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Abstract Somatic chromosome numbers of 131
accessions belonging to 55 Paspalum species from
subtropical South America have been determined. All
species had x = 10 as a basic chromosome number,
except P. almum which had x = 6. Six ploidy levels
were found among species with tetraploidy as the most
frequent condition. New diploid and octoploid counts
were reported. For Paspalum lilloi and P. glabrinode
(both 2n =2x=120), and for P. ellipticum,
P. erianthoides, P. ovale and P. remotum (all
2n = 8x = 80) sporophytic chromosome numbers
are presented for the first time. Records that differ
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from previously reported counts are given for the
following species: P. paucifolium (2n = 2x = 20),
P. ceresia (2n = 6x = 60), P. conjugatum (2n =
6x = 60), P. alcalinum (2n = 6x = 60) and P. aff.
arundinellum 2n + 1 = 5x + 1 = 51). These chro-
mosome data are discussed in light of ploidy-level
variation and implications for breeding systems within
and among species.

Keywords Chromosome races - Genetic resources -
Grasses - Paspalum - Polyploidy

Introduction

The genus Paspalum L. includes about 330-400
species predominantly from the New World (Chase
1929; Zuloaga and Morrone 2005). Species can be
found in habitats as diverse as subtropical rainforest,
savannas, marshes and dunes, but more frequently are
found in the natural grasslands from eastern Bolivia,
Paraguay, central and southern Brazil, northern
Argentina and Uruguay (Zuloaga and Morrone
2005). Several species are valuable forage or turf
grasses cultivated in different parts of the world, e.g.
P. notatum Fliiggé, P. dilatatum Poir., P. atratum
Swallen, and P. vaginatum Sw. (Burson and Bennett
1972; Kretschmer et al. 1994; Duncan and Carrow
2000), and their improvement programs are based on
the availability of natural variability. Many Paspalum
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taxa are polyploid and apomictic, which complicates
the improvement of breeding stocks through hybrid-
ization. In support of breeding programs, we have
undertaken a cytogenetic characterization of Pas-
palum accessions, including chromosome counts.

Cytologically, the genus Paspalum is complex.
Chromosome numbers are known for nearly half the
species (Honfi 2003). The basic chromosome number
is generally x = 10, with a few exceptions (Honfi
et al. 1990; Quarin 1992; Norrmann et al. 1994a;
Pozzobon et al. 2000; Pefialoza et al. 2008). Poly-
ploidy is a very common feature present in about
80% of the species, with levels varying from 3x to
16x and tetraploidy the most frequent condition.
Apomixis among Paspalum species is closely related
to polyploidy, but all diploids reproduce sexually.
Those species with different chromosome races
usually include sexual, out-breeding diploid and
apomictic, polyploid cytotypes (Quarin 1992). Both
apomixis and polyploidy are important mechanisms
influencing the evolutionary biology of Paspalum
(Burson and Bennett 1970, 1972; Quarin and Hanna
1980; Quarin and Lombardo 1986; Quarin and
Norrmann 1987a; Quarin 1992; Burson 1997; Pupilli
et al. 1997; Honfi 2003; Daurelio et al. 2004).

A comprehensive collection of Paspalum species
is needed for various purposes. One is to conserve
genetic variability for basic studies and improvement
projects. Diploids are the main source of genetic
variability and sexual recombination in Paspalum;
however, their frequency is generally lower than their
respective conspecific tetraploids, e.g. 2x populations
of Paspalum notatum inhabit a restricted geograph-
ical area in South America, whereas tetraploids are
widespread (Burton 1967; Daurelio et al. 2004). In
contrast, Paspalum polyploids often present fixed
genotypes but collectively are adapted to a wide
range of ecological conditions, constituting a valu-
able reserve.

Efforts to obtain chromosome counts of new
accessions of Paspalum are justified because new
chromosome races continue to be discovered (Honfi
et al. 1990; Norrmann et al. 1994a; Pozzobon et al.
2000, 2008; Pozzobon and Valls 2003; Morrone et al.
2006; Penaloza et al. 2008), and because they also
provide information about (i) ploidy level, (ii)
preliminary assumptions about modes of reproduc-
tion, and (iii)) the geographic distribution of
chromosome races. The objective of this work is to
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provide a first step of cytogenetic characterization
of Paspalum accessions from subtropical South
America, based on chromosome numbers and ploidy
levels. This contribution is complementary to ongo-
ing phylogenetic studies (Rua et al. 2007; Scataglini
et al. 2007). Also, some of the present species are
currently included in programmes of comprehensive
researches about genetic systems in Paspalum, that
includes karyology, mode of reproduction, seed-set
production and progeny tests (Hojsgaard et al. 2003;
Sader and Honfi 2007; Hojsgaard et al. 2008).

Materials and methods

The 55 Paspalum species that we studied were
collected in five South American countries and
identified to species based on classic older and newer
taxonomic revisions on the genus (Oliveira and Valls
2002; Oliveira 2004; Zuloaga and Morrone 2005 and
references therein), herbarium comparisons and field
experience observations.

Cuttings or pieces of rhizomes were obtained in
the field and then cultivated in pots at the Universidad
Nacional de Misiones, Posadas, Argentina, and at the
‘Lucien Hauman’ Botanical Garden of the Univers-
idad de Buenos Aires, Buenos Aires, Argentina.
These 131 collections originated in eight Argentine
Provinces, eight Paraguayan Departments, three
Bolivian Departments, and two Brazilian States. All
provenances are identified by its herbarium collection
number (voucher and collectors). Herbaria are cited
following Holmgren and Holmgren (1998). Only part
of these collections remain cultivated at Universidad
Nacional de Misiones or Lucien Hauman Botanical
Garden, some seed samples are preserved at 4°C, and
other were not conserved for space reasons (Table 1).
Species, localities, vouchers, and herbaria where
vouchers have been deposited are detailed in Table 1.

