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Seeds in subtribe Orchidinae 
(Orchidaceae): the best 

morphological tool to support 
molecular analyses

Roberto Gamarra, Emma Ortúñez, Ernesto Sanz,  
Iris Esparza, Pablo Galán

Abstract — Seeds of the genera belonging to the subtribe Orchidinae 
(Orchidaceae) have been studied using scanning electron microscopy. 
Qualitative data concerning the general morphology of the seed and testa 
cells, and ornamentation of periclinal and anticlinal walls, are characters that 
allow to recognize genera and taxa at infrageneric levels. The results show 
that seed micromorphology is the best tool to support the molecular analyses 
published in recent years for this taxonomic group.

Index Terms — qualitative data, seed micromorphology, SEM, subtribe 
Orchidinae.

——————————   u   ——————————

1 Introduction

The family Orchidaceae is probably the largest among flowering plants, 
with 25.158 species [1]. The systematics has undergone many changes 
along the last few decades. The latter taxonomic proposals were published 

by Dressler [2] and Szlachetko [3]. In the subfamily Orchidoideae, Dressler [2] 
divided the tribe Orchideae into two subtribes: Orchidinae with 34 genera and 
370 species, and Habenariinae with 23 genera and 930 species. Within this 
tribe, Philip Cribb [4] recognizes 62 genera and near 1800 species. This is the 
principal orchid group of the north temperate area, also with considerable 
diversity in Africa, South Asia and Australia; only the genus Habenaria occurs in 
South America. 

Flower morphology (lip, anther, stigma, rostellum) and vegetative characters 
(habitus, inflorescence, tuberoids) have been used to elucidate the systematics 
of this tribe. According to Dressler [2], the morphology of tuberoids is essential 
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to recognise the genera in the subtribe Orchidinae, while in Habenariinae the 
stigmas are more important. Szlachetko [3] proposes 6 subtribes (Orchidinae, 
Herminiinae, Bartholininae, Androcorytinae, Platantherinae, Habenariinae) 
based on stigma and rostellum morphology. 

Recently, molecular analyses have changed the taxonomy of several genera 
and species in this tribe [5], [6], e.g., the monotypic genus Coeloglossum Hartm. 
is integrated into Dactylorhiza Neck. ex Nevski, while some species attributed to 
the genus Orchis L. are included into Anacamptis Rich. and Neotinea Rchb. fil.

Beer [7] published the first study about the seed morphology in Orchidaceae. 
In his book, the figures show the great diversity in genera belonging to different 
subfamilies.

Clifford & Smith [8] proposed the first methodology to analyze the testa 
morphology studying 49 species of the subfamily Epidendroideae. They showed 
a strong correlation between qualitative characters of seeds and taxa above 
genus level.

Later, Barthlott [9] studied 58 genera using SEM, demonstrating the great 
diagnostic value of seed morphology and its phylogenetic significance, principally 
at tribe and subtribe level. He also indicated that this is a useful taxonomic tool 
to recognise the genera. In 1979, Joseph Arditti and colleagues established 
the methodology for quantitative analyses, related to the sizes and volumes of 
seeds and embryos [10]. Several authors published different papers about seed 
morphology in the family Orchidaceae [11], [12], [13]. All these papers show the 
great diagnostic value of the qualitative and quantitative characters of the seed, 
to approach phylogenetic studies in this family. Arditti & Al-Ghani [14] published 
an overview of previous works, and they conclude the importance to continue 
this research.

More recently. Krishna Swamy et al. [15] described seeds of the genus 
Cymbidium using SEM and morphometric data, and Tsutsumi et al. [16] compared 
the phylogenetic proposal using molecular markers with seed morphology of the 
japanese species of the genus Liparis.

Different authors have obtained similar results in other flowering plants, as 
in the genus Phyllocladus (Phyllocladaceae) [17], in the tribe Massonieae 
(Hyacinthaceae) [18], in the genus Veronica (Plantaginaceae) [19], and in 
the genus Moehringia (Caryophyllaceae) [20]. These papers show that seed 
morphology is an important tool to elucidate the taxonomy of these genera.

Since 2003, our research group initiated a study of seed micromorphology of 
iberian orchids using SEM and the methodology proposed by former authors. 
We have published data about genera of subfamilies Cypripedioideae [21] 
and Orchidoideae [22], [23], some of them previously presented in the 17th 
International Botanical Congress, held in Wien in 2005. Our studies show 
that qualitative and quantitative characters strongly support the results using 
molecular markers. These characters are of good diagnostic value to recognize 
many taxa, principally above the species level.

