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Abstract 

In this research, the genera Asperula L., Galium L.; Asperula xylorrhiza Nábelek (siirt belumotu), Asperula 

orientalis Boiss. & amp; Hohen. (gökçe belumotu), Asperula arvensis L. (tarla belumotu), Galium humifusum M. 

Bieb. (çimen iplikçiği), Galium consanguineum Boiss. (altın iplikçik), Galium incanum L. subsp. elatius (Boiss.) 

Ehrend. (gür iplikçik), Galium consanguineum Boiss. (altın iplikçik), Galium mite Boiss. & amp; Hohen. (süpürge 

iplikçiği), Galium spurium L. subsp. spurium (arsız iplikçik) of the family Rubiaceae, have been studied in terms 

of palynological properties. Examples of these taxa were collected in the field studies. 9 taxa light microscopy 

(IM) and scanning electron microscopy (SEM) belonging to this family were studied. As a result of this study 

some common traits of the taxa found out such as zonocolpate, perforate and scabrate. 

 

Keywords: Asperula, Galium, Rubiaceae, Pollen morphology, SEM. 

 

Asperula ve Galium’un (Rubiaceae) Bazı Taksonlarının Palinomorfolojik 

Çalışmaları 
 

 

Öz 

Bu araştırmada Rubiaceae familyasından Asperula L., Galium L. cinslerine ait; Asperula xylorrhiza Nábelek (siirt 

belumotu), Asperula orientalis Boiss. & Hohen. (gökçe belumotu), Asperula arvensis L. (tarla belumotu), Galium 

humifusum M.Bieb. (çimen iplikçiği),Galium consanguineum Boiss. (altın iplikçik), Galium incanum L. subsp. 

elatius (Boiss.) Ehrend.(gür iplikçik), Galium consanguineum Boiss. (altın iplikçik), Galium mite Boiss. & Hohen. 

(süpürge iplikçiği), Galium spurium L. subsp. spurium (arsız iplikçik) taksonları palinolojik özellikleri açısından 

incelenmiştir. Bu taksonlara ait örnekler yapılan arazi çalışmalarında toplanmıştır. Bu familyaya ait 9 takson ışık 
mikroskobu (LM) ve taramalı elektron mikroskobu (SEM) kullanılarak incelenmiştir. Bu çalışma sonucunda 

zonokolpat, perforat ve skabrat, olması gibi bazı ortak özellikler bulunmuştur. 

 

Anahtar kelimeler: Asperula, Galium, Rubiaceae, Polen morfolojisi, SEM. 

 
1. Introduction 

 
Rubiaceae family is a tropical cosmopolitan family represented by about 615 genera and 13200 species 

in the world [1]. In Turkey, it is represented by 10 genera and approximately 170 species [2]. The genus 

Galium, belonging to Rubiaceae family is represented by 116 taxa included in 10 sections in Flora of 
Turkey [3-5]. Together with new species (G. babadaghense Yıld., G. cankirense Yıld., G. nigdeense 

Yıld., G. tuncelianum Yıld., G. shinasii Yıld.) added in recent years and one subspecies (G. canum 

subsp. ulukislaense Yıld.), the taxa of Galium genus in Turkey have increased to 122 and 61 of them are 

endemic. The number of Asperula taxa spread throughout the world is 358. The total number of Asperula 
taxa together with the subspecies and varieties in Turkey is 57 and 30% of them are endemic [6]. There 

are many studies on pollen morphological characteristics of Rubiaceae family and the family has been 

described as eurypalinous [7-16]. Dessein et al., [15] have suggested that the palynological data of 
Rubiaceae family may reveal the evolutionary relations between different taxa and they may be used to 
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support or reject taxonomic data. Erdtman [8] determined the pollen characteristics of 230 species of 

120 genera. Huysmans et al., [13] studied on 6 Rubiaceae genera (Asperula, Crucianella, Cruciata, 

Galium, Rubia and Sherardia) spreading throughout Northwestern Europe. In the study including a total 
of 29 species, pollen morphology was examined using light microscope and electron microscope. 

Perveen and Qaiser [17] defined the pollen morphology of 50 species of Rubiaceae family in Pakistan. 

