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Preface

In contrast with the cereal agronomist, the fodder plant
breeder is mostly concerned with the vegetative aspects of
the plant. Improvement of leafiness, tillering capacity and
persistency may tend to lower the ability to produce seeds
and the very characteristics which are interesting to the
farmer can be a problem for the seed producer. On the other
hand, it is now well established that outstanding varieties
will hardly be commercialized if the seed production is not
satisfactory.In this connection, the Fodder Crops Section
of Eucarpia decided to hold its 1981 meeting on "Breeding
high yielding forage varieties combined with high seed yield".

Following a kind invitation put forward by Ing. G. van
Bogaert, the meeting was held in Gent (Merelbeke) from
September 8th to September 10th, 1981l. It was attended by
more than 60 participants from 15 countries,

The main subject was divided into three sections :

- Physiological aspects of seed production
- Relationship between dry matter and seed yield
- Selection for high seed production.

Each section was introduced by cne or two main papers
followed by a number of short papers. The lively debate that
ensued between participants led to a fruitful exchange

of mutual experiences,

During the meeting, visits were organized to the experimen-
tal fields of the Plant Breeding Station at Merelbeke and to
a dairy farm. It was a real privilege for the Eucarpia
Fodder Crops Section to hold its meeting in the region of
Gent, which was always an important centre for the improve-
ment of plant cultivation as already noted by Sir Richard
Weston, who visited the country at the beginning of the
17th century and contributed to the development of clover



growing in Europe. The demonstrations in the field confir-
med this reputation of intensive and efficient agriculture.

We are very indebted to our colleague Ing. G. van Bogaert,
Secretary of the Organizing Committee, who arranged the
meeting in such efficient way. The kind support and

warm hospitality received from the Ministry of Agriculture
the Centre of Agricultural Research and the Government
Plant Breeding Station are also gratefully acknowledged.

Nyon, Switzerland, October 1981
S. BADOUX

President of the Eucarpia
Fodder Crops Section



EUCARPIA - MEETING

FODDER CROPS - SECTION

R.v.P. - Merelbeke

Mr. President, Ladies and Gentlemen,

I am feeling both happy and grateful, having today
the opportunity to welcome you at the Government Agricultural
Research Centre of Ghent.

I am feeling happy, because I am always delighted
sharing the company of an international group of colleages,
having an equal concern of problems, and meeting each other
nearly as friends.

I am feeling grateful, because your board has chosen
this place for your meeting.

Ghent is indeed the "cradle" of grassland and fodder
crops research in Belgium. By saying Ghent, I mean both the
Faculty of Agricultural Sciences and our own Research Centre,
which originated in 1932 from this Faculty, through the
founding of the R.v.P. by Prof. Em. Van Godtsenhoven, first
Director of R.v.P., later assisted by Govaert, Prof. Slaats
and Reyntens, second Director, now retired, and myself,

We are convinced of doing valuable work in this Centre,
in the field of your interest, and we are looking forward

to know your opinion at the end of your meeting.
A few words about our Centre.

Together with 5 other Institutes, we build up the
Research Administration of the Ministry of Agriculture,
headed by Mr. Gailly, present here.

The equivalent Centre in the Southern, French speaking
part of the country is the C.R.A. - Gembloux, wellknown for
its Plant Breeding Station for cereals.
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In order to give you a general idea of the efforts
made by the Ministry of Agriculture for scientific research,

I shall mention only a few figures,

20 % of the budget of our Ministry is devoted to
research, mostly classified as applied research, of imme=-
diate use to farmers, horticulturists, fishermen, fish-
industries, and last but not least to the consumers.

The money is partly used for the proper institutes
of the Ministry and partly for subsidizing research projects
of University Faculties, agricultural industries, farmers

organisations etc.
A few words now, concerning our own Research Centre.

It is, officially speaking, a Centre of "level 1",
which is structured in Research Stations "level 2"
(e.g. R.v.P., R.v.V.), on their turn, divided into sections
"level 3", (e.g. R.v.P. has 3 sections, breeding, grassland
agronomy, seedtechnology and production).

The C.A.R. - Ghent is composed of 10 research
stations and a "Public Relations" department.

Three of them are dealing with plant breeding :

R.v.P. ¢ grasses, fodder crops, some industrial
crops (marketing)

R.v.S. ¢ ornamental plants
R.v.Pop. : poplar breeding.

The name "Centre" has been used from 1939 onwards.
As a matter of fact in that year the 2nd and 3rd research
station was established, viz R.v.V. and R.Z.S., Animal

Nutrition and Dairy Research Station.

You will find in your documentary notes a leaflet,

mentioning the ten research stations.

We employ 72 staff members with an university degree
and in addition 336 technicians, manual workers and
administration staff.
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With regard to the distribution of financial means
and personel, among the different branches of agriculture,
I shall give you a few figures, related to the past year.

- Animal production : u8 %
(including : grassland & fodder crops
research)
- Plant production : (agricultural crops) 23 %
(including : plant pathology and
entomology)
- Ornamental plant breeding and growing : 19 %
- Sea fisheries : 10 %

I'd like to draw your attention to the fact that we
are not dealing with research on cereals, sugar beets, fruit
and vegetable growing, which is confined to other insti-
tutions, e.g. our colleagues in the Centre of Gembloux or
the Sugarbeet Institute at Tienen.

Mr. President, Ladies & Gentlemen, I hope this
introduction may be sufficient in order to give you a
general impression of the importance of this Centre.

Now, with your permission, a few words with respect
to your meeting.

I am aware of the fact that an economical seed
production of the good cultivars of grasses and leguminous
fodder crops is of vital importance. Otherwise the efforts
of the plant breeder would remain sterile,

Already, as a student, in 1943 - '44, I was intro-
duced to the matter by Prof. Slaats, who charged me for the
so called thesis on the subject : "Aspects of breeding

Red clover",



10

As many of you know, the pod of the Red clover
flower, may have one, two or even three seeds., I had to
study among others the inheritance of this character. A
high percentage of "two-seeded" - pods might indeed improve
the seed yield per ha.

As a conclusion, I wrote at that time :
"Through isolation, it would be possible to obtain an
amount of seed, having the heriditary ability of producing
plants with "two-seeded" - pods. As a result the seed
production would increase, where as the plants produced,
would be equally vital and productive, if not better". End
of conclusion anno 19.5.

I recently heard from Mr., van Bogaert that there is
still interest in this aspect of the breeding work with
Red Clover. (Plant Breeding abstracts 1980).
O0f course, the problems you will discuss during these three
days, will be much more important than that little one,
I had to deal with in my student time.

I am sure, Mr. President, that your meeting and your
discussions here at Melle and Merelbeke, will be useful
and fertile. I am sure of that, because in my own experience
I became more and more convinced of the necessity of such
limited gatherings.

I am taking only one example, which was an important
one for me. As a very young grass-breeder, I became
acquainted with the polycross-method, developed by
Dr. K.J. Frandsen, (from Denmark) during an international
meeting of grassland-research-workers. Then it was 19u8.

That final word, Mr. President, was merely to wish
you very good luck with your meeting and a considerable
number of useful experiences.
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But allow me, to thank very sincerely Mr. van Bogaert,
secretary of the organising committee and a plant-breeder
with international reputation, for his considerable efforts
for the preparation of your meeting.

Also many thanks to Mr. De Groote, Public Relations =
Director, for a number of practical arrangements, and to
Mr. Buysse, Director of the Animal Nutrition Station for
his hospitality.

A. VAN SLYCKEN.

Director of the Government
Agricultural Research
Centre =~ GENT.
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WELCOME ADDRESS
M. Rousseau

Director of the Govermmental Plant Breeding Station, Merelbeke, Belgium

Mister President, Ladies and Gentlemen !

It is a great honour and a pleasure for me to welcome you

at this Eucarpia meeting for forage plants.

Mr. Van Slycken gave you a general survey of the structure
and the activities of the Center of Agricultural Research
of Gent. For my part, I will give you an idea of our aims,
our various research projects and of the means available to

our Plant Breeding Station of Merelbeke.

Research into the breeding of forage plants started in
Belgium by the foundation of our Institute in 1932 and I
take this opportunity to tell you that we commemorate next
year the fiftieth anniversary of its foundation. Its initial
assignment was the breeding, the study and the marketing of

bred varieties of forage crops.

The foundation of the Plant Breeding Station met a necessity,
on the one hand because the grassland hectarage in Belgium
covered, and still covers, over one half of the agricultural
surface, and on the other hand because there was a complete
lack in our country of private companies specialising in the

breeding of forage plants.

The Belgian merchants who, at that time, were wholesalers in
herbage seed, did not have the material means, nor the
philosophy, to undertake their own breeding. Hence they had

to obtain their supplies on the international seed market.

When, by the end of the forties, the first varieties of our
Station, had been bred and were ready for production and
marketing to farmers, the majority of the Belgian trade still
preferred to continue with the import and sale of foreign
seed, instead of selling improved new varieties and

stimulating seed growing in their own country.
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Finally, government grants - both for the production and the
use of the Station's varieties, known as R.v.P. varieties,
for improvement of poor grassland - made those bred
varieties competitive with the imported seed.

The managing board of the Station has always aimed at
producing varieties intended for Belgian agriculture. We
have never been concerned with the behaviour of our varieties
abroad, nor engaged in exploiting international markets.

Due to the success of our varieties, however, we were led to
grant multiplication rights to particular countries, at their

request.

Another objective we are engaged in, is that of stimulating
any breeding initiative from the private sector.

