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Summer airborne mycoflora of Timisoara (Romania) and relationship
to meteorological parameters

NICOLETA IANOVICI

Faculty of Chemustry, Biology, Geography, Department of Biology—Chemistry, West University of Timisoara, Timisoara,
Romania

Abstract

The present aeromycological investigation was undertaken to study atmospheric fungal spores in Timisoara (western
Romania). This study was carried out using a Hirst type volumetric sampler. The study revealed the existence of a rich
airborne mycoflora. The atmospheric fungal spores were classified and evaluated into three groups (‘major’, ‘minor’ and
‘sporadic’) depending upon their catch percentage in the air. Cladosporium/Fusarium/Leptosphaeria-group, Alternaria, Hel-
minthosporium airborne fungal spores and airborne fungal fragments regularly recorded (frequency 100% of days). Clados-
porium accounted for 81.09% of the outdoor fungal spores. The airborne fungal fragments have been identified as abundant
in our geographic area. Spearman’s correlations were applied to meteorological parameters and airborne fungal spore
concentrations. In addition, correlations were calculated between the fungal spore concentrations and the meteorological
variables from the previous day. A total of eleven weather factors were selected for this investigation. Following Spearman’s
correlations, I identified two patterns of behaviour: most of the airborne fungal spores prefer cloudiness, lower near-surface
soil temperature, lower atmospheric pressure, higher relative humidity and precipitation (pattern A) while other spore
concentrations favour increased sunshine, higher near-surface soil temperature and dry conditions (pattern B). The
behaviour of some fungal spores during the warm season has proven unclear (pattern C). This study demonstrates the
need for investigations throughout the year and the evaluation with complementary statistical methods, regarding the correct
interpretation of airborne mycoflora relationships with meteorological parameters.

Keywords: atmospheric fungal spores, allergenic fungal spores, Cladosporium, Romania, fungal behaviour patterns

Aeromycological sampling attempts to quantify phy-
topathogenic and non-phytopathogenic atmospheric
fungal spores (Sarica Okten et al. 2005; Ianovici
et al. 2011). Biologists have shown a great interest in
biomonitoring atmospheric fungal spores in outdoor
and indoor environments due to their constant fre-
quency in the air and the increase of respiratory aller-
gies caused by their allergens (Simon-Nobbe et al.
2008; Almaguer et al. 2014). Fungal allergens belong-
ing to over 80 fungal genera produce allergies and
immunotoxic diseases (Horner et al. 1995; Ianovici
& Tudorica 2009). As well as spores, other structures
such as hyphal fragments and conidiophores are also
dispersed in the atmosphere (Comtois 1990).

The distribution of atmospheric fungal spores
changes from country to country and even within

regions of the same country. The duration of the
phenological stages for each fungi species is variable.
The release and dispersion of fungal spores in the
atmosphere are the result of the direct or indirect
action of many factors, e.g. anthropogenic, biological
(the availability of substrates to be colonised by the
fungi, daily sporulation rhythm), ecological (local
vegetation and land use) meteorological, phenologi-
cal (seasonal variations) and physical (movement of
the atmosphere, turbulence, convection) (Ianovici
2008; Pakpour et al. 2015). The relationship
between weather and fungal spore concentrations
has been recognised by many authors in different
parts of the world, e.g. Poland (Myszkowska et al.
2002; Kasprzyk 2008; Grinn-Gofron et al. 2011),
Greece (Damialis et al. 2015b), Turkey (Celenk
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et al. 2007), Spain (Vélez-Pereira et al. 2015), Den-
mark (Skjeth et al. 2012), Italy (Rizzi-Longo et al.
2009), Austria (Ebner et al. 1989), Sweden (Hjelm-
roos 1993), Finland (Kurkela 1997), Portugal (Oli-
veira et al. 2010), Croatia (Peternel et al. 2004),
Slovakia (S¢evkova et al. 2015), UK (Sadys et al.
2015), France (Sindt et al. 2016), Lithuania (Mika-
litinaité et al. 2009), Estonia (Saar 2007), Australia
(Stennett & Beggs 2004), Chile (Ibanez et al. 2001),
Brasil (De Antoni Zoppas et al. 2006), Argentina
(Nitiu & Mallo 2011), Mexico (Rocha-Estrada
et al. 2013), Colombia (Alzate Guarin et al. 2015),
Cuba (Almaguer et al. 2014), Canada (Li & Ken-
drick 1995), USA (Dixit et al. 2000), South Africa
(Berman 2011), Nigeria (Uzochukwu & Nkpouto
2013), Kuwait (Halwagy 1994), Egypt (Ismail et al.
2002), Israel (Helfman et al. 2011), Qatar (Al-Subai
2002), Saudi Arabia (Hasnain et al. 2005), Yemen
(El-Essawy et al. 1992), Iran (Nourian et al. 2007),
Jordan (Abu-Dieyeh et al. 2010), India (Das &
Gupta-Bhattacharya 2012), Japan (Takahashi
1997), Singapore (Lim et al. 1998) and Taiwan
(Ho et al. 2005). Studies on the presence of spores
in the atmosphere of Timisoara (Romania) were
started by Ianovici and Faur in 2001 using a Hirst
(1952) volumetric sampler (Ianovici & Faur 2003).
Further work has focused on quantifying atmo-
spheric concentrations and temporal variations of
selected airborne fungal spore types and not on the
whole spectrum. The effect of climate on airborne
spore concentrations in Romania is less well known
(Ianovici 2016a, 2016b). The biomonitoring of fun-
gal spores in Romania revealed the summer as the
most favourable season for the occurrence of air-
borne fungal spores (Ianovici et al. 2011).