Mitotic studies were performed by examining cut
root tips in active growth from cultivated plants when
they had 3—4-cm long and then, they were pre-treated
with a saturated aquaeous solution of 1-bromonaph-
thalene for 3 h at room temperature. Selected root
tips were fixed for 12-24 h in three absolute ethanol:
one glacial acetic acid and then conserved in ethanol
70% at 4°C. Most of the pre-treated materials were
directly hydrolysed with 1 N HCL at 60°C for 10 min
and stained with basic fuchsin. Meristem cells were
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Table 1 Paspalum species: somatic chromosome number (2n), ploidy level (x), locality of origin, vouchers and herbaria where the

vouchers are deposited

Species 2n X Locality and vouchers
Paspalum alcalinum Mez 60%* 6x P. Pdte. Hayes, entre M. Roque Alonso y Clorinda. Rua 303
(BAA, L, MNES) # BAA 22992
P. almum Chase 12 2x A. Corrientes, Ita Ibaté. Hojsgaard 330 (MNES, CTES)
24 4x A. Misiones, Capital, Posadas. Hojsgaard 189a (MNES, CTES) #
24 4x A. Misiones, G. San Martin, Jardin América. Hojsgaard 237
(MNES, CTES)
24 4x A. Misiones, Eldorado, Aeroclub. Hojsgaard 240 (MNES, CTES)
P. arundinellum Mez 40 4x P. Caaguazu, 15 km W de Cnel. Oviedo. Rua 20
(BAA) # BAA 22634
P. aff. arundinellum Mez 50 S5x A. Misiones, Capital, Nemesio Parma. Hojsgaard 270
(MNES, CTES) #
50 5x A. Misiones, Capital, Posadas. Hojsgaard 241a (MNES) #
S51%* Sx 4+ 1 A. Misiones, Candelaria, Santa Ana. Hojsgaard 224 (MNES)
P. bertonii Hack. 20 2x A. Misiones, San Ignacio, Club Nautico. Rua 480 (BAA, MNES)
20 2x A. Misiones, G. San Martin, Salto Tabay. Rua 482
(BAA, MNES) # BAA 24345
P. ceresia (Kuntze) Chase 60%* 6x B. Santa Cruz, Valle Grande. Rua 327 (BAA, CTES, MNES) #
BAA 23216
P. commune Lillo 40 4x A. Jujuy, P. N. Calilegua, Ruta Prov. 83, El Mirador. Solis Neffa
681 (BAA, CTES, MNES, SI, US)
P. compressifolium Swallen 20 2x A. Misiones, Capital, Posadas. Hojsgaard 188 (MNES)
P. conjugatum P. J. Bergius 40 4x A. Jujuy, Ledesma, P. N. Calilegua. Solis Neffa 692
(BAA, CTES, MNES, SI)
40 4x A. Misiones, Capital, Posadas. Hojsgaard 70 (MNES)
## MNES 303
40 4x A. Misiones, Montecarlo, Club de pesca. Hojsgaard 116 (MNES)
40 4x A. Misiones. Iguazd, P.N. Iguazd, Hojsgaard s/n°
60%** 6x A. Misiones, Eldorado, Eldorado. Hojsgaard 275
(MNES) ## MNES 647
60 6x A. Misiones, San Ignacio, P.P. Teyt Cuaré. Hojsgaard 353
(MNES)
P. conspersum Schrad. 60 6x A. Misiones, G. San Martin, A° 3 de Mayo. Hojsgaard 175
(MNES) ## MNES 350
60 6x A. Misiones, San Ignacio, Santo Pipd. Hojsgaard 194 (MNES)
P. dedeccae Quarin 40 4x A. Misiones, Capital, Miguel Lants. Hojsgaard 323 (CTES,
MNES) #
P. denticulatum Trin. 40 4x A. Formosa, Clorinda, Ruta Nac. 11, km 1272. Honfi 1070
(MNES)
40 4x A. Formosa, Clorinda, Ruta Nac. 11, km 1272. Honfi 1071
(MNES)
40 4x A. Misiones, Capital, Posadas. Hojsgaard 256 (MNES, CTES)
P. dilatatum Poir. 40 4x A. Buenos Aires, San Cayetano, San Cayetano. Hojsgaard 149
(MNES) ## MNES 404
40 4x A. Rio Negro, Capital, Colonia Echarren. Hojsgaard 258
(MNES, CTES)
P. distichum L. 40 4x A. Misiones, Capital, Posadas. Hojsgaard 148 (MNES, CTES)
P. durifolium Mez 40 4x A. Corrientes, Ituzaingd, Ituzaingd. Hojsgaard 278 (MNES)
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Table 1 continued

Species 2n X Locality and vouchers
P. ellipticum Dol 80* 8x A. Misiones, Capital, Miguel Lanuds. Hojsgaard 320
(MNES, CTES)
P. erianthoides Lindm. 80* 8x A. Misiones, Capital, Miguel Lants. Hojsgaard 322 (MNES)
P. falcatum Nees ex Steud. 20 2x A. Misiones, Candelaria, Corpus. Almada 74 (MNES, CTES)
20 2x A. Misiones, Candelaria, Arroyo Yabebiry margins. Honfi 882A.
(MNES)
P. glabrinode (Hack.) Morrone 20% 2x A. Misiones, San Ignacio, Parand River. Rua 177(BAA)
et Zuloaga # BAA 22866
P. glaucescens Hack. 20 2x A. Misiones, Capital, Miguel Lanis. Hojsgaard 147 (MNES)
40 4x P. Amambay, 50 km S de Bella Vista. Rua 58 (BAA)
P. guenoarum Arechav. 40 4x A. Misiones, Capital, Garupa. Hojsgaard 265 (MNES, CTES)
P. humboldtianum Fliiggé 20 2x BO. Cochabamba, Chaparé, Miguelito. Rua 356 (BAA)
40 4x BO. Santa Cruz, Florida, Samaipata. Rua 315 (BAA)
# BAA 23204
P. inaequivalve Raddi 60 6x P. Paraguari, 2 km W de Carapegua. Rua 209 (BAA)
60 6x A. Misiones, Capital, Posadas. Hojsgaard 145 (MNES, CTES)
## MNES 147
60 6x A. Misiones, G. San Martin, Gruta India. Hojsgaard 177 (MNES)
60 6x A. Misiones, San Pedro, P. P. Mocona. Hojsgaard 300 (MNES,
CTES)
60 6x A. Misiones, San Pedro, P. P. Mocona. Hojsgaard 305 (MNES)
P. indecorum Mez 20 2x A. Misiones, Capital, Nemesio Parma. Hojsgaard 244 (MNES,
CTES)
20 2x A. Misiones, Apdstoles, San José. Hojsgaard 252 (MNES, CTES)
20 2x A. Misiones, Candelaria, Santa Ana. Honfi 1187 (MNES)
P. intermedium Munro ex 20 2x P. Amambay, 15 km S de Bella Vista. Rua 35 (BAA) #
Morong et Britton BAA 22649
P. ionanthum Chase 40 4x P. Cordillera, Tobati. Honfi 1177. (MNES)
P. juergensii Hack. 20 2x A. Misiones, Capital, Posadas. Hojsgaard 53 (MNES)
20 2x A. Misiones, Capital, Miguel Lants. Hojsgaard 146 (MNES,
CTES) ## MNES 414
20 2x A. Corrientes, Ituzaingd, Garapé. Hojsgaard 165 (MNES, CTES)
## MNES 418
20 2x A. Corrientes, Ituzaing6, Garapé. Hojsgaard 167 (MNES, CTES)
## MNES 752
20 2x P. Itapda, Encarnacion. Hojsgaard 181 (MNES, CTES)
20 2x A. Misiones, Apéstoles, San José. Hojsgaard 253 (MNES, CTES)
P. lenticulare Kunth 40 4x B. Mato Grosso, Ruta Transpantaneira, km 19. Rua 278 (BAA, L,
MNES) # BAA 22967
P. lepton Léon (= P. nicorae 40 4x P. Cordillera, Tobati. Honfi 1178 (MNES)
Parodi)
P. lilloi Hack. 20% 2x A. Misiones, P.N. Iguazi, Cataratas del Iguazd. Rua 127 (BAA) #
BAA 22741
20 2x A. Misiones, P.N. Iguazi, Cataratas del Iguazi. Hojsgaard 335
(MNES)
P. limbatum Henrard 20 2x A. Misiones, Capital, Posadas. Hojsgaard 191 (MNES, CTES)
20 2x A. Misiones, Capital, Posadas. Hojsgaard 295 (MNES)
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Table 1 continued

