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Development of a breeding pool for a grazing Lupinus polyphyllus
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Abstract Maternal seed lines from 31 elite plants
of Lupinus polyphyllus were selected in 3 breeding
cycles over 8 years from 46 accessions for growth,
stock acceptability under grazing, and persistence
under low fertility conditions in New Zealand. Most
elite plants derived from an accession from
Germany rather than from horticultural hybrid
accessions.
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INTRODUCTION

The perennial lupin (Lupinus polyphyllus) and
horticultural "Russell" lupin (L. polyphyllus x L.
arboreus) have in recent decades shown high
potential as revegetation species for degraded areas
(Lambrechtsen 1986; A. H. Nordmeyer pers.
comm.) and as grazing pasture species under low
fertility conditions for loose textured soils of the
mid-rainfall high-country tussock grassland sites of
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New Zealand (Davis 1981; Scott & Covacevich
1987; Millar 1989; Scott 1989,1994; Kitessa 1992;
White et al. 1995). Because of the increasing
evidence of the species' potential as a grazing
legume, the present work was initiated to more
widely screen available genetic material of
L. polyphyllus for suitability under grazing, and to
select elite material that could be the basis of a
herbage cultivar.

The blue-flowered L. polyphyllus with an
unbranched inflorescence was first taken into
horticulture in the United Kingdom from a
collection made by Douglas from northern
California or Washington in 1826 (Dunn & Gillete
1966; Dunn 1984). During the period 1911-1937,
George Russell crossed L. polyphyllus with L.
arboreus, L. nootkatensis, and perhaps other
species, to get the multi-coloured, dense,
unbranched inflorescence characteristic of the
released horticultural cultivar "Russell" (Hadfield
1960; Gorer 1970). In Europe there has been further
selection for smaller plants for horticultural
purposes. Other introduced L. polyphyllus material
has been used, particularly in eastern Europe, for
green manure and revegetation (Kramer 1981;
Slapokas & Granhall 1991; Dovban 1994).
L. polyphyllus is an open-pollinated tetraploid
(Gorer 1970).

In New Zealand, the blue form of L. polyphyllus
was undoubtedly in horticultural use before 1940.
The areas of multi-coloured lupin in the inland
regions of the South Island of New Zealand came
from sowings or garden escapes of "Russell" lupin
in the late 1940s and 1950s (Scott 1994).

The first indication that L. polyphyllus may have
a role as a pasture legume came in the early 1980s,
when it was included among a range of other species
in a multi-species seeding mixture of pasture
legumes and grasses subjected to a range of fertiliser
and grazing managements (Scott & Covacevich
1987). It became the dominant species under
grazing and low fertiliser inputs. This dominance
has continued for 18 years in those trials, and in
trials in other areas of New Zealand (White et al.
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1995). In these and other trials the experience has
been that while rhizobia inoculation of seed
increases the rate of establishment of plants, plants
from uninoculated seed develop nodules within a
year.

In both grazing and revegetation situations the
species' success is believed to be due to its
efficiency under low soil P and S levels, possibly
through having "proteoid" roots which exude citric
acid into the rhizosphere to release soil nutrients as
inL. albus (Gardner et al. 1981).

Although seed used in the various naturalised
areas or controlled experiments in New Zealand
probably came from horticultural sources, the
successful plants are mostly of the blue-flowered,
open, loosely spiked form, suggesting that the
L. polyphvllus genome is dominant and that the
influence of other species in the hybrid is probably
minimal.

With the success of L. polyphyllus in low-
fertility rangeland conditions under grazing, the
objective of the selection programme reported here
was to identify specific elite lines for such
conditions. In the selection programme the general
strategy was to grow plants from a range of seed
accessions in a common low fertility environment,
and to select and save seed from individual plants
of superior growth, stock acceptability, and
persistence, based on several years of records.

MATERIALS AND METHODS

Seed lines from various sources were obtained
through the Margot Forde Forage Germplasm
Centre, AgResearch, Palmerston North, New
Zealand, of five species in addition to L. polyphvllus
and its horticultural hybrids (Table 1). The
L. polyphyllus accessions were from 20 naturalised
populations within New Zealand and 24 from
overseas.

The first selection cycle of 18 accessions was
done in a lowland environment (Lincoln) on
glasshouse-raised rhizobia-inoculated seedlings,
transplanted into the field in December 1987, and
scored for growth and morphological characteristics
in the autumn and following spring (Gibbs 1988;
Tesfaye 1989; Hill & Tesfaye 1993).

The second three-year selection cycle was at
the AgResearch Mt John trial site, Lake Tekapo,
into Tekapo soil cultivated from hieracium-infested
fescue tussock, and under an annual fertiliser rate
of 50 kg ha"1 S-fortified super-phosphate (50% S,
4% P). Seedlings of 39 accessions were glasshouse

raised, rhizobia inoculated, and transplanted into
the field in August 1988 into a randomised 1-m-
spaced plant grid of 3-20 plants per accession to
give a total of 400 plants. Most of the accessions
used in the first cycle were also used in the second
cycle. Visual scores of shoot growth (scale 0-8 with
8 = high) were made twice in the first growing year,
13 times in the second year, and 4 times in the third
year. Sheep acceptability was assessed once in the
second year and four times in the third year from
changes in growth scores in the days following the
start of sheep grazing (the sign of the regression
coefficient was reversed in presentation so that
positive values indicated high acceptability). Plants
were grazed 1^1 times per year after the first year.
Plant morphological characters were measured in
February of the second year. These were: diameter
of the largest compound leaf, number of leaflets,
width and length of the largest leaflet, flowering
stage, number and length of racemes, colour of top
and bottom florets, length, constriction, and
pubescence of pods, colour and weight of seed, and
total seed weight per plant.

The third three-year selection cycle was also at
the AgResearch Mt John trial site with hand sowing
by pressing seed into surface of hieracium-infested
fescue tussock fertilised with 50 kg ha~' S-fortified
super-phosphate. Seed from 96 elite plants of the
second cycle (mostly based on high growth/vigour
scores), plus 15 further accessions were sown in
August 1991 in a 2-m grid using 5-50 seeds per
accession to give a total of 220C potential plants.
Visual assessment of shoot growth was made five
times in the second year and four times in the third
year, with sheep acceptability assessed twice in each
season. Some of the same morphological character-
istics recorded in the second cycle were noted on
the more vigorous plants in the third cycle.

Data analysis
The selection of elite plants in the second and third
cycle was based on field assessment of desirable
agronomic characteristics and visual scan of the
resulting data. The comparison between accessions
was by ANOVA for repeated design for unequal
sample sizes and Waller least significant differences
(SAS Institute 1989, proc glm). Relationships
between agronomic and morphological characters
were compared using canonical correlation (SAS
Institute 1989, proc cancorr). Of the variables
measured, some (e.g., leaflet length) were on a
continuous quantitative scale, most (e.g., growth
scores) were on an ordinal scale with few classes,


