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Interspecies hybrids and polyploidy
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Polyploidy has featured strongly in plant evolution as a means of conserving favoured
hybrid combinations during sexual reproduction. Combining different genomes is
likely to extend adaptation rather than increase yield per se. Subsequent stabilization
by polyploidy depends on the degree of differentiation of the genomes and on the
breeding system, but success is mediated by low chromosome numbers while reduced
fertilities may be offset where the crop is harvested primarily for vegetative parts
and/or is perennial.

In old established grain crops like the cereals, raw synthetic polyploids are not
likely to offer immediate advantages but may be subsequently improved by arduous
selection in an extended gene pool (e.g. triticale). The relatively undeveloped herbage
grasses offer unique opportunities. Flexibility in grass swards is presently sought
through unstable mixtures of races and species. It is the breeders’ aim to combine
genetically the complementary features of these in stable varieties. Agronomically
useful hybrids between diploid Lolium species have been stabilized at the tetraploid
level through tetrasomic inheritance reinforced by a degree of preferential pairing.
This preferential pairing may be genetically enhanced, thus raising the possibility
of producing a new agriculturally useful amphiploid ryegrass species. Prospects for
developing useful amphiploid hybrids between less closely related Lolium/Festuca
species is considered and related to more limited objectives of transferring desirable
genes or gene complexes.
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INTRODUCTION

Induced polyploidy has two major consequences. The first is in the development of the plant,
chiefly through an increased cell size and related pleiotropic effects including larger but
fewer plant parts (the gigas effect). The second is on the genetic system, particularly in
preserving hybrid combinations over sexual generations through genome duplication. Almost
without exception it is the latter property that has featured in natural plant evolution in the
development of race and species hybrids with wider adaptability and a greater pioneering
potential than their parents (Stebbins 1950). Lewis (1967) developed this theme to point
out that there is little evidence that natural polyploids display what he terms exophenotypic
effects (= gigas characteristics) and considers that the diploid size must be retained or regained
during evolution. He further points out that since plants can, and usually do, achieve poly-

ploidy in certain somatic cells through controlled endoreplication, the significance of poly-
ploidy in evolution must be in the qualitative rather than quantitative aspects of the gene
complement. Schwanitz (1953) also points to the fact that many ‘gigas’ characteristics associated
with polyploidy can be achieved through selection at the diploid level. It is therefore logical
to consider that the greatest plant breeding benefits will derive from the use of polyploidy in
developing race and species hybrids (allopolyploidy) rather than from autopolyploidy per se.
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488 E. L. BREESE, E. J. LEWIS AND G. M. EVANS

APPLICATION OF POLYPLOIDY TO PLANT BREEDING

The discovery of the chromosome-doubling properties of colchicine more than 40 years
ago raised great expectations of the use of induced polyploidy in genetic manipulation. Its use
is attempted in three ways: (i) induced autopolyploidy in an attempt to improve yield or
quality (or appearance in the case of ornamentals) by capitalizing on the developmental
aspects of large cells and large parts; (ii) to restore fertility to sterile species hybrids with a
view to stabilizing them genetically (amphiploidy or allopolyploidy); (iii) to serve as a genetic
‘bridge between species in the transfer of gene complexes (Stebbins 1956; Dewey 1980).

A number of factors predispose success. First, the two near-universal consequences of
induced polyploidy are increased cell size and decreased fertility (Eigsti & Dustin 1955). Thus
crops that are harvested chiefly for their vegetative parts may enjoy advantages that are less
likely to be outweighed by reduced fertilities than seed crops. This advantage also applies
to crops which are perennial and/or asexually propagated (e.g. potatoes, herbage legumes
and grasses).

Secondly, experience has shown the importance of chromosome number and present ploidy
state. Many species have achieved optimal numbers beyond which growth and development
is inhibited. Similarly, most taxa have an optimal ploidy level and further additions produce
disharmonious growth or are difficult to stabilize. Amphiploid hybrids above this critical
level often lose chromosomes or whole genomes in later generations. In many crop plants
this optimal ploidy level appears to be hexaploid (Stebbins 1950). Thus for instance, in
triticale, breeding has been more successful with tetraploid wheats (2z = 28), which give
hexaploid (27 = 42) hybrids in crosses with diploid rye (2n = 14) rather than with hexaploid
bread wheat (Triticum aestivum) (2n = 42), which yield octoploid (27 = 56) hybrids (Larter
1976). Other examples are frequent in the literature and some are cited by Dewey (1980).
The conclusion is that beyond a certain ploidy level we may be forced to seek improvement
through the controlled introgression of genes or gene complexes rather than through genome
incorporation. :

