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Abstract Artemisia pollen is an important aeroal-

lergen in late summer, especially in central and eastern

Europe where distinct anemophilous Artemisia spp.

produce high amounts of pollen grains. The study aims

at: (i) analyzing the temporal pattern of and changes in

the Artemisia spp. pollen season; (ii) identifying the

Artemisia species responsible for the local airborne

pollen load.

Daily pollen concentration of Artemisia spp. was

analyzed at two sites (BZ and SM) in Trentino-Alto

Adige, North Italy, from 1995 to 2019.
The analysis of airborne Artemisia pollen concen-

trations evidences the presence of a bimodal curve,

with two peaks, in August and September, respec-

tively. The magnitude of peak concentrations varies

across the studied time span for both sites: the

maximum concentration at the September peak

increases significantly for both the BZ (p\ 0.05)

and SM (p\ 0.001) site. The first peak in the pollen

calendar is attributable to native Artemisia species,

with A. vulgaris as the most abundant; the second peak

is mostly represented by the invasive species A. annua

and A. verlotiorum (in constant proportion along the

years), which are causing a considerable increase in

pollen concentration in the late pollen season in recent

years.. The spread of these species can affect human

health, increasing the length and severity of allergenic

pollen exposure in autumn, as well as plant biodiver-

sity in both natural and cultivated areas, with negative

impacts on, e.g., Natura 2000 protected sites and

crops.

Keywords Aerobiology � Mugwort � Pollen �
Allergy � Temporal trend

1 Introduction

The genus Artemisia (Compositae family) comprises

about 500 species worldwide, with its principal

distribution in the northern hemisphere. There are 75

known Artemisia species in Europe (https://eunis.eea.

europa.eu/, accessed July 3, 2020), and at least 10

species occur in the Italian region of Trentino-Alto

Adige (Wilhalm et al. 2006; Prosser et al. 2019). The

genus shows a wide range of life forms, from small
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alpine specimens up to 2-m-high herbaceous plants or

shrubs at lower altitudes.

For pollination to be successful, the anemophilous

Artemisia species are required to produce high

amounts of pollen grains. The quantity of pollen

grains produced varies between different species but

also between different specimens of the same species.

According to the study by Bogawski et al. (2016)

conducted in Poland, Artemisia vulgaris and Artemisia

absinthium produce more pollen compared to Artemi-

sia campestris, due to a higher number of pollen grains

per single flower and/or to a higher number of single

flowers per inflorescence. Piotrowska (2008) calcu-

lated, for example, that one flower of Artemisia

vulgaris may produce up to nearly 50,000 pollen

grains, while Bogawski et al. (2016) determined

values of 4000–16,000 pollen grains.

Airborne pollen concentrations decrease rapidly

along with the height above ground level (Spieksma

et al. 2000; Rojo et al. 2019a, b). For this reason,

pollen exposure might be underestimated when the

pollen trap is located on the roof of a building, usually

15–20 m high. Pollen concentrations could be con-

siderably higher at ground level, particularly near

areas with high density of Artemisia flowering plants.

On the other hand, this fact implies that the measured

airborne pollen concentrations mainly represent the

Artemisia species growing in the surroundings, even if

the influence of remote sources cannot be excluded

(Qin et al. 2019).

Although the seasonal total values of Artemisia

pollen reach only 0.5–5% of the annual pollen integral

(Spieksma and von Wahl 1991), this pollen is

considered to be an important aeroallergen in late

summer, especially in central and Eastern Europe. In

Poland, for example, Artemisia ranks third among the

most common causes of pollen allergy, after grasses

and birch (Weryszko-Chmielewska et al. 2018).

Sensitization rates in Europe vary from 6.7% in Italy

up to 44.3% in Hungary (Burbach et al. 2009).

Artemisia spp. pollen is known as the most important

outdoor pollen-allergen in the autumn season even in

China, causing allergic rhinitis and asthma (Gao et al.

2019).

