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This paper shows the changes of the volatile compounds from four Astragalus species at
three phenological stages: leaf development, flowering and fructification, which might be
connected with the plant defense. After GC/MS analyses of Astragalus glycyphyllos L., A.
hamosus L., A. cicer L. and A. spruneri Boiss., different groups of volatile compounds were
found: hydrocarbons, alcohols, aldehydes and ketones, esters, terpenes, chlorinated com-
pounds, etc. Identified volatiles were used for a cluster analysis in order to make chemotaxo-
nomic conclusions for these evolutionary different species.
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Introduction

With its over 2000 species, the genus Astragalus
is one of the largest angiosperm genera spread in
the Boreal region, the Mediterranean, Paleo- and
Neotropis (Polhill and Raven, 1981). There are 27
species from the genus Astragalus growing in Bul-
garia (Andreev et al., 1992). They are classified in
8 different subgenera, according to Gontcharov
(1946) and Pavlova (1988).

The subgenus Phaca Bunge shows most primi-
tive morphological features Ð big mesophytes with
large and loose blossoms, without or less (limited)
hairy, soft and skinny legume. We chose for inves-
tigation Astragalus glycyphyllos L. from this sub-
genus.

The subgenus Hypoglottis Bunge according to
Gontcharov (1946) and Pavlova (1988) appears to
be an intermediary link between primitive mem-
bers from the subgenus Phaca and evolutionary
more advanced xerophytes from other subgenera.
For our investigation, we chose Astragalus cicer L.
from this subgenus. It possesses both primitive and
advanced features.

The subgenus Cercidothrix Bunge includes both
primitive xeromesophytes and typical xerophytes,
has relationships with the earliest differentiated
group of species united in the subgenus Phaca

0939Ð5075/2005/0700Ð0591 $ 06.00 ” 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://www.znaturforsch.com · D

(Gontcharov, 1946). Astragalus spruneri Boiss. is
a typical xerophyte with more or less hairy, hard
legume and is evolutionary the most advanced
among the other three species.

Astragalus hamosus L. from the subgenus Epi-
glottis (Bunge) Willk. is an annual species. A. ha-
mosus is among the most highly specified species
in the genus Astragalus.

For our investigation, we chose these four, in
Bulgaria widely distributed, Astragalus species.

Four types of metabolites were intensively in-
vestigated in the Astragalus sp.: phenols, saponins,
toxic compounds and polysaccharides. The investi-
gations on the flavonoids from the genus Astraga-
lus have been summarized by Krasteva and Niko-
lov (2000). Data on the saponins found in the
genus Astragalus and their pharmacological effects
have been reviewed recently by Nikolov and Ben-
bassat (1997), Verotta and El-Sabakhy (2001).
Three types of toxic principles have been iden-
tified: indolizidine alkaloids (Gardner et al., 2001),
aliphatic nitro compounds (Johnson et al., 2001)
and selenium (Pickering et al., 2003). The polysac-
charides take a prominent part in pharmacological
effects of Astragalus (Smee et al., 1996). A review
on the pharmacological and toxicological effects
of compounds found in Astragalus sp. was pub-
lished by Rios and Waterman (1997).
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While the chemistry and biological activity of the
above-mentioned groups of compounds in the As-
tragalus L. species have been studied in depth, vola-
tile compounds from them have not been investi-
gated. The volatile constituents are of interest,
because such compounds often possess a valuable
biological activity. They are continually emitted
into the atmosphere by plants and take part in the
plant-insect relationships. In some cases, they are
used in taxonomic and evolutionary studies.

Material and Methods

Plant collection

Samples of the investigated species were col-
lected as shown in Table I.

Isolation and identification of the volatile
compounds

Fresh aerial parts of the four Astragalus species
were collected at three phenological phases: at the
stage of leaf development, at the stage of flower-
ing and at the stage of fructification. They have
been subjected to distillation-extraction in a
Licken-Nickersson apparatus for 4 h. The volatiles
were extracted with diethyl ether and analyzed by
GC/MS with a Hewlett Packard gas chromato-
graph 6890 equipped with a Hewlett Packard MS
5973 detector (Hewlett Packard, Palo Alto, CA,
USA). A HP5-MS capillary column was used
(30 m ¥ 0.25 mm, 0.25 µm film thickness; Agilent
Technologies, Wilmington, Delaware, USA). He-
lium was used as a carrier gas and the temperature
program was 40 ∞C to 280 ∞C at 6 ∞C/min and a
10 min hold. The ion source was set at 250 ∞C and
the ionization voltage was 70 eV. The GC/MS inves-

Table I. Collection of the plant material. The voucher specimens were deposited at the Herbarium of the University
of Sofia (SO).

