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Abstract

The aim of this work was to detect the presence of Basidiomycetes spores (basidiospores, teliospores, uredospores and
aeciospores) in Mérida (SW Spain) and assess the influence of weather parameters. Air was sampled continuously with a
volumetric seven-day Burkard spore trap for two years. Fungi spores were identified and counted at x1,000 microscope
resolution. Daily and weekly meteorological data and airborne spore concentration were analysed. Twenty-three spores
types were identified, including basidiospores (Amanita, Agrocybe, Cortinarius, Coprinus -2 types-, Boletus, Bovista, Calvatia,
Entoloma, Ganoderma, Inocybe, Russula, Scleroderma, Telephora), teliospores (Phragmidium, Tilletia, Ustillago -4 types-),
uredospores, and aeciospores (2 types), all of these types of spores included different taxa. Average concentration was of
616 spores/m3, with maximum concentration in autumn (October), and a second concentration in spring (May-June); however,
some spore types were more frequent in summer (Bovista, Ganoderma) or even in winter (Entoloma, Calvatia). The Amanita
type was the most frequent (white-hyaline basidiospores); the second were teliospores of Ustilago, the third spore type
was basidiospores of Coprinus (blackish basidiospores) and Agrocybe type (smoothed light to dark coloured basidiospores).
Basidiospore concentration was positively correlated with temperature and negatively with relative humidity in most cases,
and Ustilago teliospores concentration was positively correlated with wind speed. Differences in monthly rain were probably
the origin between years. Airborne spores of Basidiomycetes may be separated into more than 20 types, and their seasonal
concentration depended on meteorology as well as whether they were saprotrophic or parasitic.
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INTRODUCTION
Basidiomycetes are true fungi, mainly saprophytic and
mycorrhizic, but also phytopathogenic. All of them produce
abundant meiospores or basidiospores that are chiefly
airborne and widespread; however, smut, rust, and other
plant pathogens produce teliospores, and often uredospores
and aeciospores, all of them also mainly airborne and
widespread. About 30,000 species have been described [1], but
the number of different spores possible to identify through
aerobiological studies hardly reach 20, in spite of the fact that
they show a high grate of diversity in morphology. Spores
from Basidiomycetes are important from the point of view
of allergy and phytopathology.
Although previously suggested in the 1950s [2], allergy
to basidiospores was first demonstrated in the 1960s [3, 4],
indicating that certain types of basidiospores are antigenic
in humans These general studies were followed by others
that were similar [4, 5, 6, 7, 8, 9, 10, 11, 12] and showed that
to some extent the overall extent of mushroom allergy was
not clearly known, that the prevalence of respiratory allergy
to fungi was imprecisely known, but could be estimated in
up to 30% of atopic individuals[13], children being one of the
main groups affected [14]. Notwithstanding, Basidiomycetes
spores have a great role in fungi allergy [15, 16, 17], and their
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allergens are release from intact basidiospores [18]. Although
basidiospores are a major component of the air spore in
many parts of the world, their clinical significance as triggers
of respiratory allergy has not often been demonstrated.
Moreover, the prevalence of fungal sensitization is not
known, mainly due to the lack of standardized fungal extracts
and to the overwhelming number of fungal species able to
elicit IgE-mediated reactions [19]. Furthermore, in tropical
environments, sensitization to airborne Basidiomycetes
seems to be more prevalent than sensitization to conidia in
subjects with active allergies [20].
More recently specific allergy or sensitization has been
demonstrated or documented in different genera and species
of Basidiomycetes: Agrocybe [15], Boletus [21], Cantharellus
cibarius [22], Coprinus [21], Coprinus comatus [23], Coprinus
quadrifidus [24, 25], Fomes pectinatus [26], Fomes fomentarius
[26], Ganoderma [27, 28], Ganoderma lucidum [29], Pleurotus
eryngii [11], Pleurotus ostreatus [25, 30], Pleurotus pulmonalis
[16], Psilocybe cubensis [25], Pisolithus tinctorius [25],
Scleroderma [22], Ustilago esculenta [31], and smuts and
rusts in general [32, 33].
From the phytopathological point of view, smuts (mainly
Ustilago sp.) and rusts (mainly Puccinia sp.) are the
Basidiomycetes that cause great loss in agricultural yields,
chiefly cereal crops. Some aerobiological studies have aimed
to assess some of the environmental factors influencing
spore dispersal and infection: Ustilago nuda in barley [34],
Puccinia graminis in wheat [35], Ustilago avenae in oat [36],
Ustilago scitaminea in sugarcane [37], Puccinia arachidis
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in groundnut [38], and Uromyces psoraleae, Puccinia
andropogonis, Phragmidium speciosum in various crops [39].
Their importance has been gerally summarized [40].
Airborne basidiospores have been aerobiologically studied
in common aerobiological work sampling for general
spore fungi presence in the atmosphere. More specifically,
airborne basidiospores or spores from Basidiomycetes have
been treated in various papers. The foremost studies were
developed in 1956 in Kansas, USA, with one of the first
volumetric air samplers designed [41, 42]. The presence of
Ustilago spores was studied in four European cities during
1978–1980 [43]. In Tusla, USA, a concise work, started in 1987,
dealt with a total of 18 basidiospore types [44, 45]. In México
City, 7 types of airborne basidiospores were determined [46].
Airborne smuts teliospores were previously studied [47], and
although many species were described, all aerobiological data
provided in this work were included in a single teliospore
type. Ganoderma airborne basidiospores were specifically
studied again in Tusla (Tulsa, Oklahoma, USA) [48]. In
Spain, the atmosphere of Badajoz was studied for two years
– 1994 – 1995 [49], more specifically, the presence of 3 types
of Ustilago spores [50]. Also in Seville, Spain, the airborne
basidiospores were studied [51]. In the same way, a similar
study was conducted in Saudi Arabia [52], and in Cracow,
Poland, the diurnal periodicity of Ganoderma basidiospores
was analysed [53].
The aim of the presented study is to show the results of
airborne basidiospores from two years research in SW of
Spain, and evaluate the possible influence of meteorological
parameters in their temporal variation, highlighting its
medical or phytopathological relevance.
MATERIAL AND METHODS
The study site was the town of Mérida, Badajoz province (SW
Spain, 06° 23’ W, 38° 5’ N). The atmosphere was monitored for 2
years (January 1997 – December 1998) using a Hirst [54] spore
trap (Burkard seven-day sampler) located 15 m above ground
level on the terrace roof of the town’s Clinic Hospital. White
petrolatum was used as adhesive. Two longitudinal scans at
x1,000 magnification were analysed for each microscope slide,
both of them in the centre of the slide with a 1-mm separation
to minimize errors [55]. Spore records allow hourly data of
airborne spore concentration for the whole period of study.
Meteorological data were provided by the Regional
Meteorological Centre located 1.7 km away. The following
daily parameters were analysed: temperature, rain, relative
humidity, wind speed, and wind direction. The Spearman
correlation coefficient was applied to search for possible
relationships between daily spore concentration and
meteorological parameters, since daily and weekly data were
neither normally nor log-normally distributed. To reduce
random effects, only significance levels below 0.01 were
taken into account. The log-transformed monthly data were
normally distributed, thus allowing the use of a t-test to
compare the 2 years. Statistical analyses were performed
using the SPSS 15.0 programme package.
Identification of spores from Basidiomycetes (basidiospores,
teliospores, uredospores and aeciospores) was performed
using some general references [56, 57] and specific works
[58, 59]. Nevertheless, most of them were identified from
reference slides from local specimens [60]. Furthermore,

