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ABSTRACT

The great difficulty in plant breeding is to evaluate mother plants and progenies,
for productivity. Because of soil heterogeneity and variation of climatic conditions from
year to year, we are obliged to carry out extensive trials during several years, before reach-
ing a conclusion, and our decisions to continue or exclude progenies each year are based
on inadequate data. Moreover to carry out so extensive trials is expensive and much seed
is required; therefore we try only a small number of progenies, and the probability to en-
counter the outstanding combination of genes, that may exist in the material, with which
we are working, are minimal. Still more important, competition favours aggressive, not
productive, biotypes, and deceives us; instead of selecting for productivity, we select for
aggressivity; the yields of lines or plots are distorted by competition (interference).

The paper discusses the mechanism of plant competition, a very important process,
that is virtually ignored in plant breeding. Living roots excrete toxins; because of that
plants tend to extend their roots, there is a lineal relation between the space occupied by
the roots of a plant and its yield, there is antagonism between aggressivity and produc-
tivity, natural selection favours aggressive biotypes, and instead of selecting for produc-
tivity we select for aggressivity.

The remedy is to carry out our trials in pots, located in the open air, with 1 only
plant in each pot. Competition is excluded, the space occupied by the roots of each plant
is precisely fixed, and selection of both progenies and mother plants is done on a safer
base. Moreover extensive experiments can be carried out with very little seed; and each
mother plant gives sufficient seed, to carry out as extensive experiments, as we want.
Instead of sowing in pots, we may sow in sufficiently distant hills to avoid competition;
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more than 50cm in the case of wheat, more than 1m in that of maize; in the case of trees
we may use relatively small distances, separating plots with ditches sufficiently deep to

avoid the passage of roots.
Both methods have been used in the Institute of Thessaloniki, Greece, and it is with

these methods, that the author has bred, 38290, wheat variety, that was leading in all
Greece, during 20 years.

The application of these methods in different cases, the design and analysis of ex-
periments in hills, ways to avoid competition between plots, the importance of crop phy-
siology for the breeder, the wide adaptation of good varieties, the advantages of carrying
out plant breeding on a world wide basis, the history of plant domestication and breeding,

are also discussed.

I. INTRODUCTION

While the number of plant breeding institutions is great in the world
the apparition of a variety, that is really better, and produces a great impact
in agricultural practice, as it has happened, with the english wheats of 19th
century, those of Farrer, Saunders, Strampelli, Borlaugh, Mentana and 38290
in Greece, the rices of the International Rice Institute, etc., is a rare pheno-
menon, that happens once in many years, in one or another part of the world.
However while breeding for productivity is so difficult, breeding for resistance
to diseases, or quality, is usually successful and rapid.

Several authors have tried to justify such situation, saying that a pla-
teau has been reached; but such opinion has been proved false by the green
revolution. Sheleski (1967) says, that he has visited leading wheat breeders
in the URSS, Sweden, Denmark, Germany, the Netherlands, France, Eng-
land, USA, Canada, and he has been amazed at the variation, that exists
between institutions in methods of breeding for yield. Fasoulas (1983) says,
that plant breeding methodology has virtually remained stagnant since the
middle of 19th century. It is evident, that something is wrong in plant breeding
theory and methodology, and fundamental advances are needed.

In several previous papers (Papadakis 1931a, 1935a, 1935b, 1937¢, 1940,
1981) I have presented the one plant par pot or hill methods, that permit an
efficient and rapid evaluation of both individual plants and progenies. The
object of this communication is to propose further advances in these methods,
and plant breeding methodology as as whole.
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II. THE MECHANISM OF PLANT COMPETITION

NATURAL VERSUS ARTIFICIAL SELECTION

Misunderstanding of the mechanism of plant competition is the chief
cause of present stagnation in plant breeding; 70 years ago Pickering (1917)
has shown, that living roots excrete toxins, that are injurious not only to
neighbour plants, but also to the plant, which secreted them. And such ex-
cretion has been confirmed by the author (Papadakis 1941) with more ad-
vanced methods.

Because of this secretion, in the space occupied by living roots of a
plant, another plant cannot extend its roots; it is a fact of common obser-
vation, that a dense crop is the more sure way to avoid weed invasion. For
the same reason the relation between available space and plant yield is lineal;
if in a square meter instead of 100 plants we have only 10, the yield per plant
is 10 times higher (experiments of the International Rice Institute, annual
report 1964) and experiments with whatever crop all over the world; if in a
bottle with nutritive solution, instead of 1 plant we grow 2 or 3 the yield
per plant is 2 or 3 times lower (Papadakis 1941, 1949); when plants are grown
in containers, the yield increases with the volume of the container (Papadakis
1941, 1949). Some authors (Blackman and Wilson 1951 and others) tried to
explain these facts by competition for light (mutual shading); but after several
decades of almost universal acceptation such theory has been abandonned;
plants compete for soil space, very rarely for light (see fig. 1).

We should take into consideration, that plants cannot hit or kill one
another; the only weapon they have in their struggle for survivance is im-
peding the invasion of their space by the roots of other plants with Pickering
toxins; moreover the leachates of leaves of some plants have analogous effects
(allelopathy). Moreover plants cannot migrate, when the soil in which they
live is exhausted; they live in the same soil during all their life; the same soil
is used by one or another plant during millenia. It is obvious that plants
have the capacity to limit their own growth, with Pickering toxins, etc.

Since the principal weapon, that plants use in their struggle for sur-
vivance, limits their own growth, there is antagonism between aggressivity and
productivity (yield per unit of space). And natural selection selects aggressive
but little producing genotypes (Papadakis 1940a).