Artemisia species are short-day plants generally

flowering in late summer and autumn. The vegetative

growth occurs during the warm summer period, and

the generative development is induced after the day

length decreases and the summer temperatures have

reached their peak (Spieksma et al. 1989). While in

central Europe the pollen season generally displays a

unimodal pattern for this pollen taxa (Grewling et al.

2015), this is not the case in southern and southeast

Europe. Here, different ecological and phenological

features of different species determine a bimodal or

multimodal curve of the Artemisia pollen season. In

Italy, after the first peak in August, mainly due to

Artemisia vulgaris and, in rural environments, also to

Artemisia campestris and other species, a second peak

occurs in late September, which is mostly

attributable to the invasive species Artemisia annua

and Artemisia verlotiorum (Caramiello et al. 1989). In

southeast Europe, Artemisia maritima and Artemisia

scoparia are suspected to be the major source for the

second pollen peak in mid-September (Grewling et al.

2012). Whereas Artemisia vulgaris is widely dis-

tributed in the whole northern hemisphere, this is not

the case for the late flowering species. Artemisia

annua originates in Asia and East Europe, and since

the last century, it became widely naturalized in

Central and Southern Europe (Caramiello et al. 1989).

In Italy, it has been cultivated since the beginning of

the nineteenth century; step by step, it spread out and

found its habitat, mainly in ruderal urban areas.

Artemisia verlotiorum comes from Southeast China;

it has been introduced in Europe in the second half of

the nineteenth century and shows an ongoing expan-

sion (Caramiello et al. 1989; unpublished personal

observations in Trentino-Alto Adige).

In southeastern Spain, the Artemisia pollen season

shows three peaks and extends well into winter, due to

the late flowering of the endemic species Artemisia

barrelieri (Giner et al. 1998; Cariñanos et al. 2010).

Artemisia spp. plants are characterized by incon-

spicuous flowers assembled in capitula, no nectar

production and dry, microechinate, trizonocolporate

pollen grains. Under a light microscope the thick,

columellate exine appears ‘‘semilunar’’ in the optical

section, a further feature of the ‘‘Artemisia pollen

type.’’

Species differentiation based on pollen morphology

remains difficult. Nevertheless, differences in pollen

grain dimension combined with a knowledge on local

species distribution and their phenology makes it

possible to assign the corresponding species to the

relevant aerobiological samples. Following this

approach, Caramiello et al. (1989) were able to

distinguish the bigger pollen grains of A. verlotiorum
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from that of the contemporaneously late flowering

species A. annua in aerobiological samples. Airborne

pollen data can be used as a bioindicator for the

anemophilous flora and provide information about the

effect of ongoing changes in the environment

(Cariñanos et al. 2013). For example, A. verlotiorum,

showing a high propagation potential due to its

vegetative reproduction by stolons, invades cultivated

areas and fallow lands. Because of its plant height and

stand density, this species may constitute a strong

competitor for other plants (www.infoflora.ch; Banfi

and Galasso et al. 2010). Long-term pollen data are

therefore of interest also in order to study the behavior

and response to global warming of plant species

(Fernández-Llamazares et al. 2014) and to foresee

possible pollen season changes. This paper evaluates

Artemisia pollen concentration data gathered in

25 years (1995–2019) of aerobiological monitoring

carried out at two sites in Trentino-Alto Adige, an

Alpine region in Northern Italy. The aims of the study

are:

(i) Analyzing the temporal pattern of and changes

in the Artemisia spp. pollen season.

(ii) Identifying the Artemisia species responsible

for the local airborne pollen load.

Fig. 1 Spatial distribution of selected Artemisia species for the

Trentino-Alto Adige region. Top left, the location of Trentino-

Alto Adige in Italy. Maps, built on an altitudinal raster image

(i.e., green-low altitude to brown-high altitude), describe the

distribution of relevant Artemisia species, shown as heat maps

(blue scale, where darker blue is the more dense area). The white

points represent the two aerobiological monitoring sites of

Bolzano (BZ) and San Michele all’Adige (SM)
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2 Materials and methods

2.1 Study sites

The two study sites of San Michele all’Adige (SM, in

Trentino; 206 m a.s.l.; Lat. 46.1900722-Long.

