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Abstract

Introduction. Plant pollen causes various allergic reactions in humans, including respiratory diseases, immune system
disorders, bronchitis, conjunctivitis, dermatitis, and hay fever. These diseases affect up to 30% of the world's
population. In large cities, trees and shrubs used in landscaping are significant sources of allergenic dust. Despite this,
the greening of cities worldwide often occurs without considering the allergenic properties of plants. With the
development of proteomics, it has become possible to assess the degree of allergenicity of proteins that make up plant
pollen in detail. Based on this information, a scale of potential allergenicity for woody plants has been developed. The
aim of this study is to assess the allergenic potential of woody plants in the urban flora of Rostov-on-Don.

Materials and Methods. The object of the study was trees and shrubs used in the landscaping of Rostov-on-Don. The
analysis of floristic data was based on the materials obtained during field work in 2023 on the territory of Rostov-on-Don.
The author also used the lists of the city's dendroflora compiled between 2007 and 2022. The assessment of the
potential allergenicity of woody plant species was conducted on a five-point scale, with 0 indicating plants that did not
pose an allergic hazard, 1 indicating a low allergenicity level, 2 indicating a medium class, 3 indicating a high level,
and 4 indicating a very high level of allergenicity.

Results. In the flora of woody plants in Rostov-on-Don, 61 species of potentially allergenic plants were identified,
posing varying levels of danger to human health. The share of all types of potentially allergenic woody plants was 30%
of the total number of urban woody flora species in the city. The most powerful sources of allergenic pollen included
nine species (Fraxinus Excelsior, Betula Pendula, B. Verrucosa, Platycladus Orientalis, etc.), which posed the greatest
threat of hay fever and other allergic reactions. As a rule, these were typically wind-pollinated plants that produced
maximum amounts of pollen. The list of potentially allergenic species included a significant number of adventitious
species (24 species), which made it difficult to control their spread. A taxonomic analysis of potentially allergenic
species was carried out at the order level, for which specific protein reactions were identified and detailed approaches to
the prevention and treatment of hay fever were developed. The orders Pinales and Fagales form the bulk of allergenic
pollen in the winter-spring period.

Discussion and Conclusion. For the first time, studies were conducted on the allergenic activity of urban woody flora
in the southern regions of Russia. An assessment of their allergenic potential allowed us to determine the level of threat
of allergic reactions in humans. The greatest danger comes from both allergenic and invasive species that can spread
actively and increase in numbers. Representatives of the Pinales and Fagales orders have proven to be significant
sources of allergenic pollen, as they often have high ornamental qualities and play a prominent role in design projects.
In some cases, it may be possible to replace these cultures with less allergenic alternatives, such as representatives of
the Rosales order, to reduce the risk of allergic reactions.
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Hayunas cmamos
Ouenka ajliepreHHOro NOTeHIuAaaa apeBecHoi ypoanodaopsl ropoaa Pocroa-na-/{ony

M.M. Cepena
JloHCKOM rocyaapcTBEHHbIN TEXHUYECKUI yHUBEPCUTET, T. PoctoB-Ha-JloHy, Poccuiickas deneparust
P4 seredam@yandex.ru

AHHOTALMSA

Beeoenue. Ilpinpna pacTeHHil BBI3BIBACT y 4YeJOBEKAa DPa3sHOOOpA3HBbIE ajUIeprUYecKHe peakiMd, B TOM YHCIE
pecrnupaTopHble 3a00JIeBaHMS, HapyLIeHHs HMMYHHOW CHCTEMBI, OpPOHXHT, KOHBIOHKTHBHUT, IEPMaTUT, CEHHYIO
muxopanky. Mmu ctpagaer no 30 % nHaceneHust Mupa. B KpynHBIX Topojax MOIIHBIMH HCTOYHHKAMH aJIepreHHON
MBUIBIBI SBISIOTCSA JEPEBBbS M KYCTapHHUKH, HUCIOJIb3yeMble B 3€J€HOM CTPOHUTEIbCTBE. €M He MeHee, O3elIeHEHHE
OOJIBIIMHCTBA TOPOAOB B MHpPE IPOBOAMUTCS O€3 ydera ajuIepreHHOCTH NpHMEHseMbIX KynbTyp. C pa3BuTHEM
MIPOTEOMHUKH TIOSIBIJIACH BO3MOXKHOCTH JICTATHHO OIEHUTH CTENICHb AJUIEPIeHHOCTH Pa3IMYHBIX OENKOB, BXOJSIINX B
COCTaB MBUIBLBL. Ha 3THX cBeAEHMUSX COPMHUPOBAHBI IIKAIBI MOTEHINAIBHON aJNIEPreéHHOCTH JAPEBECHBIX PACTEHHM.
[lenpo maHHOTO WCCIENOBAaHMS SBHJIACH OLEHKA AJIEPIeHHOrO MOTEHIMAla APEBECHBIX PACTCHUH ypOaHO(DIOpHI
ropoaa PocroBa-Ha-/{ony.