This antagonism has been proved experimentally by the author (Papa-
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Fig. 1. Experiment to show, that root competition is much more important than mu-
tual shading. In pots 1 and 3 soil is divided with a partition, that impides root passage.
In pots 1 and 2 an opaque partition impedes mutual shading. Two plants are sown in each

pot, but the left plant is sown earlier. In pots 1 and 3, where root competition is impeded,

the plant sown later grows normally, and after a certain time its size does not differ appre-

ciably from that of the plant sown earlier. In pots 2 and 4 the plant sown later encounters

the soil occupied by the roots of the left plant, and it cannot grow, it often dies; on the

contrary the left plant, having double soil at its disposal grows much better than the left

plant of pots 1 and 3. The partition that impedes mutual shading, does not influence appre-
ciably plant growth. (Papadakis 1977).
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dakis 1937b). We have grown mixed several wheat varieties, and we deter-
mined the increase or decrease of their proportion in the mixture at harvest;
the same varieties were grown not mixed in the same experimental field,
with many repetitions of each one. The experiment has been repeated several
times with different mixtures in the Institute of Thessaloniki and its sub-
stations. Varieties, that sown alone gave the higher yield, have often decreas-
ed in the mixture; and varieties that sown alone gave lower yields have often
dominated in the mixture. Moreover the author (Papadakis 1940) has shown,
that some wheats till abundantly, but many of these tillers do not produce
ears, and yield is low; on the contrary other wheats produce few tillers, but
almost all produce ears, and yield is higher. The first named varieties do not
respond well to fertilizers, while those which tiller little respond better. Early
tillering helps to occupy rapidly soil, and impedes growth of neighbour plants;
it contributes to aggressivity.

Since there is antagonism between aggressivity and productivity, the
opinion, that local species and varieties are preferable, is erroneous; they may
be better adapted to some adversities (diseases, frosts, aluminium, salinity, al-
calinity, etc.); but they usually lack productivity. And in fact the majority
of crops and varieties grown in each country are of foreign origin. Maize,
potato, sunflower, Phaseolus, tomato, etc. are important crops in Europe;
but they are of American origin. Hevea is very important in southeast Asia,
but it has been introduced from Brasil. On the other hand in North and South
America wheat, barley, oats, sugar cane, coffee, the great majority of fruit
and vegetable crops, alfalfa, almost all the grasses and legumes sown in arti-
ficial prairies have been introduced from the old world. Practically all crops
grown in Australia have been introduced from other continents.

And the same happens with varieties. The introduction of English
wheats in France, Germany, etc. has been highly successful in the 19th century,
Marquis, a Canadian wheat, has been successful in United States. Mentana,
created in [taly by Strampelli, gave excellent results in Greece. The wheats
created by Borlaugh in Mexico have produced the “green revolution” in India,
Pakistan, and other countries. The same hybrids of maize, the same varieties
of sugar beet, apple, peach and other fruits and vegetables are grown in many
parts of the world. Almost all the varieties actually grown, in relatively
developed countries have been created with artificial selection. Good varieties
are difficult to obtain, but they have great adaptability.
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I1I. CROP ECOLOGY AND PLANT BREEDING

Another cause of stagnation is that plant breeders are competent in
genetics, many of them in phytopathology, but very few in crop ecology.
There is not doubt, that plant breeding is application of genetics; but we
know still so little about the inheritance of the characters, which determine
plant response to environment and consequently yield, that the breeder
does not apply but elementary principles of plant breeding. The task of the
plant breeder is chiefly ecological. He should first have a clear idea, what
is the type of plant he is aiming at. The introduction in trials of foreign va-
rieties should be preceded by a crop ecologic study of their performance
abroad and probabilities of success in the new environment; trials should be
done under several environments, some of them extreme, and decision should
be based, not only on average yields and their standard deviation from place
to place, as it is usually done, but on an ecological discussion of the results,
including growth observations. Otherwise we risk to exclude varieties that
are valuable, or recommend others that fail in practice.

Successful breeders had all a clear idea or the type of plant, they are
aiming at. The Vilmorins were searching early wheats, resistant to lodging;
Saunders early wheats, than ripen before the arrival of first frosts; Farrer
early wheats, that avoid rusts and drought; Borlaugh dwarf wheats, which
are productive; the International Rice Institute dwarf rices. Breeding for
resistance to diseases and quality is generally successful, because the breeder
has- a concrete target, and efficient methods to test individual plants and
progenies.

The introduction of Canberra and Mentana wheats in Greece has been
preceded by an ecological study (Papadakis 1923); the experiments have
been carried out in several stations; and they permitted me to formulate con-
clusions after 2 years only. I am always recommending to carry out trials
under several, often extreme, environments (Papadakis 1931b). I have even
proposed wheat breeding on an international basis (Papadakis 1931a); Bor-
laugh began such trials in the sixties; the International Rice Institute and
other institutions followed the example later. Moreover since the fifties Bor-
laugh was growing two generations each year, one in the lowlands, and the
other in the highlands, under very different conditions. Successful breeders
were always carrying trials under very different conditions.
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It is true, that the data, on which the breeder should base his decisions
(yields and growth observations during many years in many stations, corres-
ponding climatic and other data, disease resistance and quality tests, etc.)
are so numerous, that their manipulation is difficult and time consuming.
In the Institute of Thessaloniki we were spending more than 15 days each
year with the chiefs of sections and substations, to discuss the results in 14
hours meetings. But now all these data can be stored in a computer, which
gives you instantly the data you need; and the same computer does previously
the stalistical analysis of the data; but the computer should help the breeder,
not decide for him.