On the other hand, Verellen et al., [16] revealed the pollen characteristics of the taxa of the tribes 
Naucleeae and Hymenodictyeae [18]. In Egypt, the pollen morphological examination of eleven species 

and one subspecies of Galium L. genus was performed using light microscope (LM) and electron 

microscope (SEM). The pollen morphology of 9 taxa of Asperula and Galium genera in Rubiaceae 

family, using the plant samples, collected in the field studies in Elazığ and Bitlis provinces, was 
examined using light microscope and SEM in detail. 

 The present study aimed to describe the pollen morphology of 9 taxa belonging to Galium and 

Asperula genus belonging to Rubiaceae. 

 

2. Materials and Methods 

 
In this study, the plant samples used are taxa belonging to Asperula and Galium genera collected from 

Elazığ and Bitlis provinces.  

 Specimens investigated: 

Asperula xylorrhiza Nábelek: B8-Bitlis, eastern slopes of Mount Kambos, 03.07.2013, 38° 19' 29.58" 
K, 42° 00' 33.33" D,1400-1600m, M. Karatas 1051. Asperula orientalis Boiss. & Hohen. B8-Bitlis, 

eastern slopes of Mount Kambos 23.04.2014, 38° 19' 29.58" K, 42° 00' 33.33" D,1400-1600m, M. 

KARATAS 1633. Asperula arvensis L. B8-Bitlis, Ağaçköprü village, 02.05.2014, 38° 20' 11.95" K, 42° 
00 10,88" D, 1350-1450m, M. Karatas 1694. Galium humifusum M. Bieb. B8-Bitlis, Kambos Eastern 

Slopes of Mount Kambos, 08.07.2013, 38° 19' 29.58" K, 42° 00' 33.33" D,1400-1600m, M. KURSAT 

1147.Galium consanguineum Boiss. B8-Bitlis, northern slopes of Mount Kambos, 01.07.2014, 38° 19' 

23.26" K, 41° 59' 42.29" D,1800-1950m, M. Kursat 2197.Galium mite Boiss. & Hohen. B8-Bitlis, 
eastern slopes of Mount Kambos, 08.07.2013, 38° 19' 29.58" K, 42° 00' 33.33" D,1400-1600m, M. 

Kursat 1123.Galium spurium L. subsp. spurium. B8-Bitlis, South of Mount Kambos, 25.05.2014, 38° 

17' 52.83" K, 41° 59' 15.31" D, 1240-1650 m, M. Kursat 1857.Galium incanum L. subsp. elatius (Boiss.) 
Ehrend. B7. Elazığ, Baskil, Kayabeyli Village, north of Belhan hamlet, slopes 1750-1900m. 04/07/2002 

M. Kursat 3208. Galium galiopsis (Hand. - Mazz.) Ehrend. (Endemic) B7. Elazığ. Kamışlık Mountain, 

Tarlatepe Village area, slopes 1450-1760m. M. Kursat 04/07/2002. 
 For light microscopy, the pollen grains were prepared for light (LM) by the standard methods 

described by Wodehouse [19] The following parameters, as which pollen size (Polar axis (P) and 

Equatorial axis (E), P/E ratio, exine, colpi long axis, colpi short axis, apocolpium and Amb diameter, 

exine thickness, and intine thickness were measured. Average of about 35 pollens were taken to 
determine the size of pollen. Photomicrographs were made with a Olympus BX-31 binocular light 

microscope. For scanning electron microscopy investigations, the pollens were put on stubs, stutter-

coated with gold plate. The SEM examination was carried out a ZEISS supra 55 electron microscope. 
Pollen terminology was adopted from Hesse et al. [20] and Punt et al. [21, 22].   
 

3. Results  

 

3.1. Asperula L. 

 

Asperula orientalis Boiss. & Hohen.; Monad, isopolar symmetry, prolate-spheroidal shape. 6-
zonocolpate (3%), 7-zonocolpate (59%) and 8- zonocolpate (38%). Morphological characteristics of 

pollen depending on SEM examine; Exine structure; tectate, ornamentation; scabrate-perforate. The 

average number of scabrae at 1 µm2: 19.25, the average number of perforae at 1µm2: 2.41, the width of 

the scabrae: 0.14 µm, the length of the scabrae: 0.14 µm. The colpus membrane are scabrate (fig.1-a, b. 
fig.2-a, fig. 3-a, b) 