Species/voucher

A. glycyphyllos A. hamosus A. cicer A. spruneri
SO 102679 SO 102680 SO 102681 SO 102682

Phenological stages
Leaf development 05.2003 04.2003 05.2003 04.2003

Flowering 06.2002 05.2003 06.2002 05.2003
Fructification 09.2001 09.2001 09.2001 09.2001

Southern part of Experimental field, Southern part of Central part of the
Locality Sofia region Institute of Botany Sofia region Western Frontier

in Sofia Mountains

tigation was based on the interpretation of the mass
spectral fragmentation followed by comparisons of
the spectra obtained with those of authentic sam-
ples. Computer searches in the HP Mass Spectral
Library NIST98 (Hewlett Packard) were also ap-
plied. In the cases when the spectra of some isomers
were very similar and these compounds could not
be identified unambiguously, comparisons of the
GLC retention times, obtained under the same con-
ditions, were used. When there were no suitable au-
thentic samples and spectra for comparison, no
identification was made. Only the unambiguously
identified compounds are reported in the Tables.

When GC/MS is used, the size of the peaks is
proportional to the corresponding ion currents,
which depend on the characteristics of the com-
pound (intensity of the mass spectral fragmenta-
tion). For this reason, the results obtained are
semiquantitative. When we used GC/MS to com-
pare the chemical composition of different organ-
isms, the deviations are identical and quantitative
comparisons can be made.

Cluster analysis

Similarity among the four Astragalus species
was shown by tree clustering (the joining or tree
clustering method uses the dissimilarities or dis-
tances between objects when forming the clus-
ters). Differences in volatiles composition among
species were computed as “percent disagreement”
(distance measuring, treating the presence or ab-
sence of each compound as a binary character),
with a single linkage, to find “nearest neighbors”
across clusters to determine the distances between
clusters. We used the program STATISTICA 1999
for Windows (StatSoft, Inc.).
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Results and Discussion

GC/MS of the volatiles

The composition of the volatiles from the four
investigated Astragalus species appeared to be
very complex. Alcohols, aldehydes, ketones, acids,
esters, ethers, hydrocarbons, terpenes, chlorinated
compounds were found and identified. The results
obtained are summarized in Tables II, III and IV.

In the composition of the volatiles from the four
investigated species, significant differences were
found. The same appeared to be true for different
phenological phases.

Volatiles variability during different phenological
phases

Stage of leaf development (Table II)

The main group of the volatiles at this stage is
hydrocarbons, which are concentrated mainly in
the evolutionary less advanced species.

The alcohols are concentrated mainly in A.
cicer, followed by A. spruneri and A. glycyphyllos.
In A. hamosus, they are absent. More important
are hexenols and hexanols. They are attractants
for parasitoids and predators on herbivores
(Weissbecker et al., 1999) or are repellents for
some insects. 1-Octen-3-ol (mushroom alcohol),
which is a strong repellent for some insects (Smart
and Blight, 2000) was found only in A. cicer. Euge-
nol, found in A. cicer, has been reported to possess
antifeedant activity (Hummelbruner and Isman,
2001). Ngoh et al. (1998) showed eugenol to pos-
sess contact toxicity towards the American cock-
roach.

The terpenoids are present almost entirely in
the evolutionary less advanced A. glycyphyllos.
Only phytol was found in all samples, but its con-
centration is much higher in evolutionary less
advanced A. glycyphyllos and in the highly special-
ized annual species A. hamosus. It should be
mentioned that phytol appeared in significant con-
centrations in stages of first vegetation and flower-
ing. Its esters protect leaves from the loss of water
and parasites. Hexahydrofarnesyl acetone is also
concentrated mainly in these two species. This
compound could have some defensive functions
against fungi, because similar methyl ketones with
long chains possess such activity.

Esters are present in higher concentrations in
evolutionary lower Astragalus species. Of special
interest are acetates, for which is known (Mattiacci

et al., 2001) that they act sometimes as attractants
of natural antagonist of the herbivores as the para-
sitoid Cotesia glomerata. Similar acetates, accord-
ing to Filonow (2002), have a mycoactive effect
stimulating the adhesion and germination of co-
nidia of the Gray Mold fungus. Analogously to the
esters, the free fatty acids are concentrated mainly
in the evolutionary lower species.