Species 2n X Locality and vouchers
P. malacophyllum Trin. 40 4x BO. Santa Cruz, Caballero, Comarapa. Rua 333 (BAA, MNES) #
BAA 23222
40 4x P. Amambay, P. N. Cerro Cora. Rua 298 (BAA, L, MNES) # BAA
22987
40 dx A. Misiones, Candelaria, P. P. Profundidad. Hojsgaard 284
(MNES)
40 4x A. Cérdoba, Huerta Grande. Hojsgaard 292 (MNES)
40 4x A. Jujuy, Ledesma, P.N. Calilegua, Rio Aguas Negras. Solis Neffa
710 (BAA, CTES, MNES, SI)
40 4x A. Jujuy, Ruta 34 y Rio Yuto. Solis Neffa 759 (BAA, CTES,
MNES, SI, US)
P. mandiocanum Trin. var. 60 6x A. Misiones, Eldorado, Eldorado. Hojsgaard 274 (MNES)
subaequiglume 1. L. Barreto
P. modestum Mez 40 4x A. Corrientes, Ruta Nac. 12 km 1263. Hojsgaard 279 (MNES) #
40 4x A. Corrientes, Ita Ibaté. Hojsgaard 333 (MNES, CTES)
P. notatum Fliggé 40 4x A. Corrientes, Paso de los Libres, La Cruz. Hojsgaard 327
(MNES, CTES)
P. notatum Fliiggé var. saurae 20 2x B. Mato Grosso do Sul, Dourados. Rua 296 (BAA, L) # BAA
Parodi 22985
P. orbiculatum Poir. 20 2x P. Paraguari, Carapegua, Ruta Nac. 1. Honfi 1073 (MNES)
P. ovale Nees ex Steud. 80* 8x A. Misiones, Capital, Miguel Lants. Rua 476 (BAA, MNES)
# BAA 24339
80 8x A. Misiones, Capital, Miguel Lands,. Rua 478 (BAA, MNES)
# BAA 24341
80 8x A. Misiones, Capital, Nemesio Parma. Hojsgaard 248 (MNES,
CTES)
80 8x A. Misiones, Capital, Miguel Lants. Hojsgaard 313 (MNES,
CTES)
80 8x A. Misiones, Capaital, Miguel Lanus. Hojsgaard 324 (MNES,
CTES)
P. paniculatum L. 20 2x A. Misiones, Capital, Posadas. Hojsgaard 71 (MNES)
20 2x A. Misiones, Capital, Garupa. Hojsgaard 261 (MNES, CTES)
20 2x A. Misiones, Capital, Miguel Lands. Honfi 1068 (MNES)
20 2x A. Misiones, Candelaria, Cerro Santa Ana. Honfi 1188 (MNES)
P. pauciciliatum (Parodi) Herter 40 4x A. Misiones, Capital, Posadas. Hojsgaard 65 (MNES, CTES)
40 4x P. Ttapda, Encarnacion. Hojsgaard 184 (MNES)
40 4x A. Salta, Capital, rotonda de acceso Aeropuerto. Solis Neffa 838
(BAA, CTES, MNES, SI, US)
P. paucifolium Swallen 20%* 2x P. Paraguari, Villa Florida. Davifia 549 (MNES) ## MNES 440
P. plicatulum Michx. 40 4x A. Corrientes, Ituzaingd, Garapé. Hojsgaard 168 (MNES, CTES)
## MNES 401
40 4x A. Misiones, Candelaria, Profundidad. Hojsgaard 288 (MNES,
CTES)
40 4x A. Cérdoba, Huerta Grande. Hojsgaard 293 (MNES)
40 4x A. Misiones, Capital, Miguel Lanus. Hojsgaard 316 (MNES,
CTES)
40 4x A. Misiones, Capital, Miguel Lants. Hojsgaard 321 (MNES,

