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Taxonomic status of the Turkish members of the sections Hololeuce and Synochreati 
of Astragalus (Fabaceae) was analysed using variation of morphological features, seed 
proteins and RAPD markers. Dendrograms based on Nei’s genetic distance method 
UPGMA were used to compare the species. The results of cluster analysis were in 
broad agreement with morphological classifications of these species, and they were 
slightly different to the arrangement of these species in Flora of Turkey. Based on 
RAPD, seed protein and morphological analyses, A. vuralii H. Duman & Aytaç is syn-
onymized with A. andrasovszkyi Bornm., A. cylindraceus DC. with A. globosus Vahl, 
A. alindanus Boiss. with A. hirsutus Vahl, A. paecilanthus Boiss. & Heldr. with A. 
sibthorpianus Boiss., A. squalidus Boiss. & Noë with A. amoenus Fenzl, A. kangalicus 
Kit Tan & Sorger with A. fragrans Willd., and A. seydishehiricus Kit Tan & Ocakverdi, 
A. isparticus Kit Tan & Sorger and A. ocakverdii Kit Tan & Sorger with A. acmono-
tricus Fenzl. In addition to these, A. karputanus Boiss. & Noë should be treated as a 
subspecies of A. bicolor Lam.
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Introduction

Astragalus is probably one of the largest genera 
of vascular plants in Eurasia, with an estimated 
number of 2500–3000 species. Many species are 
narrow endemics, while relatively few are wide-
spread, distributed mainly in the Northern Hemi-
sphere, Central Asia, and western North America 
(Podlech 1986, Maassoumi 1998). It is also the 
largest genus in Turkey, where it is represented 
by ca. 470 species in 62 sections (Chamberlain 

& Matthews 1970, Davis et al. 1988, Ekim et al. 
1991, Özhatay et al. 1994, 1999, Adıgüzel 1999, 
Podlech 1999, Aytaç 2001, Aytaç et al. 2001, 
Ekici & Aytaç 2001, Aytaç & Ekici 2002, Gök-
türk et al. 2003). 

In the Flora of Turkey, many taxonomical 
problems in some genera and sections were 
mentioned, but not solved, because of the limited 
time and material. The editors suggested that 
further revision should be carried out to solve 
these problems (Chamberlain & Matthews 1970, 
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Davis & Hedge 1975). Astragalus is an example 
with many unresolved taxonomical problems, 
for example in sections such as Onobrychium 
and Hololeuce. The classical identification of 
Astragalus of course depends on morphological 
characteristics. These characteristics are often 
affected by environmental and/or developmental 
factors during plant growth (Cai et al. 1999). 
The advent of molecular taxonomy techniques 
offered a solution to many problems, which were 
for a long time out of reach of classical taxo-
nomic methods and approaches. Currently, the 
methods of construction of phylogenetic trees 
on the basis of molecular data are widely used 
in systematics. Due to the tremendous develop-
ments in the field of molecular biology, a vari-
ety of different molecular techniques to analyze 
genetic variation has emerged in recent decades. 

Some types of molecular markers used today 
are RFLP, AFLPs, RAPD and seed protein pro-
files. RFLPs (Tanksley et al. 1989) and RAPD 
(Williams et al. 1990) are quite stable and highly 
reproducible. RFLP markers are less polymor-
phic, more expensive and laborious compared 
with RAPD. Seed protein profiles are a powerful 
tool to ascertain genetic homology at the molec-
ular level and to resolve taxonomic and phyloge-
netic problems (Singh et al. 1994). Analysis of 
seed protein profiles by sodium dodecylsulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) 
has been used succesfully for identification of 
some plant species (Ladizinsky & Hymowitz 
1979, Cooke 1984, Saraswati et al. 1993). To our 
knowledge, there is no published information on 
the use of DNA and protein markers for the char-
acterization of genetic diversity in the Astragalus 
species we study in this contribution.

It was our objective to clarify the systematic 
status of two sections of the genus Astragalus by 
studying RAPD-PCR and seed protein profiles in 
addition to morphological analysis.

Materials and methods

Morphological observations were carried out 
from dried specimens conserved at a number 
of herbaria (AEF, ANK, ATA, B, BM, CUM, E, 
EGE, GAZI, HUB, ISTF, K, KNYA, M, MSB, 
P, W) and fresh materials collected in the wild. 

Information on taxa used in the present inves-
tigation is summarized in Table 1. The author 
names follow Brummitt and Powell (2001). 

A set of fifty 10-mer oligonucleotides from 
Operon Technologies were used for RAPD 
amplification. The conditions reported by Wil-
liams et al. (1990) were used for RAPD-PCR. 
Amplification was achieved in a Techne (UK) 
Progene thermocycler. After the cycling was 
completed, 15 µl of the reaction products were 
analysed alongside small molecular weight 
markers on a 2% agarose gel in the presence of 
ethidium bromide and photographed under UV 
light.

For seed protein analysis protein extraction 
was performed according to Saraswati et al. 
(1993). Electrophoresis was carried out following 
the Laemmli (1970) method. Each run included 
marker proteins, of which molecular weights 
were known (BioRad). Proteins on the gel were 
fixed and stained overnight with Coomassie Bril-
liant Blue G-250 according to Demiralp et al. 
(2000). Molecular weights of protein bands were 
estimated by their relative mobilities. 

In the data analysis, bands on RAPD and 
SDS-PAGE gels were scored as either present 
(1) or absent (0) for all species studied. Common 
band analysis was conducted using the computer 
programme POPGEN to determine the genetic 
distance values between them. The figures for 
genetic distance were then used as input data for 
cluster analysis to generate dendrograms.

Results

Astragalus specimens were collected in Turkey 
in 1995–1999 and studied morphologically 
(Chamberlain et al. 1988, Davis et al. 1988, 
Ekim et al. 1991). 

For the RAPD-PCR analysis, 40 random 
primers were tested in the amplification reactions 
with Astragalus species. Among them, 10 prim-
ers were chosen for further analysis. Bands were 
ranging from 200 bp to 1500 bp in size. Some 
of the bands were monomorphic, while some of 
them showed at least one polymorphism. RAPD 
results clearly differentiated between each of the 
twenty-seven species of Astragalus: A. incertus 
Ledeb., A. hyalolepis Bunge, A. bicolor Lam., 
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A. vuralii H. Duman & Aytaç, A. karputanus 
Boiss. & Noë, A. caudiculosus Boiss. & Huett, 
A. andrasovszkyi Bornm., A. alyssoides Lam., 
A. cylindraceus DC., A. alindanus Boiss., A. 
hirsutus Vahl, A. cataonicus Bunge, A. dumanii 
M. Ekici & Aytaç, A. globosus Vahl, A. sibthor-
pianus Boiss., A. paecilanthus Boiss. & Heldr., 
A. stenosemius Boiss. & Noë, A. stenosemioides 
Bornm. ex Chamb. & Matthews, A. amoneus 
Fenzl, A. squalidus Boiss. & Noë, A. gaeobot-
rys Boiss. & Balansa, A. fragrans Willd., A. 
kangalicus Kit Tan & Sorger, A. acmonotrichus 
Fenzl, A. seydishehiricus Kit Tan & Ocakverdi, 
A. isparticus Kit Tan & Sorger, and A. ocakverdii 
Kit Tan & Sorger.

The analysis of seed proteins showed that all 
studied genotypes had a specific protein pattern 
except the species, which were taxonomic syno-
nyms based on morphological data. The seed 
protein composition determined by SDS-PAGE 
for members of the sections Hololeuce and Syno-

chreati are presented in Figs. 1 and 2, respec-
tively. Based on the DNA electrophorograms 
and protein profiles the indices of similarity 
were calculated (Tables 2–3). The dendrogram 
for section Hololeuce (Fig. 3) allows two main 
groups to be distinguished. The upper group was 
again subdivided into three subgroups having 
genetic distances between 0% and 37%. The 
upper cluster contains A. amoneus, A. squalidus, 
A. vuralii, A. andrasovskyi, A. karputanus, A. 
bicolor, A. cataonicus, A. dumanii, A. paecilan-
thus and A. sibthorpianus. Among these section 
members, A. amoneus differs from A. squalidus 
by a genetic distance of 37%. Astragalus vuralii 
differs from A. andrasovszkyi by a genetic dis-
tance of 33%. Astragalus karputanus shows no 
differences from A. bicolor (genetic distance 
0%), A. cataonicus shows no differences from A. 
dumanii (genetic distance 0%), and A. paecilan-
thus shows no differences from A. sibthorpianus 
(genetic distance 0%). 

Table 1. Specimens used in this study.

Species Collection site Altitude (m) Habitat Collectors

Sect. Hololeuce
A. incertus A8 Trabzon: pass Soâanlı 2600 meadows M. Ekici 2138 et al.
A. hyalolepis B8 Erzurum: Palandöken mt. 2900 meadows M. Ekici 2016 et al.
A. bicolor A8 Erzurum: Erzurum 2000 steppe M. Ekici 1990 et al.
A. karputanus B5 Nevñehir: Göreme 1100 steppe M. Ekici 2102 et al.
A. caudiculosus B8 Erzurum: Palandöken mt. 2750 meadows M. Ekici 2027 et al.
A. andrasovszkyi B4 Konya: Cihanbeyli 1000 steppe M. Ekici 2066 et al.
A. vuralii B4 Ankara: Polatlı 850 steppe M. Ekici 2061 et al.
A. alyssoides B8 Erzurum: Palandöken mt. 2700 meadows M. Ekici 2014 et al.
A. cataonicus C3 Isparta: Dedegöl mt. 2400 screen M. Ekici 2038 et al.
A. dumanii B6 K.Marañ: Berit mt. 2300 screen M. Ekici 2057 et al.
A. hirsutus C3 Konya: Beyñehir 1400 screen M. Ekici 1877 et al.
A. alindanus C2 Antalya: Elmalı. 2100 screen M. Ekici 1938 et al.
A. globosus B8 Erzurum: Palandöken mt. 2400 meadows M. Ekici 2012 et al.
A. cylindarceus B5 Kayseri: Ali Daâ 1750 steppe M. Ekici 1910 et al.
A. sibthorpianus A2 Bursa: Uludaâ 2100 steppe M. Ekici 2113 et al.
A. paecilanthus C3 Isparta: Çiçekdaâ 1600 Quercus forest M. Ekici 2086 et al.
A. amoenus C3 Konya: Seydiñehir 1600 Pinus forest M. Ekici 1889 et al.
A. squalidus B4 Ankara: Ahlatlıbel 1200 steppe M. Ekici 2109 et al.

Sect. Synochreati
A. gaeobotrys B2 Uñak: Uñak 950 Pinus forest M. Ekici 1897 et al.
A. fragrans A8 Erzurum: Narman 2400 meadows M. Ekici 1997 et al.
A. kangalicus A6 Sivas: Kangal 2000 steppe M. Ekici 1923 et al.
A. acmonotrichus B2 Kütahya: Murat Daâı 1500 screen M. Ekici 2059 et al.
A. ocakverdii C4 Konya: Seydiñehir 1600 Pinus forest M. Ekici 2062 et al.
A. isparticus C3 Isparta: Çiçekdaâı 1700 forest M. Ekici 2034 et al.
A. seydishehiricus C4 Konya: Seydiñehir 1400 open Quercus M. Ekici 1956 et al.
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The lower group was also subdivided into 
two subgroups having genetic distances between 
0% and 63%. The second group contains A. 
globosus, A. cylindraceus, A. hyalolepis, A. 
incertus, A. alyssoides, A. stenosemius, A. sten-
osemioides, A. caudiculosus, A. hirsutus and 
A. alindanus. Among these, A. globosus differs 
from A. cylindraceus by a genetic distance of 
0.3%, A. hyalolepis differs from A. incertus and 
A. alyssoides by a genetic distance of 0.3% and 
28% respectively, A. stenosemius differs from 
A. stenosemioides by a genetic distance of 37%, 
and A. caudiculosus differs from A. hirsutus by 
a genetic distance of 63%. Astragalus hirsutus 
shows no genetic differences from A. alindanus 
(genetic distance 0%). 