IV. BRIEF HISTORY OF PLANT DOMESTICATION AND PLANT BREEDING
CAUSES OF SUCCESS AND FAILURE

Plant domestication is plant breeding. And the primitive man has been
very successful in it. Still now, after more than 6 millenia, mankind obtains
more than 809, of its food, measured in calories, from 5 plants, 3 from the
Old World, wheat, rice and sorghum, and 2 from the Americas, maize and
potato. And they have been selected from more than 200,000 species of plants.
And in more than 6,000 years no other species of such importance has been
added. The great majority of oil, {fruit and vegetable plants have been dome-
sticated at that time.

We have no information how agriculture has been invented, and plant
domestication has been carried out by the primitive man. But the following
version (Papadakis 1960) seems probable. Man has observed, that when
an olive or other useful tree grows isolated, not surrounded by other plants,
yields much better; and he began to kill the plants that were growing near
the useful one; in this way the field, in which stunted olive trees were growing
was transformed to an olive grove. And the same happened with other plants;
agriculture began with weeding, plantation has been invented later. The do-
mestication of cereals may have begun in a slightly different way. Primitive
men were collecting cereal grains, and storing them in their huts; some of
these grains were falling in the soil arround the hut, germinating, and pro-
ducing plants, that because of their isolation were yielding exceptionally
well. Such observation conduced the primitive man to try sowing. But only
the seeds, that by chance were falling in a space not occupied by other plants
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were giving plants; and they were yielding grain only when they were not
surrounded by other plants. He concluded, that before sowing it is necessary
to eliminate all the plants, that occupy the soil; and during growth, it is
also necessary to eliminate all those, that invade it later. Agriculture is a
struggle against undesirable plants. That explains why agriculture has been
born in the deserts, and other regions with scanty vegetation; the struggle
against it is there easier; a desert land without vegetation can be sown without
tillage, when inundated.

I should add, that the primitive man has certainly observed, that a
few plants, when protected from weeds are sufficient to obtain the higher
yield in a certain area; consequently and to economize seed, that was scarse;
he was sowing thinly. But later he observed that a dense sowing defends it-
self better against weeds; he had also more seed at his disposal. So that se-
lection — domestication is selection — was taking place between isolated,
not competing to one another, plants, and it was based on productivity.
While later, when crops were sown more dense, selection, when done, was
between competing plants, and thus distorted by aggressivity. Moreover na-
tural selection within densely sown crops was favouring less productive ge-
notypes. All that explains why the primitive man has been so successful,
and the following generations much less.

In the 19th century a few English agriculturists, encountered wheat
plants, that grown isolated, were very productive; a plant cannot produce
so much unless isolated. They miltiplied these plants, some of them proved
really productive, and the English wheats, that have been so successful
not only in England, but in the continent, have been bred. However these
wheats were lacking aggressivity, and when grown by farmers, who were
not cultivating well their lands, were suffering from weeds, and giving lower
vields than the older varieties.

In the middle of 19th century Louis de Vilmorin introduced selection
according to the quality and characteristics of the progeny. Many breeders,
selecting for quality created superior varieties of sugar beet, vegetables, fruits
and flowers, while the scientific establishment, influenced by the ideas, that
acquired characters are inhetited, and that natural selection produces the
best genotypes for each environment, were abstaining from breeding. It is
characteristic, that while Louis de Vilmorin, in its communication to the
French Academy of Sciences, is saying that he obtained sugar beet with se-
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lection, 60 yeras later outstanding authors were affirming, that the result had
been obtained by growing the plants in a favourable environment.

After the rediscovery or Mendel’s laws or heredity in 1900, crossing
began to be used extensively. But very few breeders, the Vilmorins in Fran-
ce, Farrer in Australia, Saunders in Canada, Strampelli in Italy, Borlaugh in
Mexico, the author in Greece, etc. have obtained varieties, that had a real
impact on agriculture. Excellent results have been obtained in maize with
heterosis. However at the beginning the scientific establishment had not
understood the practical possibilities of the method. And it is Wallace, a
practical man, who introduced it in practice. Now the method is also applied
in other species.

V. EXPERIMENTS IN POTS, THE ONE PLANT PER POT METHOD

The great difficulty in plant breeding is to evaluate individual plants,
progenies, etc. for productivity. We have efficient methods to evaluate re-
sistance to several diseases and quality of many crops; and breeding for
them has given phenomenal and rapid results. But we have not efficient
methods to evaluate productivity. Because of soil heterogeneity each treat-
ment should be repeated several times in each experimental field. Moreover
competition between border lines of plots obliges to use plots several meters
wide. And because of the variation of soil and climatic conditions from land
to land, and in the same land from year to year, the experiment should be
repeated in many places, during many years. Therefore the number of ge-
notypes that can be tested is very limited. Moreover to test a genotype we
need many kilos of seed.

To overcome these difficulties I decided in the Institute of Thessaloniki to
complement field experiments with experiments in pots. And since 1929 we
were carrying out experiments in more than 10,000 containers (see fig. 2 and 3).

Pot experiments have many advantages. There is not competition between
pots, and relative yields are not distorted. We can do in the same place ex-
periments with very little seed under very different conditions. In the In-
stitute of Thessaloniki each variety, etc. was sown in shallow (40cm), deep
(80cm), fertilized, no fertilized, early sown, late sown pots, filled with 3 different
soils; and the ecological discussion of the results obtained under so varied
conditions was permitting to detect rapidly the best varieties, progentes, etc.
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g. 2. Pot experiments in the Institute of Plant Breeding
of Thessaloniki, Greece (Papadakis 1935a).