Thirdly, the breeding system is important. Experience has shown that in polyploid breeding
it is important to assemble a large number of raw polyploids that can be intercrossed to
form a large gene pool followed by selection for improved performance. This is true for auto-
polyploid and allopolyploid breeding, and success in most polyploid breeding programmes has
undoubtedly been achieved by these means. Cross-fertilizing species are at an advantage in
securing this extended gene pool but there are important differences in the consequences of
inbreeding and outbreeding with respect to polyploidy which will emerge later.

Principles determining breeding strategies in allopolyploid breeding

Principles that govern our approach to a breeding programme are of two sorts, agronomic
and genetic.

From the agronomic standpoint it has to be borne in mind that wide hybrids and their
allopolyploid derivatives are usually successful in colonizing new habitats distinctly different
from those to which their progenitors have become adapted. The more radical the change in
genetic constitution the more radical is the change required in the environment (Stebbins
1956; Tigerstedt 1978). For well adapted, highly selected and intensively managed crops like
the cereals, wide polyploids are unlikely to offer immediate advantages, and improvement is
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likely to derive from the controlled introgression of genes and gene complexes. There are
exceptions, particularly in spreading the region of adaptation (e.g. triticale). At the other
extreme in herbage plants, where intensive grassland utilization is relatively recent, manage-
ment systems are now evolving to provide the new environments that novel allopolyploids
might exploit.

From the genetic point of view we have to consider first gene expression, particularly
dominance and epistatic relations, which determine the value of the hybrid, and second, gene
transmission during reproduction, which affects fertility and stabilty. In sexual allopolyploids,
the segregational properties of the genes depend on the ‘pairing’ relations of the homologous
and homoeologous chromosomes. In outbreeders, useful hybrid combinations can be preserved
even where the chromosome pairing is random through the effects of tetrasomic inheritance
(Stebbins 1953; Breese & Thomas 1978), though this will not obtain under inbreeding (Lewis
1967). Further stability is achieved through preferential pairing of homologous chromosomes.
This may arise even between closely related, relatively undifferentiated genomes, through
genetic control mechanisms (Riley & Chapman 1958).

These general considerations only achieve real significance when related to a specific crop.
Above all they indicate the need for an intimate knowledge of the crop and its requirements,
and of the biology and genetic relations of the target species. Here allopolyploidy and its
potential will be considered in relation to the herbage grasses with special reference to Lolium
and Festuca spp.

Breeding for agronomic flexibility in grasses

The Lolium/Festuca complex of species is adapted to a wide range of conditions, and the
four major agricultural species, L. perenne, L. multiflorum, F. pratensis and F. arundinacea, have
complementary characteristics, which are recognized as useful agronomic attributes. At
present the complementation of these attributes is possible only through the use of mechanical
seeds mixtures. These mixtures are difficult to manage because of competitive interactions.

The four species are related to an extent that will allow hybridization, and thus genetic
exchange, and it is a breeding aim to combine genetically their attributes through hybrids or
their derivatives. We would thereby achieve sward flexibility through genotypic versatility
rather than genetic heterogeneity.

TETRAPLOID LOLIUM HYBRIDS

The two ryegrasses, L. perenne and L. multiflorum, which are diploid (2n = 14), are the most
important grassland species in British agriculture. Together they offer a most useful comple-
mentation of characters and it has long been the aim to incorporate these characters in stable
hybrids. The species cross easily to produce fertile diploid F;s but in F, and later generations
there is transgressive segregation leading to rapid genetic deterioration, including a degree of
sterility (Naylor 1960).

Male-sterile clones have been used to produce commercial quantities of diploid F, seed
(J. Joordens, personal communication). An allotetraploid programme was started as an
alternative method, on the assumption that tetrasomic inheritance reinforced by a degree of
preferential pairing would arrest genetic deterioration during seed multiplication. The pro-
gramme was further advocated by the existence of valuable synthetic autotetraploid varieties
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of these species whose success derives from the larger cell size, bringing about reduced fibre
and thus improved feed quality. We may thus hope to exploit favourable physiological (exo-
phenotypic) effects of polyploidy together with stabilizing (endophenotypic) effects, giving
wider adaptation through hybridity.