 

Asperula arvensis L.; Monad, isopolar symmetry, oblate-spheroidal shape. 6-zonocolpate (35%), 7-
zonocolpate (45%) and 8- zonocolpate (20%). Morphological characteristics of pollen depending on 
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SEM examine; Exine structure; tectate, ornamentation; scabrate-perforate. The average number of 

scabrae at 1 µm2: 10.31, the average number of perforae at 1µm2: 1.71, the width of the scabrae: 0.21 

µm, the length of the scabrae: 0.13 µm. The colpus membrane are scabrate (fig.1-c, d, fig. 2-b, fig. 3-c, 
d). 

 

Asperula xylorrhiza Nábelek; Monad, isopolar symmetry, prolate-spheroidal shape. 5-zonocolpate 
(5.1%), 6-zonocolpate (87.2%) and 7- zonocolpate (7.7%). Morphological characteristics of pollen 

depending on SEM examine; Exine structure; tectate, ornamentation; scabrate-perforate. The average 

number of scabrae at 1 µm2: 19.30, the average number of perforae at 1µm2: 3.77, the width of the 

scabrae: 0.14 µm, the length of the scabrae: 0.11 µm. The colpus membrane are scabrate (fig.1-e, f, 
fig.2-c, fig. 3-e, f). 

 

3.2. Galium L. 
 

Galium consanguineum Boiss.; Monad, isopolar symmetry, prolate-spheroidal shape. 6-zonocolpate 

(42%) and 7-zonocolpate (58%), (Table 1). Morphological characteristics of pollen depending on SEM 
examine; Exine structure; tectate, ornamentation; scabrate-perforate. The average number of scabrae at 

1 µm2: 10.1, the average number of perforae at 1µm2: 2.22, the width of the scabrae: 0.09 µm, the length 

of the scabrae: 0.13 µm. The colpus membrane are scabrate (fig.1-g, h, fig.2-d, fig. 3-g, h). 

 
Galium mite Boiss. & Hohen.; Monad, isopolar symmetry, oblate-spheroidal shape. 6-zonocolpate 

(52%) and 7-zonocolpate (48%). Morphological characteristics of pollen depending on SEM examine; 

Exine structure; tectate, ornamentation; scabrate-perforate. The average number of scabrae at 1 µm2: 
9.61, the average number of perforae at 1µm2: 3.27, the width of the scabrae: 0.17 µm, the length of the 

scabrae: 0.19 µm. The colpus membrane are scabrate (fig.1-ı, j, fig.2-e, fig. 3-ı, j). 

 

Galium galiopsis (Hand. - Mazz.) Ehrend.; Monad, isopolar symmetry, oblate-spheroidal shape. 6-
zonocolpate (1.5%), 7-zonocolpate (46%) and 8 -zonocolpate (48%) and 9-zonocolpate (4.5%). 

Morphological characteristics of pollen depending on SEM examine; Exine structure; tectate, 

ornamentation; scabrate-perforate. The average number of scabrae at 1 µm2: 10.1, the average number 
of perforae at 1µm2: 2.00, the width of the scabrae: 0.14 µm, the length of the scabrae: 0.17 µm. The 

colpus membrane are scabrate (fig.1-k, n, fig.2-f, fig. 3-k, l). 

 
Galium humifusum M. Bieb.; Monad, isopolar symmetry, oblate-spheroidal shape. 6-zonocolpate 

(28%), 7-zonocolpate (72%). Morphological characteristics of pollen depending on SEM examine; 

Exine structure; tectate, ornamentation; scabrate-perforate. The average number of scabrae at 1 µm2: 

14.25, the average number of perforae at 1µm2: 2.30, the width of the scabrae: 0.15 µm, the length of 
the scabrae: 0.12 µm. The colpus membrane are scabrate (fig.1-n, o, fig.2-g, fig. 3-m, n). 

 

Galium incanum L. subsp. elatius (Boiss.) Ehrend.; Monad, isopolar symmetry, oblate-spheroidal 
shape. 6-zonocolpate (88%), 7-zonocolpate (8%) and 8-zonocolpate (4%). Morphological 

characteristics of pollen depending on SEM examine; Exine structure; tectate, ornamentation; scabrate-

perforate. The average number of scabrae at 1 µm2: 10.66, the average number of perforae at 1µm2: 
1.62, the width of the scabrae: 0.17 µm, the length of the scabrae: 0.15 µm. The colpus membrane are 

scabrate (fig.1-p, r, fig.2-h, fig. 3-o, p). 