The aim of this study was to identify the atmo-
spheric fungal spores present in an urban area in
western Romania and to study their association
with meteorological factors.

Material and methods

Airborne fungal spore samples were obtained daily
during July 2008. The sampler was located on a
building approximately 20 m above ground level
(West University of Timisoara). The sampling site
is above the adjacent buildings and the circulation of
the air currents was unobstructed in all directions.
This area is completely urbanised with buildings
several meters in height mixed with low buildings
and abundant vegetation. Fungal spores were
sampled by using a 7-day volumetric trap of the
Hirst (1952) design. The suction rate of the volu-
metric air sampler was maintained at 10 I/min. The
counting of spores was included in the counting
procedure of pollen grains. The slides were exam-
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ined by light microscopy (LM) weekly. Specific fun-
gal spores were counted with 400X magnification
and identification was performed based on their
morphological characteristics. The fungal spores
were observed on the surface of four horizontal
bands, and counts were done at 2-h intervals. A
correction factor is used to determine the atmo-
spheric concentration of fungal spores, which is a
product of the area of slide, field of view of the
microscope and volume of air sampled. Concentra-
tions were expressed as the number of airborne fun-
gal spores per cubic metre of air (AFS/m>).

Timisoara lies to the south-east of the Pannonian
Basin and is situated in the western part of Romania
at 86 meters above sea level (45° 46’ N, 21° 15’ E).
The River Bega passes through the city. The climate
is temperate continental moderate with slight sub-
mediterranean influences. The characteristic vegeta-
tion is anthropogene forest steppe which defines the
Banat Plain. The total surface area of the Timisoara
Municipality is 12 926.83 ha. The surface of agricul-
tural land comprises arable land, pastures, hay-fields,
vineyards and orchards. The surface of non-agricul-
tural land comprises forests, waters, constructions,
roads and unproductive land. The urban flora is
mainly composed of exotic trees and shrub species
that are cultivated for ornamental purposes in
streets, avenues, parks and cemeteries. Some of the
plants are used for ornamental purposes and do not
represents the local flora such as Pinaceae and Tax-
aceae/Cupressaceae. Herbaceous vegetation occurs
spontaneously in open areas or it is cultivated in
parks and private gardens (Ianovici et al. 2009,
2013b; Ianovici 2016b).

The statistical analysis was carried out using the
SPSS software package. Spearman’s correlation test
was performed in order to identify the major vari-
ables likely to influence the dynamic of the airborne
fungal spores. P values < 0.05 were accepted as
significant. Correlations were examined between
daily average airborne fungal spore concentrations
and some daily meteorological parameters (daily
mean temperature expressed in °C; near-surface
soil temperature expressed in °C; relative humidity
in %; mean wind speed expressed in m/s; daily max-
imum wind speed expressed in m/s; atmospheric
pressure in mbar; sunshine hours in h; cloudiness
in tenths; quantities of precipitations in I/m?). Wind
direction was not included in the study. The number
of days with potential to trigger allergic reactions was
selected on the basis of literature data (Targonski
et al. 1995; Rapiejko et al. 2004).

In the region, the highest relative humidity values
were recorded in the first month of the year, with
minimum values being reached in the summer
months. In Timisoara, the lowest temperatures
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Figure 1. Totals of major spores in the air recorded from Timi-
soara monitoring station.

were recorded in the first months of the year, with
the maximum temperatures being reached in July.
The weather in Timisoara in middle of summer
(July) was warm (with mean average temperature of
21.9 °C), with average relative humidity of 60.8%,
with sunny days and low rainfall. The meteorological
data for Timisoara were obtained from the records of
the National Meteorological Administration
(Table I).

Results

Qualitative and quantitative characterization of airborne
mycoflora

A total of 85 fungal types/taxa were recorded in the
outdoor air during the study: Basidiomycota (5 spore
types); Oomycota (1 spore type — Peronospora);
Ascomycota (35 spore types). Other fungal spore
types that were identified in air samples included
the anamorphs (44 genera). The broken hyphae or
conidiophores were recorded as airborne fungal frag-
ments. Distinguishing the conidia of Drechslera and
Exserohilum using an optic microscope is difficult;
they were therefore considered as belonging to the
Drechslera-type. The Fusarium/Leptosphaeria-group-
type included spores of Melanomma and Phaeo-
sphaeria. Xylariaceae spores were recorded as one
pooled taxon. Aspergillus/Penicillium type was not
quantified. Some spore types could not be identified.

