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FOREWORD

The International Union for the Protection of New Varieties of Plants has chosen
to commemorate the twenty-fifth anniversary of the signature of the International
Convention for the Protection of New Varieties of Plants in Paris, which is

—— the capital of a major agricultural country that is true to its rural traditions and
its culture, but also has its eyes turned towards a future of advanced technology:

— a great metropolis within the European Economic Community which comprises
more than 250 million inhabitants and whose agricultural and economic develop-
ment will contribute to the widespread influence of our civilization and to the
strengthening of international cooperation.

For this I thank it most sincerely.

The concentrated attention and the sustained interest that the protection of new
varieties of plants still enjoys twenty-five years after that signature, not to mention
the high tone of the themes dealt with at the Symposium and the number of countries
represented and participants from all parts of the world, are a testimony to the
self-perpetuating effects of the Convention.

The progress achieved by plant breeding, and the progress that it has yet to
achieve, are so many tokens of a know-how that has to be not only exploited but also
enhanced for the benefit of mankind as a whole.

The “variety-seed” connection is vital to a world population that does not stop
growing and is still faced in certain regions with severe famines.

Itis a connection that generates responsibilities in the maintenance of species and
of balance between them, and it is of decisive importance to man’s environment and
his well-being.

The work carried out by UPOV affords constant encouragement to the develop-
ment of creative plant breeding and improvement

— on the one hand through the recognition of a right accruing to breeders who
create or discover new varieties and who can thus collect royalties and make the
investments essential to dynamic research;

— on the other hand through the avowed and reaffirmed resolution of UPOV to
bring about a situation where any protected variety remains freely accessible to
any person wishing to use it as an initial source of variation for the purpose of
creating other varieties.

It contributes to the development of agricultural systems and allied industries
through the marketing of new varieties endowed with highly diversified properties.

Its action is to be supported and developed.

I address to UPOV my best wishes for a future of further achievement and

success. ; '
Frangois Guillaume

Minister for Agriculture of the
French Republic




Arpad Bogsch
Secretary—General of UPOV, 1973-



Twenty-five years ago, plenipotentiaries from five States signed the International
Convention for the Protection of New Varieties of Plants. It was signed on December
2, 1961, in Paris.

What were the motivations of the architects of protection for plant varieties and
of the Convention, those who introduced property rights—and developed them at the
international level—in the field of plant breeding, a field in which the concept of
intellectual property was only partially recognized?

The Convention’s preamble states that the contracting States were convinced of
the importance attaching to the protection of new varieties of plants, not only for the
development of agriculture but also for safeguarding the interests of breeders.

The invitation to the first session of the Diplomatic Conference which drafted
the Convention, issued by the Ministry of Foreign Affairs of the French Republic in
1957, recalling the legal situation and the measures previously taken in the field,
concluded with the following: “It therefore appears desirable that an agreement
should be reached among the States wishing to promote the seed trade regarding the
principles which should govern the protection of new plant varieties and, if possible,
on the appropriate institutions for ensuring such protection.”

Those considerations were based on the notion that breeders should be granted
the same treatment as authors of scientific, literary or artistic creations, to whom
many national laws and a number of international treaties recognized rights and
guaranteed the possibility of receiving equitable remuneration for their creative
efforts.

The protection of plant varieties not only fills a significant gap in the intellectual
property field; it also contributes to improving agricultural products derived from the
plant world, particularly foodstuffs. In the end, it is to the advantage of both the
producer and the consumer.

This publication contains the report of the commemorative Symposium held on
December 2 and 3, 1986, in the Palais des Congrés in Paris.

It also recounts the history of the Union and pays tribute to those persons who
made vital contributions to its development. Their devotion to the cause of protection
of plant varieties will serve as an example to all those who, in the next twenty-five
years, will serve the cause of protection of plant varieties and the Union.

Arpad Bogsch
Secretary-General of the
International Union for the
Protection of New Varieties of Plants
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THE PROGRAM OF THE
CELEBRATION

At the twenty-cighth session of the Consultative
Committee of the International Union for the
Protection of New Varieties of Plants (UPOV), on
October 11, 1983, the Delegation of France an-
nounced that the French authorities would be
pleased to make arrangements for holding the
twentieth ordinary session of the UPOV Council in
Paris, in 1986, in order to celebrate the twenty-fifth
anniversary of the International Convention for
the Protection of New Varieties of Plants. The
Committee welcomed the offer and decided that the
anniversary should be celebrated immediately after
the ordinary session of the Council.

An Organizing Committee, chaired by Mr.
Victor Desprez (France) and composed of Mr.
André de Vilmorin (Vice-Chairman) (France), Mr.
André Cauderon (France), Mr. Edouard Fontana
(France), Dr. Heribert Mast (subsequently Dr.
Walter Gfeller) (Office of UPOV), Mr. Roland
Petit-Pigeard (France) and Mr. Michel Simon
(France), put together a commemorative program,
with material support from 67 institutions and
firms, that is described below.

December 1, 1986

The Consultative Committee held its thirty-
fourth session in Paris, at the Palais des Congres,
Porte-Maillot, in a room richly decorated with
flowers, under the chairmanship of Mr. Jean Rigot
(Belgium). Representatives of fifteen of the seven-
teen member States were present. The agenda was
essentially the preparation of the Council session
on the following day.

In the morning, the Consultative Committee
took on the shape of the Council for a few minutes,
meeting in extraordinary session, to agree to the
Secretary-General of UPOV receiving the award of
Officier de I'Ordre du Meérite agricole from the
French Minister for Agriculture. At midday, the
representatives of the member States on the UPOV
Council (and on the Consultative Committee)

lunched together at the Ministry of Agriculture in
the rue de Varenne. In the absence of the Minister
for Agriculture and of the Director of his Office,
they were received by Mr. Pierre-Henri Culaud,
Deputy-Director of the Office. In a formal cere-
mony, he bestowed upon Jean Rigot, President of
the Council of UPOV, and Arpad Bogsch, Sec-
retary-General of UPOV, the award of Officier de
['Ordre du Mérite agricole, emphasizing that their
activities both within UPOV and on behalf of
UPOV had more than warranted that award.

In the afternoon, the Consultative Committee
pursued its session in the same room.

In the evening, Mr. Victor Desprez (Chairman of
the Organizing Committee) conducted a well-
attended press conference at which a large number
of newspapermen were able to put questions on
the important economic sector of varieties and
seeds and on plant variety protection. Questions
could also be put to various UPOV personalities.

11



25th anniversary of UPOV

Afterwards, UPOV invited all the participants at
the session of the Consultative Committee, the
persons accompanying them, the newspapermen
and the members of the Organizing Committee to
a banquet in a specially decorated room of the
Hotel Concorde Lafayette. It is truly difficult to say
which, of the exquisite table or the impressive dis-
play of roses, received the greatest acclamation
from the numerous guests.

While the delegates were meeting in the Consul-
tative Committee, a fashion show was held for the
ladies at a leading Paris fashion house. The prover-
bial sophistication of the “haute couture parisienne”™
came up to the most critical expectations and was
admired by all the guests.

December 2, 1986

In the morning, the Council held its twentieth
ordinary session in the room in which the Consul-
tative Committee had met on the previous day.

The number of participants had increased to
include also, as observers, representatives of States
which were not (as yet) members, and represen-
tatives of the European Economic Community
(EEC) and the Food and Agriculture Organization
of the United Nations (FAQO).

At the session, which was shorter than usual, the
Council discharged the duties entrusted to it by the
Convention, particularly by approving the Sec-
retary-General’s report on the activities of the
Union in 1985, the report on his management and
on the financial situation of the Union in 1985,
together with the accounts for 1985. The Council
further approved the progress reports on the work
of various subsidiary bodies and also their pro-
grams of work. In particular, it decided on the
principle of a revision of the Convention in order
to improve it, or even to extend it to other types of
living material, thus bearing witness to the same
dynamic spirit that had moved the “fathers of the
Convention™ some twenty-five years carlier.

The alternoon was devoted to the first part of the
Symposium, which took place in one of the vast
conference rooms at the Palais des Congrés. The
access to the conlerence room was marked out by
what are known as floral decorations, but which in
fact constituted a series of beauty competitions
composed of flowers, fruit, vegetables and seed,
against a mineral background that was also of great
elegance.

The number of participants grew yet again to
exceed 220 persons, including:

— representatives of fifteen of the seventeen
member States (Belgium, Denmark, France,
Germany (Federal Republic of), Hungary,
Ireland, Japan, Netherlands, New Zealand,
South Africa, Spain, Sweden, Switzerland,
United Kingdom, United States of America);

representatives of five non-member States
(Argentina, Finland, Morocco, Norway,
Poland);

— representatives of two intergovernmental organi-
zations and one semi-governmental organization
(European Economic Community (EEC), Food
and Agriculture Organization of the United
Nations (FAQO), International Seed Testing As-
sociation (ISTA));
members of seven international non-govern-
mental organizations (International Association
of Horticultural Producers (AIPH), Internation-
al Association for the Protection of Industrial
Property (AIPPI), International Association of
Plant Breeders for the Protection of Plant Vari-
eties (ASSINSEL), International Community of
Breeders of Asexually Reproduced Ornamental
and Fruit-Tree Varieties (CIOPORA), Associa-
tion of Plant Breeders of the European Econom-
ic Community (COMASSQ), Seed Committee of
the Common Market (COSEMCO) and Interna-
tional Federation of the Seed Trade (FIS));

~ individual participants;
— numerous well-known French guests;

— the ““fathers of the Convention™ and former,
retired Presidents of the Council as guests of
honor.

Three addresses were given, by Mr. Jean Rigot,
President of the Council of UPOV, Dr. Arpad
Bogsch, Secretary-General of UPOV, and Mr.
Pierre-Henri Culaud, Deputy-Director of the Office
of the Minister for Agriculture of France. The par-
ticipants subsequently enjoyed a premicre: the
Groupe d'étude et de contréle des variétés et des
semences (GEVES—the Plant Variety and Seed
Study and Control Group) arranged for the first
time a slide-show with a commentary describing its
task and its activities, thus covering the essential
aspects of the variety and seed sector. The audience,
mainly composed of experts, enthusiastically ap-
plauded the quality of the production and the wealth
of information contained in the audiovisual
presentation. Finally, Dr. Cornelis Mastenbroek,
who was President of ASSINSEL from 1980 until
the summer of 1986, yet again enthralled his au-
dience with his paper on the contribution of plant
breeding to food production, drawing on his long
practical experience, his erudition and also his en-
thusiasm as a man working for the good of mankind.

12
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A visit to the largest regional seed facility, be-
longing to the Coopérative agricole de ['arrondisse-
ment de Reims (CAAR—the agricultural coopera-
tive of the district of Rheims), brought the par-
ticipants back to earth. Although many of them
were indeed amazed at the size of the facility
through which, comfortably seated in buses, they
were able to follow the path of the seed from the
hopper in which the rough seed was received right
up to the loading bay for the cleaned, processed
and packed sced.

An excellent dinner, accompanied by champagne
and served in the vaults of a well-known cellar,
brought this memorable day to an end.

December 4 and 5, 1986

The following two days were set aside for visits
to public and private facilities in the plant variety
and seed sector. The participants had the choice of
visiting facilities in which new plant varieties are
developed or tested. or in which breeding research
is supported, in four different regions of France,
that is to say the Paris area, the Northern region,
the central region and the South-East. A visit to the
South-West, in the region of Toulouse, had also
been scheduled but was cancelled due to the small
number of applicants.

Those who visited the Paris region were able to
see a part—due to the limited time available—of
the installations at the Institut national de la re-
cherche agronomique (INRA-CNRA-—the Nation-
al Institute of Agronomic Research) in Versailles.
The choice was centered on the vegetable green-
houses. The attention of the participants was
drawn, in particular, to the work on asparagus
since the specific biological characteristics and the
mode of exploitation of this species show some
originality. Two establishments specialized in agri-
cultural crops opened their doors: the Etablisse-
ments C.C. Benoist at Orgerus (Yvelines) and the
Groupe Verneuil dat Verneuil-I'Etang (Seine-et-
Marne). The one is a family undertaking which
celebrated its centenary in 1984 and the other is the
offspring of seven cooperatives. The one showed,
in particular, the breeding work carried out on
cereals in a growing chamber and the practical
applications of electrophoresis and the other its
impressive installations for processing seed. Fi-
nally, vegetables and above all flowers were the
order of the day at the Etablissements Clause in
Bretigny-sur-Orge (Essonne).

The Northern region has always been, and
remains, one of the most advanced areas in agricul-
ture. Within a radius of some few kilometers are to

be found an impressive number of breeding firms,
some of them over 100 years old and others recently
established. A choice had therefore to be made.
Two family undertakings were selected, the Eta-
blisscments Desprez in Cappelle-cn-Pévele par
Templeuve and Blondeau in Bersée, a firm with
more open financing, Claeys Luck in Lille, and
finally Sérasem in Prémesques par Pérenchies, a
joint venture (groupement d'intérét économique)
whose capital is held by the Union nationale des

1 [0 1T 0  Rf

coopératives agricoles de céréales (UNCAC—the
National Union of Cereals Cooperatives), Ringot,
UCASEF and eighteen cooperatives. Although the
structures differ, they pursue a common aim: the
improvement of agricultural crops. Attention was
therefore devoted to cereals, beets, rape, protein
plants, fodder plants, etc. and, in view of the sea-
sonal weather, the work carried out in the labora-
tory.