11.1346308) and Bolzano (BZ, in Alto Adige;

272 m a.s.l.; Lat. 46.4995001-Long. 11.3420856) are

located on the Adige valley floor (Trentino-Alto Adige

region, Northern Italy), 38 km away from each other

(Fig. 1). As shown by the climatic diagrams (Fig. 2),

the meteorological conditions at the two sites are

similar. Minimum and maximum temperatures show

the same pattern along the year: January is the coolest

month (mean minimum temperature BZ: - 3.3 �C;

SM: - 2.9 �C), and July is the hottest one (mean

maximum temperature BZ: 30.3 �C; SM: 30.0 �C). As

expected in an Alpine area (Isotta et al. 2014),

precipitation shows a large variation between the

two sites, due to the complex topography of the region.

The monthly cumulative rainfall is always higher in

San Michele all’Adige, even if the pattern is compa-

rable with that of Bolzano. Data were collected by the

meteorological station closest to each aerobiological

site (within a 1.5 km radius).

The aerobiological samplers are located within the

urban areas in both locations. The surroundings are

mainly cultivated by vineyards and apple orchards,

where pellitory and Artemisia can be found. Broadleaf

and mixed forest dominate (Orneto-Ostryetum,

Quercetum pubescentis) on the lateral slopes, leaving

the pace to coniferous forests as the altitude increases.

Among the herbaceous species present in the

surroundings of the two study sites, the Artemisia

spp. represent a relevant component of the ruderal and

pioneer flora. Ten out of the twenty Artemisia species

listed for Italy grow in Trentino-Alto Adige: four are

rare, mountainous–sub-alpine and alpine species (i.e.,

above 1000 m a.s.l.) and six are more common and

grow at the bottom of the valleys (Table 1). The latter,

Fig. 2 Climatic diagrams (Walter’s climograms) of San

Michele all’Adige (blue) and Bolzano (gray). The average,

over the period 1995–2017, of daily minimum (T min; �C) and

maximum temperature (T max; �C), and of the monthly

accumulated precipitation (mm) are reported
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Table 1 Artemisia species list for Italy (Pignatti 2018). The

presence of the autochthonous species (A) and exotic species

(E) is indicated (Prosser 2019, Wilhalm 2006) as well as the

percentage of quadrants (total # 474) where the species was

surveyed in Trentino and Alto Adige (FloraFaunaAltoAdige)

sub-regions. The altitudinal distribution of each species is

reported as gray blocks (light gray: rare; Aeschimann 2004):

foothill (F), montane (M), subalpine (S), alpine (A) and nival

(N). Flowering months are also shown: August (A), September

(S), October (O), and November (N)

(% quadr.) F M S A S L A S O N

Artemisia atrata  Lam. A 0,2  Aeschimann (2004)

Artemisia chamaemelifolia Vill.

Artemisia pontica L.

Artemisia vulgaris L. A A 75,7 Bogawsky (2016); 
Jerkovic (2003)

Artemisia verlotiorum Lamotte E E 37,3 Juteau  (2005);  
Mosyakin (2019)

Artemisia annua L. E E 22,6 Caramiello (1989); 
Ferreira (1995)

Artemisia biennis Willd.

Artemisia tournefortiana Rchb.

Artemisia umbelliformis Lam. A A 28,7  Aeschimann (2004)

Artemisia genipi Stechm. A A 26,8  Aeschimann (2004)

Artemisia pedemontana Balb.

Artemisia nitida Bertol. A A 9,5 http://dryades.units.it

Artemisia glacialis L.

Artemisia absinthium L. A A 53,8 Bogawsky (2016)

Artemisia arborescens L.

Artemisia alba Turra A A 20,0 Trendafilova (2018); 
Aeschimann (2004)

Artemisia caerulescens L.

Artemisia vallesiaca All.