Our results show the presence of a large number of
fungal spore types. The richness of the spore types
varied throughout the investigated period. The max-
imum number of spores types was registered on 4
July (28 types) and the minimum recorded on 1 July
and 2 July (11 types). Airborne fungi were grouped
into ‘major’, ‘minor’ and ‘sporadic’ types depending
on their catch percentage in the air (Figures 1, 2).
Cladosporium,  Alternaria, Fusarium/Leptosphaeria-
group, Helminthosporium-type spores and airborne
fungal fragments were trapped most frequently
(100% of the days). The minor fungal spores of
Xylariaceae, Peronospora, Epicoccum, Capronia, Para-
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Figure 2. Totals of minor spores in the air recorded from Timi-
soara monitoring station.

pheospheria, Pleospora, Torula, Oidium, Nigrospora,
Tilletia, Stemphylium, Pseudocercospora, Ascobolus,
Caloplaca, Drechslera, Diplodia, Polythrincium, Pitho-
myces, Bipolaris, Sporidesmium and Diatrype occurred
in low concentrations. Minor components included
less frequent types (greater frequency of 12%) but
stable components of Aeromycota. The remaining
types of spores are sporadic presence in the atmo-
sphere.

The spore concentration obtained during the per-
iod studied was 51 578 AFS/m’ (Figure 3). The day
with the highest total concentration of spores was 18
July (3224 AFS/m?). Cladosporium was the most pre-
valent fungal spore type during summer in the air
samples from the Timisoara site (41 704 AFS/m°).
The threshold concentration of 2000 AFS/m? that is
associated with the occurrence of allergic reactions
was exceeded on a 6 days. The peak of the Clados-
porium spore concentrations was observed on 2 July
(3216 AFS/m?). The air concentration of Alternaria
spores exceeded the threshold level of 80 AFS/m’ on
only 2 days (4 July and 30 July). The peak of the
Alternaria spore concentrations was observed on 4
July (108 AFS/m>).

Correlations berween airborne fungal spores and
environmental factors from the same sampling day (SSD)

Spearman’s test was used for analysis. The relation
between airborne fungal spore concentrations and
meteorological variability were given in Tables II-
IV. The 25 major and minor fungal spore types,
airborne hyphal fragments and daily total spores
were subjected to the analyses. A positive significant
correlation between fungal spore concentrations and
minimum temperature occurred for only two spore
types (Bipolaris, Pithomyces). The Pseudocercospora
spore level showed a significant negative correlation
with minimum temperature and maximum tempera-
ture.
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Torula, Pithomyces and Oidium spore levels showed
a significant positive correlation with maximum tem-
perature.

In the present work, the Fusarium/Leptosphaeria-
group, Capronia, Pseudocercospora and Polythrincium
spores presented a significant negative correlation
with mean daily average temperature. The results
have shown that level of Torula and Bipolaris spores
is significant positive affected by daily mean tem-
perature. A positive and statistically significant cor-
relation was observed between the airborne fungal
fragments and Torula spores and the near-surface
soil temperature. More notable was the significant
negative relationship between near-surface soil tem-
perature and concentrations of Fusarium/Lepto-
sphaeria-group, Capronia, Parapheospheria, Pleospora,
Pseudocercospora, Ascobolus and Polythrincium. In the
case of airborne fungal fragments and Torula, signif-
icant negative correlation coefficients were obtained
with daily average relative humidity. Fusarium/Lepto-
sphaeria-group, Xylariaceae-group, Capronia, Para-
pheospheria, Pleospora, Pseudocercospora, Ascobolus
and Polythrincium revealed significant positive corre-
lations.

Significant negative correlations were observed
between the airborne fungal fragments, Helminthos-
porium, Torula and Sporidesmium spores and precipi-
tation. For this same factor, the correlations were
significant and positive in the case of Fusarium/Lepto-
sphaeria-group, Capromia, Pleospora and Polythrin-
cum. In the present work, Fusarium/Leptosphaeria-
group, Capronia, Parapheospheria, Pleospora and Pseu-
docercospora spores presented a significant negative
correlation with sunshine hours. The results show
that levels of Helminthosporium and Torula spores
were significantly positively correlated with sunshine
hours. For Torula spores was negative correlation
detected between concentrations and cloudiness. A
positive and statistically significant correlation was
found for Fusarium/Leptosphaeria-group, Parapheo-
spheria and Pleospora spores concentrations. In the
present study, I found only a negative correlation
between atmospheric pressure and Parapheospheria
spores counts. In relation to daily average wind

Figure 3. Daily concentrations of airborne
total fungal spores.

speed, the correlation was significant and positive
in the case of airborne fungal fragments.

