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Abstract 

Pollen grain morphology of 6 Plantago species of the family Plantaginaceae collected from Saudi Arabia have 
been observed under light and scanning electron microscope (SEM). Description of grain sculpture is illustrated by 
SEM. Plantaginaceae is a stenopalynous family. Pollen grains are free, medium-sized or small, radially symmetrical, 
apolar, porate, spherical or prolate spheroidal in shape with verrucate granulated sculpturing. Internal aperture has pores 
scattered on the wall of pollen grains. Identification feature of individual taxa include type of aperture, ornamentation of 
the pollen grain, annulus structure and pore diameter. The pollen morphology of the family Plantaginaceae is 
significantly helpful at specific level. On the basis of exine ornamentation 2 distinct pollen types viz., Plantago – major 
and Plantago – �vate-type are recognized. 
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1. Introduction 
 

Plantaginaceae is a small family of c. 3 genera and 275 species, chiefly of North Temperate Zone and south 
East Africa (Mabberley, 1987). In Saudi Arabia it is represented by a single genus Plantago with 14 species (Collenette, 
1999). The genus Plantago is characterized by herbaceous habit; leaves in a basal rosette with prominent parallel veins; 
spicate or capitate inflorescences or wiry scapes; flowers 4-merous; corolla membranous; stamens often exerted. Seeds 
of Plantago psyllium are used as a laxative. Major investigations were using pollen grains as palynological evidence in 
paleobotany (Bernardello and Lujan, 1997; Carine and Scotland, 1998; Dessein et al., 2000; Delaporte et al., 2001). 

 
Generative parts of plants, mature pollen grains in particular, are much less variable than vegetative parts. 

Hence, pollen is a convenient material for investigation, because it is in a steady physiological stage, has a single set of 
chromosomes and forms large populations. Mature pollen grain size, exine sculpturing, and number of pores are the 
most distinctive features (Erdtman, 1952; Faegri and Iversen, 1992; Klimko et al., 2000). Considerable palynological 
studies have been done on the pollen morphology of the family Plantaginaceae and pollen grains of the genus Plantago 
have been divided into several types.  

 
The earliest report is that of Erdtman (1952), Kapp (1969), Serbanescu-Jitariu (1971), Solomon et al., (1973), 

Rao & Shukla (1975), Moore & Webb (1978), Kuprianova & Alysoshina (1978). Markgraf & Dantoni (1978) who 
studied the pollen of Plantaginaceae. In all these studies no attempt has been made to correlate the pollen characters 
with the taxonomy of the family. 

 
There are scarce reports on pollen morphology of various species of Plantaginaceae found in Saudi Arabia. 

Despite intensive research, there are still some discrepancies in classification, morphological descriptions of Plantago 
species. In present study pollen morphology has been used as a taxonomic feature of genus Plantago for species 
delimitation. This is an attempt to correlate the pollen characters with the taxonomy of the genus. 
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2. Materials and methods 
 

Pollen samples were obtained from King Saud University Herbarium (KSUH) or collected from the field. The 
lists of voucher specimens are deposited in KSUH. The pollen grains were prepared for light (LM) and scanning 
microscopy (SEM) by the standard methods described by Erdtman (1952). For light microscopy, the pollen grains were 
mounted in unstained glycerin jelly and observations were made with a Nikon Type-2 microscope, under (E40, 0.65) 
and oil immersion (E100, 1.25), using 10x eye piece. For SEM studies, pollen grains suspended in a drop of water was 
directly transferred with a fine pipette to a metallic stub using double sided cellotape and coated with gold in a 
sputtering chamber (Ionsputter JFC-1100). Coating was restricted to 150A. The SEM examination was carried out on a 
Jeol microscope JSM-T200. Additionally, we analyzed a sample of pollen of P. alpina L. for comparison with P. 
maritime, because of its earlier classification (Clark and Jones, 1977).  Pollen grain dimensions were measured in the 
equatorial (E) and Polar (P) plane by means of laboratory imaging software. The measurements were taken for 20 
pollen grain from each species. The ratio of length in the P plane to that in the E plane enabled an assessment of 
microscopic shape, which was classified in accordance with Erdtman (1952); Faegri & Iversen (1964); Kremp (1965) 
and Walker & Doyle (1976). We also measured pore diameter and annulus width. Moreover qualitative traits 
concerning the stage of development of the annulus, operculum and aperture membrane were taken into account. Values 
of those traits are given in Table 1. 

