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Pollen Morphology of some Plantago species native to Saudi Arabia and their taxononomic implication
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Abstract

Pollen grain morphology of Blantagospecies of the family Plantaginaceae collected f&audi Arabia have
been observed under light and scanning electromosgope (SEM). Description of grain sculpture lgsirated by
SEM. Plantaginaceae is a stenopalynous family.eRdjrains are free, medium-sized or small, radisyisnmetrical,
apolar, porate, spherical or prolate spheroidah@pe with verrucate granulated sculpturing. leteaperture has pores
scattered on the wall of pollen grains. Identificatfeature of individual taxa include type of dpee, ornamentation of
the pollen grain, annulus structure and pore diamethe pollen morphology of the family Plantagieae is
significantly helpful at specific level. On the mef exine ornamentation 2 distinct pollen typés,\Plantago — major
andPlantago —{]vatetype are recognized.
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1. Introduction

Plantaginaceae is a small family of c. 3 generaa#tilspecies, chiefly of North Temperate Zone andts
East Africa (Mabberley, 1987). In Saudi Arabissirépresented by a single gefliantagowith 14 species (Collenette,
1999). The genuBlantagois characterized by herbaceous habit; leaves awsallvosette with prominent parallel veins;
spicate or capitate inflorescences or wiry scaff@aiers 4-merous; corolla membranous; stamens aftented. Seeds
of Plantago psylliumare used as a laxative. Major investigations wsiagupollen grains as palynological evidence in
paleobotany (Bernardello and Lujan, 1997; Carirgt @ootland, 1998; Dessedt al.,2000; Delaportet al, 2001).

Generative parts of plants, mature pollen graingarticular, are much less variable than vegetagpiads.
Hence, pollen is a convenient material for invesian, because it is in a steady physiologicalestadgs a single set of
chromosomes and forms large populations. Maturepgaprain size, exine sculpturing, and number aepare the
most distinctive features (Erdtman, 1952; Faegd buersen, 1992; Klimket al, 2000). Considerable palynological
studies have been done on the pollen morphologlgeofamily Plantaginaceae and pollen grains ofgireusPlantago
have been divided into several types.

The earliest report is that of Erdtman (1952), Képp69), Serbanescu-Jitariu (1971), Solorebml., (1973),
Rao & Shukla (1975), Moore & Webb (1978), Kupriaao& Alysoshina (1978). Markgraf & Dantoni (1978) avh
studied the pollen of Plantaginaceae. In all th&sdies no attempt has been made to correlatealenpcharacters
with the taxonomy of the family.

There are scarce reports on pollen morphology obuwa species of Plantaginaceae found in SaudiiArab
Despite intensive research, there are still sorserejpancies in classification, morphological dedions ofPlantago
species. In present study pollen morphology has hesed as a taxonomic feature of geml@ntago for species
delimitation. This is an attempt to correlate tlodlgn characters with the taxonomy of the genus.
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2. Materials and methods

Pollen samples were obtained from King Saud Unityekserbarium (KSUH) or collected from the fieldh&
lists of voucher specimens are deposited in KSURe Pollen grains were prepared for light (LM) armhrming
microscopy (SEM) by the standard methods desciilyelrdtman (1952). For light microscopy, the poligains were
mounted in unstained glycerin jelly and observatiarere made with a Nikon Type-2 microscope, uné&d0( 0.65)
and oil immersion (E100, 1.25), using 10x eye piée® SEM studies, pollen grains suspended in p dfavater was
directly transferred with a fine pipette to a mitaktub using double sided cellotape and coatetth wold in a
sputtering chamber (lonsputter JFC-1100). Coating westricted to 150A. The SEM examination wasi@armut on a
Jeol microscope JSM-T200. Additionally, we analyzedample of pollen oP. alpina L. for comparison withP.
maritime because of its earlier classification (Clark dodes, 1977). Pollen grain dimensions were medsaréhe
equatorial (E) and Polar (P) plane by means ofritboy imaging software. The measurements werentdiée 20
pollen grain from each species. The ratio of lerigtthe P plane to that in the E plane enabled ssessment of
microscopic shape, which was classified in accardamith Erdtman (1952); Faegri & Iversen (1964)ekp (1965)
and Walker & Doyle (1976). We also measured porameter and annulus width. Moreover qualitativetdrai
concerning the stage of development of the annojsiculum and aperture membrane were taken ictwuat. Values
of those traits are given in Table 1.

