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Abstract

C. Ovalle, S. Espinoza, V. Barahona, M. Gerding, A. Humphries, and A. del Pozo. 2015.
Lucerne and other perennial legumes provide new options for rainfed livestock production
in the Mediterranean-climate region of Chile. Cien. Inv. Agr. 42(3): 461-474. In dryland
Mediterranean environments, the productivity of annual legumes is low during autumn and
winter, with plant senescence typically beginning by the middle of spring because of low soil
water availability. Therefore, the use of deep-rooted perennial legumes may provide an alternative
to annual legumes in regions with a soil moisture deficit. We evaluated the germplasm of new
perennial legumes with deep rooting systems in two field experiments in the interior drylands
of central Chile. In experiment 1, sixteen genotypes of four perennial legume species, nine
cultivars (cvs.) of Medicago sativa, two of Hedysarum coronarium, three of Lotus tenuis, and
two of Lotus corniculatus were evaluated for three seasons (2012-2014). In experiment 2, eight
additional genotypes from two perennial legume species (M. sativa and H. coronarium) were
evaluated between 2013 and 2015. Additionally, sixteen cultivars and accessions of M. sativa
were evaluated in raised beds, with nine from Australia, two from Spain, two from California
and three of Andean origin. We evaluated plant survival, nodulation, plant height at the end
of the winter period and temporal distribution of biomass production. The persistence of M.
sativa cultivars was high (over 80% survival after three years), but only the lucerne produced
high yields (8-11 Mg ha'! in the third season). Significant differences for winter production
were detected among the lucerne cultivars, associated with their winter activity class, but no
differences were found in total biomass production. The persistence of L. tenuis, L. corniculatus
and H. coronarium was poor, and the biomass production was low, most likely because rhizobia
failed to persist. Based on these preliminary results on perennial legumes, lucerne has great
potential as a forage crop in the interior drylands of central Chile. However, more research on
rhizobial strains, nodulation, plant growth and biomass accumulation, and root distribution and
water use, among other factors, is required to better understand the persistence of perennial
legumes in rain fed environments.
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Introduction

In climates with rainfall predominantly in the
winter and long, dry summers, such as in central
Chile, the introduction of annual legumes and
grasses has been the primary strategy during the
last twenty years to improve the productivity of
livestock farming systems and to contribute to
the rehabilitation of degraded agroecosystems.
The soils of most dryland farming systems are
highly degraded because of erosion and nutrient
depletion and low water infiltration and hold-
ing capacity, which consequently lead to low
productivity and sustainability (Martinez et al.,
2011). To improve these degraded soils, the col-
lection and domestication of naturalized annual
legumes in Chile (i.e., Medicago polymorpha)
and the introduction of several accessions and
cultivars (cvs.) of annual legumes of the genera
Trifolium, Medicago, Ornithopus and Biserrula
from Western Australia were evaluated in previous
studies. The productivity and persistence of B.
pelecinus, O. compressus and T. michelianum are
clearly superior to those of other annual legumes
(i.e., M. polymorpha or T. subterraneum) sown in
areas with degraded soils (del Pozo and Ovalle,
2009; Ovalle et al., 2005; 2006; 2010). Unfortu-
nately, the growth rate of annual legumes is low
during autumn and winter, and plant senescence
typically begins by the middle of spring because
of low soil water availability. As a consequence,
biomass production is primarily concentrated in
the spring when temperatures are moderate and
soil water is available. In other Mediterranean
climates, particularly in southern Australia, the
use of perennial legumes is a research priority
to improve the temporal distribution of forage
production and tackle environmental problems
such as salinization and erosion (Cocks, 2001). In
these areas, perennial legumes are resilient and
are compatible with crop and livestock systems
under low and medium rainfall (400 to 700 mm
annual rainfall) (Dear et al., 2003; Ward, 20006).
The primary perennial species are Medicago
sativa, Lotus tenuis, L. corniculatus, and He-
dysarum coronarium.
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Medicago sativa (lucerne) is one of the most
drought tolerant perennial legumes (Li et al.,
2008) and can survive long dry periods because
of its deep root system (Ward et al., 2001). When
the availability of soil water is low or absent in
summer, lucerne is dormant, and when the rains
begin in early autumn, growth restarts (Humphries
and Auricht, 2001). In dryland Mediterranean
environments, high yields are achieved (Latta et
al., 2002; Dear et al., 2003) and large amounts
of nitrogen are fixed with lucerne (Peoples et al.,
1998). Additionally, when incorporated into crop-
ping rotations, lucerne improves soil structure and
increases the yield of the following crop (Latta et
al.,2001; Dear et al., 2003). Nevertheless, lucerne
is poorly adapted to winter waterlogging (Hill,
1996), is sensitive to acidic soils and aluminum
(Munns, 1965), and cannot tolerate continuous
grazing (McKinney, 1974). The dryland cultivars
of lucerne are selected based on survival during
establishment, grazing tolerance (Humphries et
al.,2006), general adaptation (Bouton, 2012) and
persistence through drought conditions (Marshall
et al., 2008). A key trait for the tolerance to water
stress is the development of a large taproot in lu-
cerne (Johnson and Tieszen, 1994). In deep sandy
soils, water is extracted from depths of at least
5 m by the roots of lucerne (Fillery and Poulter,
2006). During summer, the taproot accesses water
available in the deeper soil layers, and in the fall
and spring, by contrast, the shallow roots absorb
most of the water and nutrients (Meyers et al.,
1996). In addition to rooting depth, small crowns,
leaf pubescence, thick cuticle and reduced leaf
area improve the drought tolerance of lucerne
(Humphries and Auricht, 2001).