We have, for example, put at the disposal of those interested,
tetraploid material of fodder beets, as well as herbage
strains usable as amenity grasses, both produced by this
Station.

As far as work organisation is concerned, the activities are
conducted by three departments, viz: breeding, seed
production and technology, and grassland and green fodder
crop research.

The varieties bred include, among the grasses, Perennial and
Italian ryegrass - to which special attention is paid due to
their importance for Belgian grassland - as well as timothy,
meadow fescue, cocksfoot and smooth stalked meadow grass.
The clovers studied comprise white clover and red clover.
Among the other fodder plants investigated are fodder beets
and turnips. Rape seed, chicory and salsify range among the
crops which retain also our attentioh#.\mw\ ’

In our breeding work, we use normal accepted methods, but
besides we pay much attention, specially for grasses and
clovers, to the persistency and the adaptability to the
different farming systems.

In recent years we also take into account digestibility. We
do not know if we will succeed in breeding varieties
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combining high forage yields with a high digestibility, but

we remain hopeful.

The second department deals with seed production and
technology, including growing methods, use of fertilizers

and herbicides, etc.

This department is also involved in the production, the
certification, the supply of basic seed and the precontrol
of the basic seed lots grown both in Belgium and abroad.

Most of the basic and prebasic grass seeds are produced in
Belgium, whereas those of red clover are obtained in France.
The basic seed is sold to Belgian merchants, who have it
multiplied in Belgium or abroad, and to selected foreign

agents.

In the countries where our varieties are officially listed,
the Station grants sole multiplication rights, but never
sole sales rights to selected agents in those countries, in
order not to harm the interest of the Belgian seed trade.

The third department of the Station deals with grassland and
forage research, and has up to now, played a large part in
the improvement of Belgian grassland. Its creation dates
back te the foundatien of the Station.

Initially, the orientation of that department was purely
phyto-seciological.
I enumerate the main topics dealt with in the past -

a) the botanical survey of the most important grassland
areas of the country;

b) the finding of the most efficient and most economical
methods for impreving grassland of mediocre quality;

c) the study of optimum fertilisation in function of the
grassland use;

d) the study of the role of white clover in grassland

productivity;
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e) the effect of high rates of nitrogen fertilisation on

both the fodder quantity and quality of the grassland.
At the present time, the following topics are being studied.

A comparison between set-stocking and rotational grazing

with respect to milk and meat production.

A comparative study among varieties, involving not only the
yield but also the fodder quality. The latter is determined
by digestibility tests in vitro and in vivo (sheep), as well
as -by intake tests with bulls.

Which are the means for realizing our breeding and research

programme ?

As we are a government Station, the financial support

largely depends on the national budget.

Another source of income is the Station's own funds, which
are supplied annually by the royalties received from the
seed companies multiplying our varieties. This facilitates
the appeintment of the staff, the purchase of equipment and
the acquisition of land when the government grants are

insufficient.

A third seurce of funds is the National Institute for
Industrial and Agricultural Research. This institution has
subsidized the Grassland and Forage Research Department
since its foundation by giving grants for staff recruitment

and purchase of equipment.

Our Institute owns about 40 ha, of which 15 were recently

purchased and financed by own funds.

It employs 60 people and 7 of them belong to the scientific
staff.

This general view may be an introduction to your visit of
the plant breeding station this afternoon; this visit will
take place under the guidance of Mr. van Bogaert. I wish
you further successful meeting and an agreeable stay in

Belgium.
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PHYSTOLOGICAL ASPECTS OF SEED PRODUCTION IN PERENNIAL RYEGRASSES

P.D. Hebblethwaite and J.G. Hampton

University of Nottingham School of Agriculture,
Sutton Bonington, Loughborough, Leics. LE12 S5RD. U.K.

ABSTRACT

Seed yield in perennial ryegrass is the product of seeds per
unit area and individual seed weight. Yield variance in control
plots from 30 trials over a 10 year period was best explained by
changes in the numbers of seeds harvested per unit area, and was
only poorly related to individual seed weight. Of the individual
components of seeds per unit area, yield was always more strongly
related to seeds per spikelet rather than fertile tiller number per
unit area or spikelets per tiller.

This paper therefore presents these data and indicates the
physiological and environmental basis for these responses. Ways
in which the practical scientist and seed grower can exploit the
findings of the physiologist with particular reference to chemical

and other husbandry manipulation of the crop are discussed.

YIELD IN GRASS SEED CROPS

Yield in grass seed crops can be divided into two stages:
1) Establishment of the yield potential
2) Utilisation of the yield potential
Yield potential is defined as the number of florets per unit ground
area of the crop at anthesis. It is dependent on the number of
fertile tillers and the number of florets per fertile tiller, and
hence upon the developmental processes of tillering and apical
development. The utilisation of the yield potential is determined
by the events at and after anthesis} the development processes of

pollination, fertilisation and seed growth. These processes determine
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the number of seeds per spikelet and mean weight per seed
(Hebblethwaite, Wright and Noble 1980).

The potential and actual seed yields of a typical S24 perennial
ryegrass seed crop are shown in Table 1. The calculated yield
potential is based on the number of fertile tillers per unit ground
area, the number of spikelets per fertile tiller at maximum tiller
number, the mean number of florets per spikelet at first anthesis and
the thousand seed weight of the harvested seed (Hebblethwaite et al,
1980). Actual yield was less than 10% of the theoretical potential
because of a 40% loss of fertile tillers from the maximum and a seed
set of only 13%. As this is normal for ryegrass crops, there is a
vast potential for increasing seed yield if more of the potential
yield can be utilized.

This paper therefore examines these two important yield compo-

nents and factors which influence them.

FERTILE TILLERS

Langer (1980) citing data from Field-Dodgson (1971) and Spiertz
and Ellen (1972), suggested that in perennial grasses, fertile tiller
numbers were the most important component of yield. However, Hebble-
thwaite, Hampton and McLaren (1981) found that in 1979 and 1980, fertile
tiller numbers in S24 perennial ryegrass were only poorly related to
seed yield (accounting for only 7% of the variance) while the number
of seeds harvested per m-2 accounted for 91% of the variance. These
results are further substantiated by data collected from trials over
the past 10 years at Sutton Bonington (Hebblethwaite, et al, 1978;
Wright and Hebblethwaite, 1979; Hebblethwaite et al, 1980) (Table 2).

From this data, we postulate that in perennial grasses, seed

yield increases as fertile tiller numbers increase up and until a

threshold level is reached at around 2000 tillers m=2, prom this
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point an increase in fertile tiller numbers does not necessarily
increase seed yield. This plateau is maintained at least until
tiller numbers reach around 4000 m_2, but the point at which further
tiller numbers begin to decrease seed yield has not been determined.
The physiology of tillering and the management techniques required
to achieve a fertile tiller population of between 2000-4000 m_2

have recently been reviewed (Hebblethwaite et al, 1980; Langer,

1980).

SEED SET OR NUMBER OF SEEDS PER SPIKELET

Unlike cereals where grain number is determined by the time
of anthesis (Gallagher, Biscoe and Scott, 1976), grasses have low
self-fertility with cross-fertilization being compulsory in most
cases (Gregor, 1928). Consequently they are more subject to genetic
variability, and to the vigours of the environment during pollination
and seed set. The grass plant is bred for vegetative production
and in this context seed production ensures the continuation of the
cultivar. This continual selection for vegetative characteristics
may have entailed a decrease in the reproductive capacity of
grasses (Lambert, 1963). However, it has been demonstrated that
the seed producing capacity of a variety could be raised by selection
for improved seed set, greater lodging resistance, improved seed
retention and a spread of flowering time without impairing the
forage producing attributes (Griffiths, 1965; Bean, 1965;
McWilliam, 1980) but progress is likely to be slow as the cross
pollination requirements of ryegrass make it difficult even to
synthesise populations possessing the desired characteristics.
Seed production is therefore always likely to occupy a secondary

position in breeding programmes (Griffiths et al, 1966). It
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therefore seems that the crop in its present form is just unable
to support seeds on more than half of its floret sites. A number
of possibilities could account for this.
a) Environment

The importance of environmental factors and their influence on
anthesis, pollination, seed set and seed development has been
recently reviewed (Hill, 1980). Emecz (1960) and Hill (1971) have
shown that low temperature, low light intensity and rainfall may
hinder or even inhibit anthesis. Temperature during anthesis is
a major factor in determining daily anthesis patterns (Hill,
1980), and consequently the potential for good pollination and seed
set. A recent analysis of climate data and S24 perennial ryegrass
seed yield components for 1971-80 at Sutton Bonington showed that
mean screen minimum temperature during June (anthesis) for the ten
seasons accounted for 72% of the variance in the number of seeds
m‘-2 and 48% of the yield variance (Hampton unpublished). Hill
(1971) found that low night temperatures decreased subsequent
flowering intensity and reduced the number of florets open at
peak anthesis in perennial ryegrass, while Vough (1975) has
reported that night temperatures below 12.8°C followed by a cloudy
day inhibit pollen release in cocksfoot, tall fescue, brome grass
and timothy.

