradation and symbiotic relationships. They also offer numerous 

beneficial applications in medicine, agriculture and biotechnology1,2. However, fungi can also 

be harmful, causing significant damage to crop and infrastructure and posing a risk to humans 

and animals3,4. In particular, filamentous fungi can decompose various building materials, both 

indoors and outdoors. 

This affects their aesthetic appearance, compromises structural integrity, and impairs 

functionality. Moreover, indoor mold proliferation poses significant risks to human health. 

Therefore, effective monitoring and modelling of fungal growth, as well as its removal 

following sanitation procedures, are required. In the study by Lindemann et al.5, over 50 mold-

infested building samples (e.g., wallpaper, plaster, wood, polystyrene, glass wool) were 

analyzed, revealing 15 fungal genera. Among the most common were Penicillium, Aspergillus, 

Acremonium, and Fusarium. 

Usually, construction materials are typically resistant to the growth of common fungi when 

properly integrated into a building's structure. This resistance depends on their chemical 

composition and physical properties, mainly the material’s pH. Most fungi grow in 

environments with a pH between 3 and 86, and tolerate low humidity6-10. 
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The most commonly used materials that suffer from fungal infections in construction include 

plasterboard and wood fiber boards. 

Plasterboard, also known as gypsum board, is a versatile building material consisting of a 

gypsum plaster core, made from a naturally occurring mineral, sandwiched between layers of 

thick paper, and provides a smooth finish. It is valued for being durable, cost-effective and easy 

to install.  The second material, the wood fiberboard, is made from wood fibers and natural 

binders and is widely used in constructions for insulation, sheathing and soundproofing 

purposes. It provides excellent thermal resistance, helping to maintain comfortable indoor 

temperatures and reduce energy consumption. Both materials are vapor-permeable what allows 

interior spaces to breathe and helps to regulate humidity and prevent issues such as water 

condensation leading to the fungi growth11. 

Nevertheless, as mentioned previously, this resistance can be significantly broken or reduced 

when building materials are exposed to environmental conditions outside their design 

specifications, e.g. they are not properly integrated into the structure or are damaged by water 

leaks. Common issues often include elevated indoor humidity, particularly in areas such as 

bathrooms and kitchens, condensation of water vapor due to temperature gradients, or high 

concentrations of airborne fungi spores near the structure. 

In these cases, it is necessary to look for ways to suppress fungal growth. In the case of 

permanently unsatisfactory conditions, a structural solution is usually necessary. In the case of 

sudden incidents, such as water leakage as a result of an accident, a one-time intervention is 

often sufficient to temporarily limit fungal growth. Typically, various disinfectants can be used.  

In recent years, the potent microbicidal properties of non-thermal plasma (NTP) has gained 

significant popularity (e.g., recent review12). NTP is an ionized gas in which the ion and neutral 

gas temperatures remain much lower than the electron temperature. One of its key features is 

the generation of highly reactive species, which play a primary role in its antimicrobial activity. 

The composition and concentration of the reactive species depend heavily on the conditions 

under which the plasma is generated, particularly the working gases, the type of electric 

discharge, and its specific characteristics13. Unlike traditional chemical disinfectants, NTP does 

not leave behind harmful residues or contaminate treated surfaces, making it a promising and 

environmentally friendly alternative for a wide range of applications14-16. Notably, its potential 

to eradicate fungi from building materials represents a particularly promising application that 

this research aims to assess. 

In our previous work17, we investigated the growth of Fusarium solani on agar, applied our 

Myco-surface model to simulate its growth on this homogeneous, nutrient-rich medium, and 
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study its inactivation by the NTP. This approach appears to be very suitable for studying the 

possibility of suppressing contamination also on building materials, which would make it 

possible to quantify the inactivation effect and predict further growth and spread of the fungal 

infection. However, building materials do not represent an ideal nutrient-rich medium; rather, 

they are complex natural and human-made substrates. Growth can be significantly affected by 

nutrients, as well as by resistance to inactivation due to surface roughness, 

hydrophobicity/hydrophilicity, and a material’s capacity for moisture sorption and desorption.      

This may play significant roles in fungi growth by promoting the retention of dust and moisture. 

The primary objective of this study was to experimentally investigate the growth of Fusarium 

on common building materials, specifically plasterboard and wood fiberboard, under varying 

temperature conditions. In addition, using our Myco-surface model, we aimed to quantitatively 

describe Fusarium growth on these materials, enabling its prediction at any given temperature. 

A secondary aim of the research was to assess the potential of NTP to inhibit Fusarium growth 

on these materials. To aim this, we tested two different NTP sources and applied suggested 

model to quantify the inactivation effect and to predict further growth of the fungal 

contamination. 

2. Materials and methods 

The Fusarium solani species complex DS253 strain used in the experiments was kindly 

provided from the DBM collection Prague18. This strain was isolated from a swab taken from 

a water pipe in a residential building and identified based on morphology and through DNA 

sequencing. 