Hedysarum coronarium, common name sulla,
is a biannual legume species from the western
Mediterranean and north Africa, with a distribu-
tion from sea level to the frost line in the uplands
(Marghali et al., 2005). The yields of sulla are
high in neutral to slightly acidic soils with light
to medium texture (Dear ef al., 2003). Sulla is a
semi-erect to erect plant that is 0.3 to 1.5 m in
height, with a deep taproot over 2 m in length
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and numerous secondary roots. Because of the
high palatability and nutritional value, sulla has
become a valuable forage plant in semiarid Mediter-
ranean countries such as Greece, Italy, Spain and
Portugal (Marghali et al., 2005). However, sulla
is widespread only in Italy, which has 250,000
ha sown to several commercial varieties of this
species (Le Houérou, 2002).

The genus Lotus contains approximately 100 an-
nual and perennial species distributed worldwide,
with the primary center of diversity in the Medi-
terranean region, including the Canary Islands
(Escaray et al., 2012). Several species of Lotus are
economically important, including L. corniculatus
L., L. uliginosus Schkuhr, L. sub-biflorus Lagasca
and L. tenuis Waldst et Kit. (narrow-leaf trefoil)
(Escaray et al., 2012). Lotus tenuis is an important
forage species in the Americas, particularly in the
temperate or sub-temperate areas of Argentina,
Chile, Uruguay and the USA, with 160,000 ha
(Escaray et al., 2012). The species is tolerant to
waterlogging and salinity and also recovers well
after prolonged dry periods (Clua et al., 2009;
Escaray et al., 2012). In an evaluation of twelve
accessions of L. tenuis naturalized in Chile,
genotypic variability for drought tolerance was
demonstrated under different water regimes in
glasshouse conditions (Acuiia et al., 2010). With
L. tenuis, the pasture productivity of irrigated
vertisols was 6.3 and 9.3 Mg ha™ in the first and
second years, respectively (Acufia, 1998).

In this paper, we present the first results from a
new line of research focused on the introduction
and assessment of perennial legumes with deep
rooting systems to extend the production period
and increase pasture productivity. The objectives
of the study were to introduce perennial forage
legumes and evaluate the productivity and the
persistence to summer drought in the rain fed
Mediterranean environments of central Chile.