CTES)
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Table 1 continued

Species 2n X Locality and vouchers
P. polyphyllum Nees ex Trin. 40 4x A. Misiones, Capital, Garupa. Hojsgaard 264 (MNES)
P. quadrifarium Lam. 30 3x A. Buenos Aires, San Cayetano, San Cayetano. Hojsgaard 232
(MNES)
P. quarinii Morrone et Zuloaga 20 2x A. Misiones, Apostoles, San José. Hojsgaard 254 (MNES)
20 2x A. Misiones, Capital, Garupa. Hojsgaard 262 (MNES)
20 2x A. Misiones, Candelaria, Cerro Cora. Hojsgaard 290 (MNES)
20 2x A. Misiones, Candelaria, Cerro Santa Ana. Honfi 1190 (MNES,
CTES)
P. regnellii Mez 40 4x A. Misiones, P.N. Iguazi. Rua 464 (BAA, CTES, L) # BAA 23882
40 4x A. Misiones, Montecarlo, Club de pesca. Hojsgaard 117 (MNES)
40 4x A. Misiones, G. San Martin, A° 3 de Mayo. Hojsgaard 171
(MNES)
40 4x A. Misiones, G. San Martin, Gruta India. Hojsgaard 173 (MNES)
40 4x A. Misiones, G. San Martin, A° 3 de Mayo. Hojsgaard 179
(MNES) ## MNES 354
40 4x A. Misiones, Eldorado, Maria Magdalena. Hojsgaard 273 (MNES)
P. remotum J. Rémy 80* 8x BO. Tarija, Tomatitas. Rua 543 (BAA)
80 8x A. Jujuy, Capital, Lozano. Solis Neffa 830 (BAA, CTES, MNES,
SI)
80 8x A. Salta, La Caldera, ruta provincial 9, km 1654. Hojsgaard 379
(CTES)
P. repens P. J. Bergius 20 2x A. Misiones, Capital, Nemesio Parma. Hojsgaard 271 (MNES,
CTES)
P. simplex Morong 40 4x P. Presidente Hayes, Puerto Falcon. Davifia 540 (MNES, CTES)
40 4x P. Presidente Hayes, Puerto Falcon. Davifia 541 (MNES, CTES)
P. stellatum Humb. et Bonpl. 32 - A. Misiones, San Ignacio, P.P. Teyd Cuaré. Honfi 1168 (MNES,
ex Fliggé CTES) #
P. umbrosum Trin. 20 2x P. Itapda, Ruta Nac. 1, Encarnacién. Davifia 554 (MNES, CTES)
P. unispicatum (Scribn. et Merr.) 40 4x A. Jujuy, Capital, Palpald. Solis Neffa 826 (BAA, CTES, MNES,
Nash SI)
40 4x A. Salta, Capital, B® Grand Bourg. Solis Neffa 849 (CTES,
MNES)
P. urvillei Steud. 40 4x A. Corrientes, Ituzaingd, Aguape-i stream. Hojsgaard 154 (MNES,
CTES)
40 4x A. Corrientes, Ituzaingd, Aguape-i stream. Hojsgaard 155 (MNES,
CTES)
40 4x P. Ttapda, Encarnacion. Hojsgaard 183 (MNES, CTES)
40 4x A. Misiones, Capital, Nemesio Parma. Hojsgaard 234 (MNES)
40 4x A. Misiones, Candelaria, P. P. Profundidad. Hojsgaard 285
(MNES, CTES)
P. usteri Hack. 40 4x A. Misiones, San Ignacio, P. P. Teyd Cuaré. Honfi 1173 (MNES,
CTES, SI) #
40 4x A. Misiones, San Ignacio, P. P. Teyd Cuaré. Honfi 1174 (MNES) #
40 4x A. Misiones, San Ignacio, P. P. Teyt Cuaré. Honfi 1175 (MNES) #
P. vaginatum Sw. 40 4x P. Cordillera, San Bernardino, LagoYpacarai. Rua 10 (BAA) #
BAA 22624
40 4x P. Presidente Hayes, camino M. Roque Alonso a Clorinda.

Rua 304 (BAA)
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Table 1 continued

Species 2n X Locality and vouchers
P. virgatum L. 40 4x B. Mato Grosso, 1 km W of Chapada dos Guimaraes. Rua 246
(BAA)
40 4x BO. Cochabamba, Chapare, camino Miguelito a Villa Tunari. Rua
358 (BAA) # BAA 23248
40 dx B. Mato Grosso, camino a Rondondpolis, km BR 364. Rua 293
(BAA) # BAA 22982
40 4x BO. Santa Cruz, Nuflo de Chdvez, Los Troncos. Rua 366 (BAA) #
BAA 23256
P. wrightii Hitchc. et Chase 20 2x B. Mato Grosso, camino a Porto Cercado, km 9. Rua 284 (BAA)
40 4x B. Mato Grosso, Ruta Transpantaneira, km 11. Rua 271 (BAA) #
BAA 22960
40 4x A. Corrientes, Ita Ibaté, Rio Parana. Hojsgaard 328 (MNES,
CTES)

Code for Herbaria (Holmgren and Holmgren 1998): BAA ‘Gaspar Xuarez” Universidad de Buenos Aires, Argentina; CTES Instituto
de Botanica del Nordeste, Corrientes, Argentina; MNES Universidad Nacional de Misiones, Posadas, Argentina; L Nationaal
Herbarium Nederland—Leiden University, Leiden, Netherlands; SI Instituto de Botdnica Darwinion, San Isidro, Argentina and US
Smithsonian Institution, Washington DC, USA

*, First somatic chromosome number; **, New record, #, Currently cultivated alive materials identified by its voucher number or by
its respective accesion numbers into the experimental garden; ##, Materials with seed samples preserved at 4°C identified by its

respective accesion numbers into the seed collection

A Argentina; B Brazil; BO Bolivia; P Paraguay

macerated in a drop of 2% aceto-orcein and then
squashed. Coverslips were removed by freezing with
liquid CO,, and permanent slides were made by using
DEPEX or euparal as a mounting medium (Bowen
1956).

Results and discussion

The somatic chromosome numbers and ploidy levels
of 131 accessions belonging to 55 Paspalum species,
mainly from Argentina, are reported. First chromo-
some counts for six species, and chromosome
numbers differing from those previously reported
for five species are provided (Table 1). Some selected
squashed cells are illustrated in Figs. 1, 2, and
chromosomal novelties are discussed below.

Diploids

Somatic chromosome numbers for Paspalum lilloi
Hack. and P. glabrinode (Hack.) Morrone et Zuloaga
are reported for the first time. Both species have
2n = 2x = 20 (Fig. la, b) and limited geographical
distributions. Paspalum lilloi grows on humid rocky

slopes, riverine margins, rapids and waterfalls. Cur-
rently, this species is now limited to a restricted area
surrounding the Iguazd National Parks (Argentina,
Brazil), because hydrological conditions have been
altered by dam construction on the Parana River.
Paspalum glabrinode is only known from northeast-
ern Argentina and neighbouring regions in Brazil and
Paraguay (Zuloaga and Morrone 2005). Recently, the
meiotic behaviour of P. glabrinode was studied by
Morrone et al. (2006), who reported diploidy based on
ten bivalents observed at metaphase I. We confirm the
diploid condition for this taxon.

We found a new ploidy level for P. paucifolium
Swallen (2n = 2x = 20, Fig. Ic), a species with
good potential as an animal forage (Barreto 1974)
that we found growing in nature on sandy and rocky
dry soils in Paraguay and collected from Paraguari
Department. Burson (1997) reported two tetraploid,
facultative aposporous, apomictic accessions from
Brazil; this new diploid cytotype is expected to
reproduce sexually as all known diploids in the genus
do. If this is the case, this germplasm will be
interesting for crop improvement.

