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Ploidy dimorphism and reproductive biology in
Stenodrepanum bergii (Leguminosae), a rare South
American endemism

Irene Caponio, Ana M. Anton, Renée H. Fortunato, and G.A. Norrmann

Abstract: This is the first report on chromosome numbers and the reproductive behaviour in Stenodrepanum Harms, a rare
endemic and monotypic legume genus from the arid and salty areas of central-western Argentina. Sixty individuals belong-
ing to two populations from two salty areas (“salinas”) were surveyed and included mostly triploid (2n = 3x = 36) and only
two diploid (2n = 2x = 24) plants. Meiosis in diploids is regular, with bivalent pairing and uniform and viable pollen. In
contrast, meiosis in triploids is characterized by high trivalent pairing, with irregularly shaped pollen and variation in cyto-
plasm content and stainability, which is in agreement with an unbalanced segregation occurring in anaphases I and II. How-
ever, different triploid plants/individuals showed various degrees of pollen fertility, which may be attributed to particular
genotypes. Research on reproductive biology events indicates sexual cross-pollinated reproduction enhanced by protogyny in
both cytotypes. All plants produced seeds, but seedlings were only recovered from diploid plants pollinated with triploids,
and even those eventually perished. Chromosome counts in these seedlings revealed aneuploid chromosome numbers owing
to the combination of unbalanced gametes.
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Résumé : Les auteurs présentent ici la premiére caractérisation du nombre chromosomique et du comportement reproductif
au sein du Stenodrepanum Harms, un genre rare et monotypique au sein des légumineuses qui est originaire dans les ré-
gions arides et salées du Centre-Ouest de I’Argentine. Soixante individus appartenant a deux populations provenant de deux
régions salines (« salinas ») ont été étudiés et comprenaient une majorité¢ d’individus triploides (2n = 3x = 36) et seulement
deux diploides (2n = 2x = 24). La méiose chez les diploides est normale, avec la formation de bivalents et de pollen uni-
forme et viable. Par contre, la méiose chez les triploides se caractérise par une grande fréquence de trivalents et des grains
de pollen de forme irréguliére qui présentent de la variation pour le contenu cytoplasmique et la coloration, des caractéristi-
ques qui concordent avec une ségrégation irréguliere au cours des anaphases I et II. Cependant, différents plants/individus
triploides présentaient différents degrés de fécondité du pollen, ce qui pourrait étre la conséquence de différents génotypes

particuliers. Une investigation de la biologie reproductive indique une allofécondation sexuelle favorisée par la protogynie
chez les deux cytotypes. Toutes les plantes ont produit des graines, mais des plantules n’ont été obtenues que chez les di-
ploides fécondés par des triploides, mais méme ces individus sont éventuellement morts. Des décomptes chromosomiques
chez ces plantules ont indiqué une aneuploidie due a la combinaison de gametes débalancés.

Mots-clés : Stenodrepanum, triploides, diploides, endémique, fabacées, Argentine.

[Traduit par la Rédaction]

Introduction

Endemic species with restricted geographic distributions
have become a central concern of biologists faced with the
problem of preserving rare species endangered by habitat de-
struction and fragmentation (Ge et al. 2003).

Stenodrepanum Harms is an endemic and monotypic ge-
nus (Fig. 1A), with Stenodrepanum bergii Harms being a
geophyte restricted to salt depressions in central-western Ar-
gentina in the provinces of Catamarca, Santiago del Estero,

Cordoba, La Rioja, and San Juan (Fig. 1C). These depres-
sions are the bottoms of closed watersheds, known locally as
“bolsones”, and are filled with evaporitic sediments. The cli-
mate is dry all year round, with a large thermal range, intense
solar radiation, and scarce sporadic spring/summer rains. The
soils are immature, very poor in organic matter, and salty
(Fig. 1B). The prevailing vegetation is a halophytic shrub-
land, dominated by shrubs (Chenopodiaceae) and C* grasses,
with scattered xerophytic trees.
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Recent collections of Stenodrepanum are not abundant in
herbaria. After several years of systematic exploration over
and at different times of the year in the distribution area of
the species, in particular the boundaries of the type locality,
we found in 2006 a well established population at the Salinas
de Mascasin (San Juan province), and later on, another one
was discovered in Salina La Antigua (La Rioja province).

The aim of this paper is to report our results concerning
the chromosomes and reproductive behaviour in two well-es-
tablished populations of S. bergii at the Salinas de Mascasin
and Salina La Antigua (Fig. 1C).