Materials and methods
Description of sites and field experiments

Two field experiments were conducted at the experi-
mental center of Cauquenes-INIA (35°58’ S, 72°17'
W; 140 m.a.s.1.), which is located in the eastern part
of the coastal mountain range (interior dryland) in
the sub-humid Mediterranean zone of Chile. The
soil is a granitic classified as ultic palexeralf. The
soil pH (1:5 in water, 020 cm) was 7.0, the organic
matter content was 1.6% and the concentrations of
available mineral N, P and K in the top 20 cm were
2.3 mg kg™, 12 mg kg™ and 185 mg kg™, respec-
tively, based on the methodologies in Sadzawka
et al. (2006). The average annual temperature is
14.7°C, with the minimum average of 4.7 °C (July)
and the maximum average of 27 °C (January). The
long-term average annual precipitation is 695 mm,
with a six-month (November to April) dry season
(del Pozo and del Canto, 1999). The annual rainfall
was exceptionally low compared with the long-term
average of 650 mm in 2012 and 2013 at the site of
the experiments (Table 1). In 2014, the annual rain-
fall increased but was 70 mm less than the 30-year
average. In 2012, approximately 50% of the total
annual rainfall occurred in the spring, which is an
unusual phenomenon in the Mediterranean zone
of Chile. In 2013 and 2014, approximately 80%
of the rainfall was concentrated in winter, which
approximated the normal distribution of rainfall in
this zone. The temperatures in 2012 were higher
than those in the other two years of the experi-
ment. A water deficit occurred from September
to April, when evapotranspiration was higher than
precipitation (Table 1).

Both experiments were under naturalized pasture
before the start of the study. The soil was pre-
pared using a chisel plow and disc harrows one
month before sowing. In a randomized complete
block design with four replicates, two-month-old
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Table 1. Mean monthly and annual temperatures (°C), rainfall and evapotranspiration (mm) of the experimental site.

Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov Dec  Annual
T(°C)
2012 21.0 215 219 142 113 9.2 11.9 115 154 128 168 17.0 15.4
2013 212 203 177 142 108 8.7 8.1 8.3 100 132 161 205 14.1
2014 213 193 172 13.0 11.1 8.0 6.2 100 119 142 162 188 13.9
30 years 203 180 150 120 95 92 9.7 114 134 166 194 203 14.5
PP (mm)
2012 5 34 0 13 10 9 14 23 3 25 70 30 236
2013 0 11 1 1 136 86 79 36 19 29 1 0 397
2014 0 5 11 15 133 200 29 152 3 13 0 9 570
30 years 649
Evapotranspiration (mm)
2012 71 61 - - - - - - - 73 125 129 458
2013 151 116 91 49 24 14 17 32 54 92 126 157 922
2014 149 115 88 47 22 8 5 31 11 99 124 140 828

seedlings of each genotype were planted in two
3 m long rows separated by 40 cm (60 plants per
plot). In experiment 1, sixteen genotypes from
four perennial legume species were established
in May 2012: nine cultivars of M. sativa, two of
H. coronarium, three of Lotus tenuis and two of
Lotus corniculatus (Table 2). In experiment 2,
eight additional genotypes from two perennial
legume species were established in May 2013:
seven cvs. of M. sativa and one H. coronarium
were examined (Table 3). Both experiments were
completed in December 2014.

In experiment 1, the seedlings were inoculated
with the appropriate strain of root nodule bacteria
suspended in 1% (W/V) sucrose at a concentration
of 10° CFU per plant and grown under glass-
house conditions. The M. sativa cultivars were
inoculated with strain WSM2141, Lotus spp. with
WSM166 and H. coronarium with WSM1592. The
rhizobial strains were obtained from the West-
ern Australia Soil Microbiology (WSM) culture
collection at the Center for Rhizobium Studies,
Murdoch University, Australia. In experiment 2,
the seeds of M. sativa were lime-pelleted with
the inoculant before sowing. To assess nodula-
tion effectiveness in experiment 1, three plants

per plot were sampled at two months and at one
year after sowing. The rhizobia were re-isolated
and the identities confirmed through RAPD-PCR
fingerprinting using the primer RPO1 (Richardson
etal., 1995). Fertilizer-free nitrogen was applied
at seedling establishment, with 90 kg P,O, ha",
2000 kg CaCO,ha’', 100 kg K,SO, ha" and 20 kg
boron calcite ha™.