The effects of temperature, wind run, culmulative moisture
deficit, relative humidity, rainfall and sunshine hours on anthesis,

pollination and seed set in grasses requires further study.

b) Floret fertility
It is possible that not all florets are potentially fertile,

either because of pest damage (Johnston 1960), or they are morpho-
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logically sterile and incapable of developing seed (Johnston,

1960, Hill 1980). Hill (1971) and Burbidge, Hebblethwaite and Ivins,
(1978) have shown that approximately 60% of florets are capable

of being fertilized. However, by final harvest, a large
percentage of these have also been lost either due to shedding,
loss of light seed during cleaning and harvesting, or abortion of
developing seeds. There are two possible reasons for abortion of
developing seeds:

1) Seed growth may be inhibited hormonally

2) The crop may be unable to support seed growth at all the
pollinated sites, and some may abort enabling the remainder to
form viable seeds. Rowson and Evans (1970) have shown that the
presence of mature ovaries and anthers in the basal florets of
wheat spikelets can inhibit the setting of grain in the more distal
parts. In grasses, the percentage of florets which set seed de-
creases from the base to the apex of the spikelet and this may
indicate inhibition similar to that described in wheat (Burbidge
and Hebblethwaite 1978). Basal florets are also better placed in
relation to assimilate supply. It is however, not possible to
identify a particular cause without further detailed research.

The extent to which nitrogen and other husbandry techniques affect
floret fertility has been reviewed elsewhere (Hebblethwaite et al,

1980; Hill 1980).

c) Transfer of assimilates, water and minerals

It is possible that most floret sites are fertilized and could
produce a seed, but that the supply of assimilates, water and
minerals available for transfer to the seed is limiting. This,

however, is difficult to understand, as the crop has been shown to
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store large quantities of water - soluble carbohydrates in the stems
and leaves (Spiertz and Ellen 1972), even during the seed development
phase. The crop also produces large numbers of florets, especially
at high levels of applied nitrogen (Table 1), indicating an

adequate sink capacity.

If the supply of assimilates is limiting, it is presumably
because grasses give high priority to stem, leaves and secondary
vegetative tillers for storage of assimilates, and consequently
the developing seeds are in direct competition with other sinks.
Clemence (pers. comm.) has established that secondary vegetative
tillers are a major sink for assimilate produced by the parent
tiller. The greater proportion of these assimilates however, come
from photosynthetic sites below the flag leaf. Moreover, carbon
fixed by secondary tillers may well flow freely to the parent tiller
when it has reached an adequate size. The ear, on the other hand,
derives a significantly greater part of its imported carbon from
the upper stem and flag leaf, is itself the most photosynthetically
active of all sites (Ong et al, 1978) and exports very little
carbon relative to other organs (Clemence, pers. comm.).

It seems therefore that assimilates are not limiting, but
that translocation to the seed from storage or directly from photo-
synthesis of the flag leaf or ear during seed development may be.

As yet, there is little understanding of the factors determining
priority of translocation to different organs of the grass seed
Crope

Priority is shown within the inflorescence itself. Anslow

(1964) has shown that within the inflorescence of ryegrass, the

basal spikelets develop slightly heavier seeds than the more
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terminal ones and within spikelets, seed from the basal florets are
heavier than comparable ones developed in terminal florets. Therefore,
the location of a floret determines its chances of setting and
developing a seed. The development of individual seeds in Italian
ryegrass was found to be directly affected by the number present
in each inflorescence, and seeds towards the base of the spikelet
were found to have higher 1000-grain weights than those above
(Griffiths et al, 1973). Earliest ears to emerge in the field also
develop the heaviest seed (Anslow, 1964). Grains in upper spikelets
of wheat have also been shown to grow more slowly than those below
them and receive much less assimilate from both flag and penultimate
leaves (Rawson and Evans, 1970; Evans, Bingham, Jackson and Sutherland,
1972). Within the ear of barley rapid growth of central and basal
primordia may also limit the supply of assimilates to primordia
at the apex tip (Gallagher, 1976) and this could occur in grasses.
Trials at the University of Nottingham (Hebblethwaite and Ivins,
1978) showed that the level of nitrogen applied at ear initiation
had no effect on the number of seeds per spikelet or on 1000-seed
weight, which is not surprising as all applied nitrogen was already
taken up by the plant and possibly utilized for vegetative growth
by the stage of seed development. However, nitrogen applied at
ear emergence significantly increased 1000-seed weight and seed set,
which possibly indicates that nitrogen shortage during seed develop-
ment is occurring. A number of workers have also found increases in
1000-grain weight as a result of late nitrogen applications (Evers
and Sonneveld, 1954; Griffiths et al, 1973) indicating that shortage
of nitrogen to the developing seed could be important. Work on

wheat has shown that high nitrogen supply between spikelet formation
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and ear emergence gives greater floret fertility (Liew, 1968) and
it scems that ryegrass responds in the same way. However, as
delaying nitrogen until after ear emergence also decreases the
number of fertile tillers and floret sites (Hebblethwaite and
Ivins, 1978), increases in 1000-sced weight and seed set could

be a direct result of less competition between developing florets
for minerals, water and assimilates.

Lambert (1967) has shown that irrigation can also increase
seeds per inflorescence and 1000-seed weight in Phleum pratensis.
Irrigation can not only increase yield and numbers of fertile
tillers per unit area in S.23 ryegrass but also numbers of seeds
per unit area and 1000-seed weight (Hebblethwaite 1977), indicating
that water may be limiting and that the crop has several moisture

sensitive stages.

d) Lodging

Lodging of perennial ryegrass seed crops in the field normally
starts at around first ear emergence and is severe by anthesis
(Burbidge, 1977). It is associated both with bending of the lower
internodes and with angular growth at the stem nodes. In experiments
where the crop has been mechanically supported with wire, increases
in seed yield of up to 61% have been obtained (Hebblethwaite, Burbidge
and Wright, 1978). In these experiments, prevention of lodging
resulted in a higher number of seeds per unit ground area. It has
been suggested that ears at the base of the lodged canopy are in a
less favourable position for pollination and subsequent seed growth

and development than are ears at the top of the canopy (Anslow, 1963).
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Because of the prime importance of the agronomic character-
istics of herbage varieties, plant breeders are unlikely to be
able to make a significant contribution to overcoming the problems
of lodging in herbage grasses. However, Griffiths (1965) has
shown that clones with a higher lodging resistance could be
selected from within S.23 perennial ryegrass. Grazing and cutting
can be of some value in controlling lodging (Green and Evans,
1956; Roberts, 1965), but the success of these approaches depends
largely on subsequent conditions.

Prevention of lodging has been achieved with Ancymidol
(Wright and Hebblethwaite, 1979), a pyrimidine derivative
developed for use on ornamentals (Dicks and Rees, 1973). Application
of Ancymidol resulted in increases in seed yield of up to 70%
(Wright and Hebblethwaite, 1979). The increase in seed yield was
associated with a greater number of seeds per unit ground area and
per spikelet. By preventing lodging, the crop was able to divert
a greater proportion of its total dry matter into the production
of seed (Hebblethwaite and Wright, 1979). However, the cost of
this chemical prohibits its application on a commercial scale and
consequently more recent work has been looking at the potential of
PP333 (I.C.I. Plant Protection Division). Application of this
chemical has been found to increase seed yield by up to 50% (Table
3). Once again these increases could be explained by significant
increases in the number of seeds harvested per unit area and were
only poorly related to individual seed weight, number of fertile
tillers per unit area and number of spikelets per tillers.
Increases in seed numbers per unit area resulted from better seed

set (Hebblethwaite, Hampton and McLaren, 1981). Details of the
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action of this chemical on lodging, tillering, plant growth and
development are given elsewhere (Hebblethwaite, Hampton and

McLaren, 1981).

e) Optimum time of harvest

Differences in tiller age and time of ear emergence between
the component ears of the seedhead population result in differences
in date of maturity (Anslow, 1964). 1In perennial ryegrass, early-
emerging ears have a higher number (Anslow, 1963) and weight
(Anslow, 1964) of seeds per ear than later-emerging ears, and
hence these make the greatest contribution to seed yield. A
considerable amount of research effort has been directed toward
identifying criteria which could be used to define optimum time
of harvest, and use of changes in moisture content, endosperm
consistency and seedhead colour have all been advocated (Hyde,
McLeavey and Harris, 1959; Anslow, 1964; Hill and Watkin, 1975 ;
Pegler, 1976). In perennial ryegrass, seed viability is attained
7-14 days after anthesis (Hyde, McLeavey and Harris, 1959; Hill
and Watkin, 1975 ; Pegler, 1976). However, at this time the seed
has a high moisture content and low thousand-seed weight. 1In
addition, respiration of the seed during storage may produce
sufficient heat to reduce viability (Griffiths et al, 1967).
Because percentage seed set and individual seed weight decline
from the basal to the terminal florets within the spikelets, as
harvesting is delayed so losses of seed associated with shedding
become progressively more important (Anslow, 1963; 1964).

Delaying the harvest of S.24 perennial ryegrass (from 40%
to 30% moisture content) has resulted in an increased 1000-seed

weight (Hebblethwaite et al, 1980). This is attributable either
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to an indirect effect of shedding of the lighter seeds from the
distal florets within the spikelets, resulting in a higher mean
weight per seed, or to an increase in seed weight per se.
However, the increased 1000-seed weight was insufficient to
compensate for the reduction in the number of seeds harvested
per spikelet. Hence optimum time of harvest, for maximum seed
yield, depends upon the balance between loss of seed by shedding
from over-ripe inflorescences, and gain in yield of seed from
later-maturing inflorescences. Further information on the
achievement of this balance can be obtained from Andersen and

Andersen (1980).

CONCLUSION

In ryegrass seed crops, better utilisation of the yield
potential could most effectively be achieved in two ways: by
prevention or delaying of lodging until after anthesis so that
seed set can be improved, by increasing resistance to seed
shattering.

The lattef may well be accomplished by selection (McWilliam
1980), but success with the former is in our opinion more likely

to come from the use of growth regulators.
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Table 1.