In the central region, attention was also mainly
devoted to agricultural crops. A cooperative which
was originally a regional one, the Coopérative agri-
cole de la Limagne (corresponding to the plain of
the Allier) began some thirty years ago with the
production of maize seed and subsequently with

14



Program of the celebration

The ladies were given the opportunity of joining
a sightseeing trip round the city, with lunch taken
at the restaurant of the Eiffel Tower.

In the evening, the Organizing Committee gave
a dinner on the Seine for some 400 persons on
board one of the famous bateaux-mouches. Lit up
by dozens of spotlights, the most beautiful parts of
Paris glided past the diners who were charmed by
both the excellent candlelight dinner and the pan-
orama presented to them, as also by the well-
known tunes played by an orchestra of great talent.

As the dessert was served, the orchestra struck up
a melody in which they were rapidly joined by the
guests. This ““Happy Birthday to You” was ad-
dressed to both UPOV and the new President of the
Council elected that same day for a three-year term
starting on the following day, Mr. Stanley D.
Schlosser (United States of America).

December 3, 1986

The Symposium continued in the morning with
a paper by Mr. André Cauderon, Perpetual Secre-
tary of the French Academy of Agriculture. Deal-
ing with the breeding of plants as a common under-
taking for public laboratories, breeding firms and

users of varieties, Mr. Cauderon provided, in a
highly concentrated form, matter for deep reflec-
tion on the future of plant breeding and plant
variety protection; a future which he, just as
Dr. Mastenbroek, situated within that of mankind.

The lectures were followed by a lively discussion:
however, this discussion was all too brief and in-
teresting questions could not be dealt with as they
would have deserved since the organizers had laid
on other activities for the afternoon.

Following the Symposium, many of the par-
ticipants, together with those accompanying them,
travelled to Rheims. In view of the large number of
participants, the organizers divided them up into
three different language groups for the scheduled
visits. The visits by each group to champagne cellars
were a very special experience. The history of cham-
pagne and the description of its production were lis-
tened to with great interest by the visitors who had
perhaps not previously suspected the amount of care
that goes into each bottle of champagne.

With the onset of twilight, the cathedral of
Rheims appeared to the visitors at its most mysti-
cal. Although the marvellous rose-windows no
longer shone in all their colors, the approach of
night made the large edifice appear even more
majestic and lent it a profound solemnity.




Program of the celebration

breeding. This led to the Limagrain group, which
today represents one of the largest seed groups in
the world, with activities ranging over maize, sun-
flower, beets, fodder plants, vegetables and flowers.
The visit took up a whole day, and an additional
half day was devoted to its cellular and molecular
biology laboratory located on the university
campus of Cezeaux in Clermont-Ferrand. The half
day devoted to the INRA plant breeding station in
Clermont-Ferrand was sufficient to visit the in-
stallations, but hardly sufficient to fully appreciate
all the advances achieved at that station such as, for
example, the maize hybrids that set out from there
to conquer first the North of France and then
Europe: it was also there that the system of cyto-
plasmic male sterility in sunflower, which is now
used internationally for the production of hybrid
varieties, was developed.

In the South-Eastern region, visits focused on
ornamental plants. At the unit of the Groupe
d'étude et de contrile des variétés et des semences
(GEVES—the Plant Variety and Seed Study and
Control Group) in La Baronne, which is respon-
sible, in particular, for the testing of rose and
carnation varieties, the visitors could see for them-
selves that the secret of an efficient plant variety
protection system resides in the enthusiasm of the

examiners for their work. The neighboring Station
Midi of the Comité national interprofessionnel de
lhorticulture florale et ornementale et des pépiniéres
(CNIH—the National Professional Committee of
Floral and Ornamental Horticulture and of Nurs-
eries) showed its applied research work in fields as
varied as vegetative propagation, nematological

analysis, rational heating management and energy
saving, and economic studies. The floral plant
breeding station of INRA at Fré&jus showed that an
effective breeding program, making use of advan-
ced techniques, now referred to as biotechnology,
could make do with a fairly simple laboratory, but
could not exist without greenhouses to shelter the
young plants, in this case gerberas, when they leave
the test tube or the Petri dish nor, above all, the
know-how and intuition of the “conventional”
breeder. The very immensity of the areas planted
with roses, most of which roses would disappear
without trace, at the Cannet-des-Maures estate of
the Etablissements Meilland showed how difficult
it is to create a new variety even in vegetatively
propagated plants: between five and eight thou-
sand crosses carried out each year produce some
250,000 to 300,000 seeds and, at the end of the
process, only four to six marketed varieties. The
visit to the Pradet estate of the Etablissements Bar-
beret et Blanc proved that the same is true of carna-
tion. Finally, their plant physiology laboratory in
La Londe demonstrated what is involved in the
micropropagation of carnation on a commercial
scale.

The program of visits in the South-Eastern
region included a free evening in Antibes on Dec-
ember 4, but the participants had the pleasant
surprise of an invitation to dinner at the home of
Mr. Alain Meilland. The conversation of course
turned on the protection of plant varieties. After
having spoken of the pioneering role played by his
own father—a role referred to in the second part of
this publication—Mr. Meilland emphasized with
eloquence and conviction the attachment of
breeders to this form of protection and expressed
the urgent wish that it be further improved and
introduced into the largest possible number of
countries.

The President of the Council of UPOV, speaking
on behalf of all concerned, repeatedly expressed his
thanks to the Organizing Committee and to all
those who had contributed both personally and
materially to the success of the celebration and its
unforgettable commemorative program.

Walter Gfeller
Vice Secretary-General of UPOV
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ADDRESS

by Mr. Jean Rigot,
President of the Council of UPOV

Permit me, first of all, to express our gratitude,
to all figures from the civil service and academic
circles and to all the participants who have paid us
the honor, and given us the pleasure, of being with
us on this memorable day of the twenty-fifth anni-
versary of the signing of the Paris Convention.

Your presence here is a sign of your interest for
our Union and for the work it accomplishes. It is
also a mark of esteem for the speakers who are to
follow me on the rostrum and who will give life to
this Symposium.

To each of you, I extend our welcome; to each
of you, whose participation truly touches us, I
address the warmest thanks of UPOV.

A twenty-fifth anniversary is a high day in the life

of associations as it is in the life of men. A day of

celebration uniting all those who have worked di-
rectly or indirectly for the development of our
Union and all the friends of our Union.

Among those who have worked hard for UPOV,
there is a man who has sadly left us for ever. Dr.
Heribert Mast, Vice Secretary-General of UPOV
from 1974 onwards, passed away on August 15
following a brief but severe illness that he bore with
the courage and determination which were typical
of him. This competent, and also charming, man
was a driving force of UPOV and extensively con-
tributed to its development and to its reputation
throughout the world. Both UPOV and each of us
individually will remember with gratitude this man
of action, who was also a friend for many of us, and
whose loss and whose absence temper our happi-
ness on this day. I salute his memory. At the same
time, I wish every success to his successor, Dr.
Walter Gfeller, who is well known to us and enjoys
our trust, in his task as the new Vice Secretary-
General.

Twenty-five years of activity! Is that not enough
to assess the progress of an association, the effec-
tiveness of its action and, indeed, to commemorate
the event?

Our French friends felt it was, just as we did.
Through the Organizing Committee, headed by
Mr. Victor Desprez, they have drawn up an out-
standing program the quality of which you were
able to judge for yourselves yesterday evening.

Each of us will take away an unforgettable
memory of these celebrations, of that I am already
convinced!

A memory of a twenty-fifth anniversary! A
memory of a stay in this city, at the heart of the Ile
de France, which has borne witness in the past to
so many events, both unhappy and happy.

Paris, that has always been at the center of
France’s prestigious history, has seen revolutions,
the horror of war, defeat, but also the glory of
victory and the birth of noble ideas.

Although so many heads, even those of princes
and kings, arbitrarily rolled in Paris, this city was
also the forge of the human liberties that have
travelled the world and to which we are all so
attached.

An inspiration to a large number of singers,
writers, scientists and politicians, Paris was also the
inspiration of those to whom we owe the fact of
being here today, those who decided on the means
of supporting and protecting the efforts of breeders
who had given an impetus to progress in agricul-
ture, to increases in yield and to solving the prob-
lem of famine in the world, this blot on our modern
age of triumphant technology.

Indeed, twenty-five years ago to the day, a Con-
vention was signed here in Paris that was to afford
at last to the creators of new plant varieties an
effective right in their investments of knowledge,
work, time and money. A right which was to effec-
tively protect them against exploitation of their
work by unscrupulous competitors who had made
no effort and undertaken no investment.

I salute the fathers of that Convention who had
the humility to recognize the limits of industrial
property in the field of biology and the wisdom to
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25th anniversary of UPOV

conceive protection adapted to the characteristics
and properties of the living matter constituted by
a plant variety. A creation which is able to re-
produce itselfl, to propagate itself without the inter-
vention of man.

There are certain challenges in life that should
not be taken up, but whose reality must be ad-
mitted and the necessary adjustments made.

Twenty-five years! The age of adulthood at
which illusions are exchanged for expectations, the
age at which the calm waters and enchanted coasts
of youth are left behind for the high. and sometimes
heavy, seas of life.

Following a relatively peaceful voyage during
which it called at the ports of the five continents,
each time picking up new passengers, the ship of
UPOV is now sailing between the reefs of biotech-
nological inventions.

Devoured by scientific curiosity, thirsty for new
knowledge, insatiable for exploits and records, man
has also penetrated the secrets of the infinitely small
and would now like to become their master.

He has at last succeeded in modifying, or even
bypassing, certain steps in the normal process that
leads to plant life.

These discoveries and inventions, which obvious-
ly deserve equitable protection, have awakened old
factions, whetted appetites and fortified those who
dream of simplifying everything and strive to unify
all forms of protection for inventions and cre-
ations.

At this point, twenty-five years on, when UPOV,
and all those who join with UPOYV on this day, look
back to its origins, is it not truly the perfect time
for the pilgrims that we are to recall what breeders’
rights are and what is the reason and the justifica-
tion behind this special form of protection?

Obviously, despite their wisdom, the fathers of
the Convention could foresee neither the irruption
of biotechnological inventions nor their impact in
the field of plant breeding!

Be that as it may! They have shown the way and
have innovated in thinking up specific solutions to
specific problems.

Let us heed their lesson! Their recipe still has
currency even if the ingredients have changed.

May this return to our origins inspire and fortify
the imagination and creativity of those who will be
called upon to regulate the new problems, may it
suggest to them progress rather than conservatism,
adaptation rather than uniformity, specificity
rather than standardization. Everything is perfect-
ible and nothing is impossible when imagination
goes hand in hand with power.

Although a twenty-fifth anniversary is the end of
one stage, it is also the start of a new stage in which
the main concern must remain the effective and full
defense of breeders, for whom UPOV was set up,
and therefore of the users, that is to say the farmers
who, finally, are to enjoy the advantage of the work
of all those concerned.

That will not be possible without loyal collabora-
tion and good relationships between the breeders’
associations and UPOV and without the effort
made for mutual understanding.

I am sure that the inheritance of twenty-five
years ol the Paris Convention will be neither lost
nor squandered. The concern to continue the work
already in hand must guide the experts in the two
systems of protection and make them tackle the
task of protecting biotechnological innovations.

Aware of the current limitations of the two in-
struments of protection and of their loopholes in
respect of new inventions, [ know that they will
have the humility, that becomes so well those who
possess the power or the knowledge, to sit together
around the same table. After having rid themselves
of their prejudices, having wisely surrounded them-
selves with scientific advisers specialized in biology,
they will let themselves be guided by a search for
the general interest and the interest of the breeders
in particular. Serenely, without the pressure of time
or indeed any other pressure, after having taken
stock of the new problems, they will seek and
propose original solutions commensurate with the
needs of inventors, breeders and users.

A difficult task? Perhaps! “The greatness of a
profession,” said Saint-Exupéry, ““is to unite men—
quite a task!”

This day of celebration of the twenty-fifth anni-
versary should not, however, make us forget the
future! A future which appears assured to me by
the action of the past and by the solidarity of
breeders and of UPOV.

Following this long introduction, too long
perhaps, I now come to the purpose of our assem-
bly, the twenty-fifth anniversary Symposium.

It is different from its predecessors as far as the
topic is concerned and also in its organization,
since the intention was to adapt it to the circum-
stances, that is to say a time of stocktaking, and
assume 4 more formal tone.

We therefore have the special honor of receiving
and listening to the Representative of the Minister
for Agriculture of the French Republic.