Correlations berween the airborne fungal spores and
environmental factors from the previous day (PD)

I have chosen the meteorological parameters on the
day before to the appearance of airborne fungal
spores to see if it confirms the statistical data on
the same day sampling. Weak negative correlations
were observed in the case of maximum temperature
and minimum temperature a day earlier. In the pre-
sent study, only Capronia and Polythrincium spores
presented a significant negative correlation with
mean temperature on the previous day. Fusarium/
Leptosphaeria-group, Capronia and Polythrincium
had a significant negative correlation with near-sur-
face soil temperature. A positive and statistically sig-
nificant correlation was observed between the
airborne fungal fragments and Torula spores.

Cladosporium, Fusarium/Leptosphaeria-group,
Xylariaceae-group, Capronia, Parapheospheria,
Nigrospora, Polythrincium and daily total fungal
spores showed a significant strong positive correla-
tion with daily average relative humidity on the day
before sampling. Airborne fungal fragments and Tor-
ula spores were negatively correlated. Fusarium/Lep-
tosphaeria-group, Capromia and Ascobolus were the
components of the aeromycoflora to show a signifi-
cant positive correlation with quantities of precipita-
tions falling on the day before sampling but Torula
were negative significantly correlated.

Torula, Oidium and airborne fungal fragments
were positive correlated significantly with sunshine
hours on the day before sampling. The strongest
negative correlations were demonstrated by Fusar-
wum/Leptosphaeria-group, Capronia, Pleospora, Pseudo-
cercospora, Ascobolus and Polythrincium. A positive
and statistically significant correlation was found
between the cloudiness and Capronia spore concen-
trations. Atmospheric concentrations of Torula and
Oidium spores were negatively correlated with clou-
diness. In the present study, I found a negative cor-
relation between atmospheric pressure and airborne
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Nigrospora spore concentrations, whereas there was a
significant positive correlation between atmospheric
concentrations of Torula and Helminthosporium
spores and atmospheric pressure. In relation to
daily average wind speed, the correlation was signifi-
cant and negative only in the case of the Xilariaceae-
group.

According to the Spearman’s correlations with
meteorological factors, the major and minor fungal
spores can be divided after two patterns: (I) Airborne
fungal fragments, Torula, Pithomyces, Helminthospor-
wm, Bipolaris, Sporidesmium and Oidium presented
positive correlations with temperature, atmospheric
pressure and sunshine but negative correlations with
relative humidity, rainfall and cloudiness, in general,
I noticed a weak correlation between wind speed and
airborne fungal spore concentrations (Table II); (IT)
Cladosporium, Fusarium/Leptosphaeria-type, Xylaria-
ceae-type, Polythrincium, Capronia, Parapheospheria,
Pleospora, Nigrospora, Pseudocercospora, Ascobolus and
daily total spores presented a contrary behaviour
(Table III). Stemphylium, Drechslera-type, Diplodia,
Epicoccum, Perenospora, Diatrype, Tilletia, Caloplaca
and Alternaria did not exhibit the clear behaviour
during period of study (pattern C; Table IV).

Discussion

Most of the fungal spores in the current study have
been reported in the atmospheres of different micro-
habitats all over the world. Most of them have been
reported to be aeroallergens. However, they differ
greatly in their concentrations and frequencies. The
commonest and important are the spores of the arti-
ficial group of Fungi imperfecti (anamorphic or con-
idial fungi). More infrequent identified are
Basidiomycotina and Ascomycotina spores (Kaspr-
zyk & Konopifiska 2006). In this study, the ana-
morphs fungi were the largest contributors of the
airborne mycoflora. These results are comparable
to those from previous studies: in the middle of
summer, richness of the fungal spore types is much
greater than at any other time of the year (Ianovici
2008; Ianovici & Tudorica 2009).

In this study, Cladosporium, Fusarium/Lepto-
sphaeria-group, Alternaria, Helminthosporium and
hyphal fragments are the major fungal components
in the atmosphere of the Timisoara area. Cladospor-
wm and Alternaria spores were found to be most
abundant in Timisoara. Cladosporium constitutes
81.09% of the airborne spore load. It is known that
Cladosporium is the most common taxon in outdoor
air worldwide irrespective of the climate (Bensch
et al. 2012).

The variability of meteorological factors at differ-
ent stages of fungal reproduction could lead to mod-

Table I. Mean monthly meteorological conditions (2008).

daily mean daily max.

atmospheric

maximum minimum quantities of daily average
temperature

temperature

daily mean

near-surface soil
temperature (°C)

sunshine pressure wind speed  wind speed  nebulosity
(tenths)

hours (h)

relative
humidity (%)

precipitations

temperature

(m/s) (m/s)

(mbar)

) ) (Um?)

)

Month

0.6580
3.7586
8.0419
14.7266
23.0612

6.13
5.44
7.21
6.46
5.14
5.44

1.7 2.6
4.