The dendrogram for section Synochreati 
(Fig. 4) allows two groups to be distinguished. 
The upper cluster contains only A. gaeobotrys 
having genetic distances to all other members 
of the section between 47% and 98%. The lower 
cluster was subdivided into two groups having 
genetic distance between 0% and 28%. Astra-
galus fragrans and A. kangalicus grouped in the 
first cluster, and the second cluster consisted of 
A. isparticus, A. acmonotrichus, A. seydishe-
hiricus and A. ocakverdii. Among these species, 
A. gaeobotrys differs from A. fragrans and A. 
kangalicus by genetic distances of 69% and 
47% respectively, A. fragrans differs from A. 
kangalicus by a genetic distance of 13%, and 

Fig. 1. Electrophoretic 
pattern of seed proteins 
in Astragalus sect. Holo-
leuce. (1) A. incertus, 
(2) A. hyalolepis, (3) A. 
bicolor, (4) A. karpu-
tanus, (5) A. caudiculo-
sus, (6) A. andrasovsz-
kyi, (7) A. vuralii, (8) A. 
alyssoides, (9) A. cat-
aonicus, (10) A. dumanii, 
(11) A. hirsutus, (12) A. 
alindanus, (13) A. globo-
sus, (14) A. cylindraceus, 
(15) A. sibthorpianus, 
(16) A. paecilanthus, 
(17) A. stenosemius, 
(18) A. amoenus, (19) A. 
squalidus.

Fig. 2. Electrophoretic pattern of seed proteins in Astra-
galus sect. Synochreati. (1) A. gaeobotrys, (2) A. fra-
grans, (3) A. kangalicus, (4) A. seydishehiricus, (5) 
A. isparticus, (6) A. ocakverdii, (7) A. acmonotrichus, 
(8) Marker (myosin 200.000, b-galactosidase 116.250, 
phosphorylase b 97.400, serum albumin 66.200, oval-
bumin 45.000, carbonic anhydrase 31.000, trypsin 
inhibitor 21.500, lysozyme 14.400, apotinin 6.500 Da).
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Table 3. Genetic distance values based on RAPD results and seed proteins of Astragalus sect. Synochreati. (1) A. 
fragrans, (2) A. kangalicus, (3) A. gaeobotrys, (4) A. acmonotrichus, (5) A. seydishehiricus, (6) A. isparticus, (7) A. 
ocakverdii.

 1 2 3 4 5 6 7

A. fragrans – 
A. kangalicus 0.1335 –
A. gaeobotrys 0.6931 0.4700 –
A. acmonotrichus 0.4700 0.2877 0.9808 –
A. seydishehiricus 0.4700 0.2877 0.4700 0.2877 –
A. isparticus 0.4700 0.2877 0.4700 0.2877 0.0000 –
A. ocakverdii 0.4700 0.2877 0.4700 0.2877 0.0000 0.0000 –

Fig. 3. Dendrogram of Astragalus sect. Hololeuce. 

Fig. 4. Dendrogram of Astragalus sect. Synochreati.

A. isparticus differs from A. acmonotrichus by 
a genetic distance of 28%. Astragalus seydishe-
hiricus shows no differences from A. ocakverdii 
(genetic distance 0%).

Discussion

Astragalus amoenus and A. squalidus grouped 
in the first cluster. Different populations of these 
two species show a similar protein banding pat-
tern. We have collected these two “species” in 
different localities and suggest A. squalidus to 
be a synonym of A. amoenus, a conclusion sup-
ported by the results of seed protein analysis and 
RAPD analysis. 

Another member of the first cluster, A. cat-
aonicus, is related to A. dumanii, but can be 
distinguished by characteristics such as bracts, 

calyx, calyx-teeth and stipule (Appendix). Astra-
galus karputanus only differs from A. bicolor 
in the leaflet number, that being 5–8 and 8–15 
respectively. We therefore reduce A. karputanus 
to a subspecies of A. bicolor. The protein analy-
sis data provided evidence that these two taxa 
are very closely related. 

Also in the first cluster, A. andrasovszkyi 
was recorded as a new species in 1915 from 
type collection only, and it was not collected 
again until 1993 (but the collections were pub-
lished as a new species A. vuralii by Duman and 
Aytaç (1993). We collected the taxon from type 
locality in 1995 and, after close morphological 
examination, we regard A. vuralii as a synonym 
of A. andrasovszkyi (Appendix). The last mem-
bers of the first cluster, A. paecilanthus and A. 
sibthorpianus were treated as separate species in 
Flora of Turkey, only differing in the length of 
calyx and standard. However, after a thorough 
morphological study (Appendix), it is clear that 
A. paecilanthus is a taxonomic synonym of A. 
sibthorpianus. In seed protein analysis the band-
ing patterns of the two are similar.
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The first members of the second large clus-
ter are A. globosus and A. cylindraceus. These 
two species are very similar morphologically. 
In the Flora of Turkey, A. cylindraceus keyed 
out in error as having two bracteoles; this con-
flicts with the description, where bracteoles are 
described as being absent or up to 5 mm. We 
have found that several specimens are morpho-
logically intermediate between A. globosus and 
A. cylindraceus and such specimens cannot be 
placed with certainity in either species. The 
intermediates, as well as the protein pattern, sup-
port our conclusion to reduce the latter name into 
synonymy with the former.

In the second group, the protein banding 
patterns of A. hyalolepis, A. incertus and A. 
alyssoides differ from each other. Astragalus 
incertus has sub-bifurcate hairs on the leaflets, 
which renders it easily distinguishable from the 
two other species. Astragalus stenosemioides 
and A. stenosemius also grouped in the second 
cluster. Both are endemic to Turkey and are 
closely related morphologically and have similar 
protein patterns. The remaining members of the 
second cluster are A. alindanus and A. hirsutus, 
which were regarded as closely related in the 
Flora of Turkey, and our molecular results sup-
port that notion.

Morphologically, A. gaeobotrys was distin-
guished from the others by fruit shape. Astra-
galus fragrans differs from A. kangalicus in the 
leaflets, peduncule and calyx length. According 
to morphology and genetic distances, we con-
sider A. fragrans a taxonomic synonym of A. 
kangalicus. Seed protein profiles of A. ispar-
ticus, A. ocakverdii, A. seydishehiricus and A. 
acmonotrichus were very similar and the genetic 
distances among these four range between 0% 
and 28%; they are also very similar morphologi-
cally. Astragalus ocakverdii is identical with and 
thus a taxonomic synonym of A. acmonotrichus 
in section Synochreati. Similarly, the morpho-
logical features of A. isparticus and A. sey-
dishehiricus fall within the range found in A. 
acmonotrichus.

As a result of molecular studies in conjunc-
tion with morphological data and field observa-
tions, we conclude that the number of species 
recognised in the sections Hololeuce and Syno-
chreati is less than previously thought. Although 

A. ocakverdii is usually included in section Holo-
leuce (Davis 1988), a morphological analysis 
indicates that it should be transferred to section 
Synochreati. The accepted names in the list are 
in bold and their taxonomic synonyms in italics 
but not in bold.

1. Astragalus sect. Hololeuce Bunge
Mém. Acad. Imp. Sci. Saint Pétersbourg 11 (16): 104. 

1868. — LECTOTYPE (Podlech 1990): A. hololeucus Boiss. 
& Buhse.

Astragalus alyssoides Lam.
Encycl. Méth. Bot. 1: 317. 1785. — LECTOTYPE (Podlech 

1998): Armenia. ‘Astragalus orientalis, argenteus angustifo-
lius, flore leucophaeao’, J.P. de Tournefort 29 (P-LA: photo 
MSB!; isolectotypes BM; P-TRF nr. 3634!: photo MSB!).

Astragalus amoenus Fenzl
Pug. Pl. Nov. Syr.: 4. 1842. — Tragacantha amoena 

(Fenzl) Kuntze, Revis. Gen. 2: 943. 1891. — LECTOTYPE 
(Podlech 1999): Turkey. In alpibus Tauri occid., aestate 1836 
Th. Kotschy 124 (W!; isolectotypes B!, BM, G, G-BOIS, K!, 
LE, M!, MSB!, OXF, P!, W!).

Astragalus squalidus Boiss. & Noë
Diagn. pl. orient., ser. 2, 2: 29. 1856, syn. nov. — HOLO-

TYPE: Turkey. Prope Sivas, VI.1842 Noë 1084 (G-BOIS; iso 
B!)

Astragalus andrasovszkyi Bornm.
Magyar Bot. Lapok 14: 54. 1915. — TYPE: Turkey. 

Lycaonia, Anatolia centr., ad pag. Karabagh, 17.V.1911 
Andrasovszky 442 (holotype B!; isotypes: BP, JE)

Astragalus vuralii H. Duman & Aytaç
Thaiszia 1: 19. 1991, syn. nov. — HOLOTYPE: Turkey. B3 

Ankara, 18 km W of Polatlı, Acıkır district, 840 m, 25.V.1990 
H. Duman & Z. Aytaç 3032 (GAZI!; isotypes ANK!, HUB!).

Astragalus bicolor Lam.
Encycl. Méth. Bot. 1: 317. 1785.

subsp. bicolor
Tragacantha bicolor (Lam.) Kuntze, Revis. Gen. 2: 

943. 1891. — LECTOTYPE (Podlech 1998): Armenia. ‘Astra-
galus armeniacus incanus, angustifolius, fl. in eod. capitulo 
candid. et purpureo’, J.P. de Tournefort (P-LA; isolectotypes 
B-W 14082, BM, M!, P-JUSS 15253, P-TRF nr. 3629: photo 
MSB!).

subsp. karputanus (Boiss. & Noë) Ponert
Feddes Repert. 83: 631. 1973. — Astragalus karputanus 

Boiss. & Noë, Diagn. pl. orient., ser. 2, 2: 26. 1856. — Tra-
gacantha karputana (“Boiss.” Boiss. & Noë) Kuntze, Revis. 
Gen. 2: 945. 1891. — HOLOTYPE: Armenia. Prope Karput 
Armeniae mer., VI.1852 F.W. Noë 963 (G-BOIS).
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Astragalus cataonicus Bunge
Mém. Acad. Imp. Sci. Saint Pétersbourg 11 (16): 107. 

1868. — Tragacantha cataonica (Bunge) Kuntze, Revis. 
Gen. 2: 943. 1891. — SYNTYPES: Turkey. In Tauro cilicico [in 
summo jugus inter Gisyl deppe et Koschan, 2350 m], Th. Kot-
schy 158 (K!); in Tauro cilicico, alpe ‘Bulgar Dagh’, in rupes-
tribus montis Gisyl Deppe, 8000´, 1853 Th. Kotschy 169.

Astragalus caudiculosus Boiss. & A. Huet
Diagn. pl. orient., ser. 2, 2: 25. 1856. — Tragacanatha 

caudiculosa (“Boiss.” Boiss. & A. Huet) Kuntze, Revis. 
Gen. 2: 943. 1891. — Astragalus xerophilus Ledeb. subsp. 
caudiculosus (Boiss. & A. Huet) Ponert, Feddes Repert. 83: 
631. 1973. — HOLOTYPE: Turkey. Tech Dagh prope Erzeroum 
Armeniae, 9000–10000´, VII.1853 A. Huet du Pavillon (G-
BOIS; isotypes BM, G, GOET, K!, P: photo MSB!).

Astragalus dumanii M. Ekici & Aytaç
Ann. Bot. Fennici 38: 171–174. 2001. — HOLOTYPE: 

Turkey, prov. Maraş, [C6] Göksun, Berit Dağı, 2300–2400 m, 
8.9.1997, M. Ekici 2057 & Aytaç (GAZI!; isotype MSB!).

Astragalus globosus Vahl
Symb. Bot. 1: 60. 1790. — LECTOTYPE (Podlech 1998): 

‘A. orientalis, foliis viciae argenteis, caule nudo, erecto flo-
ribus luteis’, J.P. de Tournefort (P-TRF 3644: photo MSB!; 
isolectotypes B-W 14081, M!)

Astragalus cylindraceus DC.
Astragalogia: 223. 1802, syn. nov. — TYPE: ‘A. orien-

talis foliis viciae incanis, caule nudo erecto, floribus luteis’, 
J.P. de Tournefort (vidi olim in hb. Desfontaines; holotype 
P-TRF 3621, photo MSB!).

Astragalus hirsutus Vahl
Symb. Bot. 1: 59. 1790. — LECTOTYPE (Podlech 1998): 

‘A. orientalis, candidissimus tomentosus’, J.P. de Tournefort 
(P: hb. Vaillant: photo MSB!; isolectotype B-W 14080).

Astragalus alindanus Boiss.
Diagn. pl. orient., ser. 1, 2: 85. 1843, syn. nov. — HOLO-

TYPE: Turkey. In Caria prope Moglah, Alindam veterum, 
P.M.R. Aucher-Eloy 1326 (G-BOIS; isotypes G, P!)

Astragalus hyalolepis Bunge
Mém. Acad. Imp. Sci. Saint Pétersbourg 11(16): 105. 

1868. — SYNTYPES: In Iberia, Alvar, Wilhelms; prope Tri-
alethi, E. Wiedemann (LE, P: photo MSB!); ad lacum Gokt-
scha ad pedem montis Tschitschaglu, 2000 m, A. P. Owerin 
(P: photo MSB!); ibid. N. von Seidlitz (P: photo MSB!).

Astragalus incertus Ledeb.
Fl. Ross. 1: 647. 1843. — HOLOTYPE: Turkey. Mt. Ararat, 

Hehn (LE).