I would thank the Minister’s Representative for
having devoted a part of his precious time to
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UPOV and to those who are to some extent the
architects of agricultural development.

We shall listen to his words with great attention.

However, the Symposium will begin with an ad-
dress by Dr. Arpad Bogsch, Secretary-General of
UPOV, and also Director General of WIPO. The
spirit and the brains of UPOV, Dr. Bogsch has also
been its guardian and its witness for many a year.
His long experience and his knowledge are invalu-
able, as you may well imagine. T am sure therefore
that you will listen to him with great interest.

We shall then have the opportunity of hearing
Dr. Cornelis Mastenbroek. It is hardly necessary to
introduce this eternally young breeder renowned
throughout the world and in a considerable
number of research stations and centers. However.,
since it is the tradition, I will mention a few events
in his career. Nevertheless, I shall not cite all his
responsibilities and activities: there are so many of
them that it is probable, and indeed not unlikely,
that I would forget some of them!

Dr. Mastenbroek was first a breeder, and then
the director of a plant breeding station. Known and
valued by the breeders’ organizations, he became
President of the Dutch Breeders” Organization, of
the European Cereal Atlas Foundation, and then
for six years President of ASSINSEL, a position
from which he has just retired.

The second and final speaker at this Symposium
is an eminent French scientific figure, Mr. André
Cauderon. Again, there is hardly any need to in-
troduce a scientist whose reputation has gone well

beyond the frontiers of his own country. But again,
I shall do so, since such is the custom.

Mr. Cauderon represents almost forty years de-
voted to genetic research. He is one of the fathers
of the first maize varieties which set out to conquer
the North; Director of a station at the time, he
contributed to solving the problems of cytoplasmic
male sterility in sunflowers; Scientific Director of
the Plant Production Sector of the Institut national
de la recherche agronomique (INRA the French
National Institute of Agronomic Research), then
Director of the Bureau des ressources génétiques
(the Office of Genetic Resources): Chairman of the
Comité technigue permanent de la sélection (the
Standing Technical Committee on Breeding);
member of the Institut de France (Academy of
Sciences); member and Perpetual Secretary of the
Academy of Agriculture. In a nutshell, knowledge,
experience and competence at the service of this
Symposium. :

Mr. Cauderon, I have read in a French publica-
tion that you were described as a plant magician.
I'am not sure whether you like that description, but
it is in any event evocative and, for me, flattering.

Now, at the end of my few words, having ob-
served your great patience, I must express to you
my gratitude and my hope that both this afternoon
and the morning of tomorrow will rise to your
expectations.

I declare the Symposium of the twenty-fifth anni-
versary of UPOV to be open.
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ADDRESS

by Dr. Arpad Bogsch,
Secretary-General of UPOV

Almost thirty years ago, in February 1957, the
Ministry of Foreign Affairs of the French Republic
invited the following twelve European States to
participate in a Diplomatic Conference: Austria,
Belgium, Denmark, Finland, Germany (Federal
Republic of), Italy, Netherlands, Norway, Spain,
Sweden, Switzerland and the United Kingdom,
together with the following three intergovernmen-
tal organizations:

— United International Bureaux for the Protection
of Industrial, Literary and Artistic Property

(BIRPI),

~ Food and Agriculture Organization of the
United Nations (FAQO),

~ Organisation for European Economic Co-opera-
tion (OECE)."
The Conference’s objective was to study the
protection of breeders’ rights in new plant varieties.

The Diplomatic Conference met in Paris from
May 7 to 11, 1957, and was opened by the Under-
Secretary of State for Agriculture, Mr. Loustau.
The Head of the French Delegation, Mr. Ferru,
was appointed President. The first session—that of
1957—did not, however, lead to the conclusion of
a Convention, but only to the adoption of a Final
Act. This provided for continuation of the Diplo-
matic Conference at a later date following further
preparatory work.

This further preparatory work lasted four years
(from 1957 to 1961), during which a draft Interna-
tional Convention for the Protection of New Vari-
eties of Plants was drawn up in the course of several
meetings of experts. At the end of the last such
meeting, Mr. Jean Bustarret, delegate of France
and chairman of the Committee of Experts, repor-
ted that ““the experts saw no need to prolong dis-
cussions, because only the Conference could decide
upon the various matters on which they had not

" Later to become the Organisation for Economic Co-opera-
tion and Development (OECD).

been able to reach unanimous agreement.” At the
same time, Mr. Bustarret stressed the “climate of
mutual understanding and friendly cooperation
that had reigned during the Committee’s work.”

This advice was taken and, in July 1961, the
Ministry of Foreign Affairs of the French Republic
invited the States and intergovernmental organiza-
tions that had been invited to the first session to
participate in a second session of the Diplomatic
Conference, together with the European Economic
Community (EEC) and the following four non-
governmental organizations:

- International Association of Plant Breeders for
the Protection of Plant Varieties (ASSINSEL),

International Association for the Protection of
Industrial Property (AIPPI),

— International Community of Breeders of Asexu-
ally Reproduced Ornamental Varicties (CIOPO-
RA)?

International Federation of the Seed Trade
(FIS).

The second session of the Diplomatic Con-
ference opened in Paris on November 21, 1961, at
the International Conference Center of the Minis-
try of Foreign Affairs. The closing date for the
Conference was fixed at December 2. Among the
participants in the Conference were the foremost
experts of the time taking part as delegates, for
example, Dr. Dirk Béringer, Mr. Jean Bustarret,
Mr. Bernard Laclaviére, Professor Dr. Ludwig
Piclen, Mr. Halvor Skov and Mr. Leslie Smith, as
well as the following experts who participated as
observers: Mr. Claude Hutin, Mr. René Royon,
Mr. Ernest Tourneur and Mr. André de Vilmorin.
On December 2, 1961, the date set, exactly twenty-
five years ago, the forty-one articles of the Inter-
national Convention for the Protection of New

* Later to become the International Community of Breeders
of Asexually Reproduced Fruit-Tree and Ornamental Varieties
(CIOPORA).
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Varieties of Plants were adopted and signed by
plenipotentiaries from the following five countries:
Belgium, France, Germany (Federal Republic of),
Italy and the Netherlands.

During the following year, when it remained
open for signature, the Convention was also signed
by Denmark, Switzerland and the United King-
dom.

The philosophical or political bases for the
Convention are to be found in the Universal Dec-
laration of Human Rights adopted by the United
Nations General Assembly in 1948. Article 27 of
the Declaration provides that ““everyone has the
right to the protection of the moral and material
interests resulting from any scientific, literary
or artistic production of which he is the author.”

Plant varieties are scientific productions. Their
protection is not only right, but is also useful for
the development of agriculture and, therefore, it
corresponds to the general interest. What the
Convention’s contracting States wished to achieve
was that the moral and material rights of breeders
should be guaranteed, in accordance with clearly
defined and internationally recognized uniform
principles. Under the Convention, the contracting
States must grant protection to the breeder of a
new variety when it fulfils the following three
criteria:

it must be clearly distinguishable by one or more
important characteristics [rom existing varieties;

it must be sufficiently homogeneous;

it must be stable in its essential characteristics

after repeated reproduction or propagation.

“Protection’ means that any sale of propagating
material of the variety is subject to the breeder’s
authorization,

To have effect, the Convention still had to enter
into force through ratification by three States.

The first instrument of ratification was deposited
in 1965 by the United Kingdom, the second in 1967
by the Netherlands, and the Convention entered
into force on August 10, 1968, following ratifica-
tion by the Federal Republic of Germany.

This was the origin of the International Union
for the Protection of New Varieties of Plants, called
UPOV.

Like many other international organizations,
UPOV chose Geneva for its headquarters.

Since its creation, the Convention has been re-
vised twice, once in 1972 and again in 1978.

The aim of the second revision was to introduce
amendments into the Convention so as to allow
more States to accede. This goal was achieved since
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the number of UPOV member States has increased.
They are now seventeen, namely, Belgium, Den-
mark, France, Germany (Federal Republic of),
Hungary, Ireland, Israel, Italy, Japan, the Nether-
lands, New Zealand, South Africa, Spain, Sweden,
Switzerland, the United Kingdom and the United
States of America.

Development of the Convention has been the
work of men who have devoted themselves to the
task with enthusiasm and energy. It would be far
too long to mention all those who have contributed
to the establishment and development of UPOV,
but I shall at least mention the Presidents of the
Council, UPOV’s supreme body, in which all
member States of the Union participate. In
chronological order, they were:

— Mr. Leslie Smith, United Kingdom,

Professor Dr. Ludwig Pielen, Federal Republic
of Germany,

— Mr. Bernard Laclaviéere, France,
- Mr. Halvor Skov, Denmark,
— Dr. Walter Gfeller, Switzerland, and

Mr. Jean Rigot, Belgium, who is the current
President of the Council.

[ wish to pay tribute to all the Presidents of the
Council, and to the chairmen of the various Com-
mittees, for their outstanding contribution to
UPOV’s development.

UPOV’s first Secretary-General was my
predecessor, Professor G.H.C. Bodenhausen, who
was Secretary-General from 1969 to 1973. Every
Secretary-General is assisted by a Vice Secretary-
General. The first was Mr. Halvor Skov of Den-
mark, who occupied this post for four years, from
1970 to 1974. He was followed by the late Heribert
Mast, Vice Secretary-General for twelve years,
from March 1, 1974, to August 11, 1986. Since
yesterday, December 1, 1986, our Vice Secretary-
General has been Dr. Walter Gfeller. 1 take this
opportunity to thank Mr. Skov for the excellent
pioneering work he accomplished and to recall
with emotion the immense work carried out by
Dr. Mast, as well as to wish Dr. Gfeller every
success.

Today, we have a good Convention. As T have
already mentioned, the 1978 revision led to the
accession of a number of States. Nevertheless, we
still need many more States in order to guarantee
the protection of the moral and material interests
deriving from plant breeding all over the world.
The way to achieve this might be through another




25th anniversary of UPOV

revision of the Convention, which could also be
justified by the need to improve the scope of protec-
tion. In addition, it must be determined what
system of protection is to be envisaged for biotech-
nological inventions of genetic engineering as ap-
plied to plants. In the search for solutions to all
these questions, I am convinced that UPOV will be
guided solely by the desire to ensure that the Con-
vention guarantees the protection of the legitimate
interests of breeders and thus contributes to the
development of our natural resources for the good
of all mankind.

In conclusion, allow me to express my admira-
tion to the French authorities and to all those who
have helped to organize this jubilee.

The program of festivities is impressive.

Its conception and realization have called for
considerable efforts, both on the part of the French
public authorities and private associations.

I am sure that all those present here. from all
over the world, will join me in paying tribute to the
men and women who have organized this event and

in thanking them for their devotion and work, the
success of which is now assured.
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ADDRESS
by Mr. Pierre-Henri Culaud,

Deputy-Director of the Office of the Minister for Agriculture of France

Mr. Frangois Guillaume, the Minister for Agri-
culture, is obliged to be outside the country for the
whole of this week and has therefore asked me to
tell you how much he regrets not being able to
participate in this Symposium and he begs you to
accept his apologies.

Your Union has chosen France to hold its meet-
ings to mark the twenty-fifth anniversary of the
International Convention for the Protection of
New Varieties of Plants. The Minister for Agricul-
ture has asked me to tell you how much the French
Government was honored by your choice and to
express to you its honor and its pleasure in welcom-
ing the many eminent figures who are gathered
together here.

Twenty-five years ago, to the day, five European
States, soon to be followed by three others, signed
the International Paris Convention for the Protec-
tion of New Varieties of Plants and thereby set up
your Union. That act was the outcome of the
efforts and vision of figures from many different
horizons, several of whom are amongst us today
and to whom we must pay special homage.

Since then, nine other States belonging to var-
ious continents have ratified the Convention and
have acceded to UPOV. Still others are preparing
to join. The very fact of the expansion of your
Union demonstrates its vitality and dynamic
action.

The 1961 Convention is based on a simple and
forceful idea: to apply to discoveries made in the
plant kingdom one of the principles of the Univer-
sal Declaration of Human Rights adopted by the
United Nations General Assembly in 1948, to the
effect that “‘everyone has the right to the protection
of the moral and material interests resulting from
any scientific, literary or artistic production of
which he is the author.”

Scientific research knows no frontiers and none
should be placed before the dissemination of its
results. It was therefore important that protection

should be provided at an international level. Your
Union thus enables breeders and discoverers of new
plant varietics to enjoy equitable remuneration
from their propagating material—seed or seedlings

that is marketed. At the same time, your Union
ensures that the dissemination of these new vari-
eties takes place without hindrance.

I would like to observe that the protection af-
forded by your Organization in no way constitutes
an obstacle to international cooperation in this
field, particularly as regards the developing coun-
tries. Indeed, France has gone a long way in that
direction by assisting numerous of those countries
in the introduction and growing of new varicties
adapted to their soil, to their climate or to their
technology. In the same way, international research
institutes which wish to make the results of their
work available to farmers in the developing coun-
tries, without asserting their rights as breeders, may
of course do so without difficulty.

