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The effectiveness of early generation selection for yield and

yield stability and the possible identification of superior parental

combinations were studied in winter wheat populations representing

different levels of genetic diversity. Experimental material for

evaluating yield stability consisted of nine bulk and seven modified

bulk populations derived from nine parental combinations which

represented the F8, F9, and F10 generations. The F9 and F10

generations of nine bulk, nine modified bulk and two modified pedi-

gree populations along with the respective parental populations were

studied to determine the relationship of yield to genetic diversity.

Linear regression of the mean yield of individual entries on



the mean yield of all entries for each year was used to describe

yield stability. Grain yield differences among populations and

crosses were analyzed by a functional analysis of variance.

The modified bulk populations were found to be superior to

their respective parents in yield and to the bulk populations in yield

and yield stability. The modified pedigree populations had the

highest yield of all populations measured. It was concluded that

populations with high genetic diversity not only do not produce the

highest yield but may not provide the greatest stability of yield.

Selection for grain yield in the F4 generation was effective

in identifying superior segregates. It was also possible to develop

populations which had more yield stability.

The highest yielding progeny were obtained from crosses

between the medium yielding parents rather than between the highest

yielding parents. This suggested that parental performance was of

limited value in predicting the yielding ability of their resulting

progeny. Therefore, selection for suitable parental combinations

could not be based on their individual performance in the present

study.

It appeared that genetic factors for adaptability are as im-

portant as the level of genetic diversity in determining yield

stability. A breeding system that allows the breeder to identify and

incorporate genetic factors for adaptability and still maintain some



genetic diversity in a new variety is suggested. Such a breeding

system would prolong the length of time a variety could remain in

commercial production and would allow such a variety to be grown

over a more extensive range of environments.
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EVALUATION OF THREE METHODS OF SELECTION IN
RELATION TO YIELD AND YIELD STABILIT-Y IN WINTER WHEAT

(Triticum aestivum Viii. , Host)

INTRODUCTION

The goal in wheat breeding is to develop superior varieties

with increased grain yield. In the past increased yields have

resulted, for the most part, from developing varieties which were

resistant to various diseases or other limiting factors rather than

breeding for increased yield per se. Since yielding ability of the

plant is a quantitatively inherited trait and susceptible to environ-

mental changes, it has been difficult to select high yielding lines

which also have adaptability.

Breeding methods used in wheat improvement have resulted

in varieties which are highly uniform and which maximize immediate

fitness to a specific environment. Such varieties have frequently

lacked sufficient genetic diversity to respond to long term changes

in environments which have limited the length of time they are in

commercial production and restricted the area of production. In

other words, these breeding methods have led to the conflict between

adaptation (fitness to a given environment) and adaptability (capacity

for change in fitness in response to variable environments).

It would be desirable to develop a variety which would give

a maximum yield at a specific location and still maintain a high



degree of yield stability under a wide range of environmental

conditions. To achieve this goal, it is necessary to develop an

efficient method of selecting genotypes for grain yield and yield

stability in early generations.

The objectives of the present study were to (1) evaluate three

methods of selection in terms of yield and yield stability for popula-

tion which have distinctly different levels of genetic diversity, (2) to

determine the effectiveness of early generations selection for quanti-

tatively inherited traits such as grain yield and (3) to obtain informa-

tion regarding the selection of parents which when hybridized will

give a maximum number of high yielding segregates.
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LITERATURE REVIEW

A. Genetic Variability in Self-Pollinated Species

Genetic variability is the basis of plant and animal improvement.

In crop species, self- and cross-pollinated varieties differ in the

way their genetic variability is distributed, the former being composed

of a single or a collection of homozygous lines whereas the latter

represents a population of different heterozygous individuals

(Simmonds, 1962).

Johannsen's experiment (1959) with a self-pollinated species

led him to formulate the "pure line" theory which states that

selection is effective only in genetically variable populations.

Selection within homozygous or pure lines is not effective since the

individuals of the population have exactly the same genotype and

therefore the observed phenotypic variation is due only to environ-

mental factors. He concluded that in order to make progress,

populations under selection must be genetically variable.

In self-pollinated crops such as wheat, selfing and selection

are considered to be the main factors which result in populations

becoming nearly homozygous (Allard, 1960). Self-pollination

decreases heterozygosity by approximately one-half each segregating

generation until homozygosity is reached while artificial or natural

selection shifts the population in favor of the more adapted genotypes
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at the expense of the less adapted individuals.

In addition, advanced agricultural technology in cereal breeding

has resulted in high yielding wheat varieties being developed which

represent a high degree of uniformity. In doing so, it has been

necessary to sacrifice the genetic variability needed for adjustment to

environmental changes. Simmonds (1962) and Allard and Hanshe

(1964) suggested that as a result of this condition, many plant

breeding programs are genetically too narrowly based to provide

optimal rate of improvement, i. e. many plant breeders are dealing

with plateaued populations.

Recently, work was conducted which indicated that there might

be more genetic variation in self-pollinated species and suggested

that perhaps Johannsen's results with different populations of garden

beans was a special and very rare situation. Allard and Golden

(cited by Allard, Jain and Workman, 1968) conducted an experiment

which was analogous to the work of Johannsen. In this study seed

weight was determined for 100 plants from a lot of foundation seed

of red kidney beans obtained from the California Crop Improvement

Association. Twenty families were established on the basis of this

characteristic. Selection was practiced within families for small

and large seed for four generations. A significant response to

selection within each of the 20 families was noted. In contrast to

the findings of Johannsen, they concluded that genetic variability
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existed within the families. It was suggested that genetic variation

may have resulted from outcrossing which in the red kidney bean

has been reported to be between one and five percent.

Jain and Allard (1960) investigated a second possible source of

genetic variability and that was the level of heterozygosity main-

tained in segregating generations of a base population composed of

F
1

seed from 31 varieties of barley. The adaptive significance of

heterozygotes in the storage and release of genetic diversity was

studied. It was observed that plants heterozygous at a number of

marker loci within the population did not decrease at the rate

expected under the observed levels of selfing and outcrossing. The

maintenance of genetic variability in the population appeared to

depend not only on a low rate of outcrossing (1%) among the diverse

genotypes contained within the population, but also on a substantial

heterozygote advantage which prolonged the period over which segre-

gation could take place.

Additional evidence indicating that genetic flexibility is main-

tained in the population of self-pollinated crops can be noted from

the work of Harding, Allard and Smeltzer (1966) in lima beans.

Experimental materials consisted of heterozygous progeny and two

parental inbred lines which were distinguishable by seed coat

pattern (S/s locus). The experiment was designed to test the

hypothesis that the fitness (selective values) of heterozygotes (Ss)
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increases as inbreeding causes their frequency to decrease in the

population, i. e. selective values of the heterozygous genotype are

dependent on its frequency in the population. Data were obtained

in the F13 and F14 generations. There was a significant negative

correlation between the frequency of heterozygotes and their

selective value. The selective value of heterozygotes (Ss) increased

as their frequency in the population decreased. They concluded that

this type of frequency-dependent selection could be a powerful force

in maintaining the genetic variability in an inbreeding population.

Therefore, it would appear that there may be more genetic

variability present in so called "pure lines" than previously thought.

Such genetic variability could play an important role in terms of

populations adjusting to changes in environment.

B. Genetic Variability in Relation to Adaptability in Self-Pollinated

Varieties.

Populations with high genetic diversity usually tend to be low in

their immediate fitness to a specific location. It is not possible for

all genotypes of a heterogeneous population to be optimally fit to a

given set of environmental conditions; therefore, it is generally

assumed that success in improving the fitness of a population to a

specific environment requires the reduction of genetic diversity

and hence the reduction in adaptability (capacity for change in
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fitness in response to variable environments) (Simmonds, 1962;

Allard and Hanshe, 1964).

Finlay and Wilkinson (1963) pointed out that plant breeders are

aware of important genotypic differences in adaptability among plant

varieties, but they have been unable to exploit them fully in their

breeding programs. This is due largely to complexities of measuring

environmental influences on plant development. Allard and Bradshaw

(1964) have divided the environmental variation into two types,

namely predictable and unpredictable. The latter contains the

variety X year interactions. Plant breeders are interested in this

type of interaction because year to year fluctuations are difficult to

predict in advance, It is also difficult for a plant breeder to develop

varieties suited to an unkown specific environment. They suggested

that testing material for several years at different locations would

allow plant breeders to predict the pattern of environmental changes

so that an adapted variety could be developed.