Astragalus sibthorpianus Boiss.
Diagn. pl. orient., ser. 1, 2: 84. 1843. — Tragacantha 

sibthorpiana (Boiss.) Kuntze, Revis. Gen. 2: 948. 1891. 

— SYNTYPES: In Olympo Bithyno, J. Sibthorp; ibid., P.M.R. 
Aucher-Eloy 1348 (BM!, G-BOIS, K!, LE, MSB!, OXF, P); 
ibid., VII.1842, E. Boissier.

Astragalus paecilanthus Boiss. & Heldr.
Diagn. pl. orient., ser. 2, 6: 54. 1859, syn. nov. — SYN-

TYPES: Turkey. Davros Dagh Pisidiae, 1530 m, 26.V. (fl.) 
(K!, OXF); ibid., 6.6. (fr.) 1845 T.H.H. von Heldreich (G-
BOIS, K!, P, W!); Ouchak [Usak] Phrygiae, alt. 3000´, 26.V. 
& 6.VI.1857, B. Balansa 1127 (B!, BM, G, JE, K!, LE, 
MSB!, OXF, P!, W!); Davros Dagh Pisidiae, 5000–6000´, 
28.V.1848, V.1848 T.H.H. von Heldreich.

Astragalus stenosemioides D.F. Chamb. & V.A. Matthews
Notes Roy. Bot. Gard. Edinburgh 29: 303. 1969. — HOL-

OTYPE: Turkey, B5 Kayseri, Cappadocia, mt. Argaei (Erciyas 
Da.), 2700–3000 m, 18.VI.1890 J.F.N. Bornmüller 1637 
(BM; isotypes: B!, BR, K!, W!).

Astragalus stenosemius Boiss.
Diagn. pl. orient., ser. 2, 2: 27. 1856. — Tragacantha 

stenosemia (Boiss.) Kuntze, Revis. Gen. 2: 948. 1891. — 
HOLOTYPE: Turkey. Prope Bakker Maaden (Ardana) Armeniae 
meridionalis, VI.1852 F.W. Noë 813 (G-BOIS; isotype W!).

2. Astragalus section Synochreati DC.
Prodr. 2: 291. 1825. — LECTOTYPE (Podlech 1990): 

Astragalus fragrans Willd.

Astragalus acmonotrichus Fenzl
Pug. Pl. Nov. Syr.: 5. 1842. — HOLOTYPE: Turkey. Taurus 

occ., Th. Kotschy 121 (W!; isotypes K!, LE, P!)

Astragalus ocakverdii Kit Tan & Sorger
Pl. Syst. Evol. 154: 115. 1986, syn. nov. — HOLOTYPE: 

Turkey. C4, prov. Konya, Seydisehir, Tınaz Dağı, 1600 m, 
11.VI.1981 H. Ocakverdi 1348 (KNYA!; isotypes E!: photo 
MSB!)

Astragalus seydishehiricus Kit Tan & Ocakv.
Notes Roy. Bot. Garden Edinburgh 44: 157. 1986, syn. 

nov. — HOLOTYPE: Turkey. C4 Konya, Seydişehir, north side 
of Kuyucak Dağ, c. 1500 m, 28.VI.1982 H. Ocakverdi 1628 
(E!: photo MSB!)

Astragalus isparticus Kit Tan & Sorger
Aliso, 11: 626. 1987, syn. nov. — HOLOTYPE: Turkey. 

C3 Isparta, Çiçekdağ, 1800 m, 17.VI.1967 F. Sorger 67-6-15 
(W!; isotype: E!)

Astragalus fragrans Willd.
Sp. Pl. 3: 1294. 1802. — HOLOTYPE: ‘A. orientalis min-

imus foliis viciae, flore ex viridi-flavescente odoratissimo’, 
Tournefort cor. 28 (B-Willd. 14049; isotypes BM!, P-TRF 
3620).

Astragalus kangalicus Kit Tan & Sorger
Aliso 11: 626. 1987, syn. nov. — HOLOTYPE: Turkey. B6 
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Sivas, 40 km E Kangal, 2000 m, 29.VI.1970 F. Sorger 70-
22-62 (W!)

Astragalus gaeobotrys Boiss. & Balansa
Diagn. pl. orient., ser. 2, 2: 29. 1859. — HOLOTYPE: 

Turkey. In Phrygiae monte Almadagh, au nord d’Ouchak, 
10.VI.1857 B.Balansa 325 (G; isotype P!)

Acknowledgements

We are grateful to Prof. D. Podlech for his valuable advice. 
We also thank all of the curators of herbaria we visited for 
their kind permission to work, TUBITAK (The Scientific and 
Technical Research Council of Turkey) for financial support 
(Project No: TBAG-1471), Gazi University BAP (Scien-
tific Research Project) and DAAD (Deutscher Akademischer 
Austauschdienst) for providing a visit to Germany. We are 
also indebted to Prof. Dr. Tuna Ekim for useful comments 
and help. We are also greatful to Prof. Dr. Zeki Aytaç and Dr. 
Gregory Tomlin for revision of the English language. 

References

Adıgüzel, N. 1999: A new species of Astragalus (Fabaceae) 
from East Anatolia, Turkey. — Ann. Bot. Fennici 36: 
231–233.

Aytaç, Z. 2001: Astragalus L. — In: Güner, A., Özhatay, N., 
Ekim, T. & Başer, K. H. C. (eds.), Flora of Turkey and 
the East Aegean Islands, 11th ed.: 79–88. Edinburgh 
Univ. Press, Edinburgh.

Aytaç, Z., Ekici, M. & Açık, L. 2001: A new species of Astra-
galus L. (Leguminosae) from South Anatolia. — Bot. J. 
Linn. Soc. 136: 131–135.

Aytaç, Z. & Ekici, M. 2002: A new species of Astragalus 
(Sect. Proselius) (Leguminosae) from Central Anatolia-
Turkey. — Nordic J. Bot. 22: 59–63.

Bachmann, K. 1992: Nuclear DNA markers in angiosperm 
taxonomy. — Acta Bot. Neerlandica 41: 369–384.

Brown, J. K. M. 1996: The choice of molecular marker meth-
ods for population genetic studies of plant pathogens. 
— New Phytologist 133: 183–195.

Brummitt, R. K. & Powell, C. E. 2001: Authors of plant 
names. — Royal Bot. Gardens, Kew.

Cai, Z. H., Li, P., Dong, T. T. X. & Tsim, K. W. K. 1999: 
Molecular diversity of 5S-rRNA spacer domain in Fri-
tillaria species revealed by PCR analysis. — Planta 
Medica 65: 360–364.

Chamberlain, D. F. & Matthews, V. V. 1970: Astragalus 
L. — In: Davis, P. H. (ed.), Flora of Turkey and East 
Aegean Islands, 3rd ed.: 49–254. Edinburgh Univ. Press, 
Edinburgh.

Cooke, R. J. 1984: The characterisation and identification 
of crop cultivars by electrophoresis. — Electrophoresis 
5: 59–72.

Davis, P. H. & Hedge, I. C. 1975: The Flora of Turkey. Past, 
present and future. — Candollea 30: 331–351. 

Davis, P. H., Mill, R. R. & Tan, K. 1988: Flora of Turkey and 

the East Aegean Islands (Suppl.) 10: 114–124. — Edin-
burgh Univ. Press, Edinburgh.

Demiralp, H., Çelik, S. & Köksel, H. 2000: Effects of oxidiz-
ing agents and defatting on the electrophoretic patterns 
of flour proteins during dough mixing. — Eur. Food Res. 
Technol. 211: 322–325.

Ekici, M. & Aytaç, Z. 2001: Astragalus dumanii (Fabaceae), 
a new species from Anatolia, Turkey. — Ann. Bot. Fen-
nici 38: 171–174.

Ekim, T., Aytaç, Z. & Duman, H. 1991: Some new taxa of 
Astragalus L. and comments on Turkish Caragana Lam. 
— Thaiszia 1: 17–29.

Gepts, P. 1995: Genetic markers and core collections. — In: 
Hodgkin, T., Brown, A. H. D., van Hintum, T. J. L. 
& Morales, E. A. V. (eds.), Core collections of plant 
genetic resources: 127–146. John Wiley & Sons, Chich-
ester.

Göktürk, R. S., Düşen, O. D. & Sümbül, H. 2003: A new 
species of Astragalus L. (Fabaceae/Leguminosae) from 
southwest Anatolia. — Israel J. Pl. Sci. 51: 67–70.

Ladizinsky, G. & Hymowitz, T. 1979: Seed protein electro-
phoresis in taxonomic and evolutionary studies. — Appl. 
Genet. 54: 145–151.

Laemli, U. K. 1970: Cleavege of structural proteins during 
the assembly of the head of bacteriophage T4. — Nature 
227: 680–684.

Maassoumi, A. A. 1998: Astragalus in the old world, check-
list. — Islamic Rep. Iran, Min. Jahad-e Sazandgi Res. 
Inst. Forests & Rangelands. 

Özhatay, N., Kültür, S. & Aksoy, N. 1994: Check list of addi-
tional taxa to the Supplement Flora of Turkey. — Turk-
ish J. Bot. 18: 502.

Özhatay, N., Kültür, S. & Aksoy, N. 1999: Check list of addi-
tional taxa to the Supplement Flora of Turkey. — Turk-
ish J. Bot. 23: 155–156.

Podlech, D. 1986: Taxonomic and phytogeographical prob-
lems in Astragalus of the Old World and South West 
Asia. — Proc. Roy. Soc. 89: 37–43.

Podlech, D. 1999: New Astragali and Oxytropis from North 
Africa and Asia, inluding some new combinations and 
remarks on some species. — Sendtnera 6: 135–174.

Saraswati, R., Matoh, T., Sasai, T., Phupaibul, P., Lumpkin, 
T. A., Kobayashi, M. & Sekiya, J. 1993: Identification 
of Sesbania species from electrophoretic patterns of seed 
proteins. — Trop. Agric. 70: 282–285.

Singh, A. K., Santosh, G. & Jambunathan, R. 1994: Phylo-
genetic relationships in the the genus Arachis based on 
seed protein profiles. — Euphytica 74: 219–225.

Tanksley, S. D., Young, N. D., Peterson, A. H. & Bornierbale, 
M. W. 1989: RFLP mapping in plant breeding new tools 
for an old science. — Biotechnologia 7: 257–264.

Walton, M. 1993: Molecular markers: which ones to use? 
— Seed World 131: 22–29.

Whitkus, R., Doebley, J. & Wendel, J. F. 1994: Nuclear DNA 
markers in systematics and evolution. — In: Phillips, R. 
L. & Vasil, I. K. (eds.), DNA-based markers in plants: 
116–141. Kluwer Acad. Publ., Dordrecht. 

Wolf, K. & Rijni, J. 1993: Rapid detection of genomic 
variabilty in Chrysanthemum using random primers. 
— Heredity 71: 335–341.



314 Açık et al. • ANN. BOT. FENNICI Vol. 41
A

p
p

en
d

ix
. M

or
ph

ol
og

ic
al

 c
ha

ra
ct

er
s 

of
 s

pe
ci

es
 a

fte
r 

re
vi

si
on

.

 
A

. i
nc

er
tu

s 
A

. h
ya

lo
le

pi
s 

A
. b

ic
ol

or
 s

ub
sp

. 
A

. b
ic

ol
or

 s
ub

sp
. 

A
. c

au
di

cu
lo

su
s 

A
. a

nd
ra

so
vs

zk
yi

 
 

 
bi

co
lo

r 
ka

rp
ut

an
us

 
 

sy
n.

 A
. v

ur
al

ii

S
tip

ul
es

 
fr

ee
 

fr
ee

 
fr

ee
 

fr
ee

 
fr

ee
 

fr
ee

• 
le

ng
th

 
6–

8(
–1

2)
 m

m
 

5–
10

 m
m

 
4–

8 
m

m
 

4–
8 

m
m

 
3–

6 
m

m
 

4–
8 

m
m

• 
sh

ap
e 

na
rr

ow
ly

 tr
ia

ng
ul

ar
 

ov
at

e 
to

 n
ar

ro
w

ly
 

tr
ia

ng
ul

ar
 

tr
ia

ng
ul

ar
 

ov
at

e-
tr

ia
ng

ul
ar

 
ov

at
e

 
to

 tr
ia

ng
ul

ar
 

ov
at

e
Le

av
es

 
2–

10
 c

m
 

4–
10

(–
15

) 
cm

 
2.

5–
12

 c
m

 
2.

5–
12

 c
m

 
1.