as they showed a great difficulty in identifying at species or
genus level, the term ‘type’ is used to include different taxa
associated with a taxonomic name.
RESULTS
A total of 142,126 spores from Basidiomycetes were counted
in the period studied. They were separated in 23 spore types,
apart from the rest of basidiospores not identified (1.2%).
These types included 14 types of basidiospores, 6 types of
teliospores, 1 type of uredospores and 2 types of aeciospores.
Table 1 briefly describes the types and a first approach of the
main genera that are included in these types, in accordance
with the literature mentioned.
The average concentration for these spores during the
2 years studied was 616 spores/m3, this represented about
20% of the total fungal propagules detected. The highest daily
values was 6,788 spores/m3, reached on 22 November 1997.
The most frequently occurring spore type was Amanita, with
an average concentration of 200 spores/m3, the second most
frequent – teliospores of Ustilago, with 167 spores/m3 with
3 types altogether (Fig. 1). Autumn was the season with the
highest concentrations, mainly in October, and in spring there
was another maximum, between May – June. March was the
month with lowest concentrations (Fig. 2). The general pattern
with maximum values in autumn and spring was followed
mainly by the basidiospore types: Amanita, Agrocybe, Boletus,
Coprinus comatus, Coprinus micaceus, Cortinarius, Inocybe,
Russula and Thelephora (Tab. 2). On the other hand, Calvatia,
Entoloma, Scleroderma, Tilletia, and Ustilago B types showed
maximum concentrations at the end of autumn and beginning
of winter. Bovista, Ganoderma, Ustilago cynodontis, Puccinia
types, and both aeciospores types, showed maximum values
in summer. Finally, the Ustilago avenae type showed a
spring pattern and the Ustilago maydis type in autumn. The
representation of Phragmidium type was so low that it proved
impossible to discern any pattern.
Table 3 shows the results from correlation analysis between
spore concentrations and meteorological parameters. It
seems than temperature and relative humidity are the main
meteorological factors that affect spore concentrations;
nevertheless, seasonal patterns should also be taken into
account. Positive correlation with temperature appeared
in types with aestival higher concentrations, as in both
aeciospores types, Bovista, Ganoderma, Ustilago cynodontis
and Puccinia types, except for Agrocybe, Scleroderma and
Ustilago maydis types. Fig. 3A shows this relationship in the
Ganoderma type. On the other hand, a negative correlation
with temperature appeared in the Amanita, Cortinarius,
Entoloma, Russula, and Telephora types, all of them including
typical autumnal mushrooms, which was probably mainly
affected by the relative humidity factor, always with an
opposite relationship with temperature. Fig. 3B shows this
relationship in the Cortinarius type.
Wind is a meteorological factor not easy to interpret; wind
speed appeared to be correlated only in the 4 types of the
Ustilago type described, positively correlated in the Ustilago
avenae and U. cynodontis types, and negatively correlated
in the Ustilago maydis and Ustilago B types (Fig. 3C). Wind
direction did not show any general pattern of influence, and
seemed to affect mainly the Cortinarius, Ustilago avenae and
U. cynodontis types (Fig. 3D). Results comparing both years
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Table 1. Spore types defined from Basidiomycetes, including a first approach of genera may be included
Name of type Type of spores

Description

Main taxa included

Aeciospores A Aeciospores

Elliptical to sub-spherical, 16–22 mm, orange to yellowish, echinulate very thick wall, 3–6 wide
pores or inconspicuous pores.

Puccinia

Aeciospores B

Aeciospores

Elliptical to pyriform, 18–26 mm, pinkish to greyish, echinate thick wall, apparently with
minute pores.

