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INTRODUCTION

Birdsfoot trefoil (Lotus corniculatus L.) is one of our

leguminous forage crops. It has gained some importance in
North America since 1934, when Professor Johnstone-Wallace

of Cornell University found a type adapted to New York State.
It appears to be especially suited to long term pasture
seedings and to have a very definite place in modern grass-
land farming and soll conservation practices. But the
potential value of this legume will not be realized until
pPlant breeders are able to combine the growth characteristics
of some of the more productive European strains with the
hardiness of the New York type found by Professor Johnstone-
Wallace. It may also be possible to introduce characteristics
from related species or to produce new polyploid combinations
which may have agronomic value.

Plant breeders are belng hampered by a lack of basic
informetion which they need in order to establish effective
plant breeding procedures. The objective of the studies
reported in this dissertation is to obtain bvasic cytogenetic
knowledge which may lead to more effective breeding prograns.
It includes a survey of the genetic variation present within

Lotus coraniculatus L., a discussion of the taxonomic limits

of the gpecies and some consideration of its relationships to
other species within the genus. The work reported on the

latter aspect is of a preliminary nature only as it was not
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stressed after it was learned that Dr. Kai Larsen of
Copenhagen is also working on this problem for the whole
genus. However, the preliminary work did illustrate the
extent of the taxonomic problem and the chaotic state of the
knowledge of taxonomy of the genus Lotus. This led to the
formation of an extensive co-operative research project
involving Dr. Larsen of Copenhagen with Drs. E. O. Callen
and W. F. Grant and the writer of Macdonald College and
having as 1ts objecotive the preparation of a biological
monograph on the genus Lotus.

The genetics of certain segregating characters was
investigated to determine the method of inheritance in Lotus

corniculatus. The extent of this work was limited by the

difficulties in obtaining suitable characters for study.
However, some useful evidence on the occumence of tetrasomic
inheritance was obtained.

A study of the genetics of self-incompatibility is
presented and discussed. This work was emphasized after
preliminary work suggested that some genetic mechanism other
than those previously proposed for other species might be
involved. Attempts to solve this problem led to the discovery
of an association between self-incompatibility and the
proportion of the available ovules that may be fertilized in
different species in the genus Lotus.

These investigations should be considered as an explor-

ation of some of the cytogenetic phenomena of Lotus corniculatus
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that may be of some direct interest to plant breeders. They
have revealed cytogenetic problems requiring more intensive

study.




LITERATURE REVIEW

The genus Lotus

Brand (1898) included only 0ld World species in the
genus Lotus., Ottley (1923, 1944) believed that the New

World taexa Hosackia, Acmispon, Anisolotus and Syrmatium,

which some authorities consider separate genera, should all
be included in the genus Lotus. She emphasized that she
could find no acceptable characteristics for separating the
01ld World and New World species into different genera and
that the main reason for the separation was the claim by
Brand that this separation would render & general survey of
"Lotus" easier.

Isely (1951) considered the 01d and New World taxa
congeneric and provided the following taxonomic description
of the genus:

"Plants perennial or annual. Leaflets 1-13, pinnately
or palmately foliate. Stipules small or glandlike.
Flowers in pedunculate, axillary clusters or solitary,
yellow, white or red. Keel petals generally fused
both above and below. Stamens diadelphous, Style
curved, Pods oblong, several seeded, dehiscent."

Brand (1898) divided the 014 World Loti into two subgenera;

Pedrosia and Edentolotus. He subdivided Pedrosia into two

sections, Helinekenia and Bupedrosia; and Edentolotus into five

sections, Krokeria, Xantholotus, Erythrolotus, Ononidum and

guadrifolium. Brand considered Tetragonolobus, Bonjeania,

Dorye.nium and Lotus separate genera while Taubert (1894)

grouped them all in the genus Lotus. Taubert divided Lotus
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into five sections: Eulotus, Lotea, Krokeria, Ononidium and

Tetragonolobus and placed most of the species in BEulotus.

Senn (1938) considered his cytotaxonomic evidence as support
for Taubert while larsen (1955) found cytotaxonomic evidence
to support Brand.

Ottley (1923) divided the American Loti into three

subgenera; Hosackia, Acmispon and Syrmatium. Ottley (1944)

divided Acmispon into two sections; Simpeteria and Micrelotus.

Taubert (1894) recognized the occurrence of about 70 0ld
World species, Senn (1938) suggested about 80, and Rudorf
(1942) estimated about 100 species. Ottley (1944) recognized
28 species growing in California and estimated that there are
eabout an equal number of New World species which do not occur
in that state. Isély (1951) estimated a total of 150 species
in the whole genus.

Tscherchow and Kartaschowa (1932) demonstrated that the
specles of the genus Lotus can be classified according to
chromosome number and chromosome morphology. Senn (1938) used
cytotaxonomic evidence to determine the relationship and

possible evolution of the whole family, Leguminosase. Larsen

(1954, 1955, 1956) has published short reports of his
preliminary findings in a continuing extensive study of the
cytotaxonomy of Lotus. Diploid and tetraploid chromosome
numbers have been reported in the two cytotaxonomic groups
which have respective basic genome numbers of 6 and 7. The

majority of the species previously studied have the genome
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number X = 7. The important economic group which contains L.

corniculatus has x = 6. Larsen (1956) found some examples of

intraspecific polyploidy in some Lotus species and pointed out
some of the difficulties in classifying these taxa by their
chromosome numbers. Favarger (1953) reported chromosome
numbers of 2n = 12 and 2n = 24 in different populations of

L. cornicuiatus var. alpinus collected in the Swiss Alps.

In discussing this diploid form, he expressed his opinion of
the origin of our cultivated tetraploid forms as follows,

"... une forme diploide de Lotus corniculatus, qui pourrait

bien @tre ltancé@tre des formes tétraploides qu'on rencontre
surtout & des altitudes plus basses." DBonnier (1920) reported

transplant experiments in the Alps in which L. corniculatus

from lower altitudes was modifled in nurseries at high
altitudes until it was identical with alpine plants which

grow naturally at the altitudes of the nurseries. Tome and
Johnson (1945) presented evidence that the narrow-leaf (2n = 12)
and broadleaf (Bg = 24) forms in agricultural production are
separate speclies. They based their conclusions on a comparison
of induced tetraploid narrow leaf and the normal broadleaf
forms, Dr. J. M. Armstrong, Forage Crops Division, Central
Experimental Farm, Ottawa, kindly showed the writer some
unpublished idiograms of the chromosomes of these two forms,

which suggest considerable homology between them,
Inheritance in tetraploids

Little (1945) reviewed the genetic segregations that have
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been suggested for tetraploids. He dompared the theories
presented by Gregory (191l), Muller (191l), Haldane (1930)
and Mather (193%6). Gregory proposed & disomic inheritance
scheme based on the supposition that maternal and paternal
chromosomes must associate in pairs during meiosis. Muller
presented a tetrasomlic inherlitance scheme based on the
supposition that chromosomes palr at random during meiosis.
Haldane, and Mather also presented tetrasomlc inheritance
schemes based on the supposition that chromosomes pair at
random during meiosis, They suggested modifications of
Muller's hypothesis which considered multivalent pairing
during meioslis in conjunction with crossing over of chromatids
and the effects of the distance of a locus from the centromere
on segregation ratios. Little (1945) pointed out that
Gregory's proposed ratios may apply to allopolyploids and that
Muller's may apply to autotetraploids in which multivalents
are infrequent., In autotetraploids in which multivalents are
formed frequently, Little favoured Mather's hypothesis.

Dawson (1941) obtalned discrete segregations for cyano-

genetic properties in L. corniculatus and found a good fi1t to

Muller's (191l ) tetrasomic inheritance hypothesis. He found
that multivalents are rare if not entirely absent during meiosis.
Little (1945) cited this work as an example of tetrasomic
inheritance occurring in a natural tetraploid.

Muntzing (193%6) pointed out that multivalents are a

characteristic of artificial autopolyploids and that the maximum
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number of chromosomes in these associations corresponds to

the number of homologous genomes present. He then stated

that he believes that the presence of multivalents in natural
polyploids is an indication of autopolyploidy and conversely
that their absence indicates allopolyploidy. However, Gilles
and Randolph (1951) obtained evidence with artificially
induced tetraploid Zea mays that the frequency of multivalents
decreased over a period of ten generations. They attributed
this to natural selection., Dawson (1941) believed that his

evidence for tetrasomic inheritance in L. corniculatus is a

good indication of autoploid origin although he found
multivalents to be rare during microsporogenesis of the plants
with which he found tetrasomic inheritance,

Both tetrasomic and disomic inheritance has been demon-

strated in Alfalfa (Medicago sativa), by Stanford (1951),

Stanford and Cleveland (1954) and by Twamley (1955). Numerous
inheritance studies by earlier workers were cited by Atwood
and Grun (1951)., Twamley (1955) concluded that alfalfa is of
sutotetraploid origin and 1s now passing through a transition
stage in which segregation for some characters is tetrasomic
and for others has become disomic. Stanford (1951) fitted his
data to Mather‘'s (1936) hypothesis as quadrivalents are fairly
frequent during microsporogenesis in alfalfa.

Self-incompatibility

Incompatibility mechanisms which encourage outbreeding
have been found for many higher plants and fungi. Several

extensive review articles are available, of which the most
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recent is the one by Lewis (1954). The incompatibility
mechanisms found in higher plants may be classified accord-
ing to the associated flower structures into two classes:

A, Heteromorphic, where incompatibility is associated
with flower structure types occurring within self-incompatible
specles.

B. Homomorphic, where incompatibility is not associated
with flower structure types within self-incompatible species.

Our discussion will be confined to the latter type as

lotus corniculatus has this type of flower structure,

Lewis (1954) and Bateman (1955) claim that only two
genetic mechanisms are necessary to explain incompatibility
in homomorphic species for which adequate genetic data have
been obtained. These are:

1. The @ametophytic oppositional incompatibility system
in which an oppositional reactionaoccurs between the genotype
of the pollen grain and the genotype of the plant pollinated.
This 1s the mechanism originally proposed by East and
Mangelsdorft (1925) for incompatibility in Nicotiana sanderae,

A multi-allelic series of genes at a single locus (Sl’ S2,
53, «+s etc,) is one characteristic of this system., Incom-
patibility occurs between the pollen and the plstil when the
same allele is present in both of them. Self-incompatibility
may be weakened with the induction of autopolyploidy, as has
been demonstrated by the induction of autotetraploidy of
known self-incompatible diploids in which this system was
operating. This breakdown in incompatibility has been




- 10 -

attributed to dominance or competitlon reactions between
alleles in the diploid pollen grains produced by the
autotetraploids.

2, The sporophytic oppositional incompatibility system
in which an oppositional reaction occurs between the genotype
of the pollen parent and the genotype of the plant pollinated.
This system was proposed by Hughes and Babcock (1950) and by
Gerstel (1950). Again, a single locus with a multi-allelic
series of genes has been proposed for each instance where
this system has been demonstrated. Induced autotetraploidy
does not greatly weaken self-incompatibility where this
system is operating and Lewis (1954) believes that when
induced polyploidy does not produce self-fertility, this
negative evidence is a strong indication that a sporophytic
system is involved.

Characteristics of the sporophytic system which can be
used to differentiate it from the gametophytic system accord-
ing to Lewis (1954) are:

1, There are frequent reciprocal differences,

2. Incompatibility can occur with the female parent.

3. A family can consist of three incompatibility groups.

4. Homozygotes are a normal part of the system.

5. An incompatible group may contain 2 genotypes.

Bateman (1955) suggested thet the sporophytic system
oceurs throughout the Cruciferae and that Kakizakit's (1930)

data on incompatibility in the cabbage fit this hypothesis
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better than the hypothesis involving two loci which was
proposed by Kakizaki. Elliott (1946) presented evidence for the
genetic control of self-incompatiblility in lotus tenuis and

modeled his explanation on the hypothesis presented by
Kekizaki.

Lundqvist (1956) proposed that a third genetic mechanism
is necessary to account for his findings with rye, Secale
cereale, He proposed a system involving two genetically
separate loci which behave as a physiological unit, with
specific incompatibility substances resulting from inter-
actions between alleles at the two loci. A gametophytic
system 1s proposed so that pollen with one gametophytic
incompatibility factor matched in the style is compatible,
pollen with both gametophytic incompatibility factors (one
at each locus) matched in the style is incompatible. This
gametophytic system displays features which Lewis (1954) and
Bateman (1955) associated with sporophytic incompatibility
systems. Lundqvist (1956) pointed out that the criteria
used by Lewis and Bateman to differentiate between gameto-
phytiec and sporophytic systems aepply only when incompatibility
is controlled at one locus., Thus, incompatibility in rye
is more probably controlled gametophytically than sporo-
phytically, according to evidence presented by Lundgvist,
although there are frequent reciprocal differences in seed set,
incompatibility does occur with the female parent, there is
an absence of "true self-compatibility segregating® and
incompatibility does not break down with induced autotetraploidy.
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Lundqvist proposed that the complete or almost complete lack
of a breakdown of incompatibility in autotetraploid rye can
be explained by the fact that the incompatibility alleles
work together at the diploid level, so that competition and
dominance interactions have been selected against or the
diploid would also be self-fertile.

Lundqvist proposed that a similar system may occur in
Festuca pratensis and suggested that it may be quite common
in grasses. He also suggested that the system proposed by

Owen (1942) for Beta wvulgeris, which involves two locl and a

gametophytic system, may be valid. Lewis (1954) suggested
that a sporophytic system may fit Owen's data but it would
be difficult to apply. Lundqvist suggested that it may be
significant that the above instances with two incompatibility
loci occur with naturally wind pollinated plants.

Two controlling reactions for self-incompatibility have
been suggested at the biochemical level, These are (1) en
oppositional inhibition modeled after the antigen-antibody
reaction to give incompatibility and (2) & complimentary
stimulation to give compatibility. Lewis (1954) considers
that the oppositional reaction is the only controlling
reaction possible in multi-allelic systems,

The genetics of incompetibility in polyploids was
considered by Lawrence (1930). He gave some preliminary
consideration to the possible effects of autopolyploidy but
could find no data that would support his hypothesis and he
went on to develop an hypothesis for alloploidy which was
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essentially the same as the hypothesis developed by Kakizaki
(1930). Lawrence applied his hypothesis to data on

Verbaescum phoeniceum provided by Sirks (1926), and on

Cardamine pratensis provided by Correns (1912), Lewis (1954)

pointed out that Correns was dealing withasporophytic system
and that his original interpretation was essentially correct.

Lewis (1954) reviewed the recent work on the genetics
of self-incompatibility in induced autotetraploids in which
competition and dominance of the incompatibility alleles was
demonstrated and in which the different effects of polyploidy
on the sporophytic and gametophytic systems at one locus
were demonstrated. These concepts have been developed with
artificially induced autotetraploids and Lundqvist (1956)
pointsl out that they will probably not apply to natural
polyploids, There are several reports of investigations of
self-incompatibility in natural polyploids but no genetic
interpretations have been offered although the methods used
suggest that a definite genetic interpretation was an
objective of at least some of these investigations.

Adams (1949) investigated Bromus inermis, an octoploid,
and found no simple, clear cut interpretation for his

incompatibility datea. He found evidence for both additive

eand non-additive gene action influencing cross-incompatibility,

with non-additive effects relatively more pronounced among
plants of inbred origin. He used this evidence to support
his claim that an oppositional incompatibility system is

involved,
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Myers (1942) studied the heritable variations in self-
fertility of Dactylis glomerata, a tetraploid, and found

no simple Mendelian basis for ity%. lnheritance, He found
that vigour was not closely correlated with the ablility to
set seed under a bag within inbred families.

Armstrong (1952) and Picard and Demarly (1952) reported

on some aspects of self-sterility in Medicago sativa, which

Twamley (1955) considered an autotetraploid, and demonstrated
some of the characteristics of an oppositional system but
again no discrete genetic mechanism is proposed.

The morphological aspects of pollen germination and
growth associated with incompatibility mechanisms were
surveyed by Sears (1937). He found that flowering plants
can be grouped into three classes according to pollen tube
behaviour, as follows:

Class I. Germination of pollen inhibited on the stigma,

Class II. Pollen germination normel, but pollen tubes
inhibited in the style.

Class 1II. Pollen tubes grow normally and reach the ovules,
but no seed is formed.

The only example of a class III species that Sears (1937)

presented was Gasteria verrucosa var, intermedia, in which

incompatibility occurred after fertilization was effected.
Brink and Cooper (1938, 1939, 1941) proposed a post
fertilization abortion mechanism following inbreeding in
Medicago sativa which they called somatoplastic sterility,

which could also be included in Sears' class III according
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to the original definitions. Post-fertilization abortion
should not be included as an incompatibility mechanism as
the ovules whieh are fertilized with self-pollen may be lost,
whereas the ovules are not fertilized with self-pollen with
a true incompatibllity mechanism and they may be fertilized
later if compatible pollen becomes available, Giles (1949)
found that Lotus corniculatus has a class III pollen tube

behaviour in that the pollen tubes appeared to enter the
micropyle but the ovules did not become fertilized following
incompatible matings, This is the only species in which true
self-incompatibility 1s reported to act after pollen tubes
enter the micropyle., Giles also stated that post-fertilization
abortion may ocecur, but he did not consider it the main cause
for self-sterility,.

Muller (18%3) and Darwin (1885) both reported that
birdsfoot trefoil does not set seed in the absence of insects.

Silow (1931) tested for seed-set in Lotus corniculatus and

other Lotus species in the absence of insects, with and
without artificial self-pollination. He found that L,
angustigsimus and L, hispidus were self-fertile without

artificial self-pollination in the absence of insects. L.
uliginosus set seed freely following artificial self-

pollination, although not as many seeds per pod were obtained
as from cross-pollination with insects. It set no self-seed
without artificial self-pollination. MacDonald (1946)

reported that L. corniculatus is "voluntarily®™ self-sterile,
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slightly "artificially"™ self-fertile and somewhat more
"ecross-fertile"®. He found a higher incldence of fertility
under field conditions than in the greenhouse., He obtained
high seed setson single birdsfoot trefoil plants isolated
under screen cages under field conditions when he self-
pollinated with sterilized bumble bees. Giles (1949) was
unable to duplicate MacDonald's results and suggested that
the "sterilized" bees may have carried viable pollen so that
the seed obtained may have been due to cross-pollinations.

McKee (1949) also found that L. corniculatus arvensis

is highly self-sterile, that L. uliginosus is less self-

sterile and that L. corniculatus hirsutus and L. corniculatus

filicaulis are highly self-fertile.
Hagerup (1951) reported that L., corniculatus forma

carnosa set seed in the Faroes in the absence of pollinating
insects. He suggested that self-compatible forms of self-
incompatible species may evolve in the absence of insects.
Hagerup reported in a personal communication to the writer
that he was unable to confirm his observation on Lotus plants
he introduced into the Botanic Garden at Copenhagen and stated
that his observation on the incompatibility of Lotus is
questionable,

Giles (1949) found that birdsfoot trefoil is highly
self-sterile and that seed production under natural conditions
is almost entirely the result of cross-pollination, He
proposed three levels to self-sterility in L. corniculatus,

as follows:
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(1) A failure of pollen tubes to penetrate a stigmatic
membrane.

(2) A fallure of ovules to become fertile even when pollen
tubes are abundant in the ovary cavity.

(3) Post fertilization abortion.

He was unable to demonstrate differentlal rates of pollen

tube growth from self- and cross-pollinations but he did find

that the stigmatic membrane has to be broken before the stigma

can become receptive to any pollen, A stigmatic fluid was

also demonstrated. He concluded that the failure of the ovules

to become fertilized by self-pollen is the primary factor in

self-incompatibility of this species. However, even the most

highly self-sterile plants produced some self-seeds.