The mission entrusted to your Union is all the
more essential in view of the considerable progress
achieved by agricultural research over recent de-
cades and by the fact that even that progress is
likely to be of small consequence compared to the
prospects that are opening up today.

Farmers did not take long to realize the impor-
tance of genetic improvements in raising the yield,
the quality of their products or the resistance of
crops to parasites. The first breeders were farmers.
Subsequently, however, despite its merits and the
astonishing results that were sometimes achieved,
empiricism was replaced by science and industry.
Deeply committed in most cases towards interna-
tional competition, which becomes sharper and
sharper, our farmers have no option but to in-
novate. To use the term employed by Mr. Jacques
Poly, chairman and managing director of the Ins-
titut national de la recherche agronomique (INRA
—the French National Institute of Agronomic Re-
scarch), agriculture at the end of the twenticth
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century will be a “high added-value activity, with
high scientific and technological input.”

Scientific and technical research, and the applica-
tion of its results, is now decisive for agriculture
and the food industry, decisive for improving
productivity, reducing costs, developing new
products to meet the demands of the consumers
and also to guarantee greater respect for the en-
vironment. Within the research effort pursued over
recent decades, and which will doubtlessly be fur-
ther intensified, genetics. particularly that of cul-
tivated plants, occupies a prime place.

To illustrate what 1 am saying, permit me to
dwell an instant on the case of France and to make
two remarks on plant variety research in my own
country. Although not specific to this field, public
research and private research are increasingly asso-
ciated. The authorities have endeavored over the
last forty years to develop effective public research
by means of bodies such as the National Institute
of Agronomic Research, the Centre national de la
recherche scientifigue (CNRS—the National Scien-
tific Research Center) and the universitics. How-
ever, it has become progressively obvious that the
public effort alone is not sufficient. Increasing
efforts have therefore been made to encourage, by
means of coordination or incentive, joint work
between public and private research, whereby the
former concentrates on the more basic aspects and
the latter on the creation of varieties aimed at
satisfying the market. Various examples could be
given of programs that have been run jointly, for
cxample by INRA and the larger firms. Again, in
this field it is confirmed that high-yield agriculture
is not possible without powerful and active up-
stream and downstream industries.

Secondly, the improvement of existing varieties
and the creation of new varieties have strongly
contributed to progress in agriculture in the plant
field. Indeed, half the additional yield obtained
from the crops involved is frequently attributed to
these factors.

Genetic rescarch has had many repercussions. It
has enabled crops to be developed in areas to
which, previously, they were hardly suited, it has
increased yields, improved the quality of products,
but also led to economies in the use of intermediary
products such as fertilizers, whereby the scientists
forecast even more spectacular gains for the future.

The fact that research demands increasingly
heavy investments, in particular, means that its
results must be carefully protected. That con-
stitutes a sine qua non for research workers and
breeders to continue their work.

The system of protection provided by your
Union has played its part well. In France, for in-
stance, we may note a constant growth in the
number of applications for plant variety certificates
in respect of all plant species—agricultural crops,
vegetables. ornamentals and flowers. This protec-
tion afforded to breeders’ rights has doubtlessly
meant the availability to our agriculture of higher
quality varieties and has thus constituted an ele-
ment in the progress of agriculture.

Despite all this, as a result of the speeding up of
scientific and technical advances, your Union is
faced with new problems. For instance, you will be
obliged to make allowance [or the advance of
biotechnology. The onus will be on the scientists,
lawyers and practitioners gathered together within
your Union to find types ol protection that are
adapted to the features of such research and at the
same time to ensure the free availability of the
results achieved.

Additionally, in view of the never-ending multi-
plication of plant varieties, your Union will have an
increasingly arduous task in monitoring the vari-
cties that appear and defining those that are truly
novel.

The creation of plant varieties constitutes an
essential factor in agricultural progress. France
lends its full support to the activities undertaken by
your Union to perfect the existing protection ma-
chinery.

In a scientific environment characterized by an
acceleration of innovation, UPOV must turn its
thinking and proposals even more towards placing
the most recent advances of scientific and technical
progress at the disposal of agriculture.

The promotion of research by protecting the
work of breeders is without a doubt the necessary
condition and warranty of further progress. Permit
me therefore, in closing, to convey to you the
confidence of the Minister for Agriculture in
UPOV’s activities and his wishes for the success
of this Symposium and for the future of your
Union.




LECTURE
by Dr. Cornelis Mastenbroek,

Honorary President of the
International Association of Plant Breeders for the
Protection of Plant Varieties (ASSINSEL)

THE CONTRIBUTION OF PLANT BREEDING TO FQOD
PRODUCTION

1. Plant breeders selected improved cultivars in the
beginning with simple means but later with increasing
inventiveness and investment; and, over the years,
they have greatly contributed to a substantial in-
crease in the production of plant products used for
the nutrition of men and animals or utilized in other
ways. While it may be that research in crop husband-
ry has also contributed a great deal to improved crop
production—through — application  of  fertilizers,
through mechanization, and as a result of better
control of weeds, pests and diseases, to mention only
a few factors—there can be little doubt that improved
cultivars have brought about the most cost-effective
contribution.

2. With respect to quantity, evidence of increased
vields from recently-introduced cultivars as com-
pared with older cultivars is shown in the figures
below for a number of crops. These data refer to
vields of products mainly consisting of carbohy-
drates, which provide energy for physical activity, as
do oils and fats. Other constituents, such as proteins
and amino acids, are important nutrients for main-

taining the structure of the organism. Examples of

increased content and improved composition are
cited. Certain constituents, which are present in
much smaller concentrations in plant products, are
important or even indispensable for proper and bal-
anced nutrition (for example vitamins). Whether
compounds determining taste or smell or compounds
that have a medicinal effect, influencing physical
and|or mental health, should be considered food is
highly questionable. Poisonous compounds certainly
cannot be understood to be food. Their presence may

prevent plant products from being used as food or
limit their use as such, unless the dangerous substan-
ces can be removed or dissolved easily and cheaply.
If this is not possible or is too expensive, such geno-
types should be avoided through breeding.

3. Increased productivity often makes a variety
popular with growers, giving that particular cultivar
a predominant position in cultivation. With some
crop species this has been followed by an epidemic
occurrence of (possibly ) new pathotypes of a disease
agent to which the variety was resistant originally.
Since other varieties remained resistant, plant breed-
ing succeeded in providing a means of stabilizing
production to a greater or lesser extent.

4. The extent of food production is also greatly
influenced by soil and climatic conditions. To some
degree, plant breeding has produced cultivars more
or less adapted to such stress conditions. Plant breed-
ing cannot provide an answer lo extreme political
situations leading to food scarcity, but it is certainly
able to respond to political measures intended to
stimulate cultivation of particular crops.

5. At present, in some countries, there is excess
production of a few kinds of food. There is an ap-
parent need for alternative crop plants and it is likely
that such crops will have to be adapted 10 modern
cultivation methods through breeding.

Plant breeding is not to be blamed for excess
production, it has contributed a great deal to a much
better food situation in many countries throughout
the world.
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By interpreting ““food production™ in a material-
istic sense, “mental food™ is excluded from my
lecture. Successes in breeding ornamental plant
species will not be reviewed, however much joy they
may bring to breeders, growers and spectators, and
I apologize to the breeders in question.

Crop plants providing carbohydrates, fats and
proteins are clearly food crops. These include
vegetables such as peas, carrots, garden beans and
French beans, whereas other vegetables such as
lettuce and cucumbers mainly provide vitamins,
proteins and substances that give them a pleasant
taste.

There are too many food crops for cach of them
to be dealt with in the time allocated; a choice has
had to be made.

1. It is generally assumed that our far-off ances-
tors, when starting to reside in permanent settle-
ments, soon started to grow crops by making usc
of material collected in nature. It is very likely that,
at that time, they already chose to some extent the
more suitable and attractive types. It is also very
likely that they made some further selection in the
course of cultivation. But equally, natural regional
or local differences in climatic and soil conditions
exercised their influence on the natural vegetation
and on the cultivated primitive crops, resulting in
different so-called “local or land varieties.” An
interesting example of very precise adaptation was
reported by Bunting and Curtis (1968) in African
sorghum.

Early civilizations knew a few crop varieties, e.g.
wheat and grapes. There is no evidence that selec-
tions were tested in comparative trials. Two carliest
records of testing progenics of individual plants
against each other in comparative trials refer to Le
Couteur of Jersey (around 1800) and Patrick
Sheriftf of Scotland (1819) with wheat and oats.
From around 1870 onwards, making crosses be-
tween varieties and exercising selection in the
progenies springing therefrom became increasingly
popular among breeders and has remained so up to
this very day. Gradually, more complicated tech-
niques demanding more equipment and facilities
were introduced. Breeding therefore became more
and more expensive and this made breeders aware
of the necessity of equitable remuneration for their
investments. Although a voluntary system provid-
ing some remuneration existed in a few countries
~—the United States of America had already estab-
lished legal protection of vegetatively propagated
plants in 1930!—breeders held the view that they
deserved proper legal protection.

As a result of the initiative and perseverance of
a group of breeders in north-western Europe under
the inspiring leadership of Ernest Tourneur and
organized in ASSINSEL since 1938, governments
gradually became convinced that plant variety
protection would be beneficial not only to plant
breeders but also to growers and national agricul-
tural production. Eventually, following an initia-
tive by the French Government, this resulted in the
conclusion of the Paris Convention on December 2,
1961, the very reason for this commemorative
meeting.

2.1 The very first sentence of the preamble to the
text of the Convention reads: “Convinced of the
importance attaching to the protection of new va-
ricties of plants not only for the development of
agriculture [...].”" Data will be given to show that
plant breeders have indeed contributed —and it
may be postulated contributed a great deal—to
the development of agriculture and to the produc-
tion of human food, animal feed and other pro-
ducts.

The average annual grain yields of wheat, maize,
sorghum and soybean over the period 1930-1983
are shown in figures I to 4 (Duvick, 1984). From
these data, the average annual rates of increase in
grain yield were calculated (table I), showing a
substantial rise in yield, in particular in maize and
sorghum since 1955, but not in soybeans. The con-
spicuous gain in maize yields is further demon-
strated in figure 5 (Duvick, 1984).

Silvey (1981) calculated national average yields
of wheat in England and Wales (almost entirely
winter wheat) for the period 1947-1978. She
separated the effect of varieties from other factors

Table 1

Average annual rates of gain in grain yield
of four major crops of the United States of America,
in three time periods”

1900-1930 1930-1955 1955-1982
Crop kg/ha/year kg/ha/year kg/ha/year
Wheat 0 15 30
Maize -3 57 144
Sorghum —36" 22 70
Soybeans — 17 20

“ Data obtained from various volumes of USDA’s “*Agricultural Statistics™, U.S.
Government Printing Oflice, Washington, D.C.
" For years 1919-1930,
“ No data.
(Duvick, 1984)
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Figure 2.

Annual average grain yield ol U.S. corn (maize),
1930-1983. Straight lines indicate lincar regressions
ol yield on years, calculated for 1930-1955 and 1955-
1983. (U.S. Department of Agriculture, 1930-1983)

(Duvick, 1984)

Figure 4.

Annual average grain yield of U.S. soybeans. 1930-
1983. Straight lines indicate linear regressions of
vield on years, calculated for 1930-1955 and 1955-
1983. (U.S. Department of Agriculture, 1930-1983)

(Duvick, 1984)
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Figure 5. Yield of maize varieties.
(Duvick, 1984)

(figure 6 and table 2). In wheat, the new cultivars
contributed 60% of the total yield increase, in
barley 40% and in oats 30%, but in the period
1967-1978 these percentages were 85, 55 and 50,
respectively. She also presented figures on the
productivity of individual cultivars of winter and
spring wheat (fable 3) and barley (table 4).
An annual increase brought about by new varieties
of wheat was calculated at 3% per annum in
the decade ending 1979 and at 1% for barley and
oats.

For France, table 5 gives a survey of the national
average wheat yield (t/ha) over the century ending
in 1983 (Ets C.C. Benoist 1884-1984). Here too,
there 1s a conspicuous increase over the previous
decade.

4.7 S
44
39
Increase due to other factors | /77
1.03 t/ha (42%) A
S ; ; .
= National average vield ¥
= (S-year moving average) 2
= 0.87 t/ha (36%) ~ A
= S
s 34 e
/
7/
_—“’
2
;
Effect of variety ’1‘---4' Increase due (o variety
= s 1.52 t/ha (63%)
19 :.Il‘\ \.",/
i
l' \\
0.52 t/ha (22%) P
By
i~ SRS 0.63 t/ha (26%)
" L i
Pid S
ATTTTTT032 Uha (13%)
24 J
1947 1952 1957 1962 1967 1972 1978
Harvest year
Figure 6. The increasing trend in the national vield of wheat in England and Wales (t/ha) and the

estimated effect of variety in achieving the increase 1947-78. (Cumulative increases
shown in t/ha are also given in brackets as a % of yield in 1947, i.e. 2.42 t/ha = 100%).