Puccinia

Agrocybe

Basidiospores

Elliptical, 8–16 mm, light to dark coloured, thick wall, prominent germ pore.

Agaricus, Agrocybe, Coltricia,
Hygrocybe, Hypholoma, Lentinus,
Paxilus, Pholiota, Pleurotus, Psilocybe,
Volvariella

Amanita

Basidiospores

Ovoid, rectangular to elliptical, 10–16 mm, hyaline to grey, often guttulated, inconspicuous
germ pore.

Amanita, Auricularia, Cantharellus,
Clitocybe,Collybia, Cratarellus,
Hygrophorus, Lepiota, Lepista,
Marasmius, Melanoleuca, Mycena,
Omphalotus, Tremella, Tricholoma

Boletus

Basidiospores

Fusiform to oblong, 12–20 mm, grey to light coloured, often guttulated, light wall, small or
inconspicuous germ pore.

Boletus, Chroogomphus, Gomphidius,
Leccinum, Suillus, Xerocomus

Bovista

Basidiospores

Sub-spherical, 4–6 mm, yellow-brown, thick wall, prominent germ pore generally with a
peduncle- hilar appendage – up to 10 mm length.

Bovista

Calvatia

Basidiospores

Spherical, 4–6 mm, grey to olivaceus, verrucated or warted thick wall, inconspicuous germ
pore.

Calvatia, Lycoperdon, Geastrum,
Tulostoma, Vascellum

Coprinus
comatus

Basidiospores

Elliptical, 12–20 mm, dark grey to blackish, thick wall, prominent and broad germ pore up to
2 mm in diameter.

Coprinus sp.

Coprinus
micaceus

Basidiospores

Ovoid to triangular, mitriform, with conspicuous distal peak, 8–10 mm, dark reddish to
blackish, thick wall, prominent germ pore

Coprinus micaceus, Coprinus angulatus

Cortinarius

Basidiospores

Elliptical to fusiform, asymmetric, 12–16 mm, light brown coloured, verrucated or warted thick
wall, conspicuous germ pore.

Alnicola, Corntinarius, Hebeloma,
Gymnopilus

Entoloma

Basidiospores

Elliptical to spherical, angular o polyhydric, with prominent angles, 8–12 mm, greyish, light
wall, inconspicuous germ pore.

Entoloma

Ganoderma

Basidiospores

Elliptical, 8–10 mm, golden brown, verrucated thick wall, prominent germ pore with truncate
apex or neck

Ganoderma

Inocybe

Basidiospores

Elliptical to ovoide, nodulose, 8–10 mm, wall with blunt projections, inconspicuous germ pore. Inocybe

Phragmidium

Teliospores

Oblong, 3–4 celled, stalked, 20–35 mm, blackish, very thick wall, hyaline clavate stalk.

Phragmidium

Scleroderma

Basidiospores

Spherical, 8–12 mm, brownish to yellowish, verrucated to equinated thick wall, inconspicuous
germ pore.

Astraeus, Battarrea, Scleroderma,
Pisolithus

Puccinia

Uredospores

Spherical, 18–26 mm, brownish to reddish, granulate very thick wall, with 4–8 wide pores.

Puccinia

Russula

Basidiospores

Ovoid to elliptical, 7–10 mm, hyaline to pinkish, reticulated to verrucated light wall,
inconspicuous germ pore.

Russula, Lactarius

Thelephora

Basidiospores

Spherical to ovoid, nodulose, 6–10 mm, greyish to brownish, echinulated light wall,
inconspicuous germ pore.

Hydnellum, Sarcodon, Thelephora

Tilletia

Teliospores

Elliptical to spherical, 10–16 mm, greyish to pinkish, reticulated thick wall, with wide lumen,
inconspicuous term pore.

Tilletia

Ustilago
avenae

Teliospores

Spherical to elliptical, 6–8 mm, verrucated thick wall, with a lighter zone, inconspicuous germ
pore.

Ustilago avenae

Ustilago
cynodontis

Teliospores

Spherical to sub-elliptical, 6–8 mm, greyish to brownish, smooth thick wall, inconspicuous
germ pore.

Ustilago cynodontis

Ustilago
maydis

Teliospores

Spherical to sub-elliptical, 10–14 mm, brownish, verrucated thick wall, inconspicuous germ
pore.

Ustilago maydis

Ustilago B

Teliospores

Spherical, 14–18 mm, brownish to reddish, verrucated thick wall, inconspicuous germ pore.

Tilletia, Ustilago

showed no statistical difference for total spores (t=1.413,
p=0.172), nor for any of the spores types, except for Bovista
type (t=2.531, p=0.019).
DISCUSION
Rarely airborne sexual spores from Basidiomycetes are the
most abundant fungal propagule, probably due to tropical
conditions [61], because the first place is often occupied by
conidia. The importance of spores of Basidiomycetes in the
air is variable: 11–17% in Saudi Arabia [52], 16% in Tulsa,

USA [62], 20.7% in Kerala, India [63], 30% in Sevilla, Spain
[51], and 32% in Mexico DF, Mexico [46]. The representation
found in the presented study (20%) occupies an intermediate
position between the works cited.
The number of different spores types identified from
Basidiomycetes in aerobiological studies varied, sometimes
there was only a differentiation between basidiospores
and spores from smuts [61]; in other cases, more types are
described, 3 [52, 63], 7 [46], 11 [64], 15 [65], and 18 [44, 45,
51]. Some of the types identified are clearly defined and
appear throughout the literature: Agrocybe, Boletus, Bovista,
Calvatia, Cortinarius, Entoloma, Ganoderma, Inocybe,
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Figure 1. Annual average concentration of spores per cubic metre.

