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Abstract In a previous study, we showed that the genetic
variation present in the Medicago sativa subsp. sativa Peru-
vian and M. sativa subsp. falcata WISFAL germplasms
could be used to improve forage yields when favorable alle-
les were recombined and used in hybrid combination with
cultivated alfalfa. In this paper, we present testcross forage
yield and fall growth data for two seasons of a C0 popula-
tion generated after intermating the Peruvian £ WISFAL
population for several generations. In addition, we con-
ducted marker-trait association analysis as an attempt to
identify Peruvian and WISFAL genomics regions aVecting
the targeted traits. Five and seven genomic regions were
found signiWcantly associated with forage yield and fall
growth, respectively. In the case of fall growth, alleles from
both accessions were positively associated with plant

height. However, more alleles from WISFAL were posi-
tively associated with forage yield than from Peruvian.
WISFAL is known for its winter hardiness and genomic
regions with large eVects on winter survival may have
masked the eVect of forage yield from Peruvian. The fact
that most of the genomic regions discovered in this study
have been previously associated with traits involved in win-
ter hardiness validates our Wndings and suggests that asso-
ciations between DNA fragments and agronomic traits can
be detected without the necessity of developing bi-parental
mapping populations.

Introduction

Genetic improvement through recurrent selection has been
a critical component of yield increases in crop plants. Prob-
ably, the most impressive examples of genetic improve-
ment are found in corn and sorghum breeding, in which
average genetic gains per year are 1.42–1.78% (Duvick
1984) and 1.3% (Miller and Kebede 1984), respectively.
Genetic improvement has also been achieved in forage
crops; for instance, genetic gains of 6% and 5% per decade
have been observed in white clover (WoodWeld and Cara-
dus 1994) and rye grass (Van Wijk and Reheul 1991),
respectively. By using phenotypic recurrent selection,
alfalfa breeders have been able to improve a wide number
of traits, such as disease and insect resistance (Barnes and
Hanson 1971; Heisey and Murphy 1985; Bray and Irwin
1989; Salter et al. 1994; Elden and Elgin 1987), salt toler-
ance (Dobrenz et al. 1993), and forage quality (Demment
et al. 1986; Sumberg et al. 1983). However, improvement
of forage yield has been slow and gains per year have been
barely higher than zero [estimated to be 0.18% in both
Holland and Bingham (1994) and Hill and Kalton (1976)].
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Alfalfa cultivars are genetically broad-based synthetics
traditionally developed using intra-population breeding
methodologies, in which selected parents are randomly
intermated and their oVsprings advanced through several
generations of open-pollination (Busbice 1969; Hill and
Elgin 1981; Hill et al. 1988). This methodology has pro-
duced more persistent and disease resistant cultivars (Hill
et al. 1988; Rotili et al. 1999), but it has not signiWcantly
exploited the variation present within the species to
improve forage yields. Rowe and Hill (1981) noted that if
there is evidence for non-additive gene action controlling
yield, some form of inter-population improvement should
be superior to most intra-population improvement methods.
Although additive variation has been shown to be important
for alfalfa forage yield (PfeiVer and Bingham 1983; Wood-
Weld and Bingham 1995; Kimbeng and Bingham 1998a, b,
1999), genetic variance studies have estimated that the non-
additive component accounts for approximately two-thirds
of the total genetic variation (Kehr and Gardner 1960; Dud-
ley et al. 1969). Thus, forage yield could be improved using
an inter-population recurrent selection strategy (Brummer
1999; Segovia-Lerma et al. 2004).

Alfalfa is an allogamous tetraploid species with
polysomic inheritance, which creates higher levels of
genetic complexity than that observed in diploid individuals
(Stanford 1951; Quiros 1982). This additional complexity
may have contributed to the limited yield gains of selection
in alfalfa when compared to the yield gains of other diploid
crops. Bingham et al. (1994) proposed that yield in tetra-
ploid alfalfa could be increased by accumulating chromo-
some blocks containing favorable alleles in repulsion
linkage phase. Their model helps to explain a number of
genetic phenomena, such as severe inbreeding depression
and progressive heterosis (Jones and Bingham 1995;
PfeiVer and Bingham 1983; Dunbier and Bingham 1975;
Groose et al. 1989; Scotti et al. 2000), and provides a theo-
retical framework to account for the high level of non-addi-
tive variation observed in quantitative studies. Although
chromosome combinations achieved by hybridizing heter-
otic parents will be rapidly lost after chromosome sorting
during meiosis, inter-population recurrent selection could
be used to select for complementary interactions between
two populations and then commercially exploit it through a
hybrid population once suYcient complementation has
been achieved.