Growth and development of Lotus corniculatus

Hansen (1953) provided a morphological description of the
development of Lotus corniculatus ver. yulgaris through a
complete life cycle, He described the origin of the ovary in
which a row of ovules arises along each edge of the carpel of
a one carpellate ovary. The megasporocyte undergoes two
divisions and produces a linear quartet of megaspores, The
chalazal megaspore then gives rise to the female gametophyte
which contains an egg, two synergids, two polar nuclel and
three antipodals. He found from 44 to 72 ovules per ovary,
with an average of 59 and saw pollen tubes in the micropyle
36 hours after pollination under greenhouse conditions.

Giles (1949) observed fertilization in 24 hours under field

conditions in the summertime and noted that 8 to 12 hours
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longer were required under greenhouse conditions in the
wintertime, Hansen found 2 to 35 seeds per pod, with an
average of 19.

Giles (1949) gave a detailed description of the
pollination process in which the stigmatic membrane is broken
by insects. He discussed the mechanics of cross-pollination
and described the flower structure and stages in flower
development in considerable detail.

Morse (1955) reported on the value of bumble bees as

pollinators for L. corniculatus and confirmed the occurrence

of insect pollination under field conditions.

MacDonald (1946) gave an extensive review of cultural
methods and Hansen (1953) suggested the use of &.24 hour
photoperiod to induce flowering, for which he reported
reasonably normel development during the winter months under

greenhouse conditions.
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MATERIALS

Plant materials used in these investigations have been
given accession numbers within the system used for forage
crops by the Agronomy Department, Macdonald College and
detalls of origin have been entered 1n the permanent records
of that department. The first two digits indicate the year
of accession and the remaining digits indicate the specific
collections. Identification and taxonomic study of these
collections and the preparation of herbarium specimens, which
dre being done by Dr, E. 0. Callen of Macdonald College, were
not completed at the time when this dissertation was prepared.
The first digits of the numbers used in Dr, Callen's system
correspond to those used herein., The scientific names cited
in the following list of materials were provided by the

various sources,

Accession Description
5101 L. corniculatus. Seed collected by Mr. A. Charbonneau,

Agronome, Joliette Co.,, PeQ. from an old stand near
Ste. Melanie, P.Q.. Seed used to establish this
stand originated in New York State.

5401 L, corniculatus, Seed from the Department of

Agronomy, Pennsylvanies State University. Selections
labled C-1 to C-35 were selected from the "Empire®™
variety, C=36 to C-11l2 from various collections of

L. corniculatus obtained from continental Europe.

5402 L, corniculatus. Plants collected by the writer
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from a pasture near Hatley, P.Q. Seed originated
in New York State. One plant had a light yellow

flower colour.

L. corniculatus. Plants collected by the writer
from a pasture near Hatley, P.Q.. Seed originated
in New York State and was seeded in 1951,

L. corniculatus. Seed obtained from the National

Institute of Agricultural Botany (United Kingdom)
under their number H, 2440. Origin - Italy.

L, corniculatus arvensis. Seed obtained from Dr,

P, Henson, U.,S.D.A., Beltsville, Md., U.S.A. under
their number F.C.23239.
L. tenuls. Seed from the Division of Forage Crops,
Central Experimental Farm, Ottawa,

L, corniculatus. Seed obtained from Campo

Experimental Centinela, Chile,

L. corniculatus arvensis. Seed obtained from the

National Institute of Agricultural Betany (United
Kingdom). Collected on a 100 year old pasture in
Kent, England.

L. ornithopodioides. Seed obtained from Dr. P,

Henson, U.S.D.A., Beltsville, Md., U.S.A., under
their number P.JT.121158,
L, angustissimug. Seed obtained from the Forage

Crops Division, Central Experimental Ferm., Ottawa,

under their number 1893-3576. Introduced from

Jerusalem,
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L, Weilleri. Seed obtained from the Forage Crops
Division, Central Experimental Farm, Ottawa, under
their number 1893-3836, Introduced from Paris.

L. uliginosus glabrisculus. Seed obtained from the

Forage Crops Division, Central Experimental Farm,
Ottawa, under their number 1893-2965., Introduced
from Astoria, Oregon.

L, uliginosus villosus. Seed obtained from the

Forage Crops Division, Central Experimental Farm,
Ottawa, under their number 1893-2964. Introduced
from Astoria, Oregon.

L, uliginosus., Seed of the "Columbia"™ variety

obtained from the National Institute of Agricultural
Botany (United Kingdom)., Introduced from Astoria,
Oregon.

L. uliginosus. Seed of the "Beaver" variety obtained

from the National Institute of Agricultural Botany
(United Kingdom). Introduced from Astoria, Oregon.

L., uliginosus. Seed of the "Brauns Welhenstephaner"

variety obtained from the National Institute of
Agricultural Botany (United Kingdom). Introduced
from Germsany.

L. hispidus. Seed obtained from the Forage Crops
Division, Central Experimental Farm, Ottewa, under
their number 1893-3950, Introduced from Copenhagen.,
L, palustris. Seed obtained from the Forage Crops
Division, Central Experimental Farm, Ottewa, under
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their number 1893-3575, Introduced from Jerusalem.

L, creticus var, cytisoides. Seed obtained from

the Forage Crops Division, Central Experimental
Farm, Ottawa, under their number 1893-3375,
Introduced from Portugal.

L, perigrinus. Plant obtained from the Forege Crops

Division, Central Experimental Farm, Ottawa.
Introduced from Jerusalem.

L. edulis. Seed obtalned from Dr. P. Henson,
U.S.D.A., Beltsville, Md., U.S.A., under their
number P.I1.197827., Seed originated in Algeria.

L. canimbriensis. Plant obtained from the Forage

Crops Division, Central Experimental Farm, Ottawa.
Introduced from Portugal.

L, tetragonolobus. Seed obtained from Dr, P. Henson,

U.S.D.A., Beltsville, Md., U.S.A., under their

number P.I.67217. Introduced from Gronenger, Germany.
L, jacobaeus. Seed obtained from the Forage Crops
Division, Central Experimental Farm, Ottawa, under
their number 1893-4538. Introduced from the Botanic
Garden, Lisbon, Portugal.

L, seliquosus. Seed obtained from the Forage Crops

Division, Central Experimental Farm, Ottawa.

L. parviflorus. Plant obtained from the Forage

Crops Division, Central Experimental Farm, Ottawa,

Introduced from Portugal,
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L. americanus. Seed obtained from Dr. P. Henson,

U.Ss.D.A.,, Beltsville, Md., U.S.A., under their
number F,.C.31900., Collected in California.

L, divaricatus. Seed obtained from Dr, P, Henson,

U.S.D.A., Beltsville, Md., U.S.A., under their
number P.I,10931%,
L, filicaulis. Seed obtalned from Dr. P. Henson,

U.S.D.A., Beltsville, Md., U.S.A., under their
number P,I.51864.

L, gebella. Seed obtained from Dr. P. Henson,
U.,S.D.A.,, Beltsville, Md., U.S.A., under their
number P,I1.210439, Introduced from Iran,

L, scoparius. Seed obtained from the Department

of Agronomy, University of Celifornie, Davis, Calif,,
under their number BN-4629., Collected in Californisa,
Hosackia sp. Seed collected by Dr., V. C. Brink,
Department of Agronomy, University of British
Columbia, Vencouver, B.C.

L. corniculatus japonicus. Seed collected on a
river bank, Gifu, Japan, by Professor Isawo
Hirayoshi, Kyoto University, Kyoto, Japan.

L, Wrightii. Seed obtained from Mr. Forest Bent,
Graduate Student in Plant Breeding, Cornell
University. His source was the Soil Coﬁservation
Service in California under their number A-11590.

L. arabicus. Seed obtained from Mr. Forest Bent,

Cornell University, under the U.S.D.A. plant
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introduction number P.I1.51858.

L. tenuis. Seed obtained from the Department of
Agronomy, University of Californias, Davis, Calif.,

as the variety "Los Banos" selected by the Seil
Conservation Service for tolerance to alkaline soils.
L., maroccanus. Seed obtained from the Department

of Agronomy, University of Californie, Davis, Calif,,
under their number K279L4. Original source was
French Morocco.

L. pedunculatus. Seed obtained from the Forage
Crops Division, Central Experimental Farm, Ottawa,
under their number 1893-4505. Introduced from
Sacaven, Portugal.

L, campylacladus. Seed obtained from the Forage

Crops Division, Central Experimental Farm, Ottawa,
under thelir number 1893-4682. Introduced from
Coimbra, Portugal.

L. rectus, Seed obtained from the Forage Crops
Division, Central Experimental Farm, Ottawa, under
their number 1893-4567. Introduced from Pisa, Italy.

L, denticulatug. Seed obtained from the Department

of Agronomy, University of California, Davis,
California, under their number K-2382, Native of
Californisa,

L. conjugatus requienii. Seed obtained from the
Forage Crops Division, Central Experimental Farm,

Ottawa,
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L, suaveolens. Seed obtained from the Forage Crops

Division, Central Experimental Farm, Ottawa.

L. maritimus. Seed obtained from the Forage Crops
Division, Central Experimental Farm, Ottawa.

L, tenuis. Polyploid A, Seed obtained from the
Eastern States Farmers Exchange, West Springfield,
Mass., U.S.A,, under their number 014072, Origin-
ated as a colchicine induced tetraploid by Dr. A,
Gershoy, University of Vermont and multiplied about
six generations.

L, tenuls. Polyploid B. Seed obtained from the
Eastern States Farmers Exchange, under their number
014067. Origin same as for 5515,

L, tenuis. polyploid X L, corniculatus. Seed

obtained from the Eastern States Farmers Exchange
under their number 014064. Hybrid plants between

L. tenuls polyploids and L. corniculatus were

produced by Dr, A, Gershoy of the University of
Vermont. A population consisting of these hybrids
end backeross progeny was built up. Dr. Gershoy
describes this as a "Synthetie 2%,.

L, tenuis. Open pollinated polyploid. Seed obtained
from the Eastern States Farmers Exchange, under

their number 014071, Origin was the same as for
5515, but it was maintained in a nursery that was

not isolated from other lotus collections.
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L. corniculatus. Seed obtained from Dr. Kai

Larsen, Copenhagen, who forwarded collections

from Czeckoslovekia, Six separate packages were
labled as varieties:

1, Maxelovsky. 2. Malejovsky. 3. Vysakomylsky.

L. Francoursky. 5. FC23318, 6, Americky.
Birdsfoot trefoill, Seed obtained from Dr, Kai
Larsen, Copenhagen, ¢ollected on mountains near
Florence, Italy.

L. scoparius. Seed obtained from Dr. R. R. Seaney,
Department of Agronomy, Cornell University, under
their number 504. Seed originated at the Rancho
Santa Ana Botanic Garden, Claremont, Calif,, under
thelir number 6449.

L. douglasii, Seed obtained from Dr. R. R. Seaney,
Cornell University, under their number 616.
Originally from Spokane, Washington, under their
number P,I,231-451,

L, lamprocarpus, Seed obtained from Dr. R. R. Seaney,

Cornell University, under their number 640. Seed
originated in Spain as P.I1.214113.

L, corniculatus. Seed obtained from Dr. Kal Larsen,

Copenhagen. Collected at Heliopolis, Cairo, Egypt.

L, corniculatus. Plants collected by Mr, I, V.

Hunt, West of Scotland College of Agriculture,

Auchincruive, Scotland on the College Farm.
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L. corniculatus. Plants and seed collected by

Mr, I. V. Hunt, in sand by the seaside, Doonfoot,
(Mouth of the River Doon) Scotland.
L, corniculatus. Plants collected by Mr. I. V.

Hunt on a roadside, near Sherwood, Scotland.

L, corniculatus. Plants collected by Mr. I. V.,

Hunt, in a marshy area with a low pH, near Rawhill,
Scotland.

L, corniculatus. Seed obtained from Mr. I. V. Hunt.

Collected from an upland area in Western Scotland.
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METHODS

Small populations of plants of various collections were
grown in a field nursery during‘the summers of 1954, 1955 and
1956 and in the greenhouse during the winters of 1953-54,
1954=-55, 1955-56 and 1956-57. Seeds were generally germinated
on moist blotters in Petri dishes and hard seed coats were
broken with a sharp needle, Some collections of old seed,
which were difficult to establish, were transferred to a
sterile nutrient agar medium until the seedlings were well
established, The medium suggested by Randolph and Cox (1943)

was prepared and the culture was carried out in Drosophila

culture tubes. Equipment was steam sterilized and seeds were
sterilized in a weak sulphuric acid solution. Seedlings were
trensplanted to 13 or 13/4 inch thumb pots, or to 1} inch
plant bands containing the standérd Agronomy Department soil
mixture of 3 parts sterilized compost and 1 part washed sand.
A single seedling was transplanted into each single pot to
meke certain that only one genotype was growing in each pot,
The established seedlings were either transplanted to 4
inch thumb pots in the greenhouse, or directly into a field
nursery where they were grown in rows 30 or 36 inches apert
and spaced in the rows at 12, 30 or 36 inch intervals, Detail-
ed nursery planting plens are available in the planting
records of the Agronomy Department, Macdonald College. Pots
in the greenhouse were individually labékéd. All plants were
innoculated with the birdsfoot trefoil strain of symbiotic

bacteria, Small quantities of 2-12-10 fertilizer were added
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to the pots at intervals of six to eight weeks during the
wintertime,

Flowering was induced in L, corniculatus, L. tenuis,

L. uliginosus and many other Lotus species with artificial

illumination turned on about one-half an hour before sunset
and turned off about 8 A.M.. The light intensity used was not
sufficient to prevent folding of the leaflets and flowering
was not entirely normal as some plants produced contorted
flowers, some produced very little pollen, some produced
abnormally long styles and some flowers on some plants had
no styles. These abnormalities were not produced on the
same plants in the summertime in field nurseries. Attempts
were made to overcome these abnormalities by increasing light
intensity and decreasing daylénght, but this was not successful
within the limits of conditions possible with the available
facilities, It was possible to produce fairly satisfactory
flowering during December, January, February, March and April.
When more than one plant of any specific genotype was
required and when plants were taken from the field to the
greenhouse, stem cuttings were taken and rooted in "Vermiculite®.
Rooting was promoted by applying the rooting hormone "Auxan"
to the cut ends and by frequent applications of a fine mist
spray. The cuttings were wired directly to pot labels with
fine aluminum wire and remained attached to the labels until
they were transplanted into 4 inch pots,when each pot was

labeled. The chromosome numbers of some cuttings were
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determined to make sure that this method of making cuttings
did not induce changes in chromosome number.

Cross-pollinations were made to produce seed for
compatibility studies and to test for cross-compatibility.
Pollen was collected from the plant serving as the male
parent by clasping the two lobes of the keel petal with
tweezers and pulling it off. The pollen which remained in the
end of the keel was squeezed out through the pore in the end
of the keel next to the stigma onto patches of fine sandpaper
glued onto matchsticks. The keel was_removed from the plant
to be pollinated in the same way and the exposed stigme was
buffeted with the sandpaper loaded with pollen, Emasculation
was not possible as the removal of the anthers before they
burst destroyed the flowers, All equipment was sterilized in
a solution of 3 parts of 95% alcohol and 1 part glacial
acetic acid after each pollination. The pollination process
is diagramed in Plate 1.

The detalls of each cross were recorded on a marking tag

which was tied to each group of flowere pollinated in ﬁhe
same way at one time, The female and male parents were
recorded on the tag, the first number representing the plant
pollinated (female), the second the pollen source (male).
The number of flowers pollinated at that time, and the date,
was. also recorded on the tag. The same procedure was used
for self-pollinations except the keels were not removed and
the stigma was simply forced through the pore in the end of
the keel against the sandpaper and allowe&ireturn into the
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Plate 1. Diagrams of pollination technique,

l. Pollen was collected from the plant used as the male by
clasping the lobes of the keel and pulling it off.

2. The keel containing a mass of pollen was placed on a plece
of fine sandpaper glued to a matchstick.

3. The keel was clasped between the thumb and forefinger and
was stroked with the tweezers away from the thumb forcing
pollen onto the sandpaper.

4., The sandpaper loaded with pollen was buffeted against the
stigma of the flower used as the female. These flowers

were prepared by removing the keels as in figure 1.
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mass of pollen,

Pods were collected after about 30 days, when they
were ripe, All the pods from & cross together with the tag
were put into a coin envelope. The pods were taken to the
laboratory and the number of flowers pollinated, the number
of pods harvested, the number of seeds in each pod and the
date when pollinated were recorded in a record book.

In order to control pollination, it was necessary to
isolate flowers from insects under field conditions in the
summertime. Glycine bags of the type used on wind-pollinated
crops were tried but they were unsatisfactory because the
flowers faded, petals dropped and flowers éften dropped.
Moisture collected inside these bags. Cellophane bags were
tried but moisture also collected in them and flowers often
dropped although the petals did not fade and drop as readily
as in glycine bags., The moisture problem was partly over-
come with the cellophane bags by perforating them with a
needle, These bags were placed over unopened buds and were
removed when the opened flowers were pollinated., The bags
were replaced once the pollination was completed. They
were removed again about a week following pollination and
the pods were allowed to mature in the open. This technique
was fairly satisfacetory during periods of fine weather, but
a lot of Tlower dropping occurred during rainy weather., This
technique was used to establish families for incompatibility
studies, but a lot of these orosses could not be used to

determine compatibility indices because of variability in
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seed set due to weather conditions after the crosses were
made.

Also, whole single plants were isolated under 30 inch
X 30 inch X 30 inch screened cages. These cages were elther
placed over the plants before flowering started or all the
opened flowers were picked off. These cages provided
isolation from the relatively large insects that are

generally considered pollinators of L, corniculatus but

did not provide isolation from some smaller insects.
Flowering was somewhat inhibited, probably because of shading
by the cages. These cages were used when compatibility
was measured using the caged plant as female and a number of
plants as males. When a plant was used as female in only a
few compatibility tests, flowers were isolated in nylon net
bags. These bags were the most satisfactory insect isolating
devices used, although flowering was still not perfectly
normal. They were the only isoleting devices that were at
all satisfactory for L. tenuis. Nylon net deteriorated with
exposure to the weather, however the bags lasted about three
months under field conditions,

The technical problems of insect isolation in the field
mede it necessary to make most of the compatibility tests
in the greenhouse in the wintertime, where insects were
eliminated with insecticides.

Some chromosome numbers were determined and meiosis was
studied using standard aceto-carmine squashes of the

microsporocytes. Staining was improved by adding ferric
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acetate =~  to the fixative. Also, root-tip sections of
some materials stained with standard crystal violet
techniques were studied.

Ovule development was studied in serial sections of
entire ovules cut transversely. The material was fixed in
Craf solution, embedded, sectioned at 15 microns, stained
with Delafield's haematoxylin and mounted in "Permount",.
Large slides, 50 X 75 mm, were used in order to get all
sections from one ovary on one slide.

Colchicine treatments were used to double the chromosome
number of some materials. Seeds were germinated on blotting
paper and allowed to grow for six days. The seedlings were
then wrapped in cotton batten with the cotyledons protruding
and were inverted in a 0.2% solution of colchicine to which
a drop of "Ultrawet"” was added. This treatment was applied
overnight (13 hours) after which the seedlings were
transplanted into thumb pots and watered. A similex
treatment was applied to some rooted cuttings, from which
gigas branches were taken and rooted. Seedlings which
exhibited gigas characteristics were selected and root tip
chromosome numbers were determined to confirm chromosome
number doubling of each plant used to study the effects of
the doubling on self-incompatibility. Only plants and parts
of plants exhibiting morphological characteristics
indicating polyploidy were used in this work.