Aldehydes and ketones are active participants
in the plant-insect relationships. We identified
such compounds almost entirely in A. glycyphyl-
los. Nonanal has been shown by Huber and Bor-
den (2001) to have disruptive activity to the re-
sponse of the Douglas-fir beetle, Dendroctonus
pseudotsugae, which is a destructive pest of Pseu-
dotsuga menziesii. Weissbecker et al. (1997)
showed that nonanal and decanal are emitted from
damaged potato plants by the Colorado potato
beetle.

It is known that volatile compounds are among
the main participants in the plant-insect interac-
tions. From our research, it is evident that the
composition of volatiles at the stage of leaf devel-
opment in Astragalus species strongly depends on
the evolutionary level of the investigated species
and a bigger number of individual volatile com-
pounds are present in the evolutionary less ad-
vanced species.

Stage of flowering

As expected, the composition of the volatiles
strongly changes (Table III) at the stage of flower-
ing. Again, the main identified volatiles were hy-
drocarbons. They were totally absent in the evolu-
tionary most advanced Astragalus species at the
stage of leaf development, but at the flowering sig-
nificant amounts of normal straight chain satu-
rated hydrocarbons were obtained in all investi-
gated species. Probably at this stage, there are
changes in the composition and functions of the
waxes, the ethers disappear and hydrocarbons
might take their functions.

One of the most important differences now is
the strongly reduced number of alcohols, which
have important ecological functions in plants as
allelochemicals. Now they disappeared, especially
hexenols and octenols. Interestingly, now 2,3-bu-
tanediol appears. It was reported as a male phero-
mone of Melanesian beetle (Rochat et al., 2002).
This is an indication that at the stage of flowering
there are some changes in the plant-insect interac-
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Table II. Composition of the volatile substances (% of the total volatiles) at the stage of leaf development.

Compound A. glycyphyllos A. hamosus A. cicer A. spruneri

Alcohols (total) 3.4 0 13.4 5
1-Butanol Ð Ð 2.1 Ð
2,3-Butanediol Ð Ð 0.1 Ð
1,3-Butanediol Ð Ð 1.8 Ð
3-Hexen-1-ol 1.1 Ð 2.6 3.5
2-Hexen-1-ol Ð Ð 3.0 Ð
1-Hexanol 0.1 0.1 Ð
1-Octen-3-ol 0.1 Ð 3.6 Ð
3-Ethyl-4-methylpentan-1-ol 0.1 Ð Ð Ð
Benzyl alcohol 0.7 Ð Ð Ð
Eugenol Ð Ð 0.1 Ð
2-Methoxy-4-vinyl phenol 1.3 Ð Ð 1.5
Aldehydes 0.2 0 0 0
Nonanal 0.1 Ð Ð Ð
Decanal 0.1 Ð Ð Ð
Ketones 0.7 0 0 0
3-Methyl-2(2-pentenyl)-2- 0.7 Ð Ð Ð
cyclopenten-1-one
Acids 1 0.3 0 0
Nonanoic acid Ð 0.1 Ð Ð
Tetradecanoic acid 0.6 0.1 Ð Ð
Pentadecanoic acid 0.3 Ð Ð Ð
Hexadecanoic acid 0.1 0.1 Ð Ð
Esters 3.9 2.1 0.1 0.3
3-Hexen-1-ol acetate 1.1 Ð Ð 0.1
2,3-Butanediol diacetate Ð Ð 0.1 Ð
Hexadecanoic acid methyl ester 0.1 Ð Ð 0.1
(18:1)-Methyl ester 2.7 Ð Ð 0.1
Glycerol tricaprylate Ð 2.1 Ð Ð
Ethers 0 0 4.3 9.4
2-Ethoxybutane Ð Ð 4.1 1.6
1-Ethoxybutane Ð Ð 0.1 Ð
1,1-Diethoxyethane Ð Ð 0.1 7.7
Hydrocarbons 25.9 14.9 1.2 0
Heptane Ð 0.1 Ð Ð
Heptadecane 0.1 Ð Ð Ð
Octadecane 0.1 Ð Ð Ð
Nonadecane 0.3 0.1 Ð Ð
Eicosane 0.7 Ð Ð Ð
Docosane 2.1 Ð Ð Ð
Pentacosane 2.9 Ð 0.1 Ð
Hexacosane 2.6 2.1 Ð Ð
Heptacosane 2.9 3.9 1.1 Ð
Octacosane 2.6 2.1 Ð Ð
Nonacosane 3.3 3.2 Ð Ð
Triacontane 1.7 Ð Ð Ð
Dotriacontane 1.1 Ð Ð Ð
Hentriacontane 1.6 Ð Ð Ð
Docosene Ð 3.4 Ð Ð
Squalene 3.9 Ð Ð Ð
Aromatic hydrocarbons 0.1 0 0 0
Phenanthrene 0.1 Ð Ð Ð
Terpenes 12.1 10.1 0.1 0.9
Linalool 0.3 Ð Ð Ð
2-Terpineol 0.1 Ð Ð Ð
Geraniol (Nerol) 2.7 Ð Ð Ð
Hexahydrofarnesyl acetone 0.5 0.1 Ð Ð
Phytol 8.5 10.0 0.1 0.9
Others 0.1 0 0 1.4
Isobutyl-isothiocyanate Ð Ð Ð 1.3
2,3-Dihydro benzofurane 0.1 Ð Ð 0.1
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Table III. Composition of the volatile substances (% of the total volatiles) at the stage of flowering.