 

Galium spurium L. subsp. spurium; Monad, isopolar symmetry, oblate-spheroidal shape. 6-
zonocolpate (6%), 7-zonocolpate (64%) and 8 -zonocolpate (30%). Morphological characteristics of 

pollen depending on SEM examine; Exine structure; tectate, ornamentation; scabrate-perforate. The 

average number of scabrae at 1 µm2: 12.33, the average number of perforae at 1µm2: 6.38, the width of 
the scabrae: 0.10 µm, the length of the scabrae: 0.10 µm. The colpus membrane are scabrate (fig.1-s, t, 

fig.2-j, fig. 3-r, s). 
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Table 1. Pollen morphological parameters of Asperula and Galium taxa 

P: Polar axis, E: Equatorial axis, P-s: Prolate-spheroidal, O-s: Oblate- spheroidal, S: Subprolate, clg: Colpus 

longitude (length), clt: Coplus latitude (width), Ex: Exine thikness, In: Intine thikness, Or: Ornamentation, Sc-

per: Scabrate-perforate 

 

  

Figure 1. SEM micrograph of Asperula and Galium; Polar and Equatorial view: a-b: Asperula orientalis. c-d: 
A. arvensis, e-f: A. xylorrihza, g-h: Galium consanguineum, ı-j: G. mite, k-m: G. galiopsis, n-o: G. humufisum, 

p-r: G. incanum, s-t G. spurium. (Scale bar: 1 µm) 

 

Taxon 
P (µm) E (µm) 

P/E 

ratio 

Ex (µm) In (µm) clg (µm) clt (µm) Or 

Asperula 
orientalis 20.53 ±2.67 20.02±2.86 P-s   1.61±0.47 0.72±0.22 15.40±2.19 1.09±0.11 

Sc-per 

A. arvensis 18.70 ±1.52 18.80±2.16 
O-s 

1.82±0.43 0.86±0.22 13.20±1.38 1.38±0.49 
Sc-per 

A. xylorrihza 17.03 ±1.18 18.41±2.27 
O-s 

1.58±0.44 0.73±0.25 12.41±1.37 0.95±0.17 
Sc-per 

Galium 

consanguineum 

17.80 ±1.72 17.88±2.13 O-s 1.39±0.44 0.67±0.22 13.72±1.63 1.19±0.38 Sc-per 

G. mite 17.10 ±0.86 18.94±1.65 
O-s 

1.73±0.42 0.85±0.21 12.21±1.07 1.41±0.49 
Sc-per 

G. galiopsis 14.21 ±1.14 15.33±2.91 
O-s 

1.84±0.36 0.93±0.18 9.11±1.20 0.97±0.23 
Sc-per 

G. humufisum 14.35 ±2.08 12.07±2.63 S 1.50±0.47 0.59±0.17 9.89±2.05 0.87±0.22 
Sc-per 

G. incanum subsp. 

elatius  

18.68 ±1.93 16.86±2.36 P-s 1.73±0.49 0.83±0.26 12.92±2.02 1.12±0.27 
Sc-per 

G. spurium subsp. 

spurium 

 

15.27 ±1.67 

 

15.93±2.19 

 

O-s 

 

1.53±0.49 

 

0.73±0.25 

 

10.42±2.03 

 

1.14±0.34 
Sc-per 
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Figure 2. SEM micrograph of Asperula and Galium; Ornamentation a: Asperula orientalis.b: A. arvensis, c: 

A. xylorrihza, d: Galium consanguineum, e: G. mite, f: G. galiopsis, g: G. humufisum, h: G. incanum,  

j: G. Spurium 

 
 

 
Figure 3. LM micrograph of the pollen of Asperula and Galium. Polar view and Equatorial view: a-b: 

Asperula orientalis. c-d: A. arvensis, e-f: A. xylorrihza, g-h: Galium consanguineum, ı-j: G. mite, k-l: G. 

galiopsis, m-n: G. humufisum, o-p: G. incanum, r-s G. spurium. (Scale bar: 10 µm) 
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4. Conclusions 

 

The pollen morphology of 9 taxa of Asperula L.and Galium L. genera in Rubiaceae family, using the 
plant samples, collected in the field studies in Elazığ and Bitlis provinces, was examined using light 

microscope and SEM in detail (Table 1; Figs 1-2-3).  

