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All building materials can be affected by microbiological agents during their lifecycle. The presence of microorganisms changes
the appearance of the surface, degrading it, and they can even cause health problems to the residents. The biological susceptibil-
ity is dependent on the content of nutrient based on organic compounds. Thus one of the most susceptible of those materials are
earthen construction materials. The degree of fungal growth is influenced by the chemical composition and plant fibres additives
as well as the external conditions such as temperature and relative humidity.

The earth plastering mortar has started to gain more attention recently as it is considered to have a low environmental impact
and to increase the indoor air quality. Mechanical and physical characteristics of earth materials were studied by a number of au-
thors but the knowledge about the biological resistance of the material is scarce.

This study intends to look into the issue of the biological colonisation of earth plasters depending on the relative humidity. The
samples, made of four types of earth plasters with different plant fibres, were placed to an environment of the relative humidity

ranging from 33% to 100%. During a period of 4 weeks the extent of fungal growth was observed.
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1. Introduction

Earth based building materials have gained more at-
tention recently. In comparison to lime and cement,
this natural material is more sustainable, ecological,
reusable and locally available. It is easy to produce it
and transport it from nearby surroundings, which low-
ers the budget and has low impact on the environment
[1].

The earth material is usually used as a plaster, a
render, an adobe or rammed earth. It is known for the
ability of absorbing and desorbing water vapour, thus
regulating the relative humidity of indoor environment
which leads to better indoor air quality and comfort
and health of the occupants. People also appreciate the
natural colouring and texture of the earth materials [2].

Natural fibres are usually added to the mixture of
clay and sand in order to reduce the drying shrinkage,
dry bulk density and thermal conductivity [3]. Some-
times the mineral binders are added to improve me-
chanical resistance and durability. However, this effect
was not proven and some studies claim this addition

can increase water absorption and it has no signifi-
cant effect on flexural and compressive strength [1, 4].
Concerning the moisture buffering capacity, McGre-
gor et al. found out that the soil selection is more im-
portant than changes in density, preparation method or
stabilisation (e.g., by mineral binders) [5].

The possibility to use earth based materials to
conserve historical earth constructions speaks also for
cutting out lime or cement additives. Because in this
case the most compatible material should be chosen
for conservation [4].

This eco-efficient material is used more often
nowadays. The scientists (e.g., Gomes, Santos, Faria,
et al.) tried to examine the characteristics of the ma-
terial, but there is still a place for further research.
This study is focused on evaluation of biological sus-
ceptibility of earth plasters. The most relevant factors
influencing the growth of mould are temperature and
relative humidity of the environment. The presence
of fungi can lead to respiratory problems or allergies
of the occupants of the buildings. Apart from exter-
nal conditions, the intrinsic properties, such as po-
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rosity, pH and chemical composition, also affect the
bio-susceptibility [2]. The addition of natural fibres
may also contribute to microorganism proliferation
[3].

For our experiment we chose four types of earth
plasters containing three types of plant fibres. First,
the naturally occurring species of mould and bacteria
were identified. Subsequently, the microbiological re-
sistance of the plasters depending on relative humidity
was evaluated.

2. Materials and calculation methods

Four types of earth plasters were selected for the ex-
periment. They consist of natural clay, sand and plant
fibres. Each of the plasters contained different type of
organic fibre, the fourth plaster was made using all
the fibres which appeared in the composition of three
previous plasters — oat straw, hemp and cellulose (Ta-
ble 1).

Table 1. Description of the samples and the fibre content

Samples Type of natural fibre Coarseness of fibres

in the same conditions but dried in higher relative hu-
midity reaching 65%.

After two days of drying, the samples were placed
in five different desiccators. The saturated solution of
a different salt was poured to the bottom of each con-
tainer, so the samples were placed in five different en-
vironments with relative humidity ranging from 33%
to 100%.

Both sets of samples were kept in these condi-
tions for 4 weeks. They were evaluated every week
according to the modified technical standard CSN EN
ISO 846. Evaluation was performed visually and mi-
croscopically, giving each sample a number on a scale
0-5 based on the fungal growth rate (Table 3).