In a previous study, we suggested that the variation pres-
ent in a population derived from hybridizing Medicago
sativa subsp. sativa Peruvian and M. sativa subsp. falcata
WISFAL could be used to improve modern alfalfa cultivars
(Maureira et al. 2004). We provided evidence that each of
these genetically distinct germplasms contained favorable
factors that could complement current alfalfa cultivars and
suggested that combining them within an improved popula-

tion could result in forage yield increases. Such favorable
factors coming from the Peruvian and WISFAL germ-
plasms could be associated with segregating molecular
markers. Marker-trait associations would provide evidence
of genomic regions containing quantitative trait loci (QTL)
for forage yield and help to understand the genetic architec-
ture of this complex trait. Although QTL mapping has
allowed the discovery of regions aVecting important traits
in tetraploid alfalfa (Brouwer et al. 2000; Cao et al. 2005;
Musial et al. 2005), the QTL detection has been done using
bi-parental populations, which are not always available or
compatible with alfalfa breeding programs (Osborn et al.
1998; Maureira and Osborn 2005). Obert et al. (2000)
recently associated AFLP markers with resistance to downy
mildew (Peronospora trifoliorum de Bary) by analyzing
improved synthetic populations, which are commonly
developed by alfalfa breeders. This illustrates the possibil-
ity of uncovering important genomic regions without devel-
oping bi-parental mapping populations that have typically
been used for this type of genetic analysis (Brouwer and
Osborn 1999; Robins et al. 2007a, b).

In this paper, we report hybrid forage yield and levels of
fall growth for a novel population derived from the WIS-
FAL-Peruvian population after several cycles of intermat-
ing. This population constitutes the cycle 0 (C0) of a
recurrent selection program, in which selection will be
based on the capacity to complement cultivated alfalfa
through hybridization with cultivated testers. We also pres-
ent marker-trait association tests in an attempt to identify
WISFAL-Peruvian genetic factors controlling forage yield
and fall growth in a hybrid testcross genetic background.

Materials and methods

Plant material

Sixteen plants each of M. sativa subsp. falcata WISFAL
(Fal) and M. sativa subsp. sativa Peruvian (Peru) were ran-
domly selected and organized into pairs for crossing, gener-
ating a total of 32 F1 progenies including reciprocal
combinations (PF and FP) as previously described (Maure-
ira et al. 2004). Three F1 plants from each PF and FP cross
were randomly selected and intercrossed at random with all
other F1 plants to generate the F2 generation. A similar
crossing scheme was used to develop the F3 and F4 genera-
tions. The F3 generation was developed by random mating
two selected F2 plants from each F1 plant to all other F2

plants. The F4 generation was developed by random mating
one F3 plant of each previously selected F2 to all other F3

plants. Sterile, weak, or sick plants were eliminated in each
generation. A total of 131 F4 plants constituted the C0 of
our recurrent selection program. F1 plants (PF and FP), the
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parental plants (Peru and Fal) and the 131 C0 plants were
test crossed with two diVerent cultivar clone testers, MIII-
17 and Lgdy-S1 (obtained from E.T. Bingham, University
of Wisconsin, Madison, USA). MIII-17 is a selected male-
sterile progeny from a cross of a Magnum III male-sterile
plant £ Blazer plant number 17. Blazer 17 has normal
male- and female-fertility, and maintains male-sterility in
crosses with male-steriles. Moreover, Blazer 17 was used
as a parent of mapping bi-parental populations in previous
studies (Brouwer and Osborn 1999). Lgdy-S1 is a selected
S1 from the cultivar Legendary. Although Lgdy-S1
produces good pollen, it is essentially self-sterile (E.T.
Bingham, personal communication). Cultivar testers were
always used as females. Equal numbers of seeds were taken
from each F1 (PFs and FPs) and parental (Fal and Peru)
cross combination and bulked separately for each clone
tester. A hybrid between testers (MIII-17 £ Lgdy-S1) was
also produced. Plants were grown under greenhouse condi-
tion and all crosses were made by hand. Two cultivars,
Ciba 2444 (obtained from ABI-Alfalfa) and Vernal
(provided by Kevin Silveira, University of Wisconsin,
Madison, USA), were used as controls because they repre-
sent cultivars that were once widely grown as a forage crop
and are parents to many currently used cultivars.