Fig. 3. Buried in soil pots in the Institute of Plant Breeding of Thessaloniki,
Greece (Papadakis 1935a).
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The results proved, that while the classification of varieties according
to their yield varies considerably from year to year, and many years are ne-
cessary to reach a conclusion, such classification was varying little in pots
from year to year (see fig. 4). Moreover (Papadakis 1935a) it is risky to base
decisions on one only year field experiments, as the breeder is obliged to
do, selecting or discarding progenies, etc.; the correlation between the relative
yvields of wheat varieties in 1 year (3 sowings) experiments in the field and 5
years experiments in the same field was only 0.714 in our experiments, va-
rying from 0.283 to 0.874. On the contrary the correlation between 1 year
experiments in pots (factorial 2 dates of sowing, humid-dry, shallow-deep)
and 5 years experiments in the field was 0.968, varying from 0.730 to 0.999:
therefore it is much safer to base decisions on 1 year pot experiments; all the
correlations mentioned are positive. However one variety, 3491, gave repeated-
ly lower relative yields in pots; but this variety is aggressive, when mixed
with other varieties, it dominates in the mixture (Papadakis 1937b), and
may be favoured by competition between border lines in plot experiments;
moreover it is susceptible to frosts and the pots were not buried.

Soil day temperatures are higher in not buried pots, and may be they
should not be used for crops growing in summer. They consume more water;
even “dry” pots were receiving some irrigation. Irrigation was regulated to
maintain pot weight constant at two levels, one for dry and the other for
humid pots. Periodically some pots of each category were weighted; in the
meantime irrigations were decided taking into consideration tank evaporation;
but all irrigations were giving the same quantity or water; it is their frequency
that was regulated.

Roots can grow out of the bottom, penetrate in soil, and increase space
and yield; that is why pots with no perforated bottom are preferable. Pots
are placed in open air, and may receive too much rain in humid climates;
to avoid that they may have a cover with a hole for the passage of stems.

At the beginning we were using pot esperiments to try varieties and
promising progenies. But since 1934 we were also using them for the selestion
of individual plants; each pot was sown with 2 seeds, and after germination 1
only plant is left.

Concerning size, the diameter was 12 - 25cm.; big pots with 1 plant
give much seed, and this is a serious advantage; error per pot is also lower;
but they are more expensive. In the case of maize, bigger pots are used.
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Fig. 4. Relative yields of wheat varieties in pot and 2m wide plots experiments. In the long
run (mean Field, mean Pots) the varieties are classified in the same way. But classification
according to field experiments varies enormously from year to year, making unsafe the
decisions that the breeder is obliged to take each year. On the contrary in pots the classi-
fication of varieties varies less from year to year, and the risk to take a wrong decision is less.
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In spite of their advantages we do not preconize (Papadakis 1935a)
the abandonment of plot trials. As soon as we have sufficient seed, we comple-
ment pot trials with plot trials.

VI. THE ONE PLANT PER HILL METHOD

As stated in [1, the yield of a plant increases lineally with the space
occupied by its roots. In a field such space varies enormously from plant
to plant for accidental causes. Moreover aggressive genotypes robe space to
their neighbours. So that when we select a plant in a field the probability
to select a productive genotype is minimal.

For the same reason the space between two rows is not equally shared
between them. This fact is long ago known by plant breeders, and it has been
called “interference”; it distorts the results of the experiments in rows or not
sufficiently wide plots, making selection for productivity very difficult.

Moreover soil heterogeneity obliges to use many repetitions. But many
repetitions of wide plots require much seed. Selection for productivity is
postergated; in the mean time the segregating population is grown with
small distances between plants, and competition eliminates the productive
genotypes. Moreover few genotypes can be included in plot experiments in
several places with many repetitions in each one. And the probability to en-
counter a productive genotype is minimal.

To overcome these difficulties I introduced in the Institute of Thessa-
loniki the 1 plant per hill method (Papadakis 1935b, 1937¢). The distance
between plants was 50cm in the case of wheat. Yield per ha was 2.3 to 7.5
times lower than with usual sowing; that shows, that hills were far from using
all available space, and competition between plants was minimal, if any;
2 - 3 seeds were sown per hill, but 1 plant was left; weeds were carefully con-
trolled. Ten to twenty thousand hills were sown each year in the Institute
and its substations. Standard deviation of the yields of the same genotype
from hill to hill varied from 409, to 1019, average 719,, while in the case
of plots, in the same soil, it varied from 259, to 809,, average 279,; so that
to have equal precision we need 1.6 to 41.0 times more repetitions in hills
than in 2.00 x 12.50m plots (Papadakis 1937¢). But 300 or more times less
seed is required.

Experiments in the same soils (Papadakis 1935b, 1937¢) have shown,
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good agreement between experiments in hills and in plots 2m wide, in the
classification of varieties according to their yield. But wheat hills are more
attacked by frosts and Puccinia graminis; they produce much more tillers
and ripen later; soil between hills is moister; that favours some varieties at
expenses of others; it seems that varieties, that tiller abundantly take better
advantage of abundant space. Kiesselbach et al (1917) have observed, that
plump seed is preferable, when sowing thinly. For all these reasons we cannot
replace plot experiments with hill experiments; as soon as we have sufficient
seed of a promising progeny, we include it in plot trials with sufficiently wide
plots, continuing those in pots and hills. But selection of individual plants
and progenies, that we cannot yet include in plot trials, should be done with
the 1 plant per pot or hill method, which also ensures rapid multiplication;
selected hills give more than thousand seeds.

In the case of maize the distance between hills should be 1m. or more,
In the case of trees instead of increasing the distance it is preferable to delimit
the space occupied by each tree, with ditches sufficiently deep to avoid the
passage of roots; in this way competition is excluded, and small distances
between trees can be used. Naturally what is essential is to exclude competi-
tion; distances between hills of 15cm, that some authors have tried, are ob-
viously insufficient, even in the case of wheat.