1.8

1013.6

80.2

-2.4 0.7

5.7
10.1

0.9
3.7

JANUARY

0.3 72.3 1016.3
67

-0.9

FEBRUARY
MARCH
APRIL

MAY

3.7
3.2
3.2
2.3
2.6

2.4

2.3

997.5

3.6

12.9

7.7
12.4

999.7
1003.8

5.9
7.9

1.5 66

1.6
5.2

18.7
25

2.1

63.2

11.3

17.8

25.8133

8.3 1003.8 1.7

66.1

28.1 15.7

21.6

JUNE

27.1419
27.5645
17.3633
13.0871

72

1.9
1.7

1002.6

60.8

1.5
0.8

29.1 15.4

21.9

JULY

2.87
6.33
4.61
5.27
7.83

1003.4 2.5

57.8

30.9 15.6

22.6

AUGUST

2.4
2.6
2.8

1.6
1.6

4.7 1005.7
1009
1.9

70.6

15.4 21.7 11.2 1.7
0.6

SEPTEMBER
OCTOBER

5.5
4.4

75.2

7.3

20.3

12.3

7.3033
3.2322

1007.3

73.4

1.8
1.8

2.7

13.4

NOVEMBER
DECEMBER

1009.5 2.1 2.8

1.7

78.3

0.7

3.6




ifications of the biodiversity and fungal behaviour
patterns (Damialis et al. 2015a). In my study, tem-
perature and humidity were found to be the most
important influence on airborne spore concentra-
tions. This observation was consistent with previous
reports (Wu et al. 2000; Marchiso & Airaudi 2001).
The results of the Spearman’s correlation test
showed that the atmospheric fungal spore concentra-
tion is not significantly affected by the wind speed.
These meteorological variables can modulate the
response of different species of fungi. On the one
hand, airborne concentrations of some fungal spores
are significantly correlated with some meteorological
factors in the same day. On the other hand, these
same fungal spores can be strongly correlated with
other factors from the day before sampling (Rodri-
guez-Rajo et al. 2005; Fernandez-Gonzalez et al.
2009, 2012). The same meteorological variable may
have different influences on different parts of the
cycle. Each weather variable has a range in which it
affects the fungal spore’s development, release and
dispersal. Release mechanisms of fungal spores are
numerous and vary from species to species. Some
fungi require rather humid conditions whereas
others favour dry and windy conditions for spore
release (Sesartic & Dallafior 2011). Overall, the cor-
relations were less significant when data is restricted
to the period of airborne spores being released (Iano-
vici 2016a). However, my study, according to Spear-
man’s correlation analysis, indicated that increases in
airborne fungal fragments of Torula, Pithomyces, Hel-
minthosporium, Bipolaris, Sporidesmium and Oidium
were correlated with higher temperatures, sunshine
and lower relative humidity, while Cladosporium,
Fusarium/Leptosphaeria-type, Xylariaceae-type, Poly-
thrincium, Capronia, Parapheospheria, Pleospora,
Nigrospora, Pseudocercospora, Ascobolus and daily
total spores increased at higher relative humidity,
cloudiness and lower temperature.

Airborne fungal fragments were found to be cor-
related with several meteorological factors (the sum
of precipitation, daily average relative humidity, and
daily average wind speed). In other studies, airborne
fungal fragments have been shown to become air-
borne at significantly higher concentrations than
conidia in simulated aerosolization experiments
(Goérny & Yawniczek-Walczyk 2012). Incorporating
hyphal concentrations with those of conidia in epi-
demiologic investigations has improved the associa-
tion with asthma severity. One study has
demonstrated that airborne fungal hyphae com-
monly function as sources of aeroallergens (Green
et al. 2005).

In the present work, the daily total fungal spore
concentrations did not present a significant positive
correlation with meteorological parameters (except

Table II. Coefficients of correlation between the major and minor fungal spore concentrations and the main meteorological parameters by using the Spearman correlation test (Pattern A).

mean daily

near-surface

daily average daily max.

atmospheric

daily average

maximum minimum quantities of
temperature

temperature

average
temperature

soil
temperature

Mycoflora of Timisoara (Romania)

wind speed wind speed nebulosity
(tenths)

pressure

sunshine
hours (h)

relative

humidity (%)

precipitations

(m/s) (m/s)

(mbar)

(°C) (o) (o) (m?)

)

