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Abstract

In this study, the genus Veronica L. (Plantaginaceae) from the Plantaginacae family Veronica bozakmanii
M.A.Fisch., Veronica triphyllos L., Veronica persica Poir., Veronica triloba Opiz., Veronica anagallis-aquatica L.,
Veronica oxycarpa Boiss., Veronica cinerea Boiss. & Balansa., Veronica macrostachya Vahl. subsp. mardinensis
(Bornm.) M. A. Fisch., Veronica orientalis L. subsp. orientalis, Veronica orientalis L. subsp. nimrodi (Richt. ex Stapf)
M.A. Fisch taxa were investigated in terms of palynological features. The specimens of this taxa were collected during
the field surveys were investigated using Light Microscope (LM) and Scanning Electron Microscope (SEM). As a result
of this study some common traits of the taxa found out such as pollen tectate, the pollen shapes being subprolate,
prolate and the symmetry being heteropolar. Also, the type of the aperture is tricolpate. The SEM microphotographs
shows that the ornamentations are reticulate, scabrate-perforate and striate-microreticulate.
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%

Veronica L. (Plantaginaceae) cinsine ait bazi taksonlarin polen morfolojileri ve onun sistematik 6nemi

Ozet

Bu c¢alismada Plantaginacae familyasindan Veronica L. (Plantaginaceae) cinsine ait Veronica bozakmanii
M.A.Fisch., Veronica triphyllos L., Veronica persica Poir., Veronica triloba Opiz., Veronica anagallis-aquatica L.,
Veronica oxycarpa Boiss., Veronica cinerea Boiss. & Balansa., Veronica macrostachya Vahl. subsp. mardinensis
(Bornm.) M. A. Fisch., Veronica orientalis L. subsp. orientalis, Veronica orientalis L. subsp. nimrodi (Richt. ex Stapf)
M.A. Fisch taksonlarinin palinolojik ozellikleri agisimdan incelenmistir. Bu taksonlara ait ornekler yapilan arazi
caligmalarinda toplanmistir. Bu cinse ait taksonlar IM ve SEM kullanilarak incelenmistir. Bu ¢aligma sonucunda
polenin tektat, polen sekillerinin subprolat, prolat olmasi ve simetrinin heteropolar olmasi gibi bazi 6zellikler
bulunmugtur. Ayrica SEM mikrofotograflart da ormentasyon yapilarinin retikulat, skabrat-perforat ve striat-
mikroretikulat oldugunu géstermistir.

Anahtar kelimeler: Plantaginacae, polen morfoloji, SEM, Veronica
1. Introduction

Plantaginaceae includes 94 genera and 1900 species throughout the world [1]. Veronica L. is a multifarious
genus of Veronicaceae sensu Angiosperm Phylogeny Group with approximately 450 species in the world. It is
commonly distributed throughout the North and South Hemispheres. The taxa of this genus have a high ecological
variety and they exist in many different habitats from arid steppes to freshwaters and from sea level to high alpine
regions [2]. Veronica L. genus is a member of Plantaginaceae sensu APG previously included in Scrophulariaceae [3]
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and in addition, they have transferred Antirrhinum L., Calceolaria L., Digitalis L., Gratiola L., Limnophila R., Linaria
Mill., Lindernia All., Nemesia Vent., Penstemon Schmid., Scoparia L. and Veronica L. genera, which were included in
Scrophulariaceag, to Plantaginaceae family based on molecular criteria [4; 5].

Veronica was represented with 89 taxa in Turkey before [6]. However, the taxon number of Veronica has
reached to 107 by the addition of several new taxa; 35 of these taxa are endemic, so the endemism rate is 33% in
Turkey [7; 8; 9; 10; 11].

The first description of Veronica pollen has been performed by Risch [12]. Also, recent studies have given an
idea about the morphological variety in Veronica pollen and the genera belonging to it [13; 14]. 19 species of
Veroniceae family, including 49 species, has been examined using SEM and LM [15]. The pollen morphology of 13
species of Veronica genus in southwest Spain has been examined using LM and SEM. This study demonstrates the
eurypalinous structure of the genus. Due to exine ornamentation of pollens, two morphological types have been
identified: rugulate and scabrate [16]. The pollen morphology of 17 species has been examined and three different outer
shell ornaments (rugulate-perforate, microreticulate and psilate) have been defined [17].

Purpose of this study is to provide detailed palyno-morphological properties of 10 taxa belonging to the genus
Veronica L. by using SEM and LM.

2. Materials and methods

In this article, the samples used are taxa belonging to Veronica genus collected from Elazig and Bitlis
provinces.