 
Table 1. Values of those traits 

Trait Description 
No annulus 0 
Annulus with disjunctive verrucae  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. Results 
 
 Pollen grains of Plantago species are usually radially symmetrical, medium sized or small, spherical or prolate 
spheroidal or prolate, always verrucate (verrucae varying in size and shape), with granulation. The annulus in the 
Plantaginaceae seems to be formed by thickening and aggregation of verrucae around the pores. In some species the 
annulus is continuous, but in other cases the verrucae are disjunctive and form a partial annulus. The operculum in some 
species is a solid lid whose structure seems to be identical with the rest of sexine. Other species have a partial 
operculum, with sexine granules on the aperture membrane. These granules are usually widely spaced and small, but 
may be larger. Exine is rather thin or moderately thick, sexine undulating, about twice as thick as nexine (Clark and 
Jones, 1977; Malgorzata et al., 2004). Tectum generally aerolate to scabrate.  
 
Key to the pollen types 
 + Tectum areolate …...………..…….………………………… Plantago major –type 
  - Tectum scabrate …………………...…………………..……. Plantago ovata – type 
 
3.1. Species: P. coronopus 
 
Plantago major-type (Fig 1A-C)  
Pollen class: 5-8 pantoporate. 
Size: medium, P, 27.35 µm; E, 23.27 µm. 
P/E ratio: 1.2: grains mostly prolate spheroidal or spherical. 
Aperture: Ectoaperture- pore circular in outline, often sunken, pore diameter 2.06 µm; margin well-defined, regular 
with a wide, continuous, raised annulus 2.76 µm, membrane covered with irregular sexine granules, forming an  ill-
defined and poorly developed operculum.   
Ornamentation: Verrucate, the verrucae large, coarse, well defined, irregular to circular in outline, channels between 
verrucae with very few puncta. 
Comments: The distinguishing character of the P. coronopus type is the very prominent annulus, which is more and 
better developed than in any other species in Saudi Arabia. These results consistent with other results obtained by Al-
Quran, 2004.  
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3.2. Species: P. lanceolata 
 
Plantago major-type (Fig1 D-F) 
Pollen class: 9-12 pantoporate.  
Size: medium, P, 26.12µm; E, 22.14µm. 
P/E ratio: 1.1: grains usually prolate spheroidal or spherical. 
Aperture: Ectoaperture- pore circular in outline, pore diameter 2.86 µm; margin well-defined, annulus slightly raised 
1.76 µm wide; well-defined solid operculum, truly formed. Endoaperture-pore congruent are highly developed with 
ectoaperture and considered as distinguishing feature in pollen grain.  
Ornamentation: Verrucate, the verrucae large, irregular in outline, often rather diffuse, channels between verrucae 
with minute puncta. 
Comments: The most obvious distinguishing character of the P. lanceolata type is the complete operculum. This type 
is the only of the family that is truly operculate (Clark and Jones, 1977). Our results consistent with the results of 
Sadowska et al., 1986 who reported that operculum in this species was well defined and  annulus was rather narrow.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Scanning micrographs: Plantago coronopus: A, pollen grain; B and C, Exine pattern. Plantago lanceolata: D, 

pollen grain; E and F, Exine pattern. Scale bar = A, D =10; B, C, E and F = 1 µm 
 
3.3. Species: P. cylindrica 
 
Plantago Ovata-type (Fig 2 A-C) 
Pollen class: 5-8 pantoporate. 
Size: medium, P, 26.35 µm; E, 24.27 µm. 
P/E ratio: 1.11: grains mostly prolate spheroidal or spherical. 
Aperture: Ectoaperture- pore rather than irregular to circular in outline, often sunken, pore diameter 1.86 µm; margin 
ill defined, annulus absent; membrane covered with sexine granules forming ill defined operculum.   
Ornamentation: Verrucate, the verrucae large, coarse, well defined, irregular in outline, not concentrated or 
differentiated around pores.   
Comment: The verrucae of P. cylindrica are large, dense and very coarse. Sculpture more rough and conspicuous than 
in any other pollen type in the family. Our results confirmed the data on pore diameter given by Clarke and jones (1977) 
and Faegri and Iversen (1992). 
 
3.4. Species: P. albicans 
 
Plantago ovata-type (Fig 2 D-F) 
Pollen class: 5-8 pantoporate. 
Size: medium, P, 26.52µm; E, 23.67µm. 
P/E ratio: 1.12: grains usually subprolate, prolate spheroidal or spherical. 
Aperture: Ectoaperture-pore rather irregular to circular or elliptical, sometimes slightly sunken, pore diameter 2.26 
µm; margin ill-defined, irregular. Absence of annulus, membrane covered with granules forming an ill-defined 
operculum. Endoaperture-pore congruent with ectoaperture.  



 

N.A-W. Bukhari, Pollen Morphology of some Plantago species native to Saudi Arabia and their taxononomic implication 

4          Biological Diversity and Conservation – 2 / 3 (2009) 

Ornamentation: Verrucate, the verrucae well defined, slightly convex, irregular in outline, variable around pores, 
channels between verrucae with minute puncta. 
Comments: Marked differences were observed in both quantitative and qualitative traits. 
 