Potential and actual yield components of S.24 perennial ryegrass 1977

Potential yield components

Fertile tillers m

2

= 3600

Actual yield components

Fertile tillers m 2

= 2100

(Hebblethwaite et al 1980)
B e — ]

At first anthesis

Spikelets
per tiller

18.3

Florets per
spikelet

6.6

At final harvest

Spikelets
per tiller

18.2

Seeds per
spikelet

0.9

TSW Calculated potential yield
at final harvest

1.8g 7.8 t/ha

TSW Actual yield
at final harvest

1.8g 0.6 t/ha

o€
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Table 2. Relationship between seed yield (Y) and:

sos:ec}sm_2 (NS), seeds per spikelet (SS), spikelets
per tiller (ST), number of fertile tillers (FT)
and thousand seed weight (TSW), S.24 perennial
ryegrass, Sutton Bonington, 1971-80

Relationship giving best fit Statistical Variance
significance accounted for
(%)

a) Lodged crop (variance d.f = 16)

Y=12.4(22.2)+327.7(2149.9) Ns . 62.6
Y=271.3 $€113.3)+723.8 (£171.5) ss . 21.8
Y=-54.9 (240.6)+ 2129.5 (1761.2) sT NS 4.6
Y=0.1 (20.1) + 767.6 (£299.1) FT NS 2.0
Y=-19.1 (1347.2) + 1139.7 (1646.8) TSW NS -6.2

b) Non lodged crop
(variance d.f = 8)

¥=16.8 (10.7) + 160.8 (%75.6) NS see 98.6
Y=641.9 (1187.1) + 625.1 (1417.5) SS . 54.5
Y--214.3 (}58.3) + 5830.6(%1055.4) ST .. 58.2
Y-0.5 (20.3) + 580.9 (1783.5) FT NS 20.8

Y=-694.3 (£2342.5) + 3294.7(14446.6)TSW NS -11.3
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Table 3. The effect of application of PP333 at floret
initiation on seed yield and seed number of
S.24 perennial ryegrass

Year Rate Seed yield Seed no.
(1 ha™h (kg ba ) = %
0 1926 10.51
1979 1 2589 (34+) 14.72
2 2880 (50) 16.37
SED (27 d.f) 148 1.82
0 997 5.53
1980 1 1264 (27) 7.45
2 1346 (35) 7.64
SED (27 d.f) 74 0.51

* % increase over untreated control

Source: Hebblethwaite, Hampton and McLaren, 1981.
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RELATIONSHIP BETWEEN VEGETATIVE AND REPRODUCTIVE TRAITS IN RED CLOVER
B. A. Dennis

Department of Crop Husbandry and Plant Breeding,
The Royal Veterinary & Agricultural University,
DK-2630 Taastrup, Denmark.

INTRODUCTION

The seed yield of a red clover plant represents the cumulative expression
of four principal components: the number of flower heads per plant, the
number of florets per head, the percentage of florets setting seed and
unit seed weight. These components differ in terms of relative contri-
bution to total seed yield, in extent of additive genetic variation and
in potential response to selection. Breeding for improved seed production
will consequently require a knowledge of the importance of individual
components, of the interactions between components and of their relation-
ship to agronomically desirable traits such as forage yield and quality.
In this paper the interrelations between certain vegetative and repro-
ductive traits are discussed in relation to the indirect effects of a
two-way selection programme for fertility in a tetraploid red clover pop-

ulation (Dennis 1975, 1980).

COMPONENTS OF SEED YIELD

Studies in diploid and tetraploid red clover populations have shown seed
yield to be positively correlated with seed set, heads per plant and seed
weight, whereas the number of florets per head shows little variation and

no appreciable correlation with seed yield. In terms of the relatlve

N "
by seed set Seed we1ght has generally been found to have 11tt1e 1nf1uence

U .

on total seed yield (Wioncek et al. 1976, Dennis 1980).

Relatively high heritability values (hé) have been reported for seed
yield (0.35-0.79) and for its principal components (heads per plant 0.20-
0.40, seed set 0.26-0.88) (Uzik 1971, Wioncek et al. 1976, Dennis 1980).
Sufficient genetic variation would appear to exist both in yield and
component traits to warrant selection for improved seed production. The
response to such selection will, however, depend on the extent to which

negative interactions occur between seed yield components.

Although seed yield is greatly dependent on the number of inflorescences

per plant, there is a certain amount of evidence to suggest the presence
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a negative correlation between heads per plant and seed set. Studies
in half-sib families of tetraploid red clover have shown a negative gen-

etic correlation of r, = -0.41, and five generations of two-way selection

for seed set showed tﬁat although positive selection had no effect on

the number of heads, low seed-setting plants consistently produced a
greater number of heads than plants selected for high seed-setting cap-
acity. A similar negative relationship between seed set and inflorescence
number has been reported by Wioncek et al. (1976) and Eskilsson and
Bingefors (1972), and there would thus appear to be a risk that the eff-

iciency of selection for improved seed set could be reduced by a decrease

in the number of seed heads.

CORRELATIONS WITH EARLINESS OF FLOWERING

Earliness of flowering has been found by several authors to be positively
correlated with seed production; early flowering types set more seed than
late-flowering types, resulting in an overall selection for earliness
(Taylor, Dade and Garrison 1966, Dovrat and Waldman 1966, 1969). Dennis
(1980) found flowering date (the date of peak flowering) to be negatively
correlated with seed yields in both diploid and tetraploid red clover

(r = —0.41*xx, —O.39xxx, respectively). Path coefficient analysis showed
this negative relationship to be due not to any negative effect of
flowering date on seed yield per se, but to indirect effects on seed set,
tillers per plant and unit seed weight. Late-flowering plants were char-
acterized by lower seed weight, fewer reproductive tillers and lower seed

set.

Early flowering varieties of red clover, in addition to producing more
seed, have been found to be less vigorous and less persistent than late-
flowering types (Bird 1948, Taylor, Dade and Garrison 1966). Selection
for improved seed production might thus favour earlier flowering genotypes,
with a resulting loss of vigour and persistence. This showed up very
clearly in our selection programme in which positive selection for seed
set increased earliness of flowering by 1 day and decreased dry matter

productivity.

DRY MATTER PRODUCTIVITY IN RELATION TO SEED YIELDING ABILITY

Most evidence seems to indicate that dry matter yield in red clover is
positively correlated with seed yield, but negatively correlated with
fertility or seed set. Uzik (1971) reported a genetic correlation of

re = -0.016 between seed yield and plant weight. Path coefficients



35

showed this relationship to be the result of a direct positive effect of
plant weight on seed yield which was partly offset by indirect negative
effects of plant weight on the number of reproductive tillers, florets
per head and seed set. The tetraploid population studied in our exper-—
iments showed a positive phenotypic correlation (rP = 0.16) between dry
matter yield and seed set, but this was apparently due largely to environ-
mental effects as the genetic correlation was slightly negative, although
non-significant (rG = -0.03). Selection for improved seed set in this
material led to a 47 decrease in dry matter yields and also to a 6%
decrease in plant height. Dry matter productivity under sward conditions
also tended to be lower in the high seed-setting line and higher in the

low line relative to the parental population.

HIGH DRY MATTER YIELDS AND/OR HIGH SEED YIELDS ?

Sufficient genetic variation exists in both seed yield and its major
components to justify selection for improved seed production, although
selection for improved fertility (or any other component) alone is
unlikely to provide the most efficient means of increasing seed yields.
The negative correlations observed between components and between
reproductive and vegetative traits were sufficiently low to permit
simultaneous selection for several characters, and there appears to be
no reason why high forage yields and high seed yields cannot be combined

in the same variety.
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Genetic variability in the components of seed yield of
Ryegrass species
Gisela Bugge
Institute of Plant Breeding, University of Gdttingen,

W. Germany

The quantity and quality of the forage produced have
in the past decades been the main criteria for selection
in the breeding of forage grasses. Perennial and late
flowering varieties are very often deficient in repro-
ductive efficiency. But only a good seed yield can deter-

mine the success or acceptability of a variety.

The first necessary step for the improvement the
seed yield of grass varieties is an investigation of the
reproductive system. With this objective we started our
programme in co-operation with the "Norddeutsche Pflanzen-
zucht". I wish to report results of the first year’s ex-
periment. 382 clones of Perennial ryegrass and 30 ecoty-
pes and 6 varieties of Italian ryegrass were used in the
present investigations. From each clone of Perennial rye-
grass 10-15 spikes were investigated. Single plants of the
ecotypes and varieties of Italian ryegrass were spaced 30
cm apart at random in square blocks replicated 6 times in
one experiment and in another in pots in 2 replications.
The following seed production characters were determined
for 6 ears per plant: inflorescence length, spikelets
per spike, florets per spikelet, seed weight per inflores-

cence and 1000-seed weight. Further more inflorescence
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number, seed weight and fertility per plant were also
recorded.

The results demonstrate significant differences in
all seed production characters studied between clones
and ecotypes of Italian ryegrass. The standard error
which indicates the variation within a variety or eco-
type was different in the characters investigated. The

EEEEEE/QE 1nflorescencesper plant showed _the hlghest

varlaéellty 1n the fleld test (variation coefficient
40 %). 5; the pot experiment the variation coefficient
for this character was lower (18 %). This points to a
large environmental 1nf1uence. In the other characters

e e et .. i B e s

the standard errors were lower, especially in the number

25 fieﬁeff per splkelet. The number of florets per spike-
let dlfferedmhardly w1th1n a spike. Only on the bottom
and on the top of the eer a slight of variation of flo-
rets (1-2) was observedjkAnd also between the six spikes
per plant studied, only ; small variation was recorded.
This indicates that thisiEE,EEE-PeEEM§FEP}¢/§S§§,Ef?éHET

tlon character.