Field evaluation and experimental design

Parents £ testers, F1s £ testers, 131 C0 £ testers, the
hybrid between testers, and the two control cultivars were
evaluated for forage yield and fall growth at Arlington,
Wisconsin USA (lat 43°20�N, long 89°23�W). Forage yield
was evaluated for two seasons and fall growth was mea-
sured at the end of the Wrst season. The experiment was
planted in a completely randomized split-plot design with
two replications. The testers represented the main plots and
the testcrosses, randomized within main plots, represented
the subplots. The subplots were Wve rows wide, with
0.15 m between rows and 1.22 m long, and only a central
0.31 m strip across the plot was harvested. Five hundred
seeds were planted per plot and were directly sowed into
the Weld in May 2001. Irrigation was applied when neces-
sary in the Wrst season. Plots were visually inspected for the
presence of diseases; however, no obvious symptoms were
observed. Forage was harvested once the Wrst season and
three times the second season. Yield of the second season
was measured as the cumulative dry matter weight of all
three cuttings. Some individual plants contributing to plot
yield in year one may not have contributed to the plot’s
yield during year 2 due to poor winter survival. Across
years, no attempt was made to adjust forage yield on a per
plant basis because such plant loss was intrinsic to each
genotype and would have also occurred in a ‘farmers Weld’.
Forage samples were dried and then weighed. Fall growth

was measured as the distance from the soil level to the top
of the undisturbed plot on November 2001.

Statistical analysis of phenotypic data

Analyses of variances (ANOVA) were performed to exam-
ine variation among genotypes for total dry mater and fall
growth. Variances were analyzed using the mixed model
from SAS (SAS 2001). Testers and C0 testcrosses were
considered Wxed eVects in the model. Replications were
considered a random eVect. Least square means (lsmeans)
were estimated for each C0 line (SAS 2001). Lsmeans were
compared by the least signiWcant diVerence (LSD; Sokal
and Rohlf 1995). Phenotypic correlations between forage
yield and fall growth were performed using the CORR pro-
cedure from SAS (2001).

DNA preparation, RFLP and SSR analysis

Apical meristems and young leaves were collected from
each C0 plant and the cloned testers, and total genomic
DNA was extracted from individual plants as described by
Kidwell and Osborn (1992). DNAs were digested sepa-
rately with EcoRI and HindIII (Promega, Madison, WI,
USA) restriction enzymes. Southern blots were produced
and hybridized with 37 RFLP probes distributed across the
alfalfa genome, as previously reported (Maureira et al.
2004). Two pairs of SSR primers, MTLEC2A and AFctt1
(Diwan et al. 2000), were used as described by Maureira
et al. (2004).

Molecular data collection and analysis

RFLP and SSR DNA fragments that were polymorphic
among genotypes were scored as present or absent using a
binary code (1/0). Thus, alleles were not be assigned to
any fragments because segregation information of these
sized fragments was not available. Each individuals geno-
type was assembled into a single data matrix. The C0
lsmean data obtained from forage yield and fall growth
evaluations were combined with the genotype data matrix.
The trait values of all individuals with the DNA fragment
(1) were compared to those of all individuals without the
fragment (0) by F tests. F tests were performed using the
General Linear Model (GLM) from SAS (2001) and sig-
niWcant levels were empirically estimated by permuta-
tions (Churchill and Doerge 1994; Doerge and Churchill
1996). Permutations randomly shuZed trait values with
respect to individual genotypes and marker-trait associa-
tions were performed with the permuted data sets, respec-
tively. In order to generate stable critical values of
signiWcance, 10,000 permutations were carried out for
each marker.
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Markers that had a permutation signiWcant level of <0.05
for the single marker analysis were selected and included in
a multiple regression analyses. Multiple regression analysis
was performed using the REG procedure with STEPWISE
method selection from SAS (2001). A signiWcant level of
0.05 was used for adding and keeping marker variables in
the model.

Results

Phenotypic data

Analysis of variances for forage yield showed that the C0
testcrosses were signiWcantly diVerent for seasons 1 and 2;
however, testers were signiWcantly diVerent only for season
2 (Table 1). Since the tester*C0 testcross interaction was
non-signiWcant, estimates of C0 testcross were averaged
across testers (Table 1). The forage yield distribution is
shown in Fig. 1a for season 2. Approximately, 9% of the
C0 testcrosses were signiWcantly higher than the Peru test-
cross and at least one C0 testcross signiWcantly out yielded
both the Fal and PF-FP F1 testcrosses.