- 35 -

CYTOTAXONOMY AND CYTOLOGY OF LOTUS SPECIES

Cytotaxonomy of Lotus eorniculatus

L. corniculatus L, was described by Isely (1951) as
follows:

"Plants perennial from a stout crown; rhizomes not
present., Stems decumbent or erect, up to 6 dm,
in height, glabrous or pubescent. Leaves pinnately
5-foliolate, the lower pair of leaflets basally
placed on rachis, the remaining three apical.
Leaflets obovate to lanceolate in shape., Peduncles
axillary, exceeding leaves., Umbels 3-8 flowered.
Pedicels very short. Flowers usually 12-16 mm. in
length, Calyx lobes approximating the tube,
appressed in the bud., Corolla yellow to orange-
red; standard as broad as long, exceeding wings
and keel, Pods 2-3,5 cm, long, terete, straight;

- valves brown, splitting aepart and twisting at

maturity. Seeds about 1.5 mm. across, assymetrically

rounded, dark- or olive-brown in colour,
frequently mottled or speckled.™

Plants which conform to the above description, at least
vegetatively, and which have a somatic chromosome number of
2n = 24 are found in collections 5101, 5401, 5402, 5403,
54,04, 5405, 54,08, 5622, 5698, 5699, 56100 and 56102, Plants
of collection 56101 vary from the description provided in
that they possess a weak tendency to produce rhizomes in the
location where they were collected in Scotland. Otherwise
they conform to the description provided by Isely and are
very similer in appearance to plants in other collections
from Great Britain, that is, to plants in collections 5405,
5408, 5698, 5699, 56100 and 56102, Plants in collection
56101 also have 2n = 24, Bonnier (1920) discussed L.

corniculatus var. alpinus, which possesses very stout
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rhizomes, which gives precedence for including this

rhizomatous collection in L. corniculatus. 7Plants of

eollections 5515, 5516, and 5518 also have 2n = 24, and
fit Isely's description for L. corniculatus. These plants

originated as colchicine induced autotetraploids of 2n = 12
plants., Plents in collection 5517 also conform to the
description provided by Isely and have 2n = 24. This
collection originated from a hybrid betwsen an autotetraploid

of L. tenuis and L. corniculatus. Flants of collections 5515,

5516, 5517 and 5518 are easily distinguished from other

tetraploid L. corniculatus plants as they have longer,

narrower leaflets and longer internodes.
Plants from collections 5406 and 5505 also fit Isely's

description of L. corniculatus end have a somatic chromosome

number of 2n = 12, These plants have relatively longer and
narrower leaflets than plants from the tetraploid collections
other than those from 5515, 5516 and 5518. The latter plants
differ from plants of collections 5406 and 5505 in that they
exhibit gigas characters often associated with induced
tetraploidy. Plants of collection 5696 have not flowered,
however, they have a leaflet shape intermediate between that
of plants from collections 5406 and 5505 and that of plants
of eollection 5101 and a chromosome number of 2n = 12,

Isely (1951) differentiated L. major Scop., synonymous

with L. uligingus Schukr., from L. corniculatus L. by the

presence of rhizomes; by the presence of stronger nerves on

the leaflets; by the calyx teeth being more divergent in the
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bud; and by the flowers being 8 to 12 in a cluster. Plants
from collections 5407, 5412, 5413, 5414, 5415, 5416, 5425
and 5501 can be distinguished from plants from collection
5105 by these characteristics and they all have a somatic
chromosome number of 2n = 12, Plants of collection 5501,

obtained from Japan as L, corniculatus Japonicus, can be

distinguished from plants of other L. major collections as
they are highly self-fertile and very prostrate in growth
hebit,

MacDonald (1946) pointed out that two other species

sometimes included in L. corniculatus L. sens lat., L.

angustigssimus and L. higpidus are more pubescent annuals and

have smaller flowers than L. corniculatus. Plants from

collection 5410 of L. angustissimus have 2n - 12 and plants

from collection 5417 of L. hispidus have 2n = 24. These
annuals are morphologically distinguishable from the
perennials,

Plants of collection 5429, obtained as L., filicaulis

have 2n = 12 and are easily distinguishable from plants in
other diploid and tetraploid collections that fit Isély's

description of L. corniculatus by their regular alternate

branching of their stems and by their very narrow leaflets.

Plants of collection 5428, obtained as L. divaricatus have

2n « 24 and have a branching habit similar to those of
collection 5429, These plants are more pubescent than those
of any other collections belonging to the corniculatus group
(i.e. the collections in which the plants closely resemble

L. corniculatus L.). Also, they have a very prostrate growth
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habit. Plants of collection 5418, obtained as L. palustris,
have 2n = 12 and are very similar to those from collection
5428 except they are more prostrate and spreading and less
pubescent. Plants of these three collections are perennial
and do not produce rhizomes., They could easily be included

in L. corniculatus according to the description provided by

Isety, However, they are readily distinguishable from
plants in other collections that conform to Isaly's
description and look quite distinct from other collections
and from each other in nursery rows, so that each cen readily
be considered a separate species.

No differences in chromosome morphology were observed
among the plants of the collections that conformed to Is®ky's

description for L, corniculatus other than differences in

chromosome size., Plants of collection 5501, obtained as L.

corniculatus japonicus, have visibly larger meiotic chromo-

somes than plants of other 2n = 12 collections observed in
the same stage with the same technique, (See plate 2.)

One possible taxonomiec treatment would be to include all
the collections so far discussed in one species and to reduce
the separate taxa to subspecies, varieties, forma, etc.. This
would follow the deseription provided by IsédLy for L.

corniculatus, except it would have to be modified to include

L. major. Another possible taxonomic treatment would be to
elevate many of the separate taxa, for example. those
separated in table 1 except for the induced autotetraploid

tenuis and the corniculatus-4x tenuis hybrid, to species and




Table l.

Classification of the corniculatus group of plant collections studied.

Collections Chr, Characteristics by which collectlions
Taxa represented No. differ from corniculatus collection 5101
gorniculatus
~ Empire type 5101, 5401, 5402,| 2n = 24
5403.
European type 54,01, 5404, 5622 2n = 24| More upright, more rapld growth in
the spring and after c¢lipping.
British type 5405, 5408, 5698, | 2n = 24| Smaller, more prostrate, more compact,
5699, 56100, some with rhizomes.
56101, 56102
tenuis 5406, 5505 2n = 12| Narrower leaflets,longer internodes.
autotetraploid tenuis|5515, 5516, 5518 | 2n = 24| Narrower leaflets, longer internodes.
corniculatus-4x tenuisg 5517 2n = 24| Narrower leaflets, longer internodes.
major 5407, 5412, 5413, | 2n = 12| Stronger nerves, broader leaflets, calyx
5414, 5415, 5416, teeth more divergent, more flowers per
5425 cluster, more self-fertile.
Japonicus 5501 2n = 12| Same as major, except more prostrate,
highly self-fertile,
filicaulis 5429 2n = 12| Very narrow leaflets, regular alternate
stem branches.
divaricatus 5428 2n = 24| Pubescent, more prostrate, regular
alternate stem branches,
palustris 5418 2n = 12| Pubescent, very prostrate, regular
alternate stem branches,
angustissimus 5410 2n = 12| Annual, pubescent, small flowers,
self-fertile.
hispidus 5417 2n = 24| Annual, pubescent, small flowers,

self-fertile,

]
W
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to limit L., corniculatus to the broadleaf forms with a

somatic chromosome number of 2n = 24 and possibly to include
some 2n = 12 forms. The group of collections that come

under the descriptions provided by Issly for L. cornieulatus

and L. major could then be considered a section or subgenus
within the genus lotus. This group is hereafter referred

to as the "corniculatus group".

The latter alternative is more realistic and more useful
for agronomic purposes because plants in the separate taxa
listed in table 1, with one exception, are not cross-fertile
with plants of collection 510l. In tests made using tester
plants of collection 5101 as the female, plants of the taxa

listed under the three types in corniculatus, were all cross-

fertile with the tester plants and plants in the other taxa
were not cross-fertile with the tester plants, except the

tester plants were cross-fertile with corniculatﬁs-hg tenuis

plants from collection 5517, Cross-fertility between plants
of collection 5101 and plants of collection 5517 can bhe
accounted for by the origin of the latter collection and is

an indication that tepuis and corniculatus are closely

related. The work of Tome and Johnson (1945) provides

grounds for separating tenuls and corniculatus., It was not

possible to test plants of collection 5696 for eross-
fertility as they had not flowered by the time this
dissertation was prepared., These plants are 2n - 12 and have
leaflet characteristics intermediate between tenuis and

corniculatus. Plants of japbnicus could be included with
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major, on the basis of the characteristics used to separate

major and corniculatus by Isely (1951), PFurther investi-

gation is necessary to determine if major and japonicus are
separate species or of the same species. Also, further
investigation of cross-fertility relationships between the
seperate taxa is planned.

Much more material remains to be examined and floral
characteristics of plants in collections that have not
flowered need to be studied. Originel descriptions in
literature that are not yet available need to be examined

before a satisfactory description of the species coraniculatus

or of the other specles c¢an be arrived at. A continuation
of this work has been organized as a co-operative research
pro ject involving Dr. Kal Larsen of Copenhegen and Dr, E. O.
Callen, Dr, W. F. Grant and the writer of Macdonald College.
Dr., Callen is preparing herbarium specimens and identifying
materials described in this dissertation.

Meiosis in tetraploid L. corniculatus

Meiosis was observed in plants 40, 47 and 115 of
collection 5101 and in the lemon yellow plant of collection
5402, all of which have 2n = 24. These plants were chosen
because they were used for inherlitance studies discussed
later, No meiotic irregularities were observed. A few cells
in first metaphase of melosis were examined for each of the
four plants studied and no definite multivalent configurations
were observed. Of course, length differences in the

chromosomes mey make the identification of multivalents
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involving the shorter chromosomes difficult. It was
possible, however, to observe 12 distinct associations of
chromosomes in some metaphaese plates, which is also evidence
that bivalent pairings prevail. Two first metaphase plates
from a microsporocyte smear preparation from plant 40 of
collection 5101 are shown in plate 2, These observations
indicate that it is not necessary to become involved in
tetrasomic segregation ratios proposed by Haldane (1930) or
Mather (1936) since bivalent pairing apparently occurs
regularily during melosis.

Cytotaxonomy of Lotus species

Plants of a number of nggg collections were grown and
chromosome numbers were determined. Date obtained are
summarized in table 2 and drewings of chromosome compliments
from some of the collections are presented in plates 2 and 3.

Somatic chromosome numbers of 2n = 12, 24, 14 and 28
were found in the Lotus materials investigated. These numbers
are in agreement with those previously reported., The plants

in the corniculatus group of collections have 2n = 12 and 24.

Also plants of the 0ld World collections 5422 and 5674 of L.

canimbriensis and L. lamprocarpus and plants of the New World

colleotion 5511 of L. denticulatus have the basic chromosome

number of X = 6. Plants in the latter three collections are

morphologically quite different from those in the corniculatus

group and from each qther. Also, their chromosomes are

visibly morphologically different from those of plants in the
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Table 2. Chromosome numbers of plants of collections of
Lotus studied.

Collection Neme supplied Chromosome Remarks
by source number
5406 L. tenuis 2n = 12 Plate 2, Figure 8.
5407 L. corniculatus 2n = 12 Actually L. major.
5410 . L. angustissimus 2n = 12
5412 L. uliginosus 2n = 12
glabrisculus
5413 L. uliginosus - 2n = 12
villosus
5414 L. uliginosus 2n = 12
5415 L. uliginosus 2n = 12
5416 L. uliginosus 2n = 12
5418 L. palustris 2n = 12 Plate 2, Figure 3.
5425 L. seliquosus 2n = 12 Actually L. major.
5429 L, filiceulis 2n = 12
5501 L. corniculatus 2n = 12 Plate 2, Figure 7.
japonicus
5505 L. tenuls 2n = 12
5422 L. cenimbriensis 2n = 12 2 satellites,
Plate 3, Figure 5.
5511 L., denticulatus 2n = 12 American,
, Plate 3, Figure 1.
5696 L. corniculatus 2n = 12
5101 L. corniculatus 2n - 24 Plate 2, Figures 10,
13 and 14.
5401 L. corniculatus 2n = 24
5402 L, corniculatus 2n = 24
5403 L, corniculatus 2n = 24
5404 L. corniculatus 2n = 24
5405 L. corniculatus 2n = 24
5406 L. corniculatus 2n = 24
5622 L. corniculatus 2n = 24
5698 L. corniculatus 2n = 24
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Table 2 continued

5699 L. corniculatus

56100 L. corniculatus

56101 L. corniculatus

56102 L. corniculatus

5515 Tetraploid L.
tenuls

5516 Tetreploid L.
tenuls

5517 Tetraploid E.tenuis

X L. corniculatus

5518 Tetraplold L.
tenuls

5417 L. hispidus

54,28 L. divaricatus

5674 L. lamprocarpus

5409 L. ornithopodlodes

5411 L. weilleri

5421 L. edulis

5423 L. tetragonolobus

5424 L. jacobaeus

5427 L. americanus

5430 L. gebelia

5432 Hosackia sp.

5503 L. arabicus

5506 L. maroccanus

5509 L. campylacladus

5510 L. rectus

5512 L. conjugatus i
requien

5513 L. suaveo%ens

n
=

N
=]
"

)
(=3

0
=
]

D
13

2

{=]

N N ™D N N N N N N N N n N N N N N
BB BB IB B I BB BB BB B
1" [} n 1] 11 " " "t 11} n " n 1] (1]

n
(=]

2L
24
24
2L
2l
2L
2l
24
24
24
2L
14
14
14
1L
1,
14
1y
14
1L
1L
1L
14
1L
1,

Plate 2, Figure
Plate 3, Figure

Plate 2, Figure

Plate 2, Figure

Americen,
Plate 2, Figure
Plate 2, Figure

American,
Plate 3, Figure
Plate 2, Figure

Plate 2, Pigure

Plate 3: Figure 6

Plate 3, Figure
Plate 3, Figure
Plate 3, Figure
Plate 2, Figure

12.
12.

7 and
2,

10.
2.
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Table 2 continued

5514 L. maritimus 20 = 14

5664 L. scoparius 2n = 14 Americen

663 Plate 3,’Figure 8.

5 L, douglasii 2n = 14 American,
Plate 3, Figure 9.

5419 L, creticus var. 2n = 28

cytisoides

5420 L. perigrinus 2n = 28

5426 L. parviflorus 2n = 28 Disagrees with Larsen
(1956),Plate 3,
Figure 4.

corniculatus group and from each other, whereas chromosomes

of plants from within the corniculatus group are visibly

morphologically similar. Drawings: of chromosomes of plants

within the corniculatus group are presented in plate 2,

figures 3, 5, 7, 8, 10, 13, end l4. "Drawings: of L.

canimbriensis chromosomes, which include a pailr with satellites,

are presented in plate 3, figure 5. Those of L, lamprocarpus

are presented in plate 3, figure 7 and of L., denticulatus in

plate 3, figure 1. Plants in collections with 2n = 14 and
28 exhibit the full range of taxonomic variation that is
present in the Lotus materials studied. Ottley (194L)
pointed out that it is difficult to find a good taxonomic
reason for separating the American species as a group from
the 0ld World species., In the present studies, basic
chromosome numbers of x = 6 and of X = 7 were found in both
0ld and New World collections which is in agreement with
Ottley's opinion that these two groups should be included in

the one genus. These studies also indicate that chromosome
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numbers cannot be used by themselves to make a major
division within this genus, although chromosome numbers
and studles of chromosome morphology together may be very
useful in arriving at a classification of species within
this genus,

The above observations indicate that the direction of
evolution in Lotus has been from a basic chromosome number
of x =7 to one of x = 6, From the similarities in the

chromosome idlograms of plants within the corniculatus group

as well as from taxonomic simllaritles, it 1is propoéed that
the species in this group have a common ancestor with x = 7
and that the group evolved following the loss of one set of
homologous chromosomes, The other three x = 6 collections

are morphologically different from those in the corniculatus

group, so it 1s proposed that they originated from other

X = 7 specles on different occasions. Morphological variation
of x = 6 species falls well within the range exhibited by
those with x = 7.

Evolution from a higher to a lower chromosome number has
been demonstrated in Crepis (Reviewed by Stebbins, 1950), in
which reduction in chromosome number 1s associated with
evolution from more primative to more specialized taxonomic

characteristics., Stebbins pointed out that reduction in
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chromosome number with evolution has been found in the
majority of plant genera investigated. The trend proposed
for lotus, based on the writer's general Iimpression of
morphological variation in the genus, is in agreement with
the common trend proposed for other plant genera by Stebbins.
Further investigation will be necessary to confirm or

disprove this hypothesis.
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'Drawings of meiotic and premeiotic chromosomes pre-

pared from acetocarmine squashes with the aid of camera lucida.

Figure Collection Name supplied

Remarks

5411
5513
5418
5430
5428
5409
5501
5406
5427
5101
5506
5503
5101
5101

A S IR « < B B « NN R -l VS B . I o

D o o
= W N F O

L.

e e

{t

o | N S G I

weilleri
suaveolens
palustris

gebelia
divaricatus

ornithopodioidés

corniculatus

japonicus

tenuis

americanus

corniculatus

maroccanus

arabicus

corniculatus

corniculatus

Anaphase I, polar
2n = 14.

view,

Anaphase 1, side view,

22 - ll}o
Anaphase I, polar
21’1 fod 12 .

view,

Premeiotic anaphese,

Anaphese I, polar
2n - 21&.

Anaphase I, polar
22 = 14,
Anaphase 1, polar
2;1_ - 120
Anaphase I, polar
22 =2 120
Anaphase I, polar
2n = lk.
Anaphase I, polar

20 = 24.
Telophase II, n =
Anephase I, polar
2.'9_ - ll‘-o

Polar view of diakinesis,

Metaphase I, side
2n = 24.

view,
view,
view,
view,
view,
view,
7.

view,

view,



- 49 -

) P a2V
J. P 4 / '/, /
4;» b dawWse
|
AL
X\ X o/ Y
Lo W
"\vb" ’V;; ﬂ=1 '\I\? ~
‘(;’W 2k
| ~
/ 7 a
Y
\S./ﬂ\ o2
A+D
10
068, g
é n:

Plate 2.

10 M



- 50 -

Plate 3. TDrawings of melotle chromosomes prepared from

crystal violet sections of root tips with the aid of camera

lucida.

Figure Collection Name supplied Remarks
1l 5511 L. denticulatus American
2 5509 L, campylacladius

3 5423 L. tetragonolobus

L 5426 L. perviflorus

5 5422 L. canimbriensis Two satellites
6 5506 L. maroccanus

7 5674 L. lamprocarpus

8 566L L. scoparius American
9 5668 L. douglasii American
10 5512 L. conjugatus

11 5510 L, reetu%ggg—ggii

12 5432 Hosackia species American
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Plate 4. Lemon yellow flower colour. The plant on the left

has lemon yellow flowers and the one on the right has the
wild type colour flowers. Plant colours in this print are

fairly accurate although the soil colour is inaccurate.

Plate 5. Keel tip colour. The center pair of keels have

the red tip phenotype and the outside pair have the yellow
phenotype.
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Plate 6. Seed coat characters. Drawings showing the

speckled phenotype (Sp) on the left which has black speckles
on an olive brown background, the smooth phenotype (Sm) in
the center which has & uniferm olive brown colour, and the
mottled (M) phenotype on the right, which has white

mottling in an olive brown background.
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GENETIC STUDIES IN L. CORNICULATUS
In order to obtain some evidence on the prevalence of

tetrasomic inheritance in L. corniculatus, available

populations were carefully examined to locate chearacters
which appeared to segregate into discrete classes. The
characters found were:

A. Lemon yellow flower colour. (Plate 4.) A single plant in

collection 5402 possessed a lighter flower colour, which is
designated as "lemon yellow" in these investigations. This
plant is a tetraploid with a somatic chromosome number of

2n = 24 and has bivalent pairing during melosis. (Bivalent
pairing in this plent is discussed in the section on melosis

in tetraploid L. corniculatus).

B, Red keel tip. (Plate 5.) Populations of plants from

collection 5101, which were used for lncompatibility studies,
segregated for presence or absence of red colour on the tip
of the keel., These plants are tetraploids with a somatic
chromposome number of 2n = 24 and bivalent pairing during

meiosis.