Krull (1968) recognized the importance of wide adaptation

in wheat breeding. By testing material in various places throughout

the wheat growing regions of the world he has obtained basic infor-

mation on adaptation and yield of different wheat varieties under a

wide range of soil, climatological and biological conditions. Such

information has been found to be very useful in choosing parents

for crossing as well as in selecting desirable genotypes from
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segregating populations.

Three methods of determining the performance of individual

varieties under varying environments have been discussed by

Peterson (1970). These included: (1) analysis of performance tests

over a series of environments; (2) linear regression of the mean

yield of individual varieties on the mean yield of all varieties at

each site and season; and (3) combining ability studies conducted over

a series of environments. Finlay and Wilkinson (1963) suggested the

use of the second technique as a measure of variety adaptation and

adaptability. They used a representative range of several hundred

barley varieties from most parts of the world and tested them in

different environments. Two indices were obtained which in

combination provide a-measure of adaptability of individual

varieties over a range of environments, and of the degree of

adaptation to particular environments. The first index is a measure

of stability and represents the regression coefficient of a variety

on the mean of all varieties. The second index is the mean per-

formance of the variety over all tests.

Finlay (1963) using the linear regression method found that

45 F2 barley progenies were superior to their parents in both yield

and yield stability under fluctuating environments in South Australia.

He suggested that the advantage of the F2 populations could result

from a degree of heterosis and greater genetic variability that
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enables the population to adapt and perform well in poor environ-

ments.

More recently, Eberhart and Russell (1966) have proposed a

model that may be used to describe the perfo rmance of a variety

over a series of environments. The technique is similar to that of

Finlay and Wilkinson (1963), except an environmental index is

computed based on the mean of all varieties at a specific location

minus the grand mean of all locations. Such a model was employed

to describe the performance of diallel combinations involving single

and three-way crosses of maize over a wide range of environments.

The linear regression method has also been employed by Johnson,

Shafer and Schmidt (1968) to compare the performance of hard red

winter wheat varieties over a range of environments. They found

that substantial progress has been made in the performance of the

new varieties Caddo, Cage and Scout in both stability and yielding

ability over the check variety Kharkof.

C. Methods Used to Obtain Genetic Variability and Stability in

Self -Pollinated Species.

1. Performance of varietal mixtures

One of the most significant and comprehensive experiments

regarding the influence of natural selection on domestic plants
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was conducted by Harlan and Martini (1938). Seeds of 11

barley varieties were mixed in equal proportions and grown for

a number of years at ten experiment stations in the northern

and western United States. The most conspicuous feature was

the rapidity with which one or two varieties became dominant

at certain locations. This change was accompanied by an

equally rapid elimination of certain less competitive varieties.

These results suggested that natural selection in barley is a

significant force at all locations but is of a greater magnitude

at some locations than others.

A similar experiment was conducted by Suneson and Wiebe

(1942) with four widely cultivated varieties of barley grown at

one location. Starting with equal portions of each variety, the

proportion of the population representing each was measured

each year over a nine-year period. The most striking feature

of the experiment was the rapidity with which the variety Atlas

dominated the population and conversely, the varieties Hero

and Vaughn were virtually eliminated. Vaughn, which when

grown alone at this location, was the highest yielding variety,

however, it was the poorest competitor in mixed populations.

They concluded that competitive ability, in this study, was

not related to the standard criteria of agronomic desirability.

This experiment was continued by Suneson (1949) for seven
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more years. He reported that one variety (Vaughn) had a

significantly better yield and leaf disease record than any of

the varieties when grown in pure stands. The variety Atlas

which ultimately dominated the mixture had the poorest leaf

disease record and a mean yield below the median for the

component varieties. He concluded that the population main-

tained by natural selection will not necessarily perpetuate

either the highest yielding or the most disease resistant

progenies.

One important aspect of mixed populations is that they

might be put to practical use regarding long term adaptability

for protection against various diseases. Jensen (1952)

suggested the use of multiline or composite varieties to aid

in avoiding one or two races of a disease from completely

destroying a crop. Such varieties would consist of a blend of

several lines selected for similarity in height, maturity,

yielding capacity as well as other agronomic characters, but

carrying different genes for races of a disease. No matter

what race was present, there would be resistant gene s

present in a multiline variety. A similar approach has been

advocated by Borlaug (1959) which is somewhat more

sophisticated since it is based on a number of lines being

developed by a standard backcross method. As many lines
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could be developed and held in reserve as there are different

sources of resistance. The make up of the composite variety

would then be modified from time to time on the basis of surveys

of prevalent races to avoid the problem of one segment of the pop-

ulation taking over.

Possibilities of utilizing varietal mixtures as commercial

varieties have received increasing attention in recent years.

Jensen (1965) compared 124 pairs of mixtures of oat varieties

with the means of their component lines over an eight-year period.

The result indicated that mixtures, on the average, are more

stable than their components. In certain cases, mixtures were

more stable than their best component.

In rice, a mixture which has been found to have a significantly

higher yield than its best component variety was reported by Roy

(1960). One particular combination between two high yielding

varieties, BK and 2A, outyielded the component mean by 27 per-

cent and its best component by 20 percent.

In barley, Rasmusson (1968) studied yield and stability of

yield of populations considered to be composed of three dis-

tinct levels of genetic diversity: (1) homogeneous varieties,

(2) simple mechanical mixtures and (3) complex mixtures

(bulk populations). The results led him to the conclusion that

the mean of component lines and the mean of parental varieties
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provided a good estimate of the yield of the simple and complex

mixtures, respectively. Varieties and simple mixtures were

judged to be similar in stability and both were somewhat less

stable than bulk populations. Clay and Allard (1969) compared

23 varietal mixtures of barley with their components for

yielding ability and yield stability at five locations. Mixtures

were found to have a small advantage in yield over the average

of varieties but were inferior to their components in stability

of yield. The performance of mixtures showed no relationship

to the number or diversity of components. They concluded that

the use of simple mixtures as commercial varieties was im-

practical. In contrast, new multiline oat varieties have been

reported to be superior to standard varieties (Frey et a1,

New multilines consist of near isogenic lines each

having resistant genes for different races of the crown rust

disease; but they have the same agronomic characteristics

such as plant type, plant height, color and maturity. New

multilines are expected to have a long useful life since the

crown rust can not develop as rapidly as in pure line varieties.

They were released as commercial varieties in Iowa in 1968.

2. Bulk Selection

There have been a number of investigations conducted to
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study both short- and long-term responses of natural selection

on populations that were developed from intercrosses between

different genotypes. Interesting results were obtained by Adair

and Jones (1946) where the effect of natural selection on bulk

populations of rice grown under three different environments was

obtained. They blended segregating F2 seed of 20 different rice

crosses and grew the resulting population without any conscious

selection being practiced for eight generations in California,

Arkansas and Texas. The mean heading dates were different for

the same bulk population grown in different locations. For

example, the average number of days from seeding to heading

was shorter for the California grown material and longer for

the populations grown in Texas. The difference in heading date

was correlated with the difference in length of growing season

at the two locations, i. e., the growing season in California

is shorter than that in Texas. These results indicated that

directional selection occurred for this character. However,

the direction of change in response to natural selection of a

particular character was not the same for all locations.

Utilizing barley, Suneson and Stevens (1953) composited, at

random, 378 Fl Is from 28 varieties grown at Davis, California.

Comparisons were made periodically between the composite and

a check variety (Atlas) for yielding ability. The composite cross
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was inferior to Atlas in yielding ability and general agronomic

appearance in the early generations. By the F15, the composite

equaled Atlas in yielding ability, Suneson (1956) later reported

that'in F20 the average performance of the bulk population was

superior to that of Atlas. Fifty single plant selections were

made and two of these 50 selections were outstanding in

agronomic characteristics including yielding ability. In yield

trials conducted over a seven-year period, one of the selected

lines outyielded Atlas by 37 percent.

The barley composite cross V which is synthesized from

intercrosses among 31 varieties and carried on in bulk for 18

generations was analyzed by Allard and Jain (1962) for various

quantitative characters. They found that mean heading date of

the population shifted rapidly in the direction of earliness for

the first four or five generations after synthesis and then at a

slower rate, during the next 15 generations. Frequency distribution

for various generations indicated that natural selection favored

the genotypes with intermediate heading dates and operated

against those genotypes which were early or late in heading.