(Silvey, 1981)
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Table 2

Effect of varieties and other factors in achieving the yield
increase in wheat, barley and oats

WHEAT BARLEY OATS
100% = 2.42 t/ha 100% = 2.31 t/ha 100% = 2.15 t/ha

Period % increase due to:

o Other . o Other . ok Other 5

Variety fictors Total Variety factors Total Variety factors Total
1947-57 13 22 35 16 15 31 3 17 20
1957-67 13 14 27 5 20 25 12 35 47
1967-78 37 6 43 11 9 20 10 10 20
Total in 31 years 63 42 105 32 44 76 25 62 87
1967-1979 (approx. nat. av.) 41 14 55 12 16 28 10 19 29
Total in 32 years (approx.) 67 50 117 33 51 84 25 71 96
(Silvey, 1981)
Table 3 Table 4

Winter and spring wheal varietics popular
between 1947 and 1980:
Approximate yields relative Lo specified controls

Spring and winter barley varieties popular
between 1947 and 1980:
Approximate yields relative to specified controls

Years when A
Yield as %

Years when Yield as %

vurlelgpgﬂgﬂulurny Variety Cappelle Desprez vanclyapg)“ﬁ:.tlamy Variety PrattoE
Winter Wheat Spring Barley
1947-54 Bersee 90 1947-55 Spratt Archer,
1954-75 Cappelle Desprez 100 52 Plumage Archer gg
e e e e = 1953-61 Herta
1973- Maris Huntsman} 121 1955-74 Proctor 100
1977- Flanders = w2 S o - = —l ———————————————
. 1967-76 Julia 107
1977- Hobbit 1 125 1974-79 Mazurka, Aramir,
1979- Mardler J Ark Roval 13
1980? Armada, Bounty 123 Al gggrgw- Athos 1
.oy v ] I
Brigand, Avalon 129 Gl deiuikes 120
Triumph, Koru 125

Spring Wheat
1947-61
1956-63
1964-69
1970-72
1974-75

*1975-

*1978-

*1980?

Atle

Koga I1
Opal, Kloka
Kolibri
Maris Dove
Sappo

Sicco, Timmo
Highbury

as % Kolibri
75
85
93
100

103
109
116
117

* Spring wheat sced sales as a whole represent approximately only 5 % of the total
P 3

wheat seed sales
than 5 %. The va

he listed varicties are the most popular bul have seed sales of less
cties above the dotied lines have been included Lo provide a

historical reference point. Yields for newer varieties are based on the S-year Fitcon
analyses used in preparing the Recommended Lists for 1980.

(Silvey, 1981)

Winter Barley

1958-65

Pioneer
Maris Otter
Sonja

Igri

93

The varicties above the dotted lines have been included to provide a historical
reference point. Yields lor newer varieties are based on the S-year Fitcon analyses
used in preparing the Recommended Lists for 1980,

(

Silvey, 1981)
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Table 5 Table 7
Average French wheat yields (in t/ha) Yield increase (in %) as an effect
of breeding in the Federal Republic of Germany
Periods Periods in the periods 1952-69 and 1970-81
1881-1888 1.16 1934-1938 1.56 1952-69 1970-81
1889-1893 1.15 1939-1943 1.37
1894- 1898 1.19 1944-1948 .41 Total  Annual Total  Annual
1899-1903 1.37 1949-1953 1.89
1904-1908 1.38 19§4-I‘)38 223 iiter shicat 2 19 2 20
1909-1913 1.32 1959-1963 2.65 Wi e o
4 inter barley 36 2.0 40 3.6
1914-1918 1.15 1964-1968 3.33 Spring barley 50 13 38 35
1919-1923 1.47 1969-1973 4.05 Wit —— k() 0 3 78
1924-1928 1.41 1974-1978 4.36 M ¢ 4 -
19291933 |54 1979-1983 505 (J_ldm maize 53 2.9 36 33
- o - b o Silage maize 28 1.6 43 39
. Main crop
(Benoist, C.C. Ets 1884-1984) potatoes 15 0.8 85 77
Sugar beet
Table 6 (roots) 24 1.3 53 4.6
) o ‘ Sugar beet
National average grain yicld (t/ha) (sugar) 2 0.1 60 55
in the Netherlands
1971-75 1984 (Schuster ¢r al., 1982)
Winter wheat 5.2 7.9
Spring wheat 43 5.7
Winter barley 44 6.3
Spring barley 4.0 5.3
Spring oats 4.6 4.8
Winter rye 3.3 43
(Ned. Graancentrum, 1984)
100 kg/'ha
cereals  sugar heet
) T}
Sugar beet
4 4 .

R A A ol \ . s
- 'I -. “1 5
: / “r’
*a 12 A / /
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Figure 7. Average yields of sugar beet, winter wheat and spring barley in the Federal
Republic of Germany between 1951 and 1975.
(Fischbeck, 1977)
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A clear-cut increase in yields of sugar beet,
winter wheat and spring barley is reported by
Fischbeck (1977) for the Federal Republic of
Germany over the period 1951-1975 (figure 7).

The same is true for the Netherlands (table 6)
(Nederlands Graancentrum, 1984). Schuster et al.
(1982) submitted data (table 7) on the calculated
relative yield increase through breeding over the
periods 1952-1969 and 1970-1981. These data can
be expressed as relative average increases per
annum.

A striking relative increase was obtained in
winter rye, silage maize, main crop potatoes and
sugar beet, in the last-mentioned crop in particular
in respect of sugar yield. It follows that in the
Federal Republic of Germany, as in England and
Wales and also France, the relative increase in yield
brought about by breeding has risen in recent years.
As may be concluded from these data, there are at
present no indications of a decreasing yield increase
in newly developed cultivars of small cereals, wheat
in particular.

De Wit (1965) has calculated the maximum yield
of winter wheat, when grown at 50" latitude, at
11 t/ha with 14% grain moisture. Record yields of
8.3, 9.1 and 11.2 t/ha in 1962, 1964 and 1965,
respectively, were reported from the United States
of America with semi-dwarf cultivar ‘Gaine’ (Brig-
gle and Vogel, 1968). Yields of winter wheat came
very close to the theoretical maximum of de Wit in
several individual fields in the Netherlands in recent
years, and even exceeded it in 1986. Two cases
non-irrigated fields—have come to my knowledge
to 10.9 and 11.6 t/ha (basis: 14% moisture) respec-
tively. Another record is a yield of more than
11 t/ha of cleaned and graded seed obtained from
an irrigated multiplication field. An absolute
record is a farm yield of 17.36 t/ha obtained in the
county of Fife in Scotland this year (Farmers'
Weekly, October 24, 1986). It is stated that the
weight has been verified. Without seriously doubt-
ing the validity of the statement, I might add, how-
ever, that no mention is made of the area being
checked or of the actual moisture content. In order
to match de Wit's maximum of 11 t/ha with 14%
moisture, the 17.36 t/ha should have contained
80% water, which is not very likely!

In other words, the theoretical maximum has
probably been amply exceeded. It would be in-
teresting to know more about how this particular
field was treated. 1986 seems to have been a favor-
able year for cereal crops on fertile soils in Great
Britain and the Netherlands. This may be further
illustrated with a few data from official trials in the
Netherlands (table 8). These data, pertaining to the

Table 8

Yield* data extracted from official trial data
of cereal and grain legumes in the Netherlands in 1986

Average ngh_csl

vield yl{:khﬂg

cultivar
Winter barley 8.51 10.38
Winter wheat 10.63 12.22
Spring oats 912 9.76
Spring barley 8.68 9.72
Spring wheat 9.11 9.57
Field beans 7.21 7.64
Protein peas 7.87 8.58

*in t/ha at 16% moisture.

highest yielding trial and the highest yielding cul-
tivar therein, show at the same time the prospects
of the newest cultivars. These are very high yields
indeed. One should realize, however, that yields in
practice, that is from farm fields, are as a rule
20 to 30% lower than yields from reliable trials.
That would make the farm-yiclds obtained in
Scotland and the Netherlands even more remark-
able.

A few words on sugar beet. According to Quadt
(1954), breeders of this crop in Germany succeeded
in raising the sugar content by about 80% and in
doubling the sugar yield per hectare between 1850
and 1950. It is generally acknowledged that,
through further breeding since 1950, the crop has
been adapted to mechanical harvesting, resistance
to bolting has been greatly improved, and that
monogerm seed requires less labor and juice purity
has been enhanced. In this crop, great progress has
indeed been achieved by several breeders in a
number of countries.

De Wit (1965) calculated the maximum yield of
sugar beet at 100 tonnes of roots with 18% dry
matter (and 100 tonnes of leaves with 9% dry
matter). In recent years, yields have come very close
to his figures on fertile soils in the Netherlands and,
according to some people, even exceeded that
theoretical maximum.

2.2 In oil crops too, yields and oil content have
been increased through breeding. For instance, a
rise in the oil content of sunflower from 30 to 50%
over a period of 50 years has been reported from
the Soviet Union. In the United States of America,
an increased oil content in safflower from 37 to
50% has been achieved.

A classic example of raising the oil content of
maize by breeding is the result of a recurrent selec-
tion experiment at the University of Illinois

33



25th anniversary of UPOV

(figure 8). Oil content rose from 4.7 to 17% after
70 cycles of selection. Unfortunately, grain yield
was reduced materially (Dudley er al., 1974), but
commercial hybrids with an acceptable grain yield
and up to 8% oil have been obtained.

Edible oils vary considerably in their com-
position, depending on the crop species (rable 9).
The composition largely determines the nutritional
and processing value. From a nutritional point of
view, the polyunsaturated linoleic and linolenic

Conlents (%)

acids are particularly important, because they
reduce the blood cholesterol level in mammals.
Rapeseed oil, originally containing almost 50%
erucic acid, has for that very reason an excellent
industrial quality. However, in mammals, erucic
acid causes fatty depositions and myocardial
lesions. In several countries—France is one of them
—low-erucic-acid cultivars of winter and spring
rapesced have been developed and this has greatly
increased cultivation of the crop.

Generation

Figure 8. Mecan oil content for IHO (Illinois high oil), ILO (I1li-
nois low oil), RHO (reverse high oil) and RLO (re-
verse low oil) plotted against generations of selection.

Table 9

(Dudley et al., 1974)

Percentages ol various latty acids in the edible oils from various crops.
(Adapted from Weiss, 1970: reprinted from K. J. Frey © 1981)

Crop Palmitic Stearic Oleic Linoleic Linolenic Eicosenoic Erucic
Soybean 10.5 32 22.3 54.5 8.3 <1.0

Cotton seed 25.0 2.8 17.1 52,7 L

Corn LS 29 26.6 58.7 <1.0

Peanut 11.0 Z3 51.0 30.9 Lo L

Safflower 6.7 27 12.9 175 5 5 3 <1.0

Sunflower 7.0 33 14.3 75.4 e T

Rapeseed 4.0 1.3 17.4 12.7 5.3 10.4 45.6
“Tower™ rapeseed” 4.3 1.7 59.1 228 8.2 <1.0 <1.0
Palm 46.8 38 37.6 10.0 ST 5 ¥ g

"Adapted from Slinger (1977).
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Selection for low erucic acid has been greatly
facilitated by a new and very sensitive, reliable and
rapid chemical technique, able to detect very small
quantities that are present in the cotyledons. By
sacrificing only one of the two cotyledons for the
analysis, the seedling can still develop into a normal
plant. The same technique is now being used for the
selection of low-glucosinolate types of rapeseed.
These will make the remainder of the grains more
suitable for animal feed, alter extraction of the oil.
This outstanding technique has greatly reduced the
costs of the breeding work, with the result that
more breeding firms than ever have taken up rape-
sced breeding.

In the endosperm of fourteen different mutant
types of maize, total oil content varied from 5.2 to
18.4%. The opaque-2 mutant was the lowest in oil
percentage. The oil composition also varied con-
siderably, except for the stearic component.

2.3 As regards proteins, protein content and pro-
tein composition in wheat is probably the widest
discussed problem and the subject of most research,
mainly with a view to loaf volume, structure and
appearance. Itis the protein gluten in particular that
determines those quality aspects. While this may be
important, it should be realized that the level of nu-

Table 10

Means and ranges of protein percentages in commercial
lots of grain from cereals

Protein percentage

Number
Cereal
Mean Range of samples

Corn 10.4 7.5-16.9 1875
Wheat 12.0 8.1-18.5 309
Sorghum 12.5 8.7-16.8 1160
Barley 13.1 8.5-21.2 1400
Oats 13.3 7.4-23.2 1850
Rye 13.4 9.0-18.2 112

(Miller, 1958; reprinted [rom K. I. Frey «© 1981)

3  m——
[i* . Eroica

Starke

R

tritional value of gluten does not give it a special
position compared with several other proteins. As
with other proteins, it is broken down into amino
acids in the digestive process and these are joined to
the proper proteins inside the human body.