Paspalum almum Chase is either considered as
member of the informal group “Notata” (Barreto
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Fig. 1  Somatic chromosomes. Diploids (2n = 2x = 20). (Almada 74). Triploid (2n = 3x = 30). i P. quadrifarium
a Paspalum lilloi (Hojsgaard 335). b P. glabrinode (Rua (Hojsgaard 232). Tetraploids (2n = 4x = 40). j P. plicatulum
177). ¢ P. paucifolium (Davina 549). d P. repens (Hojsgaard (Hojsgaard 293). k P. dilatatum (Hojsgaard 149). 1

271). e P. humboldtianum (Rua 356). f P. indecorum P. unispicatum (Solis Neffa 849). Scale bar = 5 pm
(Hojsgaard 252). g P. quarinii (Hojsgaard 254). h P. falcatum
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Fig. 2 Somatic chromosomes. Tetraploids 2n = 4x = 40). m.
Paspalum regnellii (Rua 464). n P. malacophyllum (Hojsgaard
292). Hexaploids (2n = 6x = 60). o P. inaequivalve (Hojsgaard

1957, 1974; do Canto-Dorow et al. 1996) or proposal
as a different group, “Alma” (Quarin 1974; Zuloaga
et al. 2004). This species has a sexual diploid cytotype
(2n = 2x = 12, sub P. hexastachyum Parodi) and
tetraploids (2n = 4x = 24) that reproduces by apo-
mixis (Bashaw et al. 1970; Quarin 1974; Burson 1975;
Quarin and Hanna 1980) and our chromosome results
agree with these works. Most of Paspalum species
have the basic number of chromosomes x = 10,
however in very few species were reported other
exceptional numbers, such as x = 6 in P. almum
(Quarin 1974), x = 9 for P. lanciflorum Trin. (sub
P. contractum Pilg., Davidse and Pohl 1974) and
x = 16 for P. convexurn Humb. Bonpl. ex Fliiggé
(Selva 1976; Reeder 1984). Recently, Pefialoza et al.
(2008), have reported chromosome numbers of five
species with unexpected 2n = 18, 24, 36, and 48,
which could be multiple tox = 6 or x = 9.

Tetraploids

The most frequent ploidy level among these collec-
tions was tetraploidy, and all counts agree with

300). p P. conjugatum (Hojsgaard 275). Octoploids (2n =
8x = 80). q P. ovale (Hojsgaard 248). r P. remotum (Solis Neffa
830). Scale bar = 5 pm

previous reports (Davidse and Pohl 1972, 1974,
1978; Honfi et al. 1990; Norrmann et al. 1994a;
Hunziker et al. 1998; Pagliarini et al. 2001; Urbani
et al. 2002; Adamowski et al. 2005; Morrone et al.
2006; Souza-Chies et al. 2006; Essi and Souza-Chies
2007; Pozzobon et al. 2000, 2008 and references
therein) (Figs. 1j—1, 2m-n). The tetraploid condition in
Paspalum embraces both sexual and apomictic modes
of reproduction. Most apomictic tetraploids have
sexual, diploid conspecific counterparts, e.g. the 4x
chromosome races of P. almum, P. notatum and
P. plicatulum Michx. (Burton 1948; Bashaw et al.
1970; Quarin and Hanna 1980; Espinoza and Quarin
1997). However, sexually reproducing tetraploids are
also found in some Paspalum species, in which they
are found either as a single condition for a taxon or as
one component of an agamic polyploid complex
with higher ploidy levels. The genetic systems of
P. regnellii Mez (Norrmann 1981), P. urvillei Steud.
(Bashaw et al. 1970) and P. virgatum L. (Burson and
Quarin 1982) are based on allotetraploidy and sexual
reproduction, without the coexistence of cytotypes
having different ploidy levels. A different genetic
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system occurs in P. dilatatum in which allopolyploidy
at tetraploid level is also associated with sexual
reproduction but conspecific allopentaploid and allo-
hexaploid apomictic races also exist (Burson 1983).
Moreover, several biotypes of each ploidy level of
P. dilatatum were recognized by its morphology,
cytology and reproductive behaviour (Burson 1983,
1995) and also by molecular methods (Speranza 2005;
Speranza and Malosetti 2007; Miz and Souza-Chies
2006 and references therein). Paspalum ionanthum
Chase resulted also tetraploid (2n = 4x = 40), how-
ever it is an exceptional species because have sexual
cross-pollinated tetraploids and also co-specific apo-
mictic octoploids instead most of 4x of Paspalum are
autogamous (sub P. guaraniticum Parodi, Burson and
Bennett 1970; Quarin and Norrmann 1987b).

Hexaploids

A new chromosome number for Paspalum ceresia
(2n = 6x = 60) is reported here. This taxon belongs
to subgenus Ceresia (Pers.) Rchb., in which hexa-
ploidy had been previously reported only for
P. pectinatum Nees ex Trin. (Gould and Soderstrom
1967). Paspalum ceresia (Kuntze) Chase comprises
two ploidy levels, with tetraploids found in north-
western Argentina (Morrone et al. 2006) and
hexaploids in Bolivia.

For P. conjugatum P. J. Bergius, we found two
chromosome races (2n = 4x = 40and 2n = 6x = 60),
the hexaploid cytotype (Fig. 2p) newly reported. The
4x and 6x races are sympatric at our collection
localities. Hexaploids can be distinguished by some
morphological differences, i.e. larger plants, spikelets
and racemes, from the tetraploids. Our finding agrees
with a single hexaploid previously found by C. Quarin
(Pers. comm.). In P. conjugatum, diploids (2n = 20),
tetraploids (2n = 40) and octoploids (2n = 80) were
previously reported (Hsu 1967; Gould and Soderstrom
1974; Dujardin 1978; Honfi et al. 1990). The hexaploid
condition found here completes the polyploid series for
this taxon and represents a new chromosome race for
South American accessions, since only tetraploids had
been previously found in this continent. Studies on
meiotic behaviour and molecular markers can reveal if
this hexaploid cytotype has an autoploid origin.

A new ploidy level for P. alcalinum Mez
(2n = 6x = 60) was also found. Burson (1997) noted
Paraguayan accessions with diploid, tetraploid, and
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pentaploid levels. Material of P. alcalinum from
South America has been repeatedly missidentified
as P. hartwegianum E. Fourn., a closely related
species restricted to Mexico and also hexaploid
(Gould 1958; Davidse and Pohl 1972; Zuloaga and
Morrone 2005; Morrone et al. 2006). A detailed
taxonomic revision is needed to clarify the taxonomic
identity of material reported as P. hartwegianum 6x
from Brazil by Pozzobon et al. (2000).

Octoploids

Four species with this ploidy level were found.
Although ploidy levels vary within the genus from 2x
to 16x, octoploidy is only known in 13 Paspalum
species including the four taxa mentioned below. None
of these species had been previously studied repro-
ductively. The chromosome number 2n = 8x = 80 is
the first one reported for P. erianthoides Lindm., a
species inhabiting marshy soils of southwestern Brazil,
eastern Paraguay and northeastern Argentina (Quarin
1975).

In P. ellipticum DOl from Brazil the gametic
chromosome number n = 40 has been previously
reported (Fernandez et al. 1974), and a diploid
chromosome race (2n = 2x = 20) was also found
in this taxon (Souza-Chies et al. 2006). We confirm
Fernandez et al. (1974) by reporting the somatic
chromosome number 2n = 80 for this species.