Compound A. glycyphyllos A. hamosus A. cicer A. spruneri

Alcohols (total) 0 1.5 0.7 0.1
1,3-Butanediol Ð 1.0 Ð Ð
2,3-Butanediol Ð 0.2 Ð Ð
2-Hydroxy-6,10-dimethyl-5,9-undecadien Ð Ð 0.1 Ð
2-Methoxy-3-(2-propenyl) phenol Ð Ð 0.6 Ð
2-Phenyl phenol Ð 0.3 Ð 0.1
Aldehydes 0.2 0.7 0.2 0.1
Hexanal Ð 0.2 Ð Ð
Heptanal Ð Ð Ð 0.1
Nonanal 0.1 0.3 0.1 Ð
Decanal 0.1 0.2 0.1 Ð
Acids 0 18.1 0 6.2
Octanoic acid Ð 0.3 Ð Ð
Butanedioic acid Ð 0.2 Ð Ð
Nonanoic acid Ð 0.3 Ð 0.1
Decanoic acid Ð 0.2 Ð 0.1
Dodecanoic acid Ð 0.8 Ð 0.1
Tetradecanoic acid Ð Ð Ð 0.1
Hexadecanoic acid Ð 16.3 Ð 5.8
Ethers 0 0.1 0 0
2-Ethoxybutane Ð 0.1 Ð Ð
Esters 3.7 0.2 0.4 0
Hexanedioic acid ethylhexyl diester 3.7 0.1 Ð Ð
Hexadecanoic acid hexadecyl ester Ð 0.1 Ð Ð
Isopropyl myristate Ð Ð 0.2 Ð
Hexadecanoic acid methyl ester Ð Ð 0.2 Ð
Amines 0.1 0 0.1 0
N-Butyl-1-butanamine 0.1 Ð 0.1 Ð
Amides 0 0.4 0.1 0
N,N-Dibutyl-formamide Ð 0.4 0.1 Ð
Halogenated compounds 0 0 0.1 0.7
1,3-Dichloro-2-propanone Ð Ð Ð 0.1
1,3-Dichloro-2-propanol Ð Ð 0.1 0.6
Hydrocarbons 21.1 26.1 44.6 22
Heptane Ð 0.3 Ð
Cyclotetradecane 1.1 Ð Ð Ð
Pentadecane Ð 0.3 Ð 0.1
Hexadecane 0.1 Ð 0.2 Ð
Heptadecane Ð Ð 0.2 Ð
4,11-Dimethyl pentadecane Ð Ð Ð 0.4
Octadecane 1.2 Ð 0.3 0.1
Nonadecane 1.4 0.1 0.7 0.7
Eicosane 1.3 1.7 0.1 1.4
Heneicosane 3.1 Ð 2.1 Ð
2-Methyl eicosane Ð Ð Ð 1.0
Docosane 3.2 Ð 2.6 Ð
Tricosane Ð Ð 5.8 Ð
Tetracosane Ð 1.9 6.0 Ð
Pentacosane 4.0 4.2 7.3 2.0
Hexacosane 1.9 2.0 5.0 1.6
Heptacosane 3.8 5.3 6.6 5.5
Octacosane Ð 2.2 Ð 1.8
Nonacosane Ð 8.0 Ð 7.2
Triacontane Ð 0.1 Ð 0.1
Hentriacontane Ð Ð Ð 0.1
Dotriacontane Ð Ð 3.4 Ð
Squalene Ð Ð 4.3 Ð
Terpenes 26.1 6.3 3.2 1.4
Linalool 0.1 Ð 0.1 Ð
Hexahydrofarnesyl acetone Ð 3.2 0.5 1.4
Phytane Ð Ð 0.3 Ð
Phytol 26.0 3.1 2.3 Ð
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tions, which lead to changes of the plant allelo-
chemicals Ð maybe repellents and parasitoid at-
tractants (hexenols and octenols) are partially
exchanged by pheromones. This is in agreement
with the increased number and concentrations of
the aldehydes (hexanal, heptanal, nonanal and
decanal), which besides play a defensive role as
repellents (Huber and Borden, 2001), also act as
chemical signals after mechanical or herbivore
damaging (Weissbecker et al., 2000).