Table 1. Values of those traits

Trait Description
No annulus 0

Annulus with disjunctive verrucag 1

Partly opened 2

Well developed annulus 3
Operculum solid 2
Aperture membrane granulate 1
Verrucae slightly convex 1
Verrucae clearly convex 2
Verrucae well developed 3

3. Reaults

Pollen grains oPlantagospecies are usually radially symmetrical, mediimadsor small, spherical or prolate
spheroidal or prolate, always verrucate (verrucaging in size and shape), with granulation. Theutus in the
Plantaginaceae seems to be formed by thickening@gieegation of verrucae around the pores. In spaeies the
annulus is continuous, but in other cases the vaegare disjunctive and form a partial annulus. dgerculum in some
species is a solid lid whose structure seems tddrgical with the rest of sexine. Other specieseteapartial
operculum, with sexine granules on the aperture Ionene. These granules are usually widely spacedmatl, but
may be larger. Exine is rather thin or moderatiighkt, sexine undulating, about twice as thick adme (Clark and
Jones, 1977; Malgorzatd al, 2004). Tectum generally aerolate to scabrate.

Key to the pollen types
+ Tectum areolate ..........cooiiiiiiiiii Plantago majortype
-Tectum scabrate .........oooiiiii i Plantago ovata- type

3.1. Species: P. coronopus

Plantago majortype (Fig 1A-C)

Pollen class. 5-8 pantoporate.

Size: medium, P, 27.35 um; E, 23.27 um.

P/E ratio: 1.2: grains mostly prolate spheroidal or spherical

Aperture: Ectoaperture- pore circular in outline, often semkpore diameter 2.06 um; margin well-definedulag
with a wide, continuous, raised annulus 2.76 pummhbrane covered with irregular sexine granules, fiognan ill-
defined and poorly developed operculum.

Ornamentation: Verrucate, the verrucae large, coarse, well eefiirregular to circular in outline, channels betw
verrucae with very few puncta.

Comments: The distinguishing character of tRe coronopugype is the very prominent annulus, which is mamd
better developed than in any other species in Sanadiia. These results consistent with other resalitained by Al-
Quran, 2004.
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3.2. Species: P. lanceolata

Plantago majortype (Figl D-F)

Pollen class: 9-12 pantoporate.

Size: medium, P, 26.12um; E, 22.14um.

P/E ratio: 1.1: grains usually prolate spheroidal or sphérica

Aperture: Ectoaperture- pore circular in outline, pore ditan@.86 um; margin well-defined, annulus slightised
1.76 um wide; well-defined solid operculum, trutyrhed. Endoaperture-pore congruent are highly deeel with
ectoaperture and considered as distinguishingreatipollen grain.

Ornamentation: Verrucate, the verrucae large, irregular in oeflioften rather diffuse, channels between verrucae
with minute puncta.

Comments: The most obvious distinguishing character ofPhdanceolataype is the complete operculum. This type
is the only of the family that is truly operculdt@ark and Jones, 1977). Our results consistert thi¢ results of
Sadowskaet al, 1986 who reported that operculum in this spesigs well defined and annulus was rather narrow.

Figure 1. Scanning micrograpti®antago coronopusA, pollen grain; B and C, Exine pattePlantago lanceolataD,
pollen grain; E and F, Exine pattern. Scale bar, §A410; B, C,Eand F =1 pm

3.3. Species. P. cylindrica

Plantago Ovatatype (Fig 2 A-C)

Pollen class. 5-8 pantoporate.

Size: medium, P, 26.35 um; E, 24.27 um.

P/E ratio: 1.11: grains mostly prolate spheroidal or sphérica

Aperture: Ectoaperture- pore rather than irregular to cacin outline, often sunken, pore diameter 1.86 max,gin

ill defined, annulus absent; membrane covered séttine granules forming ill defined operculum.

Ornamentation: Verrucate, the verrucae large, coarse, well ddfiireegular in outline, not concentrated or
differentiated around pores.

Comment: The verrucae oP. cylindricaare large, dense and very coarse. Sculpture maghrand conspicuous than
in any other pollen type in the family. Our resdtsmfirmed the data on pore diameter given by @anhkd jones (1977)
and Faegri and Iversen (1992).

3.4. Species. P. albicans

Plantago ovataype (Fig 2 D-F)

Pollen class: 5-8 pantoporate.

Size: medium, P, 26.52um; E, 23.67um.

P/E ratio: 1.12: grains usually subprolate, prolate sphetadapherical.

Aperture: Ectoaperture-pore rather irregular to circulaeliptical, sometimes slightly sunken, pore diamé&&6
pm; margin ill-defined, irregular. Absence of anrgjimembrane covered with granules forming aneflrebd
operculum. Endoaperture-pore congruent with ectoayee
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Ornamentation: Verrucate, the verrucae well defined, slightlywex irregular in outline, variable around pores,
channels between verrucae with minute puncta.
Comments. Marked differences were observed in both quantitadind qualitative traits.