C. Mottled seed coat. (Plate 6) The populations established

from collection 5101 also segregated for presence or absence
of white mottling on the seed coat.
D, Speckled seed coat. (Plate 6) The populations established

from collection 5101 also segregated for presence oI absence
of black speckling on the seed coat.
E., Self-incompatibility., Populations from plants selected
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for desirable agronomic characters in collection 5101 of

L. corniculatus were used for a series of experiments on

self-incompatibility. These plants are cross-fertile and
self-sterile so that 1t was possible to discriminate clearly
between seed set following self- and oross-polllnation.
Considerable variation in leaf size and shape, pubescence,
growth haebit, red pigment in stems, red venation in petals
and redness of the buds was also observed. Preliminary
observations indicated that it would be very difficult to
classify these plants into discrete classes for these
characters, which are required for satisfactory inheritance
studies,

Lemon vellow flower colour.

The lemon yellow plant was crossed to a wild type colour
plant from collection 5101. Eleven F; progeny were grown
and they all exhibited the wild type flower colour. A single
F, plant was selected and backerossed to its lemon yellow
parent and 81 backecross progeny were grown. These plants
were grown in a spaced planting of over 600 plants in which
they replaced seedlings which died following transplanting.
The location of each backcross progeny was recorded in a
planting plan, When the nursery was in full bloom, the
flower colour of each plent in the whole nursery was compared
with that of the lemon yellow parent. Thirteen lemon yellow
plants were found, all of them progeny of the backcross.

The remaining sixty-eight progeny were not distinguishable
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from other plants in the nursery.

These data indicate that the lemon yellow colour is
recessive to the wild type colour and that it is inherited
tetrasomically at a single locus, These data are in
agreement with Muller's hypothesis for tetrasomic inheritance,
as is 1llustrated in teble 3,

Table 3. Lemon yellow flower colour inheritance.

Cross IYYY X yyvy —> Yiyy
(wild) (lemon) (wild)

Gametes of YYyy - 1YY : 4Yy : lyy
Backcross YYyy X yyyy — 1YYyy : 4Yyyy : lyyyy

\h___\r______J

wild lemon

"~ Obs. Exp. Obs. Exp.

68 67.5 13 13.5
Red keel tip.

This character was observed to be segregating in the
plants grown of collections 5101, 5401, 5404, 5405, 5408,

and 5622 of L, corniculatus and in Agronomy Department plots

of the varieties; Empire, Cascade, Viking, Mansfield and
Granger. Data were collected on populations of plants used

in incompatibility studies. No crosses were made specifically
to study the inheritance of this character,

It was possible to consistently classify plants for the
presence or absence of red keel tip, but it was not possible
to consistently classify the red keel tip plants according
to the intensity of the colour. The data obtained from

specific cross- and self-progenies, together with proposed
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genotypes, are presented in table 4. Chi square tests are
presented in table 5 and a contingenecy test is presented in
table 6,

The segregation data do not indicate a dominance
relationship between keel tip colour alleles as self-
progenies of plants with and of plants without red keel tip
segregated for this character. It was observed that yellow
is the background colour of the whole keel and that the red
can be scraped off leaving the yellow beckground. This
suggests that the red colour occurs when a pigment is present
and yellow when it is absent. Since it has been demonstrated
in numerous inheritance studies (for example see Twamley 1955)
that the presence of & pigment is generally dominant to its
absence, red may be expected to be dominant to yellow in this
case,

The ratios obtained do not fit any simple tetrasomic
inheritance hypothesis. An hypothesis is proposed involving
tetrasomic inheritance at one locus, as was found with lemon
yellow flower colour and in Dawson's (194l) investigations.
In order to éxplain segregation in self-progenies from both
red and yellow keel tip parents, a dosage effect 1s proposed
so that in the nulliplex or simplex conditions for red, the
yellow phenotype is produced and in the duplex, triplex, or
quadruplex conditions, the red phenotype is produced, Some
of the data deviate significantly from this hypothesis, as is
illustrated in tables 5 and 6. It was noted that the data
which deviate significantly are associated with inbreeding
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Table 4. Keel tip colour inheritance data.

Segregations obtained for keel-tip colour

Self-Pollinations

Parent Progeny
Plant Colour Proposed genotype Yellow Red

L0 Yellow (Y) Kkkk 33 9

L5 Yellow Kkkk 2 3

L7 Red (R) KRkk 26 20

115 Red RRkk 3 32

133 Yellow Kkkk L 3

210 Yellow KKKk L 2

Cross-Pollinations

Plants Colours Proposed genotypes Yellow Red
40 X 115 YXR Kkkk X KKkk 11 8
115 X 40 RXY KKkk X Kkkk 14 18

(Parent X Progeny of above crosses)

L0 X 13-9 YXY Kkkk X Kkkk 15 7
13-12 X 40 YXY Kikkk X Kikkk 60 2
40 X 14=2 YXR Rxkk x KXkk 10 0
40 X 1414 YXY Kkkk X Kkkk 12 5
14-14 X 40 YXY Kkkk X Kkkk 36 2
115 X 14-9 RXR RXkk X KEkk 3 L
13-12 X 115 YXR Rkkk X RRkk 10 7
(Parent X Progeny of 4LOR)
4O X 19-4 YXR Kkkk X KKkk 5 6
20-7 X 40 YXY kkkk X Kkkk 42 0
20-12 X 40 YXY kkkk X Kkkk L3 )
(Parent X Progeny of 115 @)
17-9 X 115 RXR KKkk X_KKkk 8 30
Other Crosses

LO X 47 YXR Kkkk X KXkk 8 8
115 X L7 RXR EXkk X KKKk 0 10
47 X 115 RXR KRKkx X KRkk 2 5
102 X 47 YXR Kikkk X EKkk 5 L
102 X 40 YXY kklc X Kkk 11 0
102 X 115 YXR k X RRkk 2 1
® = self-pollinated

Y and R designate phenothypie colours, K and k represent genes.
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Table 5. Goodness of fit of keel-tip colour lnheritance

data to ratios obtained using the tetrasomic inheritance at

one locus hypothesis.

Yellow Réd. Yateé"cofredﬁéd

Cross Obs. Exp. Obs. Exp. Chi-square
4o ® 3% 31450 9 10.50 0413

45 & 2 3.75 3 1.25 1,67

L7 & 26 11,50 20  34.50 22475 %
115 ® a 8.75 32 26425 420
133 & 3-25 3 175 Ouh3
210 ® " «50 2 1,50 0,00
4o x 11 11 9.50 8 9.50 0.22

115 X 43 1, 16.30 18 16.80 0.28
4O X 13=9 15 16450 7 550 | o0.24
13-2 X 40 60 L6450 2 15,50 153
4O X 1h=2 10 5400 0 .00 «10 3
4O X L1l 12 12.75 5 «25 0402
-1l X 4O 36  28.50 2 9.50 6488 %
115 X 14=9 3 1.75 4 g.zs Ol
13-12 X 115 10 8450 7 «50 Oe2

0 X 19- 50 6 450 0400
go~7 x9u% ug ug.go 0 g.go 0.00
20-12 X Lo 43  h3.00 0 0,00 0.00
17-9 X 115 8 9450 30 28,50 01l
4O X L7 8 8400 8 8400 0,00

115 X L7 0 2.50 10 750 2.1%
47 X 115 2 1.75 25 0,00
102 X 47 5 .50 3 «50 0.00

102 X 140 11 025 0 2.75 24145

102 X 115 2 1,56 1 1,50 0.00

# gign. at p = 0,05
#% sign at p = 0,01
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Contingency test of the significance of a

reciprocal difference in keel tip colour.

Cross Yellow Red kTotal

L0 X 1lh-1l Obs, 12 5 17
Exp. 14.84 2.16

l4=14 X LO Obs, 36 2 38
Exp, 33.16 L8l
Total |48 7 55

Chi - square for 1 degree of freedom calculated with YateS$?
correction for small numbers (Snedecor, 1946, page 22) =,

L,184, significant at P = 0.05.
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and that in only one case, in a cross that ylelded only 10
progeny, is a class missing that is expected with this
hypothesis. In this particular cross there was a poor seed
set and a large portion of the seedlings died after
germination., Also, a significant difference in reciprocal
parent X progeny crosses was demonstrated in the 40 X 14-14
and 14=-14 X LO crosses. The significance of this reciprocal
difference is illustrated by having one chi-square value
significant and the other one not significant in table 5 and
is confirmed with a contingency test presented in table 6.

This reciprocal difference and the deviations from
random segregations illustrated by significant chi-square
values in table 5 could occur if the keel tip colour locus
is linked to a locus influencing survival or to a locus
influencing breeding behaviour. The data obtained may be
accounted for without discrediting the tetrasomic inheritance
at one locus hypothesls by assuming linkage to an
incompatibility locus or to a locus or loci involving lethals
or overdominance heterosis. Reciprocal differences for
incompatibility is one characteristic of some oppositional
incompatibility systems, which suggests that the keel tip
colour locus is linked with an incompatibility locus, as is
discussed later in this dissertation,

The hypothesis that this locus is linked to an
incompatibility locus is made plausible by the observation
that red keel tip is segregating in the populations of L.

corniculatus that were used in the incompatibility studies.
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This linkage would give the observed heberogemity for this
character within populations a selective advantage although
it is hard to propose any reason for this heterogemity by
itself., Bee pollination studies by Morse (1955) suggest
that this heterogemity for a flower colour character might
even be at a selective disadvantage.

Although the data obtained do not fit a simple tetrasomic
inheritance hypothesis, it is possible to account for the
observed deviations by meking two reasonable assumptions,

(1) a dosage effect with a threshold value before a phenotype
appears and (2) linkage to an incompatibility locus. This
hypothesis appears more reasonable to the writer than
alternative hypothesis involving disomic inheritance with
which it is necessary to postulate more than one locus and a
reversal of the dominance relationship at different loci.
Epistasis also has to be postulated to account for the
segregations obtained with a disomic hypothesis.

It is concluded that tetrasomic inheritance is more
probeble than disomic inheritance for the red keel tip character.
Mottled seed coat. |

This character was observed to be segregating in plants
of collection 5501 and in seed samples of the named varieties

of L. corniculatus; Empire, Cascade, Granger, Viking, and

Mansfield. Data were collected in populations of plants used
for incompatibility studies and no crosses were made
specifically to study the inheritance of this character.

It was difficuit to recognize the phenotype of this
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character and that of the seed speckling character as these
phenotypes could be observed only on mature seeds which had
not been weathered. No plants were observed with both these
characters present on their seeds, which may have some
biological significance or may simply be due to the observer's
inability to recognize these characters when they are present
together, The data obtained are presented in table 7.

Non-mottled plants crossed with other non-mottled plants
produced progenies which segregated for this character.

17-9 (mottled) X 115 (non-mottled plant, of which 17-9 is a
self-progeny) segregated 1 : 1 and 222 (non-mottled) X 182
(mottled) also segregated 1 : 1, Non-mottled plants LO and
115 produced self-progenies which segregated 35 : 1 and 3 : 1
respectively. These segregations fit the hypothesis that the
allele M (non-mottled) is dominant to m (mottled) and that
they are inherited tetrasomically., Genotype mmmm can be
assigned to 17-9 and 182, Mmmm to 115 and 222, MMmm to 4O,

15 and 46 and MMMm or MMMM to 47. The one chi-square value,
of the seven calculated, that deviates significantly from

the hypothesis is from a cross of two plants selected for
late flowering habit. No explanation of this deviation can
be given at the present time.

A tentative hypothesis of tetrasomic inheritance at one
locus is based on date obtained from plant populations
produced for purposed other than the study of the inheritance
of this character and fits these data fairly well as is shown

above, Further investigation of plants selected especially
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Table 7. Mottled seed coat inherlitance data.
Numbers of mottled : non-mottled plants obtained from

varlous crosses, The data from reciprocals are combined.

Parental plants 1,0 115 L7

4o 1:40 5:22 0:16
115 5:22 10:23 0:17
L7 0:16 0:17 0:4);

102 0:10 0:3 0:10

19~ (4o &) 0:11 - -

21-3% (L7 ®) - - 0:11

17~9 (115 @) - 17:20 -

20~7 (LO #) 7:36 - -

20-12 (40 ®) o:ﬁz - -

Parental plants L0 15 116 56 205 182
222 0:11 2:19 0:9 O:1} 0:16 9:11
205 0:32 0:21 0:19 0:15 - 0:28

56 0:2l, 0:23 - - 0:15 0:1
127 0:1y 0:20 - 0:17 0:12 -
lhz - 0:9 - 0:8 - -

Iy - 0:17 - - - 7:16

Mottled parents: 17-9, 182,
Non-mottled parents: 40O, 115, 47, 102, 19-k, 21~3, 20~7,
20~12, 15, 46, 50, 205, 222, 127, 1l47.
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Table 8 Goodness of fit of mottled seed coat data to

ratios obtained using a tetrasomlc inheritance hypothesis.

Mottled Non-mottled Yates' corrected

Cross Obs. Exp. Obs. BExp. Chi=square

17-9 X 115 17 18.50 20 18.5 0,11

222 X 182 9 10,00 11 10,00 0.05

40 ® 1 1,20 4O 39,80 0400

115 ® 10 8,25 23 24.75 0.25

182 X 416 7 2.83% 16 20,17 S5el43 #

222 X 15 2 1.75 19 19425 0,00

40 X 15 5 2425 22 2475 2.45

# Significant at P = 0,05

Proposed genotypes
mmmm -~ 17-9 and 182,
Mmmm -~ 115 and 222.
MMmm ~ 4O, 15 and L6.
MMMm or MMMM ~ 47.
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for the study of the inheritance of thils character,
especlally in a cross of mottled X mottled, 1s needed to
test this hypothesis.

Speckled seed coat.

This character was segregating in all populations in
which mottled seed coat was found to be segregating. All
plants of collection 5406 of L. tenuls produced speckled
seeds. Agaln data were collected on populations produced
for other purposes and no crosses were made specifically
to study the inheritance of this character.

The data obtalined are presented in table 9. These data
are not extensive enough to suggest the mode of inheritance.
Dominance cannot be determined as both speckled and non-
speckled plants produced self-progenies which segregated for
this character. The behaviour of this character appears to
be somewhat simllar to that observed for red keel tip and
may possibly be accounted for in the same way, however more
data are needed before a definite hypothesis can be proposed.

Self-incompatibility.

Terminology. In this dissertation, the term "self-

sterile™" 1s used in the broad sense when self-seeds are not
produced by undisturbed isolated flowers. The sterlility may
be caused by genetie, environmental or mechanical factors
which may act before, during or after fertilization. "Self-
fertile" is the antonym of "self-sterile".

A plent may be "self-sterile but mechanically self-

fertile" if self-seeds are not produced by undisturbed



- 67 =

Table 9. Speckled seed coat inheritance data.
Numbers of speckled : non~speckled plants obtained from

various crosses. The data from reciprocals are combined,

Parental plants 40 115 L7
40 8:32 8:19 8:8
115 :19 12:21 10:3
47 8:8 10:3 22:22

102 1:9 0:3 6:4

19=l (4O ®) 8:3 - -

21~3 (47 ®) - - T:h

17-9 (115 @) - 5230 -

20~7 (Lo ®) 0:43 - -

20-12 (4O ®) 0:42 - -

Parental plants Lo 15 L6 56 205 182
222 0:11 0:21 1:8 h:10 2:1)4 0:20
205 3:29 0:21 0:19 3:12 - o:zg

56 o:aﬁ 0:23 - - 3:12  0:l
127 021y 0:20 - 0:17 0:12 -
147 - 0:9 - 0:8 - -

16 - 0:17 - - - 0:23

Speckled parents: L7, 19-=L, 222.
Non~speckled parents: 17-9, 182, L0, 115, 102, 20-7, 20-12,
56: 127’ 2059 L|-6.v 15: 1’-'-7’
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flowers but are produced by flowers which are mechanically
self-pollinated.

The term "self-incompatible" is used specifically to
describe & plant characteristic,»controlled by genes, that
is manifest by restricted self-fertilization or by restricted
cross~fertilization between plants of the same incompatibility
genotypes. In some specles (see Sears 1937), restricted
self-fertilization has been assoclated with differential
pollen tube growth rates, although this assoclation may not
necessarily occur as any other factor that can produce
differential fertilization may also produce incompatibility.
Theoretically, a plant could be self-fertlle and at the same
time self-incompatible if a mechanism 1s acting to encourage
cross-fertilization but does not prevent self-fertilization.
This may be the case in the wallflowser, reported by Bateman
(1956). M"Self-compatible" is the antonym of "self-incompatible?

Genetic studies. Thls character was studied extensively

in plants selected from collection 5101 of tetraploid L.
corniculatus, Plants in collections 5401, 5402, 5403, sLol,

5405, 5408, 5611, and 5622 of L. corniculatus were also

tested and were observed to be about as self-sterile as
plants in collection 5101, Also, plants in collections 5406
and 5505 of L. tenuls, 5515, 5516 and 5518 of tetraploid L.

tenuis and 5517 of Lx tenuis X cornlculatus were tested and

obéerved to be about as self-sterile as plants in collection
5101, Plants selected from the named varieties of L.

corniculatus: Empire, Granger, Cascade, Viking and Mansfield
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were also observed to be about as self-sterlle as the plents
from collection 5101, Further data on self-sterility are
presented in table 28, where they are given in conjunction
with observations on ovule development.

Experiments were designed to discriminate between
gametophytic and sporophytic oﬁpositional systems based on
the theoreticael considerations presented by Lewis (1954 ).

The experimental design also allowed for possible disomic
end tetrasomic inheritance at one or two loci. Backcross

end self-progenles were grown which were theoretically large
enough to determine if tetrasomic inheritance is occurring
at two or possibly three loci, or if disomic inheritance is
occurring at & number of locl, provided that alleles at these
locl are not selected differentially by inbreeding and that
they act in the same way.,

Compatibility was evaluated in terms of a "compatibility
index* calculated by dividing the total number of seeds
produced from a cross or self-pollination by the total number
of flowers pollinated in maeking this cross or self=-pollination.
This value may have been influenced by uncontrollable
veriations in technique and by environmental variations, as
would an index based on the number of pods produced divided
by the number of flowers pollinated. An index based on the
average number of seeds per pod may remove some of the effects
of variations in technique but was not considered as

satisfactory as the index chosen becsasuse it is influenced more



- 70 -

by varlabllity in ovule development associated with age of
the flower, which is discussed later in thlis dissertation.
Also, 1t does not make use of the evldence from the
proportion of flowers pollinated that set pods which is
especially meaningful in crosses which are quite incompatible
and in self-pollinations, in spite of uncontrollable
variations in technique and environment.

The compatibility index used makes 1t possible to
compare crosses in which different numbers of flowers were
used. The number of flowers used was largely determined by
the number of flowers available at the time the tests were
made. Crosses which falled were repeated one or more times,
if materials were available, until some seeds were obtained
or until there was good evidence of cross-incompatibility.
The number of flowers used to calculate the index inecluded
those from attempts that failed as well as from attempts that
succeeded. Successful crosses were rarely repeated if more
than three pods were obtained, The practice of repeating
crosses that failed could easily lead to a bias in the
indices compared with values that would have been obtained
if equal numbers of flowers had gone into each cross.

The tables which follow contain compatibility indices
obtalned from various experiments lnvolving crosses of L.

corniculatus. The very extensive data from which these

indices were calculated is not recorded in this dissertation.
All the original data are in the possession of the writer

and will be kept on record in the Agronomy Department at

Macdonald College.



Table 10,

Compatibility indices from crosses of plants

not known to be closely related.

Cross Index

40 X 115 (from collection 5101) 7.05) Average
115 X 4o (" " ") 5.7;} 6438
40 X 205 (" " ") 9450

Lo x 56 (" " ") 12.75

Lo X 15 ( * “ LI 3450

L0 X a plant from collection 54Ok 18.90

4O X a plant from collection 5405 31.40

L4LO open-pollinated by bees in field 13,85

(seeds per pod)

Table 11.

