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Abstract: This Special Issue presents interdisciplinary studies in applied palynology, high-
lighting the use of pollen as a tool for understanding environmental conditions across
various contexts. Contributions include applications of pollen as a bioindicator for chemi-
cal pollution, human impact, and other variables. Several articles focus on the use of pollen
in archaeological research, environmental health, and air quality monitoring, such as in
Rome and Bologna, analysing long-term trends in allergenic pollen concentrations and
airborne allergens. Additionally, studies of modern analogues in Mediterranean landscapes
and in Southern Oman illustrate how modern pollen helps reconstruct vegetation history
and land uses, and assess ecological changes. Overall, the contributions underscore the
importance of pollen in environmental monitoring, sustainability research, and human
health protection.
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1. Introduction

This Special Issue presents articles covering different topics on the subject of pollen
across different fields of “applied palynology”. Mercuri [1] reports a gap “between research
on pollen as an object (basic palynology) and research with pollen as a measurement tool
(applied palynology)”. Accordingly, palynology plays an incontrovertible role not only in
“basic research” concerning botanical taxonomy, phylogeny, phenology and reproductive
biology, but also in several fields of applied research that focus on measuring environ-
mental variables. Jimenez-Zamora et al. [2] integrated this approach into interdisciplinary
palynology, suggesting that a wide range of possible applications makes this science a
crucial approach for understanding synergies between ecosystem services and landscape
management. The literature contains many examples of agrarian landscape reconstructions
and historical ecology studies focusing on sustainability. Several palynological applica-
tions deal with agrobiodiversity conservation, pollinators and melissopalynology, and the
preservation of native species, often outlining the connection between food, non-food, and
natural resources to develop a sustainable economy at the local level. Less extended fields
of applied palynology are avian palynology, pollen from burials and ritual contexts, garden
palynology, and contexts of specific interest for forensic sciences.

Applied palynology focuses on using pollen as a measure of, for example, floristic
richness, the quality of food and air especially in relation to allergies, and the presence
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of air or soil pollution, e.g., [3-6]. Interesting applications in the study of archaeological
contexts have revealed the potential to uncover sustainability strategies used in the past [7].
On one hand, pollen and other microremains are known to be evident “proxy indicators’ of
environmental conditions, both in past and modern contexts, see, for example, [8,9]. On the
other hand, aerobiology, alongside palaeoecology, is a prominent field, demonstrating the
significant potential of pollen as a methodological approach to add detail and information
to other methods.

This Special Issue explores some uncommon aspects of applied palynology, demon-
strating that palynology allows us to explore seemingly distant areas and environments
pervaded by plants, the primary sources of pollen production.

2. Synopsis of Contributions

This Special Issue brings together eight contributions, presenting a selection of quite
different interdisciplinary studies where pollen is used in combination with other proxies
in applied palynology.

Florenzano et al. (Contribution 1) focus on millets, small-sized cereals generally
considered of minor importance in the human diet. Nevertheless, they are thought to have
played an important role in the late Bronze Age due to their greater drought tolerance
compared to other cereals, subsequently spreading across Europe [10,11]. Besides the study
of seeds, molecular residues are largely used in current archaeological research to detect
the presence or translocation of domesticated Panicum miliaceum [12]. In this article, the
authors present an unprecedented combination of palynological and molecular studies,
combining rare discoveries of Panicum pollen with organic residues of miliacin in the same
stratigraphic levels near a Bronze Age site in Emilia-Romagna, northern Italy. This pollen
is quite ambiguous, and the identification of the domesticated millet only based on pollen
morphology is not conclusive. Moreover, the chemical residues are not diagnostic, as
several wild plants can also produce miliacin. The authors propose an interesting approach
by investigating the simultaneous presence of the two proxies, suggesting that only this
double evidence can be taken as reliable evidence of millet cultivation in past contexts.

Braga et al. (Contribution 2) outline the use of pollen as a bioindicator of chemical
pollution in the “Laghi di Mantova e Polo Chimico” area in the city of Mantua, Lombardy,
northern Italy. Despite its classification as an area ‘of national interest’, the site has been
highly polluted by industries that use the lakes” water. This article demonstrates that the
effects of anthropogenic impact on local vegetation are evident at both macroscopic and
microscopic levels. The study integrates the floristic survey of selected sectors around
the lakes with the palynological study of the plants growing in the same sectors. The
flora of highly contaminated sectors was surveyed, and the floristic composition and
ecological (CSR) strategies of the species were compared with a control sector. The protected
species Narcissus pseudonarcissus L. was found in the control sector. Pollen preservation of
the selected species was assessed as a bioindicator of environmental health in the same
sectors. The data confirmed once again that the state of preservation of pollen is a reliable
indicator of environmental stress. For example, the incidence of pollen without cytoplasm
is higher in polluted areas. This article contributes further to the growing field of ecological
palynology [13], presenting a newly structured application of pollen analysis based on the
evidence that environmental pollution leads to increased abortion rates and mutagens in
plant reproductive cycles.

Servera-Vives et al. (Contribution 3) addresses a classic theme of pollen as a bioindica-
tor of anthropogenic activities [14-17] and outlines it expertly in a very complex context:
the Mediterranean islands. The article introduces anthropogenic pollen indicators for the
Balearic Islands, also assessing possible gradients of human impact on vegetation in the
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Mediterranean islands. The highly detailed study follows research by the same authors on
modern analogues to understand pollen—vegetation dynamics in a Mediterranean mosaic
landscape [18]. In this article, studies on modern pollen analogues are complemented
by statistical techniques, phytosociological descriptions, and both quantitative and pres-
ence/absence data. Alongside understanding land use dynamics, this research proposes
region-specific API indicators linked to several human impact degrees. In the case study
of the Balearic Islands, this approach helps assess the rhythms of anthropization in the
Mediterranean islands.