Evaluation of survival, growth and biomass

To assess plant establishment (%), live plants in one
of the 3 m rows per plot were counted at the start
of the second growing season (autumn). The plant
height (cm) was measured at the end of the second
winter (August) to determine growth and the class
of winter dormancy, with dormancy classes that
ranged from 3 to 10: dormant (3, 4); semi-dormant
(5); winter-active (6, 7); and highly winter-active
(8, 9, 10). The plant biomass was determined by
cutting the entire plot to 5 cm at the end of the
growing season (December) in the first year of
the experiments and in September, November
and January in the second and third years. For
dry matter (DM) determination, the plant samples
were oven-dried with forced-air ventilation at 70
°C until a constant weight was reached.
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Table 3. Plant height (cm) at the end of the winter period in 2014 and biomass production (kg DM ha™) of perennial

legumes in two seasons (experiment 2).

Biomass

Species Cultivar Plant height 18/12/13 26/08/14 05/11/14 Total 2014
Alta Sierra 543 1,256 3,586 5,317 8,903
Aragon 1 49.0 1,158 2,423 4,536 6,959
Alcoroches 35.0 1,148 2,459 4418 6,877

Medicago sativa 1€ 2 485 1,228 2,584 4,948 7,532
Mediterranea 57.3 1,240 3,077 4,402 7,480
WL903 55.8 1,807 4,057 6,478 10,536
Alta Sierra 545 1,056 3,848 5,051 8,899
[llapata

Hedysarum Bonasasi 143 593 74 0 74

coronarium

5% LSD 34 572 665 1212 1,595

Phenological studies of lucerne cultivars

Sixteen cultivars and accessions of lucerne, with
nine from Australia, two from Spain, two from
California and three of Andean origin, were evalu-
ated on raised beds at the experimental center of
Cauquenes-INIA in 2013 (Experiment 3; Table
4). The seeds were pregerminated in petri dishes
at 20 °C and were inoculated with rhizobia strain
WSM2141 with the lime pelleting of seeds. A
mixture of PO, (35 g m?) and K,O (17.5 g m?)
fertilizer was applied. Each variety was planted
in a single 1.1 m row with 20 cm spacing between
the plants on July 15, 2013. The raised beds were
filled with 1.5 m of granitic soil.

Twenty individual plants were evaluated twice
each week to distinguish four phenophases: folia-
tion (days from emergence to appearance of the
first true leaf), flowering (days from emergence
to appearance of the first flower), fructification
(days from the first flower to the first fruit) and
summer dormancy (approximately 50% of the
plants are dormant). Additionally, plant height
was determined at the end of winter (August) and
biomass production in August and December.

The results were evaluated with analysis of variance
(ANOVA). When differences were statistically
significant, a least significant difference (LSD)

comparison was used to separate means with a
confidence level of 95% (P < 0.05). All statistical
analyses were conducted with the SAS statistical
software package (SAS Institute Inc., Cary, North
Carolina, USA, 1999) for Windows V8.

Results
Plant survival and winter growth

In experiment 1, the survival of plants was very
low (< 16%) for L. tenuis, L. corniculatus and
H. coronarium three years after establishment
(Figure 1). The nine cultivars of M. sativa all
had survival rates greater than 80%, with ap-
proximately 90% survival of the SARDI Grazer,
Venus and SARDI Ten cultivars (Figure 1). In
experiment 2, the survival rates of H. coronarium
were below 40%, whereas for all the accessions
of M. sativa, the survival exceeded 85% (Figure
2). The few surviving plants of L. tenuis and L.
corniculatus accessions in experiment 1 also
had low winter growth. Hedysarum coronarium
cv. Toscana had higher growth than that of cv.
Wilpena (Table 2). The nine cultivars of M. sa-
tiva differed significantly in plant height in the
winter period; the tallest cultivars were SARDI
Ten, Aquarius and Genesis, whereas the cultivars
with the lowest winter growth were WL326HQ,
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Table 4. Plant height, total and winter biomass production and winter activity class of 16 cultivars of lucerne in raised

beds in 2014 (experiment 3).