Genetic assumptions and breeding tactics

The consequences of tetrasomy and partial preferential pairing in terms of gene segregation
have to be followed over enough generations (four or more) to achieve sufficient seed multi-
plication. First, consider a single gene locus with two alleles (4:B) in outbreeding populations,
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Ficure 1. Gene segregation in diploid and tetraploid hybrids over successive outbreeding generations:
percentage of population that are fully hybrid at seven loci, with two alleles (4: B), assuming no double
reduction and ‘that simplex, duplex and triplex (i.e. 444B, AABB, ABBB) genotypes give the hybrid
phenotype.

assuming random chromosome assortment (no double reduction) at the tetraploid level and
that simplex, duplex and triplex (i.e. A44B; AABB; ABBB) individuals confer the hybrid
phenotype. In the diploid, equilibrium is achieved in the F, with 509, hybridity. In tetra-
ploids, equilibrium is achieved exponentially after four or five generations. Then 87.59%, of
the population are hybrid with tetrasomic inheritance, increasing to 1009, with increasing
levels of preferential pairing (Breese & Thomas 1978). If we consider more loci, the disparity
between the different inheritance patterns becomes more striking. Figure 1 gives the situation
for seven unlinked loci. At the diploid level at equilibrium, only a small fraction of less than
[ 90 ]
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1% are hybrid at all seven loci. In tetraploids, on the other hand, more than 409, of the
population retain hybridity for all these loci, assuming tetrasomic inheritance, while this is
increased to over 509, with the moderate degree of preferential pairing assumed. Breese
(1981) has advanced comparisons to take into account combinations of these loci held in the
hybrid state, and shows that up to 809, of the populations will retain hybridity for at least
six loci by tetrasomic inheritance alone. Of course, amphiploidy will retain 1009, hybridity
at the duplex level.

If we equate the seven loci with the seven centromeres of the seven chromosomes of the
haploid L. multiflorum and L. perenne genomes, we can see the potentially high capacity of the
tetrasomic state alone to preserve hybrid combinations and how this can be considerably
reinforced by preferential pairing. Of course, the situation is grossly oversimplified. For
instance, we have to consider the gene linkages and recombination frequencies between the
homoeologous chromosomes. All this can only be determined by experiment and experience.

The above considerations emphasize the need to select specific F; hybrid combinations for
stabilization through tetrasomy. The breeding tactics were therefore the controlled paired
crossing of individual genotypes (clones) from existing tetraploid varieties or newly induced
tetraploid populations, followed by the selection of individual Fys for fertility, stability and
agronomic performance.

Fertility, uniformity and stability

In selected hybrids, relatively good fertilities were achieved despite fairly high levels of
aneuploidy. In common with other ‘raw’ tetraploids, aneuploid gametes arise in the tetraploid
hybrids from the irregular disjunction of quadrivalents and the presence of trivalents and
univalents. In herbage crops a proportion can be tolerated since the less vigorous tend to be
crowded out.

For individual plant characters the hybrids vary considerably in their uniformity, but
usually they appear much more conservative of genetic variability than the diploid hybrids.
The differences are less easy to quantify for individual characters in statistical terms because
of the high errors attached to variances. Also the variances of the tetraploid families may be
inflated by aneuploidy effects.

The stability of mean performance over generations also varies. For selected families, the
change from F, to F; (equilibrium) is less than would be expected from tetrasomic inheritance
and bespeaks a degree of preferential pairing as considered later.

Hybrid performance

Differences between F; families in performance as well as uniformity are marked (Breese
et al. 1975). It will be appreciated that the method is largely empirical and has not so far
involved critical experiment to determine the precise dominance and interactive properties
at the tetraploid level of the genes controlling the different characters. Nevertheless, generalized
comparisons of dominance relations can be made with respect to parental varieties of the
different species. Thus in some of the hybrids the dominance of the Italian ryegrass parent
is apparent up to the heading phase, when there is a switch to partial dominance of the
perennial parent during recovery growth. This switch affects the canopy structure of the
sward, which leads to more stable yields over frequent and infrequent defoliation than either
parent and offers a possible greater flexibility for conservation and grazing managements.
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Commercial varieties have now been produced that offer good conservation potential coupled
with early and late grazing. They are highly palatable and have digestibility and intake
characters that match or exceed the high quality of Italian ryegrass. Good winter hardiness
and tolerance of drought and some diseases have been incorporated.