Presently, the main aim of our research is the study of the seed micromorphology 
in all groups within the genera of the tribe Orchideae.
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2 Results

In the studied genera, the seed morphology varies from elongate fusiform 
(Dactylorhiza, Platanthera, Neotinea, Anacamptis), to shortly fusiform and 
almost ovoid (Gymnadenia, Pseudorchis, Amitostigma). Generally, in the 
elongate fusiform, the medial cells are longer than apical and basal cells; in the 
other morphologycal type, are similar or slightly longer.

The apical pole mainly consist of short and polygonal cells. Only the genus 
Platanthera finished in a truncated cell.

The chalazal end is opened, with short and polygonal cells. Exclusively, in the 
genus Ophrys, a distinct asymmetry is showed. 

In several genera (Orchis, Pseudorchis, Gymnadenia), the periclinal walls 
are unsculptured. However, many genera present a type of ornamentation, 
with prominent and spaced ridges (Ophrys), to slight ondulations (Serapias, 
Amerorchis, Comperia). The distribution of ridges and ondulations varies from 
lax (Platanthera, Himantoglossum) to dense (Serapias, Steveniella, Comperia), 
and from transversal (Neotinea, Steveniella) to oblique (Anacamptis, 
Himantoglossum, Aorchis). Only the genus Dactylorhiza shows a great variation, 
from unsculptured periclinal walls (D. incarnata group) to different types of 
ornamentation (D. maculata group, D. majalis group).

The morphology of the anticlinal walls varies from straight (Platanthera, 
Himantoglossum, Aorchis) to undulate (Gymnadenia, Orchis p.p., Anacamptis 
p.p.) The las type is more typical in the cells of apical pole. Also, a distinct type 
of lamella can be found in these walls (Ophrys).

3 Conclusion

The morphological study, including qualitative and quantitative characters, of 
the seed coat in the genera of the subtribe Orchidinae has showed that each 
genus and each subgroup within this, have its own morphological type. Each 
type fully agrees with the clades obtained in the recently published molecular 
analyses [5], [6]. For example, it is consistent with the inclusion of the genus 
Coeloglossum with the species of the Dactylorhiza incarnata group, Nigritella 
into Gymnadenia or Barlia into Himantoglossum. Also, within genera with many 
species as Anacamptis, Orchis or Dactylorhiza, each clade is consistent with 
each morphological seed type. Likewise, it also supports the monophyly of 
genera such as Ophrys and Serapias.

Acknowledgement

We are much indebted to Esperanza Salvador, Enrique and Isidoro, the technical staff 
in the SEM laboratory at SIDI-UAM. To Jeff Wood and Mauricio Velayos, the curators 
of Royal Botanic Gardens at Kew and Madrid, respectively. We are also grateful to all 
orchidologists who sent us seeds of different genera.

 



326

References

[1]	 P. Cribb and R. Govaerts, “Just how many orchids are there”, Proc. 18th World Orchid 
Conference, pp. 161-172, 2005.

[2]	 R. Dressler, Phylogeny and classification of the orchid family, Cambridge, Cambridge 
University Press, 1993.

[3]	 D. Szlachetko, “Systema Orchidalium”, Fragm. Florist. Geobot., Suppl. 3, pp. 1-152, 1995.
[4]	 A. M. Pridgeon, P. Cribb, M. W. Chase and F.N. Rasmussen, “Genera Orchidacearum. 2. 

Orchidoideae (Part 1)”, Oxford, Oxford University Press, 2001.
[5]	 A. M. Pridgeon, R. M. Bateman, A. V. Cox, J. R. Hapeman and M. W. Chase, “Phylogenetics 

of subtribe Orchidinae (Orchidoideae, Orchidaceae) based on nuclear ITS sequences. 1. 
Intergeneric relationships and polyphyly of Orchis sensu lato”. Lindleyana, vol. 12, pp. 89-109, 
1997.

[6]	 R. M. Bateman, P. M. Hollingsworth, J. Preston, L. Yi-Bo, A. M. Pridgeon and M. W. 
Chase, “Molecular phylogenetics and evolution of Orchidinae and selected Habenariinae 
(Orchidaceae)”, Bot. J. Linn. Soc., vol. 142, pp. 1-40, 2003.