Figure 2. Monthly average spore concentration in spores per cubic meters for
the 2 years studied.
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Figure 3. Weekly spore concentration and weather parameters in two years for
some of the spore types studied.
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Table 2. Average monthly concentration in spores per cubic metre.
* p<0.05, ** p<0.01
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1

0

1
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0

0
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9
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2

0

0

0

1

0

0
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0

3

4
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0
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0
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0
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1

7

4

5

8
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4
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0

0

1

4

6
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6

4

2

0
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4

0

0

1

4

0

0

0

3
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22 18

0

2

5

0

0
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2

1

1

11

36

20
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0

0

0

0

0

0

1

2

1

0
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5
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39
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11

9

2

7
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6

5 11
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5

6
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2

5

84 521

49
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0

0

0
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9

6

2

3

4

5

11

11
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7
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Puccinia (uredospores, aeciospores) Russula, Scleroderma,
Thelephora, Tilletia (teliospores), Ustilago (teliospores).
Nevertheless, one especially difficult group is the hyaline
or colourless basidiospores that although recognized in some
works, they were not counted [45]. In the presented study,
they have been ascribed under Amanita which includes a
wide range of related taxa, and are probably the Clitocybe type
described previously [45]; also from the work of that author
it is difficult to separate the types Paenolina, Stropharia,
Agaricus, Chlorophyllum, and Conocybe, which have been
included in the Agrocybe type. Other inclusions from that
work are Panaeolina in Cortinarius type, and Psatirella in
Coprinus type. In all cases, the authors of the presented study
consider that there are insufficient differences to separate
them; furthermore, from another work [51], the authors
matched the Bankeraceae type to the Scleroderma type,and
the Rhodophyllus type to the Entoloma type, and both the
Phylacteria and Tomentella types to the Thelephora type.
The authors consider the addition of more names to be
unnecessary.
There is great consensus that spores from Basidiomycetes,
at least basidiospores, reach the maximum in autumn, often
with a second peak in spring or early summer, as was found
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Table 3. Correlation coefficients between spore concentration and weather parameters. * p<0.05; ** p<0.01.
T max