The values of the variation coefficient for seed yield
per ear and per plant were greater than those of the
other characters. The floret fertility had also a large
influence on the seed yield. Herbage grasses have a lon-
ger flowering period than the cereals. Fertility and

seed set are strongly dependent on the environmental con-

ditions.



39

The knowledge of the relation between the components
of seed yield is more important than an isolated consi-
deration of the individual characters. The dependence of
the seed yield on the characters studied are given in the

table.

Table: Phenotypic correlations between components of
fertility and seed yield in Italian ryegrass

(plants in pots)

Length of Spikelets/ Florets/ Seed yield/

spike (cm) spike spikelet spike plant
Number of L e
tillers 0.08 0.15 -0.46 -0.36 0.14
Length of \ “»
spike (cm) - 0.60 -0.03 0.05 0.08
Spikelets/ _ E
spike 0.13 0.14 0.21
Florets/ _ xe X
spikelet 0.69 0.35
Seed yield/ _ 0.69""
spike

** gignificant at the 1 % level

In our investigations we could not find any influence
of inflorescences number per plant on the seed yield per
plant. We found that with increasing number of tillers
per plant the seed yield per inflorescence decreased. This
consequently leads to a decrease in the number of florets

per spikelet.
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7 ™
- The length of ear%\hggnindeed a positive influence on

the number of spikelets per spike (r = 0.6), but itLﬂgg

per plant.

LS o

These data demonstrate that of all components ggiy ?hg
ngber florets per spikelet and per spike had a positive
influence on the seed yield. The number of florets pér
spikelet (see table) was significantly correlated with
the yield per inflorescence (r = 0.69) and per plant. And
a high seed yield per plant is dependent on a high seed
yield per inflorescence as shown by the correlation coef-

ficient of r = O.69“.

However the seed yield is not only dependent on the
number of florets per inflorescence but also on the fer-
tility (percent fertile florets per spike). In our in-
vestigations the average fertility was 41 %, ranging from
3 to 90 % and showed sigﬁificant differences between the
genotypes. In other grass species also fertility is found
to be a highly variable character (SLINKARD 1965, LOWE
and MURPHY 1955). We obtained a close correlation between
fertility and seed yield. The correlation coefficient was
highly significant (r = 0.72). LOWE and MURPHY (1955)

found similar results in Bromus inermis.

The investigations reported here show:
1. Seed yield could be improved by selection of genotypes
with high number of florets per spikelet and a high

fertility. However more investigations are necessary,
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above all, on the breeding behaviour of seed yield
components and of fertility.

2. Genotypes with a higher number of inflorescences per
plant and larger inflorescencesdid not have an im-
proved seed yield. It is not desirable that seed yield
be increased through an increase of the size of the
reproductive system, because then it is possible that
genotypes with these characters may show an adverse
effect on growth after the first defoliation treat-
ment, and in the long term may affect perenniality. A
major consideration of the breeder who attempts to
improve the seed production of a grass variety must be
to preserve the varietie’s attributes in forage pro-

duction.
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Use of male sterility for dry matter yield improvement
in Lucerne. Genetic variability for seed yield.

G. Génier and P. Guy

Station d'Amélioration des Plantes Fourrageres
I,N.R.A, 86600 Lusignan (France)

Introduction

The dry matter yield amelioration is perhaps the most dif=-
ficult problem the plant breeder has to solve. We cannot but admit,
just like Bocsa (1980), that the genetical progress, as far as yield
is concerned, are not very important or even null in France, Hungary,

Sweden,

The high levels of production, which are already achieved
(15 t/ha/year in good conditions) can partly explain this failure,
Perhaps some other reasons are connected with floral biology and ge=-
netic of lucerne. Lucerne is an allogam plant, and is very sensible to
inbreeding. The multiplication of a variety may entail a decreasing
of vigour by inbreeding ; this may originate in a high level of sel-
fing in certain conditions (Kehr 1973, Lorenzetti 1981) or in a nar-
row genetical basis (multiplied hybrid).

These facts and experimental results concerning isolated
plants (Guy 1966) and dense parcels (BYtj¥s 1976) have incited us to
use cytoplasmic male sterility in order to improve the dry matter
yield. But we shall have to produce seeds, Important differences exist
(30 to 50 %) in seeds yield, according to the origin or to the varie-
ty itself. Some authors have opposed dry matter productivity with
seed productivity, Today, many experimental results reveal a small
but positive correlation betwwen these two characteristics. This
situation is rather favorable for the plant breeder in the case of
wide basis synthetic varieties ; nevertheless, we may wonder what is
will be like in the case of an entomophil plant, male sterile,

I, Male cytoplasmic sterility : origins, results

Today four independent cytoplasmic sources are used in
France : the first one originates in a material which was used in

the U.S.A. at the beginning, and from which we have been able to
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isolate C 21.4, ms T 11, ms 19.5, ... ; the second one comes from
U.S.S.R. : ms R 12, ms R 21 ; the third one comes from Poland : Po
213 ; the last one has been isolated in Lusignan : Lu 18. The whole

material is being studied by plant breeders who have been brought

together in the ACVF.

We have tested on isolated plants the crosses between all
the clones ms and all the maintainer clones. We can only compare se-
parately the ms between each others and the maintainers between each
others. The breeding value of the parents for the green yield is very

variable. (cf table 1).

Some crosses : (Po 213 x A 11 x F 11(2)) x OR 11 and (21-4 x

1552) x A 11 give better results than the control Europe for two cuts.

Up to this day, sixty or so structures F1 (double hybrids or
hybrid structures having a wider basis) have been tested on parcels.
The dry matter productivity results which have been obtained repre-
sent in some cases a progress compared to the multiplied synthetic
varieties ; yet they are less satisfying than the previsions that were
expected (+ 10 to 15 %) on the basis of better hybrid F performances

registered in the nursery.

1. The case of double cross

9 DH from a schema such as (ms x maintainer) x (SH with
good agronomical value) have been tested without any previous selec-

tion aiming at a good SCA between the two partners,

The yearly dry matter productivity evolves between 79 and

113 % from Europe's one (X = 90 %, ox =11 %).

2. The case of the F, structures whose pollinator has a wider

1
basis
In many cases it has been envisaged to use a still existing

comuercial variety as pollinator, in order to produce seeds economical-

ly simultanate production of 2 varieties).

The present collected agronomical results are only fragments.
Given 7 F, hybrids, the annual dry matter productivity (Al, 1980) evol-
ve from 95 to 110 % of Europe's productivity (x = 101 %, °x = 5). For
the present, these structures seem to be more promising.
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The pattern existing for the commercialisation of hybrid va-

rieties does not raise any problem in its conception.

ms clone x single cross between maintainers
J
- Y

F1 sterile

~

NV
BC3 x pollinator with good
combining ability

fsca)

/
commercial hybrid

II. The production of hybrid seeds

"Alfalfa is a naturally outcrossing perennial that depends
upon bees for pollination" Busbice 1972. Can we hope that the insects
collecting pollen are to ensure a good pollination of the ms ? Don't
the ms or maintainer characters affect the general fertility of plants ?
Its seems that the firm Teweless (U.S.A,) has had to face the problem
very soon., BYjtds (1976) stresses the fact that, as far as Lucerne is
concerned, the presence of sterility engenders difficulties in seeds

production.

We have tested the seed production of ms clones and of dif-
ferent ms hybrid structures. The seed productivity of ms is weak, so=

metimes very weak, However, certain ms structures reach the worse clas-
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sic french varieties (cf table 2).

Can we explain these differences in yields ? In our condi-
tions, we have been able to point out that the pollinatoring insects
are attracted by the full of pollen and fertile plants while Honey
bees are indifferent to them. The clones ms receive 7 times less pol-
linators than Europe (Gilbert, 1978). The male sterile structures,
which are complex, receive twice less pollinators than Europe (Ecalle
and Robert, 1981). The most attractive ms are on the same level with
the less attractive varieties. This stage of entomophile pollinisation
is essential, but every further stage of the seed growth has its gene-
tical control (pool/flower, seed/pool) ; this fact concerns the mother
plant as well as the father plant. B8jtds (1979) has pointed out the
importance of pollination for the ms seeds production. Given the high
sensibility of fertility to the environment, it is difficult to esti-
mate the criteria of this fertility. The ms and the maintainer are ve-

ry variable. This variability can reach the control.

One of the most steady criteria of selection is probably
the number of seeds per pod and this stands for the fertile plants
as well as for the sterile ones ; we must notice that its correla-
tion with the seeds yield varies from + 0,33 to + 0,65, it depends

on the experiments.

Conclusion

It seems that the use of cytoplasmic male sterility can

make it possible to increase the dry matter yields to a few per cent.

The production of hybrid seeds is to undergo a double handi-
cap :

- a part of the soil is occuped by the pollinator,

- the plants ms are not very attractive for the pollinating

insects.