They concluded that natural selection favored early heading

genotypes in the first five generations but in later generations

intermediate heading individuals had a selective advantage.

In any system of breeding, the problem is first to identify
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the promising parents which when crossed will produce the highest

number of superior progeny. Secondly, after the hybridization,

a method which would permit early elimination of material with

low potential is needed. Such a method is clearly advantageous

due to population size limitation and increasing probability of

finding superior segregates in the remaining materials (Allard,

1960).

One of criteria that has been used is early generation

performance of a bulk population. As early as 1932, Harrington

concluded that yield tests. Of a, Oom"posite of F2 plants gave an

indication of yield potentialities in wheat crosses. He pointed

out later (Harrington, 1940) that the bulk F2 and F3 yield tests

accurately evaluated six wheat crosses when selected lines were

tested in the F6, F7, and F
8

generations.

Harlan, Martini and Stevens (1940) reported that high

yielding F5 bulk populations of barley tended to produce a

higher production of high yielding segregates than low yielding

bulk populations. Similar findings were reported by Immer

(1941) from his study of bulk populations in barley. He

observed that some F
1

hybrids were consistently higher in yield

in the F2-F4 than other Fl hybrids.

Working with oats, Atkins and Murphy (1949) studied the

relation between performances of bulk populations of ten crosses
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in early generations and the behavior of these bulk progenies

in F7 and F8 generations. They concluded that bulk progeny

tests in early generations were of limited use in predicting

yield in subsequent generations since many of the high yielding

segregates occurred in relatively poor performing early

generation bulks.

A number of similar studies have been conducted with

soybeans. Weiss et al. (1947) and Kalton (1948) reported

extensive studies of soybean crosses where a positive relation

was found between F2 plants and F3 progeny performances for

plant height and maturity, whereas seed yield of spaced F2

plants was of little value in prediction of F3 progeny performance

for these traits. Mahmud and Kramer (1951) tested F3 and F4

lines in the same year to avoid an interaction with different seasons.

They concluded that F3 lines provided good estimates of yielding

potential of later generation segregates when genetic shift and

genotypic environmental interactions were taken into account.

No differences in the F6 generation between the average

performance of selections developed using the bulk and pedigree

method for seed yield, plant height and lodging resistance in

four soybean crosses could be found by Raeber and Weber (1953).

Similar findings utilizing soybeans have been reported by Torrie

(1957).



18

3. Modified Bulk Selection

Harrington (1937) suggested a modified bulk method which

he called the mass-pedigree method. This method represented

a combination of bulk and pedigree selections. Whether the bulk

or pedigree method was used in a particular generation during

the process of selection, depended on environmental conditions.

It was assumed that the F2 generation was grown in bulk without

any selection. In the F3, the growing season was favorable for

individual plant evaluation, and the desirable plants were selected,

threshed separately and sown in progeny row in the F4. The

author used the mass-pedigree method in handling segregating

generations of wheat, oats and barley crosses at Saskatoon,

Canada. He concluded that this method had advantages over the

pedigree because it allowed more crosses to be carried in the

breeding program. It was efficient because selection by either

bulk or pedigree was made only when the environmental

conditions were favorable for such selection. It has several

advantages over the bulk method in that it will save time and

allow critical information to be obtained when favorable

conditions prevail.

Atkins (1953) studied the effect of selection upon bulk

populations of barley. The selected populations were derived
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from the bulking of selected plants at harvest while the un-

selected population was carried on by the bulk method from the

F2 through F5 generations. Results indicated that lines obtained

from selected populations were, on the average, only slightly

higher in yield. The selected populations were also slightly

later and taller than unselected ones. Lodging resistance of

selected lines did not differ from that of bulk populations. He

concluded that selection is not effective in isolating the higher

yielding lines.

4. Pedigree Selection

In using a standard pedigree breeding method, plant breeders

have attempted to isolate superior genotypes from genotypically

segregating populations. The final lines selected by this method

are considered to represent a homozygous population. The

genetic base of this type of selection is very narrow in compari-

son to that of lines selected by the bulk method. Populations

which are highly homogeneous depend on "individual buffering"

to stabilize productivity over a wide range of environments

(Allard and Hanshe, 1964).

In corn, the pedigree method has been effective in developing

inbred lines. Johnson and Hayes (1940) using the pedigree

method, reported that single crosses between low combiners
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may be expected to yield somewhat lower than single crosses

from relatively high combining inbreds when single crosses are

made between inbreds of diverse genetic origin.

The pedigree method has been widely used to develop many

important pure line varieties of self-pollinated crops (Allard,

1960; Briggs and Knowles, 1967). Ka lton (1948) investigated

the relation of early generation populations and their progeny

performance in the F3 and F4 generations of soybean crosses

developed by the pedigree method. He found that plant height

and maturity measurements made on spaced F2 plants in each

cross provided a good estimate of average progeny performance

for the same characters in the F3 and F4 generations. For seed

yield, the F
1

and F2 single plants were found to be a poor indi-

cation of the performance of a cross in subsequent generations.

Raeber and Weber (1953) studied the effectiveness of

selection for yield in soybean crosses developed by bulk and

pedigree methods. No differences were reported for seed yield,

plant height, and lodging resistance in the F6 generation between

the average performance of selections developed by both methods,

A comparison of the bulk and pedigree methods of breeding of

soybeans was also reported by Torrie (1957). Since:there is

generally a positive correlation between seed yield and maturity

in soybeans, he classified the F6 lines into three maturity
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groups: early, late and intermediate. The F6 lines from six

soybean crosses, were then tested for plant height, lodging

resistance, seed yield and disease reaction. No significant

differences for those characters measured between lines

developed by the two methods of breeding were noted. Allard

(1961) reported that the bulk populations were better than pure

lines both in productivity and stability of productivity in lima

beans.

In a study utilizing wheat, both bulk and pedigree methods

have been carried out simultaneously by Copp (1957). Based on

the results of 26 years of work in New Zealand, he concluded

that the pedigree method is superior to the bulk method if disease

is the only limiting factor.

In summary, genetic variability is the basis for crop improvement.

In self-pollinated crops, such as wheat, continuous selling and

selection cause a rapid reduction in the genetic variability leading to

populations that are nearly homozygous. Such populations have

immediate fitness to a specific environment under which they were

selected but frequently lack stability under changing environments.

Evidence obtained from recent investigations suggests that even in

the so called "pure line" varieties, there may be more genetic

diversity present than previously thought. There also appears to be

some evidence that there are genetic factors per se which priavide
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adaptability. Such genetic diversity could play an important role in

terms of a population adjusting to changes in environments.

Bulk and pedigree methods of selection represent the two extremes

as to systems of plant improvement for self-pollinated species.

The bulk method leads to the; population with minimum immediate

fitness for a character such as grain yield and high level of yield

stability over a period of years. In contrast, pedigree selection

results in populations with maximum grain yield but frequently such

populations lack stability of yield. In other words, these two methods

of selection result in two distinct populations with a conflict between

maximum fitness for a specific trait and adaptability. It would be

desirable if plant breeders could develop a variety which would

consistently produce maximum grain yield under adverse conditions

over a period of years. This could be obtained either by providing

more genetic diversity in the population or by furnishing genetic

factors which provide for greater adaptation by the variety within a

homozygous state.
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MATERIALS AND METHODS

Six varieties and three selections of winter wheat were chosen

as the experimental material for this study. These included Redmond

(Alba), Heines VII, Burt, Cape lle Desprez, Nord Desprez, Druchamp,

Pullman Selection 1, Pullman Selection 101 and Corvallis Selection

55-1744. A detailed description and pedigree of each parental line

is provided in Table 1 of the Appendix. Redmond, Heines VII, Cape lle

Desprez, Nord Desprez, and Druchamp were developed in Europe

and phenotypically similar in appearance. Burt is a medium-height

variety that was developed at Washington State University. Pullman

Selection 1, Pullman Selection 101 and Corvallis Selection 55-1744

are semi-dwarf selections and were developed at Washington State

University and Oregon State University, respectively. These latter

three selections all have Norin 10-Brevor as a common parent.

Crosses involving the nine parental material were made in 1959.

The three methods of selection employed to obtain three distinct

populations representing different levels of genetic diversity included:

(1) Bulk populations (B. ) which included nine crosses were

developed by bulking F2 seeds from F1 plants and growing through

F8, F9, and F10 generations without any artificial selection being

practiced.