Artemisia campestris  L. A A 40,3 Bogawsky (2016)

Artemisia scoparia Wald. et Kit.

References for 
flowering months

Altitudinal 
distribution shtnomgnirewolFecneserPegidAotlAonitnerTseicepS
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in decreasing order of abundance, expressed as

percentage of quadrants where the species were

surveyed, are: A. vulgaris, A. absinthium, A. cam-

pestris, A. verlotiorum, A. annua and A. alba. These

six species were further considered for this study,

giving the high probability that Artemisia pollen

collected in both aerobiological monitoring sites of

SM and BZ belongs to them; four of the six species are

native and two exotic (i.e., A. annua and A. verlotio-

rum). Flowering and pollen release of A. vulgaris, A.

absinthium, A. campestris and A. alba occur in August,

while it happens later, mainly in September and

October, for the two invasive species A. verlotiorum

and A. annua, and, partly, also continues for the native

A. alba (for details see Table 1).

Figure 1 shows the spatial distribution of A.

vulgaris, the most common native species in the

Trentino-Alto Adige region (see Table 1), and of the

invasive species A. annua and A. verlotiorum, wide-

spread at the valley bottom.

2.2 Artemisia spp. pollen morphology

Fresh pollen was collected from inflorescences of A.

vulgaris, the most common native species in the

Trentino-Alto Adige region, and of the invasive

species A. annua and A. verlotiorum, during the period

of full flowering. Reference slides were prepared to

examine the main morphological characteristics of the

pollen grains of each species at light microscopy.

Measurement of the polar axis and the diameter of the

equatorial plane were taken on n = 50 (discretional

number) pollen grains per species using an oil

immersion 1009 objective. Concurrently, some polar

and equatorial view pictures of optimal colored pollen

grains were taken.

2.3 Aerobiological monitoring

Daily airborne pollen concentration data from 1995 to

2019 were obtained by means of two volumetric Hirst-

type samplers. The sampler installed in San Michele

all’Adige (TN) is located on the top of a 10-m pole; the

sampler installed in Bolzano is located on the rooftop

of the Agency for Environment and Climate Protec-

tion, about 24 m above ground level. In both locations,

sampling was carried out continuously from 1995 to

2019. The sampling and analysis of airborne pollen

were performed following a standard procedure (UNI

EN 16868:2019). Particle identification and counting

was carried out by light microscopy at 4009 magni-

fication along homogeneously distributed longitudinal

sweeps on the slide and considering 10–17% of the

sampling surface. Samples were examined by trained

operators for Artemisia pollen species identification.

Reference slides, prepared from ad hoc collected

pollen grains of the prevalent local Artemisia species,

(i.e., A. vulgaris, A. annua, A. verlotiorum; see

Sect. 2.2), were useful for this purpose.

2.4 Data analysis

Daily pollen concentrations, obtained from the mon-

itoring data for each year, were checked for com-

pleteness. As a first step, any gaps were filled by using

the moving mean method to deal with missing data

(Rojo et al. 2019a, b). The start and end days of the

pollen season (days when 2.5% and 97.5% of the

annual pollen integral (APIn) were reached, respec-

tively) were determined using the R package AeRo-

biology (Rojo et al. 2019a, b), calculating the average

date and standard deviation. Within the Artemisia

mean pollen season (2.5–97.5% of APIn) (± standard

deviation, SD), obtained from the first step, each year

was searched for raw missing data (Supplemental

Table 1). When the completeness of a pollen season

was lower than 80% of days with pollen data, pollen

data for that year were discarded: that happened in one

case only, the year 2010 in SM. Maximum daily mean

concentrations (peak values) were determined for the

first and the second flowering period separately. When

the same value of maximum concentration was

reached on more than one date, the first one was

arbitrarily considered as the peak day for further

processing. The presence of a monotonic trend for

annual data was evaluated by the Mann–Kendall test,

and the slope of the linear trend was calculated by

Sen’s estimate (MAKESENS 1.0 version freeware,

Finnish Meteorological Institute). The presence of a

point-change was verified by the Pettitt test (Pettitt

1979). The significance of the difference in pollen

concentration before and after the change-point was

analyzed by the two-sample Kolmogorov–Smirnov

test [Statistica (data analysis software system), version

13, TIBCO Software Inc., 2017; https://statistica.io].
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3 Results