The use of a registred variety as pollenator and an active
breeding for seed production should make it possible to reduce the
cost of hybrid varieties. These ones are to remain reserved to the

most intensive agriculture.
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Table 1. Combining ability (spaced plants) of ms and maintainers
clones (green yield kg/pl)

ms clones 20/6/79 18/8/79 maintainer 20/6/79 13/8/79
clones
P 213 2,05 0,167 OR 11 1,66 0,101
c214  L,97 0162 | 1552 1,5 0,127
X Th 1,61 0,149 A ¥y 1,56 0,130
M 19-5 1,41 0,189 7 &l 1,51 0,130
M, 49-T 1,33 0,142 K 5-7 1,33 0,151
GIE 1,32 0,115 Ay 1,33 0,160
MR 21 1,18 0,102 OR 215 0,95 0,127
Lu 18 1,06 0,086
M R 0,60 0,079
: » 8 ‘ 1.39 0,132 1,39 0,132
control Europe 1,54 0,128 1,54 0,128
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Table 2, Seed production of male-steriles structures

. EPR experiment (sowing year 1980)

% extremes

Control Europe 100
6,36 g/plant

x varieties 92 % 73 a 114 %
(list A)
x heterozygotes structures ms 65 % 49 a 88 %

. ACVF experiment (total results A0 + Al)
(1978 + 1979)

Control Europe 100
24,45 g/plant

ms clones 24 3276
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Relationship between dry matter and seed yield in grasses
Sigurd Andersen

Dept. of Crop Husbandry and Plant Breeding,
Royal Veterinary & Agricultural University,
Thorvaldsensvej 40, 1871 Copenhagen V, Denmark

Griffiths et al. (1980) reported large differences in seed yield
between individual plants in different grass species and varieties., This
might suggest that good seed-producing varieties can be bred by the simple
selection of plants with high seed yields. Many plant breeders, however,
expect a negative correlation between dry matter production and production
of seed.

Such negative correlation between dry matter and seed is difficult to
demonstrate, as only varieties with a high production of forage are
accepted for certification and distribution. The variation in dry matter
production of commercial varieties is rather small, and information about
seed yield is limited, unless seed of a variety is produced for sale.

The correct classification of varieties in terms of productivity is
a big problem., Some varieties give high dry matter yields in one country
or in some environments, whereas yields are lower in other countries or
under other conditions., The yield of seed depends much on the management
of the seed crop, and a high variation was found in field trials of varie-

ties for seed production (Nordestgaard & Juel 1979).

Factors contributing to seed yield or limiting seed yield.

The components of seed yield are ?EWPEENPf fertile tillers_(inflores-
cences), Elotggfwggzviqflqrescenee, EF?d per fiorgt, A ferti}igy_(flo—
rets developing into s;ed) and 1000—seed‘weight. Griffith et al.\(1966,
1986) found a positi?é correlation between seed yield per plant and a)

% fertility, b) number of inflorescences, c) yield per inflorescence
and d) 1000-seed weight. The correlation was also positive between yield
per ear and a) fertility, b) florets per inflorescence and c¢) 1000-
seed weight,

We have only very limited information about the correlation between
dry matter yield and these components of seed yield, but we may expect a
negative correlation between the number of fertile tillers and feeding
value, Digestibility is likely to be lower in a variety with a high

proportion of fertile tillers.
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Although it would seem possible to breed varieties with a high seed
yield per ear, i.e., high number of florets, many seeds and a high seed
weight, attempts to combine high seed yield and high forage production in
one variety may well encounter difficulties due to intraplant competition.
Different parts of the plant compete for available sources of carbohydrate,
and new tillers of high yielding forage varieties have a high competitive
ability,

The factors mentioned above contributed directly to seed-yield, but
other factors may limit the yield, e.g., prolonged time of anthesis, It
is very 1mportant that the flowerlng t1me is short and that anthesis occurs
in all 1nf10rescences at the same time. Andersen & Andersen (1980) have

reviewed the importance of choosing the tlght tlme quwharvest. They showed

iaacuiy. W

that maximum yield can be achieved at a very few days only. If harvest is
done too early, we "lose" unproduced dry matter of seed, if we cut too late,
we lose seed by shattering. We will never be able to harvest the total po-
tential yield, but the loss of yleld 1ncreases with the spread 1n r1pen1ng
time, T
T Severe ;ggglgg_at anthesis will 11m1t fertlllzatlon of the florets,
and in a severely lodged crop seeds w111 develop badly in shoots near the
ground and will often be severely 1nfested with fungus, Early lodging may
be considered as bad, whereas 1odglng near har;est time could protect the
crop against shattering. T R

: All spec1ee'of the grass family are liable to shatter, Festuca rubra
shows a relatively low shattering ability whereas Lolium multiflorum and
Festuca pratensis always shatter heavily. Within species intervarietal
differences in seed retention have been demonstrated by Griffiths et al,

(1966, 1980).

Investigations on seed contributing factors in Lolium perenne.
At the Danish Agricultural University we had experiments with seed
production 1980 and 1981, 27 d1p101d var1et1es of Lolium perenne were sown

in large plots without repllcatlons 1980, and we found large d1fferences

in seed yield between early and late varieties:

9 early 9 medium 9 late
varieties varieties varieties
Kg seed/ha, average 1401 1146 864

The same varieties were tested again in 1981, but yield differences

were small and earliness appeared to be of less importance than in 1980,
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In order to study the effect of other factors contributing to seed
yield, we divided the varieties into three groups according to the size
of one of the following factors 1) seed/ear, 2) 1000-seed weight and
3) % shattering. Each group contained 9 varieties, and -included 3 early,

3 medium and 3 late varieties, Group means are given below,

Mg Kg % shat- Kg 1000-seed Kg
seed/ear seed/ha tering seed/ha weight seed/ha
82 1222 35.5 1082 2.52 1247
70 1107 30.4 1169 2.26 1136
61 1082 25.0 1161 2,03 1028

As a supplement to field trials in large plots, 12 varieties were plan-
ted in 1 m2 plots with 100 plants per plot. These varieties were tested
in the same way as varieties from the field plots, and gave the following

results, Tiller number and yield were determined in samples from 0.36 m2:

Number of Seed Mg Seed % shat- Seed 1000-seed Seed
tillers gr. sged/ear gr. tering gr, weight gr.
804 19.4 27.3 20.6 25.3 20.2 2.09 17.2
731 15.3 22,9 16.7 22.8 15.8 1.70 16.8
650 15.4 18.7 13.0 18.1 14,2 1.57 14,2

These results show that a high number of tillers, heavy ears and a-high
1000-seed weight were important components for a high yield. A curious
thing was that a high degree of shattering was associated with high yields
in the small plots.

Shattering was measured by shaking approximately 300 ears for one minu-
te on a machine originally constructed and used for cleaning-fodder sugar
beets, The ears of a sample were sorted into five groups according to ripe-
ness and given a score from 1-5, They were cut and treated when the stage
of ripeness was between 2.75 and 3.50. The following scale was used to

determine the stage of ripeness:

1. Completely green inflorescence

2. Rachis green, spikelets not completely green nor completely yellow
3. Rachis and spikelets not completely green nor completely yellow

4. Rachis not completely green nor yellow, spikelets completely yellow

5. Completely yellow inflorescence.
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The stage of ripeness was averaged over all spikes in the sample except

very small, green inflorescences.

The standard deviation around this

average was used as an indication of the unevenness of-ripening.

Some preliminary results from 1981 are shown below.
were divided into three groups as in 1980, and there are 11 or 12 diploid

varieties in each group.

The varieties

Results for 6 tetraploid varieties are also

included.

Mg Kg % shat- Kg Unevenness Kg
seed/ear seed/ha tering seed/ha of ripening seed/ha
Diploid varieties

108 1340 44,7 1030 0,90 1120
92 1100 31,0 1200 0,62 1140

73 1280 20,2 1350 0,38 1330

Tetraploid varieties
142 1050 38,5 1050 0,41 1050

In this experiment high seed yielding varieties were characterized by
high seed yields per ear, low shattering ability and even ripeness, but

within the groups variation in seed yield was very high.

Field experiments with Lolium peremne.

The seed yield of 10 varieties of Lolium perenne was determined in
nine Danish experiments 1975-1977, six of these experiments included three
different harvest dates for each variety (Nordestgaard & Juel 1979). The
highest yield was produced by the early varieties Verna (1540 kg/ha) and
Melino (1490 kg), and the lowest yield by the late variety Pelo (1130 kg),
but otherwise there was no correlation between earliness and seed yield.
An early variety, Gremie, yielded only 1270 kg-whereas the late variety
Vigor produced 1300 kg, Unfortunately forage yields were not determined
in these experiments but the same varieties were tested in other trials in
one or several countries., A comparison of the yield of dry matter with

results from the experiments with seed production shows the following re-

lationship:

Number of varieties: 3 3 4

Yield of dry matter (esti-
mated relative figures): 103 100 98

Yield of seed, kg pr ha 1310 1400 1330
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The classification according to yield of dry matter is mainly based on
publications from Danish experiments (Sorter-af landbrugsplanter), but re-
sults from trials in Great Britain (Farmers leaflets nr, 16), The-Nether-
lands (Beschrijvende Rassenlijst) and Germany (Beschribende Sortenliste)
have also been consulted,

The results will depend very much on the classification of Verna
and Gremie. The number of varieties is too small to allow any conclu-
cion, but the figures do not indicate the presence of any strong cor-

relation between seed yield and dry matter production or earliness.