Among the small cereals, wheat is not the richest
in proteins on average (table 10). Wheat breeders
have learned that, as a rule, the highest-yielding
selections do not have a high protein content and
good baking quality. Some researchers found a
negative correlation between these two properties
(table 11), while others concluded from their results
that such negative correlation did not exist in the

Table 11

Correlations between grain yield and protein percentages
in the grain as reported by several researchers.

Crop Correlation Relerence

Barley —0.79%* Grant and McCalla, 1949
—0.24* Zubriski et al., 1970

Corn —0.48%* Frey et al., 1951
—0.33* Dudley et al., 1971
Oats —0.45%* Jenkins, 1969
—0.59%* Sraon et al., 1975
Sorghum —0.85%* Worker and Ruckman,
1968
—0.26* Malm, 1968
Wheat —0.56%* Waldon, 1933
—0.80%* Grant and McCalla, 1949
—(.25%* Stuber er al., 1962

*, ** denote significance at 0.05 and 0.01 levels. respectively.

(Frey, 1977; reprinted from K. J. Frey ©) 1981)

material they tested (rable 12). The varieties
‘Atlas 50" and ‘Atlas 66" were high in protein; both
were derived by cross-breeding from cultivar
‘Frondosa’ and were sclected for resistance to leaf
rust. They had a higher protein content becausc of
the link between these two properties that was later
shown to exist. Their yield level equalled that
of other cultivars of their time. Cultivar ‘Lancota’
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Table 12

Grain yields and protein percentages of wheat cultivars
tested for three years in the South-castern Wheat Nursery,
United States of America

Cultivar Grain Yield Protein content
t/ha %o
Hardired 47-12 1.8 10.1
Chancellor 1.8 10.9
Purcam 1.8 1.4
Coker 47-27 1.9 11.6
Taylor 1.9 11:9
Atlas 50 L9 12.8
Atlas 66 1.9 13.3

(Middleton. Bode and Bayles, 1954: reprinted from K. J. Frey
© 1981)

was developed from ‘Atlas 66" by further cross-
breeding: it vielded about 100% and was still the
better cultivar for protein content in a test that
included a modern British cultivar, though it was
not one of the most productive (table 13).

Table 13

Yield and protein content of Lancota and several other cultivars
of wheat when tested in the International Winter Wheat
Performance Nursery grown at 25 sites in 1972 and 1973

Cultivar Average Yield Protein
t/ha Yo
Lancota 4.1 15.5
Zenith 4.0 14.4
Centurk 4.4 14.0
TAM 102 4.0 13.5
Maris Nimrod 4.3 13:2

(Johnson, Mattern and Kuhr, 1979; reprinted from K. J. Frey
© 1981)

In the general experience of wheat breeders who
do not select for a minimum or standard level of
protein content or baking quality in an early phase
of the selection cycle, the highest yielding selections
are as a rule of poor baking quality. This does not
mean that some progress in raising both yield and
baking quality is impossible, and there is sufficient
evidence to prove this.

At IRRI, the International Rice Research In-
stitute in the Philippines, breeding of rice for in-
creased yield and improved disease resistance has
achieved remarkable results. A number of out-
standing cultivars have been developed and are
widely cultivated. Selections have been developed
with (only) 1% more protein than ‘IR 8 at the
same yield level. However, that particular strain
appeared to be so much more prone to disease that
it could not be marketed. It was obtained through
painstaking selection work over many years,
screening a lot of material. It was concluded that
breeding for protein content was extremely difficult

and that it should be given a low priority, although
rice is low in protein.

It is estimated (Frey, 1977) that approximately
50% of the world’s protein requirements are satis-
fied by the consumption of cereals and 20% by
grain legumes. In developing countries, 70% of
protein nutrition comes from cereals, of which
maize is very widely consumed. For this reason,
high hopes of qualitatively better nutrition arc
placed in the opaque-2 type of maize, where the
proportions of the more nutritious water-and-salt-
soluble proteins are considerably increased. At
CIMMYT, the International Center for the Im-
provement of Maize and Wheat, a lot of work has
been done with this type of maize. Hard-endosperm
opaque-2 selections were tested against “normal”
cultivars on an international scale. In seven out of
cleven countries, the yield of the best opaque-2
selection was equal to or better than the best
“normal” control cultivar. Tt would therefore seem
possible to raise the level of protein consumption
while maintaining the carbohydrate intake, a possi-
bility of the greatest importance for those develop-
ing countries where maize is a popular food.

The opaque gene in sorghum reduced grain
weight by about 15% in isogenic lines. Neverthe-
less, through intensive selection in cross-bred
progenies, opaque lines were obtained with a 100%
yield level. The smaller grain appeared to be com-
pensated by a larger number of grains.

Barley is used either for malting and brewing
beer or as animal feed. In the first instance, a low
protein content is demanded while in the second a
high protein content is desirable. Mutants with a
higher content of the amino acid lysine have been
isolated. Grain yield appeared to be unsatisfactory,
however, and, unfortunately, it proved to be ex-
tremely difficult to arrive at a 100% yield level
while maintaining the high lysine content. There is
no evidence that this combination has been realized
in spite of intensive efforts and several breeding
programs.

2.4 Vitamins are not usually considered to be
food; they arc nevertheless indispensable in a
proper and well-balanced diet. Staple food
products contain low concentrations; fresh vegeta-
bles and fruit are much richer and should therefore
be consumed regularly and in varying composition.
Not everyone has been. or is today, in a position
to follow that advice. It was not so long ago that
food consisted mainly of potatoes. The Irish peo-
ple’s great dependence on the potato came to light
when, in 1845 and 1846, the crops were severely
attacked by the blight fungus Phytophthora infes-
tans, causing severe famine, death and large-scale
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emigration. Ascorbic acid, or vitamin C, is certain-
ly not lacking in a potato diet, and when potatoes
ran out during long sea voyages, sailors got scurvy.
Potatoes are an excellent food and some nutrition-
ists say they are not fattening; they are an impor-
tant source of vitamin C. The content is under
genetic control. By experimental selection, the con-
centration could be doubled and even tripled.
There is no record. however, of a potato breeding
program having ascorbic acid as a priority objec-
tive. Yet it might be of importance in countries or
regions where fresh vegetables and fruit are scarce
or not available over a long period of time.

Pro-vitamin A is present in tomatoes. In the
United States of America, a much higher con-
centration than that in market varieties was found
in material derived from crosses with Lycopersicum
hirsutum. However, the fruit color of these par-
ticular strains was not appealing. The cultivar
‘Caro-red’ was selected out of further backcrosses.
It was agronomically acceptable and very rich in
pro-vitamin A (even 10 times the usual level of
market cultivars), but it still did not have the color
required by processors and consumers. ‘Caro-red’
was not commercially accepted and became an

obsolete variety. In later years, breeding for vita-
min A was practically abandoned, an example of
external appearance that has no connection at all
with internal nutritional quality and prevents
proper use of a crop’s potential. In this respect, the
carrot is luckier. White carrots contain only 1 pg
carotene/g of dry weight, whereas the orange-
colored cultivars carry 100-120 pg/g. A higher car-
otene content goes hand in hand with a deeper
orange color, a very convenient correlation that
allows the breeder to select visually for improved
nutritional quality. F, hybrids with 140-160 pg/g
have been obtained and it is assumed that the con-
tent may grow to 180 pg/g.

The core of the carrot often is—or rather was
— yellow instead of orange because it contains less
carotene. Selection for an orange-colored core has
been able to raise substantially the carotene content
of the whole carrot root.

2.5 A few words regarding forage quality. Advan-
ces have been achieved in the digestibility of forage
crops, e.g. in coastal Bermudagrass (Cynodon
dactylon) and pearl millet (Pennisetum typhoides) in
the United States of America and in silage maize
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in Europe. Assessing digestibility has been a
circumstantial chemical procedure, costly and
laborious to such an extent that many commercial
breeders were deterred from carrying out such tests.
It seems possible that this situation will improve
since laboratory equipment has been developed
that operates on the principle that different chemi-
cal substances reflect infrared rays of various
wavelengths  in  different  proportions.  This
ingenious technique will allow the breeder to test
many more samples in much less time and probably
at lower cost, although the apparatus itselfl is ex-
pensive. It is also used for assessing the protein
content and composition in wheat.

2.6 It is a fact that many plants and plant
products contain anti-nutritional or even poison-
ous substances. Some components can casily be
removed or broken down by heating, e.g. by toast-
ing in soybeans and field beans or by cooking in
potatoes. peas, beans (both French and garden)
and cassava. A well-known example is the occur-
rence of cyanogenic-glycosides in white clover, and
there are many recorded cases of horses being poi-
soned. Harmful faveine is present in the field and
garden bean and it is recommended not to eat the
seed raw. Pythagoras, the well-known Greek
scholar and mathematician, who was a vegetarian,
apparently consumed too many raw field beans and
he suffered from what was later recognized as
favism.

Tannins are not very harmful, as may be con-
cluded from the popularity of drinking tea. Some
people like their typical bitter taste in garden beans,
others prefer the milder taste of the white-flowering
type that lacks tannins. The chemical(s) apparently
play(s) an important role in resisting fungal attack
of the seeds in the ripening stage, the purple-flower-
ing types being much less prone to attack than the
white-flowering types. This is a drawback to the
selection of tannin-free field beans for protein
production.

Several species more or less related to Solanum
fuberosum have served as sources in breeding pota-
toes for resistance to diseases, Colorado beetle and
cyst nematodes. When tested for value for cultiva-
tion and use, it appeared that, notwithstanding
repeated backcrossing with cultivated varieties, too
much solasodine was present in some clones. Sol-
asodine does not induce resistance; the gene for
solasodine occurred accidentally with the resistance
gene.

An increasing number of products isolated from
specific plant species are shown to have fungistatic
and bacteriostatic properties. Experimental ev-
idence has been published that some products are

even capable of retarding or inhibiting develop-
ment of cancer cells and tumors, ¢.g. rom peri-
winkle (Catharanthus roseus) and hemp agrimony
(Eupatorium cannabinum).

The pharmaceutical industry is very interested in
these products, e.g. steroids from Mexican species
of Dioscorea with their well-known and widely used
contraceptive effect. Another interesting com-
pound is gossypin—responsible for resistance to
the boll weevil in cotton—which has a sterilizing
effect on male semen. These are two examples of
plant products that are considered to have a desir-
able effect in modern society, but there is also
increasing evidence that plant substances that de-
termine resistance to damaging organisms may be
harmful to other, non-target organisms, for exam-
ple mammals; some are even carcinogenic. It
should, however, be realized that such effects
become manifest when the substances are adminis-
tered in much larger quantities and/or higher con-
centrations than occur in plants. The risk is remote,
especially when eating a varied diet. But it should
be borne in mind, in this respect, that breeders are
invited to place even more emphasis on breeding
for resistance so that farmers can reduce their use
of plant-protecting chemicals.

3. This lecture would be incomplete without re-
ferring to the great importance of resistance to
diseases, pests and stress situations for the realiza-
tion of the genetic yield potential. This is not the
place for this subject, nor is there time enough
to deal with it in detail. Moreover, this has been
done extensively by many others on previous
occasions.

Some varieties may become more popular than
others because of their outstanding performance.
In some crops, this involves a risk of being attacked
by (possibly) new pathotypes of some airborne
disease agents. As a rule, other varieties are for-
tunately not attacked and will replace the unlucky
cultivar(s) that selected its (their) own particular
enemy and lost the fight. Well-known examples are
yellow rust in wheat and Victoria-blight in maize.
In several other crops and for other diseases, resis-
tance appears to last much longer, e.g. in the case
of bacterial halo blight in Phaseolus beans.

Many and diverse crop-protecting chemicals are
available nowadays, but evidence of adaptation to
the chemicals in the pathogens is increasing. It
seems impossible to eradicate a pathogen complete-
ly, either by breeding for resistance, applying
protective chemicals or using gene technology
(until proven otherwise). Seemingly, a contest is
taking place between equals, between nature and
science, between natural spontaneous phenomena
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and breeders’ ingenuity and perseverance. From
that contest between host and pathogen, the crop
thanks to continuous backing by the breeder—
emerges as the winner, overtaking the disease for
at least some time. Ongoing breeding work has
created a number of varieties from which growers
can make their choice. They would be well advised
not to put all their eggs in one basket and to make
use of an instrument to stabilize production, an
instrument provided by plant breeders.

4. It goes without saying that the expression of

the genetic yield potential of varieties is greatly
dependent on climate, soil structure and crop nutri-
tion. Although the weather is said to be very un-
predictable, there are nonetheless consistent re-
gional differences. Breeders have demonstrated
that, by selecting drought-tolerant, frost-resistant
and salt-tolerant cultivars, the effects of adverse
weather and soil conditions, if not too extreme. can
be countered to some extent. There is hope and
expectation that more can be achieved in the future
by selection at cell level. Of course, conditions can
be so extreme that crops cannot develop at all.
Extreme political situations may prevent agricul-
ture from producing sufficient food, or food is not
allowed to be transported to regions in severe need.