The terpenes appeared at the flowering too Ð
phytol, hexahydrofarnesyl acetone, etc. Of interest
is the appearance of linalool, which has been
shown (Smart and Blight, 2000) to be an attractant
for pollen beetles, Meligethes spp.

Another change in the metabolism of Astragalus
species at this stage is the appearance of low con-
centrations of in plants rarely found chlorinated
compounds. These compounds possess some de-
fensive functions in plants.

Stage of fructification

At the last period of plant development, we ob-
served significant changes in the metabolism of the
volatile compounds (Table IV). The most impor-
tant change in the metabolism at the stage of fruc-
tification is the biosynthesis of high concentrations
of chlorinated metabolites, mainly chlorinated eth-
anes, but also other chlorinated hydrocarbons, al-
dehydes and alcohols. Now they are the main com-
ponents of the volatile fraction. There are limited
data on naturally occurring organochlorine com-
pounds in higher plants. Gribble (1998) reported
a limited number of higher plants, where chlori-
nated compounds have been found. Probably, such
compounds possess some defensive functions
against fungal and bacterial invasion. One rather
speculative explanation can be that in autumn, the
main defensive compounds in the Astragalus spe-
cies, saponins, move to the roots and the above-
ground parts need a new defense strategy. It might
be released by biosynthesis of chlorinated metabo-
lites Ð a fast process, which does not use very
much metabolic energy.

The hydrocarbons appeared to be the second
main group of volatile compounds at this stage.
They showed some decrease of concentrations.
Ethoxy ethers practically disappeared and the hy-
drocarbons, contrary to the leaf development
stage, now predominate in the evolutionary more
advanced species A. cicer and A. spruneri. Proba-

bly at the first stage of the vegetation, the waxes in
the evolutionary most advanced Astragalus species
contain significant amounts of ethers, instead of
hydrocarbons, but when the biosynthesis of the
ethers is inhibited at the later phases of develop-
ment, hydrocarbons instead of ethers become im-
portant wax constituents. At the stage of flower-
ing, the concentrations of ethers suffered a sharp
decrease and the hydrocarbons dominated in all
investigated species. At fructification and second
vegetation, the biosynthesis of the ethers was al-
most totally inhibited and now hydrocarbons were
biosynthesized mainly in the evolutionary most
advanced Astragalus species. We cannot explain
the total absence of hydrocarbons in A. hamo-
sus Ð probably the functions of the waxes are
taken now by some other metabolites.

Contrary to the flowering stage, there is now
some increase of the concentration of alcohols, but
they prevail in A. glycyphyllos instead of A. cicer.
Analogously to the stage of leaf development for
the plant-insect relationships important benzyl al-
cohol and 3-hexen-1-ol appeared to have disrup-
tive activity on attraction of the Douglas-fir beetle,
pest of Pseudotsuga menziesii (Huber and Borden,
2001). Smart and Blight (2000) reported that ben-
zyl alcohol acts as insect attractant.

Instead of the aliphatic aldehydes, characteristic
for the first two stages, now we identified benzal-
dehyde, which might take the functions of ali-
phatic aldehydes Ð another important change we
observed in the esters. In the evolutionary less ad-
vanced A. glycyphyllos, we found methyl dihydro-
jasmonate, which was demonstrated to play a sig-
nificant role as an essential regulatory compound
for the expression of direct and indirect plant de-
fense (Thaler et al., 2002). Also in the ester frac-
tion, there are some esters, which after hydrolysis
liberate antibacterial, antifungal and antiviral
acids (Filonow, 2002). There is a very strong
decrease in the concentrations of the free fatty
acids, which is an indication for the changes of the
defensive mechanisms at this period.