For the experiments, we prepared a stock aqueous suspension of F. solani with a drop of 

TWEEN 80 (HiMedia, Mumbai, Maharashtra, India) added as a surfactant. The concentration 

of F. solani spores in the stock suspension was determined by direct counting and serial decimal 

dilution. A working inoculum was then prepared by diluting the stock suspension with sterile 

water to achieve a final concentration of 50–100 colony-forming units per 100 µl19. Each 

sample was inoculated with 100 µl of the resulting inoculum. Illustrated more clearly in 

Figure 1. 
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Figure 1. Schematic representation of the experimental procedure: 1 - inoculum preparation, 2 serial tenfold 

dilutions of the microbial suspension, 3 sample inoculation (100 μl), 4 incubations at controlled temperatures 

ranging from 5 to 40 °C. 

 

The growth of F. solani was studied on plasterboard and wood fiberboard. The selected wood 

fiberboard (22 mm) is used in roofs and walls. It minimizes thermal bridges, insulates well in 

summer, is vapor-permeable, and recyclable20. The plasterboard (12.5 mm) is a lightweight, 

non-combustible panel for dry indoor use. It is renewable-based, easy to install, and unsuitable 

for wet areas21. The specific properties of these materials are presented in Table 1. 

 

Table 1. Properties of the building materials used. 

Property unit Wood fiberboard20  Plasterboard21 

Board thickness mm 22 12.5 

Board format mm × mm 2230 × 600 1000 × 1250 

Nominal thermal 

conductivity value λD 

W/(m·K) 0.048 0.21 

Bulk density kg/m³ approx. 270 approx. 640 

Water vapor diffusion 

resistance factor μ 
– 5 10 

Diffusion-equivalent air 

layer thickness (sd value) 
m 0.11 0.06 – 0.10 

Short-term water 

absorption 
kg/m2 ≤ 1.0 approx.  ≤ 0.2 

Specific heat capacity c J/(kg·K) 2,100 approx.  1000 – 1090 

Compressive stress at 10% 

deformation σ10 

N/mm² 0.20 - 

Compressive strength kPa 200 approx.  > 500 

Tensile strength kPa ≥ 30 approx.  > 30 

Composition: – Wood fibers, Solid gypsum core and 
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aluminum sulfate, 

paraffin, layer bonding 

paperboard surface 

 

Plasterboard and wood fiberboard were cut into square samples with a side of 50 mm. Prior to 

experimentation, the samples were washed by immersion in distilled water and sterilized by 

autoclaving at 121 °C for 20 min. After autoclaving, the water was discarded, and the samples 

were allowed to cool for 1 h. The cooled samples were then placed onto the solidified surface 

of malt extract agar (MEA, Oxoid Limited, Hampshire, UK) in Petri dishes. The Petri dishes 

were 86.5 mm in diameter and 14.5 mm in height. To fit the height of the samples, all Petri 

dishes were equipped with 3D-printed PETG height extensions (Figure 2). The extensions were 

cleaned by immersion in chemical disinfectants. 

Figure 2. Sample of building material placed in a Petri dish: 1 – cultivation medium, 2 – material sample, 3 – base 

of the Petri dish, 4 – height extension, 5 – Petri dish lid. 

 

The samples, enclosed in Petri dishes, were left at room temperature overnight in a fume hood. 

On the following day, 100 µl of the inoculum was pipetted onto the center of the upper surface 

of each material sample, and the dishes were transferred to incubators set to various 

temperatures ranging from 5 to 40 °C. The growth of F. solani was systematically monitored 

over a three-week period. 

Image analysis was employed to quantify mold surface coverage on the samples, providing an 

accurate and non-invasive method for monitoring growth dynamics. Digital images of the mold-

covered surfaces were captured at regular intervals (approximately every 24 h) throughout the 

experimental period using a Nikon D3500 camera. These images were processed in ImageJ 

using the FIJI distribution with the Trainable Weka Segmentation plugin22. This software 

enabled accurate segmentation of mold-covered areas and calculation of surface coverage 

percentages. The experimental approach allowed continuous tracking of mold growth over 
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time, providing detailed insights into its behavior under varying conditions such as temperature 

and substrate type. 

The collected experimental data were further processed to enable the description of F. solani 

growth on plasterboard and wood fiberboard. For this purpose, we applied the Myco-surface 

model presented in our previous works17,19. In brief, the evolution of the mold-covered area for 

each sample was fitted using the following sigmoid function: 

 

𝑁(𝑡) =
100%

1+exp(−𝑟⋅(𝑡−𝛥))
.     (1) 

 

Here, t represents time, N(t) denotes the percentage of the sample surface area covered by 

F. solani, r is the growth rate, and Δ is the growth delay. Both growth parameters are clearly 

interpretable and effectively capture the key dynamics of mold development. Specifically, the 

growth rate (r) defines the steepness of the growth curve, while the growth delay (Δ) defines its 

horizontal shift over time. Note that the growth delay corresponds to the time required for 

F. solani to cover 50% of the sample surface area. 

Fitting the experimental data to the growth function (1) enabled the evaluation of the growth 

rate and growth delay of F. solani depending on building material and temperature (T). 

Subsequently, the growth parameters were subjected to statistical analysis and fitted to the 

following mathematical models. The dependence of the growth rate on temperature was 

modeled with a biphasic Hill equation23: 

 

𝑟(𝑇) =
𝑀

(1+(
𝐺

𝑇
)
𝑎
)⋅(1+(

𝑇

𝐻
)
𝑏
)
.    (2) 

 

In this model, M defines the upper asymptote of the function, while G and H denote the 

temperatures at which the function reaches half of M on the rising and falling slopes, 

respectively. The shape of the temperature dependence is determined by the Hill coefficients a 

and b, which control the steepness of the rising and falling phases, respectively. 