T min

T mean

Wind Sp

Calms

Quad 1

Quad 2

Quad 3

Quad 4

Rel Humid

Aeciospores A

–0.205*

Rain

0.712**

0.656**

0.710**

0.208*

–0.378**

–0.287**

–0.397**

0.351**

0.436**

–0.657**

Aeciospores B

–0.113

0.388**

0.331**

0.377**

–0.063

–0.018

–0.113

–0.089

0.178

–0.007

Agrocybe

–0.185

0.309**

0.371**

0.338**

–0.125

0.057

–0.009

–0.158

0.113

0.119

Amanita

0.435**

–0.300**

0.057

–0.023

–0.023

0.088

0.079

–0.135

0.030

0.046

–0.072

0.105

0.037

–0.034

–0.026

0.130

–0.005

0.297**

–0.072

–0.005

–0.192

–0.126

0.138

0.261**

–0.141

0.095

0.138

–0.061

–0.056

0.284**

–0.034

0.388**

Bovista

–0.056

Calvatia

0.034

–0.203*

–0.147

–0.196

–0.225*

Coprinus comatus

0.211*

–0.153

–0.008

–0.078

0.019

–0.017

0.036

0.031

0.034

Coprinus micaceus

0.040

0.148

0.190

0.064

–0.093

–0.078

–0.210*

0.119

Cortinarius

0.145

–0.583**

–0.550**

–0.585**

–0.234*

0.162

–0.376**

–0.273**

–0.337**

–0.121

0.170

0.776**

0.757**

0.783**

–0.043

–0.082

Entoloma
Ganoderma

–0.406**

0.531**

–0.217*

–0.156

0.297**

–0.120

–0.111

Boletus

0.057

–0.448**

0.300**

0.223*

0.218*

0.353**

0.480**
0.274**
–0.244*

0.248*

0.061

0.525**

–0.453**

–0.462**

0.265**

–0.182

–0.318**

0.369**

0.410**

–0.626**

–0.455**

0.320**

0.612**

Inocybe

0.106

–0.119

–0.129

–0.119

0.016

0.087

0.141

0.042

–0.106

0.086

0.072

Phragmidium

0.146

–0.021

0.033

0.016

0.138

–0.169

–0.124

–0.089

0.134

0.057

0.078

Scleroderma

–0.064

0.304**

0.330**

0.308**

–0.068

–0.039

–0.252*

–0.235*

0.267**

0.219*

–0.090

Puccinia

–0.092

0.517**

0.619**

0.581**

0.125

–0.216*

–0.148

–0.355**

0.241*

0.293**

–0.324**

Russula

0.143

–0.488**

–0.385**

–0.457**

–0.004

0.040

0.276**

0.250*

–0.214*

–0.195

0.516**

Thelephora

0.210*

–0.371**

–0.243*

–0.312**

–0.013

0.061

0.277**

0.238*

–0.168

–0.231*

0.458**

Tilletia
Ustilago avene

–0.125
0.028

0.059

0.003

0.032

0.477**

0.456**

0.484**

0.630**

0.573**

0.617**

–0.063

–0.118

–0.053

0.073

0.011

–0.046

0.399**

–0.423**

0.126

–0.353**

–0.456**

0.411**

0.474**

–0.473**

–0.380**

–0.493**

0.499**

–0.610**

Ustilago cynodontis

–0.174

0.281**

–0.415**

Ustilago maydis

–0.137

–0.103

–0.145

–0.141

–0.428**

0.450**

0.172

Ustilago B

–0.182

0.194

0.174

0.174

–0.318**

0.259**

–0.066

Other basidiospores

–0.044

0.055

0.079

0.063

–0.004

0.182

in the presented study work. Thus, the months with highest
concentration in the works studied were June and September
[45], September [66], between July-September, a and a second
peak in April [61], November [49, 51], or mainly in the wet
season [46].
The average concentration ranges in spores per cubic metre
found in the papers consulted were between 388 [62], 1,222–
1,307 [66], and 3,433 [61]. Comparatively, the results of the
presented study did not reach very high values (616 spores/m3).
The highest concentration in the papers consulted for
airborne basidiospores reached more than 10,000 spores/m3
[61]; nevertheless, highest value found in the presented study
(6,788 spores/m3) was higher than that found in other works:
2,000 spores/m3 [46], 3,600 spores/m3 [45], 4,746 spores/m3
[51], 4,852 spores/m3 [49], and 6,000 spores/m3 [52].
The type most frequently recorded in the literature was
Coprinus [46,47,52] and Ganoderma [64], the second Agaricus
[45, 64] and Ustilago [51]. Although the Amanita type was
to be the first, it is possible that this spore type, due to their
difficulty in identification, could be underestimated in the
papers consulted.
It is widely accepted that concentrations of spores of
Basidiomycetes are directly relate to rain [46, 61, 67] or
humidity [46, 49]. However, dew point results are not always
the same [66, 67]; it seems therefore that the availability of
water is necessary to develop not only the mycelium but the
fructification and spore release.
In the presented study, annual rain was lower than the mean
value for this station (509.8 mm) in both years studied (279.5
and 272.9 mm respectively); nevertheless, the rain in May was
higher than normal values in both years, and September was

–0.167

0.222*

0.421**
–0.247*

–0.200*

–0.007

0.079

–0.089

–0.213*

–0.019

0.357**

0.201*
–0.045
0.032

also higher in the second year. No relationship was found
between total spores of Basidiomycetes and rain or relative
humidity, but in 2 cases this relationship did appear with rain
(Amanita and Ganoderma types), and in 8 cases with relative
humidity (Amanita, Cortinarius, Coprinus comatus, Calvatia,
Entoloma, Ganoderma, Russula, Thelephora types). Many of
these types showed a second peak in spring, probably due to
the rains in May of both years studied.
Coprinus type was considered to be the most important
spore type in some papers [45, 46, 51], detected mainly from
the end of August until December: up to 2,387 spores/m3
in Seville [51] from June – October [46]. In the presented
study, two types of Coprinus spores were separated, and
altogether represented the third place, after Amanita and
Ustilago types, with a peak of concentration of 1,584 spore/m3
in October. Only in the Coprinus comatus type a relationship
with relative humidity was found [41, 42].
The Ganoderma type has been one of the airborne
basidiospores most widely studied, perhaps because the allergy
it causes. Maximum concentration has been recorded in
summer: July – September (Singh et al., 1995), June – October
[48], and August [68]. The highest concentrations were 336
spores/m3 [68] and 90 spores/m3 [61]. Their concentration were
correlated positively with temperature [48] and precipitation
[48, 53], and relative humidity [53]. The presented results
agree partially with these papers. Maximum concentration
found was 88 spores/m3 and appeared at the end of summer,
but correlation with rain was negative. It can be supposed
that temperature is the main factor and rain and humidity
depend on the climate, as in Mediterranean countries rain
and relative humidity increase mainly in winter.
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Airborne smut spores (Ustilago types) has been widely
studied mainly because of their phytopathogenic character but
also for their allergy relevance. In Europe the concentration
has ranged from 29 to 113 spores/m3, with maximum
concentration between May and July, and mainly in June
[43]. In some cases it has been the spore from Basidiomycetes
more important, representing up to 1/3 of total basidiospores
and with maximum peak of 4000 spores/m3 [52], but in most
cases their maximum concentration is lower: 259 spores/m3
[62], 379–454 spores/m3 [66]. They have appeared in the
atmosphere in October-November and January [46], March
and October [32]. Some studies have found correlation with
meteorology, finding that shedding of spores was generally
encouraged by dry and reduced by wet weather, and was
affected by the intensity and duration of rainfall [37]. It has
been showed that the prevailing wind velocity, especially
its gustiness, influences the rate of smut dissemination
[34]. Moreover, it has been pointed out that the increase in
wind velocity accompanying rain was an important factor
in dispersal [36]. Correlation with temperature has also
been found [66]. An abundant collection of smut spores
images have been showed but they were counted altogether
in their aerobiological study as only one type [47]. We have
differentiated four smut spore types and altogether they
represent the second place in importance. They appear in
different seasons, Ustilago avenae type in spring, Ustilago
cynodontis type in summer, Ustilago maydis type in autumn,
and the fourth type, Ustilago B type, that possibly being
teliospores of Tilletia, because some of them do not have a
reticulate pattern in the wall [69]. The behaviour of airborne
smut spores is close related with the biology of the plant
parasited, so it depends mainly on the host phenology. It
seems that temperature increase concentration and humidity
decrease it, at least for the most abundant smut spore types.
Airborne rust spores (Puccinia type) are not frequently
included in aerobiologic studies. These are big spores easy
to identify by their size, thick wall and colour, being brown
uredospores (uredinospores) and aeciospores generally being
orange, yellow or pink. Their relationship with meteorology
has been studied mainly from the phytopathological point
of view. It was found that airborne uredospores showed
maximum concentration when temperatures were 29–31 °C
and relative humidity 75–85%, and that their numbers
decreased with increasing height above ground level, with
a sharp reduction above 2 m [38]. It has been pointed out
that aeciospores are expelled with a discharge mechanism
depending directly on humidity [39, 41, 42]. Wind also was
taken into account, indicating that increased spore production
was associated with increased wind speed [35]. Inthe presented
study, uredospores and aeciospores were found mainly in
summer, whereas other authors have recorded this type also
in autumn [32, 46], and with a positive relationship with
temperature and negative relationship with relative humidity.
CONCLUSIONS
Airborne spores from Basidiomycetes normally occupy
the second place after conidia with respect to total fungal
propagules in the air, only in a particular ambient, as in the
tropics, they could be the most abundant. In the presented
study, Hyaline basidiospores (Amanita type) were the most
abundant basidiospore type, but in the literature this type is