5–
5 

cm
 

1–
12

 c
m

Le
afl

et
s

• 
le

ng
th

 
2–

9 
m

m
 

5–
13

(–
17

) 
m

m
 

2.
5–

12
 c

m
 

2.
5–

12
 c

m
 

3–
10

 m
m

 
4–

15
(–

20
) 

m
m

• 
pa

ire
d 

10
–1

8(
–2

0)
 

4–
8 

8–
15

 
5–

8 
5–

11
 

3–
8

• 
sh

ap
e 

na
rr

ow
ly

 e
lli

pt
ic

 to
 

na
rr

ow
ly

 e
lli

pt
ic

 
ob

lo
ng

 to
 n

ar
ro

w
ly

 
ob

lo
ng

 to
 n

ar
ro

w
ly

 
na

rr
ow

ly
 e

lli
pt

ic
 

na
rr

ow
ly

 e
lli

pt
ic

 to
 

el
lip

tic
 o

r 
ov

at
e 

to
 e

lli
pt

ic
 

el
lip

tic
 

el
lip

tic
 

to
 e

lli
pt

ic
 

ob
lo

ng
 o

r 
na

rr
ow

ly
 

 
 

 
 

 
ob

ov
at

e
• 

in
du

m
en

tu
m

 
su

b-
bi

fu
rc

at
e 

sp
ar

se
ly

 h
ai

rs
 to

 
si

lv
er

y 
ha

irs
, 

si
lv

er
y 

ha
irs

, 
(–

) 
bi

fu
rc

at
e 

se
ric

eo
us

 
si

lv
er

y 
ha

irs
 

se
ric

eo
us

 
gl

ab
re

sc
en

t o
n 

up
pe

r 
so

m
et

im
es

 o
n 

up
pe

r 
so

m
et

im
es

 o
n 

up
pe

r
 

 
si

de
, d

en
se

ly
 w

ith
 (

–)
 

si
de

 m
or

e 
sp

ar
se

ly
 

si
de

 m
or

e 
sp

ar
se

ly
 

 
ha

irs
 o

n 
un

de
rs

id
e 

ha
irs

 th
an

 o
n 

un
er

si
de

 
ha

irs
 th

an
 o

n 
un

er
si

de
P

ed
un

cl
e 

1.
5–

14
 c

m
 

5–
12

(–
22

) 
cm

 
(2

–)
5–

23
 c

m
 

(2
–)

5–
23

 c
m

 
1–

7 
cm

 
2–

13
 c

m
In

flo
ro

sc
en

ce
 

10
–1

5-
flo

w
er

ed
 

10
–2

0-
flo

w
er

ed
 

5–
25

-fl
ow

er
ed

 
5–

25
-fl

ow
er

ed
 

5–
10

-fl
ow

er
ed

 
3–

10
-fl

ow
er

ed
• 

si
ze

 
1–

1.
5 
¥ 

1.
3 

cm
 

2.
5–

4 
¥ 

2–
3 

cm
 

1.
5–

3 
¥ 

1.
5–

2.
5 

cm
 

1.
5–

3 
¥ 

1.
5–

2.
5 

cm
 

2–
2.

5 
¥ 

1.
5–

2 
cm

 
2–

3 
¥ 

1.
5–

2 
cm

• 
sh

ap
e 

gl
ob

os
e,

 o
vo

id
 o

r 
ov

oi
d 

to
 o

bl
on

g 
gl

ob
os

e 
to

 o
vo

id
 

gl
ob

os
e 

to
 o

vo
id

 
gl

ob
os

e 
ov

oi
d 

to
 s

ho
rt

ly
 

sh
or

tly
 o

bl
on

g 
 

 
 

 
ob

lo
ng

B
ra

ct
s

• 
le

ng
th

 
4–

10
 m

m
 

3–
7 

m
m

 
5–

11
 m

m
 

5–
11

 m
m

 
2–

4 
m

m
 

2–
6 

m
m

• 
sh

ap
e 

na
rr

ow
ly

 tr
ia

ng
ul

ar
 

ov
at

e 
to

 n
ar

ro
w

ly
 o

va
te

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
na

rr
ow

ly
 o

va
te

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

B
ra

ct
eo

le
s 

ab
se

nt
 

ab
se

nt
 

ab
se

nt
 

ab
se

nt
 

ab
se

nt
 

ab
se

nt
C

al
yx

• 
le

ng
th

 
5–

8 
m

m
 

8–
12

 m
m

 
6–

10
 m

m
 

6–
10

 m
m

 
6–

9 
m

m
 

7–
10

 m
m

• 
sh

ap
e 

tu
bu

la
r 

tu
bu

la
r 

tu
bu

la
r-

ca
m

pa
nu

la
te

 
tu

bu
la

r-
ca

m
pa

nu
la

te
 

tu
bu

la
r 

tu
bu

la
r-

ca
m

pa
nu

la
te

• 
in

du
m

en
tu

m
 

lo
ng

 s
ub

-b
ifu

rc
at

e 
(–

) 
w

hi
te

 a
nd

 b
la

ck
 

de
ns

el
y 

lo
ng

 (
I)

 s
ub

- 
de

ns
el

y 
lo

ng
 (

I)
 s

ub
- 

(–
) 

bl
ac

k 
an

d 
w

hi
te

 
(–

) 
lo

ng
 w

hi
te

 a
nd

 
w

hi
te

 a
nd

 w
ith

 
ha

irs
, o

fte
n 

bi
fu

rc
at

e 
w

hi
te

 h
ai

rs
 

bi
fu

rc
at

e 
w

hi
te

 h
ai

rs
 

bi
fu

rc
at

e 
ha

iry
 

sh
or

t b
la

ck
 h

ai
rs

 
sh

or
te

r 
bi

fu
rc

at
e 

pr
ed

om
in

an
tly

 
an

d 
w

ith
 s

ho
rt

 (
–)

 
an

d 
w

ith
 s

ho
rt

 (
–)

 
bl

ac
k 

ha
irs

 
bl

ac
k 

ha
irs

 
w

hi
te

 a
nd

 s
om

e 
bl

ac
k 

w
hi

te
 a

nd
 s

om
e 

bl
ac

k
 

 
 

ha
irs

 
ha

irs
C

al
yx

 te
et

h
• 

le
ng

th
 

2–
3 

m
m

 
2–

4 
m

m
 

3–
5 

m
m

 
3–

5 
m

m
 

0.
5–

1.
5 

m
m

 
2–

3 
m

m
• 

sh
ap

e 
su

bu
la

te
 

na
rr

ow
ly

 tr
ia

ng
ul

ar
 

su
bu

la
te

 
su

bu
la

te
 

lin
ea

r-
su

bu
la

te
 

lin
ea

r 
to

 s
ub

ul
at

e
 

 
to

 li
ne

ar

C
or

ol
la

• 
co

lo
r 

vi
ol

et
 p

ur
pl

is
h-

re
d 

vi
ol

et
, l

ila
c 

or
 p

ur
pl

e 
w

hi
tis

h,
 la

ve
nd

er
, 

w
hi

tis
h,

 la
ve

nd
er

, 
pu

rp
le

 o
r 

vi
ol

et
 

w
hi

te
, c

re
am

 o
r 

lil
ac

 
or

 li
la

c 
 

bl
ui

sh
, v

io
le

t o
r 

ye
llo

w
 

bl
ui

sh
, v

io
le

t o
r 

ye
llo

w
• 

le
ng

th
 (

st
an

da
rd

) 
12

–1
8 

m
m

 
22

–2
8 

m
m

 
15

–2
2 

m
m

 
15

–2
2 

m
m

 
12

–1
8 

m
m

 
18

–2
1 

m
m

• 
sh

ap
e 

(s
ta

nd
ar

d)
 

ob
lo

ng
 to

 e
lli

pt
ic

 
ob

lo
ng

 to
 n

ar
ro

w
ly

 
el

lip
tic

 to
 o

va
te

 
el

lip
tic

 to
 o

va
te

 
na

rr
ow

ly
 r

ho
m

bi
c-

el
lip

tic
 

el
lip

tic
 

 
el

lip
tic

 
 

 
to

 r
ho

m
bi

c
Le

gu
m

e
• 

si
ze

 
8–

13
 ¥

 3
.5

 m
m

 
7–

14
 ¥

 3
–5

 m
m

 
8–

11
 ¥

 3
–4

 m
m

 
8–

11
 ¥

 3
–4

 m
m

 
5–

9 
¥ 

3–
4 

m
m

 
7–

10
 ¥

 4
–6

 m
m

• 
sh

ap
e 

na
rr

ow
ly

 o
va

te
 

ov
oi

d-
ob

lo
ng

 
ov

oi
d 

to
 o

bl
on

g 
ov

oi
d 

to
 o

bl
on

g 
ov

oi
d-

ob
lo

ng
 

ov
oi

d
• 

in
du

m
en

tu
m

 
(I

) 
lo

ng
 s

ub
- 

(I
) 

w
hi

te
 a

nd
 

de
ns

el
y 

lo
ng

 (
I)

 
de

ns
el

y 
lo

ng
 (

I)
 

(I
) 

su
b-

bi
fu

rc
at

e 
lo

ng
 

de
ns

el
y 

lo
ng

 (
I)

 s
ub

-
 

bi
fu

rc
at

e 
ha

irs
 

bl
ac

k 
ha

irs
 

bi
fu

rc
at

e 
w

hi
te

 h
ai

rs
 

bi
fu

rc
at

e 
w

hi
te

 h
ai

rs
 

w
hi

te
 h

ai
rs

 a
nd

 a
 fe

w
 

bi
fu

rc
at

e 
w

hi
te

 h
ai

rs
 

 
 

 
 

(–
) 

sh
or

t b
la

ck
 h

ai
rs

 
A

. a
ly

ss
oi

de
s 

A
. c

at
ao

ni
cu

s 
A

. d
um

an
ii 

A
. h

irs
ut

us
 

A
. g

lo
bo

su
s 

A
. s

ib
th

or
pi

an
us

 
 

 
 

(s
yn

. A
. a

lin
da

nu
s)

 
(s

yn
. A

. c
yl

in
dr

ac
eu

s)
 

(s
yn

. A
. p

ae
ci

la
nt

hu
s)

S
tip

ul
es

 
fr

ee
 

fr
ee

 
fr

ee
 

ad
na

te
 

ad
na

te
 

ad
na

te
• 

le
ng

th
 

2–
6 

m
m

 
5–

7 
m

m
 

5–
8 

m
m

 
7–

11
 m

m
 

6–
12

 m
m

 
4–

10
 m

m
• 

sh
ap

e 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
ov

at
e 

to
 n

ar
ro

w
ly

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
ov

at
e 

to
 n

ar
ro

w
ly

 
to

 tr
ia

ng
ul

ar
 

to
 o

va
te

 
ov

at
e 

 
to

 tr
ia

ng
ul

ar
 

tr
ia

ng
ul

ar
Le

av
es

 
2–

6 
cm

 
1–

4 
cm

 
1–

3 
cm

 
1–

8 
cm

 
3–

17
 c

m
 

(1
–)

3–
10

 c
m

Le
afl

et
s

• 
le

ng
th

 
4–

7 
m

m
 

4–
7 

m
m

 
5–

14
 m

m
 

4–
12

 m
m

 
6–

13
 m

m
 

3–
10

 m
m

• 
pa

ire
d 

5–
9 

4–
8 

3–
7 

3–
10

 
7–

18
 

7–
13

• 
sh

ap
e 

na
rr

ow
ly

 e
lli

pt
ic

 to
 

ob
ov

at
e 

to
 e

lli
pt

ic
 

lin
ea

r 
to

 li
ne

ar
-e

lli
tic

 
ob

lo
ng

 o
r 

na
rr

ow
ly

 
na

rr
ow

ly
 e

lli
pt

ic
 

na
rr

ow
ly

 e
lli

pt
ic

 to
 

na
rr

ow
ly

 o
bl

on
g 

 
 

el
lip

tic
 to

 n
ar

ro
w

ly
 

to
 e

lli
pt

ic
 

na
rr

ow
ly

 o
bo

va
te

 
 

 
 

ob
ov

at
e 

 
or

 e
lli

pt
ic

• 
in

du
m

en
tu

m
 

si
lv

er
y 

ha
iry

 
si

lv
er

y 
ha

iry
 

de
ns

el
y 

(–
) 

w
hi

te
 h

ai
rs

 
si

lv
er

y 
pi

lo
se

 
th

e 
yo

un
ge

r 
on

es
 

on
 u

pp
er

 s
id

e
 

 
 

 
 

de
ns

el
y 

(–
) 

w
hi

te
 h

ai
rs

, 
sp

ar
se

ly
 h

ai
rs

 o
r

 
 

 
 

 
so

on
 ±

 g
la

br
es

ce
nt

 
gl

ab
ro

us
, o

n
 

 
 

 
 

es
pe

ci
al

ly
 o

n 
th

e 
up

pe
r 

un
de

rs
id

e 
de

ns
el

y
 

 
 

 
 

si
de

 
w

hi
te

 h
ai

rs
P

ed
un

cl
e 

2–
12

 c
m

 
0.