The dependence of the growth delay on temperature was modeled with a combination of 

decaying and growing exponential functions: 

 

𝛥(𝑇) = 𝐴0 + 𝐴1 ⋅ exp (
−𝑇

𝐵1
) + 𝐴2 ⋅ exp (

𝑇

𝐵2
).   (3) 
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Here, A0 represents the function’s offset, A1 denotes the amplitude of the decaying exponential, 

A2 the amplitude of the growing exponential, 1/B1 defines the decay rate, and 1/B2 represents 

the growth rate in the respective exponential functions. The parameters A0, A1, A2, B1, and B2, 

obtained by fitting the growth delay data with function (3), enable evaluation of the growth 

delay at any desired temperature. 

After determining the set of ten parameters (M, G, H, a, b, A0, A1, A2, B1, B2), these values 

can be used to model the growth of F. solani on plasterboard and wood fiberboard at any given 

temperature by substituting the computed growth rate from function (2) and growth delay from 

function (3) into the growth model described by function (1). 

To explore the potential of NTP to inhibit the growth of F. solani on plasterboard and wood 

fiberboard, another set of experiments was conducted. For this purpose, material samples 

inoculated with F. solani were treated with two different NTP sources (Figure 3). The first NTP 

source, hereafter referred to as NTP1, was a commercial 300 W diffuse coplanar surface barrier 

discharge (DCSBD) system (RPS400; Roplass, Czech Republic)24. The second NTP source, 

referred to as NTP2, was a portable laboratory-made device25 based on a 1 W direct current 

corona discharge in a point-to-ring electrode system26. In both cases, the treated samples were 

not in direct contact with the plasma. 

The samples were exposed to either NTP1 or NTP2 for 10 min at 0, 24, 48, or 72 h after 

inoculation to assess the ability of each NTP source to inhibit F. solani at various stages of its 

development. In this set of experiments, all measurements were conducted at a constant 

cultivation temperature of 23 °C. 

 

 

Figure 3. Illustration depicting the exposure of material samples to the NTP1 and NTP2: 1 – cultivation medium, 

2 – NTP, 3 – dielectric, 4 – electrodes, 5 – sample of building material, 6 – height extension. 
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3. Results and Discussion 

3.1 F. solani growth on fiberboard and plasterboard and its modeling 

In the initial phase of the experiments, plasterboard and fiberboard samples were placed onto 

the surface of solidified Agar No. 1 (Oxoid Limited, Hampshire, UK) in Petri dishes (Figure 2). 

Agar No. 1 contains no nutrients to support mold growth but provides moisture to the samples. 

These experiments showed that F. solani barely grows on clean surfaces of building materials, 

even under conditions of high humidity. This suggests that building materials alone lack 

sufficient nutrients to sustain mold growth in the short term. Therefore, it can be concluded that 

F. solani is unlikely to proliferate in a perfectly clean building, even in the presence of high 

humidity. In real-world conditions, however, molds usually obtain nutrients from ubiquitous 

dust or polluted water27,28. 

To study the growth of F. solani on building materials, it is essential to provide the mold not 

only with moisture but also with an adequate supply of nutrients. For this purpose, we placed 

samples of fiberboard and plasterboard onto the surface of solidified MEA (Figure 2). Unlike 

Agar No. 1, which supplies only moisture, MEA is also rich in carbohydrates (primarily maltose 

and glucose), amino acids, vitamins, and other nutrients that promote fungal growth. In this 

approach, nutrients diffuse from the agar through the entire thickness of the sample, reaching 

the top surface where the mold growth is monitored. Providing molds with nutrients is a 

common practice in studies of mold growth on building materials (see, e.g.,28,29). Unlike dust 

or other natural contaminants, agar provides controlled growth conditions necessary for 

systematic and consistent experiments. 

The growth of F. solani on samples of fiberboard and plasterboard placed on the MEA surface 

was experimentally investigated over a temperature range of 5 to 40 °C. Figure 4 shows the 

growth curves of the mold on both materials at different temperatures. 

 

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



10 

 

Figure 4. Selected growth curves of F. solani on fiberboard and plasterboard. Individual points 

represent measured values, while solid lines show their fit using growth function (1). 

 

To quantitatively characterize the growth of F. solani on fiberboard and plasterboard, we 

determined its growth parameters. For this, all collected growth curves of F. solani on both 

materials were fitted using the growth function (1). The parameters of the growth rate and 

growth delay were then evaluated and statistically processed. Tables 2 summarizes the 

evaluated growth parameters of F. solani on fiberboard and plasterboard. 

 

Table 2a. Evaluated values of the parameters describing the growth of F. solani on fiberboard. 

Cultivation 

temperature: 

T (°C) 

Growth rate: 

r (×103 h-1) 

Maximum absolute growth rate: 

µmax (cm2∙h-1) 

Growth delay: Δ (h) 

5  0 0 ∞ 

14 6.8 0.043 737 

16 11.4 0.071 459 

21 22.0 0.138 259 

23 24.3 0.152 244 

29 23.6 0.148 199 

30 25.9 0.162 236 

33 15.2 0.095 354 

35 0 0 ∞ 
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Table 2b. Evaluated values of the parameters describing the growth of F. solani on plasterboard. 