Future prospects

The hybrids thus show that it is possible to combine a plastic response to controllable
(management) variables with low sensitivity to uncontrollable (environmental) variables. As
pointed out, these first (primary) hybrids are single crosses between selected pairs of clones
of the two parental species. Thus although hybridity is maximized between homoeologous
chromosomes it is minimal between homologous chromosomes. Clearly the technique offers
scope for the production of a wide range of such hybrids that are still better ad to
conservation and for grazing conditions. It allows rapid selection at the diploid level for
complementary genotypes and uniting these in relatively stable tetraploids. But in fully
exploiting this we need to know more of the dominance and epistatic relations of the genes
controlling the various characters at both the diploid and tetraploid level so that we may
reduce still further the empiricism currently involved in selecting parents and hybrids. But
the tetraploid state offers the possibility of a second dimension of hybridity, that between
homologues of the same genome, and thus affords further opportunities for enhancing heterosis
and extending adaptability. This course, however, requires a fundamental reappraisal of the
relations between chromosomes and the consequent segregational properties when more than
two alleles are involved at a locus. For tetrasomy it can be shown that only 37 %, of a population
at equilibrium is heterozygous for all four possible alleles at a single locus and only a very
small proportion of the population is simultaneously fully hybrid for even three loci. It can
also be shown that maximum hybridity cannot be advanced beyond 44 9%, even for a single
locus.

Apart from the inability to maximize hybridity with more than two alleles, tetrasomic
segregation will also of course hamper the selection and stabilizing of desirable gene combi-
nations in new varieties. Secondary hybridity will no doubt add to the genetic heterogeneity
of the population, and by intercrossing our primary hybrid we can effectively create a new
hybrid ryegrass species of the status of 4x Dactylis glomerata (cocksfoot). However, to continue
to add more accurately to genotypic flexibility we require a more precise control of the
chromosome pairing. We thus need to enquire more into the basis of stability and uniformity
of the primary hybrids.

CHROMOSOME AFFINITIES IN LOLIUM HYBRIDS
Pairing preferences

The diploid hybrids between L. multiflorum and L. perenne regularly form bivalents and
thus there is no indication of marked structural differences between the genomes. Nevertheless,
the allotetraploid hybrids show on average an increased number of bivalents and a consequent
reduction in multivalents compared with autotetraploids within the parental species. This
suggests, but does not prove, a degree of preferential pairing.

More precise information in pairing preferences is now being obtained through the segre-
gational patterns of enzyme variants (isozymes), which can be used as a means of genetically

[ 92]


http://rstb.royalsocietypublishing.org/

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rstb.royalsocietypublishing.org

INTERSPECIES HYBRIDS AND POLYPLOIDY 493

marking the different chromosomes. Using variants of the enzyme phosphoglucoisomerase
(PGI/2), Breese & Thomas (1978) have estimated preferential pairing of the order of 349,
among basic F; plants of the tetraploid hybrid cv. Sabrina. It would thus appear that the
selection of this hybrid on the basis of its performance and stability had indeed involved a
degree of preferential pairing, at least in the initial F; generation. To what extent this control
is maintained in later generations is difficult to determine in this hybrid from the use of the
PGI/2 locus. This is because we cannot completely identify parental chromosomes with isozyme
allele for all basic plants. However, an analysis was carried out on samples from nine different
seed lots of F;/Fg generations produced commercially in various parts of the country (E. W.
Bean, unpublished). As expected, the data were too insensitive to detect differences between
complete tetrasomic inheritance and partial preferential pairing, but they demonstrated that
this level was significantly short of complete. The results were valuable in showin%?. that the
gene frequencies of the original F, plants had been consistently preserved over all seed lots,
thus indicating that there had been no differential loss of parental genomes, for this marker
at least, by selection or through aneuploidy. At the same time, through their genotypic
frequencies, they demonstrated the need to increase preferential pairing before secondary
hybridity could be usefully exploited.

Prospects for improving preferential pairing

Cytological evidence shows that the degree of bivalent formation varies markedly for different
Fis and would thus appear to be under genetic control. Most importantly, isozyme and other
genetic markers have now been used to demonstrate that the degree of preferential pairing

- varies widely between different L. multiflorum x L. perenne hybrids for at least two loci (table 1).