3.5. Species: P. ciliata 
 
Plantago ovata-type (Fig 2 G-I) 
Pollen class: 5-8 pantoporate. 
Size: medium, P, 23.25µm; E, 19.56 µm. 
P/E ratio: 1.18: grains usually subprolate. 
Aperture: Ectoaperture- pore rather irregular to elliptical in outline, often clearly sunken, pore diameter 3.66 µm; 
margin ill- or well defined. Absence of annulus, membrane covered with sexine granules forming an ill-defined 
operculum. Endoaperture-pore congruent with ectoaperture.  
Ornamentation: Verrucate, the verrucae very well defined, varying in size and shape, small or large, club-shaped. 
Channels between verrucae with distinct but fine granulation. 
Comments: Pollen grains of P. ciliate were varied in size to a large extent. Apart from those described above, some 
grains were small sized. Klimko et al., 2004 reported the differences in pollen grain morphology and fully justify the 
separation of P. ciliate as a distinct species.  
 
3.6. Species: P. ovata 
 
Plantago ovata-type (Fig 2 J- L) 
Pollen class: 5-8 pantoporate. 
Size: medium, P, 25.15µm; E, 22.56 µm. 
P/E ratio: 1.11: grains usually spheroidal. 
Aperture: pori-small, pore diameter 5.56 µm; circular in outline with operculum and annulate membrane covered with 
sexine granules thicker than nexine.  
Ornamentation: Tectum scabrate, scabrae coarse or fine. The outline more or less circular shaped. Channels between 
verrucae with distinct but fine granulation. 
Comments: Distinguished character of this type is the wide pore size reached up to 5.56 µm sunken membranous 
annulus and circular operculum. 
 
4. Conclusions 
 
 Plantaginaceae is stenopalynous family (Erdtman, 1952). Pollen grains of Plantaginaceae are characterized by a 
polar, spheroidal, operculate to non operculate, annulate to non annulate, pantoporate with scabrate or areolate tectum. 
Pollen of all the 6 species, belonging to a single genus i.e., Plantago are remarkably uniform in their pollen characters. 
However, species of Plantago, show little variation in their tectum type. 
 
 On the basis of tectum two distinct pollen types are recognized viz., Plantogo major and Plantago ovata. Pollen 
type: Plantago- major is readily distinguished by its areolate tectum in which 2 species viz., P. lanceolata and P. 
coronopus are included. On the basis of presence and absence of operculum and numbers of pores these species are 
further divided into two species and one species group. (See key to the species group). Pollen type: Plantago ovata is 
delimited by its scabrate tectum. In the Plantogo ovata-type, 4 species viz., P. cylindrical, P. albicans, P. ciliate and P. 
ovata. L., are included. Similar to Plantago major- type, this pollen type is also further divided into two groups on the 
basis of exine thickness. In one group pollen grains have 0.66 µm thick exine, while the remaining species of this pollen 
type have 1.2-2.47 um thick exine. 
 
 Pollen studies clearly indicate that the genus Plantago is a homogenous taxon in accordance with the 
morphology of the genus. Perveen & Qaiser (2004) examined 14 species of plantago from Pakistan by SEM. Their 
findings are in consistent with the present studies. Using these palynological studies to delimit the different species of 
Plantago (family Plantagoinaceae) is useful, because it is obvious from the results, that some palynological parameters 
may be useful to distinguish the 6 types of pollen grains. These are; the presence or absence of operculum and their 
development; annulus surface and margins of ectaperture and costae of endoaperture.  From the results of the present 
study the following taxonomic key has been concluded:  
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+ Raised annulated                                                                                                                                                                   
- Well developed solid operculum………………………….……….P. lanceolata 
        - Ill-defined and poorly developed operculum……………...……… P. coronopus   
   ++ Sunken annulated                                                                                                        
- Pore size up to 2.26 µm ……………………..………………….. P. cylindrica 
- Pore size up to 1.86 µm…………….…………………………….. P. albicans 
- Pore size up to 3.66 µm………….………………………………….. P. ciliate 
- Pore size up to 5.56 µm…………..………………………………….. P. ovata 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Scanning micrographs: Plantago cylindrica: A, pollen grain; B and C, Exine pattern. Plantago albicans: D, 
pollen grain; E and F, Exine pattern. Plantago ciliata: G, pollen grain; H and I, Exine pattern. Plantago ovata: J, pollen 
grain; K and L, Exine pattern. Scale bar = A, D, G, J =10; B, C, E and F, H, I, K, L = 1 µm. 
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