Materials and methods

Fresh material from sixty individuals belonging to two
populations was collected directly in situ, through several
field trips performed during the years 2006-2008. However,
attempts to grow plants and make them flower outside their
natural habitat during the first year were not successful either
from transplanted individuals or from tubers. Therefore, we
focused our attention on natural populations at both sites, la-
belling the plants to be able to perform checks at later dates.

Identification of populations and plants was simplified to
just two populations, one for each salina, bearing the num-
bers of the collector and also letters to identify each plant
within the population. Vouchers are as follows: Argentina:
Prov. La Rioja: Dpto. Chamical, Salina La Antigua, Ruta
Nacional 79, Km 282, Bertone & Bringas s.n. (CORD
1218), 25-04-2006; Prov. San Juan: Dpto. Caucete, Ruta
Nac. 141, Salinas de Mascasin, aprox. a 500 m del cruce in-
terprovincial con La Rioja, Fortunato et al. 9144, 24-1-2008
(fl) (BAB, CORD). The populations are kept at the following
herbaria: Herbarium Universidad Nacional de Cordoba
(CORD) and Herbarium Instituto Nacional de Tecnologia
Agropecuaria, Castelar, Argentina (BAB). Each marked indi-
vidual was analyzed for meiosis, reproductive events, and
seed set over different periods. Inflorescences were fixed in
an absolute ethanol — glacial acetic acid solution of 3:1. Pol-
len mother cells (PMC) for meiotic analysis were stained
with 1% acetocarmine. Pollen stainability and cytoplasm de-
tection were achieved through a 50% solution of glycerol-
acetocarmin.

To analyse the megasporogenesis and megagametogenesis,
pistils were removed at different stages of development. The
pistils were dehydrated in butyl alcohol series, embedded in
paraffin, sectioned at 12 pwm, and then stained in the safra-
nin-0-fast green series.

Results

Chromosomes

From the 60 individuals analyzed, we were able to deter-
mine the chromosome numbers of 15 individuals from the
Mascasin population and 22 individuals from the La Antigua
population. Two plants from La Antigua were diploids with
2n = 2x = 24 chromosomes, whereas the other 20 individu-
als were triploid (2n = 3x = 36). Plants from Mascasin were
uniformly triploid, with no other ploidy level detected (Ta-
ble 1).

Meiotic chromosome behaviour was studied in all 37 indi-
viduals, with a mean of 20 PMC per plant. The meiosis in
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Fig. 1. (A) Inflorescence and (B) habitat of Stenodrepanum bergii.
(C) Location of populations analyzed in this study are indicated by
#. Dark grey areas refer to salt depressions (salinas) in central-wes-
tern Argentina.
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Table 1. Mean frequencies and ranges of univalents, bivalents , and trivalents at metaphase I; segregation ratios at anaphase I; and pollen viability in Stenodrepanum bergii.

Pollen viability (600 scored grains per plant)

Variation among

plants

Mean stainable

pollen %
59.36

Segregation ratios
at anaphase I

No. of studied

Trivalents

Bivalents

Univalents

plants (scored PMC)

Population location

38.2-68.7

17:19 (13:23)
17:19 (14:22)

12:12

8.93*%+1.91 (4-12)
9.31*%%1.85 (3-12)

2.45+2.56 (0-13)
2.47+2.1 (0-9)

12

3.6+3.0 (0-12)

15 (298)
20 (320)
2 (50)

Note: PMC, pollen mother cells.

Mascasin (San Juan)

3.17+2.74 (0-12)

La Antigua (La Rioja)

98

La Antigua (La Rioja)
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diploids was regular, with standard bivalent pairing and nor-
mal segregation (Table 1; Fig. 2A). As a consequence, the
pollen was uniform and fully stained (Table 1; Fig. 2B).

On the other hand, the meiosis in triploids presented a
high frequency of trivalent chromosome associations (Table 1;
Fig. 3A). We frequently observed up to 12 trivalents, with a
mean frequency of 8.9 (Mascasin) and 9.3 (La Antigua) in
the two populations analyzed (data from individual plants
not shown).