3. Results

3.1. Identification of naturally occurring species

The genera of the mould naturally occurring in all four
types of earth plasters were determined microscopi-
cally. The results in Table 2 show that Alternaria sp.
was found in three types of plaster. The second most
common genus was Penicillium sp. identified in sam-

A Oat straw Coarse ple A and C.
B Hemp Fine
C Cellulose Fine Table 2. Identification of naturally occurring moulds
D Oat straw, hemp, cellulose  Coarse Samples  Genera of the identified mould
A Alternaria sp., Fusarium sp., Penicillium sp.
2.1. Identification of naturally occurring species B Mucor sp., Trichoderma sp.
C Alternaria sp., Penicillium sp.
The dry and loose sample of each earth plaster weigh- D Alternaria sp.

ing 100 mg was placed to Petri dishes with a broth
made of Czapek Dox agar (Fluka, Germany). The
samples were then incubated for 7 days in a tem-
perature 23 + 2 °C. The specimens of grown mould
were removed and observed in the optical microscope
Olympus BX 41. Based on the observation of signif-
icant signs, the genera of the mould were identified.
(Samson et al., 2010)

The bacteria, which appeared on the Petri dish
along with the mould, were removed and inoculated
on meat peptone agar (PLab, Czech Republic). After
3 days in 30 + 2 °C the bacteria were identified using
identification kit NEFERMtest 24 (Lachema, Czech
Republic) based on biochemical reactions coloura-
tions.

2.2. Determination of boundary conditions for fungal
growth

During the experiment two ways of application were
simulated. First set of samples was made by mixing
with water and dried in 23 + 2 °C and relative humid-
ity below 25%. The second set of samples were made
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The following types of bacteria were represented
in earth plasters: Sphingomonas sp., Sphingobacteri-
um sp., Acinetobacter sp., Suttonella sp., Chrysobac-
terium sp. The first two genera of the bacteria were
found in all the samples with high probability. These
are bacteria commonly found in the nature, especially
on plants, in soil and water.

3.2. Determination of boundary conditions for fungal
growth

After 2 days of drying in RH below 25% or in 65%,
the samples were placed in 5 desiccators with differ-
ent relative humidity. The samples were then evaluat-
ed every week and numbered according to the scale
shown in Table 3.

Table 4 shows evaluation of the samples dried be-
low 25% RH, which were distributed to relative hu-
midity reaching 33%, 50%, 58%, 64% and 84%. Three
samples were observed in each category and their re-
sulting values were averaged. The plaster D (contain-
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Fig. 1. Mucor sp., magnification 400x

Fig. 3. Sample D dried below 25% RH, documented after  Fig. 4. Sample D dried below 25% RH, documented after
2 weeks in RH 84%, magnification 100, grey fungal colonies 4 weeks in RH 84%, magnification 100, colonies of Alter-
visible naria sp. visible

Table 3. A scale used for fungal growth rate evaluation

Fungal growth rate Evaluation
0 No growth visible under a microscope

[1] First signs of growth detectable under a microscope
1 Separate fungal colonies detectable only microscopically
2 Growth visible to the naked eye covering up to 25% of the surface
3 Growth visible to the naked eye covering up to 50% of the surface
4 Significant growth covering more than 50% of the test surface
5 Growth covering the entire test surface

Int. Rev. Appl. Sci. Eng. 11
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Table 4. Evaluation of samples dried below 25% relative humidity

Days
Plaster RH [%]
7 14 21 28
33 [0.66] [0.66] [0.66] [0.66]
50 0 0 [0.66] [0.33]
A 58 [0.33] 0 [0.66] 0
64 0 [0.33] [0.66] [1]
84 0.66 [0.66] 0.66 0.66
33 0 0 0 0
50 0 0 0 0
B 58 0 0 0 0
64 0 0 0 0
84 0 [0.33] 1 1
33 0 0 0 0
50 0 0 0 0
C 58 0 0 0 0
64 0 0 0 0
84 0.66 1 1 1
D 33 [0.33] [0.33] 1 1
50 [0.33] [0.33] [0.66] [0.66]
58 [0.33] [0.33] [0.66] [1]
64 0 0 [0.33] [0.33]
84 1 1 1.33 1.66
Table 5. Evaluation of samples dried in 65% relative humidity
Days
Plaster RH [%]
7 14 21 28
33 2 2 2 2
50 2 2 2 2
A 64 2 2 2 2
84 1.66 2 1.66 1.66
100 1.33 2 1.66 1.33
33 [1] [1] 1 1
50 1] 1] [1] [1]
B 64 [1] [1] 1 [1]
84 [1] (1] (1] (1]
100 1 1 1 1
33 1.33 1.33 1.66 1.66
50 2 1.66 1.66 1.66
C 64 2 2 2 2
84 2 2 2.33 2
100 2 3 3 3
33 2 2 1.66 1.66
50 2 2 2 2
D 64 2 2 2 2
84 2 2 2 2
100 2 3.33 3.33 3.33
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Fig. 5. Samples of plaster A dried in 65% RH, then placed in
100% RH for 4 weeks