rarely considered, and supposedly could be underestimated
because the difficulty in their identification. Elliptical
basidiospores, light to dark coloured, with smooth wall and
clear germ pore show a great variability in size and colour,
all of them have been included in only one type (Agrocybe
type). Nevertheless, it is the belief of the authors that it would
be necessary to standardize names and type description to
compare appropriately aerobiological results. It seems clear
that in western countries autumn is the season with the
highest concentration of basidiospores; however, spring also
offers a second peak for basidiospores, probably depending on
rain distribution. On average, throughout the whole period
of study, more than 600 spores/m3 were recorded, but with
a daily peak 10 times higher. Water supply seems to be a
major factor for the development and shedding of spores
from Basidiomycetes in the air, but relative humidity is the
most important meteorological factor.
The most important 3 spore types from Basidiomycetes,
in the following order: the Amanita, Ustilago and Coprinus.
Ganoderma types, did not show correlation with rain
or relative humidity as shown in other studies, but did
correlate with temperature, It may therefore be supposed
that the correlation with rains depends mainly on seasonal
distribution of precipitation, which differs in each country.
In the presented study, three types of Ustilago spores were
clearly separated, with 3 different seasonal patterns: in spring
– U. avenae type, summer – U. cynodontis type, and autumn
– U. maydis type), and their seasonal behaviour may depend
mainly on host phenology, rather than meteorological
parameters. Uredospores and aeciospores appeared mainly
in summer and showed relationships with temperature and
relative humidity, positive and negative, respectively.
Acknowledgements
This work study was made possible by research projects
EIB94-12, PRI00A032, and PRI06A190, financed by the
Regional Government, Junta de Extremadura (Spain).
REFERENCES
1. Kirk PM, Cannon PF, David JC, Stalpers J. Ainsworth and Bisby’s
Dictionary of the Fungi. 9th ed. CAB International, Wallingford,
UK., 2001.
2. Gregory PH, Hirst JM. Possible role of basidiospores as airborne
allergens. Nature. 1952; 170: 414.
3. Herxheimer H, Frankfurt MD, Hyde HA, Cantab F, Williams, DA,
Wales MSC. Allergic asthma caused by fungal spores. The Lancet.
1966; 287(7437): 572–573.
4. Herxheimer H, Hyde HA, Williams DA. Allergic asthma caused by
basidiospores. The Lancet. 1969; 294(7612): 131–133. doi:10.1016/S01406736(69)92441-6.
5. Butcher BT, O’Neil CE, Reed MA, Altman LC, López M, Lehrer SB.
Basidiomycete allergy: measurement of spore-specific IgE antibodies.
J Allergy Clin Immunol. 1987; 80(6): 803–809.
6. Giannini EH, Northey WT, Leather CR. The allergenic significance of
certain fungi rarely reported as allergens. Ann Allergy. 1975; 35: 372.
7. Horner WE, O‘neil CE, Lehrer SB. Basidiospore Aeroallergens. Clin
Rev Allergy. 1992; 10: 191–211.
8. Koivikko A, Savolainen J. Mushroom allergy. Allergy. 1988; 43(1): 1–10.
9. Lehrer S, Horner E. Allergic reactions to basidiospores: identification
of allergens. Aerobiologia. 1990; 6: 181–186.
10. López M, Salvaggio J, Butchner BT. Allergenicity and immunogenicity
of basidiomycetes. J Allergy Clin Immunol. 1976; 57(5): 480–488.
doi:10.1016/0091-6749(76)90064-6.
11. Saikai T, Tanaka H, Fuji M, Sugawara H, Takeya I, Tsunematsu K et al.
Hypersensitivity pneumonitis induced by the spore of Pleurotus eryngii.
Internat Med. 2002; 41(7): 571–573.

663

Annals of Agricultural and Environmental Medicine 2013, Vol 20, No 4
Fernando Hernández Trejo, Adolfo F. Muñoz Rodríguez, Rafael Tormo Molina, Inmaculada Silva Palacios. Airborne spores of Basidiomycetes in Mérida (SW Spain)