Seed production at farms

As we have only little information about the correlation between yield
of dry matter and yield of seed from the same experiments, we may try to
compare figures from different sources. The Danish list of varieties
(Sorter af landbrugsplanter) gives relative values for dry matter produc-
tion, and the Danish Associations of Seed Producers issues annual statistics
for relative seed yields of different varieties in commercial fields (Sorts-
unders¢gelse). In table 1 figures are gathered from the official test of
varieties of Lolium perenmne, yield from seed fields, and figures from own
trials 1980-8l. The yield of dry matter is calculated as relative figures
and as average of the yield of first and second years ley. The seed yield
of each variety is average of more than 10 seed fields, and the varieties
used for calculations are mainly old varieties, as we do not have informa-
tion of seed yield of new varieties which had been tested recently and ap-
proved for certification,

The seed yield of early varieties is generally higher than the yield of
late varieties. The varieties are not very different in yield of dry matter
for forage, but two varieties yield less than average and two varieties pro-
duce more. The low yielding are Dux (medium) and Victoria (medium), The
high yielding varieties are Melino (medium) and Vigor (late). The yield of
seed is somewhat higher of the varieties Dux and Victoria than of Melino and
Vigor, but the relative high yield of seed of Melino and Vigor shows that it
should be possible to breed varieties with a high dry matter production and
a high seed yield.

A classification was also made according to degree of persistance in
Danish variety trials., Four varieties with low persistance, Dux, Lenta, Pres-
to, and Belida, were compared with four varieties with relatively high per-

sistance, Cropper, Verna, Amado, and Melino, The yield of dry matter is
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almost the same for these two groups, but the seed yield was higher in
varieties with a low persistence. Intraplant competition between fer-
tile tillers and new vegetative tillers probably affects plant longevity
and seed yielding ability more than the yield of dry matter.

The variety Gremie is listed separately. Gremie is classified as ex-
tremely persistent, but the yield of seed was found to be relatively low
in this survey as well as in the trials carried out by Nordestgaard & Juel
(1979). This could be due to the low seed retention in this variety; the
degree of shattering was found to be as high as 527 in-our trials,

The importance of 1000 seed-weight and unevenness of ripening is
not very clear, but some varieties with a low yield of seed also possessed
small seeds,

Table 1., Yield of dry matter of Lolium perenne in official Danish variety
trials compared with yield from seed fields.

Group and number DM Seed yield | Per— | Ripe-| Shat-| S-W
of varieties sist | ness ter,
1 2 3 4 5 6 7 8

9 early, diploid 100 105 942 5% 0,90|| 32 2,41
9 late, diploid 99 92 532 7 0,73|] 31 2,12
6 tetraploid 99 106 103 5 0,62)| 35 3,90
2 diploid low DM 92 | 117 142 | 44 | 0,81 ] 25 2,20
2 diploid high DM 104 103 320 74 0,72 | 32 2,04
4 early, low persistence 99 113 601 4 0,87 | 26 2,44
4 early, high persistence 101 101 485 6} 0,90 32 2,37
1 early, high persistence 99 85 16 8 1,08 52 2,42

Explanation to the columns:

1. The group early varieties includes varieties with medium earliness.
2, Relative values for yield of dry matter in Danish trials

3. Relative values for seed yield on Danish farms 1973-79.

4, Number of seed fields,

5. Score for persistence in variety trials,

6. Unevenness of ripeness., Average of 3 experiments.

7. Percentage of shattering, Average of 3 experiments,

8. 1000 seed-weight in experiments 1980.

A vertical line indicate significant difference (5%) within a group.

Yield of dry matter and yield of seed of Lolium multiflorum and Dac-
tylis glomerata are compared in table 2, It is difficult to show any ne-
gative correlation between dry matter and seed production in these species.

The yield data in table 1 indicate that there could be a negative cor-
relation between dry matter and seed yields, possibly between persistence

and seed production, but the correlation is not very high. There are
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Table 2. Relative yields of dry matter of Lolium multiflorum and Dac-
tylis glomerata in official Danish variety trials compared with

seed yields from commercial seed fields.,

Species and number of varieties Yield of Seed Number of
in each group dry matter yield seed fields

Lolium multiflorum

3 diploid, low DM yield 96 95 512
3 diploid, medium DM yield 100 100 108
3 diploid, high DM yield 104 92 140
2 tetraploid 98 108 93
Dactylis glomerata

3 with low DM yield 94 97 69
3 with medium DM yield 98 102 265
3 with high DM yield 100 99 153

examples of persistent varieties which produce high yields of dry matter
and high yields of seed, e.g. the results for the Lolium perenne variety
Melino in Danish variety trials and in Danish seed fields.

An example of the opposite is the Lolium multiflorum variety Lemtal
which had a relative figure of 105 at the official tests for production
of dry matter, but a relative figure of 80 for seed yield.

Another example is found outside the grasses, in Trifolium repens.

The variety Milkanova was selected from Milka and the improvement in yield
of dry matter is 57, whereas the decrease in seed yield is 137. (Sorter

af landbrugsplanter, Sortsundersggelse).

Conelusion

Several components contribute to seed yield: number of fertile shoots
florets and seed/floret, 7 seed set, and 1000-seed weight. Other factors
limit seed yield: Variation in flowering time, lodging and shattering-of
seed, The variation in these factors is high between individual plants.
The plant breeders could easily select for higher yield, but we must ex-—
Pect competition within the plant between tillers and inflorescences. A
selection for high seed yield could lead to a selection for lower competitive
ability of tillers and a lower yield of forage dry matter,

We have very limited information concerning the relationship between
dry matter productivity and seed yield as plant breeders will not normally
release a variety onto the market unless the dry matter yield is high and
the yield of seed is at a satisfactory level., Our experience and present

knowledge indicate a modest negative correlation between yield of seed and
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yield of dry matter or persistence., The correlation is not high enough to
eliminate the possibility of breeding varieties with a high production of
dry matter and a high yield of seed.

Suitable climatic conditions are necessary for seed production. The
seed yield of a variety depends both on the climate in which the variety
is grown and on the management of the crop. This problem has not been
discussed in this paper, but we must expect an interaction between variety

and conditions of growth,
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Relationship between dry matter and seed yield in leguminous forage
plants.

F. Lorenzetti

Istituto di Allevamento Vegetale, Cattedra di Genetica Agraria,

Universita degli Studi di Perugia (Italy)

Introduction
Good varieties must be good seed producers because even the best va-
riety has no value until its seed is not available to the farmers at
a reasonable price.
Until now forage plant breeders have tried to improve forage yield
and quality, leaving to others, mainly the agronomists, the task of
solving problems related with seed production of improved varieties.
Consequently, the pertinent literature is based on genetics for
forage improvement and agronomy for seed production.
I have parficipated at all but one meetings of our Section since 1967,
and in reviewing the repotrts, I have not found any paper on seed
production; the relationship between forage and seed yield has been
totally igﬁored. It is interesting to note that the subject was not
even considered at the Dublin meeting of 1972 where the main topic
was: "Evaluation of breeding material in herbage crops".
The same problem exists with the Proceedings of the International
Grassland Congresses, where the Section '"Breeding and seed production"
is rich on forage improvement but poor on seed production.
In order +to obtain first hand information, I requested help from
many colleagues, but found from their responses for which I thank
them very deeply, a genéral lack of experimental data.
The purpose of my report is to verify the fact that information is
actually meagre and if the philosophy which has guided our research

work on forage and seed production is still valid.
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Dry matter and seed yield in leguminous forage plants.

The amount of dry matter transferred to the seeds represents less than

10% of the crop in leguminous forage plants; in annual food legumes,

seed dry matter may represent as much as 50%.

The relationship between dry matter and seed yield can be considered

from three main points of view:

1) the possibility of simultaneous selection for dry matter and seed
yield;

2) “the amount of self-fertilization in relation to forage yield;

3) dry matter and seed yield in the crop grown for seed;

In the following pages the subject will be discussed considering the

most important perennial legumes for European agriculture: 1) lucerne

(Medicago sativa L.),2) white clover (Trifolium repens L.),3)red clover

(Trifolium pratense L.), 4) birdsfoot trefoil (Lotus corniculatus L.).

The original idea was to consider also,sainfoin (Onobrychis viciaefo-

lia Scop.) and sulla (Hedysarum coronarium L.), but was abandoned

because of a total lack of information.
Knowledge of seed production components and their impact on seed and

dry matter yield, is the first step in understanding breeding strategy.

Seed production components in leguminous forage plants.

Seed potential of a forage legume crop depends on the number of ovules
per square meter. For practical reasons this potential is mainly eva-
luated on the basis of flowers per square meter which,in turn, depends
on the following components: 1) plants per square meter; 2) stems per
plant; 3) inflorescences per stem; 4) flowers per inflorescence. These
components interact with each other quite strongly and the number of
combinations giving the same result is enormous. Also, they are large-
ly dependent on environment and management as it is shown by the fol-
lowing examples.

In lucerne stems/acre, racemes/stem and racemes/acre were not signifi-
cantly affected by the varieties used (Pedersen et al., 1972), With

5 and 20 Kg/Ha of seed Guy (pers. com.) has obtained 8 and 4 stems
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per plant, 60% and 32% stems bearing inflorescences; 5.4 and 3.5 in-
florescences per stem. In the same species Bonciarelli (1962) with
5, 10 and 14 plants/m2 counted 22, 13 and 12 stems per plant while
the numbers of racemes per stem were 27, 25 and 22 respectively. No
differences were observed in the number of flowers per raceme.

In red clover with 2 and 6 Kg/Ha of seed Stoddart (1961) observed 44
and 90 plants per square meter, 14 and 5 tillers per plant, 3.2 and
2.4 heads per tiller with a total of 2060 and 1038 heads per square
meter, respectively.