-0.259
-0.308

0.159
0.335
—-0.099

0.188
0.391*
-0.121

0.236
0.230

0.370%
0.309

—0.537**
—0.674**
—-0.258

0.233 0.292 0.237 -0.305

0.443*
0.424*

PD
SSD
PD
SSD
PD

airborne fungal

—0.441*
-0.375%
—0.358*
—0.040

0.293 0.316
-0.076

0.346
0.178

fragments
Torula

—0.587**
—0.423*
-0.116
-0.296

0.496**
0.203

0.654**

0.245

0.470**

0.002
—-0.047

0.008
-0.035

0.460**
0.286

—0.516**
—-0.067
-0.347
-0.223
-0.153
—-0.031
-0.329
—-0.048
-0.154

0.273
0.013

0.543**
0.068

0.581**
0.049
0.127
0.141
0.301

0.519**
0.158
0.272
0.354

0.360*
0.185
0.318

Helminthosporium

0.084
-0.214

0.102
-0.287

0.369*
0.441*
0.176
0.183
0.060

—0.466**
-0.224

0.093

—0.086

0.019

SSD
PD

—0.452%
-0.207
—-0.164
-0.115
-0.086
-0.253
—-0.288
-0.070

0.266

Oidium

0.109
0.106
0.137
-0.270

0.129
0.080

0.288
0.072
-0.135
-0.202
-0.113

0.018
—0.046
-0.290
-0.225

0.090
—-0.033

0.390*
0.158
0.300
0.243
0.265

0.287

SSD
PD

0.092

0.103
0.261

Bipolaris

0.084
-0.310

0.424*
0.039

0.392*
0.199
0.329

SSD
PD

0.141

0.118
0.144
0.146
0.072

Sporidesmium

0.060
0.038
—-0.240

0.025
-0.093
-0.314

0.149
0.154
0.085

—-0.360*

-0.254
-0.150

0.287
-0.096

SSD
PD

0.017
—-0.031

0.034
-0.066

0.278

0.163
0.353

Pithomyces

0.476**

0.457**

SSD

429

Note: **, correlation is significant at the 0.01 level; *, correlation is significant at the 0.05 level; SSD, meteorological parameters in same sampling day; PD, meteorological parameters in previous day.



114

N. Ianov

430

‘Aep

snoradxd ur s1olowrered [esrSojoroalowr ‘(I ‘Aep Surjdures sures ur s1o1owrered [e130[0I0AW ‘(ISS [A] GO U3 I8 IUBOYIUSIS ST UOHB[IIIOD y S[A] [(°(Q U3 I8 JUBDYIUSIS ST UONEB[IIIOD yy 110N

¥S0'0— L90°0— 6V1°0— 8CI'0— 100°0 €900 ree0—- 0LT0 €e00— ov1°0 860°0— ass
981°0 ce0'0 260°0— 110°0 160°0— x0€V°0 ¥S1°0 020°0— 980°0— LOT0— e 0- ad sa10ds €101 A[rep
9¢1°0 2¢61°0 Ly1°0 6C1°0 10C°0— *91°0 9%e’0 90¢°0— 8¢C'0— 9e0— *8LE°0— ass
*0T+°0 $90°0 610°0 €10°0— *66€°0— 6020 xxVES0 1€0°0— LOT"0— €CT0—- 08C°0— ad $1nj0qoIsy”
LYe0 810°0— 110°0 $6C°0— *x6SY°0— *>178°0 vce0 *¥9LE°0— *x508°0— *x655°0— *TSH°0— ass
*LLEO 8S0°0— 890°0— 182°0— *xTLY 00— 902°0 86C°0 ov1°0— 90¢°0— Gee0- L1¢0- ad .40d5024220pnas ]
200 L80°0— 891°0— YIe0— 16T°0— c€Ie’o 1o 912°0— 612°0— 82¢'0— 981°0— ass
080°0 9ve0- 6v¢’0- *00v°0— 65C°0— *9LE°0 081°0 061°0— v1C0—- v1¢0- €0¢'0— ad D40JS0USIN
*SPP°0 €800 0€0°0— 0Ce0—- xxr95°0— *»xEVST0 *6£°0 260°0— S61°0— 91¢°0— *xSLY°0— ass
o €cro 610°0— €9C'0— *TEV°0— 16€°0 61¢0 L12°0- 681°0— 99¢°0— 19C°0— ad 40d50]]
*EI°0 2e0'0— S61°0— *86€°0— *x09%°0— ¥97¥°0 G820 S61°0 900°0 81T°0— *STH°0— ass
6%0°0 8¢1°0 8¢0°0— 0¢e’0—- o *SPP°0 1€2°0 *S6€°0— 101°0— €CT0- 1vC0- ad DUYdS0Y D]
L81°0 CIT°0- ¢LT'0- TI1°0— *LLEO— *>€IL°0 xLEV'O vve0- €eve0—- *V8€°0— *xL19°0— ass
*99€°0 Sv0°0- veTo- LIT°0- *x§0S°0— *x005°0 *»x06¥°0 L1¢0— 16C°0—- *ESY°0— *86€°0— ad D0Idn)
9%1°0 Sr1°0- v0C0— SOT°0— 0LT0—- *x009°0 *79€°0 912°0— 18¢°0— *S8€°0— *x019°0— ass
8¢C'0 110°0— 050°0— ¥L0'0— *TT°0— *»xSPS°0 vre'o 0€C’0— veeo—- *L6€°0— *TT°0— ad wrUuIGo
2200 280°0— 161°0— €800 610°0— *»>09t°0 980°0 00070 9000 6200 ¥ec0—- ass
280°0 9vC'0- *ELE0— 820°0— ¢10°0— *xL8S°0 SLT'0 6¢1°0— 290°0— ¥S0'0— 11¢°0— ad adky-avaovuvpyy
*x695°0 c200 0€0°0— 061°0— *x€79°0— »>PPL*0 *x085°0 910°0 0Ce0— *£6€£°0— *x9PL°0— ass
160 0LT°0 900°0 weo—- *x661°0— *xLES'0 *85€°0 Iv1°0—- 8L0°0— 0¢C'0—- *16€°0— ad adAr-vuavydsorda T/ untvsng
9%0°0— 10— €veo- 10T°0— €€0°0 980°0 0Ce0— 780°0 090°0— SIT'0 LS0°0— ass
o 6200 GLO0— <00 cero- EYa Al 881°0 010°0 710 81T1°0— L6C°0— ad winiodsopvi)
(sypuan) (s/ur) paads (s/u) paads (Fequn) () smoy (%) (@) (D) Qo) (90) (D)
Asongau puIm ‘Xew A[rep pum 33eI10AR AJIEp amssaxd surysuns Arpruny aAne[a1 suonendoard srmeradwal srmeradwal srmieradwal srmieradwal
oudydsoune J3e10ae AJIRp Jo sannuenb wmnuwruru WNWIXew aSeroae [tos
A[rep ueawr SoBJINS-IBdU

