Acta Botanica Hungarica 65(3—4), pp. 209-227, 2023
DOI: 10.1556/034.65.2023.3-4.1

A PALYNOLOGICAL STUDY OF SOME
HELICHRYSUM (ASTERACEAE) SPECIES IN IRAN

N. Aziz1™*, V. MozarrariaN?, S. M. TaLesr® and Z. Jamzap?

'Department of Forest and Rangelands Research, Khorasan Razavi Agricultural and Natural
Resources Research and Education Center, AREEO, Mashhad, Iran; E-mail: n.azizi@areeo.ac.ir
(corresponding author)
2Research Institute of Forests & Rangelands. Agricultural Research,

Education and Extension Organization (AREEO), Tehran, Iran
*Department of Biology, Faculty of Science, Arak University, Arak, Iran

(Received 13 March 2023; Accepted 22 August 2023)

In this study, palynological characteristics of 23 specimens of Helichrysum Mill., represent-
ing 12 Iranian species were investigated. We evaluated pollen grains (25 per specimens)
and tested them by 15 qualitative and quantitative characteristics using Scanning Electron
Microscopy (SEM). Pollen grain descriptions of most species were presented for the first
time in the world. The pollen grains were tricolporate, radially symmetrical and isopolar
in all examined samples. They were small, and rarely medium in size. The polar outline
view (amb) was the same among the species. The overall views of pollen grains were pro-
late-spheroidal, oblate-spheroidal, subprolate, prolate and spheroidal. However, the more
abundant type was prolate-spheroidal. The exine sculpture was echinate, and tectum is
perforate. The ANOVA test revealed a significant variation (P < 0.001) for all the quanti-
tative characteristics. In PCA analysis, the colpus length, width, and length/width ratio
traits, polar and equatorial axes length, were the most variable features and some species
were characterised by these characters. Results indicated that a few qualitative character-
istics such as polar outline view and exine sculpture lack taxonomic importance via their
stability among species. Also, the palynological traits had enough potential to separate the
taxonomic boundaries of H. rubicundum and H. globiferum, but approximately the species
clustering pattern did not agree with Flora Iranica.

Key words: Helichrysum, Iran, pollen, population, SEM, taxonomy

INTRODUCTION

Helichrysum Mill. with about 600 species in the world, is one of the largest
genera in Gnaphalieae tribe of Asteraceae family (Bayer et al. 2007, Galbany-
Casals et al. 2009). The genus is distributed throughout the African continent,
Madagascar, the Mediterranean Basin, Macaronesia, Western and Central
Asia, and India (Anderberg 1991). Approximately 41 species are distributed
in the Mediterranean region, European, western and Central Asian (Galbany-
Casals et al. 2004). Helichrysum species are divided into three sections: sect.
Helichrysum, sect. Stoechadina (DC.) Gren. et Godr. and sect. Virginea (DC.)
Gren. et Godr. (Galbany-Casals ef al. 2006). Based on the latest achievements,
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Iranian Helichrysum species belong to section Helichrysum (Galbany-Casals et
al. 2004). Georgiadou et al. (1980) listed 19 species in Iran. Mozaffarian et al.
(2018) divided it into 16 species in Flora of Iran.

Many species of this genus have ornamental and medicinal values (Vie-
gas et al. 2014). For example, H. italicum (Roth) G. Don, H. leucocephalum Boiss.,
H. artemisioides Boiss. et Hausskn. bearing essential oils (Javidnia et al. 2009,
Tzanova et al. 2018), and H. compactum Boiss. and H. italicum contain flavo-
noids with antioxidant and antibacterial activities (Kramberger et al. 2021,
Maksimovic et al. 2017). Due to extreme morphological variation and frag-
mented distribution, Helichrysum is a problematic genus (Akaberi et al. 2019,
Galbany-Casals et al. 2009) and identification of its species is often obscured
(Puglia et al. 2018), and a great number of taxa have been described at various
taxonomic ranks (Galbany-Casals et al. 2006).