Compatibility indices from self-pollinations

of plants selected from collection 5101,

Index |

Self~pollinations

115 ® O.11
4o ® 0.15
L7 ® 0439
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Table 12. Compatlibility indices from parent X progeny
crosses between 0, 115 and progeny of 1,0 X 115 (13-8 to
1j=2) and 115 X 40 (14-3 to 14-15) and for the progeny

selfed.
Progeny |Selfed Crossed to parental clonesg Sum of
plant Lo ¢ LO &) 115 ¢ 115 d |} crosses
number
13-8 0.00{ 2.88 .71 | 1.8 %.88 1343
9 - 2425 t.Zo Le5 2.40 1%.6%
10 - 5013 5078 2055 6.08 17.32
11 - 5020 5050 L|.017 6.1’.]. 17001
12 |0.00[ 5.46 | 3.96 | 1.70 ] 3.79 14.91
1 0.00| 3.21 .82 | 6,67 | 0.18 13,38
1 - 2.58 3.76 3.11 | Tel7 17.62
15 {0.00] 2.57 | L.58 | 7.15 .91 20,21
16 - 0.39 Le56 | 1.73 5.50 11.28
1 - 2032 9068 1090 027 20.15
1 0,00 1.22 | 0.59 | L.08 | 0.21 6.0
20 0,00 h-%? 1.11 | 5.80 | 6.12 17.50
21 - 0.67 | Te50 | 1a92 | 2.70 12.29
2% [0.00] 7«86 | 3432 1.9g 11.50 2l
-1 - 3,91 | 8.25 | 2.2 6490 21.33
2 0.00] 2.47 0.39 1.19 | 1.94 6419
- 0,97 | 2.8% | 1.30 | 6461 11.71
ﬁ 0.00] 1.2 | 8400 | 5410 | L4.O7 18.5
2 - 1.%5 h.Oﬁ o.og 5.1§ 10.2
0.00] 2.67 | 11.9 2.7 | 1340 30.43
5 - [16.60 | 6.00 z.%o 2,86 28.%6
0.00] 2.50 | 3447 « 67 u.ég 15.31
9 0.00] 1.68 | 2.30 | 2.21 | 1.6 5.87
10 [0.00{11.80 | 1.81 | L4.09 | 0447 18.17
11 - 9.1 7.21 h.73 | 7.71 29.29
12 - 9.5 L.65 | 3.70 7.35 25.66
1 0.00f 0.86 | 3,42 | 0.58 | 10.80 15,66
1§ 0400 1210 | 6428 | 1.98 | 2.67 2&.03
1 - 2936 | 5425 | 2623 | 3492 .76
Sum 0,00[L2L.e 70 136475 8941l L6487 (LTl

Mean 0.00{ L.«30 2,97 | 5416 Le29

=
-

-3
n

Note: a dash signifies that no data were obtained.
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Table 13. Analyslis of variance of Table 12.

D.F, S.S M.S. P values

Between compat- 3 65.5L 21485 2.56 %
ibility index means
for parents.

Between compat- 28 29&.26 10.51 1.25%
ibility index means
for progeny.

Remainder 85 126.11 8454

Total 115 1085.91

? significant at P = 0,10

D.F. (degrees of freedom); S.S. (sum of squares);
M.,S. (mean square).

Table lﬁ' Correlation coefficients for compatibility
indices in Table 12.
Between L0 & and 40O ?, » = +0,053

Between L0 J and 115 &, r = +0.62l s
Between jO0 & and 115 9, r = =0,052 -
Between 4O ¢ and 115 d, r = +0.,092
Between L0 ¢ and 115 @, » = +0.13L

Between 115 ¢ and 115 ¢, r = +0,005

#&# gignificant at P = 0,001
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The analyslis of variance (table 13) indicates a trend
for plant 115 used as the female and crossed to 1ts
progeny from a cross with plant [j0 to have lower
compatibility indices. It was Qbserved that this plant did
not thrive particularily well in the greenhouse during the
winter when these crosses were made, therefore these lower
values may be a reflection of growth conditions rather than
of lower genetic compatibility. This same interpretation
may apply to the significant correlation between the
compatibility indices obtained when the progeny were used
as the female and parents as the male, (columns headed [0
male and 115 male), The indices may indicate the response
of these plants to the greenhouse enviromment, which could
be due to inherent differences in seed setting ability
between the progenies or to envirommental differences in
the greenhouse as it was not possible to make all tests at
one time because all plants dld not flower at the same time.

No self-seed was obtained on any of the progeny of
115 X 4O (teble 12) tested by self-pollinating, therefore
indices are 0,00. Only one cross had an index value of
0.00 (115 X 14-5). This cross was attempted on two
occasions with a totel of 18 flowers, hence it is a fair
indication of a cross-incompatibility. There are some other
low compatibility indices which may also indicate genetle
cross-incompatibilities. Only two more of them need to be
accepted to have a good apﬁroximation to a ratio of 35
compatiblilitlies : 1 incompatibllity, which ratio might be
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assoclated with tetrasomic inheritance at one locus, There
are a total of eleven compatibility indices of less than
1,00 in table 12, any of which may be accepted as indicating
genetic cross-incompatibility.

If we accept any of these indices as lndicating true
cross-incompatibilities, we admit reciprocal differences in
compatibllity, which is of criterion that may be used to
differentiate gametophytic and sporophytie incompatibility,
indicating a sporophytic system if incompatibllity alleles
occur at only one locus, as is pointed out by Lewis (195)
and Lundgvist (1956). -

Another criterion that can be used to differentliate
between the two systems, if incompatibility alleles occur
at only one locus, 1s that in the sporophytic system,
incompatibility can occur between & progeny and its female
parent, This may occur between 115 and 13%-13 or 13%-18, or
between L0 and 14~3 or 1L-13,

The data from these crosses are not sensltive enough to
definitely indicate how many cross~incompatibilities are
present, so thay cannot be used to discriminate between possible
gene segregation patterns which might indicate disomic or
tetrasomlc inheritance or the number of loci Involved, The
data presented in table 12 do not disagree with the
hypothesls that lncompatibility in L. corniculatus 1is

determined genetically at one locus, if allowande is made for
tetrasomic inheritance.

Progeny of selected parent X progeny crosses were grown
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Table 15. Compatibility lndices from parent by progeny
backcrosses between 40, 13~12 and progeny (E) and for

progeny selfed.

Progeny} Selfed Crossed to parental clones
plant O 9 L0 & 1712 9 I3-12 &
number
E-1 0.00 L.00 3.91 1.33% 3,00
2 0,00 4.00 1.00 0.53 1.91
a 0.00 5400 9.83% 1.00 6433
0.00 6450 6450 2460 7.00
5 0.81 Lhel3 g.ﬁz %425 Z.lo
6 0.00 0400 .00 0.00 .1l
g 000 4400 1.00 0.58 727
0.05 0.00 Le50 0.68 2.22
9 0.00 0.21 | 10.66 3,50 6,22
10 0.00 0.90 3,12 0.63% 8.57
11 0.00 0,00 1.23 000 340
12 0.00 1.33 5.8 0.00 9.2
iﬁ 0.00 3455 7.22 - 9.62
0.19 3,00 9.83 1.75 Te20
15 0.00 3480 5.75 4.%3 [15,00
16 0.00 0000 .50 - 12012
1 0.00 0.83 R.zo 2.75 .00
1 0.00 24,50 Z.éo 1.ug .60
19 0.00 0.00 .28 0.2 8.60
20 0.00 0.00 | 13.87 0.00 2,28
21 - 0.00 7400 0.00 3,12
22 0.00 0,00 9.20 0425 1.58
2 0400 242 | 11,16 0.00 7.00
2 0.00 0,00 0.20 0.58 5443
25 0.00 0.00 1.88 2.%33  [10.T2
26 0.12 0+33% 2,00 0.00 l.14
2 0.00 3.00 3410 1.00 4.00
2 0.00 - - 0000 2.20
29 - - 2.67 0,00 5.17
30 0.00 - - 0.00 2.09
31 0.00 2,11 - 0.16 2.20
32 - - - - 10.28
3 0.00 4.89 5¢17 0.00 9.1l
3 - - l. O 0.00 0000
35 0.00 - 047 0.00 3.31
36 0.00 2,00 - 0.00 1.9,
3 0.00 |10.13 2.2l 0.00 Loy
3 0.00 3473 3461 0.00 2473




Table 16, Compatibility indices from parent X progeny
backerosses between 115, 13-12 and progeny (F) and for

progeny selfed.

Progeny|Selfed Crossed to parental clones

plant 115 TI5 ¢ [13-12 ¥[13-12 &

number

F=1 0.00 0.07 6400 0.00 1.92
2 0,00 [12.42 | 11.50 5020 5e3
z 0,00 7.25 35 1.00 -

0.00 0,00 LeT1 2,50
5 000 «10 é'“ 0.78 9.67
6 0.00 0,00 217 0.00 3450
g 0.00 2.50 7.57 2.28 6.25
0.00 6457 0.63 - 11«80

9 1.28 3,13 %’%O 0.00 7450
10 0000 3.15 [ 7 - : 5050
11 0.00 - 3,92 0.00 3,38
12 0.12 2.86 | 10.18 0,00 T+67
1 - 738 550 0.00 -
1 0400 2.54 T.12 0.20 2.38
15 0.00 0.00 0.20 - 9.28
16 000 0.00 L.50 - 2.17
1 - - 7-33 033 Te 67
1 0,00 0400 - Le25
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Table 17, Compatibllity indices from parent X progeny
crosses between 115 and 115 self=-progenies and from self-

pollination of the progenles.

Progeny Progeny Backerossed to parental clone
plant selfed 115 ¢ 115 .4
number
17-8 - 0.19 0.
9 - 1008 gh.
10 0.00 1.03
11 000 l.42 1 Z
12 0,00 0453
1 0,00 0.%7 1 80
1 0.00 1.61 %8
15 0405 0.88 3
16 0.00 0.85
1 0400 1.00 1.uo
1 0.00 0.93 3.145
19 - o.g 1.55
20 000 0.89 0.8% =
21 0.13 Ouli6 2.58
22 0,08 2,38 %483
23 0.00 0.00 0.00 *
18-1 0400 0.92 6.10
2 0.00 0.31 2,72
ﬁ 0.00 0el40 1,70
0.00 1.43 1.54
5 - 0017 1023
6 - 0.2 0.55 #*
g 0.00 0400 5460
0.00 1.00 5085
9 0.12 0.11 1,83
10 - 0.92 3.11
11 0.00 0.00 l.gé
12 0.21 2.76 6.81
1 - 0.00 L.60
1 0.00 1.88 0.60
15 0400 0,00 2.67
16 0.00 0.00 1.05
1 0.00 1. g 2.1
l - 1- 102
19 - 3070 120,4.1
Average 0.02 0.90 2.85

= progeny possibly incompatible with parent
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Table 18, Compatibility indices from parent X progeny
crosses between 10 and )0 self-progenies and from self-

pollination of the progenies.,

Progeny [ Progeny Backerossed to parental clone
plant selfed Lo ¢ 40 ¢
number
18-20 - 2.30 3,00
21 - 8.78 575
22 0,00 1.71 .10
23 - - 5023
19-1 - 3.62 o607
2 - - 10.35
0.00 11,00 1.75
ﬁ 0,00 4.00 1.93
5 - 12.00 u090
6 - 8.29 3,00
g - . 10,90 13,00
0,00 3.26 g.lh
9 0400 13,40 .00
10 0.00 2405 1e69
11 - 20 13 ).|.028
12 - 0.00 -
1 : 1751 757
15 - 20. 1 3.17
16 0.00 0.00 «50
1 - 10.90 9.6l
1 - «30 12.40
19 -~ .00 700
20 0.00 %.31 o.BZ
21 - 067 5075
22 - 9433 750
2% - 0.93 3.90
20-1 0.00 3.67 3.1z
2 0.00 h.88 1.;
- [] 5. 0
: . : 1128 ~
- 2. 7 lo 3
2 0.00 6.20 6.69
g 1.16 5.35 2.26
- 3,80 9.50
9 - 12,20 13.28
10 - 11,00 3.88
11 0,00 | 2.82 0.65
12 0.00 34,96 2.85
-1 - 3450 6.1
1 0.00 0,00 5.00
15 1.33 2.5 .12
16 0.00 0.30 07
17 - 3,08 9.17
Average 0.14 5.88 5456

# = progeny possibly incompatible with parent.
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Table 19. Compatiblility indlices from perent X progeny
crosses between L7 and l7 self-progenies and from self~-
pollination of the progenies,

Progeny plant | Progeny Backcrossed to parental clone
number selfed ur ® nl d
20-18 - 1.97 5¢9%
19 - 3461 .
20 - 1.68 5-32 #*
21 - 8ally 21,87 -
%5 . 12:28 228
s SR - B B R
2:70 17:1h 2o°9o
a 0.55 700 6.10
2 172 X 18023
7 0.00 6.38 13.35
1.09 7.29 12,20
20 1.08 lg.go .gg
i : 7 ¥
- o O 0
1 - .73 3,08
1 - .62 16.57
15 - 3414 1.50
16 - 3.03 8.50
1 - o7 2460
1 0.00 .97 g 12
19 2.55 «30
20 - 1,63% 1&.00
21 - 3419 0.92
22 - 5.23 18.2
23 - 1.9 506
22=-1 - 2.00 .82
2 0.00 6,38 «25
: Tz 5277
5 - 3:66 §:55
6 0.00 .sg 16.27
g 0.00 %.3 9.90
1.50 .00 625
? : S
il 0.07 i: 8 9:35
2 - . 0 09 0
1 0.00 1.81 9.67
1 0.00 3.23 1.94
195 0.18 .25 8.52
16 1,68 6.06 72
1 0.2h 0.58 2.22 %
1 - 0.76 12,62
19 2.07 1.7h 3,00 #
20 - 1025 16000
Average 0.72 5e42 8.35
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Table 20. Analyses of variance based on paired reciprocal

compatibllity indices excluding those in which a

compatibility test was made in only one direction.

A, For the 115 famlly - Table 15
D'F S.S. M.S,e P, value
Between reciprocals 1 66.50 06450 31,061 e
Between progeny 3L 143437 lo22 2,00 #
Remainder 3l gl.ﬁh 2,10
Total 69 281.41
B, For the [0 family - Table 16
D F. SeSa MeSe F, value
Between reciprocals 1 L85 LeB5 0.1
Between progeny 39 312.59 23.89 1.97 #
Remainder 39 162,50 11.86
Total T9 137972
Ce For the L7 family -~ Table 17
DJF. SeSe M.S,. F. Value
Between reclprocals 1  1E7.56 157506 1l.47 #*
Between progeny 46 1223,63 26.60 1.63 2
Remainder 46 751493 16.35
Total 93 2163%.12
#%3% significant at P = 0,001
**‘ " n 0 = 0.01
% ] tt i = 0.05
? " "ot =90,10
Table 21. Correlation between feciprocal compatibility

index values.

Reclprocals compared D.F. Correlation coefficient
amily - Table 15 2L +0.525%
40 family - Table 16 39 +04369 #
47 family - Table 17 6  +0.243 ?
##% glgnificant at P = 0,01
3 1t n U = 0.05

n 1

?

"

0410
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Table 22. Theoretical genotypes expected for incompatibility
alleles inherited tetrasomically at one locus in L.

corniculatus following a backeross, assumming parents have

no alleles in common and no selection.

Parents R) Rp B3 R, X Rs Bg By Bg
One progeny R) Rz Bs B¢

Progeny

gametes

Parental

gametes |R) Ry R) 35 By R¢ Rj 35 Ry Bg - 35 Bg
Rl R»o B 1122 R 1125 R 1126 B 1225 R 1226
R) Rj R 1123 R 1135 R 1136 R 1235 R 1236 R 135
Ry By R 1124 R 1145 R 1146 R 1245 R 1246 R 1456
Ry Rj R 1223 R 1235 R 1236 R 2235 R 2236 R 2356
Ra Ry, R 1224 R 1245 R 1246 R 2245 R 2246 R 2456
R3 By R 1345 R 1346 R 2345 R 2346 R 3456

<

Circled genotypes are the same as that of one of the

parents.



- 83 -

Table 23, Theoretical genotypes expected for incompatibility
alleles inherited tetrasomically at one locus in L.

corniculatus following selfing, assuming no selection.

Bl 132 33 B'LP selfed

Ry B, Ry Ry Ry By, BzR3 R R, R3Ey

Ri R R 1122 R 1123 R 1124 R 1223 R 122

Ry B5 |R 1123 R 1133 R 113, R 123 #g‘m 55
R R1l (E Z:jé B
R 22

| 134 R llgﬁ 124 R 13k
Ry R R :{233 F 2L, R 22§a % zgiﬁ E ggZﬁ
R} EIII @123y EI33L R 1344 R 2334 B 2344 R 334k

Circled genotypes are the same as those of the parent.
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and tested for incompeatibility with the recurrent parent
and the progeny with which it was crossed. Plants 115,
40 and 13-12 (a progeny of 115 X 4L0O) were used for this
work. Plant 13-12 was chosen because it flowered well in
the greenhouse and under screened cages in the field.

If tetrasomic inheritance at one locus determines
incompatibility, this crossing system should produce some
progeny with the same genotype as that of one of the parents,
(see table 22) in which case a low compatibility index
should be obtained with a test cross made in either or both
directions. This appears to happen with the cross of 4LO X
E-2/, which gives a ratio of 1 incompatible cross : 35
crosses which were compatible in at least one direction.
This egrees with the hypothesis that tetrasomic inheritance
at one locus may be involved. Also, plant E-24 is expected
to be compatible with 13-12 if it has the same genotype as
40, as we already know that 4O and 13-12 are compatible,
Similarily, one reciprocal incompatibility between a progeny
and 13-12 is expected and this progeny is expected to be
compatible with 4,0. E-34 exhibits this behaviour. Table 22
illustrates the expectation with tetrasomic inheritance at
one locus and random segregation.

The data obtained from populations established by self-
pollinating 40, 47 eand 115 are presented in tables 17, 18,
and 19. Reciprocal differences sre not reliable in these
tables as most tests using 40, 47 and 115 as females were

made under screened cages in the summertime and their
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reciprocals were made in the greenhouse in the wintertime,
Extra tests were made under both field and greenhouse
conditions where low indices were obtained.

The analysis of variance (table 20) indicates a
difference in average compatibility between individual
progeny from self-pollinations. It 1s also of interest that
the degree of significance is greater in the two families
originating from the more self-sterile parents (115 and 40
with self-compatibility indices of 0.1l and 0.15 respectively)
than in the family originating from the less self-sterile
parent (47, self-compatibility index 0,39). Although most
reciprocal tests were carried out in different environments,
as explained above, significant positive correlations were
obtained between the reciprocal compatibility indices. The
numerical values of the correlation coefficients increase as
the degree of self-incompatibility of the parents increase.

In comparison, there are no significant differences
either between the average compatibility indices of each of
the progeny of 40 X 115 tested reciprocally with both parents
or between the average reciprocal compatibility indices of
either parent tested reciprocally with its progeny (i.e.
table 12 columns headed 40 male and 40 female or 1ll5 male and
115 female), The comparison of the self- and cross-families
involving 40 and 115 are especially significant as the same
parental genotypes are involved,

The analysis of variance data and the correlation

coefficients are interpreted to indicate that selection for
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self-compatibility is brought about by inbreeding. Also,
these data illustrate that greater self-incompatibility of
the original self-pollination produces greater selection.
A comparison of average self-compatibility indices from
families established with various degrees of inbreeding
lends further support to the hypothesis that inbreeding
leads to selection for self-compatiblility. Progenies of 115
X 40 (no inbreeding) have an average self-compatibility
index of 0.00, those from 115 X 13-12 and 40 X 13-12
(backcrosses) have average indices of 0.03 and 0.09
respectively, and those from self-pollinations of 115, 40
and 47 have average indices of 0.02, 0.l4 and 0.72
respectively.