Cultivation 

temperature: 

T (°C) 

Growth rate: 

r (×103 h-1) 

Maximum absolute growth rate: 

µmax (cm2∙h-1) 
Growth delay: Δ (h) 

5  0 0 ∞ 

16 13.8 0.086 252 

23 26.8 0.168 143 

28 45.4 0.284 70 

30 37.8 0.236 97 

33 30.3 0.189 90 

35 0 0 ∞ 

As shown in Tables 2a, 2b, the growth rate is zero and the growth delay is infinite at 

temperatures below 5 °C and above 35 °C, indicating that F. solani did not grow on either 

material at these temperatures. Increasing the temperature above 5 °C caused a gradual increase 

in the growth rate and a decrease in the growth delay, suggesting improved conditions for mold 

growth on both materials. However, temperatures above approximately 30 °C led to a sharp 

deterioration in mold growth conditions on both materials, as the growth rate began to decrease 

and the growth delay increased rapidly. 

Although the overall growth trends were similar, there were notable differences between the 

two materials in terms of growth rate and growth delay, highlighting the distinct dynamics of 

mold growth on each material. In particular, the growth rates of F. solani on plasterboard were 

significantly higher than those on fiberboard at the same temperatures. Additionally, the growth 

delays of F. solani on plasterboard were several times shorter compared to those on fiberboard. 

The higher growth rates and shorter growth delays indicate that F. solani grows much faster on 

plasterboard than on fiberboard. 

The faster growth of F. solani on plasterboard is likely due to its ability to utilize several of the 

material’s constituent components. These include cellulose-rich paper liners, which can serve 

as a nutrient source30, starch-based additives31, and certain mineral components32. F. solani is 

known to degrade cellulose and metabolize its breakdown products33-35. It produces cellulolytic 

enzymes such as endoglucanases, exoglucanases, and β-glucosidases, which hydrolyze 

cellulose into glucose, thereby providing vital nutrients for fungal growth35,36. 
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Fiberboard, on the other hand, is made from wood fibers that are pressed and bonded with resins 

and, unlike plasterboard, has no paper facing. While paper consists mostly of cellulose, wood 

is a more complex material that also contains substantial amounts of hemicellulose and lignin. 

F. solani is known for its ability to degrade cellulose and hemicellulose, but lignin, due to its 

more complex structure, is more difficult to break down, making wood less favorable for the 

growth of F. solani. Some studies37,38 show that medium-density fiberboard is generally more 

susceptible to fungal colonization by genera such as Aspergillus and Penicillium. 

In addition, several studies (e.g.,39) show that Fusarium species exhibit optimal growth at 

neutral to slightly acidic pH levels (5.5–7.0), with significantly better development observed at 

pH 7.0 compared to more acidic conditions. Plasterboard typically has a core pH ranging from 

7.10 to 7.8232, creating an environment well-suited for Fusarium growth. In contrast, fiberboard 

often presents a more acidic microenvironment when moistened40, making it less favorable for 

Fusarium proliferation. Specifically for F. solani, the combination of cellulose and starch-

based additives with the neutral pH of plasterboard creates highly favorable conditions for 

growth. It is also worth noting that F. solani produces macroconidia and typically forms a fluffy 

or fibrous mycelium41, which may promote colonization on flat surfaces. 

To predict the spread of mold on building materials, it is highly beneficial to have the ability to 

mathematically describe its growth. Modeling mold growth can serve as a valuable tool in both 

research and practical applications, providing deeper insights into the dynamics of mold 

development and helping to identify more effective prevention and eradication strategies. 

The data presented in Table 2 were further processed to determine all the parameters 

incorporated into functions (2) and (3), which model the temperature dependence of the growth 

rate and growth delay, respectively. The resulting parameters are listed in Tables 3 and 4. These 

parameters, when applied to functions (2) and (3), allow for the calculation of growth rate and 

growth delay, which can then be substituted into function (1) to model the growth of F. solani 

on plasterboard and fiberboard at any desired temperature. 

The temperature dependence of the growth rate and growth delay of F. solani on plasterboard 

and fiberboard is shown in Figure 5. These dependences enable the identification of optimal 

conditions for the growth of F. solani on each material. The determined optimal temperatures, 

along with the corresponding maximum absolute growth rates, are presented in Table 5, 

facilitating a direct comparison of F. solani growth performance across different substrates. 
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Figure 5. Temperature dependences of the growth rate and growth delay of F. solani on plasterboard 

and fiberboard. Individual points represent measured values, while solid lines depict the corresponding 

model fits. 

 

 

Table 3. Values of the parameters used in function (2) to describe the dependence of the growth rate on 

temperature r(T). 

Parameter Fiberboard Plasterboard 

M 0.026 0.061 

G 16.4 23.1 

H 33.1 33 

a 6.96 4.2 

b 35.2 29 
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Table 4. Values of the parameters used in function (3) to describe the dependence of the growth delay 

on temperature Δ(T). 

Parameter Fiberboard Plasterboard 

A0 221 –3.5 

A1 1.06·105 1037 

A2 2.44·10–12 4.8·10–14 

B1 2.63 11.4 

B2 1.043 0.95 

 

Table 5. Parameters for comparing the growth of F. solani on plasterboard, fiberboard, and MEA. 