Palynology is one of the important taxonomic tools in the Asteraceae family,
which is employed for delimitation of taxa at the subfamily, tribe, and subtribe
levels (Azizi et al. 2021, Bolick and Keeley 1994, Cancelli et al. 2007, Coutinho
and Dinis 2007, Coutinho et al. 2011, El-Deen Osman 2006, 2011, Erdtman 1952,
Perveen 1999, Skvarla et al. 1977, Wortley et al. 2008). In this regard, Zafar et al.
(2007) reported a great diversity in pollen morphological characteristics in this
family, especially in shape, size, colpi length, and morphology of spines. In Gna-
phalieae tribe, pollen morphological features have been used to better identify
taxonomic position of several taxa (Blackmore et al. 2007, El-Deen Osman 2011,
Elkiran et al. 2017, Pinheiro et al. 2003, Wagenitz and Hellwig 2000, Wortley et al.
2012, 2015). For example, in a study, Breitwieser and Sampson (1997) evaluated
the palynological traits of New Zealand Gnaphalieae taxa, and observed that
the pollen grains of all taxa were spheroidal and tricolporate. Additionally, they
could resolve some complexities among Helichrysum species, using pollen grain
characteristics. In another study, the pollen grain morphological features of two
Helichrysum species, H. foetidum (L.) Moench and H. italicum, were investigated
by Coutinho and Dinis (2009), and detected the pollens grains are radially sym-
metrical, sub-oblate to prolate, 3-zonocolporate and echinate-perforate.

The palynomorphological characteristics of six taxa, H. chionophilum
Boiss. et Balansa, H. noeanum Boiss., H. arenarium subsp. aucheri, H. graveolens
(M. Bieb.) Sweet, H. plicatum DC. subsp. plicatum DC., and H. plicatum subsp.
polyphyllum were examined (Elkiran et al. 2017, Hayta et al. 2015). Results in-
dicated the pollen grains shape, aperture type and ornamentations in these
taxa are similar. However, some quantitative traits differed among species
(Elkiran et al. 2017). Pinar and Oybak Donmez (2000) investigated the palynol-
ogy of six endemic Helichrysum species of Turkey. The pollen grains of all
taxa were similar in that they are tricolporate with spines and rugulate exine
sculpture. Although several investigations, including phylogenetic, genetic
diversity and cytology have been conducted on Helichrysum taxa (Elkiran et al.
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2017, Galbany-Casals and Romo 2008, Galbany-Casals et al. 2004, 2006, 2010,
2011, 2014, Sabetta et al. 2006, Salmeri et al. 2014, Scialabba et al. 2008), but the
relationships among species in this genus are still confused as well as the pa-
lynological studies have not been sufficiently in this genus.

Therefore, we aimed this study to investigate general pollen morpho-
logical characters and to assess the implementation for classification and de-
limitation in Helichrysum.

MATERIAL AND METHODS

Plant samples — In this work, the pollen materials were obtained from
herbarium specimens of the Shahid Beheshti University herbarium (HSBU)
and herbarium of Research Institute of Forests and Rangeland (TARI). Vouch-
er specimens are listed in Table 1. The pollen samples were obtained mostly
from freshly collected specimens and also from dry herbarium materials. Five
individuals were randomly selected from each population, and five buds
were picked up from each individual.

Light microscopy (LM) — Pollen grains were acetolysed according to Erdt-
man method (1960). We used Olympus CH2 light microscope for the measure-
ment of polar and equatorial axes length and determining the shape of pollen
grains and polar outline view. Image Tools (ver. 2) was used for measurements.

Scanning electron microscopy (SEM) examination — For SEM study, the pol-
len grains in 23 Helichrysum growing in Iran, were coated with approximately
25 nm of gold-palladium in a sputter coater. The specimens were examined
and photographed with a Phillips x L20 SEM. We used SEM micrographs to
evaluate the pollen grains morphological traits. The examined palynologi-
cal characters were the polar and equatorial axes length and their ratio, colpi
length, width and length/width ratio, the polar and equatorial outline views,
the aperture type and exine ornamentations pattern and dimensions. The size
of pollen grains was determined based on Erdtman (1971). We determined the
pollen grains shape as peroblate (P/E < 0.50), oblate (0.51 < P/E <0.75), subob-
late (0.76 < P/E < 0.88), oblate-spheroidal (0.89 < P/E < 0.99), spheroidal (1.00),
prolate-spheroidal (1.01 <P/E <1.14), subprolate (1.15 <P/E <1.33) and prolate
(1.34<P/E <2.00) based on Erdtman (1960) description. We used the following
terminology for qualitative morphological traits: Halbritter et al. (2018), Hesse
et al. (2009) and Punt et al. (2007).