12. Santilli J, Rockwell WJ, Collins RP. The significance of the spores of
the basidiomycetes (mushrooms and their allies) in bronchial asthma
and allergic rhinitis. Ann Allergy. 1985; 55: 469–471.
13. Horner WE, Helbling A, Salvaggio JE, Lehrer SB. Fungal allergens.
Clin Microbiol Rev. 1995; 8(2): 161–179.
14. Osborne M, Reponen T, Adhikari A, Cho SH, Grinshpun SA, Levin L
et al. Specific fungal exposures, allergic sensitization, and rhinitis in
infants. Ped Allergy Immunol. 2006; 17(6): 450–457.
15. Atkinson RW, Strachan DP, Anderson HR, Hajat S, Emberlin J.
Temporal associations between daily counts of fungal spores and
asthma exacerbations. Occupat Environm Med. 2006; 63(9): 580–590.
16. Helbling A, Gayer F, Brander KA. Respiratory allergy to mushroom
spores: not well recognized, but relevant. Ann Allergy Asthma
Immunol. 1999; 83(1): 17–19.
17. Newhouse CP, Levetin E. Correlation of environmental factors with
asthma and rhinitis symptoms in Tulsa, OK. Ann Allergy Asthma
Immunol. 2004; 92(3):356–66.
18. Horner WE, Levetin E, Lehrer SB. Basidiospore allergen release: Elution
from intact spores Original Research Article. J Allergy Clin Immunol.
1993; 92(2): 306–312.
19. Crameri R, Weichel M, Flückiger S, Glaser AG, Rhyner C. Fungal
allergies: a yet unsolved problem. Chem Immunol Allergy. 2006; 91:
121–133.
20. Rivera-Mariani FE, Nazario-Jiménez S, López-Malpica F, BolañosRosero B. Sensitization to airborne ascospores, basidiospores, and
fungal fragments in allergic rhinitis and asthmatic subjects in San
Juan, Puerto Rico. Int Arch Allergy Immunol. 2011; 155(4): 322–34.
21. Helbling A, Gayer F, Pichler WJ, Brander KA. Mushroom
(Basidiomycete) allergy: diagnosis established by skin test and nasal
challenge. J Allergy Clin Immunol. 1998; 102(5): 853–858.
22. Lehrer SB, López M, Butcher BT, Olson J, Reed M, Salvaggio JE.
Basidiomycete mycelia and spore-allergen extracts: skin test reactivity
in adults with symptoms of respiratory allergy. J Allergy Clin Immunol.
1986; 78(3): 478–485.
23. Fischer B, Yawalkar N, Brander KA, Pichler WJ, Helbling A. Coprinus
comatus (shaggy cap) is a potential source of aeroallergen that may
provoke atopic dermatitis. J Allergy Clin Immunol. 1999; 104(4):
836–841.
24. Davis WE, Horner WE, Salvaggio JE, Lehrer SB. Basidiospore allergens:
analysis of Coprinus quadrifidus spore, cap, and stalk extracts. Clin
Allergy. 1988; 18: 261–267.
25. Lehrer SB, Hughes JM, Altman LC, Bousquet J, Davies RJ, Gell L et al.
Prevalence of basidiomycete allergy in the USA and Europe and its
relationship to allergic respiratory symptoms. Allergy. 1994; 49(6),
460–465.
26. Gupta SK, Pereira BM, Singh AB. Fomes pectinatis: an aeroallergen in
India. Asian Pacific Allergy Immunol. 1999; 17(1): 1–7.
27. Hasnain SM, Newhook FJ, Wilson JD, Corbin JB. First report of
Ganoderma allergenicity in New Zealand. New Zealand J Sci. 1984;
27: 261–267.
28. Tarlo SM, Bell B, Srinizasan J, Dolovich J, Hargreave FE. Human
sensitization to Ganoderma antigen. J Allergy Clin Immunol. 1979;
64: 43–49.
29. Singh AB, Gupts SK, Pereira BMJ, Prakash D. Sensitization to
Ganoderma lucidum in patients with respiratory allergy in India.
Clin Exper Allergy. 1995; 25(5): 440–447.
30. Mori S, Nakagawa-Yoshida K, Tsuchihashi H, Koreeda Y, Kawabata
M, Nishiura Y et al. Mushroom worker’s lung resulting from indoor
cultivation of Pleurotus osteatus. Occup Med (London). 1988; 48(7):
465–468.
31. Yoshida K, Suga M, Yamasaki H, Nakamura K, Sato T, Kakishima M
et al. Hypersensitivity pneumonitis induced by a smut fungus Ustilago
esculenta. Thorax. 1996 51(6), 650–651.
32. Ho TM, Tan BH, Ismail S, Bujang MK. Seasonal prevalence of air-borne
pollen and spores in Kuala Lumpur, Malaysia. Asian Pacific J Allergy
Immuno. 1995; 13(1): 17–22.
33. McDevitt TJ, Mallea M, Dominick T, Holte KE. Allergic evaluation of
cereal smuts. Ann Allergy. 1977; 38(1): 12–15.
34. Sreeramulu T. Aerial dissemination of barley loose smut (Ustilago
nuda). Trans British Mycol Soc. 1962; 45(3): 373–384.
35. Smith RS. The liberation of cereal stem rust uredospores under various
environmental conditions in a wind tunnel. Trans British Mycol Soc.
1966; 49(1): 33–41.
36. Mills JT. Spore dispersal and natural infection in the oat loose smut
(Ustilago avenae). Trans British Mycol Soc. 1967; 50(3): 403–412.
37. Sreeramulu T, Vittal BPR. Spore dispersal of the sugarcane smut
(Ustilago scitaminea). Trans British Mycol Soc. 1972; 58(2): 301–312.
38. Mallaiah KV, Rao AS. Aerial dissemination of urediniospores of
groundnut rust. Trans British Mycol Soc. 1982; 78(1): 21–28.