‘(g uroned) 1591 UONE[P1100 UewLeddg a1 Suisn £q s1919wered [8O1S0[010919W ) PUB SUOHBIUDUOD d10ds [Suny Jouruwr

pUE JO(BWI 9Y1 UIIMIIQ UONE[IIOD JO SIUdLFI0D) IIT 9L,



431

Mycoflora of Timisoara (Romania)

‘Aep

snoaid ur so1ourered [edorSojoroaow ‘(qd ‘Aep Surdures sures ur s1o1ourered [ed1S0[010919W ‘(SS [AAS] GO0 YD 1B IUBOYIUSIS ST UONB[ILIOD ¢y S[AAJ] 10 Y2 I8 JUBOYIUSIS ST UONB[IIIOD ¢y, 910N

9¢C'0— 1L0°0— cIro- 91¢’0 €LT0 8¢0°0— LGT0— 2600 <] ¥A] SCro 6000 ass
0L0°0— 0500 670°0— TNV 090°0 cero 62C'0— ¥01°0 0¢0°0 9%0°0 100 ad wn2021dsg
69C°0— L60°0— v1'0— 010 cero 191°0— Ay 960°0— LY0°0 920°0— cL00 ass
498\ 0L0°0 120°0 c¢I1'o 1€1°0- £€80°0— ILT°0 0200 811°0— L0C'0— 1€0°0- ad vipojdiq
702 0— 1220 610 2920 Iv1°0 8V1'0— 6£C°0— 219V 0s1°0 G900 0%0°0 ass
8S0°0— 81T°0 €200 €61°0 660°0 820°0 00— 6C1°0— I70°0- €81°0— 0¢0°0 ad 4
€CC0—- 9¢1'0 690°0 ¥L0°0 ¥80°0 81C°0— 01C°0— 9210 ¥0¢0 €810 ¢80°0 ass
€¢T0- 081°0— ST 0- 9L0°0 LeT0 €e1'0—- $90°0— cIro- €80°0 160°0— 061°0 ad DUIILL
c61°0— vce0- s 0- 12 ¥A] $Gc0°0 9¢0°0— ¥01°0— 120°0 960°0 ¢c0°0 ¥s0'0— dss
498y 670°0 780°0— 980°0 cIro- €00°0— Lv1°0 980°0 600°0— Ye1I0- ¢s0°0— ad vIvIdow)
9%0°0— csI0 8110 0LT°0 9L0°0 600°0— 680°0— ¥90°0 860°0— GCI'0—- 690°0— dsSS
050°0 810°0 700°0— 900°0— €L00— 98¢0 $90°0 SG0°0— 961°0— 98¢°0— 9¢C0- ad DA2ISYI24(]
ov1'0— €£50°0— 7€0°0— 9620 2800 9¢0°0 9100 ¥€0°0— 1€0°0— 0s1°0— ¢Iro—- ass
9L0°0 8GT°0 290°0 9LT'0 8I11°0— 8210 o 6c0'0 810°0— $60°0— 8¢00— ad wnydyduag
0500 ¢80°0— cL0’0—- vsc0—- 6v1'0— LST0 65C°0— Iv1°0 S90°0— 120°0 881'0— dASS
9¢0°0— 801°0— €0C0—- cse0—- 0cr'o—- 8LC0 L20°0— vse0— [4AN €S0 9LT1°0— ad adlumiq
0€0°0 891°0 001°0 800°0— 980°0 010 £80°0— 1¢1°0 CcLT0 A 990°0— dss
880°0— £€60°0— 81¢°0— 080°0 cIco 91¢°0 L00°0— €80°0— ¥L0°0 620°0 ¥20°0— ad Da0dsouoso
(syaua) (syu) (syu) (Fequ) (y) smoy (%) () (o)) Qo) Qo) Qo)
Arsongau  paads pumm  paads puim dinssaxd urysuns Arpruny suoneldoaid srmerodwal dmierodwd drmierodwal drmierodwal
‘XeW A[iep J8eIaAE ouydsoune SAIB[3X Jo sannuenb wnwirun WNWIXew J8eIoAE [tos
Arep J8e1oAR AJIEp Arep ueawx Q0BJINS-IBdU