Statistical analysis — Analysis of variance (ANOVA) test and average
amounts were calculated for quantitative palynological features using SPSS
v. 15.0. We standardised the data (mean = 0, variance = 1) and processed them
by Unweighted Paired Group Using Average method (UPGMA) and Princi-
pal Components Analysis (PCA) and PCA-biplot using MVSP v. 2.0 (Higgs
1991, Podani 2000).

Acta Bot. Hung. 65, 2023

to you by MTA Konyvtar és Informacids Kozpont olvasdk | Unauthenticated | Downloaded 11/30/23 10:50 AM UTC



AZIZI, N., MOZAFFARIAN, V., TALEBI, S. M. and JAMZAD, Z.

212

9¥Te10c-NISH 00¥'1 Teyy :outaold uelteqrozy seg (¢ “dog) wruog (Yoo D) wnpundgni \H €T
SFTel0c-NISH Qe Teyy -zuqe] un| 6 :2outaold uelreqrozy jseg (g dog) wrurog (ypod] D) mnpundqni 'H - g
¥¥CC10c-NASH 00€T Teyy -zuqe], uny gg :aoutaoxd uelteqrozy seg (1 “dog) “wruzog (yood| D) mnpundiqni'H - 1g
1¥¢210¢-NgSH 008°T ueyzey ‘erwain :outaold uelleqrazy 1som “qeN wnjvodopnasd \H - 0T
9€867- VL 0092 y3eq ooysiA :2ouraoid uefreqrozy jseg (¢ doq) “qapa7 wnppiydhijod ‘{61
6£CCT0Z-NASH 0S€°T 3[nojog ‘erwain :edoutaoid uelleqrazy 1sopm (1 dod) qapaq winyfiydhjod ' g1
697 TAV.L 001'C a3e[[1a aypu] Ia)e uny (g ‘strey outaoid uelleqrazy jsey "qopa] (Suexdg) usvypd ‘H - 41
0£2T10c-NISH 099'1 uesuee] ‘ZLASN :2outaold sieq D wnppydasosio ‘H 91
0£22102-N9SH 0091 ueduere ] ‘ZzLAaN :2ouraoid sreq 'sstoq wnjpydasoona ‘[ G
8CITZ-IIV.L 0S6C resede “resurey jo jseq :oouraoid uerepuezen 'J99MG (g “IN) SUaj0aavts ‘[  HT
¥2TT102-NASH 0S¥'1 puerey :2dutaoid uelreqrozy jseq (5 “dog) "sstog winiafiqoi8 'H €1
GTTel0T-NISH 006 uetoprey) ‘Aoypy :eoutaord uelleqrazy 1sopm (¢ "dog) sstog miniafiqo)8 'H 1
97¢10¢-NASH 000 a3e[IA wrede  :2ourroxd uefreqrozy jseqy (¢ dog) 'sstog wniafiqoid 'H 11
11¢e10z-NgSH 00¥'C qerq :2ouraoxd uefreqrozy jseq (1 “dog) ‘sstog wniafiqoi$ 'H 01
11¢c10e-NAISH 00T'C 10D z1ry ‘lepueueg :aduraord uejsipiny dig -zynypg wniafinpund H o 6
SILLLTIAVL 001'c ueyeswe( ZUydA Poutaold pzex J Yoy wnuvisiovp 'H 8
80T¢10-NISH 08¢'1 Teyy 0} zude[, uny g :aoutaoad uelreqrozy ysey (9 -dod) D wmuouw "H /£
T17T102-NASH 056’1 yoySez ‘yarepuear( :aouraoxd uejsipimyy (g -dog) D@ wmuouw g 9
¥12c10c-NISH 0vL'1 peqy pesy uny 01 :2duraoid uepewrery (¥ dog) Dq wmuaunw g g
L¥TTI0T-NASH 008’1 ueyzey ‘enusi() :20utaoid uelleqrazy 1sapm (¢ "dod) DQ wmuoww 'H
2022102-N9SH 091 eueAeA ‘erwai() Pouraold uelteqrozy 1Sop (z 'dog) "D wnmowiv ' ¢
S1ZT102-NASH S6L'1 peqy pesy ‘uepeweH :outaoid uepeurepy (1 -dog) D@ wmuauw g ¢
0022102-N9SH 0021 TeIIA ‘uepeurer] :2ouraoid uepewer] ~dary] xo ypyey wnuixviy ‘[ 1
ON] I9UYDNOA (w) spmnyy SaNI[ed0T] saadg ON