Winter Activity Plant Height Winter Biomass Total
. Class (cm) (kg ha) Blomaﬁs

Cultivar (kg ha!)
Aquarius 8 55.3 2,812 8,988
WL458HQ 6 52.3 3,612 11,161
WL326HQ 4 39.0 2,302 11,709
Venus 5 46.3 2,419 12,135
Genesis 7 60.4 5,015 16,153
SARDI Five 5 443 2,312 9,197
SARDI Seven 7 52.7 3,603 12,247
SARDI Ten 10 55.0 3,965 12,303
SARDI Grazer 6 50.0 2,726 10,267
Alta Sierra 67.5 4317 9,378
Aragon 1 50.9 2,048 5,981
Alcoroches 443 1,778 6,485
Mediterranea 67.5 4,142 10,333
WL903 9 52.8 3,190 10,721
Alta Sierra Illapata 1 70.1 3,982 10,062
Alta Sierra Illapata 2 64.5 3,790 9,285
5% LSD 12.1 1,172 3,18

WL426HQ and Venus (Table 2). The accession
of H. coronarium in experiment 2 had much
lower winter growth than that of the cultivars
of M. sativa (Table 3), and the differences in
growth among M. sativa cultivars were small.
In the raised bed experiment (experiment 3),
differences in winter growth were more evident
among cultivars of M. sativa (Table 4). The tallest
cultivars were Genesis, Alta Sierra, Alta Sierra
Ispallata 1 and 2, and Mediterranea, with height
that ranged between 60.4 and 70.1 cm; whereas
lower growth was observed for the cultivars
WL326HQ, SARDI Five and Alcoroches.

In experiment 1, all plants of M. sativa were nodu-
lated two months after inoculation, with nodule
numbers that ranged from 10 to 20. Determined
with RPO1-PCR fingerprinting, the average nod-
ule occupancy of strain WSM2141 was 74%. A
year after sowing, the nodule numbers of lucerne
were between 46 and 58; however, the nodule
occupancy of the inoculant strain (WSM2141)

was reduced to 36%. For Lotus spp., the nodule
occupancy of the inoculant strain (WSM166)
at the one year stage was 58%. One year after
sowing, although the average nodule number of
Lotus spp. increased to 30-40 per plant, none of
the recovered rhizobia strains corresponded to
strain WSM166. For H. coronarium, no nodules

Lotus tenius Ecotipo 4 B+

Maiten [+
Lotus corniculatus
Quimey

San Gabriel

Hedysarum coronarium
Wilpena
Toscana

Medicago sativa

WL326HQ | 80

Genesis

Sardi Five B

WL4SSHQ | £

Aquarius | £

Sardi Seven | 85

Sardi Graze | 83

Venus [ 0

=
=
=
=
=
=
=
=
=

SardiTen [ %

Figure 1. Plant survival (%) of perennial legumes three
years after establishment in experiment 1. The density at
establishment was 60 seedlings per plot (25 plants m?).
LSD = 8.8. The values indicate the percentages.
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FHedysarum coranarium
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Figure 2. Plant survival (%) of perennial legumes two
years after establishment in experiment 2. The density at
establishment was 60 seedlings per plot (25 plants m?).
LSD = 8.6. The values indicate the percentages.

were recorded two months after seedling inocula-
tion; however, a year after sowing, the surviving
plants were abundantly nodulated. Nevertheless,
when re-isolated, the bacteria did not match the
fingerprinting patterns of the original inoculant
(WSM 1592) and therefore were native or natural-
ized soil bacteria.

The seasonal production of biomass and the
phenology of lucerne

In experiment 1 in the first season (2012), the
plots were cut only once at the end of the grow-
ing period, and two groups of perennial legumes
differed significantly in yield. The highest produc-
tion (between 1,383 and 1,813 kg DM ha') was
obtained with lucerne in the first group, with no
differences detected among the cultivars. For the
second group, the production was lower (between
630 and 1,317 kg DM ha™) for the accessions of L.
corniculatus, L. tenuis and H. coronarium (Table
2). In the second and third years of evaluation
(2013 and 2014), the plots were cut three times
(September, October and January). The produc-
tion of lucerne was much higher in the second
and third years than that in the first season, and
ranged from 8,000 to 11,000 kg DM ha™ in the
third year. The top producing lucerne cultivars
were SARDI Ten and Aquarius with production
of 11,000 kg DM ha'. For the other three species

of perennial legumes, the yields were very low
(Table 2). In experiment 2 in 2013 in the first season
of assessment, the plots were cut once at the end
of the growing season (December); the lucerne
cultivars produced significantly more biomass
than that of H. coronarium (Table 3). In 2014, the
total production (with three cuts in the season) of
lucerne cultivars greatly exceeded that in 2013;
additionally, the biomass of H. coronarium was
very low. The most productive lucerne cultivar
was WL903, followed by Alta Sierra and Alta
Sierra Illapata.