Mamepuanvt u menoowvt. OGBEKTOM HCCIIETOBAHUS TTOCIYKHIN JEPEBbA U KyCTApPHHUKH, UCTIOIB3YEMbIC B O3E€JICHCHUHT
JIOHCKOH cTONHIbL. AHAINM3 (PIOPUCTUYECKUX JAHHBIX OCHOBAaH Ha MaTepHaax, MOJyUYeHHBIX B XOJIe TIOJIEBBIX paboT B
2023 romy Ha TeppuTOpHH ropoja. Takke aBTOPOM HCIIOJIB30BAIUCH CIUCKH AeAPOQIIOPHI TOPOIa, COCTABICHHBIC B
nepuon ¢ 2007 mo 2022 roa. OueHka NOTEHIMANBHON aJUIEPreHHOCTH BUJOB JPEBECHBIX PACTEHUI MPOBOJIMWIACH IO
nsaTHOaUIbHOM mikane, rae 0 — pacTeHuWs, He NPENCTaBISIONIME aJUIEPIeHHOM OomacHoCTH; | — HU3KWIl Kilacc
aJNIEPreHHOCTH; 2 — CPeAHMUMN KI1acC; 3 — BBICOKHM Kilacc; 4 — OY€Hb BBICOKHI KJIacC aJlJIepreHHOCTH.

Pe3ynomamut uccnedosanusa. B cocraBe (iopsl apeBecHBIX pacteHnit PocroBa-Ha-/{oHy BBISBICH 61 BUI pacTeHHIA,
MIPEACTABIAIOIMX pPa3Hble YPOBHM AJUIEPIE€HHOW OIACHOCTH JUIS 370pOBBS deloBeKa. Jloyisl HCCleayeMbIX BHIOB
coctaisieT 30 % oT obiero uncna apeBecHol ypoarodaopsl ropoaa. CaMbIMU MOLTHBIMU HCTOYHUKAMH JIIIEPTCHHON
MIBUTBIIBI SIBIISIFOTCS 1eBATh BUAOB (Fraxinus Excelsior, Betula Pendula, B. Verrucosa, Platycladus Orientalis n np.),
OHHU MPEACTABISIIOT HAHUOOJBIIYI0 Yrpo3y BO3HHKHOBEHHWS! MOJUIMHO30B W JpPYTHX ajlepruueckux peakmmid. Kak
MIPaBWIO, 3TO BETPOOMBUIAEMBIE PACTEHUS, INPOAYLMPYIOIME MaKCHUMaJIbHOE KOIMYeCTBO MbUIbIBL. Cpean
MOTEHLIMAIbHO AJUIEPICHHBIX BHJOB OTMEYAeTCs 3HAYUTEIHHOE KOJIMYECTBO aJBEHTHBHBIX BHIOB (24 BHIa), 4YTO
3aTpyAHseT KOHTPOIb Haja UX pacnpocTpaHeHueM. IIpoBeneH TakCOHOMUUYECKUIT aHANN3 MOTEHIHAIBHO ajlIepreHHbIX
BUJIOB pacTEHHH Ha ypOBHE IOPSIKOB, JUIi KOTOPBIX BBISBJICHBI CELM(UYECKHEe peakuuu OeKOB U pa3padOTaHbI
JeTAIBHBIE TTOIX0/bI K NMPOQIIAKTHKE U JieueHHIo moutnHo30B. Ilopsanku Pinales n Fagales ¢popmupyior ocHOBHYIO
Maccy alyIepreHHON MBUTBIIBI B 3MMHE-BECEHHUH MEPHOI.