(ou uonyendod = -do ) sewads winsAiyd1jaE] PIIPNIS S} JO *OU ISYDNOA PUR SSIIPPE SIHI[LI0] AT,

L 21971

Acta Bot. Hung. 65, 2023

Downloaded 11/30/23 10:50 AM UTC

Unauthenticated

to you by MTA Kényvtar és Informacidés Kozpont olvasok |



A PALYNOLOGICAL STUDY OF SOME HELICHRYSUM SPECIES IN IRAN 213

RESULTS
Qualitative traits

The pollen morphological traits of the studied Helichrysum species are
summarised in Table 2. The pollen grains in all species and their populations
were isopolar, tricolporate, and radially symmetrical.

The pollen grains shape differed as oblate-spheroidal (H. polyphyllum
populations no. 1, H. davisianum, H. armenium populations no. 2, H. araxinum),
spheroidal (H. oligocephalum), prolate-spheroidal (H. rubicundum populations
no. 1 and 3, H. polyphyllum populations no. 2, H. pallasii, H. leucocephalum, H.
graveolens, H. globiferum populations no. 2 and 4, H. glanduliferum, H. armenium
populations no. 1, 4 and 6), subprolate (H. pseudoplicatum, H. globiferum popu-
lations no. 1), and prolate (H. globiferum populations no. 3). The polar outline
shape was the same (circular) among the studied species and their popula-
tions (Figs 1-2).

The exine surface sculpturing pattern was echinate- perforate in all ex-
amined species and their populations (Figs 3-4).

Quantitative variables

Although, the size of pollen grains differed among the studied samples,
all of them were classified as small, except for H. globiferum population no. 3,
which was considered medium. The length of polar axis (P) varied from 20.21
um (H. armenium population no. 4), to 29.28 um (H. globiferum population
no. 4). Furthermore, the length of equatorial axis (E) ranged from 19.37 um
(H. pseudoplicatum) to 24.72 um )H. armenium population no. 1(. The ratio of
polar axis length to equatorial axis length (P/E) from 0.97 (H. davisianum( to
1.36 (H. globiferum population no. 3).The largest (3.36 um) and smallest (1.37
um) spines length (SL) were detected in H. glanduliferum and H. globiferum
population no. 3, respectively. Colpi margin shape was granulated in all the
examined populations. The shortest (13.75 um) colpus length was recorded in
H. armenium population no. 4, while the largest one (22.14 um) in H. globiferum
population no. 3. Colpus width ranged from 2 um (H. glanduliferum) to 4.71
um (H. davisianum). Distances between spines ranged from 0.42 um (H. graveo-
lens) to 1.37 um (H. leucocephalum). Additionally, the exine thickness ranged
from 1.04 um (H. pseudoplicatum) to 2.49 um (H. armenium population no. 1).

Results of ANOVA test revealed a significant variation (P <0.001) for all the
quantitative characteristics of pollen grains. In PCA analysis, we observed the
first three components comprised more than 62% of total differences (PCA1 =
25.07, PCA2=21.7, PCA3 =15.28), with colpus length, width, and length/width
ratio, polar and equatorial axes length, as the more variable features.
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Fig. 1. Scanning micrographs of Helichrysum species. — A = H. araxinum, B = H. armenium

population no. 1, C = H. armenium population no. 2, D-E = H. armenium population no.

3, F = H. armenium population no. 4, G = H. armenium population no. 5, H = H. armenium

population no. 6, I = H. davisianum, ] = H. glanduliferum, K-L = H. globiferum population no.