(2) Modified bulk populations (MB.) consisted of nine modified
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bulk crosses, each obtained from a single plant selection initiated in

the F2 generation. The F2 plants were space planted for each cross

and selections made for disease and lodging resistance, plant height,

and tillering capacity. Seed from selected F2 plants were grown in

progeny rows in the F3 generation where further selection for the same

characters was conducted. Seed from each selected F3 row was

bulked and placed in a replicated trial to evaluate grain yielding

ability. In the F4 generation, 500 head selections within each cross

were made of those bulked families which gave the highest yield.

Five-foot head rows were grown in the F5 generation for further

evaluation and seed increase. Head rows from phenotypically uniform

F5 rows were bulked and put into a replicated yield trial in the F6

through F10 generations.

(3) Modified pedigree populations (MP.) represented two crosses

obtained from two lines which were handled in the same way as 'he

modified bulks, except head rows selected from phenotypically

superior F5 rows were kept separate. Seed was increased through

the F6 in a single row replicated yield trial. Harvested seed from

each superior yielding row was bulked and grown in replicated yield

trials in the F7 through F10 generations.

Sixteen entries consisting of nine bulks and seven modified bulks

were planted in randomized block design with four replications.

Individual plots consisted of four, 18-foot rows with one foot spacing
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between rows. The material was grown on the Hyslop Agronomy

Farm near Corvallis, Oregon in 1966, 1967, and 1968 and

represented the F8, F9, and F10 generations, respectively. Grain

yield, used as the basis to measure stability, was obtained by

harvesting eight feet from the two center rows.

In addition to yield data of 16 entries, 13 more entries were in-

cluded in the experiment for evaluating methods of selection. These

29 entries consisting of nine parents along with nine bulks, nine

modified bulks and two modified pedigree populations which were also

grown on the Hyslop Agronomy Farm near Corvallis, Oregon in 1967

and 1968 and represented the F9 and F10 generations, respectively.

A randomized block design with four replications was used. The

same experimental procedure used in 1966 and 1968 was employed to

obtain grain yield.

A postemergence spray of 1. 6 pounds per acre of diuron was

used for weed control. Ammonium sulfate was applied at the rate of

20 pounds of nitrogen per acre in the fall and an additional 120 pounds

of nitrogen per acre was applied in the spring.

During the 1967 growing season, the plants were infested with

aphids at the boot stage. The large aphid population affected the

normal development of the plants and consequently lowered the grain

yield.

Stability of yield was measured by the method proposed by
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Finlay and Wilkinson (1963) by growing the material for three

consecutive years. The mean yield of all 16 entries for each year

(site mean yield) was used to describe the environments. The low

and high site mean yields indicated the low and high yielding environ-

ments, respectively. A regression coefficient of the mean yield

of each variety on the site mean yield was a measure of stability.

Regression coefficients of b = 1. 0 indicated that varieties had average

stability. Varieties with b> 1. 0 had below-average stability while

varieties having above-average stability were identified by b<1. 0.

Regression coefficients associated with the variety mean yield over

all environments provide a measure of adaptability of an individual

variety over a wide range of environments, and the degree of adap-

tation to particular environments (Figure 1). With this method, a

regression coefficient of 1. 0 combined with high mean yield indicated

a high level of adaptability over all environments. When combined

with a low mean yield, the same regression coefficient (1. 0) indicated

poor adaptability to all environments. A regression coefficient above

1.0 indicated genotypes which are specifically adapted to favorable

environments, while a value below 1.0 indicated varieties which are

specifically adapted to unfavorable environments. The significant

difference among regression coefficients was detected by the test of

homogeneity of regression coefficients (Snedecor, 1940)

Grain yield data of 29 entries were analyzed separately for each

year and combined together by a functional analysis of variance.
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EXPERIMENTAL RESULTS

Genetic Diversity and Stability

Bulk and modified bulk populations representing nine and seven

crosses, respectively were used to measure the stability of grain

yield. The average yield of all 16 entries (site mean yield) for three

years and their individual average yields are presented in Table 1.

Also in Table 1 can be found the respective regression coefficients for

these data. The population mean and regression lines for five of the

16 entries are shown in Figure 2 to illustrate the different types of

responses over a range of environments. The mean yields of all

entries (site mean yield in grams) were 625, 637 and 884 for 1966, 1967

and 1968, respectively. Mean yields in 1966 indicated the lowest

yielding environment while the 1968 results indicated a more favorable

environment (Table 1).

When the differences between the grouped bulk and modified

populations are considered, it can be observed that the modified bulk

entries were more stable than the bulk populations since their re-

gression coefficient (b=0. 823) was less than that of the bulk (b=1. 124).

Comparisons can also be made among regression values of the 16

entries. No significant difference was observed using the test of

homogeneity of regression coefficients (Table 1).

The modified bulk from the cross Nord Desprez x Pullman

Selection 101 (MB21) showed average stability with a regression
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value of 0.997. This population produced a high mean yield in all

environments (MB21=780). This would suggest that this cross has

general adaptability and would be well adapted to all environments.

However, the bulk progeny from the cross Burt X Druchamp (B57)

also had a regression value approximating 1. 0 (b=0. 931) but it

consistently produced below average yields (B57=639). This entry is

considered to be poorly adapted to all environments. The bulk entry

derived from a cross between Druchamp and Corvallis Selection

55-1744 (B74) had average stability (b=1. 1) and produced the mean

yields equal to population mean. This cross then exhibited average

adaptability.

The bulk cross representing Nord Desprez X Pullman Selection

101 (B21) had a below average stability with the regression value

of 1.543. This suggests that the entry is very sensitive to changes

in environment since small changes in the environment cause large

changes in grain yield. This population produced a low yield (582) in

the low yielding environment (1966), however, as the environment

improved favoring increased grain production, the yield of this cross

increased well above average yield. It then became one of the

highest yielding entries under the most favorable conditions. A

population having such a pattern of response would be described as

being specifically adapted to high yielding environments.

The modified bulk population from the cross Druchamp X
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Corvallis Selection 55-1744 (MB74), exhibits the opposite type of

adaptation. This entry showed an above average stability with the

regression value of 0.385. It appears to be insensitive to environ-

mental changes since large changes in the environment produce

only a very small change in grain yield. This population produced

the highest yield under unfavorable conditions (MB74=789) but had a

low yield in the high yielding environment (MB74=848, Table 1),

therefore, this entry is specifically adapted to low yielding

environments.
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Table 1. Grain yield and regression coefficients of 16 entries
reperesenting bulk and modified bulk populations grown
over a three-year period.

Entry

Entry mean yield
(grams per plot) Regression

1966 1967 19 68 Avg. coeffiCient

1. Nord Desprez x
Pullman Selection 101 B21 582 541 954 692 1. 543

M21 696 684 961 780 0.997

2. Capelle Desprez x
Pullman Selection 101 B31 605 668 925 733 1. 151

3. Corvallis Selection
55-1744 x Burt B45 542 593 775 637 0. 826

M45 580 590 765 645 0.712

4. Burt x Druchamp B57 570 551 797 639 0.931

M57 624 635 785 681 0. 615

5. Heines VII x
Druchamp B

67
679 654 919 751 O. 993

M67 646 723 974 781 1. 153

6. Heines VII x Redmond B68 551 562 902 672 1. 365

7. Druchamp x
Nord Desprez

8. Druchamp x Corvallis
Selection 55-1744

B72 587 726 939 751 1. 134

M72 644 602 898 715 1.079

B74 581 640 890 704 1.111

M
74

789 707 848 781 0.385

9. Pullman Selection 1 x
Corvallis Selection
55-1744

94 634 673 921 743 1.061

M94 691 645 877 738 0.818

Average 625 637 884 715 1. 124 0.823
B21 = Bulk population of P2 x P1

MB
21 = Modified bulk population of P2 x P1



000

0C
T

,

'41
c
OC
O

0C
O

32

(4old/surea.5) spiaT
A

 A
.T

w
a

Figure 2.
R

egression lines show
ing different types of adaptation

to three environm
ents of tw

o m
odified bulk and three

bulk populations.