5–
2 

cm
 

0.
5–

1.
5 

cm
 

1–
5 

cm
 

5–
24

 c
m

 
0.

5–
10

(–
14

) 
cm

In
flo

ro
sc

en
ce

 
10

–3
0-

flo
w

er
ed

 
20

–4
0-

flo
w

er
ed

 
10

–2
5-

flo
w

er
ed

 
(7

–)
10

–2
0-

flo
w

er
ed

 
15

–4
0-

flo
w

er
ed

 
15

–4
0-

flo
w

er
ed

• 
si

ze
 

1–
4.

5 
¥ 

1–
2 

cm
 

1.
5–

2.
5 
¥ 

2–
2.

5 
cm

 
1–

2 
¥ 

1–
2 

cm
 

1–
2.

5 
¥ 

1–
2.

5 
cm

 
1.

5–
3.

5 
¥ 

2–
2.

5 
cm

 
1.

5–
2 
¥ 

1–
2 

cm
• 

sh
ap

e 
gl

ob
os

e 
to

 s
ho

rt
ly

 
gl

ob
os

e 
gl

ob
os

e 
to

 o
vo

id
 

gl
ob

os
e 

to
 o

vo
id

 
gl

ob
os

e 
to

 o
bl

on
g 

gl
ob

os
e 

to
 o

vo
id

 
cy

lin
dr

ic
B

ra
ct

s
• 

le
ng

th
 

2–
4 

m
m

 
6–

12
 m

m
 

4–
6 

m
m

 
6–

10
 m

m
 

6–
10

 m
m

 
5–

8 
m

m
• 

sh
ap

e 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
lin

ea
r 

na
rr

ow
ly

 o
va

te
 

na
rr

ow
ly

 tr
ia

ng
ul

ar
B

ra
ct

eo
le

s 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 o
r 

1–
2,

 2
–4

 m
m

 
ab

se
nt

 o
r 

2,
 2

–3
 m

m
 

ab
se

nt
 o

r 
1,

 3
–4

 m
m

C
on

tin
ue

s



ANN. BOT. FENNICI Vol. 41 • Taxonomic relationships in Astragalus sections Hololeuce and Synochreati 315

A
p

p
en

d
ix

. M
or

ph
ol

og
ic

al
 c

ha
ra

ct
er

s 
of

 s
pe

ci
es

 a
fte

r 
re

vi
si

on
.

 
A

. i
nc

er
tu

s 
A

. h
ya

lo
le

pi
s 

A
. b

ic
ol

or
 s

ub
sp

. 
A

. b
ic

ol
or

 s
ub

sp
. 

A
. c

au
di

cu
lo

su
s 

A
. a

nd
ra

so
vs

zk
yi

 
 

 
bi

co
lo

r 
ka

rp
ut

an
us

 
 

sy
n.

 A
. v

ur
al

ii

S
tip

ul
es

 
fr

ee
 

fr
ee

 
fr

ee
 

fr
ee

 
fr

ee
 

fr
ee

• 
le

ng
th

 
6–

8(
–1

2)
 m

m
 

5–
10

 m
m

 
4–

8 
m

m
 

4–
8 

m
m

 
3–

6 
m

m
 

4–
8 

m
m

• 
sh

ap
e 

na
rr

ow
ly

 tr
ia

ng
ul

ar
 

ov
at

e 
to

 n
ar

ro
w

ly
 

tr
ia

ng
ul

ar
 

tr
ia

ng
ul

ar
 

ov
at

e-
tr

ia
ng

ul
ar

 
ov

at
e

 
to

 tr
ia

ng
ul

ar
 

ov
at

e
Le

av
es

 
2–

10
 c

m
 

4–
10

(–
15

) 
cm

 
2.

5–
12

 c
m

 
2.

5–
12

 c
m

 
1.

5–
5 

cm
 

1–
12

 c
m

Le
afl

et
s

• 
le

ng
th

 
2–

9 
m

m
 

5–
13

(–
17

) 
m

m
 

2.
5–

12
 c

m
 

2.
5–

12
 c

m
 

3–
10

 m
m

 
4–

15
(–

20
) 

m
m

• 
pa

ire
d 

10
–1

8(
–2

0)
 

4–
8 

8–
15

 
5–

8 
5–

11
 

3–
8

• 
sh

ap
e 

na
rr

ow
ly

 e
lli

pt
ic

 to
 

na
rr

ow
ly

 e
lli

pt
ic

 
ob

lo
ng

 to
 n

ar
ro

w
ly

 
ob

lo
ng

 to
 n

ar
ro

w
ly

 
na

rr
ow

ly
 e

lli
pt

ic
 

na
rr

ow
ly

 e
lli

pt
ic

 to
 

el
lip

tic
 o

r 
ov

at
e 

to
 e

lli
pt

ic
 

el
lip

tic
 

el
lip

tic
 

to
 e

lli
pt

ic
 

ob
lo

ng
 o

r 
na

rr
ow

ly
 

 
 

 
 

 
ob

ov
at

e
• 

in
du

m
en

tu
m

 
su

b-
bi

fu
rc

at
e 

sp
ar

se
ly

 h
ai

rs
 to

 
si

lv
er

y 
ha

irs
, 

si
lv

er
y 

ha
irs

, 
(–

) 
bi

fu
rc

at
e 

se
ric

eo
us

 
si

lv
er

y 
ha

irs
 

se
ric

eo
us

 
gl

ab
re

sc
en

t o
n 

up
pe

r 
so

m
et

im
es

 o
n 

up
pe

r 
so

m
et

im
es

 o
n 

up
pe

r
 

 
si

de
, d

en
se

ly
 w

ith
 (

–)
 

si
de

 m
or

e 
sp

ar
se

ly
 

si
de

 m
or

e 
sp

ar
se

ly
 

 
ha

irs
 o

n 
un

de
rs

id
e 

ha
irs

 th
an

 o
n 

un
er

si
de

 
ha

irs
 th

an
 o

n 
un

er
si

de
P

ed
un

cl
e 

1.
5–

14
 c

m
 

5–
12

(–
22

) 
cm

 
(2

–)
5–

23
 c

m
 

(2
–)

5–
23

 c
m

 
1–

7 
cm

 
2–

13
 c

m
In

flo
ro

sc
en

ce
 

10
–1

5-
flo

w
er

ed
 

10
–2

0-
flo

w
er

ed
 

5–
25

-fl
ow

er
ed

 
5–

25
-fl

ow
er

ed
 

5–
10

-fl
ow

er
ed

 
3–

10
-fl

ow
er

ed
• 

si
ze

 
1–

1.
5 
¥ 

1.
3 

cm
 

2.
5–

4 
¥ 

2–
3 

cm
 

1.
5–

3 
¥ 

1.
5–

2.
5 

cm
 

1.
5–

3 
¥ 

1.
5–

2.
5 

cm
 

2–
2.

5 
¥ 

1.
5–

2 
cm

 
2–

3 
¥ 

1.
5–

2 
cm

• 
sh

ap
e 

gl
ob

os
e,

 o
vo

id
 o

r 
ov

oi
d 

to
 o

bl
on

g 
gl

ob
os

e 
to

 o
vo

id
 

gl
ob

os
e 

to
 o

vo
id

 
gl

ob
os

e 
ov

oi
d 

to
 s

ho
rt

ly
 

sh
or

tly
 o

bl
on

g 
 

 
 

 
ob

lo
ng

B
ra

ct
s

• 
le

ng
th

 
4–

10
 m

m
 

3–
7 

m
m

 
5–

11
 m

m
 

5–
11

 m
m

 
2–

4 
m

m
 

2–
6 

m
m

• 
sh

ap
e 

na
rr

ow
ly

 tr
ia

ng
ul

ar
 

ov
at

e 
to

 n
ar

ro
w

ly
 o

va
te

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
na

rr
ow

ly
 o

va
te

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

B
ra

ct
eo

le
s 

ab
se

nt
 

ab
se

nt
 

ab
se

nt
 

ab
se

nt
 

ab
se

nt
 

ab
se

nt
C

al
yx

• 
le

ng
th

 
5–

8 
m

m
 

8–
12

 m
m

 
6–

10
 m

m
 

6–
10

 m
m

 
6–

9 
m

m
 

7–
10

 m
m

• 
sh

ap
e 

tu
bu

la
r 

tu
bu

la
r 

tu
bu

la
r-

ca
m

pa
nu

la
te

 
tu

bu
la

r-
ca

m
pa

nu
la

te
 

tu
bu

la
r 

tu
bu

la
r-

ca
m

pa
nu

la
te

• 
in

du
m

en
tu

m
 

lo
ng

 s
ub

-b
ifu

rc
at

e 
(–

) 
w

hi
te

 a
nd

 b
la

ck
 

de
ns

el
y 

lo
ng

 (
I)

 s
ub

- 
de

ns
el

y 
lo

ng
 (

I)
 s

ub
- 

(–
) 

bl
ac

k 
an

d 
w

hi
te

 
(–

) 
lo

ng
 w

hi
te

 a
nd

 
w

hi
te

 a
nd

 w
ith

 
ha

irs
, o

fte
n 

bi
fu

rc
at

e 
w

hi
te

 h
ai

rs
 

bi
fu

rc
at

e 
w

hi
te

 h
ai

rs
 

bi
fu

rc
at

e 
ha

iry
 

sh
or

t b
la

ck
 h

ai
rs

 
sh

or
te

r 
bi

fu
rc

at
e 

pr
ed

om
in

an
tly

 
an

d 
w

ith
 s

ho
rt

 (
–)

 
an

d 
w

ith
 s

ho
rt

 (
–)

 
bl

ac
k 

ha
irs

 
bl

ac
k 

ha
irs

 
w

hi
te

 a
nd

 s
om

e 
bl

ac
k 

w
hi

te
 a

nd
 s

om
e 

bl
ac

k
 

 
 

ha
irs

 
ha

irs
C

al
yx

 te
et

h
• 

le
ng

th
 

2–
3 

m
m

 
2–

4 
m

m
 

3–
5 

m
m

 
3–

5 
m

m
 

0.
5–

1.
5 

m
m

 
2–

3 
m

m
• 

sh
ap

e 
su

bu
la

te
 

na
rr

ow
ly

 tr
ia

ng
ul

ar
 

su
bu

la
te

 
su

bu
la

te
 

lin
ea

r-
su

bu
la

te
 

lin
ea

r 
to

 s
ub

ul
at

e
 

 
to

 li
ne

ar

C
or

ol
la

• 
co

lo
r 

vi
ol

et
 p

ur
pl

is
h-

re
d 

vi
ol

et
, l

ila
c 

or
 p

ur
pl

e 
w

hi
tis

h,
 la

ve
nd

er
, 

w
hi

tis
h,

 la
ve

nd
er

, 
pu

rp
le

 o
r 

vi
ol

et
 

w
hi

te
, c

re
am

 o
r 

lil
ac

 
or

 li
la

c 
 

bl
ui

sh
, v

io
le

t o
r 

ye
llo

w
 

bl
ui

sh
, v

io
le

t o
r 

ye
llo

w
• 

le
ng

th
 (

st
an

da
rd

) 
12

–1
8 

m
m

 
22

–2
8 

m
m

 
15

–2
2 

m
m

 
15

–2
2 

m
m

 
12

–1
8 

m
m

 
18

–2
1 

m
m

• 
sh

ap
e 

(s
ta

nd
ar

d)
 

ob
lo

ng
 to

 e
lli

pt
ic

 
ob

lo
ng

 to
 n

ar
ro

w
ly

 
el

lip
tic

 to
 o

va
te

 
el

lip
tic

 to
 o

va
te

 
na

rr
ow

ly
 r

ho
m

bi
c-

el
lip

tic
 

el
lip

tic
 

 
el

lip
tic

 
 

 
to

 r
ho

m
bi

c
Le

gu
m

e
• 

si
ze

 
8–

13
 ¥

 3
.5

 m
m

 
7–

14
 ¥

 3
–5

 m
m

 
8–

11
 ¥

 3
–4

 m
m

 
8–

11
 ¥

 3
–4

 m
m

 
5–

9 
¥ 

3–
4 

m
m

 
7–

10
 ¥

 4
–6

 m
m

• 
sh

ap
e 

na
rr

ow
ly

 o
va

te
 

ov
oi

d-
ob

lo
ng

 
ov

oi
d 

to
 o

bl
on

g 
ov

oi
d 

to
 o

bl
on

g 
ov

oi
d-

ob
lo

ng
 

ov
oi

d
• 

in
du

m
en

tu
m

 
(I

) 
lo

ng
 s

ub
- 

(I
) 

w
hi

te
 a

nd
 

de
ns

el
y 

lo
ng

 (
I)

 
de

ns
el

y 
lo

ng
 (

I)
 