Obcyrncoenue u 3arknwoyenue. ViccnenoBaHns alIepreHHOW aKTHBHOCTH JApeBecHOH ypOaHodiopsl Ha fore Poccum
npoBeeHb! BrepBble. OIEHKA €€ auIepreHHOro MOTEHIINANIA MTO3BOJIMIIA OTIPEAEIUTh CTENEHb YIPO3bl BOSHUKHOBEHHUS
QUIEPTHUECKUX peaknuit y umopell. HamOonplylo OMACHOCTH MPEACTaBISAIOT OJHOBPEMEHHO AJIEPICHHBIE U
WHBa3MOHHbBIE BH[IbI, CIIOCOOHBIC K aKTUBHOMY PACIPOCTPAHEHMIO U YBEJIMYEHHIO CBOEH YUCICHHOCTH. MOIIHBIMU
UCTOYHHMKaMH aJUICPreHHOM MbUIBLBI OKA3aJIHCh NpeacTaButeny nopsakos Pinales u Fagales. Onu ke, kak mpaBuio,
00J1a/1al0T BBHICOKUMH JEKOPATHBHBIMH KaueCTBAMHM M WTPAIOT BEAYLIYIO POJIb B IM3aHEPCKHUX INpOeKTax. B psme
CJIy4yaeB 3TH KyJIbTYPbl MOXHO 3aMelllaTh MEHee aJUIepIeHHBIMH, HallpUMep, IPEeICTaBUTEIsIMU ropsiika Rosales.

KiroueBble ca0Ba: mbUTbIA JAPEBECHBIX PACTCHU, aJUleprus HA MBUIBIYY pacTeHWid, ypOaHoduopa, ¢uopa ropoaa
PocroBa-na-J{oHy, aIBEeHTUBHBIC BUIEI

BaarogapuocTu. ABTop Giraroaput pefakMOHHYI0 KOMaHIy JKypHala U peleH3eHTa 32 KOMIIETCHTHYIO KCIIEPTH3Y
1 IEHHbIE PEKOMEH/IAIMH 110 YIYUIIEHUIO COJICPKaHNs CTAaThH.

Jnsa nurupoBanus. Cepena M.M. OrieHka aimiepreHHOro TIOTeHIHaa IpeBecHoi ypoanohmops! ropoaa PocroBa-na-/{oHy.
Besonacnocms mexnozennvix u npupoonsix cucmem. 2024;8(2):17-25. https://doi.org/10.23947/2541-9129-2024-8-2-17-25
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Introduction. Respiratory diseases associated with atmospheric plant pollen are currently a global public health
problem, as they affect about 30% of the world's population [1]. In Russia, allergic rhinitis, as the most common
allergic disease, affects from 11 to 24% of the population, depending on the region [2, 3]. Allergic reactions can
affect the human immune system and disrupt its work [4]. Pollen allergy can also cause a number of other diseases
(bronchitis, conjunctivitis, dermatitis, hay fever). Prolonged exposure to its high concentrations can lead to chronic
bronchitis and bronchial asthma [5].

Quite often, pollen allergy is associated only with the flowering of ambrosia (Ambrosia sp.) and some types of
cereal plants (oats, wheat, corn). However, there are many more sources of allergenic pollen. It is necessary to add to
this list cultivated plants (sugar beet, clover, sorrel, sunflower), weeds (dandelion, plantain, nettle, sagebrush, orach)
and various types of woody plants. Pollen containing simple alkaloids, amines, saponins, and essential oils most
often causes various grass pollen allergies [6]. There is disagreement among scientists about the allergenicity of
pollen from coniferous plants such as cypress, yew and pine. Some authors [7] are of the opinion that pollen of
coniferous plants has the least pronounced allergenic properties. Other experts [8] note that coniferous species have
very high allergenic activity. It is obvious that the landscape and the nature of vegetation play a crucial role in the set
of allergenic factors. Undoubtedly, in the conditions of large cities, the allergenic situation will be formed mainly
due to woody plants.