The adaptation of all 16 entries is shown by plotting regression

coefficients against the entry mean yield over all environments as

is noted in Figure 3. It can be observed that each entry is represented

by a single point. The position of the point indicates the type of

adaptability and the average yield over all environments for each

entry. It can be noted that most of the bulk populations (B) had lower

grain yield and higher regression coefficient values than the modified

bulk populations (MB). The modified bulk population from the cross

Nord Desprez X Pullman Selection 101 (MB21) is well adapted to all

environments. The bulk population from the cross Burt X Druchamp

(B57) is poorly adapted to all environments. The modified bulk entry

from the cross Druchamp X Corvallis Selection 55-1744(MB74) had a high

degree of yield stability and is specifically adapted to poor conditions.
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Differences between the mean yield of each progeny population

(P- ) and their comparable parental means (midparent = MP) are

presented in Table 2. These differences (P - MP) are plotted

against the site mean yield as illustrated in Figure 4. The differences

(P - MP) associated with the changing environments (site mean yield)

is a measure of performance of progeny populations under fluctuating

environmental conditions. It can be observed that most of the

progenies (B, MB and MP) are superior to their midparents (MP)

in both years. It is of interest to note that the difference for each

group is greater in low yielding environments than under favorable

conditions. This demonstrated that accentuated superiority of the

progeny is due to ability to perform well under environmental stress.

In other words, the performance of progenies could be efficiently

distinguished under low yielding environments.
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Table 2. Deviation of progeny from midparent for grain yield
during 19 67 and 1968.

Crosses

Progeny means (P) - Midparent (MP)
19 67 1968

B MB MP B MB MP

1. Nord Desprez x
Pullman Selection 101 -211 - 48 - 16 8

2. Cape lle Desprez x
Pullman Selection 101 - 5 -190 2 22

3. Corvallis Selection
55-1744 x Burt 16 14 - 92 -102

4. Burt x Druchamp 49 133 - 54 66

5. Heines VII x
Druchamp 162 231 - 83 138

6. Heines VII x Redmond 104 226 411 38 126 199

7. Druchamp x
Nord Desprez 121 3 37 4

8. Druchamp x
Corvallis Selection
55-1744 52 119 63 21

9. Pullman Selection 1 x
Corvallis Selection
55 -1744 140 111 203 80 36 74

Total 42B 593 614 245 295 273

Mean 47.6 65.9 307 27.2 32.8 136.5
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Genetic Diversity and Yield

Grain yield was selected as the basis for evaluating the per-

formance of parent and progeny populations. Yield data involving 29

entries were obtained from the experiment carried out in two con-

secutive years. Mean yields of parent, bulk, modified bulk and

modified pedigree populations for 1967 and 1968 are presented in

Tables 3 and 4 respectively. The average yields of the same material

for the two years are presented in Table 5. The relationship between

yield of progeny crosses and their respective superior plants are

given in Table 6.

It can be noted that only two crosses of modified pedigree

population are included in this study. Biased conclusions may be

reached from the comparisons involving these two crosses; however,

they were maintained in the experiment because they provide a means

of comparing breeding methods in terms of progress in selecting for

grain yield and stability of yield.

Parental populations can be compared with bulk, modified bulk,

and modified pedigree populations in terms of yielding capacity. In 1967

(Table 3) overall average for the progeny groups (B, MB, MP) was

higher than the parental average. Both bulk and modified bulk groups

produced slightly higher yield than that of the parents. The modified

pedigree group produced the highest yield which was significantly
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higher than the parents. No significant differences among groups

were observed in 1968 when the favorable environment prevailed

(Table 4). It is of interest to note that differences between groups

are greater in the low yielding environmental conditions. When

two-year average yields of these genetically diverse groups are

considered, bulk and modified bulk groups produced slightly higher

yields than the parents while the modified pedigree group showed

significantly higher yields than the parents (Table 5).

The relationship between yields of each progeny and the

respective best parent is presented in Table 6. When yields of bulk

populations and their respective superior parents are compared, it

can be noted that five of nine bulk populations showed higher yields

than that of their best parents in 1967. The yield of one bulk

population (Heines VII X Druchamp) significantly exceeded that of

the best parent. In 1968, four of nine bulk populations yielded more

than their highest parents but no significant differences were observed.

Similar comparison can be made between the best parent and

the offspring for the modified bulk populations. Relative yields of

modified bulk populations exceeded the yields of their high parents

in only four of nine comparisons with two being significant in 1967.

In 1968, five modified bulk populations were slightly superior to

their best parents, however, no significant differences were noted.

All modified pedigree populations outyielded their highest
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parents in both years. The line derived from the cross of Heines

VII X Redmond produced a significantly higher yield over its highest

parent in both seasons.
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Table 3. Mean yield in grams for parent, bulk, modified bulk and
modified pedigree populations grown in 1967.

Parent

1-3 (Pullman
1 Selection 101) 768 1 B21 541 9 MB

21 684 3

Modified Modified
Bulk bulk pedigree

:91x x -cs

(t) Tu
co

P
2

(Nord
Desprez) 697 2 B31 668 3 MB

31
483 9

P3 (Cape lle
Desprez) 579 4 B45 593 6 MB

45
590 8

P4 (Corvallis
Selection
55-1744) 662 3 B57 551 8 MB

57
635 6

P5 (Burt)
5

490 6 B
67

654 4 MB
67

723 1

P6 (Heines VII) 470 7 B
68

562 7 MB
68

684 3 MP
68

869 1

P7 (Druchamp) 514 5 B72 726 1 MB 72
602 7

P8 (Redmond) 446 8 B74 640 5 MB 74
707 2 -

P
9

(Pullman
Selection 1) 404 9 B94 673 2 MB

94
645 5 MP

94
736 2

Average 559 623 639 803

LSD 0.05 for entry means = 133.06
LSD 0.05 for group means (P vs B, MB) = 89.20

(P vs MP) = 147.89

B21 = Bulk population of P2 x P1

MB21 = Modified bulk population of P2 x

MP
68

= Modified pedigree population of P6 Po
° °
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Table 4. Mean yield in grams for parent, bulk, modified bulk and
modified pedigree populations grown in 1968.

Parent Bulk
Modified

bulk
Modified
pedigree

70
,--1

.-I

g
o
ra

a).-I 0
cd

e
.-1

g
cd

a)-4
0
as

1
(Pullman
Selection 101 944 3 B

21
954 1 MB

21
961 4

2
(Nord
Desprez) 993 1 B31 925 3 MB

31 976 2

P3 (Capelle
Desprez) 963 2 B45 775 9 MB45 765 9

P4 (Corvallis
Selection
55-1744) 843 7 B57 797 8 MB

57
785 8 - -

P5 (Burt) 890 4 B
67

919 5 MB
67

974 3 -

P
6

(Heine s VII) 861 6 B68 902 6 MB 68
990 1 MP68

1063 1

P7 (Druchamp) 811 9 B72 939 2 MB
72

898 5

P
8

(Redmond) 867 5 B74 890 7 MB
74

841 7 -

P9 (Pullman
9 Selection 1) 839 8 B94 921 4 MB

94
877 6 MP

94 915 2

Average 890 893 897 989

LSD for entry means = 134
B

21 = Bulk population of P2 x P1
MB

21 = Modified bulk population of P2 x P1

MP68 = Modified pedigree population of P6 x P8
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Table 5. Two-year average yield in grams for parent, bulk, modified
bulk and modified pedigree populations.

Parent Bulk
Modified

bulk
Modified
pedigree

:Si
a)

7:3

Ty'

C4
ca

Tv'

Pa

P
1

(Pullman
Selection 101) 856 1 B21 747 6 MB

21 822 3

P2 (Nord
Desprez ) 845 2 B31 796 3 MB

31
730 7

P3 (Capelle
Desprez) 771 3 B45 684 8 MB

45 678 9

P4 (Corvallis
Selection
55-1744) 752 4 B57

57
674 9 MB

57
710 8 - - -

P5 (Burt) 690 5 B67 787 4 MB
67

849 1 - _

P6 (Heines VII) 666 6 B68 732 7 MB
68

837 2 MP
6

966 1

P
7

(Druchamp) 663 7 B72 832 1 MB
72

750 6 - _

P8 (Redmond) 656 8 B74 765 5 MB
74

774 4 - -

P
9

(Pullman
Selection 1) 622 9 B

9
797 2 MB

94 761 5 MP
94

826 2

Average 740 758 768

LSD
.

for entry means = 99.85
LSD

. 05
for group means (P vs B, MB) = 67.28

(P vs MP) = 111.59
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Table 6. Relative mean yield of bulk, modified bulk and modified
pedigree populations as a percentage of their comparable
high parents.