The analyses of these data do not indicate whether this
selection acts on modifying genes which may affect the
general compatibility of a plant or on the actual
incompatibility alleles, if different alleles have varying
degrees of incompatibility associated with them. Also,
these data do not indicate the relative importance of
selection of various alleles already present and of mutation
to produce new alleles.

If selection for increased compatibility occurs during
inbreeding, we can see why fewer incompatible matings were
obtained than were expected with rendom assortment of these
alleles, Because inbreeding may lead to selection for

compatibility, the data from the families that originated
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from self-pollinations cannot be used for my original
purpose, which was to determine the number of incompatibility
loel by determining the number of incompatibilities present
with backcrosses of these progenies. Lundqvist (1956) was
able to determine the number of incompatibility loci in rye
by making diallelic crosses between S; progenies, however

this technique has not been used yet with L. corniculatus.

The number of incompatibilities found in tables 17, 18
and 19 is too low to fit the hypothesis of tetrasomic
inheritance at one locus if selection does not occur. The
expected ratio for random assortment with tetrasomic
inheritance at one locus 1s derived in table 23, We see that
at least one-sixth of the self-progeny should have exactly
the same genotype as the parent and should be incompatible
with it in both directions. The actual numbers 6f crosses
between a parent and its self-progeny, which may be
reciprocally incompatible, are 4 out of 35 in the 115 family
(teable 17), 2 out of LO in the 4O family (table 18) and 4
out of 47 in the 47 family (teble 19). These numbers are
maximal as further testing would be expected to reduce the
numbers of possible reciprocal incompatibilities as crosses
are included on which insufficient data were obtained.

Further evidence for differential selection of
incompatibility alleles is presented from the studies of
inheritance of red keel tip. It was proposed that the locus
determining red keel tip is linked to an incompatlibility locus
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at which mutation and / or differential selection occurs.

The evidence for the inheritance of red keel tip comes from
the same plants that were used for the incompatibility studies.
The very limited data on speckled seed coat were also

obtained from these same plants and indicate that this
character may also be determined by factors linked with an
incompatibility locus.

Although the data on incompatibilities between parents
and self-progenies can be accounted for by assuming that
inbreeding leads to selection for compatibility, they may
also be accounted for by assuming that incompatibility alleles
are segregating at two or more loci.

The original plan for the study of incompatibility was
to test a one locus hypothesis and to determine if inheritance
is disomiec or ﬁetrasomic end if it is sporophytic or
gametophytic. This plan was used because Lewis (1954)
presented theoretical evidence that inocompatibility at one
locus may be a general rule in angiosperms. The two loeci
hypothesis proposed by Elliott (1946) appeared to have possible
alternative explanations. The work of Lundgvist (1956)
indicates that two loci are definitely involved in self-
incompatibility in rye. Elliott's data is reconsidered in
this dissertation together with additional information and
it is proposed that at least two segregating incompatibility
loci are active in L., tenuis. Therefore, it now appears to
the writer that the theoretical proposal that only one locus

determines incompatibility in L. corniculatus is probably




- 89 -

incorrect, however the data obtained do not prove this.
This aspect needs further investigation.

If two or more loci are segregating for incompatibility,
the evidence presented thus far does not indicate if these
alleles act sporophytically or gametophytically in the pollen.
It is proposed that the families from 13-12 X 40 and 13-12 X
115 (tables 15 and 16) may be segregating for incompatibility
at only one locus, in which case the data obtained do indicate
& sporophytic mechanism for the segregating locus.

Further consideration of the possibilities of sporophytic
or gametophytic incompatibility follows from the discussion
presented by Lundqvist (1956). He implies that he considers
negative correlation coefficients between reciprocels in a
diallelic crossing experiment evidence for gametophytic
incompatibility in S; progenies. He does not present his
theoretical reasons for this proposal, however, it is reasonabke
following the considerations given by Lewis (1954). Lundqvist
also implies that positive correlations between reciprocals
ere associated with sporophytic incompatibility where two or
more loci are segregating for this character, and where there
are no interactions between alleles at each locus or between
loci. If interactions occur, he indicatee that no correlations
are expected. Although these proposals are given for diploids
with two segregating incompatibility loci in diallelic crosses,
there does not appear to be any theoretical reason why the
~correlations would not have the same associations in tetra-

ploids, where more than two loci are involved or where
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reeiprocal backcrosses are compared in progenies of out-

crosses,

backerosses of selfs,

It has already been pointed

out that positive correlations may indicate selection with

inbreeding. Also, if reciprocal pollinations were made at

the same time and if different reciprocals were made on

different days, random variations in seed set due to

environmental variations could result in positive correlations.

Correlation coefficients between reciprocal compatibility

indices obtained in the present studies are presented in

table 24.
Table 24. Summary of correlation coefficients between
reciprocals.
Data in|Family Reciprocals Co- Environ-
table origin correlated efficient [mental
conditions
for
_ reciprocals

12 40 X 115 L0 male & female +0.053 Same

115 male & female +0.005 Same
15 40 X 13-12 [4O male & female -0.093 Same

13-12 male & female |+0,523** |Same
18 T15 X 13-12 |115 male & female +0.165 Same
__E 13-12 male & female |-0.126 _ |Same
17 115 & 115 male & female $+0, 523%% Different
18 LO & LO male & female +0.360% |Different
19 L7 & L7 male & female +0.,243% |Different
** gignificant at P = 0.0l
* gignificant at P = 0.05
% significant at P =z 0,10

In teble 24, the

are positive.

only correlations which are significant

Interactions between incompatibility alleles

are not expected if théy are inherited tetrasomically at one

or more locl or if disomic inheritance occurs at more than one
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locus, because the plants in which the interactions occur
would be self-fertile. The segregation data for incompat-
ibility indicate that disomic inheritance at one locus does

not occur in L. corniculatus. The significant positive

correlations indicate sporophytic incompetibility with no
interactions between incompatibility alleles. Absence of
correlation may also be associated with sporophytic
incompatibility if interactions such as dominance occur
between these alleles. One interpretation of the correlation
coefficients obtained is that weak interactions occur between
some incompatibility alleles, These interactions may not
lead to a high degree of self-compatibility but mey at the
same time influence competibility indices enough to affect
correlation coefficients. If we assume weak interactions,
increases in self-compatibility with inbreeding may be
accounted for by assuming increased interactions between
incompatibility alleles.

Another criterion that has been used to diseriminate
between gametophytic and sporophytic systems in diploids, is
the effect of doubling the chromosome number on the
incompatibility reaction. Doubling will lead to self-
compatibility with gametophytic systems if interasctions occur
between incompatibility alleles at one locus in the micro-
sporocyte. These interections occur through dominance or
competition interactions of incompatibility alleles whiech do
not normally occur together in the pollen grain., Lundqvist

(1956) claimed that these interactions do not occur in rye
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because the diploid would be self-compatible if they do occur.
In the same way, these interactions should not occur in the

natural tetraploid L. corniculatus, hence further doubling

should not lead to self-compatibility. Seed from collection
5101 was treated with colchicine to produce autooctoploids.
The results of self-pollinating and interpollinating these
induced autooctoploids are presented in table 25.

Table 25. Compatibility indices from cross- and self-

pollinations of colchicine induced octoploids of L. corniculatus.

Plant |Crossed with other Selfed
octoploid L. corniculatus

1 0.76 0.00

2 0.69 0.14

3 0.00 0.15

L 0.90 0.00

5 - 0.00

6 - 0.09
91 seeds from a total 37 seeds from a total of
of 183 flowers _ 431 flowers

Doubling the chromosome number did not lead to self-
compatibility, therefore interactions do not occur between
various incompatibility alleles in these plants. Low seed
sets expressed as low compatibility indices were found with
both cross- and self-pollinations, probably because of genetic
and / or physiological disturbances following colchicine
induced autoploidy. Lundqvist's (1956) discussion makes it

clear on theoretical grounds that the presence of gametophytic
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or sporophytic incompatibility cannot be distinguished when
more than one separate incompatibility allele is present in
the pollen grain. Lewis (1954) suggested that chromosome
number doubling can be used to discriminate between sporophytic
and gametophytic incompetibility, however he was considering
incompatibility elleles at one locus, as he considered it
unlikely that more than one locus was segregating for this
character, From the theoretical considerations of Lewis
(1954) and Lundqvist (1956), it is clear that a breakdown in
self-incompatibility following colchicine induce chromosome
number doubling is positive evidence that incompatibility

is determined at one locus inherited disomically and that the
incompatibility alleles act gametophyticelly. Therefore,
the data presented in table 25 prove nothing about the
incompatibility mechanism as the absence of a breakdown does
not even eliminate the possibility of the above system, if
interactions do not normally occur between incompatibility
alleles. However, Lewis (1954) claimed that it is
significant that this breakdown occurs in so many speciles
with gametophytic oppositional incompatibility inherited
disomically at one locus and that interactlions probably will
occur if this system is present as there is no selection

ageinst interactions.
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SELF-INCOMPATIBILITY IN L. TENUIS
Elliott (1946) proposed a gametophytic incompatibility
system for L, tenuis with segregating incompatibility alleles
at two loci following the model proposed by Kakizaki (1930)

for Brassica oleracea, which is essentially the same as the

system proposed for rye by Lundgvist (1956). Elliott crossed
two plants and studied incompatibility in all possible
reciprocal diasllelic crosses among twelve progeny and between
one parent and the progeny. He found that no two of the
progeny were reciprocally incompatible, nor were any
reciprocally incompatible with the one parent, hence all the
progeny must have different incompatibility genotypes, from
each other and from the parent. The writer examined Elliott's
data and calculated correlation coefficients between
reclprocal values given for the number of seeds obtained per
flower pollinated, which correspond to compatibility indices
used in the present study. In the diallelic series, a
correlation of 40.291 was obtained between reciprocals, which
is significant at P = 0.05, A correlation of -0.316, which

is not significant, was obtained for the reciprocal backcrosses.
According to Lundqvist (1956), a positive correlation between
reciprocals indicates sporophytic oppositional incompatibility
with no interaction between alleles at different loci.
Although Lundqvist was applying the use of correlations to
indicate the type of incompatibility in S) families, they
should also apply to the progeny of & cross because the basic

premise is the same in cross progenies and in S; progenies,
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Table 26. Compatibility indices from perent X progeny crosses

between L. tenuis 2 and 3 and the progeny of 2 X 3 (N~1l to 18)

Progeny Selfed - Crossed to parental clones

plant 2 d - 5 4 2%

numbers

N-1 0403 8e1l »36 8.33
2 0.00 3.00 97 2.6
z 8.38 6.&5' ﬁ.gé 1L.75
5 0.00 ﬁ:5§ 1.20 3,67
6 0.00 l.gg 1.22 0.00

0.00 00 - -

g 1.73 3¢37 1.18 -
9 - 5400 5.go -
10 0.00 1.61 3,82 0.00
11 0.00 E.Zg - -
12 0002 h,. - o - am
1 0.16 - 0.90 -
i S| B |
1% - Eéﬁ :ﬁo --
l - [ ] bl
1l 0.00 - 2.50 Z.Ag -
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This premise appears to be that a positive correlation is
associated with reciprocal compatibility indices when
sporophytic oppositional 1ncoﬁpatibility occurs with no
interaction between loci because the same sporophytic
genotypes oppose each other in each of the reciprocals.
Limited data obtained in the present study, in which
two plants were crossed and the progeny backerossed, are
presented in table 26, These data and Elliott's backcross
data give some indications of reciprocal differences in
compatibility, which Lewis (1954) proposed as a feature
distinguishing sporophytic from gametophytic incompatibility.
Lundqvist (1956) proposed that no correlation between
reciprocals should be expected if there mre interactions
such as dominence between sporophytic incompatibility alleles.,
Therefore, the apparent reciprocal differences in compatibility
may indicate some interactions between sporophytic
incompatibility alleles. Also, colchicine induced
autotetraploids of L. tenuls (collection 5406) were examined
for cross- and self-sterility. The data presented in table
27 indicate that induced tetraploidy did not overcome
incompatibility. It was also observed that selt-incompatibility
of plants of collections of 5515, 5516 and 5518 of
autotetraploid L. tenuis are about as self-sterile as the
diploid L. tenuis examined, although these autotetraploid
collections are reasonably cross fertile., Indices were not
calculated. According to Lundqvist's proposals, failure to

obtain compatibility with induced autotetraploidy may indicate
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Table 27. Compatibility indices for cross- and self-

pollinations of colchicine induced tetraploid L. tenuis.

Plant Crossed with other Selfed
tetraploid L., tenuis

1 -- 0.07

2 0.00 0,00

3 1.50 0,00

L 1.30 0,00

5 0.00 0.00

6 - 0..00

i - 0.00

8 0.00 0.00

9 0.06 -

10 0.00 0.00
87 seeds from a total 2 seeds from a total
of 150 flowers. ‘ of 419 flowers.

thet a gametophytic incompatibility mechanism at one locus
inherited disomically is not the one involved.

It is concluded from Elliott's diallelic crossing data
and from the results with induced autotetraploids that
gametophytic incompatibility at one locus inherited disomically
does not occur in L, tenuis., Studies of the idiograms of the
chromosomes by Dr. J. M. Armstrong (Unpublished) and those
presented in plate 2 indicate that L. tenuis is a diploid,
hence Elliott's 12 different incompatibility genotypes from
one cross indicate that incompatibility alleles occur at

more than one locus, provided no mixing of pollen occurred
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and there was no mutation of incompatibility alleles.
Finally, the positive correlation between reciproceals
indicates a sporophytic system, according to Lundqvist's
theoretical considerations., There are some indications
that the proposed sporophytic alleles are independant and
others that they interact.
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OVULE DEVELOFPMENT AND FERTILIZATION.
A study of ovule development in the ovaries of L.

corniculatus and other Lotus species was carried out to

determine if an association that was observed between the
proportion of ovuies forming seeds following cross-
pollination and self-sterility could account for some of the
variability in compatiblility indices obtained in the studies
of inheritance of self-incompatibility. These studies
involved a survey of self-sterility in Lotus species and of
the effect of floral manipulation on self-sterility. The
numbers of ovules per ovary and of seeds per pod were also
recorded. This was followed by an examination of serial
sections of ovaries, both pollinated and unpollinated,tb
determine the regularity of ovule development and the position
of fertilized ovules in ovaries following various degrees

of inbreeding.

Survey of self-sterility and associated characteristics in

Lotus specles.

The results of the survey on the prevalence of self-
sterility with and without mechanical manipulation of the
flowers, on the numbers of ovules per ovary, and on the
number of seeds per pod for the species that were available
in the greenhouse during the spring of 1956, are presented in
table 28,

The data presented in table 28 indicate that all ovules
mey be fertilized and may produce seeds for some species of

Lotus, while only about one-half or less of the ovules form
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Table 28. The number of ovules per ovary and of seeds per
pod following cross-pollination and the degree of self-
fertility without and with mechanical self-pollination for

various Lotus collections,

Name supplied Collect-|Ovules |Seeds|Self-fertility
ion / ovary|/ pod|without [with
, manipu- |manipu-
lation |lation
L. corniculatus 5101 49.0 18.2 |none slight
L. tenuis 5406 L2.0 21.0 |none slight
L. uliginosus 5414 4L8.8 26.4 |none some
L. corniculatus
japonicus 5501 30.8 29.4 |high high
L. angustissimus (5410 16.0 16.3 |high high
L. hispidus 5L17 13.3 13.0 {(high high
L. palustris 5418 11,5 10.0 |high high
L. filicaulis 5429 22.0 23.0 |high high
L. parviflorus 5426 26.8 21.4 (high high
L. divaricatus 5428 19.2 15.8 |high high
L. weilleri 54,11 L8.8 21.6 |none high
L. perigrinus 5420 19.0 19.3 |high high
L. Jacobaeus 5421 76.0 18.2 |none none
L. tetragonolobus |[5423 51.3 8.7 |high high
L. suaveolens 5513 32.4 15.7 |none high
Hosackia sp. 5433 2.5 2.2 |high high
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seeds with other species. Excluding the New World collection

(Hosackia) and the L. tetragonolobus collection, in which

some evidence of post-fertilization abortion was observed,
the number of seeds per pod ranges between 10 and 30 while
the number of ovules per ovary ranges between 10 and 76.
These data suggest that during the evolution of this genus,
an optimum number of seeds per pod of between 10 and 30 has
been selected for the different species and that the species
in which a large portion of the ovules do not form seeds have
evolved a higher ovule number to compensate for the reduction
in the proportion fertilized.

Furthermore, the species in which only about one-half
of the ovules form seeds are self-sterile without floral
manipulation, although they may differ in the degree of
mechanical self-fertility. As Giles (1949) pointed out for

L. corniculatus, mechanical manipulation of a flower serves

- to breek a stigmatic membrane and to release fatty materials
onto the surface of the stigma. He suggested that these
fatty materials ere nutrient media in which pollen germinates
and grows. He also observed that this membrane is either
fregile or not present on the stigmas of the autogamous

species, L., ornithopodioides, L. divaricatus and an unidentified

species and Elliott (1946) reported thet a membrane is
present on the stigme of L. tenuis.
The stigmatic surfaces of all the species listed in
table 28 were examined during the present study and a complete

stigmatic membrane was found on the stigmatic surface of young
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flowers or buds with each species, In each case the stigmatic
surface was broken with a dissecting needle and sticky

materials extruded onto the surface., However, when mature
flowers were examined, intact stigmatic membranes were found only
on the stigmas of the species which are self-fertile without
mechanical manipulation.

Pollinations of plents of L. corniculatus (collection

5101) were made and the stigmas were examined at intervals,

It was observed with both self- and cross=-pollinations in
which edequate masses of pollen were applied, that the sticky
subgtances released onto the surface had disappeared in twenty
to twenty-four hours following pollination. Other flowers
were manipulated in the same way but were not pollinated. A
film appeared to form over the stigmes and some sticky
substances were still present after four days. These
observations suggest that this sticky substance supplies
nutrient material to the pollen and that once it is used up,
further pollination will not result in further fertilization
to produce increased seed set. This agrees with Giles' (1949)
findings with the stigmatic material. A series of self- and
cross-pollinetions were made in the greenhouse and some of the
self-pollinated flowers were cross-pollinated twenty-four
hours later (see table 29). Although there were large
differences in seed set between the originel self- and cross-
pollinations, the self-pollinated plants which were cross-
pollinated twenty-four hours after the original selfing

produced no more seeds than other self-pollinated plants which
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did not receive a later cross-pollination, presumably because
the nutrient material was exhausted.

Table 29. Seed set following self-pollination, Cross-
pollination and self-pollination followed by cross-pollination
after 24 hours on plant J-10 of collection 5408.

Pollination Total seeds Total flowers Compatibility index

Self 2 34 0.06
Cross L3 8 5,60

Self, followed
by cross 0 34 0.00

These experiments demonstrate the role of the stigmatic
membrane in allowing the stigme of self-sterile species to be
made receptive when the flowers are menipulated by visiting
insects and indicate a method by which the time of receptivity
of the stigmas of self~fertile species may be controlled in
relation to the development of ovules in the ovary. These
experiments do not account for the fact that only a proportion
of ovules of self-sterile species are fertilized. Further
investigations of ovule development, reported below, provide
an explanation of this fact.

Ovule development in unpollinated ovules.,

Ovule development of unpollingted ovaries was investigated
by examining serial sections of ovules stained with
hasematoxylin, Flowers in various stages of development were

collected from plants of L, corniculatus (collection 5101)

and the ovules were classified according to their wvisible

characteristics. L. tenuis (collection 5406), L. suaveolens
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Stages in ovule development in plate 7.

Figure 1. A young ovule at the four nucleate stage. In ovules
in whieh the nuclei were not observed, it was possible to
classify them by observing the condition of other components.
Figure 2, A mature ovule in one of the younger stages. Eight
nuclei are present, the polar nuclei have not fused.