The segregation in anaphase I from triploids did not pro-
duce many gametes with equal chromosome numbers: less
than 26.6% of cells analyzed showed an 18:18 ratio. Other
segregation numbers were 13:23 and 14:22, with the most
frequent being 17:19 (Table 1, Fig. 3C). Even though we
could not find a 12:24 segregation, the eventual production
of euploid gametes is possible. These irregularities affected
pollen grains that were irregular in shape and showed low
tinction (Fig. 3E). However, small differences were found in
pollen size and stainability between triploid plants, which are
in agreement with the distortions observed in the segregation
process. Despite these abnormalities, unbalanced male game-
tes were able to fertilize, as shown below.
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Fig. 3. (A) Metaphase I showing univalent, bivalent, and trivalent chromosome associations in triploid Stenodrepanum bergii . Arrows indi-
cate trivalents. (B) Anaphase I showing 36 chromosomes in the equatorial plate. (C) Anaphase I with 17:19 segregation. (D) Pollen grains

showing low staining and different sizes.

Reproductive behavior

Diploids and triploids

Direct observations of flowering events and fixed material
revealed that the stigmata protruded from the flower at least
1 day before the stamen filaments elongated, thus configuring
a protogynous scenario (Figs. 4A, 4B). Cross-pollination was
therefore enhanced by this feature, as shown by the lack of
diploid progenies from diploid individuals (see below). How-
ever, occasional self-pollination through geitonogamy cannot
be discounted. We could not detect any incompatibility pol-

len—stigma system when pollen from triploid plants fertilized
either the diploid or triploid stigmata (Figs. 4C, 4D).

Sequences of megasporogenesis and embryosac develop-
ment were scored in diploids as well as in triploid plants. In
both, meiosis occurred in the archesporial cell (Fig. 5A) with
a linear tetrad of megaspores being formed. Three of these
later degenerated leaving the functional one. In due course,
this developed into a one-nucleate embryo sac, followed by
a two-, four- and, finally eight-nucleate embryo sac of the
Polygonum type (Fig. 5B-5G).
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Fig. 4. (A-B) Triploid Stenodrepanum bergii with stigmata protruding from the flowers. (C) Pollen into stigmata. (D) Growth of pollen tube
in style, by fluorescence.

A difference between diploid and triploid plants was that
in the latter deterioration of young embryo sacs could be im-
mediately observed (Fig. 5SH), thus leading to a high fre-
quency of sterile ovules (data not shown).

Progenies

Seeds were collected from plants of both Mascasin and La
Antigua populations. The Mascasin plants, all triploids, pro-
duced different amounts of seed that would either not germi-
nate or start to do so and then collapse. From a total of 118
seeds, 26 germinated and S5 produced seedlings, but none
continued its development

In parallel, at La Antigua, triploid and diploid plants coex-
ist; the triploids behave as those in Mascasin (from 98 seeds,
only 15 germinated and 2 produced seedlings), i.e., most
seeds do not succeed, and diploids (pollinated by triploids)
produced seeds that grew into seedlings, but they did not
last more than a week. However, from 54 seeds collected, 17
germinated and we were able to count chromosomes in root
tips from 2 of these germinating seeds. One seedling had 2n
= 26 chromosomes, a number that can be explained through

the combination of a reduced gamete from the mother plant
(n = 12) and an unbalanced gamete (n = 14) from a triploid
plant. The other seedling had 2n = 27 chromosomes, based
on the same explanation. Finally, we could not find diploid
progenies from diploid plants, likely owing to the shortage
of diploid pollinators in an otherwise triploid neighbourhood.

Discussion

Although triploids often occur in natural populations, only
a few are able to become established by their own means,
usually by being vegetatively spread, and even fewer can
breed true by sexual means, i.e., permanent odd polyploidy
—sensu Grant (1981) and John (1990). Nevertheless, trip-
loids that acquire the capability to survive and spread often
become a large portion of the available cytotypes and some-
times the main ploidy level of the species. Most triploid kar-
yotypes are composed of three sets of the same basic
chromosomes and are generally originated by the combina-
tion of nonreduced gametes, i.e., autoploids (Grant 1981;
Ramsey and Schemske 1998). Few, if any (e.g., Andropogon
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Fig. 5. Megasporogenesis and embryo sacs in diploid and triploid Stenodrepanum bergii: (A) Archesporial cell. (B) One-nucleate embryo sac.
(C) Two-nucleated embryo sac. (D) Four-nucleated embryo sac. (E-G) Eight-nucleated embryo sac in three sections. (H) Triploid-collapsed
mature embryo sac.

ternatus see Norrmann and Quarin 1987), possess two sets of
homologous chromosomes plus another set of different origin
and can still breed true.