In 2013 (experiment 1), the production of the
Australian-origin cultivars did not differ sta-
tistically in winter (August evaluation), with
production that ranged from 1,629 to 2,092 kg
DM ha'! (Table 2), but the winter growth of the
Californian cvs. WL326HQ and WL456HQ was
lower than that of the Australian cvs. However, in
the third year (September 2, 2014), no significant
differences were detected among lucerne cultivars
(Table 2). In experiment 2, the higher production
of lucerne cultivars than that of H. coronarium
was verified, with the most productive cultivars
during the winter period WL903, Alta Sierra
and Alta Sierra Illapata (Table 3). In the raised
beds, the winter production was significantly
different among the cultivars (Table 4), and the
most productive cultivars were SARDI Ten, Alta
Sierra Illapata, Mediterranea, Alta Sierra and
Génesis, with values ranging from 3970 to 5020
kg DM ha’. The less productive cultivars were
Alcoroches, Aragon, WL326HQ, SARDI Five
and Venus (Table 4).

The summer production of SARDI Ten was sig-
nificantly higher (3,275 kg DM ha’'; Table 3) than
that of the other lucerne cultivars in experiment
1, with no significant differences among the other
cultivars. The Lotus corniculatus cultivars San
Gabriel and Quimey produced between 1,088 and
1,644 kg DM ha! (Table 3). In experiment 2, no
differences in summer production between the
lucerne cultivars were found, with production
that ranged from 1,565 to 2,340 kg DM ha™'. The
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other genotypes did not produce in the summer
(Table 3).

For the lucerne cultivars, the time from plant
emergence to appearance of the first trifoliate
leaf ranged from 42 to 51 days, and the flower-
ing time ranged from 153 to 161 days. The first
fruit appeared between 173 and 176 days after
plant emergence.

Discussion

The study area received very low rainfall in two
of the three experimental years (2012 and 2013),
and therefore, the evaluation of perennial legumes
was conducted under the most extreme condi-
tions expected. For M. sativa, plant survival was
high in these dry conditions (over 80% survival;
Figure 1). The production of lucerne cvs. SARDI
Ten and Aquarius averaged 8.4 t ha™ in 2013 and
11 tha' in 2014, years that received 397 and 570
mm of annual rainfall, respectively (61% and
87% of the long-term average annual rainfall,
respectively). The apparent water use efficiency
of lucerne in this study (19-21 kg DM ha mm!
of rainfall) is much greater than that reported for
similar Mediterranean climates in southern Aus-
tralia (Latta et al., 2002, Ward, 2006; Humphries
et al., 2008). This increases in efficiency likely
caused by the greater root volume and the water
holding capacity of the soil at this location. For
the temporal distribution of lucerne production
(Table 2), approximately half of the forage was
produced in September and October when rain-
fall was 16 mm and 48 mm in 2013 and 2014,
respectively, indicating that stored soil moisture
likely contributed to plant growth. A further 20%
of the forage was produced between November
and January when rainfall was negligible. The
out-of-season production demonstrated that
lucerne could use stored soil moisture that is
not accessible to annual pasture species or it is
assumed, to the other, more shallow-rooted peren-
nial legumes evaluated in this study. Compared
with lucerne, the production of winter biomass

was proportionally higher in Lozus, with approxi-
mately 30% of the total in 2013 and 100% of the
production in 2014. For H. coronarium, 84% of
the production occurred in the winter; however,
this high proportion of production reflected the
high level of summer dormancy, which is used
as a drought tolerance mechanism for this spe-
cies. Hedysarum coronarium is drought tolerant
in the native environments of the Mediterranean
islands and in Australia but was not persistent in
this study. The poor persistence of this species
might be related to the absence of nodulation
that was observed in the first year. Similarly, the
low persistence of L. tenuis and L. corniculatus
could be caused by failures in the persistence of
rhizobia and therefore in the low effectiveness
of nodulation.