The pollen season of Artemisia has a very consistent

start throughout the years: the start date is set, on

average, on the 215th day of the year (August

1 ± 4 days) in BZ and on the 218th day (August

4 ± 3 days) in SM. The season lasts for an average of

72 (± 13) days in BZ and 61 (± 9) days in SM. The

annual pollen integral has a high inter-annual vari-

ability in both sites, with the mean value in SM

(1178 ± 497 P*m-3) double than in BZ

(537 ± 188 P*m-3) (Table 2).

The pollen calendar shows two main peaks occur-

ring consistently in both study sites, with decreasing

values for the first peak and increasing values for the

second peak at both sites, along the 25-year time span

(Fig. 3). The first peak occurs, on average, on the

227th day of the year (August 13 ± 3 days) in BZ and

on the 228th (August 14 ± 3 days) in SM. The second

peak was recorded on average on the 267th day of the

year at both sites (September 22 ± 3 days for BZ

and ± 2 days for SM) (Table 2). The time trend of the

peak values of the Artemisia pollen concentration for

the two sites is shown in Fig. 4. Both peak concen-

trations show a clear trend over the study period: the

first peak concentration in August tends to decrease

significantly (p\ 0.001) during the study period for

BZ, while the second peak shows a significant increase

both for BZ (p\ 0.05) and SM (p\ 0.001) site,

where it is very marked. A change-point with a marked

statistically significant difference in pollen concentra-

tion before and after the change-point (p\ 0.001) was

found for BZ’s first peak in 2002 and for the second

peak of SM in 2011 (p\ 0.001), while in BZ the

change point of the second peak was observed in 2007

(p\ 0.05; Table 3).

Based on flowering phase, altitudinal distribution,

and abundance of the local species (see Table 1), A.

vulgaris can be reasonably considered one of the main

source of Artemisia pollen for the August peak, while

the second peak seems mainly attributable to A. annua

and A. verlotiorum, as reported for other regions of

Northern Italy (Caramiello et al. 1989).

Figure 5 shows the inflorescences and pollen grains

of Artemisia vulgaris, A. annua and A. verlotiorum in

equatorial and polar view. Table 4 details the pollen

dimension of these three Artemisia species, utilized as

a benchmark for the morphological discrimination of

Artemisia pollen grains at the light microscope. Since

A. verlotiorum pollen displays a peculiar bigger size in

comparison with the other species, it was possible to

define, for the second peak, the frequency of A.

verlotiorum vs. the other Artemisia species (mainly

represented by A. annua). The results, expressed as the

percentage of A. verlotiorum pollen grains out of the

total Artemisia pollen of the second peak, are shown in

Fig. 6, for each year and site considered. The contri-

bution of A. verlotiorum to the second peak of

Artemisia pollen concentration does not show any

Table 2 Artemisia pollen season descriptors: mean annual

pollen integral (API), season start and end dates, season length,

first and second peak concentration and related dates, for

Bolzano and San Michele all’Adige. Data were averaged over

the 1994–2019 period (2010 was excluded for San Michele

all’Adige). Pollen concentration values are expressed in pollen

per cubic meter of air (P*m-3); dates are expressed in day of

year (DOY); standard deviation (sd) was calculated for each

value

Pollen season descriptor Bolzano (n = 25) San Michele all’Adige (n = 24)

Mean Sd Mean Sd

Annual pollen integral, P*m-3 537 188 1178 497

Season start date (2.5%), DOY 215 4 218 3

Season end date (97.5%), DOY 287 9 279 6

Season length, n. of days 72 13 61 9

First peak concentration, P*m-3 32 22 86 47

First peak date, DOY 227 3 228 3

Second peak concentration, P*m-3 30 11 78 90

Second peak date, DOY 267 3 267 2
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linear trend over the time period considered, for both

sites, as verified by the Mann–Kendall test (p[ 0.05).