Figure 3. A normal developing ovule in which the primary
endosperm nucleus has undergone a number of divisions. This ovule
was fixed 72 hours after pollination.,

Figure 4. A developing ovule in which the integumental tissue
has developed rapidly and appears to be crowding the embyro sac,
This ovule was fixed 72 hours after pollination.

Figure 5. An old ovule in which the integumental tissue at the
micropylar end is starting to disintegrate and a group of dark
staining cells are present at the antipbdal end of the cavity.
Figure 6. A very old, presumably unfertilized ovule typical of
those found among developing ovules 72 hours after pollination.
All microphotogrephs were taken at the same magnification and
contact printed, which gives a magnification of approximately
250 X,



Plate 7. Ovule development. Descriptions on the facing page.
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(collection 5513), L. weilleri (collection 5411), L.

corniculatus japonicus (collection 5501) and L. divaricatus

(collection 5428) were examined and the results are
presented in table 30,

The following visible classes of ovules were
distinguishable:

(1) Young ovules: The final divisions in the embyro sac had

not been completed or the nuclei had not reached their final
orientation as found in mature ovules. Plate 7, part 1.

(2) Mature ovules: The nuclei had reached their final normal

orientations in the embyro sac, the polar nuclei were some-
times fused but were more often not fused., Plate 7, part 2.

(3) Disintegrating ovules: The nucellar tissue showed signs

of disintegration, starting at the micropylar end, and dark
staining cells were present at the antipodal end of the owvule
cavity. Plate 7, parts 5 and 6,

Because the young ovules are visibly too young to be
fertilized and the disintegrating ovules are visibly
disintegrating, it is assumed that all ovules in these two
classes could not have been fertilized if pollen tubes were
present at the time when these ovaries were collected. It 1is
quite possible that other ovules placed in the mature class
may have been physiologically too young or too old to be
fertilized although ell the ovules that could be fertilized
should fall into this wvisible class.

It can be seen from table 30 that all species investigated

that are self-sterile without floral manipulation (L.
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Table 30. Ovule development within individual unpollinated
ovarlies.
Specles Flower |(Ovule development classes Total
stage Young| Mature|Disintegrating |[ovules
L. corniculatus | Bud LA - - Li
" 34 - - 34
b 50 2 - 52
" 25 23 - L8
L. corniculatus |Young 14 23 1 38
" 13 36 - L9
" 3 37 b Ll
L. corniculatus [Medium 3 37 15 55
" - 33 18 51
" - 31 21 52
" - 39 23 62
L., corniculatus 014 - 27 22 49
" -- 2L 29 53
" -- L 51 55
" - 1 48 49
L. tenuis Medium | 4 26 3 33
" 1 28 3 32
" - 18 22 LO
" -- 18 23 L1
" - 7 25 34
L. suaveolens Medium L 28 1 33
" - 21 7 28
hd - 20 8 28
L. weilleri Medium | -~ 23 10 33
" - 18 11 29
" - 16 12 28
L. corniculatus |Medium | -e 39 -- 39
japonicus
" - 36 - 36
" - 29 - 29
L. palustris Medium | == 1) - 14
" - 13 - 13
L. divaricatus |Medium | -- 16 -- 16
" - 13 - 13
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corniculatus, L. tenuls, L. suaveolens and L. weilleri) show

variation in stage of ovule development withln each ovary.
On the other hand, the species which are self-fertile without

manipulation (L. corniculatus japonicus, L. palustris and

L. divaricatus) have all ovules within each ovary in the same

stage of development. It 1s apparent that the self-sterils
specles set fewer seeds per pod than the number of ovules per
ovary because all ovules in each ovary are not in the correctj
stage of maturity to be fertilized when pollen tubes become .
available., The self~fertile species set about as many seeds
per pod as the number of ovules per ovary because all ovules
are at the correct stage of maturity for fertlilization when
pollen tubes become available, It appears that the stigmatic
membrane ruptures and allows self-pollination to take place

so that the pollen tubes reach the ovules at a sultable
maturity stage for fertilization to take place., Some cross~
pollination by lnsects may occur with these specles if bees
happen to apply pollen just before the stigmatic membrane
would normally break naturally. Emasculation without breaking
the membrane will be necessary if such specles are to be used

in crosses for genetic purposes,

It appears that L. corniculatus ovules vary in stage of

development within individual ovaries so that the period during
which fertilization is possible will extend over a longer time
and will compensate, at lsast partially, for the capriciousness
of insects in their visits, The length of time required for

L. corniculatus (collection 5101) flowers to mature through

each stage of development under greenhouse conditions was
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estimated by observing petal characteristics of some tagged
flowers, The bud stage, which corresponds to Giles' (1949)
pointed bud stage and may also include his hooded bud stage,
matured into the young flower stage, which corresponds to
Giles' erect standard stege, in two to three days. The
flowers matured from the bud stage into the medium stage in
five or six days and were considered old, because the corollas
began to wilt, in eight to ten days. Under field conditions,
it was observed that corolla development was generally more
rapid and that the rate of development was influenced
considerably by weather conditions.

The particular stages of development discussed were
chosen because it was observed that flowers in each of these
three stages could be pollinated and would produce some seeds,
Accurate data on relative seed set following pollinations at
the different stages were not obtained, however, some
observations do suggest that higher numbers of seeds per pod
were obtained when young and medium stages were pollinated
than when older flowers were pollinated. Bees were seen
vigsiting birdsfoot trefoil flowers in all these stages of
development.

The observations on the rate of flower development in

L. corniculatus and the data presented in table 30 suggest

that individual ovules are fertilizable for a period of only
two or three days and that some fertilizable ovules are present
in each ovary over a period of eight to ten days. The

observed variation in ovule development could have a selective
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advantage as it prolongs the time span over which an
individual flower may be pollinated effectively by a visiting
insect. This may be lmportant as insect flight is consider;
ably influenced by weather conditions which may lead to
variations in time of pollination (see Morse 1955).

It is of interest that ovules in the same stages of
development are located at random within individual ovaries
of the self-incompatible species. No gradients in development
and no groupings of ovules in the seme morphological stages
were observed in the serial sections of individual ovaries.
Also, normal seeds and undeveloped ovules appeared to occur
at random within mature pods except that groups of undeveloped
ovules were frequently observed near the base of pods from
pollinations that produced few seeds. Therefore, it appears
that rate of devglopment of each ovule is determined
autonomously, which may mean that ovules within ovaries are
segregating for rate of development. If this random variation
is due to genetic segregation, the rate of development of
each ovule may be determined by the genotype of the functional
megaspore and the products which arise from it., This would
require a very early and rapid expression of alleles deter-
mining the rate of development in the ovules, which consist
mainly of meternal tissue. If genetic segregation determines
random variation of ovules within ovaries, an increase in
homozygosity through inbreeding should reduce this variation.
When progenies arising from a number of generations of self-

pollination become available, it will be possible to determine
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if inbreeding does reduce random variation within ovaries
by comparing development of ovules within ovaries of parental
clones and their self-progenies,

Ovule development in pollinated flowers.

Ovule development in pollinated flowers was examined to
substantiate the hypothesis of random variation in ovule
development within ovaries presented above and to test the
conclusions on fertilization following self- and cross-
pollinations presented by Giles (1949). Extensive excerpts
of Giles (1949) dissertation are presented here as his work
is not readily available.

Giles (1949) examined germination and growth of the pollen
tubes which he described as follows:

"No germinating pollen was found on stigmas which had not
been scratched at the time of pollination. On scerified stigmas
of highly self-sterile plants, self-pollen germinated as readily
as cross-pollen, Germination began approximately one-half
an hour after pollination. Two hours after pollination, tubes
were well established in the upper style and the germinated
grains had emptled their contents in compatible as well em in
incompatible matings."

"In both compatible and incompatible metings some swollen
or otherwise misshapen tubes were found on the stigmas. Such
tubes usually grew along the surface and some eventually
- penetrated the stylar tissue for a short distance. Grains
from which these tubes arose did not empty their contents.
Since this condition occurred in both types of matings, it was
not regarded as an incompatibility reaction, The fact that
similar malformed tubes were observed in culture supported
this conclusion."

The above work by Giles (1949) was not repeated in the
present study, other than by a few exploratory observations
which did not disagree with his descriptions. He also examined
the growth of pollen tubes in the style, which was not observed
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in the present study. His description ls presented below,
in which pollen tube growth after self- and cross-pollination

is compared.

"No difference was found in the rate of pollen tube
growth nor in the number of tubes penetrating styles from the
self-~fertile and self~sterile plants following compatible or
incompatible matings. There was no evidence that the tubes
from compatible pollen were accelerated ndér that the tubes from
incompatible pollen were retarded in the style, Swollen tube
ends were found in two instances near the bases of styles
from selfed self-sterile plants. 1In each case masses of
apparently normel tubes accompanied the abnormal ones,"

This description indicates that an oppositional reaction
does not take place in the style or on the stigmatic surface,
He obtained some evidence that an oppositional incompatibllity
may occur within the ovary cavity as is described below:

"Although incompatible pollen tubes grew through the style
as repldly as compatible ones, this wes not true in the ovary.
Twelve hours after pollination, numerous tubes were in the
upper one-fifth of the ovary regardless of the type of mating;
however, few incompatible tubes had grown beyond the tenth
ovule, whereas. many compatible tubes had reached or passed
the twentlieth ovule. Based on random samples of ovarles, the
mean position of the self-pollen tube tips in the twelve hour
collections was at the base of the sixth ovule. In contrast,
the position of the cross-pollen tube tips was below the
fifteenth ovule and the longest tube had reached the thirty~
eighth ovule., Inhibltion of self-pollen tubes in the partlally
self-fertile plant was as strong as in the most highly self=-
sterile plants.,Y

"Preparations from pistils collected twenty=-four hours
after pollination revealed that inhibition of self~pollen tubes
was by no means complete, In one ovary, five well formed tubes
were found below the basal ovule and in each ovary examined
at least one tube had reached the last ovule. Although self-
pollen tubes were present in the lower half of the ovary,
cross-pollen tubes were more abundent in this region.”

Giles (1949) observations were made on plants grown in &
field at Columbia, Missouri, He noted that pollen tubes

penetrated the stigmatic surface in two hours, were half way
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down the style in four hours and were in the cavity at the
base of the style in eight hours. Growth was noted to be
slower under greenhouse condlitlions but the relative behaviour
of self~ and cross-pollen was the same,

Glles (1949) work was extended in the present study by
observation of ovule development 1n ovaries collected 72 hours
after pollination under field conditions during the summer of
1955,

Pollinated ovules were also classified according to theilr
visible characteristics 1nto the following classes:

(1) Mature ovules: The nuclei had reached their final normal

orientations in the embyro ssc, the polar nuclel were sometimes
fused but were more often not fused. Plate 7T, part 2.

(2) Developing ovules: The primary endosperm nucleus had

divided at least once, Flate 7, part 3.
(3) Ovules with integument crowding the cavity: Integumental

tissue crowded into a major portion of the cavity. This type
of development was only found'in pollinated ovaries. Plate 7,

part l.
(4) 0ld ovules: The integumental tissue showed signs of

dislntegration, starting at the micropyler end, and dark
staining cells were present at the antipodal end of the cavity.
Plate T, part 5,

(5) Very old ovules: The ovules were extensively disintegrated.

Plate 7, part 6.
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Ovule development within individual pollinated

ovaries of plant L0, collection 5101, of L. corniculatus 72

hours after pollination.

Pollen Mature |Developling |[Integument |0ld Very old
source ovules |ovules in the ovules |ovules
cavity
19~1 29 - 8 2
o | R | 2 . 2 :
_brogeny) 32 — - 2 5
20~-1 26 2 1 L 15
(Lo ® 28 6 6 g 2
progeny ) 35 3 1l -
207 40 1 - L -~
(4o ® 25 - -- 11 _—
progeny) 31 - == 5 --
20~12 23 11 - 6 L
(4o & 19 2 - 3 20
progeny ) 27 6 2 3 5
13-12 3, -- - 10 -
(Eo X 115 3 - -— 7 1
progeny) 3 -~ - i --
13-13% - -- 3 2
(zo X 115 S% 5 I % 8
_progeny) 29 - - 3 5
-3 26 - - 2 16
(4o X 115 1 - - 1 26
_brogeny)
Lo 19 1 L 25 5
25 - 2 15 9
36 - 1 11 3
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The overies reported in table 31 were fixed 72 hours
after pollination, which would probably be about 60 hours
after fertilization according to Giles (1949) observations.
Brink and Cooper (1940) were able to observe somatoplastic

sterility in Medicago sativa 72 hours after pollination. The

ovules classed as having integumental tissue crowding the
cavity were probably fertilized but may have aborted in the

same way that Medicago sativa ovules abort when the integumental

tissue develops too rapidly in respect to the endosperm and
embryo tissues, As Integumental tissue was not observed
crowding the cavity of any of the unpollinated ovules examined
and reported on in table 30, it may be assumed that stimuletion
of the integument only occurs following fertilization. Hence,
it may be assumed that both the classes represented as
"developing ovules" and as having "integument in the cavity"
had been fertilized.

The term "somatoplastic sterility" may be correctly applied
to the crowding of the embyro sac by the inner integument in

L. cornliculatus according to the original application by Brink

and Cooper (1939) who used the term when "collapse follows
abnormal growth of the somatic tissue adjacent to the embyro
sac", Date on the prevalence of somatoplastic sterility
followlng crosses of plants not known to be related were not
obtalned so its relative importance as a cause of self-sterility
cannot be assessed,

Many of the ovules classified as "mature” were probably

immature at the time of fertilization, hence could not be
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fertilized., Ovules which were mature at the time of
fertilization but were not fertilized would probably appear
in the "old ovules" class and many which were too o0ld to be
fertilized at that time would probably appear in the "very old
ovules" class., This is in agreement with the estimetion that
ovules remaln fertilizeble for a period of two or three days,
which was arrived at with unpollinated flowers,

Failure to obtain any developing ovules in an ovary may
have been due to improper pollination or to incompatibility.
As speclal care was taken 1n making these pollinations and as
seeds were often obtalned from all flowers pollinated following
& cross between plant No. 4,0 and unrelated plants under the
same environmental conditlions, at least some of the 10 ovaries
which contained no developing ovules may represent
incompatibilitlies. It is unfortunate that comparable data on
ovule development following cross=-pollinations were not obtained
when these crosses were made, however, the high compatibility
indices reported in table 10 indicate that these data do
represent an expression of lowered seed set following
inbreeding. An overall compatibility index for the developing
ovules in table 31 would be only 1.83. Inclusion of the other
stimulated ovules reported as having "integument in the cavity"
with the developing ovules would ralse the compatibility index
to 2.74 which 1s still below the lowest obtained from out-
crossing and indicates that incompatibllity is occurring.

The histogram of the distribution of fertilized ovules

(1., those developing and those with nucellus in the cavity)
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presented in plate 8 is based on the combined data in table
31 and refers to ovules numbered consecutively from the tip
to the base of the overies. Thls histogram suggests that
fertilization 1s more frequent at the stylar end of the ovary
than further down the ovary for these crosses, all of which
represent some degree of inbreeding., This distribution
supports Giles' (1949) observation that self-pollen tubes are
inhibited, although not completely inhibited, within the
ovary cavity. Pods on plant O were opened and the distribution
of seeds to undeveloped ovules appeared to be completely at
random following pollination in the fleld by bees. A histogram
of the distribution of these seeds was not prepared as 1t was
not possible to get accurate data on the relative positions
of the seeds and the undeveloped ovules, however, the writer
could not observe any tendency for more fertilized ovules to
be located at the stylar end of the pod,

These observations support the opinion expressed by Glles
(1949), that an oppositional incompatibility occurs within

the ovaries of L. corniculatus. This oppositional

incompatibility, in conjunction with post-fertilization
abortion or "somatoplastic sterility" may account for self-

sterility in L. corniculatus.
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30 40

|
|

Plate 8, Histogram of the distribution of developing

ovules within ovaries recorded 1n table 31, The height

of each column 1s based on the frequency of '"developing
ovules" plus those with "integument in the cavity" in
each position iﬁ the ovafy starting from the stylar end.
The shortest ovary whlch contalined any ovules considered

fertilized contained L2 ovules,
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DISCUSSION
The studles reported in this dissertation were planned
to obtain genetic and cytotaxonomic information which is needed

to facllitate breeding work with L. corniculatus. In the

previous sections, the results of the wvarious studies are
presented and conclusions are drawn. Some further
consideration is given in thils section to the applications
and theoretical implications of these studles and the
conclusions drawn 1n previous sections are evaluated.

The cytotaxonomical studies are an outgrowth of some
unsuccessful attempts at interspecific hybridization, which
are not reported on in this dissertation as only negative
results have been obtained so far. One of the main reasons
that the interspecific hybridization work was postponed was
that satisfactory emasculation techniques had not been devised.
If anthers are removed before they open naturally, the flowers
are so young that they die before the pistils mature, A
possible alternative 1s indicated by the discovery of the role
of the stigmatic membrane with the specles that are self-sterile
in the absence of pollinating insects., Since the stigmatic
membrane remains intact until it 15 mechanlically ruptured, 1t
should be possible to prement sslf-fertilization by cleaning
the stigmas before the membrane is broken. Cross-pollination
should then be possible without risk of self=-pollination.
Also, 1t was observed that stigmatic fluld is consumed by the
growing pollen. Thls suggests that a transfer of stigmatic

fluid from the mals plant in interspecific crosses to the
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stigmas of the flowers pollinated may increase the chances of
fertilization, as & supply of the correct nutrient medium
would be insured. A few preliminary trials using this technique
were made in the spring of 1957. Ovule development was
stimulated in some pollinated ovules and did not appear to be
stimulated when the same crosses were made without the transfer
of stigmatic fluid. The writer's first impressions are that
fertlilization was accomplished and was followad by post~
fertilization abortion, however, further investigations will

be necessary bhefore the value of this technique can be
determined.

The cytotaxonomical studies aid in grouplng species for
interspecific crossing and in classifying interspecific
relationships. The work so far indicates a dire need for a
taxonomic investigatlon of the genus Lotus and has already led
to the initiation of a Macdonald College research project for
this purpose. A monograph on the genus i1s planned for which
plant materials used in the present studies are being meintained
and additional materials are being collected. This investigation
should provide basic information of wvalue in planning
interspecific hybridizations,

As this thesls study is especlally concerned with L.

corniculatus, some consideration is given to the range of

morphological types that belong withln the genus, to chromosome
numbers and to relationships with other Lotus speclies. A

tentative hypothesls 1s presented to the effect that the
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direction of evolutlon in the genus has been from a basic
chromosome number of 7 to one of 6. This hypothesis is based
on the writer's general impression of variation within the
genus. Becauée a falrly continuous spectrum of morphological
types was observed in the collections with 2n = 1l and 28 and
because they appeared to represent the extreme types in the
genus, it 1s assumed that they represent the more primative
condition. The 2n = 12 and 2l collections studied represent
three segments of the entlire spectrum; so it 1s postulated
‘that evolution through the loss of a homologous wset of chromo-
somes occurred on at least three separate occasions. This
hypothesis needs further investigation. It recelves some support
from the observation that some very successful forms, for

example L. corniculatus, that have spread over large areas of

the earth in historic times, belong to a group which is
considered modern under thils hypothesils,
The one previous inheritance study on tetraploid L.

corniculatus (Dawson, 1941) demonstrated that tetrasomic

inheritance‘occurs in this species. An objective of the
present studles was to establlish whether or not tetrasomiec
inheritance 1ls commonly found. Melosis was studied in the
plants used for genetlc studles and 1t was found that bivalent
pairing commonly occurs during melosis. This observation 1s
important in the study of tetrasomic inheritance because multi-
valents affect segregation ratios. These observations are in
agreement with those of Dawson except that he did observe

a very few multivalents whereas none were observed in the
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present study. Dawson's material would probably belong to

the "English pasture type" class discussed in the section on
cytotaxonomy and the materials used in the present inheritance
studlies belong to the "Empire type" class,

Five genetic characters were studied. (Lemon yellow
flower colour, red keel tip, speckled and mottled seed coat
and incompatibility). It is possible to reconcile the ratios
obtalned with four of them to a tetrasomic hypothesis if
certaln assumptions are made, These are:

(a) A dosage effect in conjunction with a threshold

value 1s acting so that the nulliplex or simplex

conditions produce one phenotype, the duplex, triplex

or quadruplex conditions produce an alternative phenotype.