There are few studies of urban vegetation as a source of allergens [9, 10]. In some countries of the world, there
are aerobic stations that collect data on the content of allergens in the atmosphere. This allows a systematic approach
to the study of the problem of identifying allergenic species and determining their level of danger.

One of the first initiatives in the field of determining the allergenicity of garden plant species is the study of
T. Ogren [11], who developed the Ogren Plant Allergy Scale (OPALs), a system for measuring the ability of a plant
to cause allergic reactions in humans. K. Hruska [12] established the phytoallergenic potential of various plant
species present in urban ecosystems of Italy, based on their biological and phenological characteristics. More recent
projects are [8, 13] with lists of characteristics and signs of allergenicity of the 100 most used types of urban
landscaping. They were compiled in order to identify allergenicity problems in the population. Based on the
above-mentioned works, as well as with the involvement of molecular studies of protein compounds in pollen [14], a
list of 150 common trees and shrubs of Mediterranean cities was developed with an assessment of their potential
allergenicity on a scale from 0 to 4 (VPA).

With the development of molecular biology, in particular proteomics, it was possible to approach the molecular
mechanisms of human allergic reactions to pollen particles [15]. It has been established that the most powerful
sources of allergens were representatives of the orders Fagales, Lamiales, Proteales and Pinales. The aim of the study
presented today is to characterize the allergenicity of woody plants that make up the urban flora of Rostov-on-Don.

Materials and Methods. The object of the study was trees and shrubs that were in a stable and continuous urban
landscaping culture. The analysis of floral data was based on materials obtained during field work in 2023 in the city.
In addition, during the assessment of urban flora, the authors used the works of Ogorodnikova T.K., Pokhilko L.O.,
Fedorinova O.1. [16], Kozlovskii B.L., Kuropyatnikov M.V. [17], Berezin V.V. [18]. Invasiveness of plant species
was determined in accordance with the data collected by Vinogradova Yu.K., Maiorov S.R., Khorun L.V. [19]. The
assessment of the potential allergenicity of woody plant species was carried out on a scale [14], where 0 indicated
that the plants did not present an allergenic risk, 1 represented a low allergenic class, 2 was a medium allergenic
class, 3 was a high allergenic class, and 4 was a very high allergenic class.

Rostov-on-Don is located in a temperate continental climate zone with mild winters and hot, dry summers. The
average air temperature, according to long-term observations, is +11.0°C. The coldest month is January (with an
average temperature of —2.0°C). The warmest month is July (with an average temperature of +23.4°C). The average
annual precipitation in Rostov-on-Don is 618 mm. The zonal type of vegetation surrounding the urban landscape
are steppes [20].

Results. 61 species of potentially allergenic plants representing different levels of danger to human health have
been identified in the flora of woody plants of Rostov-on-Don. According to [17], the so-called real assortment of
woody plants in the city included 200 species of gymnosperms and angiosperms belonging to 97 genera from
43 families. The species that were in a stable and continuous urban gardening culture were taken into account. Thus,
the proportion of all potentially allergenic woody plant species (VPA species) was 30% of the total urban woody
flora (Table 1).
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ble 1
Potentially allergenic species of woody plants in the urban flora of Rostov-on-Don o
Number
Genus (species) of species Adventitious Invasive VPA Order
in the genus
Acer (except A. negundo) 4 2 2 Sapindales
Acer negundo North America Transformers 2+ Sapindales
Aesculus hippocastanum Central Europe 1 Sapindales
Ailanthus altissima Asia Transformers 3 Sapindales
Betula 2 4 Fagales
Campsis radicans North America 1 Lamiales
Catalpa bignonioides North America 1 Lamiales
Cercis siliquastrum Asia 1 Fabales
Corylus avellana 4 Fagales
Cotoneaster 3 1 Rosales
Crataegus
4 1 Rosales
(except C. monogyna)
Crataegus monogyna Invasive plants Rosales
Elaeagnus angustifolia Naturalized plants 1 Rosales
Fraxinus excelsior 4 Lamiales
Ginkgo biloba China 3 Ginkgoales
Gleditsia triacanthos North America 1 Fabales
Hibiscus syriacus Asia 1 Malvales
Juglans nigra North America 3 Fagales
Juniperus 2 1 4 Pinales
Ligustrum vulgare 2 Pinales
Malus domestica 1 Rosales
Morus alba Asia 3 Rosales
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Morus nigra Asia Rosales
Paulownia tomentosa China Lamiales
Picea pungens North America Pinales
Pinus sylvestris Pinales
Platanus x acerifolia Asia Proteales
Platycladus orientalis China Pinales
Populus alba Transformers Malpighiales
Populus deltoides Malpighiales
Prunus Rosales
Pseudotsuga menziesii North America Pinales
Pyrus comminis Rosales
Quercus robur Fagales
Rhus typhina Africa Sapindales
Robinia pseudoacacia North America Fabales
Rosa canina Rosales
Salix alba Malpighiales
Sambucus nigra Dipsacales
Sophora japonica Asia Fabales
Sorbus aucuparia Rosales
Spiraea x vanhouttei Rosales
Tamarix tetrandra Caryophyllales
Thuja occidentalis North America Pinales
Tilia cordata Malvales
Ulmus Rosales
Viburnum lantana Dipsacales
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It should be noted that the list of VPA species was rather heterogeneous in terms of allergenicity (Fig. 1).
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Fig. 1. Distribution of VPA species of urban woody flora of Rostov-on-Don by allergenicity levels

Group No. 1 turned out to be the most numerous, with 31 species, which was 51.6% of the total number of VPA
species. They carried a minimal risk of allergic reactions. Nevertheless, this group included quite common breeds in the
city, such as Aesculus hippocastanum, Catalpa bignonioides, Gledicia triacanthos, Robinia pseudoacacia, etc. These
species were entomophilic and produced significantly less pollen than wind-pollinated plants. In some species of this
group, only pollen showed allergenic activity, other parts of the plant might have the opposite effect. According to the
authors [21], extracts of the fruits of Gleditsia triacanthos exhibited pronounced anti-allergenic properties.

Ten species (16.7%) were assigned to the second class of allergenicity. In particular, these were Acer, Tilia cordata,
Pinus sylvestris, etc. By the nature of pollination, these were mixed species, i.e. insects were used to transfer pollen, but
small portions of pollen entered the air in an anemophilic way to attract them [14].

The third category also included ten species (16.7%), which were characterized by a high degree of allergenicity.
Among them were Ulmus, Morus alba, Populus alba, Ailanthus altissima, etc. When determining the allergenicity of
Ailanthus altissima, experts could not come to a consensus, since the strategy of its pollination has not yet been
clarified, namely whether it is pollinated amphiphilically or anemophilically. In the latter case, there was every reason
to place it in the third category of VPA species.

The fourth category included nine species (15%) that posed the greatest potential threat of the occurrence of
pollinosis and other allergic reactions. Among them Fraxinus excelsior, Betula pendula, B. verrucosa, Platycladus
orientalis were well known and widespread, i.e. typically wind-pollinated plants, therefore producing maximum
amounts of pollen.

The analysis of the identified potentially allergenic species showed a fairly high percentage of adventitious (alien to
local communities) species. It was obvious that pollen from such plants caused more acute and less predictable
reactions of the human body, and this happened for at least two reasons. Firstly, it was the lack of immune mechanisms
to combat new proteins in the pollen of foreign plants [15], and secondly, some adventitious species aggressively
captured new habitats, which led to a sharp increase in their numbers and, consequently, to an increase in pollen mass in
the atmosphere. Thus, the proportion of adventitious species in the list of VPA species might carry additional
information about the potential allergenic danger of urban flora (Table 1). 24 adventitious potentially allergenic species
were found in the urban flora of Rostov-on-Don, which was 12% of their total number. Almost half of these
species (45.8%) were from North America, the rest were from Asia or Africa. In addition, allergenic species included
five invasive species with different invasive statuses. These species could be introduced into natural cenosises and
transform natural ecosystems. It was necessary to control the spread of these species by urban flora monitoring.
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Taxonomic analysis of VPA species showed the distribution of potentially allergenic species in orders for which
specific protein reactions were identified and detailed approaches to the prevention and treatment of pollinosis were
developed (Fig. 2).

Fagales
Other 8%

15%

Lamiales
8%

Proteales

2%
Pinales
13%
Rosales
34%
Sapindales

13%

Fabales
7%

Fig. 2. Distribution of VPA species of urban woody flora of Rostov-on-Don in taxa at the level of orders

Pinales (13.1%) and Sapindales (13.1%) were the leaders in the spectrum of orders. The Pinales order included
Juniperus virginiana, J. sabina widespread in green construction, which, according to the VPA scale, belonged to a
class with a very high content of allergens. According to [22], the allergens Cry j 1 and Cup a 1, which belonged to the
family of pectatliase proteins and demonstrated high levels of cross-reactivity, were found in juniper pollen. Pectatliase
allergens were identified as major allergens not only in the pollen of Cupressaceae trees, but also in Asteraceae weeds,
which brought them closer to ambrosia from this point of view.

The second place in the number of species was shared by the orders Lamiales (8.2%) and Fagales (8.2%). Pollen
from Fagales trees was the main cause of winter-spring pollinosis in the temperate climatic zone of the Northern
Hemisphere [23]. The order included the families Betulaceae, Juglandaceae, and Fagaceae, which most often caused
allergies. A recent study has revealed the similarity of proteins in birch pollen with proteins of the lipocalin family, to
which most allergens of animal origin belonged.

In the Lamiales order, only the Oleaceae family included species with allergenic activity. Thus, Fraxinus excelsior
was a fairly powerful source of allergens. Its pollen productivity could reach the same level as that of birch, while the
flowering seasons of both trees overlaped significantly. Syringa vulgaris and Ligustrum vulgare were two
representatives of the Oleaceae family that caused allergies and asthma. Both plants were widely introduced into the
culture of green spaces in Rostov-on-Don. Interestingly, Ligustrum vulgare was a tree pollinated by insects, so the
concentrations of its pollen in the environment were usually very low. Nevertheless, there was evidence that Ligustrum
vulgare could act as a sensibilizer for allergies to all Lamiales [24].

The Proteales order included only one species, Platanus x acerifolia. Platanus was a common species in southern
cities, including Rostov-on-Don. The breed had high pollen productivity. For example, in Spain, during the flowering
season, the released pollen could reach a level of 14% of the total amount of pollen [25, 26].

The Rosales order included 21 species (34.4%) of woody potentially allergenic plants from the families Rosaceae,
Moraceae, Ulmaceae, etc. In this series, the most powerful sources of allergens were representatives of the Moraceae
and Ulmaceae, and these were plants with either a mixed type of pollination, such as mulberry, or exclusively
anemophilic — elm.

In the other orders, which accounted for 14.8%, only the Malpighiales deserved attention, which included Populus
and Salix. These cultures had moderate allergenic activity.
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Discussion and Conclusion. The assessment of the allergenic potential of woody plants of urban flora of Rostov-on-Don
allowed us to establish the degree of threat of allergic phenomena among citizens. Determining the level of allergenic activity of
each type of arboreal urban flora opens up new opportunities for further design of landscaping facilities that exert minimal stress
on the respiratory organs and the human immune system. The greatest danger is posed by both allergenic and invasive species
capable of active distribution and an increase in their numbers. The use of such species in the landscape design of the city, as well
as the introduction of new similar species in landscaping should be under the control of arborists. The most powerful sources of
allergenic pollen were representatives of the Pinales and Fagales orders. They, as a rule, have high decorative qualities and play a
leading role in design projects. In some cases, these cultures can be replaced with less allergenic ones, for example,
representatives of the Rosales order.

In the future, it is necessary to develop clear recommendations for urban landscape architects to limit the spread of
allergenic tree species.

The study of the allergenic activity of arboreal urban flora for the cities of southern Russia was conducted for the
first time. Further research will be related to the arboreal urban flora of cities in neighboring regions in order to conduct
a comparative analysis.
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