As a result of the studies conducted on this family, the pollen was determined to be isopolar, 
pollen shapes with radial symmetry, suboblate, oblate-spheroidal, subprolate, and prolate-spheroidal. 

More common ones are subprolate and prolate-spheroidal, apertures of pollen range between colpate 

and 3-11 colpate and 6-7 colpate is found more frequently. Ornamentation type is scabrate, 

microechinate, rugulate and reticulate [7, 23-25]. In the previous studies conducted on Asperula species, 
the number of colpi was given to be 6-7 [26]. In the present study, the colpus number of the pollen of 

Asperula and Galium genera included in Rubiaceae family varied between 5 and 9 and also the shape 

of the pollen was determined to be prolate-spheroidal, oblate-spheroidal and subprolate (Table 1). At 
this point, the present study is compatible with the studies by Utzschneider [23]; Erdtman, [7]; Perveen 

and Qaiser [27]; Abdel Khalik et al., [18]; Minareci et al., [26]. In the study conducted by Huymans et 

al., [13] using acetolysis method, they stated that the pollen characteristics of 6 genera (Asperula, 
Galium, Crucianella, Cruciata, Rubia and Sherardia) of the tribe Rubieae included in Rubiaceae family 

were unique since these pollens have apertures with several colpate, perforate-microechinate 

ornamentation, small size, no endoapertures, a thick exine layer under ectocolpi and no orbiculi. They 

adapted the idea that these genera had similar pollen characteristics, there was no evolutionary change 
among the genera, and the main characteristics in the pollen structure were preserved. As a result of the 

study conducted with light microscope, it was determined that Asperula species had oblate-spheroidal 

and prolate-spheroidal pollen shapes and their ornamentation was reticulate, the exine layer thickness 
of the pollens was in the range of 1.44-2.25 µm, intine layer of the pollen was in the range of 0.48-1.08 

µm, polar axis length was 15.85-23.20 µm, equatorial axis length was 16.14-22.88 µm, colpus length 

was 11.04-17.59 µm, and colpus width was 0.78-1.87 µm (Table 1). Minareci and Yıldız [27] conducted 

studies on the pollen morphology of five species included in Asperula. They found that pollen shapes 
was spheroidal, polar axis was 15.5-20.1 µm, equatorial axis was 15.8-20.1 µm, ornamentation of pollen 

was perforate-microechinate, number of colpi was 6-8, colpus height was 10.4-14.6 µm, and colpus 

width was 0.09-0.39. They measured the perforae number of the pollen of the species examined as 12-
36 in 5 µm². 

Asperula is a stenopalynous genus, characterized by having monads and isosymmetric, very 

small, 5-8 zonocolpate and oblate-spheroidal, prolate- spheroidal. Exine ornamentation is scabrate-
perforate and the aperture membrane is scabrate. In the studies performed on SEM microphotos, we 

determined that the scabrae number of Asperula genus in 1 µm² was within the range of 9-25, perforae 

number was within the range of 1-5 and the length of scabrae was within the range of 0.11-0.14 µm, and 

the width of scabrae was within the range of 0.14-0.21 µm (Figure 2 a-c). 
In the previous pollen studies conducted on Asperula species in Turkey, there are some 

differences such as the maximum pollen length of 19 µm and mesocolpium of 6.4-6.6 µm [26]. In the 

present study, the pollen length of Asperula species was within the range of 20.87-25.66 µm, 
mesocolpium was within the range of 22.22-24.60 µm, and apocolpium was within the range of 2.51-

2.90 µm (Tabel 1).  