In table 1 data on flowers per square meter, observed in common
fields, are reported; seed production potential is actually enormous
ranging from more than 1000 Kg/Ha in white clover to an astonishing
12000 Kg/Ha in lucerne. The first steps to pass from potential to
actual yield are pollination and seed development to maturity. Polli-
nation is universally believed the key to herbage legume seed pro-
duction. In California lucerne seed producers pay more than $100/Ha
to beekeepers for 5-7 beehives.

Fertilization and subsequent seed development are commonly expressed
in many different ways: 1) pods per flower, 2) seeds per flower,

3) seeds per pod, 4) seeds per ovule. It would be practical to stan-
dardize the method using, for example, pods per flower and seeds per
pod or seeds per ovule, the latter being more reliable from a biolo-
gical point of view. How much the ratio seeds/ovules depend on fertili-
zation and/or post fertilization abortion is a matter to be clarified.
The amount of seed which is actually harvested also depends on seed
weight and the ratio between harvested and produced seed; the first
character is quite stable, while the percentage of seed harvested
varies depending on species, weather, maturity and harvesting equip-
ment.

At the end of the seed production process the actual yield is only
6-35% of the original potential.

It is difficult to quantify the relative weight of seed production
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components. To demonstrate this I have prepared table 2 specifically
to show that from literature in general, profuseness of flowering and
pollination-fertilization appear to be the main components of seed
production.

Each component of table 2 can be improved by genetic and/or agronomic
means, the latter including pedoclimatic conditions and insect con-
trol.

It appears from table 2 that herbage legumes seed production is mainly
dependent on agronomic situations. By only accepting this point of
view, it is possible to explain why seed production of lucerne varie-
ties adapted to north central, north eastern and the Corn Belt of the
USA goes from 1 to 10 depending if seed multiplication is made in the
area of adaptation or in California and Oregon.

The importance of non genetic factors in herbage legume seed yield

is also underlined by results of experiments carried out in Britain
with S 100 white clover (Evans and Davies, 1978). In this case the
estimated yields resulted in the ratio of 1:1.5:2 in three experiments
harvested in the same year, and within a distance of 1 Km, with only
slight differences in management and assessment techniques.

With reference to white clover it has been said that seed yield is
mainly influenced by soil type followed by weather and then management
(Lay, 1980). Soil type is as important for herbage legumesmseed‘

A

production, as weather is for grasses.
e = % it
In herbage legumes not only the number of potential seed sites is

enormous in comparison with actual yields, but also dry matter yield
transferred to seeds is a very low fraction of the total. Therefore,
in the plant itself we find both conditions to greatly improve seed
production. In order to obtain high seed yields we need plants with
a phenotypic architecture quite different from plants that are able
to give high forage yield, but it is impossible to obtain the two

ideotypes simultaneously. We must select genotypes which under diffe-

rent sets of agronomic and environmental conditions are able to give
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Tab. 1 SELD YIELD COMPONENTS IN LEGUMINOUS FORAGE PLANTS

LUCERNE | WHITE RED BIRDSFOO
CLOVER CLOVER TREFOIL
Plants per square meter : Tillers Very variable with environment and
per plant : inflorescences per management
tiller
A) INFLORESCENCES/M? Ry750 e &0 00
Flowers per inflorescence 16 15 105 7
B) FLOWERS/M2 60,000 30,000| 60,000 2,500
Ovules per flower 10 6 2 40
C) OVULES/M2 (SEED POTENTIAL) 600,000 180,000)126,000 100,000
Ripen seeds/ovules (%) 8 50 25 40
D) SEEDS/M? 48,000 90,000| 31,500 40,000
1000 seeds weight (G) 2 0,6 1,6 1,2
E) SEED YIELD/M? (G) 96 54 50 48
Harvested seed/produced seed (%) 70 70 80 60
F) SEED HARVESTED/M? (G) 67,2 37,8 40 26,8
seed harvested/ha (KG) 672 378 400 268

Tab. 2 RELATIVE WEIGHT (%) OF SEED PRODUCTION COMPONENTS
IN LEGUMINOUS FORAGE PLANTS AND MORE IMPORTANT
FACTORS FOR THEIR IMPROVEMENT.

COMPONENT RELATIVE MAIN FACTORS
WEIGHT (%)
PLANTS /M2 AGRONOMIC
TILLERS/PLANT o2 AGRONOMIC
INFLORESCENCES/TILLER AGRONOMIC
FLOWERS / INFLORESCENCE GENETIC
EGGS/FLOWER 1 GENETIC
SEEDS/EGG 55 AGRONOMIC
SEED WEIGHT 2 GENETIC
SEED HARVEST 7 AGRONOMIC
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high forage or high seed yield. It follows that selection for forage

yield associated with seed yield is selection for plasticity.

Forage and seed yield during selection work.

Selection for seed production has given contrasting results.

In lggﬁzgf’intervarietal variability for seed yield has been found
wider than for hay yield (Bocsa,pers. com.).

In selection experiments in some cases there has not been found any
relationship between seed yield of parental clones and seed yield of
the progenies (Chesneaux EE_El" 1970, Heinrichs, 1965). In other
cases differences in combining ability for seed production, (Bolton,
1948, Nielsen and Nielsen and Mortensen, 1963), or close association
between seed yielding ability of parents selected in dense stand and
seed yield of progenies were observed (Nielsen et al., 1966).Combining
ability estimates were found to have been influenced by environmental
conditions in which crosses were made (Haaland et al., 1975). In
practical selection work an increase of 57% over base population was
obtained (Nielsen and Andersen, 1973).

Heinrichs (1965) has not found any relationship between seed yield
and dry matter yield, therefore concludes that the two characters

can be selected ind%pendently.In other experiments selection for seed
yield has brought about an increase in dry-matter yield (Bolton, 1948,
Nielsen EE_El" 1966) . Seed yield has been found to be associated
also with plant height (Nielsen and Mortensen, 1963), or with both
the main components of forage production: plant height and stem
number (Liang and Riedl, 1964; Rumbaugh et al., 1970).

Experiments carried out in France and in other countries (Guy, pers.
com.) have shown constantly a positive correlation between seed and
dry matter yield so that Guy et al. (1975) believe that selection of
tall plants,resistant to lodging,with many tillers and high fertility,
and with long inflorescences should permit the obtaining of high forage
combined with high seed yield.

Forage yield of a group of clones grown in six midwestern Experiment
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Stations of USA did not correlate with seed yield of the same clones
grown in Idhao and California (Rumbaugh et al., 1970). Prediction of
seed yields at diverse localities would be difficult without actual
tests (Pedersen and Hurst, 1963).

In white clover high heritabilities were observed for seed production

e e e

and its components (Brigham and Wilsie, 1955; Van Bogaert, 1977); a
large variability has been observed for profuseness of flowering and
seed production (Ahlgren and Sprague, 1940, Dessureaux, 1950, Evans
and Davies, 1978).
In 45 crosses a positive correlation, low but significant (r=0.3) was
found between seed and dry matter yield showing that high seed yield
is not incompatible with high dry matter yield (Brigham and Wilsie,
1955).
Some authors maintain that white clover forage and seed production
are in competition because from each stolon node a new stolon or a
flower head can originate, but never both. In this way, plants which
flower profusely produce few stolons and therefore are less peristent
and productive (Gibson, 1957; Thomas, 1980).
In Eggmqlgyer,lseed production has shown heritabilities from low
(Taylor et al., 1966) to high (Uzik, 1971). In this particular species
seed production is associated with earliness but early types are less
productive and persistent than later ones (Williams, 1927; Bird, 1948).
Higher seed production of early clones accounts for the shifts obser-
ved in red clover varieties which have multiplied in southern loca-
tions (Taylor gﬁ_gl., 1966, 1979). It has been shown that this shift
can be avoided by harvesting seed after a pre-cut (Stanford et al.,
1962). In plants of the same maturity group, a positiv? correlation
has been observed between seed and dry matter yield (ﬁgﬁéﬂl pers.
com., Sjodin, 1980).
In tetraploid red clover, which has very peculiar seed production

e
problems, selection for seed production is effective (Julen, 1971,

Dennis, 1980). Selection for seed production has brought about the
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reduction of plant height and vigour, as well as a shift toward ear-
liness; the increasec self-fertility of selected genotypes has not
influenced forage yield of progenies.Seed yield resulted positively
correlated with stem number (Dennis, 1980).

In Ei£g§fqg§\§£?fgi}‘large differences have been observed on vigour
and seed yield but two cycles of selection were ineffective (Peacock
and Wilsie, 1960). Also in this species seed yield is associated with
dry matter yield (Miller et al., 1975). Tomes (1981) has obtained a
steady increase in seed yield in four cycles of selection which was

accompanied by a lower productivity due to a reduction in persistence.

Amount of selfing in seed production and dry matter yield.

With self-incompatible species (white clover, red clover, birdsfoot
trefoil) all plants must originate by cross fertilization and therefore
have, in this respect, the same yield potential. In sggp%ig with a
ﬁigher high rate of self-fertilization (i.e. lucerne) th; ;ei;%ionﬁ
shipvbetween forage yield and seed productién are more complex so

that in lucerne, many researchers were concerned with the relation-
ship between self-fertility,seed yield and forage yield.

Seed yield has been found to be positively correlated w}th selﬁfef?ili@y
and pollen production; therefore because of the heavy inbreééing ef-
fects observed in lucerne, dry matter yield potential must be careful-
ly controlled during selection for seed production (Busbice et al.,
1975, Melton, 1979). Ig other experiments self-fertility has been
fg?nd positively correlated with cross-fertility (r:O.%l);rno‘céfre—
lation was observed between self-fertilityof parental clones and
vigour of the progenie