Di Menno di Bucchianico et al. (Contribution 4) contribute to the understanding of
airborne pollen concentration over a long-term series of air monitoring stations. The moni-
toring stations of the Aerobiological Monitoring Center of Tor Vergata are in the unique
urban context of Rome. Data on the trends of the main allergenic pollen and Alternaria
spores were collected from 2003 to 2019, a significantly long period that allows for the
observation of changes in pollen rain seasons. The highest average concentration was
found for Cupressaceae/Taxaceae, followed by Urticaceae and Poaceae. Statistical analysis
showed consistent trends across two monitoring stations, indicating a general territorial
trend rather than local phenomena. Notable decreasing trends were observed for Aster-
aceae, Cupressaceae/Taxaceae, and Alternaria, while Betulaceae showed an increasing trend
at one station. The results emphasise the importance of including biological particulates in
air quality assessments to better understand their effects on human health [19].

Miraglia et al. (Contribution 5) report on a different aspect of the same monitoring
stations, highlighting the complexity of Rome’s urban flora, which is reflected in the
composition of the pollen seasons and the corresponding pollinosis [20]. Interestingly, as
the city has a very large area, the three monitoring stations show interesting differences in
pollen composition, depending on the local flora. The pollen data of selected taxa from 2020
and 2021 were compared, and the diversity observed among the three stations indicates a
phenological succession in accordance with the microclimatic variations across the different
districts of the city. Airborne pollen concentration heterogeneity reflects floristic diversity,
with qualitative and quantitative parameters showing a consistent flowering trend aligned
with species seasonality. The study emphasises the need for more sampling points in Italy
to improve data localization [21] and enhance health protection, as well as support the
management and conservation of green spaces.

Clo and Florenzano (Contribution 6) point to the key importance of non-pollen paly-
nomorphs, in addition to pollen, for understanding local ecological conditions in stratigra-
phy [22,23]. The combination of algal remains with pollen from wetland plants is especially
useful for reconstructing local variability and rapid ecological conditions over millennia
of deposition. The study focuses on the cyanobacterium Rivularia, belonging to an easily
recognisable type and including different morphologies. Rivularia can fossilise due to its
thick envelope, which ensures the preservation of heterocysts in sediments. Samples were
taken from cores spanning the last 15 ka years, close to the Terramara S. Rosa di Poviglio, in
northern Italy [24,25]. The results highlight that this non-pollen palynomorph, associated
with increased eutrophication and water changes in soil, serves as an effective bioindicator
of local agricultural activities and the presence of livestock.

Suanno et al. (Contribution 7) evaluated airborne pollen, allergens, and protein levels
in Bologna, Italy, during the grass flowering period, using three sampling devices: a Cyclone
sampler (CS), a Dicothomous sampler (DS), and a Berner impactor (BI). The study aimed to
assess the association between pollen concentrations, allergen levels, and meteorological
and chemical parameters. Proteins were extracted from aerosol samples, and grass allergens
Phl p 1 and Phl p 5 were quantified by ELISA. Results showed that protein and allergen
concentrations were approximately ten times higher in samples collected by CS compared
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to DS and BI, likely due to differences in cut-offs. While airborne proteins did not correlate
with Poaceae pollen or its allergens, aeroallergens correlated with pollen only in the coarse
particulate fraction, suggesting the presence of pollen-independent aeroallergens in the
fine particulate, influenced by high wind speeds.

Bellini et al. (Contribution 8) examine the flora and vegetation of estuaries along the
Dhofari coast in Southern Oman, with a particular focus on plants growing on different
substrates. Archaeobotanical studies reveal that mangroves, including Rhizophora and
Avicennia, were more widespread along Oman’s southeastern coast 6000 years ago. A.
marina communities, like archaeological sites, are a crucial cultural heritage that must be
preserved [26]. Many estuaries still host mangroves (Avicennia marina Forssk.), a fragile
ecosystem threatened by current environmental changes, while other areas support a rich
flora influenced by the monsoon. The authors analysed surface soil samples to investigate
pollen diffusion and its representation in modern pollen rain, relating pollen abundance
to the coverage of plant species typical of each environment. The pollen records provide
a general overview of the area’s vegetation, offering valuable insights for interpreting
past pollen records and supporting the use of pollen analysis in reconstructing vegetation
history. The Supplementary Materials of this article include an important atlas of pollen
morphology featuring over 40 species, along with high-quality photographs that can aid in
pollen identification for applied research in Oman.

3. Conclusions

In conclusion, this Special Issue highlights the growing significance of applied palynol-
ogy across various fields, demonstrating its potential as a versatile tool for understanding
environmental dynamics, human impact, and ecological changes. The integration of pollen
analysis with other proxies has proven valuable in a range of interdisciplinary studies,
from monitoring air quality and assessing allergenic risks to reconstructing past landscapes
and investigating pollution levels. These findings emphasise the importance of incorporat-
ing pollen as a bioindicator in both modern and historical contexts [27], offering insights
into sustainability, biodiversity conservation, and environmental health. The continued
advancement of palynological techniques, coupled with the expansion of their applications,
will further enhance our understanding of ecological systems and support more informed
strategies for managing and protecting natural resources.
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