(I
) 

su
b-

bi
fu

rc
at

e 
lo

ng
 

de
ns

el
y 

lo
ng

 (
I)

 s
ub

-
 

bi
fu

rc
at

e 
ha

irs
 

bl
ac

k 
ha

irs
 

bi
fu

rc
at

e 
w

hi
te

 h
ai

rs
 

bi
fu

rc
at

e 
w

hi
te

 h
ai

rs
 

w
hi

te
 h

ai
rs

 a
nd

 a
 fe

w
 

bi
fu

rc
at

e 
w

hi
te

 h
ai

rs
 

 
 

 
 

(–
) 

sh
or

t b
la

ck
 h

ai
rs

 
A

. a
ly

ss
oi

de
s 

A
. c

at
ao

ni
cu

s 
A

. d
um

an
ii 

A
. h

irs
ut

us
 

A
. g

lo
bo

su
s 

A
. s

ib
th

or
pi

an
us

 
 

 
 

(s
yn

. A
. a

lin
da

nu
s)

 
(s

yn
. A

. c
yl

in
dr

ac
eu

s)
 

(s
yn

. A
. p

ae
ci

la
nt

hu
s)

S
tip

ul
es

 
fr

ee
 

fr
ee

 
fr

ee
 

ad
na

te
 

ad
na

te
 

ad
na

te
• 

le
ng

th
 

2–
6 

m
m

 
5–

7 
m

m
 

5–
8 

m
m

 
7–

11
 m

m
 

6–
12

 m
m

 
4–

10
 m

m
• 

sh
ap

e 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
ov

at
e 

to
 n

ar
ro

w
ly

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
ov

at
e 

to
 n

ar
ro

w
ly

 
to

 tr
ia

ng
ul

ar
 

to
 o

va
te

 
ov

at
e 

 
to

 tr
ia

ng
ul

ar
 

tr
ia

ng
ul

ar
Le

av
es

 
2–

6 
cm

 
1–

4 
cm

 
1–

3 
cm

 
1–

8 
cm

 
3–

17
 c

m
 

(1
–)

3–
10

 c
m

Le
afl

et
s

• 
le

ng
th

 
4–

7 
m

m
 

4–
7 

m
m

 
5–

14
 m

m
 

4–
12

 m
m

 
6–

13
 m

m
 

3–
10

 m
m

• 
pa

ire
d 

5–
9 

4–
8 

3–
7 

3–
10

 
7–

18
 

7–
13

• 
sh

ap
e 

na
rr

ow
ly

 e
lli

pt
ic

 to
 

ob
ov

at
e 

to
 e

lli
pt

ic
 

lin
ea

r 
to

 li
ne

ar
-e

lli
tic

 
ob

lo
ng

 o
r 

na
rr

ow
ly

 
na

rr
ow

ly
 e

lli
pt

ic
 

na
rr

ow
ly

 e
lli

pt
ic

 to
 

na
rr

ow
ly

 o
bl

on
g 

 
 

el
lip

tic
 to

 n
ar

ro
w

ly
 

to
 e

lli
pt

ic
 

na
rr

ow
ly

 o
bo

va
te

 
 

 
 

ob
ov

at
e 

 
or

 e
lli

pt
ic

• 
in

du
m

en
tu

m
 

si
lv

er
y 

ha
iry

 
si

lv
er

y 
ha

iry
 

de
ns

el
y 

(–
) 

w
hi

te
 h

ai
rs

 
si

lv
er

y 
pi

lo
se

 
th

e 
yo

un
ge

r 
on

es
 

on
 u

pp
er

 s
id

e
 

 
 

 
 

de
ns

el
y 

(–
) 

w
hi

te
 h

ai
rs

, 
sp

ar
se

ly
 h

ai
rs

 o
r

 
 

 
 

 
so

on
 ±

 g
la

br
es

ce
nt

 
gl

ab
ro

us
, o

n
 

 
 

 
 

es
pe

ci
al

ly
 o

n 
th

e 
up

pe
r 

un
de

rs
id

e 
de

ns
el

y
 

 
 

 
 

si
de

 
w

hi
te

 h
ai

rs
P

ed
un

cl
e 

2–
12

 c
m

 
0.

5–
2 

cm
 

0.
5–

1.
5 

cm
 

1–
5 

cm
 

5–
24

 c
m

 
0.

5–
10

(–
14

) 
cm

In
flo

ro
sc

en
ce

 
10

–3
0-

flo
w

er
ed

 
20

–4
0-

flo
w

er
ed

 
10

–2
5-

flo
w

er
ed

 
(7

–)
10

–2
0-

flo
w

er
ed

 
15

–4
0-

flo
w

er
ed

 
15

–4
0-

flo
w

er
ed

• 
si

ze
 

1–
4.

5 
¥ 

1–
2 

cm
 

1.
5–

2.
5 
¥ 

2–
2.

5 
cm

 
1–

2 
¥ 

1–
2 

cm
 

1–
2.

5 
¥ 

1–
2.

5 
cm

 
1.

5–
3.

5 
¥ 

2–
2.

5 
cm

 
1.

5–
2 
¥ 

1–
2 

cm
• 

sh
ap

e 
gl

ob
os

e 
to

 s
ho

rt
ly

 
gl

ob
os

e 
gl

ob
os

e 
to

 o
vo

id
 

gl
ob

os
e 

to
 o

vo
id

 
gl

ob
os

e 
to

 o
bl

on
g 

gl
ob

os
e 

to
 o

vo
id

 
cy

lin
dr

ic
B

ra
ct

s
• 

le
ng

th
 

2–
4 

m
m

 
6–

12
 m

m
 

4–
6 

m
m

 
6–

10
 m

m
 

6–
10

 m
m

 
5–

8 
m

m
• 

sh
ap

e 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
lin

ea
r 

na
rr

ow
ly

 o
va

te
 

na
rr

ow
ly

 tr
ia

ng
ul

ar
B

ra
ct

eo
le

s 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 
ab

se
nt

 o
r 

1–
2,

 2
–4

 m
m

 
ab

se
nt

 o
r 

2,
 2

–3
 m

m
 

ab
se

nt
 o

r 
1,

 3
–4

 m
m

C
on

tin
ue

s



316 Açık et al. • ANN. BOT. FENNICI Vol. 41
A

p
p

en
d

ix
. C

on
tin

ue
d.

C
al

yx
• 

le
ng

th
 

4–
7 

m
m

 
10

–1
4 

m
m

 
7–

10
 m

m
 

6–
10

 m
m

 
7–

12
 m

m
 

7–
12

 m
m

• 
sh

ap
e 

tu
bu

la
r 

tu
bu

la
r 

tu
bu

la
r 

tu
bu

la
r-

ca
m

pa
nu

la
te

 
tu

bu
la

r 
tu

bu
la

r-
ca

m
pa

nu
la

te
 

 
 

 
 

 
to

 tu
bu

la
r

• 
in

du
m

en
tu

m
 

de
ns

el
y 

(–
) 

bl
ac

k 
de

ns
el

y 
vi

llo
us

 w
ith

 lo
ng

 
(–

) 
bl

ac
k 

an
d 

w
hi

te
 

de
ns

el
y 

(I
) 

lo
ng

 s
ub

- 
de

ns
el

y 
lo

ng
 s

ub
- 

(I
) 

w
hi

te
 b

ifu
rc

at
e-

 
an

d 
w

hi
te

 
(I

) 
su

b-
bi

fu
rc

at
e 

an
d 

ha
irs

 
bi

fu
rc

at
e 

w
hi

te
 h

ai
rs

 
bi

fu
rc

at
e 

w
hi

te
 h

ai
rs

 a
nd

 
pi

lo
se

, s
om

et
im

es
 

bi
fu

rc
at

e-
pi

lo
se

 
sh

or
t (

–)
 w

hi
te

 h
ai

rs
, a

 
 

an
d 

w
ith

 s
ho

rt
 b

la
ck

 
fe

w
 (

–)
 s

ho
rt

 b
la

ck
 h

ai
rs

 
w

ith
 a

dd
iti

on
al

 
 

fe
w

 (
–)

 b
la

ck
 h

ai
rs

 
 

an
d 

w
hi

te
 h

ai
rs

 
 

bl
ac

k 
ha

irs
C

al
yx

 te
et

h
• 

le
ng

th
 

1–
2 

m
m

 
5–

7 
m

m
 

2–
4 

m
m

 
2–

3 
m

m
 

3–
5 

m
m

 
3–

5 
m

m
• 

sh
ap

e 
na

rr
ow

ly
 tr

ia
ng

la
r 

to
 

lin
ea

r 
lin

ea
r 

lin
ea

r 
lin

ea
r 

su
bu

la
te

 
lin

ea
r

C
or

ol
la

• 
co

lo
r 

w
hi

te
 o

r 
lil

ac
 

lil
ac

 o
r 

pu
rp

le
 

lil
ac

 
ye

llo
w

 
ye

llo
w

 
re

d 
or

 w
hi

tis
h 

ye
llo

w
• 

le
ng

th
 (

st
an

da
rd

) 
9–

12
 m

m
 

13
–1

8 
m

m
 

15
–1

8 
m

m
 

14
–1

8 
m

m
 

15
–2

0 
m

m
 

12
–1

8(
–2

0)
 m

m
• 

sh
ap

e 
(s

ta
nd

ar
d)

 
el

lip
tic

 to
 r

ho
m

bi
c-

 
rh

om
bi

c-
ob

ov
at

e 
el

lip
tic

 
ob

ov
at

e 
or

 o
bl

on
g-

 
ob

lo
ng

-o
bo

va
te

 
ob

lo
ng

 to
 o

bl
on

g-
 

el
lip

tic
 

 
 

el
lip

tic
 

 
el

lip
tic

Le
gu

m
e

• 
si

ze
 

6–
8 
¥ 

3–
4 

m
m

 
14

–1
6 
¥ 

6–
8 

m
m

 
13

–1
5 
¥ 

5–
6 

m
m

 
7–

9 
¥ 

2–
3 

m
m

 
7–

10
 ¥

 3
 m

m
 

6–
10

 ¥
 2

–3
 m

m
• 

sh
ap

e 
ov

oi
d 

ov
oi

d 
na

rr
ow

ly
 o

va
te

 
ob

lo
ng

 to
 o

vo
id

 
ob

lo
ng

 to
 n

ar
ro

w
ly

 o
vo

id
 

na
rr

ow
ly

 o
vo

id
• 

in
du

m
en

tu
m

 
(–

) 
sh

or
t b

la
ck

 a
nd

 
lo

ng
 s

ub
-b

ifu
rc

at
e 

lo
ng

 (
I)

 s
ub

-b
ifu

rc
at

e 
de

ns
el

y 
(I

) 
lo

ng
 w

hi
te

 
lo

ng
 (

I)
 b

ifu
rc

at
e 

de
ns

el
y 

w
ith

 
w

hi
te

 h
ai

rs
 a

nd
 (

I)
 

w
hi

te
 h

ai
rs

 
w

hi
te

 h
ai

rs
 

su
b-

bi
fu

rc
at

e 
ha

irs
 

w
hi

te
 h

ai
rs

 
cr

is
pa

te
 (

–)
 w

hi
te

 
lo

ng
 s

ub
-b

ifu
rc

at
e 

 
 

 
 

ha
irs

 
w

hi
te

 h
ai

rs

 
A

. s
te

no
se

m
iu

s 
A

. s
te

no
se

m
io

id
es

 
A

. a
m

oe
nu

s 
A

. g
ae

ob
ot

ry
s 

A
. f

ra
gr

an
s 

A
. a

cm
on

ot
ric

hu
s

 
 

 
(s

yn
. A

. s
qu

al
id

us
) 

 
(s

yn
. A

. k
an

ga
lic

us
) 

(s
yn

. A
. s

ey
di

sh
eh

iri
cu

s)
 

 
 

 
 

 
(s

yn
. A

. i
sp

ar
tic

us
)

 
 

 
 

 
 

(s
yn

. A
. o

ca
kv

er
di

i)

S
tip

ul
es

 
A

dn
at

e 
ad

na
te

 
ad

na
te

• 
le

ng
th

 
9–

12
 m

m
 

5–
10

 m
m

 
5–

7 
m

m
 

5–
12

 m
m

 
4–

15
 m

m
 

4–
11

 m
m

• 
sh

ap
e 

na
rr

ow
ly

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
ov

at
e 

to
 tr

ia
ng

ul
ar

 
br

oa
dl

y 
ov

at
e 

ov
at

e 
to

 n
ar

ro
w

ly
 o

va
te

 
ov

at
e-

na
rr

ow
ly

 
tr

ia
ng

ul
ar

 
to

 tr
ia

ng
ul

ar
 

 
 

 
ov

at
e

Le
av

es
 

1–
6 

cm
 

1–
3 

cm
 

1–
5 

cm
 

6–
10

 c
m

 
1.