All our accessions of P. ovale Nees ex Steud. were
octoploids (2n = 8x = 80, Fig. 2q), as previously
suggested by Saura (1941), sub P. epile Parodi, based
on meiotic observations. This species comprises two
high polyploid levels: octoploidy and heptaploidy
(2n = 7x = 70), the latter found in Brazilian mate-
rials (Souza-Chies et al. 2006).

Paspalum remotum J. Rémy had 2n = 8x = 80
chromosomes, (Fig. 2r) in agreement with a report of
40 bivalents observed in pollen mother cells at
diakinesis and metaphase I by Hunziker et al. (1998).

Other ploidy levels

In Paspalum four odd ploidy levels have been previ-
ously reported, however, the triploids and pentaploids
are those that commonly are in the nature (Honfi 2003).
On the analysis of 933 antecedents of registered
chromosomal numbers for 167 species of Paspalum,
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Honfi (2003) found that odd natural polyploids are
uncommon in the genus and that the levels of odd
ploidy that have been found naturally includes trip-
loidy (3x), pentaploidy (5x), heptaploidy (7x) and
eneaploidy (9x), and that in all the cases they refer to
species with x = 10. The natural odd ploidy levels in
Paspalum are not easily found although a favorable
context exists for its existence. In Paspalum quadrifa-
rium Lam. we find 2n = 3x = 30 (Fig. 1i) and this
cytotype is the most widely distributed in the nature,
instead diploid and tetraploid co-specific counterparts
of this species, are geographically restricted (Quarin
and Lombardo 1986; Norrmann et al. 1989). All
provenances of P. aff. arundinellum Mez are pentap-
loids and this agrees with previous reports (Honfi et al.
1990; Honfi 2003) with the exception of an aneuploid
condition (2n + 1 =5x 4+ 1 = 51) found in one
accessions from Argentina.

Cytogeographical biodiversity

New geographical records of ploidy levels were
found in three countries. Paspalum orbiculatum Poir.
and P. umbrosum Trin. (2x) and P. arundinellum
Mez (4x) accessions are new for Paraguay, P. modes-
tum Mez (4x) for Argentina, and P. humboldtianum
Fliiggé (4x) and P. remotum (8x) for Bolivia.
Quarin (1992) described a polyploidization and
gene-flow model for several Paspalum species. The
system comprises sexual diploids and their apomictic,
tetraploid conspecific counterparts, with triploids
acting as potential gene-flow bridges between them
(Quarin 1992; Norrmann et al. 1994b; Espinoza and
Quarin 1997). Genetic variability of sexual diploids
would be naturally transferred to higher ploidy levels.
New autotetraploid genotypes are likely produced in
nature through fertilisation of unreduced, 2n gametes
of diploids by functional, reduced male gametes,
produced in abundance by apomictic tetraploids
(Espinoza and Quarin 1997). In this way, diploids
are involved in the generation of genetic variability
within apomictic, tetraploid Paspalum species.
Recently, Daurelio et al. (2004) studied the variabil-
ity of natural populations of P. notatum consisting of
plants of either a single ploidy level or co-habiting 2x
and 4x races. In agreement with Quarin’s model for
interploidy gene flow in Paspalum, comparisons
between apomictic tetraploid populations belonging
to allopatric or sympatric populations in relation to

their diploid counterparts, revealed that genotypic
diversity is higher in populations where tetraploids
grow in the vicinity of their conspecific sexual
diploids. Since breeding programs focused on apo-
mictic polyploid grasses are looking for new
apomictic genotypes, knowledge about regions where
chromosome races are sympatric represents an
important reference for collecting and/or preserving
genetic variability in nature.

Acknowledgements We are grateful to Dr. J. Guillermo
Seijo and Dr. Viviana Solis Neffa, who kindly provided us
some specimens from northwestern Argentina. Also, the
authors give thanks to researchers from FACEN-UNA,
Paraguay for their assistance in the collection of some
specimens. This study was supported in part by grants BID
1728/0C-AR, PICT-O N° 36907 (SECyT—Argentina), and
JG21 (UBA—Argentina).

References

Adamowski EDV, Pagliarini MS, Mendes Bonato AB, Rocha
Batista LA, Valls JFM (2005) Chromosome numbers and
meiotic behavior of some Paspalum accessions. Genet
Mol Biol 28:773-780. doi:10.1590/S1415-47572005
000500020

Barreto IL (1957) Las especies de Paspalum con dos racimos
conjugados en Rio Grande del Sur (Brasil). Rev Argent
Agron 24:89-117

Barreto IL (1974) O género Paspalum (Gramineae) no Rio
Grande do Sul. Thesis, Departamento de Fitotecnia, Fac-
ultade de Agronomia, Universidade Federal do Rio
Grande do Sul, Porto Alegre, RS, Brasil, pp 1-258

Bashaw EC, Hovin AW, Holt EC (1970) Apomixis, its evo-
lutionary significance and utilization in plant breeding. In:
Norman MIJT (ed) Proceedings of 11th international
grasslands congress. University of Queensland Press, St.
Lucia, pp 245-248

Bowen CC (1956) Freezing by liquid carbon dioxide in making
slides permanent. Stain Technol 3:87-90

Burson BL (1975) Cytology of some apomictic Paspalum
species. Crop Sci 15:229-232

Burson BL (1983) Phylogenetic investigation of Paspalum
dilatatum and related species. In: Smith JA, Hays WV
(eds) Proceedings of 14th international grasslands con-
gress. Westview Press, Boulder, CO, pp 170-173

Burson BL (1995) Genome relationship and reproductive
behavior of intraspecific Paspalum dilatatum hybrids:
yellow-anthered x Uruguaiana. Int J Plant Sci 156:326—
331. doi:10.1086/297254

Burson BL (1997) Apomixis and sexuality in some Paspalum
species. Crop Sci 37:1347-1351

Burson BL, Bennett HW (1970) Cytology and reproduction of
three Paspalum species. J Hered 61:129-132

Burson BL, Bennett HW (1972) Genome relations between an
intraspecific Paspalum dilatatum hybrid and two diploid
Paspalum. Can J Genet Cytol 14:609-613

@ Springer


http://dx.doi.org/10.1590/S1415-47572005000500020
http://dx.doi.org/10.1590/S1415-47572005000500020
http://dx.doi.org/10.1086/297254

544

Genet Resour Crop Evol (2009) 56:533-545

Burson BL, Quarin CL (1982) Cytology of Paspalum virgatum
and its relationship with P. intermedium and P. jurgensii.
Can J Genet Cytol 24:219-226

Burton GW (1948) The method of reproduction in common
Bahia grass, Paspalum notatum. Agron J 40:443-452

Burton GW (1967) A search for the origin of Pensacola Ba-
hiagrass. Econ Bot 21:379-382