Fig. 6. Samples of plaster B dried in 65% RH, then placed in
100% RH for 4 weeks

Fig. 7. Samples of plaster C dried in 65% RH, then placed in
100% RH for 4 weeks

ing three types of plant fibres) showed the lowest re-
sistance to fungal growth as in all the environments
the colonies of mould started to occur in all the sam-
ples. In the highest RH equalling 84%, the mould was
even detectable by naked eye. The samples made of
plaster A (with oat straw addition) had the similar fun-
gal growth rate in all the values of relative humidity.
The plaster B and C did not show any growth except
in the highest RH, where the mould was visible only
under a microscope.

Evaluation of samples dried in 65% RH is in Ta-
ble 5. The samples were also placed in 5 desiccators
with different relative humidity — 33%, 50%, 64%,
84% and 100%. The most resistant was the plaster B
(with addition of hemp), where the fungal growth was
detectable only under a microscope independently of
the relative humidity. The plasters C and D received
the highest numbers among all the plasters. The fun-
gal growth rate ranged around value 2 in most of the
environments and in the highest relative humidity the
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Fig. 8. Samples of plaster D dried in 65% RH, then placed in
100% RH for 4 weeks

rate reached value 3, which means the surface of the
samples was covered up to 50%. The photodocumen-
tation of all samples placed in 100% RH is shown in
Figs 5-8.

4. Discussion

The results show a significant dependence of fungal
growth rate on conditions during the application of the
plasters, in this case the relative humidity. The sam-
ples which were dried in the relative humidity below
25% for 2 days showed smaller extent of mould than
the samples dried in higher relative humidity. This re-
sult proves that moisture is one of the most relevant
factors influencing the occurrence of microorganisms
[2]. If we compare placing the samples after drying
in 5 desiccators with different relative humidity rang-
ing from 33% to 100%, the highest values of fungal
growth rate were noted in 100% RH according to our
expectation. The values of samples placed in the rest
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of the desiccators with lower humidity were similar to
each other.

Another topic to observe is the type of plant fibre
added to the mixture and its coarseness. The plasters B
and C from the first set of samples (dried in lower RH)
were the most resistant to microbial attack. As both
plasters contain finely chopped fibres, the results indi-
cate that the mould grow easier on plasters with coarse
fibres. However, the values of the second set of sam-
ples (dried in 65% RH) do not follow this conclusion.
The question is also the type of the fibres. The lowest
values of fungal growth rate in both sets of samples
were measured on the plaster B with addition of hemp.
This topic would nevertheless require further research.
Laborel-Préneron et al. [3] mentioned in their study
that the moulds are observed more often when plant
fibres are present in the material. According to our ob-
servation under a microscope the colonies of mould
started to grow around the fibres in most cases, as the
plant fibres are organic and able to absorb moisture.

5. Conclusion

This study was focused on the influence of relative hu-
midity on fungal growth rate of earth plasters. We ob-
served the created samples of plasters in different val-
ues of relative humidity during the drying of the sam-
ples, simulating the application conditions, as well as
during the period of four weeks after the application.
The conditions during the application seem to be cru-
cial in terms of microbiological activity. When the
relative humidity is lower, the probability of fungal
growth is decreased. The impact of the conditions in
the first few days after application is critical and it is
important to let the plaster to dry entirely. The relative
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humidity after drying does not have to be controlled
with such caution.
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