Substrate Topt (°C) µmax (cm2∙h−1) 

MEA* 30 ± 2 0.50 

fiberboard 27 ± 4 0.16 

plasterboard 29 ± 4 0.28 

* values taken from [19] 

 

The fastest growth of F. solani on fiberboard was observed at a temperature of Topt = (27 ± 4) °C, 

with a maximum absolute growth rate of μmax = 0.16 cm2∙h−1. On plasterboard, the mold 

exhibited a higher absolute growth rate of μmax = 0.28 cm2∙h−1, occurring at a temperature of 

Topt = (29 ± 4) °C. Notably, the highest absolute growth rate was observed on MEA at a 

temperature of Topt = (30 ± 2) °C, reaching a value of μmax = 0.5 cm2∙h−1 19. The optimal 

temperatures for the growth of F. solani across different substrates fall within overlapping 

uncertainty ranges, suggesting that substrate type likely has no significant effect on the optimal 

temperature for mold growth. This finding is consistent with other research. For instance, an 

optimal temperature of Topt = 29.3 °C for the growth of F. solani on potato dextrose agar is 

reported in the study42. 

While mold growth on building materials is a widespread phenomenon, detailed studies 

specifically investigating Fusarium growth and its impact on building materials remain 

relatively scarce. Kazemian et al.37 examined the spread of fungi on plasterboard in a university 

campus setting. Although Fusarium was less prevalent than genera such as Aspergillus, 

Penicillium, and Cladosporium, its presence, alongside other fungi, had a significant impact on 

material properties. The study revealed that Fusarium growth led to considerable deterioration 

in both the physical and mechanical properties of plasterboard. Notably, an increase in mold 

surface coverage correlated with a reduction in material integrity, with the tensile strength of 
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the paper backing decreasing by up to 86 % in heavily mold-infested samples37. Therefore, the 

proliferation of Fusarium represents a significant concern and necessitates effective eradication 

measures. 

 

3.2 Impact of NTP on the growth of F. solani on fiberboard and plasterboard 

Further experiments were devoted to investigating the impact of NTP on the growth of F. solani 

on fiberboard and plasterboard, with a particular focus on its potential to inhibit mold 

development on building materials, for example, in the event of water leaks. The study 

examined the effects of two distinct NTP sources on F. solani at various stages of its growth. 

Figures 6 and 7 present the growth rate and growth delay of F. solani exposed to the NTP1 and 

NTP2 for 10 min at 0, 24, 48, and 72 h of age, compared to untreated control samples. 

 

 

Figure 6. Growth rate of F. solani on fiberboard and plasterboard after exposure to the NTP1 and NTP2 

for 10 min at 0, 24, 48, and 72 h post-inoculation, compared to the untreated reference samples. All 

samples were incubated at 23 °C. Each column represents an individual sample. 
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Figure 7. Growth delay of F. solani on fiberboard and plasterboard after exposure to the NTP1 and 

NTP2 for 10 min at 0, 24, 48, and 72 h post-inoculation, compared to the untreated reference samples. 

All samples were incubated at 23 °C. Each column represents an individual sample. 

 

Figures 6 and 7 indicate that the NTP1 completely inhibited the growth of F. solani on wood 

fiberboard, from freshly inoculated up to three-day-old samples, as evidenced by a zero growth 

rate and an infinite growth delay. In contrast, the growth of F. solani on plasterboard was 

completely inhibited by the NTP1 only in the freshly inoculated samples. When applied to 

plasterboard samples with more developed fungal growth, the NTP1 treatment did not 

significantly decrease the growth rate of F. solani, but it did result in a noticeable increase in 

growth delay across all treated samples compared to the untreated controls (Figure 7). 

Due to its low power, the NTP2 exhibited a significantly lower inhibitory effect on the growth 

of F. solani. Although the NTP2 was able to completely inhibit the growth of F. solani on the 

MEA surface for cultures up to 24 h old19, its effectiveness on building materials was limited 

to freshly inoculated samples. Nevertheless, even this less powerful NTP source was able to 

alter fungal growth parameters, supporting the assumption that longer or repeated exposure may 

be necessary for the NTP2 to achieve complete inhibition of F. solani on surfaces of both MEA 

and building materials17,43. 
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Notably, NTP was less effective at inhibiting the growth of F. solani on plasterboard compared 

to wood fiberboard. This difference can be attributed to several factors. One key factor is that 

F. solani grew better on plasterboard, forming a denser mycelial layer that may have shielded 

the underlying fungal structures from NTP exposure. In contrast, F. solani exhibited poorer 

growth on fiberboard, resulting in lower fungal biomass and allowing the plasma to impact 

mycelium more easily and exert a stronger inhibitory effect. Additionally, differences in the 

surface properties of the materials may have played a role: the porous structure of fiberboard 

could have facilitated deeper plasma penetration, whereas the smoother and denser surface of 

plasterboard could have limited the plasma's ability to reach subsurface fungal structures. 

The Myco-surface model used describes very well both the growth of fungi itself and the 

dependence of this growth on temperature, and its parameters can be used as a useful 

interpretation of inactivation. However, the model was verified in a previous study for one 

fungus, F. solani, on agar medium, and in this work on two selected materials. Although it may 

seem very useful, it is necessary to keep in mind that for its practical application, it will be 

necessary to verify its applicability on other strains and other species of fungi. We assume this 

as our inspiration for further work. 