_\{3“ A

Plant breeders have no answer in such cases, but
they are certainly able to respond to political deci-
sions to stimulate cultivation of certain crops. A
well-known historical case is the stimulating in-
fluence of the political situation in Napoleonic
times on sugar beet breeding.

In recent years, the European Common Market
has decided to stimulate cultivation of grain
legumes for the production of proteins. Until then,
the breeding of field beans and dry peas did not
feature as a priority in the program of most
breeders, but it was not completely abandoned
cither. Good varieties appeared to be ready and
better varieties soon became available. The extent
of the production shows that farmers have an
active interest in these renewed old crops (figure 9).
[t is worth mentioning that the new semi-leafless
pea has come on the market. It is characterized by
a design that creates a drier micro-climate inside
the crop canopy. Consequently, the pods and the
seeds are less prone to attack by diseases. More-
over, the plants remain upright much longer than
those of the “normal™ type. Trials are taking place
to find out whether the leaf area can be further
reduced without loss of yield.

In ficld beans, the terminate stem mutant type
attracts a lot of attention among breeders. It is
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hoped that the energy which the “normal™ type
expends in building the non-flowering top above
the fertile nodes will be used for more pods to set.
On the other hand, it does not seem illogical to
assume that, once that part of the stem has been
formed, it will contribute to total assimilation and
thus to yield. Further development will show which
view is correct.

5. The possibility of producing sufficient food for
the population is unequally divided over regions,
countries and continents. Shortage may be tempor-
ary or permanent, e.g. caused by soils of very poor
quality and/or too little precipitation. Countries
that are blessed by a mild climate, fertile soils and
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Figure 9. Production of dry peas and field beans in the EEC
in 1985,
(Janssen, 1986)

sufficient precipitation fairly evenly distributed
over the growing season are in a favored position.
Since they have been in such a position for a long
time, they have been able to develop their national
agriculture to a much higher level, and breeders
have made their contribution to raising that level.
In some countries, this has eventually resulted in
over-production of some products. This develop-
ment has taken place not only in the European

Common Market. but also elsewhere. Some or-
ganizations opposed to plant variely protection
legislation blame plant breeders for this situation.
Although it would be unrealistic to deny that plant
breeding has played its role, it is very unfair to try
and put the blame on plant breeding alone. Crop
husbandry rescarch has added a great deal too and
political, economic and financial forces have also
had an impact.

In Chapter 11 of the excellent book on plant
breeding by K.J. Frey (1981), Burton claims that
“without cultivated crops most of us would not
exist because the world’s native vegetation could
feed less than 5% of today’s world population,”
and “*directly or indirectly, plant breeding deserves
credit for most of man’s food today.”

The agricultural policy of the EEC was set up
shortly after World War II. With food shortage
and hunger still fresh in the mind, internal EEC
food production sufficient to meet the needs of a
growing population was one of the main objectives.
A lot has changed since, and changed considerably.
Population growth has slowed down, whereas food
production (especially dairy products) has in-
creased much more in percentage terms. It can
certainly be stated that the EEC’s agricultural
policy has been very successful, but bearing in mind
the over-production, the difficulty of finding suf-
ficient export markets and the very expensive
storage required, it scems necessary to revise that
policy.

In fact, some measures have already been taken
or are in the process of being taken or proposed,
for example the promotion of production of wheat
of better quality for making bread. This will only
alleviate the internal EEC situation to a minor
degree and it will increase the present over-produc-
tion in other countries. Alternative proposals are
under discussion, for example reducing production
arcas or granting financial aid per unit of land
instead of per unit of product. In any event, policy
makers say that limitation of production in the
EEC, as already practised in the United States of
America, 1s unavoidable unless new outlets emerge.
The use of alcohol from cereals as fuel in combus-
tion motors is one path where Brazil is said to have
made considerable headway. A lot ol course
depends on oil prices, and these are presently at
such a level that competition from cereal-alcohol is
economically not feasible.

It is frustrating that measures have to be devised
to limit production, while at the same time produc-
tion of the same staple food is too low in some
developing countries. According to FAQO, around
30 million people per year die of sheer hunger.
Food relief aid continues, but meets with various
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difficulties (transport, politics). With long-term im-
provement in mind, promoting foocd production
“on the spot™ is considered to be a much wiser
policy than importing food more or less regularly.
If this policy were to succeed, agriculture world-
wide would be able to produce sufficient food for
the earth’s present population. An adequate con-
trol of vermin and of fungi in food stocks by irra-
diation could make a considerable contribution
(Odamtten, 1986).

If it is necessary to import and multiply im-
proved varieties from elsewhere—varieties that can
make eficient use of more fertilizer—this does not
necessarily upset the sociological structure of the
farming community, provided adequate credit fa-
cilities are created (Jain, India, about the Green
Revolution, 1986). But what about the future? At
the time of Christ’s birth, the world’s population
must have been 15 million (a retrospective estimate,
of course). Around 1650, the population had dou-
bled. Two hundred years later, the next doubling
had taken place. As a result of rapid development
of agriculture and medical care, the next doubling
only took 80 years. Another 45 years later, in 1975,
the next doubling had occurred (Borlaug in K.J.
Frey: Plant Breeding II). By now the population of
this planet has grown to such numbers (ASSIN-
SEL, 1981) that a continuing increase at the same
rate should cause great concern. As a matter of
fact, it does, as is evident from the measures taken
in certain countries to control the birth rate.

Let us hope that concerted efforts will make and
keep our world a clean and peaceful world, a place

worth living in, with sufficient and suitable food for
everyone. Plant breeders will have to contribute
their share to these efforts, there will be work for
them to do.
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LECTURE

by Mr. André Cauderon,

Perpetual Secretary of the
Academy of Agriculture of France

PLANT BREEDING: A COMMON UNDERTAKING
FOR PUBLIC LABORATORIES, BREEDING FIRMS AND
USERS OF VARIETIES

The methods of breeding plants are highly diver-
sified and the distribution of tasks complex. The
earliest programs were generally carried out either
by farmers or market gardeners engaged in seed
production ( “'seedsmen’’ ), or by teacher-researchers
belonging to public bodies. Although, to begin with,
these two groups were sometimes competitors, they
progressively came to realize their complementarity.
The balance evolves as a function of the changes that
take place, whether they be scientific, technical,
economic, legal or political. The respective roles
of international opening up and standardization,
of scientific progress and, finally, the growing
involvement of variety users in plant breeding are
discussed.

As a result, plant breeding is becoming more effec-
tive, but also more complex and costly. More groups
are involved, but no single one can do everything.

I. More than ever, breeding firms and public re-
search bodies need each other. Basic research labora-
tories are not only asked for the results of their
research, but they must also constitute a structure
open to dialogue where the concrete goals of firms
represent a starting point that is just as important as
scientific discovery. In addition to equal competence
on the part of all those involved, such cooperation
requires a capacity for synthesis that is a rare and
often neglected quality.

2. Increasingly, the importance of plant breeding
Jor the efficiency of the agricultural processing indus-
tries will make variety users full partners of the
breeding firms as regards the orientation and execu-
tion of work and also its funding.

3. The administrative and legal organization of the
sector, which depends on scientific, technical and
economic developments, must guarantee the follow-
ing:

— appropriate remuneration that recognizes the con-
tribution by creators who have worked satisfac-
torily;
easy access to varieties for farmers;

— considerable  freedom of  action for research
workers who are laying the foundations of new
progress, and, in particular, the free use of genes.

It is not easy to reconcile these aims, but the plant
variety protection system has been rather successful.
It constitutes a realistic framework, particularly for
activities in developed countries. The work of the
breeders, that is to say the creation of the “balanced
genetic  structures” constituted by varieties, is
properly recognized, except in cases where back-
crossing or mutation enables slightly modified ver-
sions of a higher variety to be obtained. In this
connection, a code of conduct would be useful, based
on the respective roles of protection and of technical
and commercial regulation.

As far as the future is concerned, the system should
be perfected and supplemented, taking into account
new breeding techniques. Genetic engineering, which
creates “bricks” and not “structures,” should be
recognized and remunerated, without however block-
ing preparation for the future: the law should be
adjusted progressively to the realities of a practice
that is as yel inadequately known.

4. Finally, it is essential not to restrict the debate
to the corporate framework. Plant breeding is a
powerful factor in general development. Over and
above operations that are profitable for breeding

Jirms, national action in favor of backward zones and

international projects for the Third World should
give more active support to breeding by the countries
concerned themselves of the many local species ne-
glected by scientific breeding, so as to maintain active
and profitable farming based on the greatest possible
number of species.
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For thousands of years, farmers and gardeners
cultivated, chose, propagated and exchanged
plants, constantly developing varieties best adapted
to their soils, techniques and requirements. Almost
two centuries ago, this breeding by farmers began
to disappear because science, technology and eco-
nomics had made suflicient coordinated progress to
allow plant breeding to become an independent
specialized branch on the supply side of agriculture.
Scientific progress increases breeding capacity,
while technical development augments the effec-
tiveness of the use of varieties by farmers and in-
dustrialists. Finally, the growth of the trade in sceds
and agricultural products lacilitates the profitabil-
ity of this chain of action and ensures its continuity.

Progress in genetics has often been the principal
catalyst for development. Together with crop
production techniques, it has allowed the progres-
sive control of factors limiting agricultural perfor-
mance. Breeding has developed differently accord-
ing to regions and plants. Initially, it concerned
developed areas and greater attention was paid to
widely-marketed species rather than less-wide-
spread crops or crops for farm consumption.
Morcover, preference was given to species that
were very diversified or that belonged to a par-
ticularly rich genus since they immediately opened
up a wider range, as well as to annual plants be-
cause they could be developed and assessed more
rapidly, and, finally, to self-pollinated forms and to
clones because they were easier to breed and
propagate faithfully.

For example, bread wheat was the subject of
much breeding work to improve its intensification
and this led to remarkable technical and economic
breakthroughs. In a number of very different coun-
tries, scientific and technical knowledge, genetic
material, agro-industrial structures and profession-
al competence have been accumulated, thus en-
suring continued progress as well as the expansion
of wheat and of the wheat industry. On the other
hand, at least half of the hundred or so species still
grown in the world have not benefited from suf-
ficient scientific breeding efforts and this has con-
tributed to their regression; the botanical basis of
agriculture continues to diminish.

The Division of Work in Plant Breeding

Methods of breeding plants are extremely varied
and the division of work is complex. The carliest
programs were generally carried out either by
farmers or market gardeners engaged in seed
production (“seedsmen’), or by teacher-research-
ers belonging to public bodies. Although, to begin

with, these two groups were sometimes com-
petitors, they progressively came to realize their
complementarity. Breeding firms have to seek fi-
nancing through sales, so they keep away from
activities with low profitability such as basic
studies, long-term or hazardous programs, scctors
with a small market or fields where it is easy lo
duplicate original works. Public bodies are well
placed to carry out the study of the theoretical
bases of improvement, the perfecting of its
methods, the creation of basic genetic material, as
well as the corresponding teaching; naturally. they
must remain close to breeding, so as to link theory
and practice in their teaching and in their coopera-
tion with breeders, to explore the uncertain chan-
nels of breeding and, finally, to carry out them-
selves the breeding of species or interesting charac-
teristics neglected by firms. However, the latter,
provided that they are strong and close to agricul-
ture, are best able to achieve the adaptation of
commercial varieties to the varied and changing
circumstances on the farms and the markets, as well
as to supervise seed production and use. To the
extent that firms effectively ensure the creation of
commercial varieties of a species, public laborato-
ries then abandon this activity and devote them-
selves to other aspects of improvement: work is not
lacking.

Except in certain favorable cases, breeding is
neither easy nor highly profitable. It is at the
propagation stage that firms find a way to carn
remuneration for their work and the financing of
their new programs; this is the de facto or de jure
exclusiveness of the variety-seed tandem. Such ex-
clusiveness may be the result of general technical
superiority of the firm, the possession ol a confiden-
tial element in seed manufacture, a patent or a
breeder’s certificate, etc. It should be emphasized
that plant variety protection is preferable to secrecy
because it facilitates exchanges of better varieties
while at the same time allowing [ree use ol the genes
for new improvements, and this is an important
prerequisite for continued progress.

The development of legislation can contribute to
intensifying research efforts. For example, experts
consider that the recent interest shown by United
States enterprises in the selection of self-pollinated
cercals and soybean is a result of the 1970 Law, in
conformity with the 1961 Paris Convention, which
permits protection of their plant varieties. Techni-
cal progress also of course has important conse-
quences. With regard to sunflower, the invention of
a male-sterility system in France (1969) allowing
the production of F hybrid varieties led a number
of enterprises in the world to embark very rapidly
upon the breeding of this cross-pollinated species.
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On the one hand —and this is an essential fac-
tor—hybrids perform better than the traditionally
cultivated populations; on the other hand, the sta-
bility of the parental lines of hybrids gives their
breeders the basis of protection, while the heteroge-
neity and instability of population varieties allows
their unauthorized appropriation. Since the annual
purchase of seed has become almost obligatory, the
extension of the movement is understandable and
it brings to mind the case of maize in the United
States of America lorty years previously. But of
course nothing is proof against evolution: for ex-
ample, widespread use of vegetative propagation in
vitro would lead to the material possibility of
propagating a plant of an F, variety of tomato, thus
avoiding the purchase of seed.