More precise evidence of genes controlling variation in the degree of association of homoe-
ologous chromosomes is available from hybrids between other species in the Lolium genus.
Thus in an experimental cross between L. temulentum and L. perenne it was established not only
that B chromosomes suppressed pairing in diploid hybrids and promoted bivalent pairing
in the tetraploids, but that there were genes on the A chromosomes of L. perenne that had a
similar and supplementary effect (Evans & Macefield 1972; Taylor & Evans 1977). Recent
work by G. M. Evans & E. W. Davies (unpublished) with isoenzyme marker genes confirms
that where bivalent association is enhanced in tetraploid hybrids it is between homologous
chromosomes. These results are summarized briefly in table 2.

The usefulness of B chromosomes in breeding work is questionable owing to their non-
mendelian inheritance and their dispensible nature. However, any variation on the A chromo-
somes is potentially useful and could possibly be utilized in breeding programmes.

There is thus evidence to suggest that useful genetic variation in terms of chromosome
pairing control at the hybrid level exists within the parental species. A selection programme
is now under way to use these genes in enhancing the degree of pairing in allotetraploids. This
programme may also throw light on the nature, and hence the selective value, of such genes
in the diploid parents since their most obvious effects are concerned with polyploid hybrids.
Waines (1976) has advanced the argument that they may function as an isolating mechanism
at the species level by reducing chromosome pairing and consequently the fertility level
between diploid interspecific hybrids.
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Incorporating pairing genes from other species

The stability and high fertility of triticale is dependent to a large degree on the action of
the Ph gene from wheat. Not only does it suppress pairing between homoeologous wheat
chromosomes but it also suppresses the synapsis of wheat and rye chromosomes. It is very
likely that diploidizing mechanisms similar to the PA locus in wheat occur in many other
polyploid taxa. Although there are no known instances of natural polyploidy in the genus

TABLE 1. GENOTYPIC VARIATION IN LEVEL OF PREFERENTIAL CHROMOSOME PAIRING IN TETRA-
PLOID L. PERENNE X L. MULTIFLORUM CALCULATED FROM GENETIC SEGREGATION AT TWO LOCI

range in percentage preferential pairing

locus random chromosome assort. random chromatid assort.
anthocyanin ‘c’ 0-21.85 0-39.22
PGI/2 0-44.10 13.79-56.54

TABLE 2. CHROMOSOME PAIRING IN TETRAPLOID
L. TEMULENTUM x L. PERENNE HYBRIDS

preferential
bivalents pairing
hybrids per cell (%)
L. temulentum (Ba 6902) x L. perenne (clone A)
0B 12.4 38.5
4B 13.0 84.4
L. temulentum (Ba 6902) x L. perenne (clone B)
0B 11.5 0
4B 12.5 48.3

Note: (a) Ba 6902 is a homozygous line; (5) both L. perenne parents contained identical B chromosomes.

1 Based on segregation at three unlinked isozyme loci.

Lolium itself, they abound in the closely related Festuca. Although a pairing control mechanism
has not been clearly identified in these natural allopolyploids, there are strong indications of
its presence (Adams & Allard 1977; Lewis et al. 1980; Jauhar 1975). As a long-term commit-
ment, therefore, the identification and incorporation of such a mechanism into synthetic
hybrids is indicated.

Either by selection within the species, or by incorporation of specific genes controlling
homoeologous pairing, we thus have good prospects of producing a new amphidiploid rye-
grass species with greater agronomic flexibility. It would then provide new opportunities for
widening adaptability still further through secondary hybridity of homologous chromosomes.
At this stage the incorporation of a third diploid genome from related Festuca spp. could be
considered. ‘

Lorium/FESTUCA HYBRIDS
Hybrids between Lolium spp. and F. pratensis

Meadow fescue (F. pratensis, 2n = 14) is agriculturally far less important than the rye-
grasses in the United Kingdom and complements these species in but a few characters. Never-
theless, the combination of these characters has been attempted by numerous workers (e.g.
Jenkin 1933; Reusch 1959; Wit 1959; Hertzsch 1966), encouraged by the fact that natural
hybrids that are very competitive are frequently found in certain habitats.
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These Festulolium diploid hybrids, both natural and artificial, are highly sterile, which has
been considered to be genic (Reusch 1960) or chromosomal (Ahloowalia 1965). Induced
polyploidy restores fertility to a fairly high degree (Lewis 1972), and the formation of bivalents
is higher than in the Lolium hybrids (table 3), suggesting a higher degree of preferential
pairing. However, as shown in table 3, the level of bivalent association varies with the geno-
type, again indicating scope for improvement by selection (Osborne et al. 1977). A number of
potential varieties of both amphiploids (i.e. F. pratensis hybridized with both Lolium species)
show some complementation for late summer growth and good drought and winter hardiness
(Lewis et al. 1973). Although markedly superior in yield to meadow fescue, these hybrids