1, M = H. globiferum population no. 2, N = H. globiferum population no. 3, O = H. globiferum
population no. 4 (scale bars =10 um)
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Fig. 2. Scanning micrographs of Helichrysum species. — A = H. graveolens, B = H. leucocepha-

Ium, C = H. oligocephalum, D = H. pallasii, E = H. pseudoplicatum, F = H. polyphyllum popula-

tion no. 1, G = H. polyphyllum population no. 2, H = H. rubicundum population no. 1, I = H.
rubicundum population no. 2, ] = H. rubicundum population no. 3 (scale bars =10 pum)
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Fig. 3. Scanning micrographs of exine surface sculpturing in Helichrysum species. — A = H.

araxinum, B = H. armenium population no. 1, C = H. armenium population no. 2, D = H. arme-

nium population no. 3, E = H. armenium population no. 4, F = H. armenium population no. 5,

G = H. armenium population no. 6, H = H. davisianum, 1 = H. glanduliferum, ] = H. globiferum

population no. 1, K = H. globiferum population no. 2, L = H. globiferum population no. 3
(scale bars =2 pm)
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Fig. 4. Scanning micrographs of exine surface sculpturing in Helichrysum species. — A = H.

globiferum population no. 4, B = H. leucocephalum, C = H. oligocephalum, D = H. pallasii, E =

H. pseudoplicatum, F = H. polyphyllum population no. 1, G = H. polyphyllum population no. 2,

H = H. rubicundum population no. 1 (scale bar = 3 um), I = H. rubicundum population no. 2,
J = H. rubicundum population no. 3 (scale bars =5 um)
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DBS H. leucocephalum

H. armenium (pop. no. 1)

SP

H. armenium (pop. no. 5)

} } | Axis 2
35 55

cw

H. davisianum CL/wW

H. glanduliferum

55 H. globiferum (pop. no. 3)

Axis 1
Fig. 5. PCA-biplot of the studied species and their populations with pollen morphological

characteristics (CW = colpi width, CL/W = colpi length/width ratio, CL = colpi length, SP =
spine width, DBS = distance between spines, ET = exine thickness)

Populations clustering

Based on PCA-biplot, some of the species and their populations had a
special trait(s) that are useful in identification of species / populations. For
example, the colpus length/width ratio was the characteristic trait for identi-
fication of H. glanduliferum from the rest. Moreover, we considered distance

[ Pol

L Arn

9.6 8 6.4 4.8 3.2 1.6 0
Euclidean distance

Fig. 6. UPGMA tree of the studied taxa of Helichrysum based on pollen grains features
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between spines (DBS) as a distinct feature for H. leucocephalum. Spine width
was a diagnostic characteristic for H. armenium population no. 5 (Fig. 5).

In the UPGMA tree (Fig. 6), the examined species and their populations
were clustered into two branches. The first branch contained: H. polyphyllum
population no. 1, H. armenium population no. 4, and H. globiferum population
no. 3. Another branch composed of the rest populations that was divided into
two sub-branches: a sub-branch contained H. armenium population no. 3, and
another sub-branch was divided into three groups. H. rubicundum population
no. 1 created a group, in addition, H. globiferum populations no. 1, 2 and 4, H.
pseudoplicatum and H. glanduliferum were clustered together as a group. Fur-
thermore, another group was divided into two sub-groups: A sub-group had
H. armenium populations no. 2 and 5, H. oligocephalum, H. araxinum and H. ru-
bicundum populations no. 3 and the rest the species/populations H. armenium
populations no. 1, H. rubicundum populations no. 1 and 3, H. davisianum, H.
graveolens, H. polyphyllum populations no. 2, H. leucocephalum and H. pallasii. In
some cases, the pattern of species clustering was not similar to species cluster-
ing pattern according to Flora Iranica.

DISCUSSION

Due to high morphological variability, we have a complex group of spe-
cies in the genus Helichrysum, therefore detection of species border is very
difficult. Carstens et al. (2013) believed that the delimitation species in such
complex groups, with varying degrees of morphological overlap is a challeng-
ing task. In these situations, it is suggested to use other taxonomic tools such
as palynology to determine the species boundaries.

We evaluated the pollen grains morphological characteristics in between
and within species. In this study, the quantitative characters showed highly
differed within the populations. In this regard, Torres (2000) believed that the
ecological condition of habitat and physiological state of plant can affect the
size of pollen grains. Therefore, such variation in quantitative traits among
various populations of each species is expected. A few qualitative traits such
as the pollen polar view shape and exine surface ornamentations were the
same among the populations. Meanwhile, we detected some variations in pol-
len grain overview shape among the populations of all the species. Such vari-
ations have been reported for different genera such as Onobrychis Mill. (Talebi
et al. 2020a), Hymenocrater Fisch. et Mey. (Tabaripour et al. 2022) and Nepeta
L. (Talebi et al. 2020b). We think these variations look natural and affect taxo-
nomic importance of these characteristics.