4 Discussion

The ongoing global and climate changes, among other

factors, are promoting the expansion of neophytes and

influencing plant phenology. In the northern hemi-

sphere, these changes are resulting in a prolonged

Fig. 3 Artemisia pollen calendar for San Michele all’Adige

(1994–2019, 2010 excluded) and Bolzano (1994–2019). The

color classes were defined calculating quantiles from the pool of

daily pollen concentration (1994–2019), expressed in P*m-3, of

both study sites, excluding zero and missing values. The

resulting quantiles, exception made for the lowest, were

approximated to the closest multiple of five. The data of the

study site of Bolzano were used for the lower color classes; in

particular, 2 is the 0.5 quantile, 15 is the 0.9 quantile, 25 is the

0.95 quantile, and 45 is the 0.99 quantile. For the upper part of

the color classes, the data set of the study site of San Michele

all’Adige was used; in particular, 60 is the 0.95 quantile, 80 is

the 0.975 quantile, and 125 is the 0.99 quantile
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pollen season (Ziska 2016) and in variations in the

temporal pattern of the airborne pollen season. Res-

piratory allergies represent a global health issue, and

pollen is considered one of the important risk factors

for allergic diseases (Pawankar et al. 2013). Artemisia

pollen grains are recognized as a relevant source of

aeroallergens worldwide, with a distinct allergenicity

for the different species of the genus, influenced both

by genetic and environmental (e.g., weather and

pollution) factors (Grewling et al. 2020). In

Trentino-Alto Adige (Northern Italy), where the

present study was carried out, the aerobiological data

for the last 25 years indicate an increase of the

Artemisia pollen load in the air, occurring since

September (Fig. 7). This Artemisia pollen fraction is

mostly ascribable to the late flowering species A.

annua and A. verlotiorum, two invasive allochthon

species widely distributed in the study area, candidates

to be responsible of the pollen allergic symptoms at the

end of the yearly pollen season.

Fig. 4 Peak concentrations of Artemisia pollen during the 25-year study period for the two peaks and sites (Bolzano and San Michele

all’Adige). The linear trend is reported in case of statistical significance (* = p\0.05; *** = p\ 0.001; see Table 3 for details)

Table 3 Results of nonparametric statistics to test the mono-

tonic trend for annual data (Mann–Kendall trend test), the slope

of the linear trend (Sen’s slope estimate), the presence of a

change-point (Pettitt change point), and the significance of the

difference in the pollen concentration before and after the

change-point (Kolmogorov–Smirnov) for the two peak con-

centrations and the two periods (January–August and Septem-

ber–December) in Bolzano (n = 25) and San Michele

all’Adige (n = 24)

Mann–Kendall trend test Sen’s slope

estimate

Pettitt change

point

Kolmogorov–

Smirnov

Z p value Significance Q Year p value

PIn Jan–Aug

Bolzano -4.69 p\ 0.001 *** -22.26 2004 p\ 0.001

San Michele all’Adige -2.46 p\ 0.05 * -21.26 2012 p\ 0.05

First peak concentration

Bolzano -4.59 p\ 0

.001

*** -2.30 2002 p\ 0.001

San Michele all’Adige 1.51 p[ 0.05 n.s -1.95 2012 p[ 0.05

PIn Sept–Dec

Bolzano 2.41 p\ 0.01 ** 5.84 2007 p\ 0.05

San Michele all’Adige 4.44 p\ 0.001 *** 41.75 2009 p\ 0.001

Second peak concentration

Bolzano 2.23 p\ 0.05 * 0.47 2007 p\ 0.05

San Michele all’Adige 4.84 p\ 0.001 *** 6.68 2011 p\ 0.001
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A. annua is an annual plant and grows typically on