To the best of our knowledge, this study is one of the first to explore the potential of NTP for 

eradicating mold growth on building materials. The observed inhibitory effect of NTP on the 

growth of F. solani is therefore particularly indicative, offering a foundation for further 

exploration. Importantly, the timing of NTP application was found to be crucial: F. solani was 

most effectively inhibited when exposed during the lag phase of its growth cycle. The inhibitory 

effect of NTP was demonstrated using two different types of NTP sources. The first, a DCSBD-

based NTP source, is a powerful commercial unit (up to 400 W) designed for the rapid treatment 

of large, flat surfaces. The second, based on a 1 W corona discharge, is less powerful but 

advantageous for treating heat-sensitive, delicate materials44, and even living tissue such as 

human skin43,45. Our experiments also revealed that the effectiveness of NTP in inhibiting mold 

growth strongly depends on the substrate: the growth of F. solani was more resistant to plasma 

inhibition on plasterboard than on fiberboard. The difference in plasma effectiveness across 

materials is likely due to a combination of biological factors (such as the favorability of 

conditions for fungal growth and the phase of fungal development) as well as the surface 

characteristics of the materials. 

These results show that NTP could be a suitable method for controlling fungal growth in 

building interiors. However, as in the case of the proposed model, it is important to remember 
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that the study was conducted on only one fungal strain, and for possible practical application, 

it will be necessary to expand the study to include more strains and species.  

It should be noted that no specific chemical analyses of the plasterboard and fiberboard were 

conducted. Additives such as aluminum sulfate, paraffin, or starch, which are commonly 

present in commercial boards, may affect both fungal susceptibility and plasma penetration. 

Future studies should quantify these components to better understand their influence on the 

observed inhibition effects. 
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4. Conclusion 

This study successfully demonstrated the growth dynamics of Fusarium solani on plasterboard 

and wood fiberboard, highlighting the significant impact of temperature on mold growth. The 

Myco-Surface model effectively described the growth patterns, providing valuable insights into 

the optimal conditions for F. solani growth. The findings revealed that plasterboard supports 

faster mold growth compared to fiberboard, likely due to its cellulose-rich composition and 

favorable pH levels. 

In addition, the study explored the potential of NTP as an innovative method for inhibiting mold 

growth on building materials. The high-power diffuse coplanar surface barrier discharge system 

proved highly effective in completely inhibiting F. solani growth on fiberboard and freshly 

inoculated plasterboard samples. In contrast, the low-power negative corona discharge showed 

limited effectiveness, suggesting the need for longer or repeated exposure to achieve similar 

results. NTP can be an effective alternative to standard methods of treatment, such as chemical 

or mechanical removal. 

Overall, the research underscores the importance of temperature control in managing mold 

growth on building materials and highlights the promising application of NTP as a non-

chemical, environmentally friendly solution for mold inhibition. These findings contribute to 

the development of effective strategies for maintaining indoor air quality and structural integrity 

in buildings. 

Acknowledgements 

We would like to thank Dana Savická for providing microbial cultures from the microbiological 

collection of the Department of Microbiology and Biochemistry (DBM), UCT Prague 

 

Funding Declaration 

The authors would like to acknowledge the funding by the Grant Agency of the Czech Republic 22-

06621S. 

Author contributions 

Eliška Lokajová (E.L., Conceptualization, Data curation, Formal analysis, Funding acquisition, 

Investigation, Methodology, Writing – original draft, Writing – review & editing), Jana Jirešová (J.J., 

Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Writing – original draft, 

Writing – review & editing), Kamila Zdeňková (K.Z., Conceptualization, Data curation, Formal 

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



20 

analysis, Investigation, Methodology, Writing – original draft, Writing – review & editing),  Myron 

Klenivskyi (M.K., Data curation, Formal analysis, Writing – original draft, Writing – review & editing), 

Petra Tichá (P.T., Data curation, Formal analysis, Methodology), Mária Domonkos (M.D., Data 

curation, Formal analysis, Methodology), Zuzana Rácová (Z.R., Data curation, Formal analysis, 

Methodology, Writing – review & editing) and Vladimír Scholtz (V.S., Conceptualization, Data 

curation, Funding acquisition, Investigation, Project administration, Supervision, Validation, Writing – 

review & editing). 

 

Declarations  

Conflict of interest 

The authors declare no competing interests. 

 

Additional information  

Correspondence and requests for materials should be addressed to Kamila Zdeňková. 

 

Data availability  

The datasets used and/or analysed during the current study are available from the corresponding author 

upon reasonable request. 

References 

 

1 Roth, M. G., Westrick, N. M. & Baldwin, T. T. Fungal biotechnology: From yesterday to 

tomorrow. Frontiers in Fungal Biology 4, 1135263, doi:10.3389/ffunb.2023.1135263 (2023). 

2 Trivedi, A., Vishwakarma, A., Saawarn, B., Mahanty, B. & Hait, S. Fungal biotechnology for 

urban mining of metals from waste printed circuit boards: a review. J. Environ. Manage. 323, 

116133, doi:10.1016/j.jenvman.2022.116133 (2022). 

3 Burrell, R. Microbiological agents as health risks in indoor air. Environmental Health 

Perspectives 95, 29-34, doi:10.1289/ehp.919529 (1991). 