The populations of H. armenium did not cluster closely, which indicates
high intra-specific variability in their pollen grains characteristics. These re-
sults are in accordance with the previous morphological and molecular in-
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vestigations (Azizi et al. 2019). In addition, populations H. rubicundum were
placed far from each other. Similar results were recorded in genetic molecular
diversity study of H. rubicundum populations using ISSR markers (Azizi et al.
2019). According to former evaluations (Azizi et al. 2019, Taban et al. 2019),
the taxonomic boundaries of H. rubicundum and H. globiferum, based on mor-
phological characteristics, are unclear. But populations of these species were
clustered separately that indicates pollen morphological traits have enough
potential to separate these species.

The results revealed all species have the isopolar and tricolporate pollen
grains. These findings agreed with Elkiran et al. (2017) and Pinar and Oybak
Donmez (2000). Breitwieser and Sampson (1997) evaluation on the pollen grains
in eight New Zealand Helichrysum species. Although the mentioned studies
were conducted on various species of the genus, the same findings indicated
that these characteristics (isopolar and tricolporate) are stable in the genus.

The shape of pollen grains differed as prolate-spheroidal, oblate-spheroi-
dal, subprolate, prolate and spheroidal. These findings agreed with Pinar and
Oybak Donmez (2000) study. However, our findings, in some cases, did not
agree with previous palynological evaluations, in which Elkiran et al. (2017)
detected the pollen shape of H. graveolens as oblate-spheroidal, while we regis-
tered it as prolate-spheroidal. In our studied samples the more abundant shape
was prolate-spheroidal. The abundant shape for Turkish taxa was oblate-sphe-
roidal (Elkiran et al. 2017). However, the pollen shape for all examined New
Zealand species was spheroidal (Breitwieser and Sampson 1997). Due to these
variations, the pollen shape has a limited taxonomic value for the genus.

The pattern of exine surface ornamentation was the same (echinate-per-
forate) among these species. Similar findings were reported in former palyno-
logical studies. These findings revealed the characteristic lack taxonomic val-
ue at inter-specific level (Breitwieser and Sampson 1997, Elkiran et al. 2017).
The polar outline view in all samples was the same. For Turkish species same
result was reported by Elkiran et al. (2017). Meanwhile, our detected shape
was circular that differed from Turkish taxa (triangular).

We detected the pollen grains size in most of taxa as small, which was in
agreement with the previous study on Helichrysum taxa (Elkiran et al. 2017).
However, these findings did not agree with Breitwieser and Sampson (1997)
study, which detected most of their studied species have pollen grains in me-
dium size. Results of these investigations suggested that the pollen grain size
has a taxonomic value at the species level.

According to previous investigations (Coutinho and Dinis 2009, Skvarla
et al. 1977) the characteristics of spine are taxonomically important in Gna-
phalieae, Asteroidae, and Lactuceae. For example, the spine length and width
are two important characteristics for identification of species in the genus. We
detected significant variations in spine size among the species.
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The studied species were clustered separately in UPGMA tree of pa-
lynological features. The clustering patterns mostly did not agree with those,
which were detected in previous studies (Georgiadou et al. 1980). It seems
that high morphological variety in Helichrysum species arises from high inter-
specific variation in its species.

CONCLUSIONS

We described the pollen grains morphological features in 23 populations
of 12 species of Helichrysum for the first time in the world, except those for H.
graveolens. The pollen grains were tricolporate, and mainly small in size. The
overall view of pollen grains differed, meanwhile, the more abundant shape was
prolate-spheroidal. Polar outline view of the pollen grains was stable among
the species. Exine surface sculpturing pattern was echinate- perforate. Therefore,
most of evaluated qualitative characteristics lack taxonomic value. All quanti-
tative traits varied among the species and their populations, furthermore the
ANOVA test and PCA analysis indicated a significant difference for all of them.
According to PCA-biplot, some of species were characterised by a diagnostic
trait. Based on UPGMA tree of palynological traits, high inter-specific diversity
was observed. But, in general, some palynological features could help to resolve
problems related to the taxonomy of Helichrysum. For example, in determining
the taxonomic boundaries of complex species with overlapping niches.
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