Crosses
1967

B MB MP
1968
MB MP

1. Nord Desprez x
Pullman Selection 101 70.4 89. 1 96. 1 96. 8

2. Cape lle Desprez x
Pullman Selection 101 80.7 83;4 98.8 101.3

3. Corvallis Selection
55 -1744 x Burt 89.6 89. 1 87. 1 85. 9

4. Burt x
Druchamp 107.4 123.8 89. 6 88. 1

5. Heines VII x
Druchamp 127.5* 140.9* 106.7 113.1

6. Heines VII x
Redmond 119.6 145.5* 184.9* 104.0 114.2 122.6

7. Druchamp x
Nord Desprez 104. 2 86. 4 94. 6 90.4

8. Druchamp x
Corvallis Selection
55-1744

9. Pullman Selection 1 x
Corvallis Selection
55-1744

96.7 106.8 105.6 100. 6 -

101.7 97.4 111.2 109.3 104.0 108..5

* Significant at 5% level
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Selections of Parents for Crossing

Two major problems facing the plant breeder are in deciding

what parents to hybridize and how to identify the superior progeny.

If in the early segregating generations (F2, F3) a population with the

highest number of high yielding segregates can be identified, a more

efficient breeding program could be developed.

In this study the high yielding parents did not necessarily pro-

duce the highest yielding progeny. The bulk population resulting from

the cross of Nord Desprez x Pullman Selection 101 had the lowest

yield in any bulk population in 1967 (Table 3).despite the fact that the

two parental varieties were the highest in yield. The same cross

produced the highest yield among bulk progeny under favorable con-

ditions in 1968 (Table 4). The average yield from two years indicated

that these two high yielding parents produced a low yielding bulk

progeny population.

The highest yielding bulk population for two years resulted from

the cross between the high yielding (Nord Desprez) and low yielding

(Drucham.p)(parents (Table 5), This suggests that high yielding

progeny may be obtained from a cross involving high and low

yielding parental varieties.

Based on two-year averaged yield, Corvallis Selection 55-1744

(P4) is considered to be a medium yielding parent (Table 5). When

it was hybridized with another medium yielding parent (Burt), a low
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yielding bulk progeny was observed. In combination with a low

yielding parent (Pullman Selection 1), a high yielding bulk progeny .

was obtained.

When the modified bulk populations are considered, it can be

observed that the high yielding progeny were obtained from two high

yielding parents (Pullman Selection 101 and Nord Desprez, Table 5).

The medium yielding parents (Corvallis Selection 55-1744 and Burt)

produced the lowest modified bulk progeny. The cross between a

medium yielding parent (Corvallis Selection 55-1744) and a low

yielding parent (Pullman Selection 1) produced medium yielding

progeny (Table 5).

The highest yielding entry of the experiment in both years was

the modified pedigree progeny from the cross between a medium

yielding parent (Heines VII) and a low yielding parent (Redmond,

Table 5).
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DISCUSSION

T\vo major types of genetic variability are important to the breeder

of self-pollinating species. First, the development of improved

varieties depends on genetic variability which is released through

hybridization and arises through segregation, independent assortment

and new recombination of genetic material. As a result of these

factors it may be possible to identify and combine genetic factors

in a variety which not only would provide for maximum grain yield

but also allow for wide adaptability.

A second type of genetic variability or diversity results from

the mixing of pure lines selections or utilizing some form of bulk

selection after hybridization which result in heterogeneous populations

of homozygous plants. Such populations have generally been found to

be less fit to the immediate environment, but possess the property

of adjusting to changes when grown at different locations or over a

period of years. It is this latter type of genetic diversity in

relation to adaptability which was the objective of the present study.

Improving the immediate fitness of a population to a specific

region frequently requires a reduction in the genetic diversity and

perhaps future adaptability. The conflict between adaptation (fitness

to a given environment) and adaptability (capacity for change in

fitness in response to variable environments) has been generally

accepted by plant breeders.
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Improved wheat varieties have been developed in such a manner

that they are highly uniform and maximize immediate fitness to a

specific environment. However, such varieties have frequently

lacked the genetic diversity necessary to respond to environmental

changes occurring from year to year and have b een limited in their

areas of production. Gaines, a semi-dwarf winter wheat variety,

is a good example of this limitation. This variety was developed

under a winter rainfall pattern as found in the Pacific Northwest.

In this region Gaines has established world record for grain yield,

whereas when grown outside this region its agronomic value is very

low.

In developing superior wheat varieties, major emphasis has been

placed on breeding for disease resistance. Such varieties, which

are essentially pure lines, have a short life expectancy. For

example, Borlaug (1965) reported that the average commercial life

of stem rust resistant wheat was four years in Mexico and five years

for stripe rust resistant varieties in Colombia. Similarily, improved

spring oat varieties have lasted only five years in the central Corn

Belt due to races of crown rust (Stevens and Scott, 1950).

One approach that has been suggested to prolong the useful life

of improved varieties is the use of multiline varieties or a mixture

of pure line selections (Jensen, 1952; Borlaug, 1959; and Frey

et al., 1970). The multiline varieties are expected to provide
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(1) broader protection against such factors as new races of a

disease, (2) greater yield through more efficient use of the environ-

ment and (3) greater stability of yield over different environments.

However, much of the evidence suggests that a mixture of pure lines

when grown for many generations at different locations results in the

population consisting of one or at most two adapted pure lines

(Harlan and Martini, 1938; Suneson and Wiebe, 1942). Mixtures of

pure lines have not proven to be superior to their component lines

in yield and stability of yield over a wide range of environments as

noted by Clay and Allard (1969). They suggested that such populations

lack precise biological properties necessary for favorable interaction

in heterogeneous populations.

A possible method to avoid shifts in the population is the use of

multilines which are composed of many isogenic lines differing only

in the resistant genes for different races they possess. Unfortunately,

it would be very difficult and time consuming to develop such lines.

Several methods of selection are available to handle the

segregating populations. The most widely used methods are the

pedigree, bulk and backcross. Briefly, the pedigree method is

used where the breeder would like obtain information about the

selected genotypes. The method also allows the breeder to examine

his material closely and to eliminate undesirable genotypes in early

generations. This method, however, is time and space consuming
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and expensive. In contrast, the bulk method allows the breeder to

handle a large number of crosses and a large population size at low

cost and less labor. This method does not provide the information

about resulting lines. The backcross method is suitable for trans-

ferring particular genes such as genes for disease resistance to a

good variety which is deficient for such factors. The method is also

rapid and evaluation of derived varieties is not necessary.

The bulk method can also provide more genetic diversity within

the resulting varieties. There is a danger that desirable lines may

be lost during the random sampling in early generations. Further-

more, it has also been shown that those plants which survive in

the population may not have the best agronomic value (Suneson, 1949).

Natural selection may not select in the same direction as that of the

plant breeder with adaptability being the favored trait rather than

immediate fitness.

In the present study, a comparison was made between the bulk

and parental populations over a two-year period. It was observed

that the bulk populations produced slightly higher grain yields than

their parents. When each bulk population was compared with the

respective parents, it was noted that four out of nine bulk populations

outyielded their best parents. One bulk population resulting from

the cross of Heines VII x Druchamp had a significantly higher grain

yield than that of the best parent, Heines VII (Table 5); therefore,
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those plants which survive in the superior bulk populations did have

some agronomic value in terms of grain yield in this study. This

supports the findings of Suneson and Stevens (1953) who concluded that

allelic survival is positively associated with agricultural value. It

might be expected that the bulk populations of the present study which

represents the F9 and F10 generations, may improve even further in

yielding capacity in later generations. Suneson (1956) reported that

it took 15-20 generations for the bulk barley population to outyield

the check variety.

The modified bulk population developed in the present study was

obtained by eliminating the obvious undesirable genotypes from the

bulk population by artificial selection. Selection for simple traits

such as plant type, plant height and disease resistance was practiced

in the F2 and F3 generations while selection for complex character-

istics such as grain yield was based on the F4 replicated yield trial.

Phenotypically similar and superior lines (head rows) were isolated

and combined to form the modified bulk population. Results indicated

that grain yield of the modified bulk populations were slightly higher

than that of parents but no significant differences were observed.