4 Cimbalo, A., Alonso-Garrido, M., Font, G. & Manyes, L. Toxicity of mycotoxins in vivo on 

vertebrate organisms: A review. Food Chem Toxicol 137, 111161, 

doi:10.1016/j.fct.2020.111161 (2020). 

5 Lindemann, V. et al. Analysis of mold and mycotoxins in naturally infested indoor building 

materials. Mycotoxin Res 38, 205-220, doi:10.1007/s12550-022-00461-3 (2022). 

6 Wheeler, K. A., Hurdman, B. F. & Pitt, J. I. Influence of pH on the growth of some toxigenic 

species of Aspergillus, Penicillium and Fusarium. Int. J. Food Microbiol. 12, 141-149, 

doi:10.1016/0168-1605(91)90063-u (1991). 

7 Mannaa, M. & Kim, K. D. Influence of temperature and water activity on deleterious fungi and 

mycotoxin production during grain storage. Mycobiology 45, 240-254, 

doi:10.5941/MYCO.2017.45.4.240 (2017). 

8 Schmidt, O. Indoor wood-decay basidiomycetes: damage, causal fungi, physiology, 

identification and characterization, prevention and control. Mycological Progress 6, 261-279, 

doi:10.1007/s11557-007-0534-0 (2007). 

9 Snyder, A. B. & Worobo, R. W. Fungal spoilage in food processing. Journal of food protection 

81, 1035-1040, doi:10.4315/0362-028X.JFP-18-031 (2018). 

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



21 

10 Walse, C., Berg, B. & Sverdrup, H. Review and synthesis of experimental data on organic matter 

decomposition with respect to the effect of temperature, moisture, and acidity. Environ. Rev. 6, 

25-40, doi:10.1139/a98-001 (1998). 

11 Ashby, M. F. & Jones, D. R. H. in Engineering Materials 1 (Fourth Edition)   (eds Michael F. 

Ashby & David R. H. Jones)  265-285 (Butterworth-Heinemann, 2012). 

12 Molina-Hernandez, J. B. et al. Enhancing postharvest food safety: the essential role of non-

thermal technologies in combating fungal contamination and mycotoxins. Front Microbiol 16, 

1543716, doi:10.3389/fmicb.2025.1543716 (2025). 

13 D’Angola, A., Colonna, G. & Kustova, E. Editorial: Thermal and Non-Thermal Plasmas at 

Atmospheric Pressure. Frontiers in Physics 10, doi:10.3389/fphy.2022.852905 (2022). 

14 Mizuno, A. Recent progress and applications of non-thermal plasma. Int. J. Plasma Environ. 

Sci. Technol 3, 1-7 (2009). 

15 Mumtaz, S. et al. Review on the Biomedical and Environmental Applications of Nonthermal 

Plasma. Catalysts 13, 685, doi:ARTN 685 10.3390/catal13040685 (2023). 

16 Scholtz, V., Pazlarova, J., Souskova, H., Khun, J. & Julak, J. Nonthermal plasma—A tool for 

decontamination and disinfection. Biotechnology advances 33, 1108-1119 (2015). 

17 Zdenkova, K. et al. Modeling the growth of Aspergillus brasiliensis affected by a nonthermal 

plasma. J. Appl. Microbiol. 135, lxae124, doi:10.1093/jambio/lxae124 (2024). 

18 Savická, D. DBM Collection, <https://web.vscht.cz/~savickad/> (26. 9. 2025). 

19 Jiresova, J. et al. Growth of Fusarium solani and Cladosporium halotolerans on agar: modeling 

and inhibition by a nonthermal plasma. J. Appl. Microbiol. 136, doi:10.1093/jambio/lxaf036 

(2025). 

20 STEICO. STEICO universal: technical data sheet, 

<https://www.mta.cz/site/assets/files/1047/steicouniversal_cz.pdf> (5. 5. 2025). 

21 Knauf. Knauf White 12.5 mm Board, <https://knauf.com/cs-CZ/p/vyrobek/deska-knauf-white-

one-28666_0106> (5. 5. 2025). 

22 Arganda-Carreras, I. et al. Trainable Weka Segmentation: a machine learning tool for 

microscopy pixel classification. Bioinformatics 33, 2424-2426 (2017). 

23 Beckon, W. N., Parkins, C., Maximovich, A. & Beckon, A. V. A general approach to modeling 

biphasic relationships. Environ Sci Technol 42, 1308-1314, doi:10.1021/es071148m (2008). 

24 Tichá, P., Domonkos, M., Rácová, Z. & Demo, P. Application of cold atmospheric plasma for 

mold inactivation. Acta Polytechnica CTU Proceedings 40, 93-97, 

doi:10.14311/app.2023.40.0093 (2023). 

25 Klenivskyi, M., Khun, J., Thonová, L., Vaňková, E. & Scholtz, V. Portable and affordable cold 

air plasma source with optimized bactericidal effect. Sci Rep 14, 15930 (2024). 

26 Khun, J. et al. Non-Thermal Plasma Sources Based on Cometary and Point-to-Ring Discharges. 

Molecules 27, 238, doi:10.3390/molecules27010238 (2021). 

27 Chang, J. C. S., Foarde, K. K. & VanOsdell, D. W. Assessment of fungal (Penicillium 

chrysogenum) growth on three HVAC duct materials. Environment International 22, 425-431, 

doi:Doi 10.1016/0160-4120(96)00030-X (1996). 