[7]	 J. G. Beer, Beiträge zur Morphologie und Biologie der familie der orchideen, Vienna, Druck 
und Verlag von Carl Gerold’s Sohn, 1863.

[8]	 H. T. Clifford and W. K. Smith, “Seed morphology and classification of Orchidaceae”, 
Phytomorphology, vol. 19, pp. 133-139, 1969.

[9]	 W. Barthlott, “Morphologie der Samen von Orchideen im Hinblick auf taxonomische und 
funktionelle Aspekte”, Proc. 8th World Orchid Conference, pp. 444-455, 1976.

[10]	 J. Arditti, J.D. Michaud and P. L. Healey, “Morphometry of orchid seeds. I. Paphiopedilum and 
native California and related species of Cypripedium”, Amer. J. Bot., vol. 66, pp. 1128-1137, 
1979.

[11]	 H. Tohda, “Seed morphology in Orchidaceae I. Dactylorchis, Orchis, Ponerorchis, Chondradenia 
and Galeorchis”, Sci. Rep. Tohoku Univ., 4th ser., Biology, vol. 38, pp. 253-268, 1983.

[12]	 H. Kurzweil, “Seed morphology in Southern African Orchidoideae (Orchidaceae)”, Pl. Syst. 
Evol., vol.185, pp. 229-247, 1993.

[13]	 M. Molvray and P. J. Kores, “Character analysis of the seed coat in Spiranthoideae and 
Orchidoideae, with special reference to the Diurideae (Orchidaceae)”. Amer. J. Bot., vol. 82, 
pp. 1443-1454, 1995.

[14]	 J. Arditti and A. K. Al-Ghani, “Numerical and physical properties of orchid seeds and their 
biological implications”, New Phytologist, vol. 145, pp. 367-421, 2000.

[15]	 K. Krishna Swamy, H. N. Krishna Kumar, T. M. Ramakrishna and S. N. Ramaswamy, “Studies 
on seed morphometry of epiphytic orchids from Western Ghats of Karnataka”, Taiwania, vol. 
49, pp. 124-140, 2004.

[16]	 C. Tsutsumi, T.  Yukawa, N.  Lee, C.  Lee and M.  Kato, “Phylogeny and comparative seed 
morphology of epiphytic and terrestrial species of Liparis (Orchidaceae) in Japan”, J. Pl. Res., 
vol. 120, pp. 405-412, 2007.

[17]	 A. V. Bobrov, A. P. Melikian and E. Y. Yembaturova, “Seed morphology, anatomy and 
ultrastructure of Phyllocladus L. C. and A. Rich. ex Mirb. (Phyllocladaceae (Pilg.) Bessey) in 
connection with the generic system and Phylogeny”, Ann. Bot., vol. 83, pp. 601-618, 1999.

[18]	 W. Pfosser, W. Wetschnig, S. Ungar and G. Prenner, “Phylogenetic relationships among 
genera of Massonieae (Hyacinthaceae) inferred from plastid DNA and seed morphology”. J. 
Pl. Res., vol. 116, pp. 115-132, 2003.

[19]	 L. M. Muñoz-Centeno, D. C. Albach, J. A. Sánchez-Agudo and M. M. Martínez-Ortega, 
“Systematic significance of seed morphology in Veronica (Plantaginaceae): a phylogenetic 
perspective”. Ann. Bot., vol. 98, pp. 335-350, 2006.

[20]	 L. Minuto, S. Fior, E. Roccotiello and G. Casazza, “Seed morphology in Moehringia L. and its 
taxonomic significance in comparative studies within the Caryophyllaceae”, Pl. Syst. Evol., vol. 
262, pp. 189-208, 2006.

[21]	 E. Ortúñez, E. Dorda, P. Galán and R. Gamarra, “Seed micromorphology in the iberian 
Orchidaceae. I. Subfamily Cypripedioideae”, Bocconea, vol. 19, pp. 271-274, 2006.

[22]	 R. Gamarra, E. Dorda, A. Scrugli, P. Galán and E. Ortúñez, “Seed micromorphology in the 
genus Neotinea Rchb. f. (Orchidaceae, Orchidinae)” Bot. J. Linn. Soc., vol. 153, pp. 133-140, 
2007.

[23]	 R. Gamarra, P. Galán, I. Herrera and E. Ortúñez, “Seed micromorphology supports the splitting 
of Limnorchis from Platanthera (Orchidaceae)”, Nord. J. Bot., vol. 26, pp. 61-65, 2008.