VII. DESIGN AND ANALYSIS OF 1 PLANT PER HILL TRIALS

In the Institute of Thessaloniki I was using a square design. In the se-
venties Fasoulas introduced the honeycomb (hexagon) design. For reasons
of convenience a systematic distribution is usually adopted, but the repetitions
of each progeny should be well distributed in all the field; and the 4 or 6 hills
that are adjacent to each hill are sown with seeds of 4 or 6 different progenies.
Since the object of the trial is not only to select progenies, but also individuals
(hills) within each progeny, it is essential to determine as precisely as possible
the yield of each hill, adjusted for soil heterogeneity. To obtain that the
yield of each hill is adjusted on the basis of presumed productivity of the
4 or 6 adjacent hills (Papadakis 1937a, 1940, 1970, 1984). If y is the yield
of a hill, and y the average yield of the progeny sown in it, in all the field,
d=y—y is an index of productivity of each hill; and the yield of each hill
is adjusted, by substracting the average d of the 4 or 6 adjacent hills. Adjust-
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ment is reiterated 2 or 3 times. Gaps and abnormal hills are determined, but
the number of gaps should not exceed 109, of the number of hills, because
it is also due to genetic differences between hills of the same progeny.

The analysis is naturally time consuming. Moreover observations are
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Fig. 5. Plant breeding experiments in hills; 20 varieties with 20 repetitions
(Papadakis 1935b).

taken during growth; the same progenies are tried in pots, and eventually
plots, in several places; there are also the results of previous years, tests of
resistance, quality, etc. To take into consideration all that is time consuming
and troublesome. But now it is sufficient to feed the computer with the data,

17
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it does the analysis and gives you immediately all the information on each
progeny, variety, etc.

Since each selected plant gives usually more than thousand seeds, the
number of repetitions, which varies from progeny to progeny, is very great,
more than 25, sometimes more than 100.

VIII. RESULTS OBTAINED WITH THESE METHODS

With the 1 plant per pot and hill methods we have selected in the In-
stitute of Thessaloniki the wheat 38290; the cross, Rieti x Quality, has been
done in 1934; it entered seed production in 1942; but because of the war and
civil war its multiplication was slow until 1950; it was giving so high yields,
that during 20 years it was sown in more than half of the area sown with
wheat in Greece.

After my emigration from Greece, in 1946, pot and hill experiments
have been discontinued. But the Institute has not created any other wheat,
whose impact on Greek agriculture has been analogous to that of Mentana,
or 38290.

IX. APPLICATIONS

Introduction of foreign varieties, hybrids, etc. After a study of the results
given in foreign environments, and a discussion of the probabilities of success
in the country, the variety is included in pot and hill experiments; the most
promising varieties are also immediately included in plot trials; and the eco-
logical discussion of all these data permits to decide, or not, the introduction.
Good varieties, hybrids, etc. have wide adaptability; so that the breeder
should be always aware of what is happening in foreign countries, more
especially those with similar climate. For the same reason breeding for the
world is advisable it has also the advantage, that in this way we have two
generations per year.

Selection in autogamous populations. The 1 plant per pot or hill methods
permit to select more efficiently individual plants, and test more rapidly their
progenies.

Selection after cross. The seed produced by F; is sown in numerous pots
and hills; the best are selected, and the seed of each one of them is included
in pot and hill trials. The best progenies are selected, and within them the
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best pots or hills; but exceptional pots or hills belonging to inferior progenies
are also selected. And so on the following years.

This method is chiefly used in self-pollinated species. In cross-pollinated
crops the individual plants we select have already been crossed with other
plants, and give a genetically heterogeneous progeny. To overcome the diffi-
culty we may self-fertilize the selected plants; but self-fertilization should
often be done before harvest, when we do not yet know the yield of the
plant; moreover the operation may modify the yield of the plant. So that in
many cases selection of individual plants cannot be accurate; trials are chiefly
done to evaluate progenies.

However the selection of plants, that open pollinated give a high yielding
progeny, gives often good results. And we may combine the two methods.
We omit self-fertilization during the first years of selection; then we self-
fertilize the plants we select; and finally, when the object of selection is to
maintain the productivity of the population, we continue the selection,
without self fertilizing the individual plants we select. The same methods
can be used to improve populations of cross-pollinated crops.

Testing combinating ability. Each combination is sown in numerous pots
and hills; and the combining ability is evaluated. Well known hybrids are
included in the trials.

Mixtures of pure lines. Theoretically a mixture is less exposed to a fortui-
tous adversity than a pure line; and it may be advisable to grow populations
However in my experiments (Papadakis 1947b) the mixtures used have al-
ways given lower yields than the average yield of the varieties mixed, sown
separately. Moreover natural selection may reduce gradually the productivity
of the mixture. We owe test sufficiently the mixture, before recommending
it; grow separately each pure line, and prepare with them the certified seed.

Maintaining the productivity of populations. Natural selection increases
aggressivity and reduces productivity. We may avoid that by selecting the
best plants and progenies with the 1 plant per pot or hill methods.

Selection in plants with asexual reproduction. Each clone is sown in many
pots and /or hills; the best plants are selected. In the case of big plants the
hills should be separated with sufficiently deep ditches, to avoid the passage
of roots.
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X. WARNING

The number of combinations, that may result from a cross, or exist
in a population of a cross-pollinated species, is enormous; and to encounter
the best of them is very difficult; we should try a number of progenies as
great as possible. And to carry out so extensive trials a numerous lower per-
sonnel is necessary. In the Institute of Thessaloniki the scientific staff were
few in number, but the lower staff were very numerous.