Autotriploidy is often considered to be a maladaptive be-
haviour in plants because of its association with high levels
of sterility. However, sterility is variable (see Comai 2005
and references therein), and in addition, autotriploids are con-
sidered important in tetraploid formation (Harlan and deWet
1975; deWet 1980; Ramsey and Schemske 1998). Triploids
also are involved in the incorporation of genetic diversity in
polyploid complexes (Lord and Richards 1977; Lumaret and
Barrientos 1990), and recently, new features related to the ad-
vantages of triploidy itself have been uncovered (see Comai
2005).

According to the present study, S. bergii constitutes a new
case of spontaneous triploidy in a legume, which is expressed
as the most frequent chromosome number of the species. The
meiotic chromosome behaviour studies and morphological re-
semblance among cytotypes suggest the triploid cytotype is
an autoploid.

Upon comparing our findings with other known autotri-
ploids and odd polyploids, the similarities with two Ameri-
can species are worth investigating. One of these is
groundnut (Apios americana Medik.), a perennial twining le-
gume (Papilionoideae: Phaseoleae) that grows along river-
banks in eastern North America (Joly and Bruneau 2004).
This species has both triploid (2n = 3x = 33) and diploid
(2n = 2x = 22) individuals distributed in the north and the
south of its range, respectively (Seabrook and Dionne 1976;
Bruneau and Anderson 1988). Triploids are thought to be au-

topolyploids because of their morphological similarity with
diploids (Seabrook and Dionne 1976). Crossing experiments
have also shown that triploid individuals are completely ster-
ile, whereas diploids are allogamous, although fruit produc-
tion in these individuals is scarce (Bruneau and Anderson
1988). Groundnut takes advantage of an efficient asexual
means of reproduction via tubers, which seem to be carried
and distributed by water currents. These tubers were exten-
sively used as food by Native American people and early
American settlers (Duke 1983).

In general, S. bergii has similar chromosomal and repro-
ductive behaviour as groundnut, but there are apparent differ-
ences in the way both legumes explore spontaneous triploidy
to become successful, or at least survive. Extreme ecological
conditions coupled with cross-pollination have been consid-
ered to be fertile soil for the establishment of newly produced
polyploids (see Stebbins 1950; Grant 1981). In this sense, the
edaphic, climatic, and ecological conditions of the sites in
which Stenodrepanum grows have probably influenced and
determined its life form and its ploidy level. Once triploidy
occurs, a source of propagation and perpetuation is required.
In S. bergii, vegetative reproduction by means of tuberous
roots is usual. Then, being a geophyte, the plant survives dur-
ing the winter as dormant root tubers that sprout after late
spring rains. Therefore, with such a successful multiplication
scheme, seeds are apparently no longer needed.

North American bluestem (Andropogon gerardii Vitman)
is another species worth comparing with S. bergii. Andropo-
gon gerardii is a cross-pollinated hexaploid grass that often
produces enneaploid progenies (Keeler 1990, 1992; Norr-

Published by NRC Research Press

PROOF/EPREUVE



Pagination not final/Pagination non finale

Caponio et al.

Fig. 6. Progeny from a diploid Stenodrepanum bergii. Mitotic chro-
mosomes from seedling: 2n = 27. Arrows indicate two different
chromosomes. Bar = 10 pm.
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mann et al. 1997). For this comparison, A. gerardii cytotypes
can be treated as diploid-like allohexaploids and triploids like
enneaploids. On the edge of A. gerardii distribution, ennea-
ploids behave better than hexaploids and therefore survive
and spread thanks to a rhizomatous system (Keeler 1990,
1992). Once hexaploids and enneaploids of A. gerardii are
in contact, all kinds of aneuploids are produced but none be-
come established (Norrmann and Keeler 2003). Similarly, the
3x level in Stenodrepanum seems to be the main chromo-
some number for the species, in which aneuploid progenies
are produced but not established. This suggests that triploid
lineages may exhibit an evolutionary potential of their own,
which does not serve solely as a first step toward tetraploid
formation.

Having sexual reproduction restrained because of low fer-
tility or poor adaptation implies that multiple origins could
constitute an important contribution to genetic diversity.
Although recurrent polyploidization has certainly not been
proved yet for S. bergii, diploids do exist and therefore this
process is more likely to occur.

For the moment, the particular ploidy level of S. bergii
may explain the paucity and rareness of the species or vice
versa, i.e., given that diploid populations are living under ex-

!

treme ecological conditions, autotriploidy is one of the evol-
utive processes best suited for creating more diversity and
(or) better adapted individuals.
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