ruderal sites. It readily uses available nutrients to

increase biomass and invests in seed production;

furthermore, it shows a remarkable phenotypic plas-

ticity. Shoot length can reach up to over two meters,

but even the smallest individuals reproduce (Müller

and Brandes, 1997). A. verlotiorum is a perennial plant

that colonizes disturbed sites, and it does not seem to

depend on seed production for a successful propaga-

tion. Although under favorable conditions the species

reaches the flowering and fruiting stages, it produces

numerous vegetative shoots and spreads mainly by

rhizome fragments. Once introduced, A. verlotiorum is

hard to eradicate due to its stoloniferous rhizomes

(Mosyakin et al. 2019, Gabrielian and Vallès 1996).

The vegetative propagation offers A. verlotiorum a

reproductive advantage, promoting the invasion of the

ecological niche of A. vulgaris. Although first records

of A. annua and A. verlotiorum plants in Trentino-Alto

Adige region go back at the beginning of the last

century (Prosser et al. 2019), recent botanical

observations evidenced that the spread of the two

invasive species has considerably increased in the last

three decades (Supplemental Table 2). This trend is in

agreement with and confirms the aerobiological data

that show the concurrent rise of pollen concentrations

of the Artemisia species.

Even if both A. annua and A. verlotiorum are

largely distributed in the region, the pollen peak

concentrations sampled in September–October show

low frequencies of A. verlotiorum pollen grains. This

could be due to the high pollen production of A. annua

and to the smaller pollen size when compared to A.

verlotiorum one, resulting in a better floating ability

and therefore to a higher presence in the atmospheric

layer of the sampler (i.e., 10 m above the ground).

Nevertheless, when we consider the lower levels,

where humans breathe, A. verlotiorum might be a

locally important pollen source for pollen allergy

sufferers, especially for, e.g., farm workers in the

apple and grape orchards, where this species is

frequently growing.

Fig. 5 Inflorescences and pollen grains in equatorial and polar

views. The pollen grains were colored with fuchsine, observed

under the light microscope and photographed with an objective

100x (oil immersion) at different focal planes to highlight the

characteristic structure of the pollen wall in optical section, as

well as the elements of ornamentation (microechinate) on the

pollen surface. A. verlotiorum has its inflorescences directed all

to one side and its pollen is evidently larger compared to the

contemporaneously flowering species A. annua
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Fig. 6 Contribution of Artemisia verlotiorum to the late Artemisia pollen peak concentrations in September for each year from 1995 to

2019, expressed in percentage versus the other Artemisia species. No significant linear trend was revealed for the two study sites

Fig. 7 Infographic conceptual map illustrating the main results. The increase of Artemisia late summer pollen in the air is evident for

recent years. The association of the target Artemisia species to the two peaks of concentration is illustrated by hand painting
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5 Conclusions

In the last few decades, Trentino-Alto Adige region

(Northern Italy) has been experiencing a large increase

of late season Artemisia pollen concentrations, mainly

due to the spread of Artemisia annua and, to a lower

extent, of A. verlotiorum, both allochthon invasive

species flowering during September and October.

Giving the allergenicity of Artemisia pollen, the

expansion of Artemisia species could affect human

health, by exacerbating allergic symptoms in autumn.

In addition, from an ecological point of view, the

spread of invasive species such as A. verlotiorum and

A. annua may threaten plant biodiversity in both

natural and cultivated areas, with negative impacts on,

e.g., Natura 2000 protected sites (e.g., riparian habi-

tats) and crops. All these factors should be carefully

considered in pollen monitoring and forecasting, in

order to deliver appropriate and timely information on

the airborne pollen load, and to adopt effective

environment management measures to limit the spread

of these troublesome invasive species.
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K., et al. (2018). Analysis of mugwort (Artemisia) pollen

seasons in selected cities in Poland in 2018. Alergoprofil.,
14, 117–122. https://doi.org/10.24292/01.ap.144381218.

Wilhalm T., Niklfeld H., Gutermann W. (2006). Katalog der
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