Specimens investigated: Veronica bozakmanii; B8-Bitlis, eastern slopes of mount Kambos, 27.03.2014, 38°
19' 29.58" K, 42° 00' 33.33" D, 1400-1600 m, M. Karatag 1594, Det. M. Kiirsat. Veronica triphyllos; B7-Elazig:
Baskil, Yukarimahalle hamlet, slopes, 1650-1800m. 1650 m, M. Karatas 1522, Det. M. Kiirsat. Veronica anagallis-
aquatica; B8-Bitlis, northern slopes of mount Kambos, Step, 38° 19' 23.26" K, 41° 59 42.29" D, 1800-1950 m, M.
Karakag 1500, Det. M. Kiirsat. Veronica oxycarpa; B8-Bitlis, Northern Slopes of Mount Kambos, Agackdprii village,
stream edges, 38° 20' 11.95" K, 42° 00' 10.88" D, 1350-1450, M. Karakas 1963, Det. M. Kiirsat. Veronica orientalis
subsp. orientalis; B7-Baskil, Bolucuk hamlet and surroundings, garden interiors, 1580 m, M. Kiirsat 7002, Det. M.
Kiirsat. Veronica cinerea; B7-Elazig: Sivrice, Gozeli Plain, between Sirinyazi-Kamislik Mountain and Field Edge,
1600-1650 m, M. Kiirgat 7005, Det. M. Kiirsat. V. triloba; B7 Elazig: Baskil, Bolucuk hamlet sub-places, Quercus area,
1410-1480 m, M. Kiirsat 7004, Det. M. Kiirsat. V. persica; B7- Elazig: Baskil, Hacimustafa south of village, hillsides,
1750-1950 m, M. Kiirsat 7007, Det. M. Kiirsat. Veronica orientalis subsp. nimrodi; B7- Elazig: Sivrice, Reeds
Mountain, Tarlatepe Village Surroundings, Slopes, 1450-1760 m, M. Kiirsat 7003, Det. M. Kiirsat. Veronica
macrostachya subsp. mardinensis; B7- Elazig: Baskil, Bolucuk hamlet and surroundings, garden interiors, 1580 m, M.
Kiirgat 7008, Det. M. Kiirsat.

Pollen slides were prepared using Wodehouse [18]. The pollen in the preparations prepared by using
wodehouse method was examined morphologically with x100 immersion objective magnification in Olympus BX-3
light microscope. The microphotographs of the pollens were taken with an Olympus BX-41 microscope by taking their
equatorial and polar views. SEM microphotograhing performed to view the surface of pollens in detail and examine
their apertures was performed in ZEISS supra 55 Electron microscope. The terminologies of Hesse et al. [19] were
followed.

3. Results

Palynomorphological features of Veronica in Tables 1 and Figures 1-2-3. Veronica are monad, radially
symmetrical, isopolar, prolate-spheroidal, prolate and subprolate with the polar axes 21.95-45.26 um and the equatorial
diameters 15.61-35.58 um (Table 1). Their dimensions are smaller in V. orientalis L. subsp. orientalis and larger in V.
triloba Opiz. The outline of all pollen grains is circular in equatorial view and triangular in polar view; intersemiangular
(Table 1; Figures 1-2-3). The pollen grains of Veronica are trizonocolpate. Colpus is long (18.69-38.32 pm) and narrow
or broad (4.75-7.60 um); margins distinct, regular and ends acute. Aperture membrane ornamented (Table 1; Figures 1-
2-3). The exine ranges from 0.90 to 0.99 pum. The intine is 0.36-0.51 um thick. V. bozakmanii M.A.Fisch. exine
sculpturing is reticulate. The number of lumina per 1 um? is 8-9, the size of the lumina of the pollen grains is
approximately 0.77 um, and the average thickness of the muri is 0.37 um The reticula are heterobrachate. V. triphyllos
L. exine sculpturing is scabrate-perforate. The number of scabrae per 1 um? is 5; scabrae width 0.13 um, scabrae length
0.20 um. The number of perforae per 1 um? is 4. Exine sculpturing is striate-microreticulate in all investigated other
species (Table 1; Figures 1-2-3).
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Table 1. Palynomorphological parameters of Veronica Genus

Taxon P (um) E (um) PE  Ex(um) = In(um)  clt(um) clg (um) Qr.
ratio,
V. bozakmanii 4016299 3135254 5 008=011 051+019 591=100 31433356 Re
V. triphyllos 32742377 1530+353 S | 090£019 | 049016 600109 | 2525224 §gper
V. persica 34372267 2278246 P 002:013  038:013  649=079 2778+422 Stmr
V friloba 4526=303  3558+337 S 000=011 043018 742+084 3832+336 Stmr
V. gnagailis - 27652402 2202+455 S | 097£012 | 037016 538139 | 2261349 Sty
 qguatica
V. oxicarpa 2306=105 1706=123 P | 004=013  042+013 475051 1984=075 Stmr
V. cinereq 2826=419 2126312 P | 005012  042:017  555=077  2334=327 Stmr
V. magrostacivg 3662=317 2587248 P 004=013 | 043:017 603102 3230+3354 Stmr
subsp. mgrdlinensiy,
V. griemtalis subsp. | 2195=159 | 1561120 P | 093013 | 036+0.13 | 475068 1869+135 Stmr
ot
V. oriemtalis subsp. | 3326=301 | 2051+258  Ps | 095012  045:015 | 760+131 2667+205 Stmr
tizmradli