A key factor to successfully introduce a legume
into a new environment is the inclusion of an
effective symbiotic partner (Lindstrom et al.,
2010; Gerding et al., 2013). The strains used for
the inoculation of M. sativa, Lotus spp. and H.
coronarium were selected as effective strains for
these species, with some strains used as commercial
inoculants in Australia (Langer ef al., 2008; de
Koning et al., 2010; Howieson ef al., 2011). In this
study, strain WSM2141 was found in most of the
nodules from M. sativa two months after sowing
and in 32% of the nodules a year later; however,
in L. corniculatus, L. tenuis and H. coronarium,
the inoculant strains were completely displaced
by soil rhizobia. This difference in effectiveness
of inoculation could explain, in part, the high
performance of M. sativa compared with the other
legumes. Therefore, the study and selection of
naturalized or native soil rhizobia that effectively
nodulate Lotus spp. and H. coronarium and that
are adapted to the Chilean Mediterranean condi-
tions are essential for future field studies.

The growth of plants during the winter period
differed among species and cultivars, with the
difference between the growth of Lotus spp. and
that of M. sativa well known. The differences in
growth observed among the lucerne cultivars were
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correlated with the degree of winter dormancy.
For example, the Californian cvs. WL326HQ
and WL426HQ had dormancy ratings of 4 and
6, respectively, and both had low winter growth,
particularly the cv. WL326HQ (Tables 3 and 95).
Similarly, the cvs. Aragon and Alcoroches, with
high degrees of winter dormancy (low dormancy
rates), had the lowest growth in the winter. The
winter growth observed in experiment 3 (Table 4)
was clearly reflected in the dormancy rates of the
Australian cultivars: 5 (SARDI Five and Venus), 6
(SARDI Grazer), 7 (SARDI Seven and Genesis), 8
(Aquarius) and 10 (SARDI Ten) (Humpbhries et al
2004; Moore et al., 2006). However, the differences
in the field experiment were not as clear (Table 2).
In the raised bed experiment, as an indication of
low winter dormancy in the genotypes, the cvs.
Genesis and Mediterranea and the three accessions
of Alta Sierra also had high winter growth.

Among the lucerne cultivars, the differences de-
tected in total biomass production were not large; a
large group of cultivars exceeded 8,000 kg DM ha'!
that included Genesis, SARDI Ten, SARDI Seven,
WL903, Venus, Aquarius and the three genotypes
of Alta Sierra. These levels of biomass production
are greater than those obtained in drylands in South
Australia by Humphries et al. (2008). The high
production of the accessions of the ancestral Alta
Sierra lucerne is particularly relevant because this
germplasm originates from the Illapata Valley in
northern Chile. The Spanish settlers introduced
lucerne into the valleys of the Atacama Desert,
with the first reports of cultivation in 1713 (Hidalgo,
2004). The adaptation of the Alta Sierra provides
a notable case study on the natural selection of
lucerne over the past three centuries to different
grazing systems and cutting across a range of en-
vironments. Thus, the Alta Sierra cultivars are an
immensely valuable and unique resource for plant
breeders because these cultivars are the product
of 20-60 generations of farmer-based selection for
tolerance to drought, salt and grazing.

Compared with the annual legumes currently
used in the Mediterranean zone of Chile, the
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growth dynamics with the seasonal distribution
of production is one of the most relevant aspects
of incorporating perennial legumes into livestock
farming systems (Humpbhries e? al., 2008). The
production obtained at the end of winter is a re-
source of high value because for annual pastures,
this is a period of essentially no production. The
high production in spring is another resource of
high value for conserving forage and haymaking.
Furthermore, the production in late spring/early
summer is a resource that can extend the graz-
ing period for approximately two months. The
typical production of annual legume pastures
does not exceed 4,000 kg DM ha™! because of the
short period in which water is available at the soil
surface (Ovalle et al., 2005; Espinoza et al, 2011),
with senescence occurring in late October/early
November. In contrast to the annual pastures,
lucerne uses the available water in deeper soil
profiles and remains active and growing until the
first half of January. In the study of the phenology
of lucerne cultivars in raised beds, the genotypes
all reached foliation, flowering and fruiting in
similar periods of time.