When the bulk and modified bulk populations are considered in

terms of grain yield over two-year period, it was noted that the

modified bulk populations produced slightly higher grain yield than

the bulks. No significant diff erence was observed in any comparison
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between these two populations of the same parents, however. It

would appear that utilizing artificial selection for simply inherited

traits in the F2 or F3 generations was effective in eliminating inferior

individuals and increasing the yielding ability of the population.

When yield stability of the bulk and modified bulk populations is

considered, it was found that the modified bulk populations which

theoretically had less genetic diversity, were more stable. This

result is contrary to what might be expected. One possible explana-

tion would be that the inferior segregates were eliminated by

artificial selection from the modified bulk population whereas the

bulk population still retained such inferior genotypes.

It is of interest to note that the bulk population. from the cross

of Nord Desprez x Pullman Selection 101 had below average stability

(b=1.543); therefore, it would be expected that small changes in the

environment would result in large fluctuations in grain yield in such

a population. This entry produced a low yield under poor environ-

mental conditions and became the highest yielding bulk entry in the

most favorable conditions. The entry is specifically adapted to a

high yielding environment. It can be noted that the modified bulk

cross involving the same two parents exhibited general adaptability

(b=0.997) and a high mean yield in all environments. This

population would be expected to consistently produce high yields over

a wide range of environments. Data obtained in the present study
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indicated that this entry produced high yields in both low and high

environmental conditions (696 and 961 grams/plot in 1966 and 1968,

respectively). The performance of the bulk and modified bulk

populations from the cross of Nord Desprez x Pullman Selection 101

might suggest that in the bulk population, natural selection reduced

the number of genotypes and perpetuated only those genotypes that

were well adapted to a particular environment. In the modified bulk

population, artificial selection maintained superior genotypes which

represented many different adapted lines; therefore, the modified

bulk population could adapt to a wide range of environmental

conditions.

Different responses to environmental changes were observed in

the modified bulk population resulting from the cross of Druchamp

x Corvallis Selection 55-1744. This entry showed a high degree of

phenotypic stability (b=0.385). Large environmental changes

would be expected to cause only small variation in grain yield under

poor environmental conditions. This entry is considered to be well

adapted to low yielding environments.

The question is frequently raised as to whether a breeder should

practice selection only under the best conditions and ignore the results

obtained under the low yielding environments. The results of this

study would suggest that such a practice could bias the resulting

population towards genotypes especially adapted to high yielding
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environments and would pass over those having general or wide

adaptability. This would be true since the high yielding genotypes

under favorable conditions may produce the lowest grain yield under

poor condition if such genotypes possess a below-average stability

(b>1. 0). Genotypes having a wide adaptability can produce higher

yield in both poor and optimum conditions. In addition, the results

of this study indicate that performance of different progenies could

be more easily distinguished under the poor conditions than in

favorable environments. It is noted that the majority of land devoted

to wheat production is frequently subjected to adverse growing con-

ditions with moisture frequently being the limiting factor.

In general, when the bulk and modified bulk populations are

compared, the modified bulk populations which theoretically have less

genetic diversity had a higher yield and a more stable yield than the

bulk populations over a three.-year period. This would suggest that

yield stability of the population did not directly depend on the degree

of genetic diversity of the population.

Data from other workers (Finlay and Wilkinson, 1963; Krull

et al., 1968; and Rasmusson, 1968) and the results of the present

study suggest that genes for adaptability are as important as genetic

diversity in determining stability of yield. The results further

indicate that a high degree of adaptability is associated with high

performance of the population. This is in agreement with the work
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of Krull et al. (1968) who reported that wheat varieties which were

developed in Mexico and have a high degree of adaptability, were

superior to those which were selected for a specific region.

However, it is important to note that the bulk and modified bulk

populations which have more genetic diversity produce higher yields

during both years than the parents which are essentially pure lines.

Therefore, yields of both bulk and modified bulk populations would be

more stable than that of the parents. This suggests that genetic

diversity also plays an important role in adaptability. It would

appear that a compromise between genetic diversity and genetic

factors for adaptability have much to offer in terms of maximum

yield and yield stability.

The modified pedigree breeding system developed in the present

study is a method which combines both genetic factors for adaptability

and genetic diversity in the resulting varieties. The modified pedi-

gree populations used in this study were handled in the same way as

the modified bulk except individual superior F5 rows were kept

separate and increased through the F6 in a single row yield trials.

The genetic diversity of the modified pedigree populations are

reduced drastically with only the highest yielding segregate making

up the resulting population.

Results from the present study indicate that grain yield of the

modified pedigree populations are significantly higher than that of
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parents. One modified pedigree selection from a cross of Heines

VII x Redmond was the highest yielding entry in both years. This

line has been proven superior to other standard commercial

varieties in grain yield and other agronomic traits when grown in

various locations in Oregon. This selection was released as

commercial variety and named "Yamhill" in 1969. Unfortunately,

data are not available to compute the yield stability of this line.

However, the yield of this selection would be very stable since it

produced the highest grain yield under both the poor (1967) and optimum

environmental conditions (1968). Furthermore, in 1969, Yamhill

was the highest yielding variety in the Uniform White Wheat

Regional nursery which is grown at 15 locations throughout the

western states. It would be expected that the line developed by the

modified pedigree method could combine a high yield potential with

a high degree of yield stability.

The high yield and yield stability of the modified pedigree

population may be due to several factors. (1) A certain amount of

genetic diversity is present in the population as a result of utilization

of modified pedigree selection. (2) Low rate of outcrossing which

ranges from one to five percent in wheat could provide more genetic

diversity in the population. (3) Heterozygote advantage may be a

source of genetic diversity in self-pollinated species like wheat

(Jain and Allard, 1960) and (4) genes for adaptability as noted

previously.
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Therefore, the population of the selection resulting from the

cross of Heines VII x Redmond may consist of an appropriate

mixture of genotypes differing in morphology and physiological

requirements which can exploit the available moisture, light and

nutrients more efficiently than the bulk and modified bulk populations

where competition may exist among members of populations.

Two major problems facing plant breeders are (1) how to

choose the suitable parental combination and (2) how to select the

best segregates from the promising crosses in the earliest generation

possible.

The first important step in a breeding program is to select

suitable parents to be hybridized. Appearance or yield of parents is

not always a good indicator of progeny performance as noted in the

present study. Plant breeders can not know which parents are

superior unless they are involved in crossing and the progeny tested.

From the present study, the highest yielding entry in both years

of the experiment is the modified pedigree selection from the cross of

Heines VII x Redmond which could not have been predicted from the

yielding ability of the respective parents. One can assume that

Heines VII (ranked 6 out of 9) and Redmond (ranked 8 out of 9) possess

different genes for yield. As the result of transgressive segregation,

their progeny could produce a higher grain yield than either parent.

Therefore, it would appear that yielding ability of parents is of
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limited value in predicting the performance of their progeny. From

the present investigation, Heines VII, would be the best parent since

this variety when crossed with Redmond produced the highest yielding

progeny (MP 68) of any in the experiment. The same parent (Heines

VII) in the cross involving Druchamp, produced the second highest

yielding entry (MB67).

When making selections in the F2 or later segregating genera-

tions, plant breeders save plants which are most likely to produce

the highest proportion of superior segregates. Their judgment

assumes two things: (1) they can accurately select phenotypically

superior yielding plants or progeny rows and (2) that as a result of

selfing, various characteristics would be sufficiently fixed to permit

accurate selection.

Results with the modified pedigree populations suggest that

simply inherited traits are sufficiently fixed in the F2 and F3

generations and visual evaluation provides accurate selection.

Undesirable genotypes for these traits could be discarded in early

generations (E'
2

or F3). Selection for complex traits like grain yield

can be made in the F4 generation. This method of selection enables

the breeders to identify, in the F4, families that have the highest

yield and therefore potentially contain the highest number of

promising segregates. In the F4 generation, grain yield is

sufficiently fixed and selection based on replicated yield trial was
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effective in the present study. The results of this study confirm the

findings of Kalton (1948) and Raeber and Weber (1953) who concluded

that selection for yielding ability can be effectively conducted in the

F4 generation.

Another characteristic regarding the efficiency of the modified

pedigree selection is that the method allows the breeder to carry a

large number of crosses and to maintain a large population size each

generation. This is true since (1) the number of selected plants is

reduced tremendously as a result of rigorous selection in the F2

generation, (2) in the F3 and F4 generations, the material was handled

on the bulked-row basis instead of single plants and (3) head selection

was practiced in the F4 generation.

