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ABSTRACT
WISFAL-2 Medicago sativa subsp. falcata germplasm (PI 659349) is a tetraploid
developed from diploid M. falcata at the Wisconsin Agricultural Experiment Station,
Madison WI. WISFAL-2 was placed in the National Plant Germplasm System in 2010
and designated PI 659349. Conversion of diploids to tetraploids permits efficient
transfer of M. falcata germplasm to alfalfa for breeding purposes. The objective in the
development of WISFAL-2 was to add germplasm of two important diploids, PI 231731
and PI 258754, to the tetraploid genetic base of WISFAL-1, PI 560533. The method
was sexual polyploidization in 2x-4x crosses. The 2x-4x crossing strategy screens for
unreduced eggs and results in tetraploid progeny that were used to produce WISFAL-2.
WISFAL-2 contains new germplasm at the tetraploid level for use in alfalfa breeding and
genomic research.

_____________________________________________________________________

Many accessions of Medicago sativa subsp. falcata, here after M. falcata, are diploids,
2n=2x=16, whereas alfalfa, M. sativa subsp. sativa is a tetraploid, 2n=4x=32. Transfer
and utilization of diploid M. falcata germplasm is more efficient at the tetraploid level.
WISFAL-2 was developed by crossing tetraploidy into diploid M. falcata plant
introductions PI 231731 and PI 258754. Both plant introductions have potential value in
alfalfa breeding.
PI 231731 was the source of a parent clone of the cultivar
‘Weevlchek’ (Farmers Forage Res. Coop. 1971), and a parent clone of the cultivar ‘WL
216’ (Waterman-Loomis Co. 1972), Barnes, et al. 1977. The respective parent clones,
which were independently selected, were from 2x-4x outcrosses with alfalfa of unknown
origin during the seed increase of PI 231731. Interestingly, only two gametes of PI
231731 were involved, and both delivered germplasm to alfalfa cultivars. However, only
a fraction of the potential of PI 231731 has been exploited.

Medicago falcata PI 258754 is remarkable for its persistence and bacterial wilt
resistance (R. P. Murphy, personal communication). The persistence of PI 258754 has
been confirmed in perennial nurseries at Madison and Arlington, WI, over the past three
decades. Also, PI 231731 and PI 258754 are higher in herbage yield than the diploid
M. falcata plant introductions that were used in the development of WISFAL-1,
Woodfield et al. 2006. Both plant introductions are native to Asia Minor, but both have
been grown in perennial nurseries, and advanced five sexual generations in Wisconsin
over the past 40 years. Thus, both M. falcata lines are relatively naturalized. The
objective in the development of WISFAL-2 was to make this germplasm available for
research at the tetraploid level.

Materials and Methods
Conversion of diploid germplasm to tetraploid was accomplished by 2x-4x crosses that
screen for eggs with the unreduced chromosome number in the 2x parents, Bingham,
1990. Such eggs are rare, circa 1/1000, but there are ten eggs in the pod of every
flower, and it is only necessary to pollinate about 500 diploid flowers with pollen from a
tetraploid to ensure one or more tetraploid progeny. Hence, the diploid plant
introductions were used as seed parents, and crossed by hand with pollen from
tetraploid M. falcata ‘WISFAL-1’, Bingham 1993. The selected WISFAL-1 pollen
parents had yellow/orange flower color and sickle pods. Sufficient 2x-4x crosses were
made to produce six new tetraploid hybrids of PI 231731 X WISFAL-1, and eight
tetraploid hybrids of PI 258754 X WISFAL-1. The 14 new tetraploids were intercrossed
by hand in isolation to produce Syn. 0 seed of WISFAL-2, which was again intercrossed
by hand to produce the Syn.1 generation for this release.
Flower color was assigned using the classification of Barnes, 1972. Fall dormancy was
determined according to methods of Teuber, et al. 1998.
Characteristics
Half of the germplasm in WISFAL-2 is from PI 231731 and PI 258754, and half from
WISFAL-1. Flower color and pod shape of WISFAL-2 closely resembles the
yellow/orange flower color and sickle pod shape of the wild M.falcata. The flower color
corresponds to the 4.3/4.4 flower color code of Barnes, 1972. In contrast, WISFAL-1
plants have flower colors ranging from light yellow (4.1) to yellow/orange (4.4), and pods
that range from a full coil to sickle shaped. Thus, flowers and pods of WISFAL-2 more
closely resemble the diploid plant introductions than does WISFAL-1.
WISFAL-2 plants are fall dormant (FDC 1), with all plants very decumbent by lateOctober in Wisconsin. WISFAL-2 tends to produce a heavy first crop of herbage, and

recovers slowly for a second crop, typical of M. falcata. Thus, it is a two-cut type, if
used for hay in the North Central Region of the USA. No tendency to spread from the
crown has been observed, and the potential use in pastures has not been studied.
Discussion
Development of WISFAL-2 broadens the M. falcata germplasm available for breeding
and genomic research at the tetraploid level, where it is directly crossable with alfalfa.
Importantly, half of the germplasm in WISFAL-2 is from two plant introductions with a
proven potential in alfalfa breeding.
WISFAL-2 is useful for backcrossing tetraploidy into other plant introductions of diploid
M. falcata. WISFAL-2 also should be useful in research that previously used WISFAL1. This research includes characterization of germplasm sources in alfalfa, Kidwell et
al. 1994, Musial et al. 2002, Riday et al. 2003, Segovia-Lerma et al. 2004, and Ariss and
Vandemark 2007; breeding theory, Mauriera et al. 2004, 2007, and several aspects of
breeding, heterosis, and trait mapping, Brummer et al. 2000, Riday and Brummer
2002a, 2002b, Riday et al. 2002, Riday and Brummer 2004a, 2004b, Mackie et al.
2005, Robins et al. 2007, and Li and Brummer 2009. Several additional studies using
WISFAL-1 are cited in Robins and Brummer 2010. Forage yield and fertility of WISFAL1 and alfalfa cultivars was reported by Holland and Bingham 1993, and Woodfield et al.
2007.
Survival of WISFAL-1 for 10 years in a pasture rotation was reported by Smith 2004.
Remarkably, yellow-flowered WISFAL-1 plants, along with outcross plants with
variegated flowers, are still in the grass-legume pasture stand in 2014, after 20 years.
Seed of yellow-flowered plants has been collected to preserve and study this material.
The yellow flower color of WISFAL-1 was used along with cream and purple in a study
of pollinator effects on crossing and genetic shift in alfalfa populations, Steiner et al.
1992. Stuteville 2002, reported the occurrence of rust on WISFAL-1 in a survey of
alfalfa germplasm. The ease tetraploid M. falcata intercrosses with alfalfa is shown in
the study by Steiner et al. 1992. Hence, WISFAL-2 should be increased in isolation to
ensure purity.
Seed of WISFAL-2 is available from the author (request via email: ebingham@wisc.edu)
until the supply is depleted, and thereafter from the National Plant Germplasm System.
Samples of 100 seeds are available for all research and breeding purposes. Plant
variety protection has not been requested. We request that appropriate recognition be
made when WISFAL-2 is used in research publication or cultivar development.
References begin on next page.
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