In conclusion, several cultivars of lucerne had
high rates of survival when the plants were estab-
lished under conditions of severe summer water
stress that prevailed in the interior drylands of
the Mediterranean subhumid zone of Chile. By
contrast, the genotypes of the genera Lotus and
Hedysarum did not persist in this environment.
Among the lucerne cultivars, the differences in
total production were not large, and a large group
of cultivars exceeded 8,000 kg DM ha''. The
cultivars Genesis, SARDI Ten, SARDI Seven,
WL903, Venus, and Aquarius and the three An-
dean Alta Sierra accessions were among the most
productive. The cultivars with low or no winter
dormancy were most productive and therefore the
most appropriate for the rain fed Mediterranean
conditions of Chile. Moreover, with the low winter
dormancy lucerne cultivars, the distribution of
seasonal forage production increased. Indeed, the
most productive cultivars produced 2,000 kg DM
ha' in late winter, compared with zero by any



VOLUME 42 N°3 SEPTEMBER - DECEMBER 2015 471

of the annual legume options currently used in
production systems. Furthermore, the production
in late spring-early summer can prolong animal
grazing for approximately two months, compared
with grazing with annual legumes. Thus, based
on these first, preliminary results for perennial
legumes, the potential of lucerne as a forage crop
in the interior drylands of central Chile is high.
However, more research on rhizobial strains,
nodulation, plant growth and biomass accumula-
tion, and root distribution and water use, among

other factors, is required to better understand the
persistence of perennial legumes in these rain
fed environments.
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Resumen

C. Ovalle, S. Espinoza, V. Barahona, M. Gerding, A. Humphries, y A. del Pozo. 2015.
Alfalfay otras leguminosas perennes ofrecen nuevas opciones para la produccion ganadera

de secano en la region de clima mediterraneo de Chile. Cien. Inv. Agr. 42 (3): 461-474. En

ambientes mediterraneos de secano, la productividad de leguminosas anuales es baja durante el

otofio y el invierno, y la senescencia tipicamente comienza a mediados de la primavera debido

a la baja disponibilidad de agua en el suelo. Por lo tanto, el uso de leguminosas perennes con

raices pivotantes profundas puede proporcionar una alternativa a las leguminosas anuales en las

regiones con un déficit de humedad del suelo. Se evalu¢ el germoplasma de nuevas leguminosas

perennes con sistemas de raices profundas en dos experimentos de campo en el secano interior

de Chile central. En el experimento 1, se evaluaron dieciséis genotipos de cuatro especies

de leguminosas perennes, nueve cultivares (cvs.) de Medicago sativa, dos de Hedysarum

coronarium, tres de Lotus tenuis y dos de Lotus corniculatus, durante tres temporadas (2012-

2014). En el experimento 2, se evaluaron ocho genotipos adicionales de dos especies de

leguminosas perennes (M. sativa'y H. coronarium) entre 2013 y 2015. Ademas, se evaluaron

dieciséis cultivares y accesiones de M. sativa en bancadas, nueve de Australia, dos de Espaiia,

dos de California y tres de origen andino. Se evalu6 la supervivencia de la planta, la nodulacion,

altura de la planta al final del periodo de invierno y distribucion temporal de la produccion de

biomasa. La persistencia de cultivares de M. sativa fue alta (mas del 80% de supervivencia a los

tres aos), pero solo la alfalfa produjo altos rendimientos (8-11 Mg ha! en la tercera temporada).

Se detectaron diferencias significativas para la produccion de invierno entre los cultivares de

alfalfa, lo que estuvo asociado a la clase de actividad de invierno, pero no se encontraron

diferencias en la produccion total de biomasa. La persistencia de L. tenuis, L. corniculatus

y H. coronarium fue pobre y la produccion de biomasa fue baja, muy probablemente porque

los rizobios no pudieron persistir. Sobre la base de estos resultados preliminares obtenidos en

leguminosas perennes, la alfalfa tiene un gran potencial como cultivo forrajero en el secano

interior Chile central. Sin embargo, se requiere de mas investigacion acerca de las cepas de

rizobios, nodulacion, crecimiento y acumulacion de biomasa, la distribucion de la raiz y el uso

del agua, entre otros factores, para entender mejor la persistencia de las leguminosas perennes

en ambientes de secano.

Palabras clave: alfalfa de secano, legumbres perennes, praderas Mediterraneas.
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