TABLE 3. CHROMOSOME PAIRING IN AUTOTETRAPLOIDS AND
ALLOTETRAPLOIDS IN LoLIUM—FESTUCA

mean frequency

II v
L. perenne (4x) 6.5 (5.2-7.6) 3.4 (3.0-3.6)
L. perenne x L. multifiorum 9.0 (6.6-10.9) 2.1 (1.2-3.6)
L. perenne x F. pratensis 10.4 (8.8-11.8) 1.1 (0.6-1.6)
L. multiflorum x F. pratensis 10.8 (9.6-12.6) 0.8 (0.2-1.6)

have not so far matched the ryegrass parents or ryegrass hybrids under intensive U.K.
conditions. Their tolerance of environmental stresses may, however, widen their adaptability
into newer grassland areas. The amphiploids are also being backcrossed to the ryegrass
parents with the aim of transferring the more desirable gene combinations of the fescue.

Hybrids between F. arundinacea and Lolium spp.

Next to the ryegrass hybrids, the combination of tall fescue with Italian ryegrass (F. arundi-
nacea x L. multiflorum) would appear to offer the greatest complementation in characteristics,
particularly for an increased, persistent conservation model. As such, it has received perhaps
wider attention than most other interspecific hybrids (Terrell 1966). The hybrid with perennial
ryegrass also has potentially high agronomic value.

F. arundinacea is an outbreeding hexaploid species (2n = 42) considered to be an amphi-
diploid, involving three basic diploid genomes (Lewis et al. 1980), with a close relationship to
the Lolium spp. and F. pratensis. Fy hybrids with the Lolium species are sterile, but fertility is
restored in chromosome-doubled forms (2rn = 56) (Buckner et al. 1961; Lewis 1966). The
initial amphiploids have a high level of bivalent pairing, which is assumed to be preferential
since the 28 chromosome undoubled hybrid shows a high number of multivalent associations
and hence homoeologous pairings. It would thus appear that the genes controlling pairing in
hexaploid tall fescue extend their influence to control pairing to some extent in the octoploid
hybrid. However, the control is not absolute; a proportion of multivalents and univalents are
formed, leading to chromosome loss and subsequent genetic instability (Lewis 1966). There is
some parallel here with the instability of octoploid triticale considered earlier; this must
raise the question of the hexaploid as an optimum number in these crop plants. In the Festuceae
generally, however, octoploid and higher ploidy levels are not uncommon and this encourages
the hope of developing more stable higher ploidy hybrids.

Although stably combining genomes of Lolium species with F. arundinacea has proved an
elusive goal, polyploidy can be used as a genetic bridge for the transfer of genes and gene

44 [95] Vol. 292. B
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combinations between the parent species. Thus certain quality characteristics have been
transferred from L. multiflorum into F. arundinacea (Buckner et al. 1977). In the United Kingdom
we are attempting the transfer of valuable genes from the tall fescue to the ryegrass parent.

The scope for this form of genetic transfer is enormous in the wide range of related Lolium—
Festuca species.

In polyploid breeding, whether for combining genomes or genetic transfer, the limits are
initially set by the numbers of hybrids that can be obtained. The crossability of the species
varies markedly between different genotypes of donor species as well as between species.
The development of tissue culture techniques for embryo culture and ultimately somatic
hybridization (Cocking 1977) offers hopes of overcoming these obstacles (Dale 1976).

CONCLUSIONS

In this paper we have chiefly considered polyploidy as a means of genetically stabilizing
interspecific hybrids in grasses. A number of features of the crop advocate such an allopolyploid
breeding programme. First, there are unique opportunities for producing new and novel
hybrids and their derivatives that are better adapted to intensive grassland systems than
existing species. Secondly, since seed fertility and seed yield are not at a premium and a degree
of non-uniformity may be tolerated, a range of polyploid techniques may be used. It is clear
that polyploidy can be a valuable tool in combining genomes or facilitating genetic exchange,
but its effective use depends on (i) defining realistic objectives in relation to the require-
ments and biology of the crop, (i) a knowledge of the dominance/epistatic relations of the
genes in the polyploid state, and (iii) an understanding of the nature and genetic control of
homoeologous (intergenomic) chromosome pairing.
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