Fall growth was measured as plant height at the end of
season 1. Analysis of variance showed that both testers and
C0 testcrosses were signiWcant sources of variation
(Table 1). Tester*C0 testcross interaction was not signiW-
cant; thus, estimates were averaged across testers. Fall
growth distribution is shown in Fig. 1b. About 60% of the
C0 testcrosses were signiWcantly taller than the Fal test-
cross and at least one C0 testcross outgrew the PF-FP F1
testcross. The phenotypic correlation between fall growth
and forage yield was low and positive (r = 0.17, P = 0.056).

Molecular marker data

A total of 184 DNA fragments were analyzed for signiW-
cant marker-trait associations using F tests. Nine and
eleven of these fragments were signiWcantly associated
(P < 0.05, empirically estimate by permutation) with forage
yield season 2 and fall growth, respectively (Table 2). Mul-
tiple regression models were used to eliminate spurious
associations and markers weakly associated to the traits
(Champoux et al. 1995; Sills et al. 1995). Five markers for

forage yield and seven markers for fall growth were kept in
the models using a signiWcance level of P < 0.05, and these
were considered signiWcantly associated with the traits. Par-
tial R2s ranged from 3.8 to 7.7 and 3.4 to 8.2 for forage
yield and fall growth, respectively (Table 2). All together,
the markers account for 24.6 and 34.1% of the total pheno-
typic variation present for forage yield and fall growth,
respectively. Putative alfalfa and M. truncatula linkage
group positions are listed based on previously published
map position of DNA fragments detected by the same
probes (Table 2). Five and seven apparently unlinked fac-
tors appeared on four and Wve diVerent linkage groups for
forage yield and fall growth, respectively.

Discussion

Genetic diversity has always been the propeller of plant
breeding and population improvement. Our C0 population
represented two novel sources of alfalfa genetic diversity
because it was derived from repeated intermatings of two
unadapted germplasms, M. sativa subsp. sativa
Peruvian £ M. sativa subsp. falcata WISFAL. Utilization
of novel variation is not a simple task since unadapted
germplasm can bring undesired genetic factors that lower
yields or diminish quality. However, our testcross data sug-
gested that variation coming from the recombination of
these unselected germplasms could improve forage yields.
Others have also suggested that crosses between diverse
alfalfa germplasms, especially those involving M. sativa
subsp. sativa and subsp. falcata could improve forage yield
(Maureira et al. 2004; Riday and Brummer 2004; Segovia-
Lerma et al. 2004; Riday and Brummer 2002; Sriwata-
napongse and Wilsie 1968; Waldron 1920). Thus, M. sativa
subsp. sativa and subsp. falcata are valuable sources of
genetic diversity for improving forage yield in alfalfa culti-
vars.

The phenotypic distributions of our C0 testcrosses
showed a typical shape for quantitative traits, suggesting
that a number of loci were segregating for forage yield and
fall growth. Moreover, the presence of transgressive segre-
gation indicated the existence of favorable variation in both
original germplasms. The FP/PF hybrids represent un-
improved germplasm that in hybrid combination compared

Table 1 SigniWcance of Wxed eVects from ANOVA for forage yield seasons 1 and 2 and fall growth (measured as plant height)

Source of variation Forage yield season 1 Forage yield season 2 Fall growth

F value P value F value P value F value P value

Tester 3.55 0.2596 36.59 0.0263 128.75 0.0045

C0 testcross 1.38 0.0131 1.91 <0.0001 3.04 <0.0001

Tester £ C0 testcross 1.14 0.1826 1.01 0.4769 0.94 0.6397
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exceptionally well to hybrids of older cultivars suggesting
tremendous potential of this un-improved material. The
transgressive phenotypes observed in some testcrosses sug-
gest that novel combinations of favorable alleles may have
contributed to the higher values of forage yield and fall
growth than the parental germplasms.

The genetic component of phenotypic variation was esti-
mated by marker-trait associations and we identiWed sev-
eral Peruvian alleles with a favorable eVect on forage yield
and fall growth. Peruvian alleles detected by marker
UWg328 were positively associated with an increase forage
yield and explained more than 4% of the phenotypic varia-
tion. Peruvian alleles were also favorably associated with
six genomic regions for fall growth and explained a total of
»28% of the phenotypic variation. The eVects of one novel
genomic region may have had an impact on both traits.
While Peruvian alleles of UWg328 appeared to increase in
forage yield, markers UWg328 and UWg96 were previ-
ously found to be tightly linked and had alleles that were

positively associated with fall growth (Brouwer et al.
2000).