3.5. Species. P. ciliata

Plantago ovataype (Fig 2 G-)

Pollen class. 5-8 pantoporate.

Size: medium, P, 23.25um; E, 19.56 pm.

P/E ratio: 1.18: grains usually subprolate.

Aperture: Ectoaperture- pore rather irregular to ellipticabutline, often clearly sunken, pore diamete63.6n;
margin ill- or well defined. Absence of annulus,miane covered with sexine granules forming adefined
operculum. Endoaperture-pore congruent with ectoayee

Ornamentation: Verrucate, the verrucae very well defined, varyimgize and shape, small or large, club-shaped.
Channels between verrucae with distinct but firengtation.

Comments: Pollen grains oP. ciliate were varied in size to a large extent. Apart ftbwse described above, some
grains were small sized. Klimlet al, 2004 reported the differences in pollen grainghology and fully justify the
separation oP. ciliate as a distinct species.

3.6. Species. P. ovata

Plantago ovataype (Fig 2 J- L)

Pollen class: 5-8 pantoporate.

Size: medium, P, 25.15um; E, 22.56 pm.

P/E ratio: 1.11: grains usually spheroidal.

Aperture: pori-small, pore diameter 5.56 um; circular inlimet with operculum and annulate membrane coveridd w
sexine granules thicker than nexine.

Ornamentation: Tectum scabrate, scabrae coarse or fine. Theneutibre or less circular shaped. Channels between
verrucae with distinct but fine granulation.

Comments: Distinguished character of this type is the widegpgize reached up to 5.56 um sunken membranous
annulus and circular operculum.

4, Conclusions

Plantaginaceae is stenopalynous family (Erdtm@82) Pollen grains of Plantaginaceae are chaiaeteby a
polar, spheroidal, operculate to non operculateukate to non annulate, pantoporate with scabraéeemlate tectum.
Pollen of all the 6 species, belonging to a simgleus i.e Plantagoare remarkably uniform in their pollen characters.
However, species #lantago,show little variation in their tectum type.

On the basis of tectum two distinct pollen typesracognized vizRPlantogo majoandPlantago ovataPollen
type: Plantago- majoiis readily distinguished by its areolate tectumwhrich 2 species vizP. lanceolata and P.
coronopus aréncluded. On the basis of presence and absermeeofulum and numbers of pores these species are
further divided into two species and one speciesigr(See key to the species group). Pollen tifentago ovatas
delimited by its scabrate tectum. In tRlantogo ovatatype, 4 species vizB. cylindrical, P. albicans, P. ciliatandP.
ovata.L., are included. Similar tBlantago majortype, this pollen type is also further divided itt@ groups on the
basis of exine thickness. In one group pollen graimve 0.66 pm thick exine, while the remainingcgeof this pollen
type have 1.2-2.47 um thick exine.

Pollen studies clearly indicate that the geRlantagois a homogenous taxon in accordance with the
morphology of the genus. Perveen & Qaiser (2004jrémed 14 species of plantago from Pakistan by SHidir
findings are in consistent with the present studikssng these palynological studies to delimit diferent species of
Plantago(family Plantagoinaceae) is useful, becauseabigous from the results, that some palynologicabmeters
may be useful to distinguish the 6 types of poliesins. These are; the presence or absence ofuby@rand their
development; annulus surface and margins of edtapesind costae of endoaperture. From the resiite present
study the following taxonomic key has been conaflade
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+ Raised annulated

- Well developed solid operculum............ccceeeveiiiiiiivinnnnnnn. P..lanceolata
- lll-defined and poorly developed operenlu.............cceeene .. P. coronopus
++ Sunken annulated
-Pore size Upt0 2.26 UM ...vvviiiiiiiie e e e e P. cylindrica
-Pore size Upto 1.86 UM....c.uiviriiiiiiie it e e e ee e e P. albicans
-Pore size Up to 3.66 M.......oviiniiie e e e e e e P. ciliate
-Pore size Up t0 5.56 M....c.uieiiiiie e P. ovata
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Figure 2. Scanning micrograpi®antago cylindrica:A, pollen grain; B and C, Exine pattelantago albicansD,
pollen grain; E and F, Exine patte®lantago ciliata:G, pollen grain; H and |, Exine patteflantago ovatad, pollen
grain; K and L, Exine pattern. Scale bar = A, DJG10;B,C,Eand F, H, I, K, L=1 um.
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