P: Polar axis, E: Equatorial diameter, P-s: Prolate-spheroidal, S: Subprolate, clg: Colpus longitude(length), clt: Coplus
latitude(width), Ex: Exine thikness, In: Intine thikness, Or: Ornamentation, Sc-per: Scabrate-perforate, St-mr: Striate-
microreticulate, Re: reticulate

Figure 1. Pollen morphology of Veronica by light microscopy. (1-2) V. bozakmanii, (3-4) V. triphyllos, (5-6) V. persica,
(7-8) V. triloba, (9-10) V. anagallis-aquatica (11-12) V. oxicarpa, (13-14) V. cinerea, (15-16) V. macrostachya subsp.
mardinensis, (17-18) V. orientalis subsp. orientalis, (19-20) V. orientalis subsp. nimrodi (scale bar 10 pm)
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Figure 2. Pollen morphology of Veronica by scanning electron microscopy (General view). 1-V. bozakmanii, 2-V.
triphyllos, 3-V. persica, 4-V. triloba, 5-V. anagallis-aquatica, 6-V. oxicarpa, 7-V. cinerea, 8-V. macrostachya subsp.
mardinensis, 9-V. orientalis subsp. orientalis, 10-V. orientalis subsp. nimrodi (scale bar 1 pm)
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Figure 3. Pollen morphology of Veronica by scanning electron microscopy (Ornamentation). 1-V. bozakmanii, 2-V.
triphyllos, 3-V. persica, 4-V. triloba, 5-V. anagallis-aquatica, 6-V. oxicarpa, 7-V. cinerea, 8-V. macrostachya subsp.
mardinensis, 9-V. orientalis subsp. orientalis, 10-V. orientalis subsp. nimrodi (scale bar 1 pm)

4. Conclusions and discussion

The pollen morphology of the 10 taxa of Veronica genus included in Plantaginaceae was studied in detail using
light microscope and SEM. Some authors have emphasized that there is a close relationship between Plantaginaceae and
Scrophulariaceae [20; 21].

In the first studies conducted on the pollens of Plantaginaceae stenopalynous family, they have not associated
pollen characteristics with the taxonomy of the family [22; 23]. Pollen grains of Plantaginaceae are generally
characterized by having medium-sized or small, radial symmetry, apolar, polypantaporate (periporate) 4-15 apertures;
being porate, spheroidal, prolate-spheroidal shaped; being with or without operculum, with or without annulus, having
scabrate, verrucate, verrucate-granulate and areolate ornamentation without costa, and being anemophilous [24; 25; 26].

As a result of the study we conducted using light microscope, it was determined that the pollen grains of
Veronica taxa had exine of 0.92-0.99 um, intine of 0.36-0.51 pm, polar axis of 21.95-45.26 pum, equatorial axis of
15.61-35.58 pm, colpus length of 18.69-38.32 um, and colpus width of 4.75-7.60 um. As a result of the study we
performed with SEM, it was found that the pollens of Veronica taxa had prolate, subprolate and prolate-spheroidal
pollen shapes and their ornamentations were reticulate, striate-microreticulate and microecinate-perforate and their
exine structure was tectate. Also, the lumina number in 1 pm? was 9 on average, the scabrate number in 1 pm? was 10.5
on average, the muri thickness was 0.23 pm in pm?, and the lumina diameter was 0.43 pm (Table 1 Figure 1-2-3).
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Inceoglu & Karamustafa [27] studied on 6 taxa of Veronica genus with Wodehouse and Erdtman methods. The
pollen grains of Veronica genus are tricolpate, oblate-spheroidal and spheroidal and their exine ornamentation is
granulate. The average values of the pollen size of the examined species were 33.3 x 33.7 um according to Wodehouse.
According to Erdtman, the average values were measured to be 32.8 x 24.2 um. In the present study, only Wodehouse
method was used. The average (P) was 32.4 um and (E) was 24.7 um. The pollens of Veronica genus were prolate,
subprolate, prolate-spheroidal and their exine ornamentation was reticulate and striate-reticulate.