Four other regions were strongly associated with forage
yield and the yield increase appeared to be due to the WIS-
FAL allele. This result was unexpected and somewhat con-
tradicted previous reports where Peruvian showed positive
heterotic yield responses (Segovia-Lerma et al. 2004; Mau-
reira et al. 2004). Our experiment was grown in an area
characterized by extreme winter conditions and the
observed WISFAL-marker bias could be explained by
diVerences in winter survival between germplasms (Brou-
wer et al. 2000, 1998; Bingham 1993). Previous studies
have identiWed genomic regions controlling freezing and
winter injury across the entire alfalfa genome (Brouwer
et al. 2000; Cao et al. 2005) and the strong eVect of these
genetic factors may have masked the eVect of favorable
Peruvian variation. In fact, most DNA markers we found
associated with forage yield were either directly or indi-
rectly associated with winter hardiness traits (Brouwer

Fig. 1 Frequency distributions 
of C0 testcross populations 
season 2 (combined for both 
testers, MIII-17 and Lgdy-S1) 
for total dry matter a and plant 
height measured in the fall (b). 
¥ refers to the population mean. 
Peru Medicago sativa ssp. sativa 
Peruvian, Fal M. sativa ssp. 
falcata WISFAL, Vernal and 
Ciba2444 are alfalfa cultivars. 
PF and FP are reciprocal crosses 
between Medicago sativa ssp. 
sativa Peruvian and M. sativa 
ssp. falcata WISFAL. LSD (a), 
0.28 LSD (b): 4.82
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et al. 2000; Cao et al. 2005). This observation suggests that
more cycles of recombination and mild selection may be
needed before the genetic contribution of the Peruvian
germplasm could be accurately measured.

DNA markers from both M. sativa subsp. sativa Peru-
vian (non-dormant) and M. sativa subsp. falcata WISFAL
(dormant) germplasms were favorably associated with fall
growth. This Wnding was somewhat unexpected since

WISFAL is fall dormant and winter hardy (Bingham 1993),
and the WISFAL testcross was signiWcantly shorter than
the Peruvian testcross. However, this Wnding could be
explained by the presence of favorable factors with small to
moderate eVects, which may be hidden by negative factors
with large eVects in the less favorable parent. Recombina-
tion exposes these hidden factors and allows breeders to
pyramid them by selection and subsequent hybridization.

Table 2 DNA markers signiWcantly associated with forage yield season 2 and fall growth after single-marker analysis and multiple regression

a P values were lower than the threshold estimated by 10,000 permutations
b Markers were included in the model using a stepwise selection method and a 0.05 signiWcant level for entering and keeping variables in the mod-
el. NS not signiWcant
c Peru (0), the absence of the DNA fragment was associated with the increase of the phenotypic trait and was absent in all Medicago sativa subsp.
sativa Peruvian original parental plants; Fal (0), the absence of the DNA fragment was associated with the increase of the phenotypic trait and was
absent in all M. sativa subp. falcata WISFAL original parental plants; Fal (1), the presence of the DNA fragment was associated with the increase
of the trait and was present in all M. sativa subp. falcata WISFAL original parental plants; Peru, Fal (0), the absence of the DNA fragment was
associated with the increase of the trait and segregated in both Fal and Peru original germplasms; Peru, Fal (1), the presence of the DNA fragment
was associated with the increase of the trait and segregated in both Fal and Peru original germplasms. NR not reported because it was NS in the
model
d M. truncatula chromosome number was assigned by comparing common RFLP probes between Brouwer and Osborn (1999), Tavoletti et al.
(1996), Echt et al. (1994), Robins et al. (2007a) and Kaló et al. (2000)
e Linkage group location of DNA fragments detected with these probes in previous studies. NU not used in the study, unl. marker was reported as
unlinked 
6 Linkage group positions were determined by aligning Diwan et al. (2000) and Brouwer and Osborn (1999) linkage groups 

Linkage group positione

DNA marker P valuea for 
single marker 
analysis

Partial R2s 
Multiple 
regb

Germplasm 
origin of 
markerc

M.truncatula 
chromosome/
linkage groupd

Echt 
et al. (1994)

Tavoletti 
et al. (1996)

Brouwer and
Osborn (1999)

Forage yield’