5–
17

 c
m

 
2–

14
 c

m
Le

afl
et

s
• 

le
ng

th
 

4–
10

 m
m

 
3–

6 
m

m
 

2–
8 

m
m

 
2–

12
 m

m
 

8–
14

 m
m

 
(2

–)
5–

12
 m

m
• 

pa
ire

d 
4–

10
 

5–
8 

4–
10

 
10

–1
8 

7–
20

 
8–

20

• 
sh

ap
e 

na
rr

ow
ly

 e
lli

pt
ic

 
na

rr
ow

ly
 e

lli
pt

ic
 o

r 
na

rr
ow

ly
 e

lli
pt

ic
 to

 
el

lip
tic

 n
ar

ro
w

ly
 o

va
te

 
ob

lo
ng

-n
ar

ro
w

ly
 e

lli
pt

ic
 

el
lip

tic
 to

 o
bo

va
te

 
to

 e
lli

pt
ic

 
na

rr
ow

ly
 o

bo
va

te
 

na
rr

ow
ly

 o
bo

va
te

, 
 

or
 s

om
et

im
es

 li
ne

ar
 

 
to

 e
lli

pt
ic

 
ra

re
ly

 o
bl

on
g

• 
in

du
m

en
tu

m
 

de
ns

el
y 

(–
) 

sh
or

t 
bi

fu
rc

at
e 

se
ric

eo
us

 
on

 u
pp

er
 s

id
e 

sp
ar

es
ly

 
(–

) 
bi

fu
rc

at
e 

pi
lo

se
 

on
 u

pp
er

si
de

 s
pa

rs
el

y 
gl

ab
re

sc
en

t t
o

 
w

hi
te

 h
ai

rs
 

 
ha

iry
 to

 g
la

br
ou

s,
 o

n 
 

ha
iry

 to
 g

la
br

ou
s,

 o
n 

de
ns

el
y 

bi
fu

rc
at

e
 

 
 

un
de

rs
id

e 
de

ns
el

y 
(–

) 
 

un
de

rs
id

e 
sp

ar
se

ly
 to

 
se

ric
eo

us
 

 
 

sh
or

tly
 w

hi
te

 h
ai

rs
 

 
lo

os
el

y 
(–

) 
ha

iry
P

ed
un

cl
e 

2.
5–

10
 c

m
 

1–
3 

cm
 

0.
5–

8 
cm

 
2–

6 
cm

 
0.

5–
10

 c
m

 
1–

7 
cm

In
flo

ro
sc

en
ce

 
20

–4
0-

flo
w

er
ed

 
15

–2
5-

flo
w

er
ed

 
10

–2
0-

flo
w

er
ed

 
7–

15
-fl

ow
er

ed
 

10
–2

5-
flo

w
er

ed
 

10
–3

0-
flo

w
er

ed
• 

S
iz

e 
1.

5–
4 
¥ 

1–
1.

5 
cm

 
1.

5–
2 
¥ 

1–
1.

5 
cm

 
1–

2.
5 
¥ 

1–
2 

cm
 

2.
5 
¥ 

2–
2.

5 
cm

 
2–

4 
¥ 

2.
5–

3 
cm

• 
sh

ap
e 

ov
oi

d 
or

 s
ho

rtl
y 

cy
lin

dr
ic

al
 g

lo
bo

se
 to

 s
ho

rt
ly

 o
bl

on
g 

gl
ob

os
e 

to
 o

bl
on

g 
gl

ob
os

e 
gl

ob
os

e 
to

 o
vo

id
 

gl
ob

os
e-

ov
oi

d
B

ra
ct

s
• 

le
ng

th
 

5–
10

 m
m

 
5–

8 
m

m
 

2–
4 

m
m

 
4–

7 
m

m
 

(2
–)

4–
6 

m
m

 
3–

6 
m

m
• 

sh
ap

e 
na

rr
ow

ly
 o

va
te

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

- 
lin

ea
r 

to
 n

ar
ro

w
ly

 
to

 o
fte

n 
ke

el
ed

 
 

 
 

lin
ea

r 
tr

ia
ng

ul
ar

B
ra

ct
eo

le
s 

ab
se

nt
 

ab
se

nt
 o

r 
2,

 c
a.

 2
 m

m
 

ab
se

nt
 o

r 
1,

 0
.5

–1
 m

m
 

ab
se

nt
 

ab
se

nt
 o

r 
2 

ab
se

nt
 o

r 
2

C
al

yx
• 

le
ng

th
 

7–
10

 m
m

 
6–

7 
m

m
 

6–
9 

m
m

 
6–

9 
m

m
 

7–
10

(–
11

) 
m

m
 

6–
11

 m
m

• 
sh

ap
e 

tu
bu

la
r 

tu
bu

la
r 

tu
bu

la
r-

ca
m

pa
nu

la
te

 
tu

bu
la

r 
tu

bu
la

r 
tu

bu
la

r
• 

in
du

m
en

tu
m

 
de

ns
el

y 
lo

ng
 (

I)
 

de
ns

el
y 

(–
) 

bl
ac

k 
an

d 
sp

ar
se

ly
 w

ith
 (

I)
 

pr
ed

om
in

an
tly

 
sp

ar
se

ly
 (

–)
 b

la
ck

 o
r 

sp
ar

se
ly

-d
en

se
ly

 
w

hi
te

 h
ai

rs
 

w
hi

te
 o

r 
so

m
et

im
es

 
pr

ed
om

in
an

tly
 w

hi
te

 
sp

ar
se

ly
 to

 d
en

se
ly

 (
–)

 
bl

ac
k 

an
d 

w
hi

te
 

lo
ng

 b
la

ck
 a

nd
 

 
on

ly
 w

hi
te

 h
ai

rs
 

ha
irs

 o
r 

so
m

et
im

es
 w

ith
 

bl
ac

k 
bi

fu
rc

at
e-

vi
llo

us
 

bi
fu

rc
at

e 
ha

iry
 

w
hi

te
 b

ifu
rc

at
e

 
 

 
pr

ed
om

in
an

tly
 b

la
ck

 h
ai

rs
 

 
 

pi
lo

se
C

al
yx

 te
et

h
• 

le
ng

th
 

4–
5 

m
m

 
3–

4 
m

m
 

2–
4 

m
m

 
1–

3 
m

m
 

(1
–)

2–
4 

m
m

 
1–

3 
m

m
• 

sh
ap

e 
lin

ea
r 

lin
ea

r 
S

ub
ul

at
e 

na
rr

ow
ly

 tr
ia

ng
ul

ar
 

na
rr

ow
ly

 tr
ia

ng
ul

ar
 

tr
ia

ng
ul

ar
-li

ne
ar

C
or

ol
la

• 
co

lo
r 

pu
rp

le
 to

 c
rim

so
n 

pu
rp

lis
h-

pi
nk

 
ye

llo
w

 o
r 

pu
rp

le
 

pu
rp

lis
h-

ye
llo

w
is

h 
ye

llo
w

 
pu

rp
le

 o
r 

pu
rp

lis
h-

 
 

 
 

 
 

ye
llo

w
• 

le
ng

th
 (

st
an

da
rd

) 
10

–1
4 

m
m

 
9–

12
 m

m
 

12
–1

5(
–1

7)
 m

m
 

13
–1

6 
m

m
 

14
–1

7 
m

m
 

14
–1

8 
m

m
• 

sh
ap

e 
(s

ta
nd

ar
d)

 
na

rr
ow

ly
 

ob
lo

ng
-p

an
du

ra
te

 
O

va
te

 
br

oa
dl

y 
el

lip
tic

 
ov

at
e 

el
lip

tic
 

br
oa

dl
y 

ov
at

e
 

pa
nd

ur
at

e-
ob

lo
ng

Le
gu

m
e 

 
un

kn
ow

n
• 

S
iz

e 
6–

10
 ¥

 3
–4

 m
m

 
 

7–
10

 ¥
 3

 m
m

 
8–

15
 ¥

 5
–6

 m
m

 
10

–1
8 
¥ 

3–
4 

m
m

 
17

–3
0 
¥ 

2–
4 

m
m

• 
S

ha
pe

 
na

rr
ow

ly
 o

vo
id

 
 

na
rr

ow
ly

 o
vo

id
 

ob
lo

ng
, s

tr
ai

gh
t o

r 
fa

lc
at

e 
na

rr
ow

ly
 c

yl
in

dr
ic

al
 

 
 

to
 o

bl
on

g 
sl

ig
ht

ly
 c

ur
ve

d 
 

an
d 

fa
lc

at
e

• 
in

du
m

en
tu

m
 

de
ns

el
y 

w
hi

te
 

 
de

ns
el

y 
w

hi
te

 
sp

ar
se

ly
 to

 d
en

se
ly

 
sp

ar
se

ly
 w

hi
te

 (
–)

 
(–

) 
bi

fu
rc

at
e 

w
hi

te
 

ha
irs

 
 

bi
fu

rc
at

e-
pi

lo
se

 to
 v

ill
ou

s 
w

hi
te

 (
–)

 s
im

pl
e-

pi
lo

se
 

bi
fu

rc
at

e-
pi

lo
se

 
ha

iry

(I
) 

sp
re

ad
in

g,
 (

–)
 a

dp
re

ss
ed



ANN. BOT. FENNICI Vol. 41 • Taxonomic relationships in Astragalus sections Hololeuce and Synochreati 317

A
p

p
en

d
ix

. C
on

tin
ue

d.

C
al

yx
• 

le
ng

th
 

4–
7 

m
m

 
10

–1
4 

m
m

 
7–

10
 m

m
 

6–
10

 m
m

 
7–

12
 m

m
 

7–
12

 m
m

• 
sh

ap
e 

tu
bu

la
r 

tu
bu

la
r 

tu
bu

la
r 

tu
bu

la
r-

ca
m

pa
nu

la
te

 
tu

bu
la

r 
tu

bu
la

r-
ca

m
pa

nu
la

te
 

 
 

 
 

 
to

 tu
bu

la
r

• 
in

du
m

en
tu

m
 

de
ns

el
y 

(–
) 

bl
ac

k 
de

ns
el

y 
vi

llo
us

 w
ith

 lo
ng

 
(–

) 
bl

ac
k 

an
d 

w
hi

te
 

de
ns

el
y 

(I
) 

lo
ng

 s
ub

- 
de

ns
el

y 
lo

ng
 s

ub
- 

(I
) 

w
hi

te
 b

ifu
rc

at
e-

 
an

d 
w

hi
te

 
(I

) 
su

b-
bi

fu
rc

at
e 

an
d 

ha
irs

 
bi

fu
rc

at
e 

w
hi

te
 h

ai
rs

 
bi

fu
rc

at
e 

w
hi

te
 h

ai
rs

 a
nd

 
pi

lo
se

, s
om

et
im

es
 

bi
fu

rc
at

e-
pi

lo
se

 
sh

or
t (

–)
 w

hi
te

 h
ai

rs
, a

 
 

an
d 

w
ith

 s
ho

rt
 b

la
ck

 
fe

w
 (

–)
 s

ho
rt

 b
la

ck
 h

ai
rs

 
w

ith
 a

dd
iti

on
al

 
 

fe
w

 (
–)

 b
la

ck
 h

ai
rs

 
 

an
d 

w
hi

te
 h

ai
rs

 
 

bl
ac

k 
ha

irs
C

al
yx

 te
et

h
• 

le
ng

th
 

1–
2 

m
m

 
5–

7 
m

m
 

2–
4 

m
m

 
2–

3 
m

m
 

3–
5 

m
m

 
3–

5 
m

m
• 

sh
ap

e 
na

rr
ow

ly
 tr

ia
ng

la
r 

to
 

lin
ea

r 
lin

ea
r 

lin
ea

r 
lin

ea
r 

su
bu

la
te

 
lin

ea
r

C
or

ol
la

• 
co

lo
r 

w
hi

te
 o

r 
lil

ac
 

lil
ac

 o
r 

pu
rp

le
 

lil
ac

 
ye

llo
w

 
ye

llo
w

 
re

d 
or

 w
hi

tis
h 

ye
llo

w
• 

le
ng

th
 (

st
an

da
rd

) 
9–

12
 m

m
 

13
–1

8 
m

m
 

15
–1

8 
m

m
 

14
–1

8 
m

m
 

15
–2

0 
m

m
 

12
–1

8(
–2

0)
 m

m
• 

sh
ap

e 
(s

ta
nd

ar
d)

 
el

lip
tic

 to
 r

ho
m

bi
c-

 
rh

om
bi

c-
ob

ov
at

e 
el

lip
tic

 
ob

ov
at

e 
or

 o
bl

on
g-

 
ob

lo
ng

-o
bo

va
te

 
ob

lo
ng

 to
 o

bl
on

g-
 

el
lip

tic
 

 
 

el
lip

tic
 

 
el

lip
tic

Le
gu

m
e

• 
si

ze
 

6–
8 
¥ 

3–
4 

m
m

 
14

–1
6 
¥ 

6–
8 

m
m

 
13

–1
5 
¥ 

5–
6 

m
m

 
7–

9 
¥ 

2–
3 

m
m

 
7–

10
 ¥

 3
 m

m
 

6–
10

 ¥
 2

–3
 m

m
• 

sh
ap

e 
ov

oi
d 

ov
oi

d 
na

rr
ow

ly
 o

va
te

 
ob

lo
ng

 to
 o

vo
id

 
ob

lo
ng

 to
 n

ar
ro

w
ly

 o
vo

id
 

na
rr

ow
ly

 o
vo

id
• 

in
du

m
en

tu
m

 
(–

) 
sh

or
t b

la
ck

 a
nd

 
lo

ng
 s

ub
-b

ifu
rc

at
e 

lo
ng

 (
I)

 s
ub

-b
ifu

rc
at

e 
de

ns
el

y 
(I

) 
lo

ng
 w

hi
te

 
lo

ng
 (

I)
 b

ifu
rc

at
e 

de
ns

el
y 

w
ith

 
w

hi
te

 h
ai

rs
 a

nd
 (

I)
 

w
hi

te
 h

ai
rs

 
w

hi
te

 h
ai

rs
 

su
b-

bi
fu

rc
at

e 
ha

irs
 

w
hi

te
 h

ai
rs

 
cr

is
pa

te
 (

–)
 w

hi
te

 
lo

ng
 s

ub
-b

ifu
rc

at
e 

 
 