Martinez-Ortega et al. [28] studied 30 taxa of Veronica using light and scanning electron microscopes. Their
pollen was averagely 30.8 um (P) and 28.7 um (E) and their pollen shapes are tricolpate and occasionally 2-4 colpate.
Their ornamentation is rugulate-perforate or verrucate. Also, two types of ornamentation were determined: rugulate-
reticulate and striate-microreticulate. The average values of the pollens of the common taxa (V. triphyllos L., V. persica
Poir., V. triloba Opiz, V. anagallis subsp. aquatica L.) in the present study were 30 x 26.4 pm. The pollen shapes were
tricolpate and unlike this study, their ornamentation was striate-reticulate.

Four species of Veronica genus were examined using light and scanning electron microscope [29]. In a
previous study, the pollen type was found to be tricolpate in V. persica pollens, perprolate in V. officinalis L., subprolate
in V. multifida L. and oblate-spheroidal in V. beccabunga L. In terms of size, the examined Veronica pollen had 27.38 x
19.40 pm on average. The sizes of the pollens varied between 16.7 x13.3 pm in V. multifida L. and 39.5 x 19.5 pm in V.
persica Poir. Operculum ornamentation was mostly rugulate-perforate in V. multifida L. and verrucate-perforate in
Veronica persica Poir., Veronica beccabunga L. and Veronica officinalis L. species. Ornamentation were striate-
reticulate and striate-microreticulate.

In the present study, the pollen size in V. persica was between 34.37 um (P) and 22.78 pum (E) and the pollen
type was found to be tricolpate and unlike this study, ornamentation was determined to be striate-reticulate. Martine-
Ortega et al. [28] and Kaplan et al. [29] found that the taxonomic value of pollen characters in Veronica species
examined by them was limited and remarkable and the differences between the pollen were not a very important
character for the taxonomy of this genus and stated that striate-reticulate ornamentation was the most frequent
ornamentation in Veronica.

Studies have been conducted to demonstrate and assess the taxonomic importance of the palynological
characteristics of 6 genera and 9 species of Scrophulariaceae [30]. The equatorial and polar axis sizes of the pollens in
V. anagallis-aquatica L. species are 25 um and 21 pm on average, respectively and their pollen shape are sub-prolate.
The pollen size in V. melissifolia Poir. species is 34.5 x 25 um on average and their pollen shape is prolate. The pollen
Size in V. persica is 25.83 x 27.5 um and their pollen shape is oblate-spheroidal. In the present study, the pollen size of
V. anagallis-aquatica L. was 27.65 x 22.02 um and their pollen shape was sub-prolate and their ornamentation was
striate-reticulate and it had similarity with this study. The pollen size in V. persica was 34.37 x 22.78 pm and we found
the pollen shape to be prolate unlike this study.

In the study conducted by EI- Amier [31] in 25 species of different genera, it was observed that the apertures of
the researched pollens were mostly colporate, colpate, porate and rarely inaperturate. V.anagallis-aquatica, one of the
studied species, was determined to be tricolporate and subprolate. In the present study, the pollen of V. anagallis-
aquatica L. species was tricolparate, its exine ornamentation was striate-reticulate and its pollen shape was subprolate
and it was different from this study.

Yaylaci et al. [32] performed measurements with the published species (V. ersin-yucelii Yaylaci, O. Koyuncu
& Ocak) V. caespitosa Boiss. and V. multifida L. species using Wodehouse and Erdtman Methods and they compared
them. As a result, the pollens of these species had radial symmetry, was isopolar, prolate-subprolate and tricolpate,
operculum was rugulate-perforate and the ornamentation was striate-reticulate.

It was determined that the data obtained on Veronica genus was compatible with the previous studies and the
pollen shapes of this species were prolate and subprolate, exine was 0.92-0.98 um, exine ornamentation was reticulate
and striate-reticulate, and its size was averagely 32.42 um (P) and 24.73 um (E).

A study was conducted on the pollen morphology of 25 taxa of Veronica genus included in Plantaginaceae
family. As a result of the study, the pollen size was measured to be averagely 10-25 pm in two species (V. alpina L., V.
arvensis L.) and averagely 26-50 um on average in the other species. The ornamentation was observed to be
microreticulate in V. allionii Vill., V. anagallis-aquatica, V. barrelieri H.Schott ex Roem. & Schult., V. spicata L.
species; striate-perforate in V. cinerea Boiss. & Balansa, microgemmate and perforate in V. hederifolia L. species,
microreticulate and microechinate in V. praecox species, microechinate and perforate in V. sublobata M.A.Fisch. and V.
triloba Opiz species and striate-microreticulate in the other species [33]. In the present study, the pollen sizes of the
common species (V. anagallis-aquatica L., V. cinerea Boiss. & Balansa, V. persica Poir., V. triloba Opiz) were 33.88-
25.41 pm and their ornamentation was observed to be striate-reticulate. While the ornamentation of V. triloba species in
the present study was striate-reticulate, it was observed to be microechinate and perforate in this study.

In this study, morphological characteristics of pollen of 10 taxa belonging to Veronica L. (Plantaginaceae)
genus were determined.
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