Chase A (1929) The North American species of Paspalum.
Contrib US Natl Herb 28:1-310

Daurelio LD, Espinoza F, Quarin CL, Pessino SC (2004)
Genetic diversity in sexual diploid and apomictic tetra-
ploid populations of Paspalum notatum situated in
sympatry or allopatry. Plant Syst Evol 244:189-199. doi:
10.1007/s00606-003-0070-6

Davidse G, Pohl RW (1972) Chromosome numbers, meiotic
behaviour and notes on some grasses from Central
America and the West Indies. Can J Bot 50:1441-1452.
doi:10.1139/b72-175

Davidse G, Pohl RW (1974) Chromosome numbers, meiotic
behavior, and notes on tropical American grasses
(Gramineae). Can J Bot 52:317-328. doi:10.1139/b74-042

Davidse G, Pohl RW (1978) Chromosome numbers of Tropical
American grasses (Gramineae). Ann Mo Bot Gard
65:637-649. doi:10.2307/2398863

do Canto-Dorow TS, Longhi-Wagner HM, Valls JEM (1996)
Revisao Taxonomica das especies de Paspalum L. Grupo
Notata (Poaceae: Paniceae) do Rio Grande do Sul, Brasil.
Iheringia. Ser Bot 47:2-44

Dujardin M (1978) Chromosome numbers of some tropical
African grasses from western Zaire. Can J Bot 56:2138—
2152. doi:10.1139/b78-256

Duncan RR, Carrow RN (2000) Seashore Paspalum: the
environmental turfgrass. Ann Arbor Press, Chelsea

Espinoza F, Quarin CL (1997) Cytoembryology of Pasp-
alum chaseanum and sexual diploid biotypes of two
apomictic Paspalum species. Aust J Bot 45:871-877. doi:
10.1071/BT96055

Essi L, Souza-Chies TT (2007) Phylogeny of Linearia and
Notata groups of Paspalum L (Poaceae, Panicoideae,
Paniceae) and related species. Genet Resour Crop Evol
54:779-791. doi:10.1007/s10722-006-9148-7

Fernandez MIBM, Barreto IL, Salzano FM, Sacchet MOF
(1974) Cytological and evolutionary relationships in
Brazilian forms of Paspalum (Gramineae). Caryologia
27:455-465

Gould FW (1958) Chromosome numbers in southwestern
grasses. Am J Bot 45:757-768. doi:10.2307/2439737

Gould FW, Soderstrom TR (1967) Chromosome numbers of
tropical American grasses. Am J Bot 54:676-683. doi:
10.2307/2440944

Gould FW, Soderstrom TR (1974) Chromosome numbers of
some Ceylon grasses. Can J Bot 52:1075-1090. doi:
10.1139/b74-136

Hojsgaard DH, Honfi Al, Davifia JR (2003) Cariotipos de razas
diploides de Paspalum L. (Poaceae). BAG XV (suppl 2):94

Hojsgaard D, Schegg E, Valls JFM, Martinez EJ, Quarin CL
(2008) Sexuality, apomixis, ploidy level and genomic
relationships among four Paspalum species of the sub-
genus Anachyris (Poaceae). Flora 203:535-547

Holmgren PK, Holmgren NH (1998) Index Herbariorum: a
global directory of public herbaria and associated staff.

@ Springer

New York Botanical Garden’s Virtual Herbarium (con-
tinuously updated). http://sweetgum.nybg.org/ih/

Honfi AI (2003) Citoembriologia de poliploides impares en el
género Paspalum L. (Panicoideae: Gramineae). Doctoral
thesis, Universidad Nacional de Cérdoba, Argentina, pp
1-203

Honfi Al, Quarin CL, Valls JEM (1990) Estudios carioldgicos
en gramineas sudamericanas. Darwiniana 30:87-94

Hsu C (1967) Preliminary chromosome studies on the vascular
plants of Taiwan (I). Taiwania 3:117-130

Hunziker JH, Zuloaga FO, Morrone O, Escobar A (1998)
Estudios cromosomicos en Paniceae Sudamericanas
(Poaceae: Panicoideae). Darwiniana 35:29-36

Kretschmer AE Jr, Kalmbacher RS, Wilson TC (1994) Pre-
liminary evaluation of Paspalum atratum Swallen (Atra
Paspalum): a high quality, seed-producing perennial for-
age grass for Florida. Soil Crop Sci Soc Fla Proc 53:22-25

Miz RB, Souza-Chies TT (2006) Genetic relationships and
variation among biotypes of dallisgrass (Paspalum dila-
tatum Poir.) and related species using random amplified
polymorphic DNA markers. Genet Resour Crop Evol
53:541-552. doi:10.1007/s10722-005-1290-0

Morrone O, Escobar A, Zuloaga FO (2006) Chromosome
studies in American Panicoideae (Poaceae). Ann Mo Bot
Gard 93:647-657. doi:10.3417/0026-6493(2006)93[647:
CSIAPP]2.0.CO;2

Norrmann GA (1981) Citologia y método de reproduccion en
dos especies de Paspalum (Gramineae). Bonplandia
5:149-158

Norrmann GA, Quarin CL, Burson BL (1989) Cytogenetics
and reproductive behavior of different chromosome races
in six Paspalum species. J Hered 80:24-28

Norrmann GA, Quarin CL, Killeen TJ (1994a) Chromosome
numbers in Bolivian grasses (Gramineae). Ann Mo Bot
Gard 81:768-774. doi:10.2307/2399921

Norrmann GA, Bovo OA, Quarin CL (1994b) Post-zygotic
seed abortion in sexual diploid x apomictic tetraploid
intraspecific Paspalum crosses. Aust J Bot 42:449-456.
doi:10.1071/BT9940449

Oliveira RC (2004) O genero Paspalum L., grupo Plicatula
(Poaceae: Paniceae). no Brasil. Doctoral thesis, Univer-
sidade Estadual de Campinas, Brasil, pp 1-367

Oliveira RC, Valls JFM (2002) Taxonomia de Paspalum L.,
grupo Linearia (Gramineae: Paniceae) do Brasil. Rev Bras
Bot 25:371-389

Pagliarini MS, Carraro LR, de Freitas PM, Adamowski EDV,
Rocha Batista LA, Valls JFM (2001) Cytogenetic chara-
terization of Brazilian Paspalum accessions. Hereditas
135:27-34. doi:10.1111/j.1601-5223.2001.00027.x

Penialoza APS, Cortes AL, Pozzobon MT, Santos S, Rua GH,
Valls JFM (2008) Unusual chromosome numbers in
Paspalum L. (Poaceae: Paniceae) from Brazil. Genet Mol
Res 7:399-406