However many plant breeding institutions resemble armies, with suffi-
cient officers, but very few soldiers. And an army cannot win the war, without
soldiers.

XI. PLOT SEPARATION

To reduce competition (interference) between plots their operative width
should not be less than 2m. To facilitate operations and avoid mistakes, border
lines (those whose grain is not included in the yield of the plot) are separated
from “operative” lines with a relatively wide corridor (30cm, when the dis-
tance between operative lines is 17cm, se fig. 6). Sowing can be done me-
chanically.

IMIEPIAHYH

TEAEIOIIOIHZEIEX XTH ME®OAOAOTTA KAAAITEPEYZEQY OYTQN

‘H peyahidtepn duoxoria 6ty xahhiTépeuom T6Y QUTGY elvar 1) GELoAGYNOY T@Y
PUTEV-PUNTéPLY %l TBY dmoybvwy Twy (progenies), dmd drdYens TaprywYLXOTYTOS.
"Enedh 70 #agog clvor dvoporbuopeo, xal ol xhuatikds ocuvbijxec Srapépouv amo

7 4 A ’ b e / \ / 3 / \ 3 \ \
1p6vo G& ypdvo, cipeho dmoypewuévor va xdvovpe Extetauéves Soxiuds Eml TOAAX
’ \ 2 \ 4. \ (3 > A \ 7 ’
Lpbvia, melv xatalhEovpe ot cuumepaopata. Kal ol dmopdosig, mod malpvope xdbe
-« 14 \ A -\ 3. /I Gis S \ A b A 3 4 ’ A
1p6vo, Vo SratnpNicope 7 dmopaxpdvope amwo Ty émhoyy oixoyéveies, Baoiletar ot

> ~ > 4 3 \ 4 € p] 14 14 3 £, 2
avemtaon’ dedopéve. “Eml mhéov # Extéleoyn, 1660 ExTETAUEVOV TELPALATLV Elval
Samavne, xal yperdletar ToAbg omdpoc. [Ma Tobg Abyous adtodg Soxiudlope wixpd
apuOud olxoyeverdv (progenies) xal 7 mbavétnra va Bpolpe Tov EEaipeTind ouv-
Svaspd yovidlwy, mod pmopel va dmdpyel otd HAwxd pé To 6moto Epyalbucha, elvar
3 ! 3 14 / 4 \ > ~ S 9 A 3 \ X
haylomy. “Axnbdpy emovdarbtepo, 6 GuvaywVLopog edvoet Ta EmbeTind, dAAG pi) Tapa-

voyme Botuma. Kol gvrl ve Swdéyovpe o mod mopaywyixa Swdéyope To O
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¢mbetind. Of dmodboeig TGV Yeapudy xal Tepayiny Suotpefhdvovrar Ernione &mo
76 cuvayoviopd (interference).

Iy dvaxolvwoyn culnteitoar 6 pnyaviowds oD dvtaywviopol petad QuTdY
gva Qauvbpevo peydhng onpactag, mod oyeddv dyvoeitar 6TV xohAitépeusy TV
putdv. Of Lovraveg ptlec Exxpivouy tobives. Tk 16 Adyo adtd T& qura Exovv Tiv
Taon v& Emexteivouy O plixd Toug oo xal OmdpysL ypapuixy oyéon uepagd
70D ydpov Tod xatéyouv of pileg Evdg QuTol xal Tig dmédoche Tou. Ik Tov idro
Abyo Omapyet dvrtaywviouds petald EmbetinéTog ol mapaywybdtyros. ‘H qu-
ol Swhoyh edvoel Ta dmberina BroTuma, xal dvri YLk TopayYxbTYTH, SLaAé-
yope ik émbetivdrnTo.

‘H Mon elvar v& xdvope tig Sowipés pag ot doyeix, tomobetnuéva 616 Hmo-
Bpo, pt éva pbévo Qutd xaTe Soycio. ME Tov Tpémo adTd dmoxhetope TO GuVAYLVLGUS,
6 y@pog mob xatéyouy of ptleg ndbe purod xafopilertar ue dxpiBeia, xal % Emhoyy
PUTEY pTépwv xal olxoyeveidv (progenies) Bactletar 6t dogaréotepa dedopéva.
"Ernl mAéov pmopolue va xdvovpe Extetapéva melpapato (i mohd Alyo omopo. Kabe
PuTd-unTéoa dlver dpxetd ombpo, Yid Vi xavope EAa Tk TEerpdpara oL BElope.

*Avti v& omeipope ot Soyeio umopolpe va omelpope of Bpyoug ué tétoln &mo-
oTaoY &md QuTO o QuTd, BoTe V& dmogedyeTar & cuVAYWVIGUOS: TEPLEGGTERO &TO
50 éx. y1& T ouTdpr, TepLoabdTERO dmd 1 p. yik TOV dpaPborro. IMia T Sévdpa ol dmo-
oTdoelg umopoty v elvar wixpée, ywptlovrag ta Tepdyto wé yavrakia doxeta Bubua
dote va amoxAeletar 0 mpaspo T@V pLlav.

Kal of dud péBodor yenorpomornByxay 616 *Ivetitotito Kadhrepedoews Dutdv
Ocooahovinng xal ut adtéc Snuiovpyfoape 1o otapr 38290, ol elye Téon Emruyia
xol Hrav 7 xeditepy moukihie éml 20 ypdvia.