Other less straightforward factors have also had
a considerable influence on the division of work on
plant breeding. International comparisons are in-
structive: in the nineteenth century, development of
the breeding of widely cultivated species in Europe
owed a lot to private enterprises—for example,
Vilmorin, which is also very active in hor-
ticulture  while in the United States of America
original breeding work was initially done by public
bodies and this situation lasted almost up until the
explosion of hybrid maize in the nineteen-thirties.
It is not necessary to analyze these differences here,
everyone knows the importance of the technical,
economic and cultural context. The importance of
certain persons who found themselves here and
there by chance should also be emphasized.

The division of work should be perceived as an
equilibrium that permits progress but develops
constantly as a result of scientific, technical, eco-
nomic, legal and political changes, etc. In the past,
plant breeding was mainly carried out by public
resecarch bodies and breeding firms. We have re-
ferred to their present connection on which there
is wide agreement. The two partners must progress
together, each one carrying out its specific tasks,
butin a coordinated manner. However, a corporate
consensus does not prevent the external situation
from evolving. Important changes are taking place
before our eyes. Are they significant and are we
able to envisage some of their consequences?

International Opening-up and Standardization

Scientific discoveries are published increasingly
rapidly and are implemented immediately wherever
possible. At the technical level, there has long been
an exchange of samples of seeds of varisties taken
as ““genetic resources”, but this only directly con-
cerns the specialists. For a number of decades,

farmers themselves have made increasing use of
varieties or seeds created or produced in a far-off
country. These increased exchanges also involve
ideas, methods and working tools, while technical
systems are disseminated together with the equip-
ment that allows them to be used. This is the reason
for the agricultural uniformity within each pedocli-
matic zone. The prestige of those regions deemed
to be the most advanced and of the best-known
enterprises is added to the genuine superiority of
the most effective systems, whether in connection
with breeding, mechanization, crop protection or
processing. For example, the maize systems created
in the United States of America became widespread
after 1945, with all their compounds, in particular
the varieties. Certain hybrids of average earliness,
but above all lines created by the Univer-
sities —WI9,” *M14,” “lal33, ‘Oh43, ‘W64A.
‘B14" have gone round the world, sometimes
under other names. Several countries have made
original contributions to this treasure house which
is now common to breeders all over the world, for
example, early lines such as ‘F7" and ‘F2." Every-
where, innumerable local varieties are being re-
placed by a small number of international hybrids
constituted on the basis of this treasure house. The
pedological, climatic or parasitic particularities, as
well as specific demands for the “quality” of
products, preserve a certain regional originality,
but breeding exerts permanent pressure to enlarge
the zones of dissemination of varieties. It succeeds,
for example, by creating cereals that are insensitive
to photoperiodism and thus adapted to very dif-
ferent latitudes, by obtaining through mutagenesis
or backcrossing a series of sister-varietics rep-
resenting a range of earliness, colors, etc., around
a basic cultivar recognized as excellent for its
general characteristics, or by using a superior line
in a number of hybrids. For the species that have
been studied the most —in particular those whose
seed is costly—this international genetic standard-
ization is fairly advanced. It corresponds to the
uniformization of agriculture and rapid circulation
of information and goods.

These phenomena have important consequences
for plant breeding. For example, access to very
varied basic genetic material, which is to be found
less and less among farmers or in nature, becomes
a strategic matter. Linked to the scientific, technical
and economic capabilities necessary for its develop-
ment, it is even more appropriate to give diversity
the name of “genetic resource.” However, the more
far-reaching effects are to be found in the field
of orientation and organization. On the one
hand, public laboratories and enterprises tend
to grow and specialize, while on the other hand,
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international networks for research, breeding,
propagation and dissemination of varieties are con-
stituted. Plant breeding has ccased to be a regional
and corporate activity and has opened up to
general economics.

Scientific Progress

The extension of knowledge regularly increases
the complexity of the theoretical bases of breeding,
whether it involves the assessment ol the underly-
ing material, definition of the objectives of breed-
ing, creation of variability, orientation of a heredi-
tary modification or specification of the criteria of
choice among plants. Genetics remains the basic
discipline, but it is becoming more wide-ranging:
population genetics, cytogenetics, molecular gen-
etics. Pathology and zoology have led to better
understanding of the host-parasite interaction, the
development of epidemics and the complex bal-
ances of biocenoses: all vital knowledge for breed-
ing and its role in protecting crops. Progress in
agronomy and physiology provides a more accu-
rate picture of the production process, by des-
cribing the functioning of the soil, the plant cover
or the chloroplasts. Product technology analyzes
the quality characteristics and permits a precise
assessment; by opening up new forms of process-
ing, for example for the production of sugars from
starch, it has a considerable influence on agricul-
ture and plant breeding.

This progress, which throws light on the mechan-
isms of living systems, permits more effective and
more rapid application of classic breeding
methods. It also opens up new avenues, of which
a certain number are already used in practice: the
transfer to wheat of the genes of neighboring
genera, the obtaining of doubled haploids in
barley, the fusion of protoplasts in Brassica. Plant
breeding methods are supplemented, enlarged and
diversified. Private laboratories are set up, based on
sophisticated technologies, for example genetic
engineering, so as to achieve breakthroughs im-
possible by other means. Other enterprises are spe-
cialized in providing improved genetic material
(lines, etc.) to companies that only carry out the
final stages of breeding. To summarize, breeding
strategics, methods and techniques are becoming
more productive, but also more complex and more
costly. Emphasis should be laid on the diversity of
knowledge and know-how indispensable both for
choosing the main orientations and for carrying
out the detailed work. Although the creation of
commercial varieties is increasingly being carried
out by private enterprises, the latter more than ever
have need of public research bodies which prepare

the bases: breeding objectives, genetic material,
breeding methods. It is essential that public author-
ity not relax its efforts in this direction.

Biochemistry occupies a predominant place
among the disciplines that have contributed to this
development. It allows plant breeding to be perfect-
ed, but it also opens up possibilities for action to
replace or supplement the possibilities of genetics.
For example, growth regulators are in competition
with the dwarfing genes for the shortening of
cereals; gametocides and cytoplasm/genes systems
both give access to male-sterility in wheat; fun-
gicides and resistance genes are used in parallel.
The distribution of roles between genetics and chem-
istry, optimizing their interaction, has become essen-
tial for agriculture. The transfer to cultivated vari-
eties of resistance genes to herbicides illustrates this
interaction, which is sufficient to explain why
chemical enterprises entered the breeding industry.
At the same time, basic research is increasingly
involved in plant breeding, which was formerly
connected mainly with agricultural research.

Participation in Plant Breeding on the Part of Vari-
ety Users

Traditionally, the breeder responsible for a pro-
gram initially fixed its objectives and, towards the
end of the program, he chose the small number of
lines to be submitted to the users, who only became
involved when the work was almost over. Breeders
were usually excellent farmers and were well placed
to detect the characteristics which development of
growing techniques made desirable in varieties.
They also tried to satisfy the demands or needs of
the industrialists who processed the products, as
well as those of the consumers, who were often
close to agriculture. Breeders were reasonably well
informed of the points of view of their potential
clients, but they worked almost alone. They asked
the questions and provided the answers. This
power to orient agriculture and food was atten-
uated by the diversity and independence of those
who exercised it at their risk and peril.

This situation has changed. First of all, public
authority has established bodies to carry out ex-
periments prior to marketing of varieties. Variety
users—farmers and industrialists —are represented
on these bodies and they are thus collectively invol-
ved in selecting the assessment criteria that govern
registration of a new variety in official catalogues,
and this choice is made in liaison with the breeders.
In addition, more and more groups of variety users
are able to participate individually in orienting
breeding work by defining the desirable objectives,
the corresponding criteria and suitable methods for
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assessing varieties. For example, the technological
characteristics of vegetables for canning, the ability
of fruit to withstand handling and transport or the
lasting quality of flowers. Furthermore, experi-
mentation methods, techniques and equipment
have improved considerably and important users
such as groups of farmers, business firms, agro-
food industrialists, consumer associations, etc., can
themselves assess a large number of new varieties
under their own conditions.

The improvement and miniaturization of seeders
and harvesters has greatly increased the capacity
for experimenting in the field. A few decades ago,
a breeder could assess the output of a few dozen
lines of cereals in his research station at the end of
breeding, while today he can put several hundreds
of lines in precise tests carried out on farms spread
over several regions. Instead of experiments on a
small number of lines at the end of breeding, from
the beginning of the program he can study an
abundance of material in several zones and assess
its behavior in different environments. Breeding for
regional adaptation is thus greatly facilitated and
the assessment of new varieties considerably ac-
celerated. The effectiveness, rapidity and flexibility
of plant breeding are therefore greatly increased.

In addition, such decentralization facilitates the
establishment of programs that involve bodies of

variety users such as regional authorities,
producers’ cooperatives, marketing groups, agro-
food factories, consumer associations, etc. in the
breeding process. It is possible to reach agreement
on creating varieties corresponding to specific re-
quirements, dividing the tasks, with the local body
taking part in orienting the program and assessing
the plant material under study. The organization of
the breeding of cauliflower in Brittany illustrates
this form of cooperation.

The diversification and improvement of breeding
methods facilitate such collaboration by adapting
to the optimum the participation of each partner.
For example, the “bulbosum™ method allows the
gametes of an F, barley plant to be doubled with
immediate production of a series of pure lines rep-
resentative of the segregation of the cross concern-
ed. In a region where there are no breeders, an
agricultural cooperative (or a malt factory), after
having consulted a foreign breeder, can choose the
barley lines (from as many different origins as pos-
sible) that are best adapted to its situation; it sends
these lines to the breeder who carries out all pos-
sible crosses and, using the “‘hulbosum’™ method,
creates a series of pure lines representative of the
segregations of each F,. It is then up to the agricul-
tural cooperative to test these lines, which is tech-
nically simple. Consequently, selection will have
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been wholly carried out on the spot. This is not a
unique example; control of mutagenesis in woody
plants allows the similar sharing of tasks between

a laboratory and a nursery for the selection of

ornamental species.

In a context of very active competition, variety
users are today aware of the importance of plant
breeding for the maintenance of the economic com-
petitivity of their activities and their region. They
should become even more active partners of breed-
ing firms and they can give strong support to the
latters’ action, thus directly guaranteeing an in-
creasing proportion of the financing of genetic pro-
gress.

Conclusions

Plant breeding is becoming more effective, but
also more complex and costly. More groups are
involved, but no single one can do everything.

1. More than ever, breeding firms and public re-
search bodies need each other. Basic research lab-
oratories are not only asked for the results of their
research, but they must also constitute a structure
open to dialogue where the concrete goals of firms
represent a starting point that is just as important
as scientific discovery. In addition to equal com-
petence on the part of all those involved, such
cooperation requires a capacity for synthesis that
is a particularly valuable factor because the high
degree of specialization of biologists isolates them
from agriculture and breeding.

2. Increasingly, the importance of plant breeding
for the efficiency of the agricultural processing
industries will make variety users full partners of
the breeding firms as regards the orientation and
excecution of work and also its funding. Neverthe-
less, medium-term or long-term programs must be
protected from the enthusiasms and constraints of
current events. Breeding firms, like public research
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bodies, must maintain their freedom to prepare for
the future.

3. The administrative and legal organization of
the sector, which depends on scientific, technical
and economic developments, must guarantee the
following:

— appropriate remuneration that recognizes the
contribution by creators who have worked satis-
factorily;
easy access to varicties for farmers;

— considerable freedom of action for research
workers who are laying the foundations of new
progress, and, in particular, the free use of genes.

It is not easy to reconcile these aims, but the
plant variety protection system has been rather
successful. It constitutes a realistic framework, par-
ticularly for activities in developed countries. The
work of the breeders, that is to say the creation of
the “balanced genetic structures™ constituted by
varieties, is properly recognized, except in cases
where backcrossing or mutation enables slightly
modified versions of a higher variety to be ob-
tained. In this connection, a code of conduct based
on an assessment of the genetic distances should be
studied, differentiating the assessment criteria ac-
cording to whether legal protection or economic
regulations are concerned.

As far as the future is concerned, the system
should be perfected and supplemented. It is neces-
sary to take into consideration new techniques; for
instance genetic engineering, which creates
“bricks™ and not “structures,” should be recog-
nized and remunerated, without however blocking
access to variability, a token for preparing the
future. Progressively, the law will have to be adap-
ted to realities that are still not properly perceived.

This will be made even easier when the “veterans”
of plant breeding, from an agricultural tradition,
and the “new” biotechnologists and biochemists
know each other better. The two groups have very
different habits and experiences!

4. Finally, it is essential not to restrict the debate
to the corporate framework. Plant breeding is a
powerful factor in general development. Over and
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