Galium L. is a stenopalynous genus, characterized by having monads and isosymmetric, very 
small, 6-9 zonocolpate, oblate-spheroidal and prolate-spheroidal. Exine ornamentation is scabrate-

perforate and the aperture membran is scabrate (Table 1). It was determined in the present study that the 

number of scabrae in 1 µm² was within the range of 7-16, the number of perforae in 1 µm² was within 

the range of 1-9 and the length of scabrae was within the range of 0.10-0.19 µm, and the width of scabrae 
was within the range of 0.10-0.17 µm (figure 2 d-j). In the study conducted in Egypt, the pollen of 12 

taxa of Galium L. genus were examined using light microscope (LM) and electron microscope (SEM). 

Colpus number was in the range of 5-10 and pollen shapes varied from prolate-spheroidal to oblate-
spheroidal. As also seen in G. aparine L., G. canum Req. ex DC., the most common shape of Galium L. 

genus was spheroidal. The remaining ones were spheroidal or suboblate.  These results are compatible 

with the results of Huysmans et al., [13] on pollen shape. Pollen size range of many species was 

considered to be in conformity with each other but G. aparine L. may be distinguished with relatively 
bigger pollens compared to the other species. It was stated that the colpus number of pollen was within 

http://www.theplantlist.org/tpl1.1/record/kew-85957
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the range of 5-10. The pollen shapes were prolate-spheroidal, oblate-spheroidal, suboblate; the polar 

axis of pollens were within the range of 13.10-20.62 µm and the equatorial axis of pollens were within 

the range of 13.19-20.55 µm. This study conducted in Egypt proved the value of the pollen 
morphological characteristics of some species of Galium genus in systematic applications using light 

and electron microscope [18]. Abdel Khalik et al., [18] stated in their study on the species of Galium 

genus that the ornamentation of pollens was perforate-microechinate, their colpus number was within 
the range of 5-9, pollen shapes were spheroidal, prolate-spheroidal, oblate-spheroidal, sub-oblate, the 

length of polar axis was within the range of 13.1-20.62 µm, length of equatorial axis was within the 

range of 13.19-21.51 µm, and pollen were radial symmetric and isopolar. As a result of the examinations, 

they determined that the pollen of G. murale L., G. parisiense Pall. species was relatively larger, had 
less microspins and they were distinguished from the other species in terms of the density of scabrae. 

They revealed that the pollens of G. aparine species had 7-9 colpi, the pollens of G. spurium had 6-8 

colpi, the pollens of G. ceratopodium species had 6-8 colpi, and the pollens of G. tricornutum Dandy 
species had 8-9 colpi.  

Huymans et al., [13] stated that the pollens of G. parisiense species had 8 colpi but the pollens 

of G. murale and G. setaceum Lam. species had 6-7 colpi. It was determined that the pollen shapes of 
the species of Galium genus were oblate-spheroidal, subprolate, and prolate-spheroidal and their 

ornamentation was perforate-scabrate, their colpi number were 6-8 and rarely 9. Polar axis length of the 

pollens was 20.96-42.37 µm and length of equatorial axis was 19.72-30.26 µm. While the perforate 

number of the pollen in 1 μm² was between 1-5, G. spurium species had perforates between 4-9 in 1 μm² 
unlike the others (Table 1, Figs. 1-2-3). Robbrecht [24] considered the shape, number, and 

ornamentation of apertures in determining the morphological differences of pollens and determined that 

the pollen of taxa in the tribe Pavetteae of Rubiaceae family was 3-zonocolporate, their polar axis were 
15-42 μm, their equatorial axis were 16-42 μm, they varied from oblate-spheroidal to prolate-spheroidal, 

and rarely as sub oblate and sub prolate in equatorial appearance and ectocolpus may be distinguished 

prominently with its width of 1-4.5 μm in equator. In the present study, the polar axis length of the 

pollens of A. xylorrhiza species was 20.87 μm and the polar axis length of the pollens of G. humifusum 
species was 42.37 μm. The polar axis length of the other species studied was within the range of 20.87-

42.37 μm. The equatorial axis length of the pollen grains of G. incanum species was 19.72 μm and the 

equatorial axis length of the pollen grains of G. humifusum species was 30.26 μm. The equatorial axis 
length of the other species studied was within the range of 19.72-30.26 μm (Table 1). 

 We obtained a correlation between our results and the classification of Asperula and Galium taxa, 

that is, pollen features, especially pollen size, the number of scabrae and perforae counted per 1 μm2 

proved to be the most useful characters for the systematics of these taxa 
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