Sty dvaxolvwen cuinteitar éntone % dpappoyn adtdy Tév webddwy of dix-
(OpEE TEPIMTMGELS 6 oYEdLaode Xl GvdAuGY TV TetpaudTwy 6¢ Bpyoug, TROTOL Vo
Gogedyoupe TOV GUVAYWILGWY BTay TO TelpduaTta Yivovton 6 Tepdyix, i onpacio
tie Yewpywiic olxohoyiag (crop physiology) yik tév xedhirepeuty) (breeder), 7
edpelo TposXPUOYY TEY XAAGY TOLIALGY, T& TASovEXTLATO V& YiveTar T %ahhiTé-
pcuan ot mayxdopia Bhoy, ¥ totopta Tol EEevyeviouol TEY xaAhepYOLREVLY QUTEY

%ol THe xaAMTEpEdoE®G TWV, XAT.
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Mera t0 Téhog THg avexowvmeeng, 6  Axadnuaixog x. 1. Eavlaxng AxpBdver

A 4 ) ~ s E¥s
Tov Abyo xal mopatnpel Ta EETc:

Nop.tlw 811 0 mwpdPrnuo wod meémer va e dmacyohel d&v elvar 660 7 ab-
Enon the mapayoyfic 660 f Bedtiwen i modtnTos. ‘O xadhepynoipos Y&eog
i yOpac pag elvar meplopiapévos xal Gg Ex tovtou Oéter Eva Bpro otV mapx-
yowyl mob dtv pig émitpénel vo cuvaywvisholuey pg Tov mapdyovta adtd dAAeg
peyahbrepes ybpeg amd wpic, Iradie, DaaMe, ‘Tomavia, KaAupbowia xdw. Méypr
Tpd dAywy Ty elyope Evae mAcovEXTUY EVaVTL TGV AOLTTEY YWY, THY TwinéTnT
T&Y mpoidvtwy 6t Gpropéva eldn. ‘O mapdyov adtoc dpwg EEéhme pud THy Eyratd-
otacn TéY moxihwv Oeppoxnminv, cLVET®E Mg AVTAYWYLETIXOG TapdYWY YL&k WES
Tapapéver Lévov 7 woLbTng &md dmédens Eugavicens xal xuping yedoewe. To mpéito
3&v elva Sboxoro va 6 Gmoxthcope 6 debrepo O& dmaitiioe iSaitepy, Qpovrida.
Xperdlovrar Aemropepeic xal €xtetapéves €psuves Yix THV axpuBi yvoen TéHV
rohepyoLnmy E8ugdv (Edaporoyin) xabheg xal Tév mowilwv *Apatoloyixév
owlnxéy. ‘H “Eddg, xdpie Ilpdedpe, dmd iy &mody uixpoxhpatoroylas elve
otV mpaypaTikdTyTe ToAAEs ‘EAhddee, mpémer va T0 yvwpilope wohd, yik vo Emi-

Thyope THY dmontoduevn Pehtiwon T@Y TEOIGYVTKDY TNS.

"Emeta 6 *Axadquaindg x. Ogmotokiiis Avavveridng cvuuminpdver, Aéyov-

Tag T EEFG:

‘H pebodoroyia mod Epappbcate, %. Ilamaddnyn, vy tiv xehhitépeuon QuUTGY
gmd Tob 1929, Swx t& ovtned elye EoupeTind dmoteréopata, iSaitepa oty Tapo-
yoy ovtnedy oty ‘EMdda. Ztd wed tob 1939 ypbvier adlnbyxe ) mapaywyy of-
Tov, 7 6mola fray Emhg, Gote v& dmepxatupboly of dvdyxes g ywpas. Al ué-
BodoL mod Epappboare meploplobnxay wévov ot Quik peydhng xahlepyelag, bmog
6 oltog, % énckerdOnray xal of Qurk Gyt peydhne xohhepysiag GAA peydAng on-
naotog xol déiag;

Eic t& AeyBévra Hmo Tob %. EavBaxy, 0& mposhécw, btu Oepehmdn onuacia
Yik THY ToLbTYTX TEY YewpYidy %ol devdpoxopixdy Teoibvtev Exet N HrepBoluy
LENOY YNUHEBY NTaoRATOY, Gxdun OE %l T& YENOLLOTOLODUEVE PUTOPLOUIXA.

Etxora 70 Sramiotdiver %avel dmd Thv petovextolox YELGY @podT®Y.
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*Amdvtnon tob x. “Toavvov Harnadaxn otov x. Toavvny EavBixn

‘H avaxotvwon dvapépetar otig pebbédovs dbroroyioens @utdy wntépwy %l
olxoyevel@dv amd dmbdene amodbcews. To Thmmua Tig morbtyrog Eyer BéRotor peyt-
oty onpacie. Kol # xedhitépevon 16v Qutdy dmd dmddews molbTyrog elvar oyett-
*G¢ ebnohy xal yphyopy, 6tav bmdpyouv wébodor, wod Emitpémouy va dEroroynbel
YeNyopo peydhog dptbudg putév xal oixoyeverdyv. IMapdderypa 7 Snuioveyia La-
$xpoTebTAwY xal Loyopoxaddupov pé peydhn meprextixdrnra 6t Lhyapy, MAudvBou
ué peydhyn meptentindTnT 68 AdSL, WAT., PpodTOY xal Adyavik®v ué ToAd Gpale
mapouste, avBéwy ToAd Gpatwv, ¥Am. AN 6 x. Eavddxne Evwoel aopahdlc Tooyo -
Y] Bedtlwan, and ambdews yebong nal Hytewiig. Tyetixd ut adtd OTEpyOUY UeYd-
Aeg Suoxohieg. Adv Eépoupe dndun ot Tl dpethetar N xahh) yebom, xal 3&v Eyoue webo-
Saug, mob Emtpémouy va dEtoloyncoue Ypyop® TOAA QuTe xal oixoyéveres. Xwplg
adTd f xaAMTéPeusy) &V UTOPEl V& TROYWENGEL.