(b) Differential selection of incompatibility alleles

results from inbreeding,.

(¢) Linkage between incompatibility alleles and keel tip

colour alleles.,

Very few data were collected on the fifth character studied
so that no conclusions are possible other than that simple
disomlc inheritance at one locus is probably not occurring.

Within the limits of the data obtained, the hypothesis that

inheritance in tetraplold L. corniculatus is generally
tetrasomlic was not disproven. N

Of the characters studied, one flower character, the two
seed céat charaecters and self-incompatibility are commonly
heterogenecus in plant populations and may be expected to have

a more complex inheritance due to genetic modifications that

may occur to help maintain these heterogeneities, i1f they have
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selective advantages. Therefore, the assumptions made so that
the ratioé obtained can be fltted to those expected on a
tetrasomic inheritance hypotheslis are considered reasonable,
The remalning character gave a simple and clear cut
segregation indicating tetrasomic inheritance,

This information has a ready application in plant breeding
work. Since tetrasomic inheritance may be expected, plant
populations from a cross have to be considerably larger than
for specles 1n which disomlic inheritance prevails, to allow
the same probability of obtalning the desired combinations.

As L. corniculatus is similar to Medlcago sativa in many

agronomic characteristics and as both species exhiblt some

tetrasomic inheritance, breeding progrems for L. corniculatus

may be modeled on those which have been used successfully with
M. sativa.
The available evidence provides some grounds for proposing

that L. cornlculatus origlnated as &n esutoplold rather than as

an alloploid. The presence of tetrasomic inheritance and the
lack of evidence for other types of inheritance indicates
complete homology between the basic sets of chromosomes, which
is more probable in autoploids than in alloplolds. Chromosome
~drawings: presented in this dissertation and by Dr. J. M.
Armstrong (unpublished) of the Forage COrops Division, Central

Experimental Farm, Ottawa, indicate that L. corniculatus

possesses six sets of four morphologically homologous chromosomes,
also indicating autoploldy. Although presence of multivalents

is evidence for autoploidy, it was pointed out in the literature
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review that rarety or absence of multivalents does not indicate
alloploidy. Therefore, the observed rarety or absence of

multivalents in L. cornliculatus does not contradict the

hypothesis that it 1s an autotetraploid.,
Although the evidence presented by Tome and Johnson (1945)

indicates that cultivated forms of tetraploid L. corniculatus

probably did not originate directly from cultivated forms of
diploid L. tenuls, other plant materlals have been described
in the literature that may represent the source of the
original stock. One probable parental stock 1s discussed by
Favarger (1953), who found apparently identical diploid and
tetraplold populations of L. corniculatus in the Alps. He

proposed that this diploid is the parental stock of this
tetraploid. Transplant experiments reported by Bonnier (1920)
also provide some evidence that alpline diploids may be

parental to tetraplold L. corniculatus found in the surrounding

lowlands, Chromosome numbers were not reported in his paper

in which it 1is claimed that normal plants from lower altitudes
were modified in alpine nurseries until they were phenotyplcally
identical with alpine forms found at the same altitudes.

Bonnier claimed that the results he obtained support the
Lemaerchisn theory of evolution, however, they may also be
accounted for if it is assumed that the diploids and

tetraploids are phenotypically identical at higher altitudes,

as Favarger proposed, and that the tetraplelids are at a
selective advantange 1n the surrounding lowlands, It may be

assumed that the plants Bonnier found at the lower altitudes
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were tetraploids, since all materlals that are taxonomlcally

L. corniculatus, that have been collected in this region and

that have been studied cytologically, have been tetraploids.
Larsen (personal communication) was not able to maintain
alpine diploids in the Botanic Garden at Copenhagen, which
agaln suggests that the diploids are at a selective
disadvantage at lower altitudes.

Favarger's suggestion that the alpine diplold of L.

corniculatus is parental to the tetraploids found in the

surrounding lowlands 1s one of several examples that he cites
to support his theory that the Alps are the center of origin
(in the sense that this term was used by Vavilov) for meny
specles that are found 1n the surrounding lowlands.

Although & lot of effort wes devoted to an investigation

of the genetics of self-incompatibility in L. corniculatus,

the results of the various experiments on this problem are
inconclusive, These experiments were planned to determine

the number of segregating loci that are involved, to reveal
the presence of disomlc or tetrasomlc inheritaence at these
loci and to establish the presence of sporophytic or
gametophytic action of Incompatibility alleles with dominance,
competition or independant sction. Compatibility indices from
crosses with unrelated plants and from selfs using the same
plants rarely overlap but many indices that were obtained from
backcrosses are intermediate and they range in magnitude

continuously between the two extremes. It 1s not possible to
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classify these values in discrete groups, therefore ratios

of compatible : Incompatible crosses cannot be determined and
these data do not dilrectly indicate the nature of the genetilc
mechanism that determinea self-incompatibility., However, the
data 4o indicate that the number of incompatibilities within
famllies are lower than expected with random segregation of
incompatibility alleles at one locus inherited tetrasomically.
The exact number of incompatibility classes was not determined
with the backcross technique that was used 50 the number of
segregating incompatibllity loci weas not determined., It may be
possible to determine the number of iIncompatibility classes

in a self-progeny by using a diallelic crossing technique, as
Lundqvist (1956) did with rye. This technique should be
satisfactory where incompatibility alleles do not segregate

at random, as 1s proposed for L. corniculatus, unless mutation

of incompatiblility alleles is a majdr cause of this none~random
segregation.

The evidence presented to the effect that incompatibility
alleles do not segregate at random in the progeny of crosses
of related plants can account for the low numbers of
incompatlibllities that were obtained. The clalm that selection
occurs with inbreeding is bssed on comparisons of aversge
self~compatibility indices following various degrees of
inbreeding, on differences in average competibilities of
progenies backcrossed to parents, on correlations betwesen
reciprocal backcrosses and on the observation that inbreeding

affects segregation at the red keel tip locus in a manner that
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can be accounted for 1f linkage 1s assumed to an incompatibility
locus at which selection occurs. Because of this selection,
the low frequencies of lncompatible combinations do not
prove that more than one locus is segregating for incompatiblility
in this specles,

Several papers by Lewls and Bateman, for example those
of Lewis (1954) and of Bateman (1955) and several cited
therein, present evidence that incompatibility data on several
specles that were originally interpreted to demonstrate
segregation of incompatibility alleles at more than one locus
have alternative interpretations that require segregation at
only one locus. However, data on several other species
indicate that incompatibility alleles segregate at more than
one locus and the writer cannot forsee any one locus
interpretation that may be valid. These studies include one
by Lundgvist (1956) on rye, one by Owen (1942) on the sugar
beet and one by Elliott (1946) on Lotus tenuis. Therefore,

there 1s precddence for proposing that incompétibility in L.

corniculatus may be determined at more thean one locus,

especially in the light of the evidence on L. tenuls, although
it has not yet been satisfactorily proven.

It was not necessary to carry out an extensive investi-
gation of pollen growth and of other morphological aspects of

incompatibility in L. corniculatus as much of the required

information was presented by Giles (1949). Some observations
were made to confirm Glles'! observations and some additional

information was obtained., Extensive excerpts of Giles
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dissertation have been quoted as his report is not reedily
available., Giles'! observation that opposition to incompatible
pollen occurs within the overy cavity was confirmed in the
present studies by determining the relative positions of
developing ovules within ovaries.

The observations that differential fertillization occurs
because of lncompatibllity and that inbreeding leads to
sqlection for compatibility ralses some questions about the
effects of inbreeding on the breeding behaviour of populations
of inbred progenies., Bateman (1956) described differential
pollen tube growth in the wallflower, a specles which is
apparently attractive to 1lnsects because it has consplcuous
flowers, which is highly self-fertile in undisturbed
isolated flowers., He demonstrated that st least T70% of the
seeds set in a small planting of these plants were from cross-
pollinations. He also demonstrated, with the aild of suitable
genetic markers, the presence of & weak self-incompatibility
which encourages outbresding. These findings imply that the
Increase in self~incompatibility that 1s assocliated with

inbreeding in L. cornliculatus should not be expected to reduce

the effliciency of incompatibllity as an outbreeding mechanlsm
to an apprecisble degree, Therefore, the plant breeder can
safely use inbreeding te obtain desired genotypes without
much risk of upsetting the breeding structure in subsequent
varieties.,

Bateman's observations on wallflowers suggest to the

writer that species may be mechanically self~febtile and at
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the same time self-incompatible., This may apply to L.

wellleri, L. suaveolens and any other Lotus species in which

the stigmatic membrane does not break automatically when the
ovules become fertllizable., Suitable marker genes have not
yet been found to determlne 1f these species are self~
incompetible.

If this proposal 1s correct, the first step in the evolution
of self-incompatibllity may be that the stigmatic membrane
loses the ability to break automatically when ovules mature,
Following the development of a stigmatic membrane which does
not rupture until the flower is visited by lnsects, both
self-incompatibllity and variability in ovule development
should be at a selective advantage and they could then evolve.

No reports of a relationship between the stigmatic
membrane, if present, and ovule development opf self-sterility
were found in the literature reviewed. However, reports in

the literature of several studies on other Leguminosae suggest

to the writer that varliabllity in ovule devéIOpment; which may
serve to prolong the perliod during which ovules may be
fertilized, may be quite common. Cram (1955) reported that

Caragana arborescens has an average of 1.2 ovules per ovary

and of 3,l seeds per pod following open-pollination,

Dessereaux (1951) found that Trifolium repens produces less

seeds per pod than .there are ovules and that selection for
higher numbers of seeds per pod sometihes increased the numbers
of ovules per ovary and sometimes increased the proportion

fertilized. Cooper and Brink (1940) found that an average of
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of 66.2% of the ovules in Medicago sative became fertile

following crossing., On the other hand, Dr. Bronys Povilaitis,
Department of Genetics, Macdonald College (unpublished)
informed the wrlter that although the ovaries of Trifolium
pratense contain two ovules and generaliy produce only 6né
séed, he is not able to observe differences in maturity
between ovules within each ovary.

An examination of ovule development of these and other
self-incompatible legumes is needed to determine the prevalence
of random variation in owvule development within ovarlies so
that the importance of thls mechanlsm can be evaluated. If
this type of variation is common in other species and if the
significaence of this mechanism 1s correctly evaluated, 1t may
be of considerable importance in plant breeding. Dessureaux
(1951) selected for higher numbers of seeds per pod in order

to obtaln better seed yields in Trifolium repens. If he

selected plants with higher numbers of ovulés per ovary he
should obtain higher numbers of seeds per pod under all
comparable environmental conditions. However, 1f he selected
plants which set hlgher numbers of seeds per pod under certain
conditions because a greater portion of the ovules were
fertilized as a result of a reduction in variation in maturity
within ovaries, a reduction 1n average seed set could occur
under environmental conditions in which pollination did not
occur at the same stage of development. From thils example, it
is obvious that this mechanism may be of considerable practical

significance to plant breeders working with Lotus corniculatus
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and other species in which this random variation in ovule
development occurs.

The results of the experiments presented and discussed
in this dissertation do not in general lead to firm conclusions,
however, they provide a lot of information on the genetics

and cytotaxonomy of L. corniculatus that should be useful in

planning further experiments which in their turn may lead to
more definite conclusiong. Although many of the fundamental
questions remaln unanswered, the data obtained are directly
useful in planning breeding work as they gilve some indications
of population sizes that need to be grown to find desired
combinations and they show that it is possible to reduce self-
incompatibility by inbreeding. The conclusions which are
drawn also ald in breeding work as they indicate similarities
with findings 1n other species for which breeding techniques
have been worked out. Further work on this species 1s
warrented to lncrease our knowledge of the theoretlcal genetics
of autotetraploids, especially with characters that are
heterogemeous in populations, such as incompatibllity, as
practically nothing is known of allelic relationships where
more than two different alleles are present on homologous
chromosomes, This problem has received some consideration 1ln
relation to incompatibility in induced tetraploids, however,
it is clear from the considerations of Lundqvist's (1956) work
that the findings 1n the induced tetraplolids may not apply to

natural autotetraploids. As ILotus corniculatus hss tetrasomic

inheritance without the complications of double reduction, it
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may be useful for these investigations., It does have the
disadvantages that the time required to produce a generation
1s rather long, that self-incompatibility makes Ilnbreedlng
difficult and may prevent certain recomblnations and that
highly inbred lines have not yet been produced. However, it

is easily maintained and propagated, easily cross=-pollinated

and valuable agronomically.
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SUMMARY
ls Somatlc chromosome numbers of 2n = 12 and 24 were found

in the plant materials studied which conformed to Isely's

(1951) description of L. corniculatus L. and in some other
taxonomically similar materials,

2e The chromosomes in the corniculatus group of collections

appear to be morpholegically homologous.

5e The corniculatus group of materials studled can be

classified into taxonomically distinguishable cross-~sterile

taxa that may be considered as separate species. (See table 1l.)
- lje  Contrary to Isely'!'s description, it is proposed that some
materials which possess a weak tendency to produce rhizomes

belong to the species corniculatus.

5e All the materials studled in the inter-fertile group of
morphologlically simllar plants that are included in L.

corniculatus are tetraploid with 2n = 24, The collections in

this taxon are subdlivided into three type classes; the
European type, the Empire type and the Ehglish Pasture type.
Some materials with 2n = 12 have been included in L.

corniculatus by other workers, however, none of these materials

"were obtalned for the present studles.

6+ Meoisis was studied in some tetraploid L. corniculatus

plants that were used as parents for genetic studies.‘ Bifélent
pairing appears to occur regularily during meiosis in these
plants.

T« The Lotus materials studied had 2n = 12, 1llj, 24 and 28,

which 1s in agreement with previous reports.
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8. In addition to the collections in the corniculatus

group, three collections which are taxonomically distinct

from L. corniculatus and from each other have the baslc number

of x = 6. Their chromosome morphologles appear quite

different from L. cornliculatus and from each other,

9. From observetions on taxonomic variation and on chromo-

some morphologles, it 1s proposed that the direction of

evolution in Lotus has been from a basic number of x = 7

to one of x = 6,

10, A plant of L. corniculatus with a light yellow flower

colour was crossed with one having the darker, wild type
flower colour. The light colour is recessive and is inherited
tetrasomically at one locus giving a 5:1 backeross segregation.

1l. Inheritance of red keel tip in L. corniculatus also fits

& tetrasomic inheritance hypothesis at one locus if a
quantitative effect is agsumed so that the nulliplex or
monoplex for red produces the yellow phenotype and the duplex,
triplex or quadruplex produces the red phenotype and if 1t is
also assumed that there is a selective pressure for
heterozygosity at thls locus.

12. Inheritance of mottled seed coat in L. corniculatus was !

also found to fit a tetrasomic inheritance hypotheslis at one

locus.

13, Inheritance of speckled seed coat in L. corniculatus
eppears to be somewhat similar to that for red keel tip,
however, the data that were obtalned are not extensive enough

to allow any firm conclusions.
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1. Inheritance of self-incompatibility in L. corniculatus

was lnvestigated extensively by using a serles of backcrosses
between parents and their self~, e¢ross- and backcross-
progenlies out of collection 5101,

15. Compatliblility was evaluated in terms of a compatibility
index based on the number of seeds obtained from a cross
divided by the number of flowers pollinated.

16. Compatibility indices involving inbreeding are
considerably iower than indices from crosses of plants not
known to be closely related.

17 Compatibility indices from backcrosses within famllies
do not segregate into discrete classes and do not indicate

the number of incompatibility loci present in L. corniculatus.

18, The frequencies of reciprocal incompatibilities in
backcrosses between self-progenies and thelr parents are well
below the expectation for disomic or tetrasomic inheritance
at one locus., However, there 1s independant evidencs that
inbreeding leads to selection for compatibility so these data
alone do not prove that incompatibility alleles in L.

cornlculatus are segregatlng at more than one locus.

19, Selectlon for 1ncreased self-compatibllity with lnbreeding
1s irndicated by a comparison of F values in anélyses of
variance 1in which the significance of differmnces in mean
compatibility indices for progenies used in backcrosses are
compared., The degree of significance of these F values
Increases as the compatibility of the parental pollination

decreases.,
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20, Selection for increased self-compatibility with inbreeding
1s also indicated by a comparison of correlation coefficients
between reciprocal compatibility indices from backecrosses,

The magnitude and the degree of significance of the
correlation coefficlents 1lncrease as the compatibility of the
parental pollinatlon decreases,

2l. Selection at an incompatibility locus mey account for the
data obtained on the inheriﬁance of red kesl tip, if linkage
is assumed.

22. Sporophytic incompatibllity with independant gene action
is indicated by positive correlations between reciprocal
compatibility indices. Lack of correlation between reciprocal
compatibility indlices may indicate that interactlons do occur
between incompetibility alleles,

23, Independant gene action is indicated by the presence of
incompatibility in the natural tetraploids and in the induced

autooctoplolids of L. corniculatus and by the correlation

coefficients obtained, With independant gene action, 1t may
be possible to account for increased compatibility following
inbreeding by assuming that selection occurs for increased
interaction between incompatibility alleles.

2li, The incompatibility data do not indicate the number of

segregating incompatibility loci involved in L. corniculatus,

however, it 1s suggested that more than one locus is probably
involved.,
25. These incompatibility data are in better agreement with

tetrasomic than with disomic hypothesses.
26. Limited data on the inheritance of incompetibility in
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L. tenuis (2n = 12) indicate that more than one locus 1is
invdlﬁed and that the alleles act sporophytically and
independantly.

27+ A survey of sterility and seed set in various collections
of differant Lotus materials indicates that all ovules in an
ovary may be fertilized and produce seeds in some speciles,
while only a fraction of the ovules in each ovary are ever
fertilized in other species. This is shown to be assoclated
with the behaviour of the stigmatic membrane, In self-
fertlle specles, the membrane ruptures at a speciflc stage

of maturity so that self-pollination can occur and all the
ovules in an ovary can be fertilized. In other specles, the
membrane is broken by visiting insects before pollination

can occur and the ovules in the fertillizable stages of
development can be fertilized, however, only a portion of the
ovules are fertillzable at any one time in these species,

28. It was demonstrated that & medium is released onto the
stigmatic surface when the stigmatic membrane is ruptured

and that this medium is used up by growing pollen, When this
medium 1s exhausted, repeated pollinations do not lead to
fertilizations;

29, Random variation in the rate of ovule development 1s
assoclated with the requlrement for insect vlisitation to break
this membrane under natural conditlions. Species in which the
membrane breaks automatically have all ovules in each ovary
in the same stage of development,

30, Observations on ovule development followlng self-
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pollination iIndicate that proliferation of nucellar tissue
may lead to abortions, like those which Brink and Cooper
(1939) designated as the result of "somatoplastic sterility".
31s Observations on the distribution of developing ovules

in ovaries examined after pollinations by related plants
indicate a tendency for fertilization to occur more frequently
near the stylar end of the ovary. This is in agreement

with Giles' (1949) observation that pollen tubes are

inhibited in the ovary cavity.

32+ Applications and theoreticel implications of these

studies are considered in & "discussion" section. In this

section, 1t 1s postulated thétlg. corniculatus is an
autotetraploid,

33, A general evaluation of the experimental work and
conclusions drawn 1s also presented in thls discussion. It
1s pointed out that many of these experiments do not lead to
firm conclusions, howsver, they do provide a basls for
further investigations.

34. It is concluded that further work is warranted as L.

corniculatus can be used to lnvestigate the theoretical

genetics of sutotetraploids without the added complications

of double reduction and subsequent disturbed segregations,
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