28 Lai, Q. J., Liu, H., Feng, C. & Gao, S. Comparison of mold experiments on building materials: 

A methodological review. Build. Environ. 261, 111725, doi:ARTN 111725 

10.1016/j.buildenv.2024.111725 (2024). 

29 Imken, A. A. P., Brischke, C., Kögel, S., Krause, K. C. & Mai, C. Resistance of different wood-

based materials against mould fungi: a comparison of methods. European Journal of Wood and 

Wood Products 78, 661-671, doi:10.1007/s00107-020-01554-5 (2020). 

30 Qin, Y. L., He, H. Y., Li, N., Ling, M. & Liang, Z. Q. Isolation and characterization of a 

thermostable cellulase-producing Fusarium chlamydosporum. World Journal of Microbiology 

& Biotechnology 26, 1991-1997, doi:10.1007/s11274-010-0383-x (2010). 

31 Murtoniemi, T., Keinanen, M. M., Nevalainen, A. & Hirvonen, M. R. Starch in plasterboard 

sustains Streptomyces californicus growth and bioactivity of spores. J. Appl. Microbiol. 94, 

1059-1065, doi:10.1046/j.1365-2672.2003.01941.x (2003). 

32 Murtoniemi, T., Nevalainen, A. & Hirvonen, M. R. Effect of plasterboard composition on 

Stachybotrys chartarum growth and biological activity of spores. Appl Environ Microbiol 69, 

3751-3757, doi:10.1128/AEM.69.7.3751-3757.2003 (2003). 

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS

https://web.vscht.cz/~savickad/
https://www.mta.cz/site/assets/files/1047/steicouniversal_cz.pdf
https://knauf.com/cs-CZ/p/vyrobek/deska-knauf-white-one-28666_0106
https://knauf.com/cs-CZ/p/vyrobek/deska-knauf-white-one-28666_0106


22 

33 Obruca, S., Marova, I., Matouskova, P., Haronikova, A. & Lichnova, A. Production of 

lignocellulose-degrading enzymes employing Fusarium solani F-552. Folia Microbiol (Praha) 

57, 221-227, doi:10.1007/s12223-012-0098-5 (2012). 

34 Wang, Y. et al. Study on biodegradation mechanism of Fusarium solani NK-NH1 on the hull 

wood of the Nanhai No. 1 shipwreck. Front Microbiol 15, 1382653, 

doi:10.3389/fmicb.2024.1382653 (2024). 

35 Wood, T. M. The cellulase of Fusarium solani. Resolution of the enzyme complex. Biochem J 

115, 457-464, doi:10.1042/bj1150457 (1969). 

36 Wood, T. The cellulase of Fusarium solani. Purification and specificity of the β-(1→ 4)-

glucanase and the β-d-glucosidase components. Biochemical Journal 121, 353-362 (1971). 

37 Kazemian, N., Pakpour, S., Milani, A. S. & Klironomos, J. Environmental factors influencing 

fungal growth on gypsum boards and their structural biodeterioration: A university campus case 

study. PLoS One 14, e0220556, doi:10.1371/journal.pone.0220556 (2019). 

38 Nilza, N., Prasad, R., Varma, A. & Salam, M. D. Deconstruction of Alkali Lignin and 

Lignocellulosic Substrates by Aspergillus ochraceus DY1 Isolated from Rotten Wood. J Fungi 

(Basel) 10, 810, doi:10.3390/jof10120810 (2024). 

39 Sanchez-Rangel, D. et al. Environmental pH modulates transcriptomic responses in the fungus 

Fusarium sp. associated with KSHB Euwallacea sp. near fornicatus. BMC Genomics 19, 721, 

doi:10.1186/s12864-018-5083-1 (2018). 

40 Xing, C., Zhang, S. Y., Deng, J., Riedl, B. & Cloutier, A. Medium-density fiberboard 

performance as affected by wood fiber acidity, bulk density, and size distribution. Wood Sci. 

Technol. 40, 637-646, doi:10.1007/s00226-006-0076-7 (2006). 

41 Bahar, M. & Shahab, H. Analysis of Iranian isolates of Fusarium solani using morphological, 

pathogenicity and microsatellite DNA marker characterization. African Journal of 

Biotechnology 11, 474-482, doi:10.5897/AJB11.2314 (2012). 

42 Yan, H. & Nelson, B. Effect of temperature on Fusarium solani and F. tricinctum growth and 

disease development in soybean. Canadian Journal of Plant Pathology 42, 527-537, 

doi:10.1080/07060661.2020.1745893 (2020). 

43 Lokajova, E. et al. Inactivation of Dermatophytes Causing Onychomycosis Using Non-Thermal 

Plasma as a Prerequisite for Therapy. J Fungi (Basel) 7, 715, doi:10.3390/jof7090715 (2021). 

44 Scholtz, V. et al. Non-thermal plasma disinfecting procedure is harmless to delicate items of 

everyday use. Sci Rep 13, 15479, doi:10.1038/s41598-023-42405-6 (2023). 

45 Lux, J. et al. Inactivation of Dermatophytes Causing Onychomycosis and Its Therapy Using 

Non-Thermal Plasma. J Fungi (Basel) 6, 214, doi:10.3390/jof6040214 (2020). 

 ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS


