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A clear distinction between the morphology of allergenic pollen grains of various genera
of the Poaceae family is an important task in determining the causal allergenic factors
in the population. It allows significant improvement of the efficiency of seasonal allergy
diagnostics caused by grass pollen. Moreover, it let to perform better predictions of
allergenic risks for people, suffering from pollinosis caused by Poaceae pollen.
Therefore, the aim of our study was to establish the morphological difference between
the pollen grains of plants of various species of Poaceae family in order to further
determination of the possibility to use the established distinctions for the identification
of pollen in aerobiological studies. For this, both herbarium samples and pollen of the
studied plants were collected in the field during May-June 2019 in Vinnytsia. The pollen
was shaken off the anthers directly onto a glass slide, immediately stained with basic
fuchsin, and covered with a cover slip. The sizes of pollen grains - their width and
length - were determined and analyzed using the PhotoM 1.21 program, and the obtained
data on the sizes of pollen were divided into categories by the quartile method in Excel.
Three categories of pollen sizes were identified: large, medium and small. Large grains
had width and length parameters of 40 um or more, average grains ranged from 26 to 39
um, and small grains had a size of 26 um or lesser in width and length. The large category
includes the pollen of Hordeum morinum (39.5-53.1 um), Elytrigia repens (41-48 um),
Secale cereale (48.4-62.5 um) and Bromus arvensis (42.2-52.7 um). The medium grain
category included pollen from Dactylis glomerata (29.2-38.1 um), Poa spp. (26.1-
37.3 um), Panicum capillare (33.3-39.5 um), Lolium perenne (30.4-35.3 um), Bromus
sterilis (28.3-30.8 um). The pollen size of B. ramosus ranged from 26.1 to 39.5 um, and
B. tectorum was from 35 to 38.4 um. The pollen grains of Poa pratense (22.1-25.9 um) and
Piptatherum spp were assigned to the category of the smallest pollen (20.3-24.1 microns).
Agrostis gigantea was the only grass pollen type whose size fitted for each category. We
found out large, medium-sized and grains of 25.0-27.7 microns, which lie between
categories 2 and 3, for different populations of this plant. Consequently, some genera and
species of Poaceae can be distinguished by the size of their pollen, while in others the
size of pollen grains varies considerably. It is necessary to carry out further research
that will help to establish the morphology of pollen of a larger number of Grass family
plants. This will significantly improve the diagnosis and prevention of seasonal allergy
caused by grass pollen in Ukraine.

Key words: allergenic pollen, allergenic biological particles, seasonal allergy, grass
pollen, pollen sensitivity, pollinosis prevention.

Introduction

Gramineae (Poaceae) or grasses are a large family of
about 8,000 species. Representatives of this family are
common herbs. They cover about 20% of the land surface.
Grasses made a great contribution to the development of
human culture, as they were one of the first plants grown
by man, helping him to move from hunting and gathering

the gifts of nature to agriculture. This happened about
10,000 years ago. Cereals such as wheat (Triticum) and
barley (Hordeum) are still the most important sources of
food for humans [27].

However, today the topic of grasses is becoming
increasingly important given the high allergenicity of plants
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of this family, including their pollen. After all, people are
constantly exposed to it during the flowering of ornamental
or those grasses that are used for landscaping lawns in
settlements [16].

Thus, currently, the pollen of Poaceae family plants has
become one of the most important factors of seasonal
allergy in the world [5, 11]. In temperate climates, it
contributes significantly in the level of sensitization of
patients, along with pollen of ragweed and trees, in
particular, birch [4, 8, 19]. According to molecular diagnostics
of allergies [25], in Ukraine about 40% of patients with
seasonal allergies are sensitive to grass pollen allergens.
The same percentage of people with atopy react to grass
pollen in Turkey. In other parts of the world, this number
varies, but is also high. For example, in Switzerland, 12%
of those with symptoms of seasonal allergy are sensitive
to pollen [10], and in Australia, 29 to 41% of people with hay
fever are sensitized to pollen too [6]. Therefore, it is not
surprising that grass pollen is included into the list of pollen
grain species for which allergy risk forecasts are most often
made in Europe and in the world [15].

Moreover, both in Ukraine [25] and in the world [6],
allergenicity of pollen of different species of the family
Poaceae is considered [27]. These include Timothy
(Phleum pratensis) and English ryegrass (Lolium perenne).
Pollen allergens of these species are one of the main
known factors of seasonal allergy [9, 26].

Thus, in Ukraine, 38.8% of people with hay fever are
sensitive to meadow timothy' allergens, 28.8% - to English
ryegrass, and 14.3% - to rye pollen [25]. There are also
data on the allergenicity of pollen from other representatives
of plants of the grass family - cock's-foot or orchard grass
(Dactylis glomerata), Kentucky bluegrass (Poa pratensis)
and Bermuda grass (Dhoob, ddrva grass) (Cynodon
dactylon) [2].

Flowering of all these species of Poaceae can both
coincide and be observed in different periods of pollination
of plants of the family. Therefore, pollen grains produced
by plants at different times may be of clinical importance
for different patients. From the point of view of the
importance of these plants in terms of the ability to cause
pathological symptoms in patients, it is important to inform
them about the flowering of different species of plants at
different times.

To date, the accuracy of aerobiological predictions of
pollen distribution for plants of the Poaceae family is only
relative: when counting and identifying pollen during
aerobiological observations, grass pollen grains are
gathered into one category - Poaceae. Therefore, when
creating allergy forecasts [24], the risk levels due to the
pollination of grasses are assessed for the family as a
whole, and not for its individual species. However, as
already mentioned, such an assessment could have a
higher practical and clinical significance, given that it would
allow for a more accurate diagnosis and prevention of
pollinosis caused by grass pollen. This, in turn, could

significantly save the population and the health care system'
costs associated with treating seasonal allergies to grass
pollen, in particular by allergen immunotherapy. The latter
can last year-round in severe, late-diagnosed clinical
casesand is expensive though [13].

Therefore, the aim of our study was to establish the
morphological difference between the pollen grains of
plants of different species of the family Poaceae to further
determine the possibility of using the established difference
in the identification of pollen in aerobiological studies.

Materials and methods

Pollen of the studied plants was collected in the city of
Vinnytsia (Ukraine) directly from plant inflorescences
(spikes or panicles) in the field during May and June 2019.
Along with pollen samples, samples of the herbarium of
selected plants were collected. The pollen was shaken
out from the anthers directly onto a microscopic slide,
immediately stained with a gelatin-based stain and stored
in a thermos. The stain contained basic fuchsin. The
chemical composition of the stain was identical to that,
which is standardly used for staining pollen samples in
aerobiological studies. After staining, the sample was
covered with a cover glass. A total of 60 pollen samples
from different plants were collected.

The first, test collection of pollen grains, was held on
May 14, 2019. Its purpose was to determine the pollination
activity of Poaceae family species that are among the first
to emit pollen. In particular, wall barley (Hordeum murinum),
rice grass (Piptatherum spp.), cock's-foot or orchard grass
(Dactylis glomerata) and Kentucky bluegrass (Poa
pratensis). At this time, the first 15 samples were collected,
which did not show pollen grains. Therefore, despite the
formed inflorescences, it was found out that the pollen of
grasses at that time was still immature enough to be shaken
off the anthers and, accordingly, cause symptoms of
pollinosis.

A second attempt was made on May 30, 2019 and it had
a positive result: 9 samples of pollen from different plants
were obtained. During further collecting on June 1, 2019
and June 9, 2019 another 36 samples were collected. In
total, grass pollen grains were detected in 45 samples.
The obtained samples were analyzed using the method of
light microscopy with a magnification of x400. This
magnification is a standard for the identification of pollen
grains.

Stained pollen grains were selected for getting their
morphological parameters only after examination of the
entire sample. This was done in order to be sure that pollen
in one sample had the same size and shape, and to confirm
that the collected pollen belongs to the same species.

When reviewing the selected samples, it was
noteworthy that the pollen grains of grasses were of different
shapes and sizes, had different structure and were
differently saturated with the color of the stain, had different
pore sizes.
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Table 1. Indicators of width and length of pollen grains of the Finally, a preliminary study found that pollen grain size
studied grass species (Mtm), um. varied the most (from 60 um to 20 um). Therefore, this
Species Width Length parameter was chosen for further evaluation.
Wall barley (Hordeumn morinum) 45,68+4 47 | 47,6043 41 To get tﬁe linear dlmen3|or?s, reference samples were
S selected without any mechanical damage. For pollen of
+ +: .

Rye (Secale cereale) 61.60£0,90 | 51,20+2,80 each plant species, measurements were made at least
Couch grass (Elytrigia) 45,68+4,32 | 47,603,05 three times to obtain their average value. For pollen grains
Field brome (Bromus arvensis) 457543 55 | 48,55+4,15 of all categories, the average value of width and length, as

Cock's-foot or orchard grass (Dactylis ) . well as the star.1dard qu!atlon were cal.culated (Table 1?.
glomerata) 30,972,93 | 33,23£2,72 Grass species' definition was made in accordance with
Meadow-grass (Poa) 30.804.25 | 32.60£4.70 Uk-ralman botaqlcal atlages [20, 29] gnd Ir.1ternet sources
using the botanical specimens taken in a field after pollen

Annual meadow grass (Poa annua) 30,80+3,53 | 33,70+3,87 collection.

Downy brome (Bromus tectorum) 38,23+0,54 | 34,97+1,76 PhotoM 1.21 program was used for accurate
Barren brome (Bromus sterilis) 29.45+1,15 | 20,55+1,25 measyrement of pollen grain size. This program made it
Hairy brome (Bromus ramosus) 31,77+4,05 | 35,20+£3,64 p(.)SSIbl.e o usg phOtog.raphS.taken from a Ilg.ht mlcrOSCOp.e

with a field of view having calibrated scale (Fig. 1). Analysis

Brome grasses (Bromus) 38,15£0,65 [ 3495:2,15 | of sample sizes was continued in Excel using the quartile
Kentucky bluegrass (Poa pratensis) 23,3521,25 | 25,45+0,45 method.

Ricegrass (Piptatherum) 20,65+0,35 | 2345065 The study of the morphology of grass pollen is a

, Cl1 kG2
ik | : :
Fig. 1. Microscopic photos of pollen obtained in the program PhotoM 1.21. x400. Grass pollen of different categories: A - 1 category
(Hordeum morinum), B - 2 category (Lolium perenne), C - 3 category (Piptatherum Spp.). A (Hordeum morinum): A1 - 48,2 um of width and
A2-53,1 um of length; B (Lolium perenne): B1 - width is 30,4 ym and B2 - length is 32,8 um; C (Piptatherum Spp.): C1 - width is 20,3 ym
and C2 - lengthis 24,1 pm.
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promising scientific field in terms of diagnosis and
prevention of hay fever. After all, pollen of grass species
remains the leading allergenic agent of air. Moreover, the
effectiveness of treatment of sensitivity to it depends on the
exact definition of the causative agent of hay fever [18].

Results

The program divided the indicators of the linear size of
the pollen into 4 quartiles as follows:

1st quartile: width - 62.5-38.4 ym, length 54.0-39.5 ym

2nd quartile: width - 37.5-32.1 ym, length 38.1-33.7 ym

3rd quartile: width - 31.7-26.1 ym, length 33.3-28.3 ym
4th quartile: width - 25.9-20.3 ym, length 27.9-22.8 ym.

Using the obtained data, with the help of "Excel" we
obtained a clear selection of 3 categories of linear sizes of
pollen grains (Fig. 2):

1. Large - width and length are greater than 40 um;

2. Medium - width and length are in the range 0f26-39 um;

3. Small - width and length are less than 26 um.

The category of large pollen grains included pollen of
Hordeum morinum (39.5-53.1 um), Elytrigia repens (41-
48 um), Secale cereale (48.4-62.5 ym) and Bromus
arvensis (42.2- 52.7 ym).

Medium-sized grains included pollen of Dactylis
glomerata (29.2-38.1 ym), Poa spp. (26.1-37.3 um),
Panicum capillare (33.3-39.5 ym), Lolium perenne (30.4-
35.3 ym), Bromus sterilis (28.3-30.8 ym). The pollen size
of B. ramosus ranged from 26.1 to 39.5 ym, and B. tectorum
from 35 to 38.4 um.

The smallest category included pollen Poa pratense
(22.1-25.9 uym) and Piptatherum spp. (20.3-24.1 um).

The only species whose pollen size was suitable for all
categories was Agrostis gigantea. For different populations
of this plant, we found large, medium and grains of 25.0-
27.7 um, the size of which was between the categories of
"medium" and "small" (Table 2).

Pollen size categories
70,00
&0,00 -

50,00

40,00

|
X

20,00 =

30,00

Size, um

10,00
0,00
B width ® lendth

Fig. 2. Separation of grass pollen into categories by size (by width
and length).

Table 2. Black bent (Agrostis gigantea). Variation of sizes on
different samples of one specie (Mt+m), um.

Agrostis gigantea
sample Width Length category
55 40,60+2,40 42,60+2,20 1
53 35,90+0,30 37,50+0,60 2
55A 30,10+0,75 30,40+1,90 2
52 25,9040,20 27,70+2,90 3
54 26,10£0,12 27,00+2,40 3
53A 25,0040,14 26,60+0,34 3
Table 3. Distribution of pollen grains sizes among the respective
categories.
Species whose pollen has been identified cgl?éiti%fn c:tce)zl_l;nry
Wall barley (Hordeum morinum) 30.05.2019 1
Cock's-foot org 7;;:1:;; s)rass (Dactylis 30.05.2019 2
Kentucky bluegrass (Poa pratensis) 30.05.2019 3
(Ricegrass (Piptatherum) 30.05.2019 3
Cock's-foot o; 7;;:1:;; ég';)rass (Dactylis 01.06.2019 2
Meadow-grass (Poa) 01.06.2019
Witchgrass (Pancium capillare) 01.06.2019
English ryegrass or perennial ryegrass 01.06.2019 2
(Lolium perenne)
Barren brome (Bromus sterilis) 01.06.2019
Hairy brome (Bromus ramosus) 01.06.2019
Wall barley (Hordeum morinum) 09.06.2019 1
Couch grass (Elytrigia) 09.06.2019 1
Rye (Secale cereale) 09.06.2019 1
Field brome (Bromus arvensis) 09.06.2019 1
Cock's-foot o; ;)()r?:rr:tag)rass (Dactylis 09.06.2019 2
Annual meadow grass (Poa annua) 09.06.2019 2
Brome grasses (Bromus) 09.06.2019 2
Downy brome (Bromus tectorum) 09.06.2019 2
Kentucky bluegrass (Poa pratensis) 09.06.2019 3

To exclude the possibility of the impact of the gradual
maturation of pollen on the final results, they were
summarized in one table, which clearly showed that the
size of the pollen did not depend on the time when it was
collected.

Pollen of different categories was collected on each
date indicated in the table. Pollen of the same species,
which was collected on different dates, belonged to the
same categories (Table 3).

Discussion
Grass pollen is not only the main factor of hay fever in
the world [1], it also acts as an initiating factor that causes
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the development of pollen allergy in general since childhood
[19, 30].

However, insufficient attention is given in the scientific
literature to the issue of studying the morphology of grass
pollen. Available sources indicate the interest of scientists
in studying the structure of pollen in agriculture [22], as well
as - the interest in fossil pollen studies [12, 23].

At the same time, papers on the identification of grass
pollen for aerobiological and allergological research are rare
[8].

However, comparing the obtained data with the results
of studying the morphology of grass pollen in the air, we can
state that our data correlate with the data represented by
other authors. In particular, rye pollen is known for its large
size, and in our study it also got to the largest category. But
Agrostis pollen, which in our study did not receive a clear
category, was classified by L.N. Morgado and co-authors as
pollen with small size [17]. These and other researchers
[21] also divide grass pollen into three categories by size -
large, medium and small. Moreover, the large pollen category
includes pollen greater than 46 uym, and small - less than
22 um, which roughly corresponds to the categories obtained
in our study.

However, the morphology of grass pollen remains an
unclear scientific question. This is because Poaceae family
pollen is mostly spherical in size and has one pore.
Therefore, scanning electron microscopy [3, 14] and
spectroscopy [7] are used for its in-depth study. The latter
technique can also be used to detect pollen automatically.
However, there have been reports of evolutionary changes
in the Poaceae family and the appearance of pollen with 2
pores [22]. The morphology of such pollen can be quickly
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BUBYEHHA MOP®ONON T NMUIKY 3MAKIB K NIAFPYHTA MOHITOPUHIY ANIEPTEHHUX BIONOMNYHUX YACTOK B

ABTOMATUYHOMY PEXUMI
ScHrok M.B., Kamincbka O.A., PodiHkoea B.B.

Yimke po3pisHeHHs1 MOpghorioeil anepaeHHUX MUIKOBUX 3epeH pisHUx podie poOuHu ToHKoHozo08uXx (Poaceae) € gaxnugot 3adayero
rpu 8uU3Ha4YeHHIi YUHHUKI8 anepeii y HaceneHHs. BoHo 0038oris€ 5K 3Ha4yHO nidsuwysamu egekmueHicmb 0iagHOCMUKU CE30HHOI
arnepeii, BUKIUKaHOI NUIKOM 371akig, mak i cmeoprosamu bifiblu MOYHI MPO2HO3U Ce30HHUX pu3ukKie 0r1s noded, Kompi nomepnatome 8id
anepeii 0o nunky pizHux eudie 3rakie. Bidmak, memoto Hawoeo docnidxeHHs byno ecmaHo8IeHHs MOpPghoI02iYHOI 8iIOMIHHOCMI MiX
UIKo8UMU 3epHamMu PoCiuH pisHUx sudie poduHuU Poaceae 01151 1odaribuio20 8U3HaYEHHS MOXIIUBOCMI BUKOPUCMO8y8amu 8CmMaHo8eHy
8iOMiHHICmMb npu ideHmucdbikauyii nunky e aepobionoeidHux OocnidxeHHsIX. s yb020 y nonbosux ymosax ernpo0o8x mpasHs-4epeHs
micaysi 2019 poky y BiHHuUUj 36uparnu eepbapHi 3pasku U nunok docnidxysaHux pocnuH. [Nunok cmpywyeanu 3 nussikie 6e3nocepedHbo
Ha rnpedMemHe cKro | o0pa3y 3abapesiroeasiu OCHOBHUM (DyKCUHOM ma 3aKpusasu MOKPpUSHUM CKIoM. Po3mipu numkosux 3epeH - ix
wupuHy ma O08XUHY - 8U3Ha4yanu ma aHanisysanu 3a 0oriomozoro rpoepamu PhotoM 1.21, a keapmurnbHUM Memodom y rpoepami
Excel ompumanu yugbposi daHi wodo posmipie nusnky, kompi e nodanbwomy 6ynu po3dineHi Ha 3 8i0noesiOHi kameaopii: eenukul
po3Mip nusnKy, cepedHiti ma manud. Bernuki 3epHa mManu napamempu wWupuHU U doexuHu 40 Mkm i binbwe, cepedHi 3epHa bynu eid 26
0o 39 MKkm, a OpibHull numok cmaHosus 26 MKM ma MeHwe 3a WUPUHO ma OoexuHow. [Jo kameezopil eenukux ysitios Muriok
Hordeum morinum (39,5-53,1 mkm), Elytrigia repens (41-48 mkm), Secale cereale (48,4-62,5 mkm) ma Bromus arvensis (42,2-
52,7 mkm). Kameeopis cepedHix 3epeH ekntodana nunok Dactylis glomerata (29,2-38,1 mkm), Poa spp. (26,1-37,3 mkm), Panicum
capillare (33,3-39,5 mkm), Lolium perenne (30,4-35,3 mkm), Bromus sterilis (28,3-30,8 mkm). Poamip nunky B. ramosus cmaHosus 8id
26,1 0o 39,5 mkm, a B. tectorum - 8id 35 do 38,4 mkm. [Jo kamezopii HalimeHwoe2o nusnky 6ynu eidHeceHi nunkosi 3epHa Poa pratense
(22,1-25,9 mkm) ma Piptatherum spp. (20,3-24,1 MkMm). €OUHUM 371aKOM, PO3MIpP MUIKY SIKO20 3HaxoOu8csl y KOXHIil kamezopil, bye
Agrostis gigantea. [ns pi3Hux rnonynauit yjei pocnuHu Mu 8usieusiu 8esuki, cepedHi po3mipu ma 3epHa poamipom 25,0-27,7 MKM, sKi
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nexxams Mix kamezopismu 2 ma 3. Biomak, desiki poOu ma eudu Poaceae MoxHa 8i0pisHUMU 3a po3MipamMu iXHb0o20 nurky, moodi K
0n1a iHWUX po3Mipu ruskoeux 3epeH 3Ha4yHo eapitoromb. HeobxiOHum € nposedeHHsi nodanbwiux 00CidXeHb, siKi A0MOMOXYmb
8cmaHosumu mopghorioairo nusky 6inbwoi KinbKkocmi pocnuH poOuHu TOHKOHO208UX, WO 3HaYHO MOKpauwume 8 YkpaiHi diazHocmuky
ma rpogbinakmuky Ce30HHOI anepeaii, 8UKIUKaHOI MUIKOM 3rakKie.

KniwouoBi cnoBa: anepzeHHull numok, anepeeHHi 6iono2idHi yacmku, ce30HHa arnepeais, nuaoK 3nakie, Yymmaugicmbs 00 MurKy,
npoghbinakmuka rosniHo3sy.

WU3YYEHUE MOP®OIOIMu NbliibLbl 311AKOB KAK OCHOBAHUA ANA MOHUTOPUHIA ANNEPITEHHBLIX BUOJNTOTMYECKUX
YACTUL, B ABTOMATUYECKOM PEXWUME

SlcHok M.B., KamuHckasa O.A., PoduHkoea B.B.

Yemkoe omnuyue mopghorioauu annepeeHHbIX 3epeH MblbUbl pasfiuyHbix podos cemelicmea ToHKoHO208bIX (Poaceae) sensemcsi
gaxkHoU 3adayell npu onpederneHuuU ¢hakmopos annepauu y HaceneHus. OHO N0380/5ieM Kak 3Ha4umeribHO No8bilame 3¢bgheKmueHOCMb
OduasHOCMUKU Ce30HHOU arnepauu, 8bi38aHHOU MblbUoU 3nakos, mak u coz0asams 6oriee moyYHble Mpo2HO3bl CE30HHbIX PUCKO8 Or1s
nodell, cmpadarowux om annepauu Ha fbibUy pasHbix eudos 3nakos. [Toamomy uenbio Hawezo uccriedogaHusi bbilo ycmaHoeneHue
MopghborioaudecKoeo pasnuqus Mexoy MbiibUesbiMU 3epHaMu pacmeHull pa3Hbix eudos cemelicmea Poaceae 0nsi danbHelweao
ornpedenieHUs1 B03MOXHOCMU UCIMOMb308aHUST yCmMaHO8EHHbIX omau4ul npu udeHmugbukayuu MbibUbl 8 a3pobuono2udyecKkux
uccniedosaHusix. []ns amoz2o 8 rosieabiX ycrioeusix 8 meyeHue masi-utoHss mecsiyes 2019 2oda e BuHHuye cobupanu eepbapHbie
06pasubl U nbibyy uccriedyembix pacmeHul. biibUyy cmpsixugaru C rbliibHUKO8 HenocpedCcmeeHHO Ha rpedMemHoe CMeK/Io U cpasy
OKpawusasu 0CHO8HbIM (hyKCUHOM U 3aKpbi8asiu MOKPOBHbIM CMEKITOM. Pa3mepbi Nbinbyesbix 3epeH - UX WUPUHY U OnuHy - onpedensnu
u aHanuauposanu ¢ nomowlbro rpoepammbl PhotoM 1.21, a keapmunbHbiM Memodom 8 ripozpamme Excel nonydunu yughposbie
OaHHble pa3mMepos Mbifbybl, Komopble 8 GanbHelwem b6binu pasdeneHbl Ha 3 coomeemcmeyrujue Kkamezopuu: 6onbwol pa3mep
nbiabUbl, cpedHUl U Manbil. bonbwue 3epHa umernu napamempbl WUPUHbI U OnuHbl 40 Mkm u 6ornee, cpedHue 3epHa bbiiu om 26 0o
39 mMKM, a Menkas nbinbya cocmaensna 26 MKM U MeHblwe 1o wupuHe u dnuHe. B kameeoputro 6onbwux eowna nbinbya Hordeum
morinum (39,5-53,1 mxkm), Elytrigia repens (41-48 mkm), Secale cereale (48,4-62,5 mkm) u Bromus arvensis (42,2-52,7 mkm). Kamezopusi
cpedHux 3epeH ekrroyana nbiibyy Dactylis glomerata (29,2-38,1 mkm), Poa spp. (26,1-37,3 mkm), Panicum capillare (33,3-39,5 mkm),
Lolium perenne (30,4-35,3 mkm), Bromus sterilis (28,3-30,8 mkm). Pasmep nbinbybl B. ramosus cocmaensin om 26,1 0o 39,5 MkmM, a
B. tectorum - om 35 0o 38,4 mkm. K kameeopuu camoul maneHbKol MbiribUbl Obliu OmHeceHbl 3epHa nbinbybl Poa pratense (22,1-25,9
MkM) u Piptatherum spp. (20,3-24,1 mkm). EQUHCMBEHHbIM 351aKOM, pasmep MblibUbl KOMopo20 Haxodusu 8 Kaxool kamezaopuu, bbin
Agrostis gigantea. [nsa pa3Hbix nonynsayul 3moao pacmeHusi Mbl 06Hapyxunu bonbwue, cpedHuUe pa3Mmepbl U 3epHa paamepom 25,0-
27,7 MKM, Komopsble riexxam mex0y kamezopusimu 2 u 3. CriedosameribHO, Hekomopblie podbi U 8UlGbl Poaceae MOXHO omiu4ums o
pasmepam ux Mblibybl, mo2da Kak y Opyaux pa3Mmepbl MblIbUEeBbIX 3€pPeH 3Ha4umesibHO eapbupyrom. HeobxodumbiM sensemcs
OanbHeliwee npogedeHue uccnedosaHuli, KoOmopbie MOMo2ym ycmaHo8uUmb MOPhOIo2ulo NblbUbl 60IbWE20 Konuyecmeaa pacmeHul
cemelicmea TOHKOHO208bIX, YMO 3Ha4uUMesbHO yryqwum 8 YkpauHe OuagHOCMUKY U npoguiakmuky ce30HHOU annepauu, 8bl3gaHHoU
NbIbYOU 3/1aK08.

KniouyeBble cnoBa: asnnepzeHHas fblibya, annepaeHHble buosioeudeckue yacmuubl, C€30HHas assepaus, Mbinbya 3/1aK08,
4y8cmeumeibHoCMb K Mbifibye, fnpogunakmuka nosnuHo3a.
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