YANV Suoxoria elvar, 6t yid va mapadeyfel 6 mapaywyds pid moukAia wod
Biver xahMizepn morbTnTa, dAA& TV IS ¥ pixpdrepy dmdSooy dmd Exelvn mob xah-
Aepyet, mpémer 1) Ty wob TAnedveTar 6TOV Tapaywyd V& clvar alobyTée dvdrTepy.
T 2umbpro tig véeg mowiMeg Tig Thmpdver oTiy dpyd @Bnvérepa, Ewg Btou Tig
ouvnbicer 6 ratavarwthg. Evdiapépetar mepioobrepo Yo TV Tapousia, TV &vTo-
¥ otlg petagopés, T Swathenoyn ot Yuyeio xAw. Kal &n’ adth wiv &modn Eyway
ueyahes mpbodor 67Y Xmpo pog.

Ta ppobta xal Aayaviek mod Ppioxope onupepx, clvon md edTapOVGiaGTR, TLO
ohpupwve pé Td edpwmaixd yolota, 4md mpiv. “lowg ot bpiouéves mepLTTMOELS VA
elvon Mybrepo véotipa. Adtd mpémer va Epeuvnbetl, xal Téte Ok clvan Suvartov va
dropbwbet.

“Omnwg elme 6 x. BavBdung,  morbtyra EEapriitar oM &m Tig XALATIXEG ol
Edapohoyines ouvbijnes, elvar moAAEe Qopic CAmnua pixpoxAiparoc, wixpomeptBah-
rovrog (land type). To 8io dAhworte cuuBaivel pd Ty ambdooy. Tk w6 Abyo adTo
7 olxohoyueh peréty e Xdpag, put v xhacowy #wvorr Tob Epouv «oixoloyln,
elva. woAd omovdaie. Tty dvaxoives? wou g 17mg “Tavovapiov, «Td I'ewpyuxd
KMp.oc e ‘EMdSog», Ewoa Tig whpatinés mapapétooug 97 ENvixéy otabpdyv,
ué pebbdoug mob émitpémouy T olyxplon ut yihddes otabuovs dmd Ehov ToV xbouo.
Mg iy Bhoyn adty xol AapBdvovrag O’ &Y Tic Sixpopts HYouérpon, TEOGAVATO-
Aarpol, GvayAdQou, xal THY (GUUTEPLPOPAY TGV xahAepYet@®y, 8yl wovdyx exetvng
mob udg vdapépet A& Ehwv, wmopobue V& yapaxTnpicovpe 6moLodnToTE ENAYVLXD

wixporhipe. Thd T 83don mpémer va onueidoovpe BT yden oTic douddieg LTMpE-
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oteg xal 70 "Ivotitolto «Nuxéraog Kavehrémovhoon, Eyope ohuecpn doxetd orouysio.

Kai ¢ pua dvaxoivwer, mod 0 xdpo meoseyde, 0 Sdow o Baoiwd yapuxty-
pLoTixa T@GY ENvix@V Edapdv. ME i Bdoewg adrig pumopolyue va yapaxtmpicoue
ixavomoTind T& wixponepBaiiovra (land type). Kol of tomixdc Smmpesiec Oa

~ . \ A 3 4
uTopoly va Ta pehethoouy pé dxpifete.

"Aravrnon ol x. Twdvvov IManadakn otov x. Ogpiotoxhii Aravvedridn

Tic pebbdoug doysimv xal dpywv tic épdppoca 66 otdpr, xal &Ahe wixpd
ortnea (xpfdor, Bedun). AN dnd 10 mepimov Etdv 6 xabnynthg Pasodrag Tic
Spappbler oo xahapmon., Layxpbrevthro, BapBdnt, xAm. Aot "Elknveg »al Zévor,
i Epdppooay Eoydrwg ot dAha gutd. Ik peydha guta yperdlovrar BéBona peyx-
Mtepa Soyeia, 50 éx. Skpetpo .. Y& 1O wahapméur. Kal peyahdrepes dmoord-
oeig petald Gpywv, 120 éxatosta m.y. Yk TO weAapmwéxL.

[Tpoxerpévou yia 8évdpa Soyeta e Srdpetpo 1 9 AMywv pérpwv elvar, patvetas,

3 ’

apxeta. [lapovoidfouv T6 mAeovéxtmua 8t Emraydvetan ) xapmogopia. Emioyc
¢ 9. A \ Lol A . ’ - ! h \ L

ol dmootdoel; petalld dévdpwv umopel vo elvon wixpbrepes dmd Tig ouvnliouévec.
TAN 6 E8aqurdg yBpog, mod xatahapBavouy of ptleg xdle SévSpou (Bpyor) mpémel
va 6pofetelran we dxpifetor, ud yovrdwio doxeta Pabix, dorte va piv mepvolv of
L

pilec.

"Onwg elme 6 x. AwxvedAidng, moAol Smoatnpilovy, 8t T& Mmdopare xol
Bnitepa T0 &lwro, adddvouy piv Tl dmodboerg, dMk BmoPiBdlovy THV TobTyTa
(Yebon xvplwsg). AMNNa érmws elma, d&v Eépope dxbun ot ti dpeihetar % motbTyra
nal 8&v Eyope pebodovg dErodoyficemg &’ adty v dmodm. Xperdletar mOMAY

Eoeuvar, yix ve: dolpe mplta mpdTa TL quuBatver.
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