Pozzobon MT, Valls JFM (2003) Chromosome number in
Brasilian germplasm accessions of Paspalum hydrophil-
lum, P. modestum and P. palustre (Gramineae: Paniceae).
Genet Mol Biol 26:365-368. doi:10.1590/S1415-47572
003000300023

Pozzobon MT, Valls JFM, dos Santos S (2000) Contagens
cromossdmicas em espécies Brasileiras de Paspalum L.
(Gramineae). Acta Bot Bras 14:151-162


http://dx.doi.org/10.1007/s00606-003-0070-6
http://dx.doi.org/10.1139/b72-175
http://dx.doi.org/10.1139/b74-042
http://dx.doi.org/10.2307/2398863
http://dx.doi.org/10.1139/b78-256
http://dx.doi.org/10.1071/BT96055
http://dx.doi.org/10.1007/s10722-006-9148-7
http://dx.doi.org/10.2307/2439737
http://dx.doi.org/10.2307/2440944
http://dx.doi.org/10.1139/b74-136
http://sweetgum.nybg.org/ih/
http://dx.doi.org/10.1007/s10722-005-1290-0
http://dx.doi.org/10.3417/0026-6493(2006)93[647:CSIAPP]2.0.CO;2
http://dx.doi.org/10.3417/0026-6493(2006)93[647:CSIAPP]2.0.CO;2
http://dx.doi.org/10.2307/2399921
http://dx.doi.org/10.1071/BT9940449
http://dx.doi.org/10.1111/j.1601-5223.2001.00027.x
http://dx.doi.org/10.1590/S1415-47572003000300023
http://dx.doi.org/10.1590/S1415-47572003000300023

Genet Resour Crop Evol (2009) 56:533-545

545

Pozzobon MT, Carvalho Machado AC, Vaio M, Valls JFM,
Souza Pefialoza AP, dos Santos S, Cortes AL, Rua GH
(2008) Cytogenetic analyses in Paspalum L. Reveal new
diploid species and accessions. Cienc Rural 38:1292—
1299. doi:10.1590/S0103-84782008000500014

Pupilli F, Caceres ME, Quarin CL, Arcioni S (1997) Segre-
gation analysis of RFLP markers reveals a tetrasomic
inheritance in apomictic Paspalum simplex. Genome
40:822-828. doi:10.1139/g97-806

Quarin CL (1974) Relaciones citotaxondmicas entre Paspalum
almum Chase y P. hexastachyum Parodi (Gramineae).
Bonplandia 3:115-127

Quarin CL (1975) Notas sobre el género Paspalum (Grami-
neae). Bonplandia 3:196-210

Quarin CL (1992) The nature of apomixis and its origin in
panicoid grasses. Apomixis Newsl 5:8—15

Quarin CL, Hanna WW (1980) Effect of three ploidy levels on
meiosis and mode of reproduction in Paspalum hexa-
stachyum. Crop Sci 20:69-75

Quarin CL, Lombardo EP (1986) Niveles de ploidia y dis-
tribuciéon  geografica de  Paspalum  quadrifarium
(Gramineae). Mendeliana 7:101-107

Quarin CL, Norrmann GA (1987a) Relaciones entre el nimero
de cromosomas, su comportamiento en la meiosis y el
sistema reproductivo del género Paspalum. Anales 4°
Congreso Latinoamericano de Botanica 3:25-34 (Bogota,
Colombia)

Quarin CL, Norrmann GA (1987b) Cytology and reproductive
behavior of Paspalum equitans, P. ionanthum, and their
hybrids with diploid and tetraploid cytotypes of P. cromy-
orrhizon. Bot Gaz 148:386-391. doi:10.1086/337667

Reeder JR (1984) Chromosome number reports LXXXII.
Taxon 33:132-133

Rua GH, Speranza PR, Arakaki M, Vaio M (2007) Filogenia
del género Paspalum (Poaceae: Panicoideae): Analisis

preliminares de secuencias de 4 fragmentos del cp-DNA.
Darwiniana 45 (suppl):120-121

Sader MA, Honfi AI (2007) Los cromosomas de Paspalum
almum Chase. BAG XVIII(suppl):114-115

Saura F (1941) Cariologia de algunas especies del género
Paspalum. Rev Fac Agron Vet 2:39-48

Scataglini MA, Giussani LM, Denham SS, Zuloaga FO, Morrone
O (2007) Una aproximacion a la filogenia de Paspalum
(Poaceae: Panicoideae) utilizando tres marcadores de ADN
del cloroplasto. Darwiniana 45(suppl):124-125

Selva SB (1976) Some preliminary cytological observations on
a new basic number in Paspalum convexum (Gramineae).
Can J Bot 54:385-394

Souza-Chies TT, Essi L, Rua GH, Valls JFM, Miz RB (2006)
A preliminary approach to the phylogeny of the genus
Paspalum (Poaceae). Genetica 126:15-32. doi:10.1007/
s10709-005-1428-1

Speranza PR (2005) Evolutionary patterns in the Dilatata group
(Paspalum, Poaceae): a polyploid/agamic complex. PhD
dissertation, University of Florida, Gainesville, FL

Speranza P, Malosetti M (2007) Nuclear and cytoplasmic
microsatellite markers for the species of Dilatata group of
Paspalum (Poaceae). Plant Genet Resour 5(1):14-26. doi:
10.1017/S1479262107192145

Urbani MH, Quarin CL, Espinoza F, Penteado MIO, Rodriguez
IF (2002) Cytogeography a and reproduction of the
Paspalum simplex polyploid complex. Plant Syst Evol
236:99-105. doi:10.1007/s00606-002-0237-6

Zuloaga FO, Morrone O (2005) Revision de las especies de
Paspalum para América del Sur Austral (Argentina,
Bolivia, Sur de Brasil, Chile, Paraguay y Uruguay). Mo-
nogr Syst Bot Mo Bot Gard 102:1-297

Zuloaga FO, Pensiero J, Morrone O (2004) Systematics of
Paspalum group Notata (Poaceae-Panicoideae-Paniceae).
Syst Bot Monogr 71:1-74

@ Springer


http://dx.doi.org/10.1590/S0103-84782008000500014
http://dx.doi.org/10.1139/g97-806
http://dx.doi.org/10.1086/337667
http://dx.doi.org/10.1007/s10709-005-1428-1
http://dx.doi.org/10.1007/s10709-005-1428-1
http://dx.doi.org/10.1017/S1479262107192145
http://dx.doi.org/10.1007/s00606-002-0237-6

	Chromosome numbers and ploidy levels of Paspalum species from subtropical South America (Poaceae)
	Abstract
	Introduction
	Materials and methods
	Results and discussion
	Diploids
	Tetraploids
	Hexaploids
	Octoploids

	Other ploidy levels
	Cytogeographical biodiversity

	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