(D uIdMnER]) 1891 Uone[aLIod urwiIeadg oy Suisn Aq sid1owered [8o180[0I0919W Y1 PUB SUONBIUIIUO0D 210ds [eSUN] JOUIU PUB JO(BW Y1 UIIMIIQ UONEB[ILIOD JO SIUIIOYJI0D) ‘A J[qe],



432 N. Ianovici

relative humidity on the day before sampling). Also,
in many other studies, no significant associations
were found between meteorological conditions and
the total fungal spore concentrations. This finding
could partly help to explain the lack of association in
the reporting of health effects and total fungal spore
concentrations observed (Osborne et al. 2006).

It is possible that other non-measured parameters
may have some influence on spore release. Fungi
react simultaneously to a combination of climate
factors (Grinn-Gofron & Bosiacka 2012). Fungal
spores and asexual conidia are adapted to resist in
the stressful conditions characteristic of the summer,
with absence of rain, high temperatures and strong
sunlight (Seong et al. 2008; Elvira-Rendueles et al.
2013). The exceedance of the higher temperature
limit for growth may kill some fungi, whereas tem-
peratures below the lower growth limit are less lethal.
Fungi are living organisms that multiply rapidly
under favourable conditions and may colonise
organic material when water is available in sufficient
quantity (Eduard 2009). Lyon et al. (1984) sug-
gested that adequate moisture is probably the most
important factor in spore production. Some authors
(Ebner et al. 1989; Hawke & Meadows 1989) have
stated that the significance of the correlation with
humidity depends on the type of spores.

The classification in ‘dry’ and ‘wet’ types of spores
is based on the predominant meteorological condi-
tions that are required for production, release and
dispersal of fungal spores. These terms have not
been used to characterise the pattern of spores in
this study. For example, the correlations seem to
indicate that Cladosporium spores favoured ‘wet’ con-
ditions the previous day. Increased levels in the air of
Cladosporium spores after light rain have previously
been reported (Sadys$ et al. 2015). In July 2008, the
rains were few and relative humidity was low com-
pared with the previous month. On the other hand,
the largest contribution to the total variation of Cla-
dosporium spore concentrations in the same sampling
day was daily mean temperature and maximum tem-
perature. The  Fusarium/Leptosphaeria-type  is
described as ‘wet’ (Dawidziuk et al. 2012). Differ-
ences in the results from the other studies are caused
by differences in the various methodologies applied,
such as the differences in sampler type, sampling
height, statistical analysis and also by duration of
the season included in the analysis (Khattab & Leve-
tin 2008; Ianovici et al. 2013a).

The growth, sporulation and dispersal of airborne
spores are evidently highly sensitive to changes in the
weather (Rodriguez-Rajo et al. 2005). The distribution
of fungal spores in the atmosphere has a varying nature
and is determined by a combination of many environ-
mental and biological factors. My study illustrated the

difficulty in interpretations relating the associations
between meteorological variables and airborne spore
concentrations. Short sampling durations only provide
a snapshot of airborne mycoflora. Obviously, it is
necessary to investigate multiannual dynamics of
spore concentrations that can conclusively illustrate
the relationship with meteorological parameters. It is
documented that the season of occurrence of airborne
mycoflora is related to the phenology of vegetation
(Awad 2005). The area around Timisoara is an agri-
cultural region with large-scale plantings of crops. It is
also known that in this area the use of agricultural
practices and the land management has changed,
which constitute the habitat of the fungi (Ianovici
2011; Ianovici et al. 2013b).

My present study has an important contribution
for determination of levels and types of atmospheric
fungal spores in Romania. Comparison of my
research results with those presented in the literature
shows that the atmospheric fungal spores frequently
present in Timisoara are cosmopolitan, spread in
different climatic zones. Most of these atmospheric
fungal spores are a potential danger to public health.
Monitoring of these aeroallergens may be useful for
patients, clinicians and the general public in the
Romania. Based on my results, clinicians should
consider the atmospheric fungal spores described
herein as a possible cause of allergic symptoms dur-
ing periods of warm summer weather. The threshold
concentrations of aeroallergens, for the induction of
clinical symptoms, are practically unknown in our
country. It is recommended that the testing of aller-
gic patients to include these types of fungal spores.

Conclusions

The value of this study is to help in the identification
of the various components of the outdoor environ-
ment. My study revealed the existence of a rich air-
borne mycoflora of Timisoara. Cladosporium is the
leading allergenic fungi observed in the climate and
is an important source of aeroallergens. The meteor-
ological parameters who affecting the concentration
of spores in the atmosphere were not defined pre-
cisely, but I described two opposite patterns of beha-
viour in the summer period.
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