39. Kramer CL, Pady SM, Clary R, Haard R. Diurnal periodicity in
aeciospore release of certain rusts. Trans British Mycol Soc. 1968;
51(5): 679–687.
40. Hirst JM. Aerobiology in plant pathology. Grana. 1991; 30(1): 25–29.
doi: 10.1080/00173139109427765.
41. Pady SM, Kramer CL. Kansas Aeromycology X: Basidiomycetes. Trans
Kansas Acad Sci. 1960; 63(3): 125–134.
42. Pady SM, Kramer CL. Sampling airborne fungi in Kansas for diurnal
periodicity. Rev Palaeobot Palynol. 1967; 4: 227–232.
43. Charpin H, Nolard N, Spieksma FThM, Stix E. Concentration urbaine
des spores dans les pays de la Communauté Économique Européenne
V. – Ustilago. Rev Française Allergol Immunol Clin. 1982; 22(1): 1–6.
44. Levetin E. Studies on airborne basidiospores. Aerobiologia. 1990; 6(2):
177–180. doi: 10.1007/BF02539111.
45. Levetin E. Identification and concentration of airborne basidiospores.
Grana. 1991; 30(1): 123–128. doi: 10.1080/00173139109427785.
46. Calderón MC, Lacey J, McCartney HA, Rosas I. Seasonal and diurnal
variation of airborne basidiomycete spore concentrations in Mexico
City. Grana. 1995; 34: 260–268.
47. Crotzer V, Levetin E. The aerobiological significance of smut spores in
Tulsa, Oklahoma. Aerobiologia. 1996; 12: 177–184.
48. Craig F, Levetin E. Multi year study of Ganoderma aerobiology.
Aerobiologia. 2000; 16: 75–81.
49. Gonzalo MA, Paredes MM, Muñoz AF, Tormo R, Silva I. Dinámica de
dispersión de basidiosporas en la atmósfera de Badajoz. Rev Española
Alergol Inmunol Clín. 1997; 12(5): 294–300.
50. Paredes MM, Martínez JF, Muñoz AF, Tormo R, Silva I. Presencia de
esporas de Ustilago (Basidiomycetes) en Badajoz. Polen. 1998; 9: 35–42.
51. Morales J, González FJ, Carrasco M, Ogalla VM, Candau P. Airborne
basidiospores in the atmosphere of Seville (South Spain). Aerobiologia.
2006; 22(2): 127–134.
52. Hasnain SM, Fatima K, Al-Frayh A, Al-Sedairy ST. Prevalence of
airborne basidiospores in three coastal cities of Saudi Arabia.
Aerobiologia. 2005; 21: 139–145.
53. Stępalska D, Wołek J. Intradiurnal periodicity of fungal spore
concentrations (Alternaria, Botrytis, Cladosporium, Didymella,
Ganoderma) in Cracow, Poland. Aerobiologia. 2009; 25: 333–340.
54. Hirst JM. An automatic volumetric spore trap. Ann Applied Biology.
1952; 39: 257–265.
55. Tormo R, Muñoz AF, Silva I. Sampling in aerobiology. Differences
between traverses along the lenght of the slide in Hirst sporetraps.
Aerobiologia. 1996; 12: 161–166.
56. Bassett IJ, Crompton CW, Parmelee JA. An Atlas of Airborne Pollen
Grains and Common Fungus Spores of Canada. Canada Department
of Agriculture, 1978.
57. Grant-Smith E. Sampling and identifying allergenic pollens and
moulds. San Antonio, TX: Blewstone Press, 1990.
58. Parmasto E, Parmasto I; Mols T. Variation of Basidiospores in the
Hymenomycetes and its significance to their taxonomy. Lubrecht &
Cramer Ltd, 168 p., 1987.
59. Pegler DN, Young TWK. Basidiospore morphology in the Agaricales.
Lehre Cramer Ed., Nova Hedwigia. Beih, 263 p., 1971.
60. Levetin E. Basidiospore identification. Ann Allergy. 1989; 62(4):
306–310.
61. Quintero E, Rivera-Mariani F, Bolaños-Rosero B. Analysis of
environmental factors and their effects on fungal spores in the
atmosphere of a tropical urban area (San Juan, Puerto Rico).
Aerobiologia. 2010; 26: 113–124.
62. Gillum SJ, Levetin E. The air spora close to a compost facility in
Northeast Oklahoma: Part I – spore trap sampling. Aerobiologia.
2008; 24: 3–12.
63. Nayar TS, Mohan TK, Jothish PS. Status of airborne spores and pollen
in a coir factory in Kerala, India. Aerobiologia. 2007; 23: 131–143.
64. Oliveira MH, Ribeiro J, Delgado L, Abreu I. Seasonal and intradiurnal
variation of allergenic fungal spores in urban and rural areas of the
North of Portugal. Aerobiologia. 2009; 25: 85–98.
65. Magyar D, Frenguelli G, Bricchi E, Tedeschini E, Csontos P, Li
D-W, Bobvos J. The biodiversity of air spora in an Italian vineyard.
Aerobiologia. 2009; 25: 99–109.
66. Troutt C, Levetin E. Correlation of spring spore concentrations and
meteorological conditions in Tulsa, Oklahoma. Int J Biometeorol.
2001; 45(2): 64–74.
67. Li D-W. Release and dispersal of basidiospores from Amanita muscaria
var. alba and their infiltration into a residence. Mycol Res. 2005; 109:
1235–1242.
68. Grinn-Gofroń A, Mika A. Selected airborne allergenic fungal spores and
meteorological factors in Szczecin, Poland, 2004–2006. Aerobiologia.
2008; 24: 89–97.
69. Mordue JEM. Ustilospore ornamentation in the European genera of
smut fungi. Trans British Mycol Soc. 1986; 87(3): 407–431.