Vg2c1 0.048 NS NR 2 NU unl 2

UWg96 0.031 NS NR 1 3 and 5 3 and 5 3

UWg328 0.016 4.07 Peru, Fal (0) 1 1 and 3 1 and 3 NU

UWc59 0.020 NS NR 4 5 5. NU

Vg1h6 0.007 7.70 Fal (0) 8 NU 4 4

UWg35 0.044 3.78 Fal (1) 4 5 5 NU

Vg1g9 0.019 5.06 Fal (1) 4 NU 5 5

Hg2b8 0.039 NS NR 4 NU 5 5

UWg169 0.019 3.98 Fal (1) 7 8 NU 8

Full model 24.59

Fall growth

Vg1h8_1 0.037 NS NR 6 NU 7 1

Vg1h8_3 0.020 4.19 Peru (0) 6 NU 7 1

Vg2b11 0.038 3.40 Peru, Fal (0) 2 NU 3 and 6 2

UWc56 0.009 NS NR 1 3 NU NU

UWg96 0.043 4.87 Peru, Fal (1) 1 3 and 5 3 and 5 3

UWg295 0.013 3.43 Peru (0) 1 3 NU NU

UWg138 0.034 6.25 Fal (1) 4 5 NU NU

Vg2a2 0.048 NS NR 4 NU 5 5

AFctt1_3 0.019 3.73 Peru, Fal (1) 7 NU NU 86

AFctt1_4 0.006 NS NR 7 NU NU 8

AFctt1_14 0.005 8.21 Peru, Fal (0) 7 NU NU 8

Full model 34.08
123



Theor Appl Genet (2007) 115:859–867 865
Our analysis showed that the phenotypic correlation
between forage yield and fall growth was positive, although
it was low. These results agree with Wndings observed in
other segregating populations (Busbice and Wilsie 1965).
However, our observed low correlation disagrees with the
common practice of using fall dormancy, often evaluated
by the amount of fall growth, as a predictor of winter hardi-
ness (see Brouwer et al. 2000). Tall plants at the end of the
season usually correlate with less winter survival and low-
ers yields in subsequent growing seasons (Smith 1961;
Schwab et al. 1996; Brouwer et al. 1998). Comparisons of
recent cultivars and studies of segregating F2s have shown
that winter hardiness and fall growth can be uncoupled
(Barnes and Martin 1991; Busbice and Wilsie 1965; Daday
and Greenham 1960; Brummer et al. 2000). Thus, our
results with molecular markers suggest that favorable alle-
les in these populations can be revealed through one cycle
of recombination and their complementary eVects can
improve hybrid population performance. Perhaps, non-dor-
mant alfalfa cultivars with winter hardiness can be recov-
ered with future cycles of recombination and selection.

Traditionally, discovery of genomic regions aVecting
important traits utilizes segregating populations developed
from two parental genotypes, but the use of such traditional
populations are limited in alfalfa. Alfalfa cultivars are typi-
cally synthetic populations with high levels of heterozygos-
ity and heterogeneity. Selection of individual genotypes for
mapping of traits in bi-parental populations would have
sampled only a small portion of the resident variation
within the original germplasm and may have reduced the
odds of Wnding regions aVecting the traits of interest. In our
study, several genetic factors associated with the traits were
segregating in both original Peruvian and WISFAL germ-
plasms. By using sixteen genotypes from each Peruvian
and WISFAL germplasm as progenitors of our C0 popula-
tion, we were able to include a larger representative sample
of the genetic variation present within these two germ-
plasms, and this allowed us to uncover genomic regions
that would have remained undetected by using a bi-parental
population for mapping. The disadvantage to any multi-
parental population is that the frequency of speciWc alleles
may be too low to detect their eVects.

Conclusions

The results of our study suggests that genetic variation
present within our Peruvian £ WISFAL C0 population
could be used to complement the genetic variation in culti-
vated alfalfa for the improvement of forage yield. In addi-
tion, we were able to identify several genomic regions
aVecting both forage yield and fall growth, suggesting that
genetic factors can be uncovered without the necessity of

developing bi-parental populations typically used for these
types of studies. Obviously, the regions we found to be
associated with forage yield and fall growth need to be con-
Wrmed in future evaluations; however, the fact that several
of these genomic regions were previously reported in an
independent QTL mapping study (Brouwer et al. 2000; Cao
et al. 2005) supported our Wndings. Since most of the posi-
tive eVects on forage yield were detected coming from
WISFAL, it remains to be seen if Peruvian will contribute
positive eVects in future cycles of recurrent selection.
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