Terpenes appeared in low concentrations. Sur-
prisingly, now we did not found phytol, which was
the main terpenoid in the previous development
phases.

Chemotaxonomy

We used the data from the tables for a cluster
analysis of the four species with the program STA-
TISTICA 1999 for Windows.
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Table IV. Composition of the volatile substances (% of the total volatiles) at the stage of fructification.

Compound A. glycyphyllos A. hamosus A. cicer A. spruneri

Alcohols (total) 3.3 0 0.1 0.3
3-Hexene-1-ol 1.5 Ð Ð 0.1
Benzyl alcohol 1.1 Ð Ð 0.1
4-Hydroxy-4-methyl-2-pentanone 0.7 Ð 0.1 0.1

Aldehydes 0.1 0 0 0
Benzaldehyde 0.1 Ð Ð Ð
Acids 0.1 0 0 0
Palmitic acid 0.1 Ð Ð Ð
Esters 8.8 0.8 0 0.1
Methyl dihydrojasmonate 0.1 Ð Ð Ð
1-Butanol-3-methoxy benzoate 0.1 Ð Ð Ð
Butanoic acid ethyl ester Ð 0.7 Ð Ð
Isopropyl myristate Ð Ð Ð 0.1
Acetic acid ethylmethyl ester 8.6 0.1 Ð Ð
Ethers 0.1 0 0 0
1,1-Diethoxyethane 0.1 Ð Ð Ð
Amides 0.1 0 0.1 0.1
N,N-Dibutyl-formamide 0.1 Ð 0.1 0.1

Halogenated compounds 34.2 64.4 24.7 46.5
2-Bromo-1,1-dichloroethane 0.1 Ð Ð Ð
1,1-Diethoxy-2-chloroethane 0.1 1.6 Ð 0.8
1,1-Dichloropropane Ð 3.0 Ð Ð
1,1,1-Trichloropropane 0.1 9.1 Ð Ð
1,1,2,2-Tetrachloroethane Ð 2.8 Ð Ð
Pentachloroethane 3.9 12.8 1.8 3.7
Hexachloroethane 29.9 19.8 21.9 41.3
Trichloroethene Ð 4.2 Ð Ð
Tetrachloroethene 0.1 6.0 0.1 0.1
1,2,3-Trichloropropene Ð 0.5 Ð Ð
1,2,3,3-Tetrachloro-1-propene Ð 1.3 Ð Ð
Trichloroacetaldehyde Ð 2.2 0.9 0.6
2,2,2-Trichloroethanol Ð 1.1 Ð Ð
Aromatic compounds 2.1 0 0 0
Benzyl nitrile 2.1 Ð Ð Ð
Hydrocarbons 10.1 0 21.6 10.2
Heptadecane 0.1 Ð 0.1 Ð
Nonadecane Ð Ð Ð 0.1
Eicosane 1.0 Ð 2.3 0.6
Heneicosane 1.7 Ð 4.9 2
Tetracosane 1.5 Ð 1.8 2.7
Pentacosane 1.4 Ð 2.3 1.8
Hexacosane 0.9 Ð 1.9 0.9
Heptacosane 2.1 Ð 4.1 1.3
Octacosane 0.1 Ð 1.5 0.8
Nonacosane 1.3 Ð 2.7 Ð
Terpenes 0 0 0 0.1
Hexahydrofarnesyl acetone Ð Ð Ð 0.1

The tree diagram (see Fig. 1) shows obvious differ-
ences for the investigated four species and confirms
previous separation into four different subgenera.
Two species Ð A. cicer and A. spruneri Ð show some
integration between them. They are all perennial

species with some more evolutionary development
features in xeromesophytes and typical xero-
phytes Ð smaller-sized plants, more hairy with skiny
and soft legume (A. cicer), with woody and hard le-
gumes, distributed in dry habitats (A. spruneri) Ð in
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Fig. 1. Cluster diagram of the investigated Astragalus species.

contrast to typical primitive mesophytes (A. glycy-
phyllos with its primitive features) Ð big, glabrous
plants, distributed in more or less wet habitats, with
lax and big blossoms, skiny and soft legume.

This similarity supports the ideas of Gontcharov
(1944) that the evolution in the genus Astragalus
is of mesophyte type toward xerophytes (A. glycy-
phyllos toward A. spruneri). We can relate A. cicer
to xero-mesophytes because of its macromorpho-
logical features (combining both primitive and
evolutionary advanced) and preferable habitats
(more dry and sunny places).
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