 
 

ha
irs

 
w

hi
te

 h
ai

rs

 
A

. s
te

no
se

m
iu

s 
A

. s
te

no
se

m
io

id
es

 
A

. a
m

oe
nu

s 
A

. g
ae

ob
ot

ry
s 

A
. f

ra
gr

an
s 

A
. a

cm
on

ot
ric

hu
s

 
 

 
(s

yn
. A

. s
qu

al
id

us
) 

 
(s

yn
. A

. k
an

ga
lic

us
) 

(s
yn

. A
. s

ey
di

sh
eh

iri
cu

s)
 

 
 

 
 

 
(s

yn
. A

. i
sp

ar
tic

us
)

 
 

 
 

 
 

(s
yn

. A
. o

ca
kv

er
di

i)

S
tip

ul
es

 
A

dn
at

e 
ad

na
te

 
ad

na
te

• 
le

ng
th

 
9–

12
 m

m
 

5–
10

 m
m

 
5–

7 
m

m
 

5–
12

 m
m

 
4–

15
 m

m
 

4–
11

 m
m

• 
sh

ap
e 

na
rr

ow
ly

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
ov

at
e 

to
 tr

ia
ng

ul
ar

 
br

oa
dl

y 
ov

at
e 

ov
at

e 
to

 n
ar

ro
w

ly
 o

va
te

 
ov

at
e-

na
rr

ow
ly

 
tr

ia
ng

ul
ar

 
to

 tr
ia

ng
ul

ar
 

 
 

 
ov

at
e

Le
av

es
 

1–
6 

cm
 

1–
3 

cm
 

1–
5 

cm
 

6–
10

 c
m

 
1.

5–
17

 c
m

 
2–

14
 c

m
Le

afl
et

s
• 

le
ng

th
 

4–
10

 m
m

 
3–

6 
m

m
 

2–
8 

m
m

 
2–

12
 m

m
 

8–
14

 m
m

 
(2

–)
5–

12
 m

m
• 

pa
ire

d 
4–

10
 

5–
8 

4–
10

 
10

–1
8 

7–
20

 
8–

20

• 
sh

ap
e 

na
rr

ow
ly

 e
lli

pt
ic

 
na

rr
ow

ly
 e

lli
pt

ic
 o

r 
na

rr
ow

ly
 e

lli
pt

ic
 to

 
el

lip
tic

 n
ar

ro
w

ly
 o

va
te

 
ob

lo
ng

-n
ar

ro
w

ly
 e

lli
pt

ic
 

el
lip

tic
 to

 o
bo

va
te

 
to

 e
lli

pt
ic

 
na

rr
ow

ly
 o

bo
va

te
 

na
rr

ow
ly

 o
bo

va
te

, 
 

or
 s

om
et

im
es

 li
ne

ar
 

 
to

 e
lli

pt
ic

 
ra

re
ly

 o
bl

on
g

• 
in

du
m

en
tu

m
 

de
ns

el
y 

(–
) 

sh
or

t 
bi

fu
rc

at
e 

se
ric

eo
us

 
on

 u
pp

er
 s

id
e 

sp
ar

es
ly

 
(–

) 
bi

fu
rc

at
e 

pi
lo

se
 

on
 u

pp
er

si
de

 s
pa

rs
el

y 
gl

ab
re

sc
en

t t
o

 
w

hi
te

 h
ai

rs
 

 
ha

iry
 to

 g
la

br
ou

s,
 o

n 
 

ha
iry

 to
 g

la
br

ou
s,

 o
n 

de
ns

el
y 

bi
fu

rc
at

e
 

 
 

un
de

rs
id

e 
de

ns
el

y 
(–

) 
 

un
de

rs
id

e 
sp

ar
se

ly
 to

 
se

ric
eo

us
 

 
 

sh
or

tly
 w

hi
te

 h
ai

rs
 

 
lo

os
el

y 
(–

) 
ha

iry
P

ed
un

cl
e 

2.
5–

10
 c

m
 

1–
3 

cm
 

0.
5–

8 
cm

 
2–

6 
cm

 
0.

5–
10

 c
m

 
1–

7 
cm

In
flo

ro
sc

en
ce

 
20

–4
0-

flo
w

er
ed

 
15

–2
5-

flo
w

er
ed

 
10

–2
0-

flo
w

er
ed

 
7–

15
-fl

ow
er

ed
 

10
–2

5-
flo

w
er

ed
 

10
–3

0-
flo

w
er

ed
• 

S
iz

e 
1.

5–
4 
¥ 

1–
1.

5 
cm

 
1.

5–
2 
¥ 

1–
1.

5 
cm

 
1–

2.
5 
¥ 

1–
2 

cm
 

2.
5 
¥ 

2–
2.

5 
cm

 
2–

4 
¥ 

2.
5–

3 
cm

• 
sh

ap
e 

ov
oi

d 
or

 s
ho

rtl
y 

cy
lin

dr
ic

al
 g

lo
bo

se
 to

 s
ho

rt
ly

 o
bl

on
g 

gl
ob

os
e 

to
 o

bl
on

g 
gl

ob
os

e 
gl

ob
os

e 
to

 o
vo

id
 

gl
ob

os
e-

ov
oi

d
B

ra
ct

s
• 

le
ng

th
 

5–
10

 m
m

 
5–

8 
m

m
 

2–
4 

m
m

 
4–

7 
m

m
 

(2
–)

4–
6 

m
m

 
3–

6 
m

m
• 

sh
ap

e 
na

rr
ow

ly
 o

va
te

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

 
na

rr
ow

ly
 tr

ia
ng

ul
ar

- 
lin

ea
r 

to
 n

ar
ro

w
ly

 
to

 o
fte

n 
ke

el
ed

 
 

 
 

lin
ea

r 
tr

ia
ng

ul
ar

B
ra

ct
eo

le
s 

ab
se

nt
 

ab
se

nt
 o

r 
2,

 c
a.

 2
 m

m
 

ab
se

nt
 o

r 
1,

 0
.5

–1
 m

m
 

ab
se

nt
 

ab
se

nt
 o

r 
2 

ab
se

nt
 o

r 
2

C
al

yx
• 

le
ng

th
 

7–
10

 m
m

 
6–

7 
m

m
 

6–
9 

m
m

 
6–

9 
m

m
 

7–
10

(–
11

) 
m

m
 

6–
11

 m
m

• 
sh

ap
e 

tu
bu

la
r 

tu
bu

la
r 

tu
bu

la
r-

ca
m

pa
nu

la
te

 
tu

bu
la

r 
tu

bu
la

r 
tu

bu
la

r
• 

in
du

m
en

tu
m

 
de

ns
el

y 
lo

ng
 (

I)
 

de
ns

el
y 

(–
) 

bl
ac

k 
an

d 
sp

ar
se

ly
 w

ith
 (

I)
 

pr
ed

om
in

an
tly

 
sp

ar
se

ly
 (

–)
 b

la
ck

 o
r 

sp
ar

se
ly

-d
en

se
ly

 
w

hi
te

 h
ai

rs
 

w
hi

te
 o

r 
so

m
et

im
es

 
pr

ed
om

in
an

tly
 w

hi
te

 
sp

ar
se

ly
 to

 d
en

se
ly

 (
–)

 
bl

ac
k 

an
d 

w
hi

te
 

lo
ng

 b
la

ck
 a

nd
 

 
on

ly
 w

hi
te

 h
ai

rs
 

ha
irs

 o
r 

so
m

et
im

es
 w

ith
 

bl
ac

k 
bi

fu
rc

at
e-

vi
llo

us
 

bi
fu

rc
at

e 
ha

iry
 

w
hi

te
 b

ifu
rc

at
e

 
 

 
pr

ed
om

in
an

tly
 b

la
ck

 h
ai

rs
 

 
 

pi
lo

se
C

al
yx

 te
et

h
• 

le
ng

th
 

4–
5 

m
m

 
3–

4 
m

m
 

2–
4 

m
m

 
1–

3 
m

m
 

(1
–)

2–
4 

m
m

 
1–

3 
m

m
• 

sh
ap

e 
lin

ea
r 

lin
ea

r 
S

ub
ul

at
e 

na
rr

ow
ly

 tr
ia

ng
ul

ar
 

na
rr

ow
ly

 tr
ia

ng
ul

ar
 

tr
ia

ng
ul

ar
-li

ne
ar

C
or

ol
la

• 
co

lo
r 

pu
rp

le
 to

 c
rim

so
n 

pu
rp

lis
h-

pi
nk

 
ye

llo
w

 o
r 

pu
rp

le
 

pu
rp

lis
h-

ye
llo

w
is

h 
ye

llo
w

 
pu

rp
le

 o
r 

pu
rp

lis
h-

 
 

 
 

 
 

ye
llo

w
• 

le
ng

th
 (

st
an

da
rd

) 
10

–1
4 

m
m

 
9–

12
 m

m
 

12
–1

5(
–1

7)
 m

m
 

13
–1

6 
m

m
 

14
–1

7 
m

m
 

14
–1

8 
m

m
• 

sh
ap

e 
(s

ta
nd

ar
d)

 
na

rr
ow

ly
 

ob
lo

ng
-p

an
du

ra
te

 
O

va
te

 
br

oa
dl

y 
el

lip
tic

 
ov

at
e 

el
lip

tic
 

br
oa

dl
y 

ov
at

e
 

pa
nd

ur
at

e-
ob

lo
ng

Le
gu

m
e 

 
un

kn
ow

n
• 

S
iz

e 
6–

10
 ¥

 3
–4

 m
m

 
 

7–
10

 ¥
 3

 m
m

 
8–

15
 ¥

 5
–6

 m
m

 
10

–1
8 
¥ 

3–
4 

m
m

 
17

–3
0 
¥ 

2–
4 

m
m

• 
S

ha
pe

 
na

rr
ow

ly
 o

vo
id

 
 

na
rr

ow
ly

 o
vo

id
 

ob
lo

ng
, s

tr
ai

gh
t o

r 
fa

lc
at

e 
na

rr
ow

ly
 c

yl
in

dr
ic

al
 

 
 

to
 o

bl
on

g 
sl

ig
ht

ly
 c

ur
ve

d 
 

an
d 

fa
lc

at
e

• 
in

du
m

en
tu

m
 

de
ns

el
y 

w
hi

te
 

 
de

ns
el

y 
w

hi
te

 
sp

ar
se

ly
 to

 d
en

se
ly

 
sp

ar
se

ly
 w

hi
te

 (
–)

 
(–

) 
bi

fu
rc

at
e 

w
hi

te
 

ha
irs

 
 

bi
fu

rc
at

e-
pi

lo
se

 to
 v

ill
ou

s 
w

hi
te

 (
–)

 s
im

pl
e-

pi
lo

se
 

bi
fu

rc
at

e-
pi

lo
se

 
ha

iry

(I
) 

sp
re

ad
in

g,
 (

–)
 a

dp
re

ss
ed

This article is also available in pdf format at http://www.sekj.org/AnnBot.html