On the basis of the results of the present study the following

breeding method which will be called the "modified pedigree" is

proposed. (1) A large number of crosses are made between two or

more parents. Since it is desirable to incorporate as much genetic

variability as possible, multiple crosses would be more desirable.

(2) Sufficient F
1

plants are space planted to produce the desirable

F
2

population size. (3) In the F2, 5, 000 to 10, 000 plants are space

planted from each cross and rigorous selection is practiced for simply

inherited traits such as plant type, plant height, tillering capacity,

disease resistance and kernel characteristics. The F
2

populations

should be grown at a number of different locations to examine the
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adaptability of both progeny and parents. (4) Seed from each of the

F2 plants are solid seeded in a progeny row in the F3 generation

where further seletion is conducted. The F3 population is also grown

at different locations to-observe adaptability. Seed from each selected

F3 row within a family is bulked and placed in a replicated yield trial

to evaluate yielding ability, test weight and to obtain preliminary

milling and baking quality information on a five-gram sample.

(5) In the F4 generation, the material is grown in a replicated yield

trial at different locations in the intended area of production. Five

hundred to I, 000 heads are selected from the remaining unharvested

plants within the plots of those families which give the highest yield.

The number of heads selected will depend on the potential number of

high yielding segregates within a family as measured by the grain

yield per plot. (6) Five-foot head rows are grown in the F5 for

further evaluation and seed increase. (7) Head rows from pheno-

typically similar F5 rows are bulked to form a modified bulk

population and advanced to a four-row replicated yield trial in the

following year. (8) Individual superior F5 rows kept separate and

increased through the F6 in a single row yield trial. Therefore,

three populations including the original bulk, combined F5 rows

representing the modified bulk and individual F5 lines representing

the modified pedigree would be available in the F7 generation for a

four-row replicated yield trial at different locations. A measure of
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the effectiveness of selection between methods of breeding and the

amount of progress can be determined.

The proposed method of breeding combines the advantages of the

bulk and pedigree methods of selection. (1) A large number of

parental combinations can be tested. (2) It allows the breeder to

look at a large number of crosses and to maintain a large population

size without the expense of following the pedigree method. (3)

Elimination of undesirable genotypes for simply inherited traits can

be made in early generation (F2 or F3). (4) High yielding populations

can be identified in the F4 generation. (5) Selection is based on solid

seeding. This would avoid possible problems resulting from space

planted material which has been shown to complicate the evaluation

particularly with early generation materials. (6) By growing the

material at different locations and in different years a measure of

adaptability and identification of parents which possess genetic factors

for adaptability could be made. (7) The method allows the breeder

to develop the population which may be composed of several high

yielding lines that can be grown together without rapid shifts to only

a few genotypes. (8) This method requires a shorter time than the

bulk selection in developing improved varieties. (9) The resulting

varieties have maximum yield and still maintain satisfactory yield

over a wide range of environments. (10) The method is very useful

particularly in less developed countries where resources might be

limiting.
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Figure 5. Diagram of proposed "modified pedigree" method of
breeding. Dots indicate a spaced planting; lines
represent a single row replicate yield trial; dots
joined by lines refer to the solid seeding and rectangles
are materials grown in replicated yield tests.
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It would appear that genetic factors for adaptability are as im-

portant as genetic diversity in determining yield and yield stability of

the population used in this study. Plant breeders might make more

progress by developing homozygous varieties with genetic factors for

adaptability rather than allowing for more genetic diversity to be

present in new varieties. However, a breeding system which allows

the breeder to identify and incorporate genetic factors for adaptability

in new varieties and still maintain some genetic diversity would be

the most desirable method as evidenced by the present study. Results

from the CIMMYT program and the present study suggest that it is

possible to breed varieties that will give a high yield and at the same

time have much wider adaptability than was previously thought

possible in self-pollinated species.
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SUMMARY AND CONCLUSIONS

The objectives of this investigation were threefold. First an

evaluation was made on the relationship of genetic diversity within

populations to grain yield and the stability of yield during a three-

year period. The second objective was to determine the effectiveness

of early generation selection within bulk populations for a complex

trait such as grain yield. The third objective was to obtain informa-

tion regarding the selection of parents for crossing.

Populations utilized in studying yield stability included nine bulk

and seven modified bulk selections representing the F8, F9 and F10

generations from nine crosses. In determining the effectiveness of

early generation selection on grain yield, experimental populations

including nine parents, nine bulks, nine modified bulks, and two modi-

fied pedigree lines were grown in 1967 and 1968. These represented

the F9 and F10 generations for the selected populations.

Linear regression of mean yield of individual varieties on mean

yield of all varieties of each site and each location was used to

describe stability of yield. Grain yield differences among populations

and crosses were detected by a functional analysis of variance.

From the results of this study, the following conclusions can be

made:

1. The performance of modified bulk populations is slightly

more stable than that of the bulk populations.
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2, The most desirable population was the modified bulk from

the cross of Nord Desprez x Pullman Selection 101. This

cross is well adapted to all environments.

3. The bulk population from the cross of Nord Desprez x Pullman

Selection 101 is predicted to produce the highest yield under

most favorable environments.

4. The modified bulk entry resulting from Druchamp x Corvallis

Selection 55-1744 is expected to produce the highest grain

yield under unfavorable environments.

5. Genetic factors for adaptability appeared to be as important

as the level of genetic diversity of the population in deter-

mining yield and yield stability.

6. Performance of parents is of limited value in estimating

yielding potential of their progeny.

7, Heines VII is the superior parent since it produced the

highest yielding segregates (MP68) when it was crossed with

Redmond and second highest yielding progeny (MB67) in

combination with Druchamp.

8. Selection for simply inherited traits such as plant height

should be conducted as early as the F2 and F
3

generations.

9. Selection for quantitatively inherited traits such as grain

yield can be practiced effectively in the F4 generation.
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10. The modified pedigree method of selection results in the

population with the high grain yield and wide adaptability to

changing environments.
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Appendix Table 1. Pedigree and description of nine parents.

Parents Pedigree :(inal) Origin

Pullman Selection 1 (Norin 10 x Brevor) x 38 USA
(Orfed x Brevor) x Burt

Corvallis Selection Norin 10 x Staring 36 USA
55-1744

Pullman Selection C. I. 12697 x C. I. 13253 38 USA
101

Burt Brevor x Rio-Rex 46 USA

Heines VII Svalof Kronen x 49 Europe
(Ble 205 x Vilmorin 27)

Redmond (Alba) Tresor x Jacob Cats 49 Europe

Druchamp Vilmorin 27 x Fleche d'Or 45 Europe

Nord Desprez Vilmorin x Joniquois 46 Europe

Capelle Desprez Unknown 45 Europe
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Appendix Table 2. The functional analysis of variance
for grain yield in 1967.

Source of Variation D. F. M. S. F.

Replications 3 40, 853. 6 4. 6**

Entries 28 44, 935.7 5. 0**

Among groups 3 138, 266.9 4. 1*

Within groups 25 33, 735. 9 3. 8*

Parents 8 62, 553. 7 7. 0**
Bulks 8 16, 531:1 1. 8
Modified bulks 8 21, 917.6 2. 5
Modified pedigrees 1 35, 378. 0 4. 0

Error 84 8, 950. 7

** Significant at 1% level
* Significant at 5% level

C. V. = 15. 25%
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Appendix Table 3. The functional analysis of variance
for grain yield in 1968.

Source of Variation D. F. M. S. F.

Replications 3 57, 912.7 6. 4**

Entries 28 21, 638.5 2. 4**

Among groups 3 22, 991.3 1. 1

Within groups 25 21, 476. 1 2. 4**

Parents 8 15, 617.2 1. 7
Bulks 8 17, 105. 0 1. 9
Modified bulks 8 28, 914. 6 3. 2**
Modified pedigrees 1 43, 808. 0 4. 8*

Error 84 9, 034.8

** Significant at 1% level
* Significant at 5% level

C. V. 10. 6%
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Appendix Table 4. The functional analysis of variance
for grain yield for 1967 and 1968.

Source of Variation D. F. M.S. F.

Years 1 4, 530, 391.9 436. 2**

Entries 28 48, 209. 7 4. 6 **

Among groups 3 129, 865. 9 3.4*

Within groups 25 38,410.9 3. 7**

Parents 8 58, 450. 8 5. 6**
Bulks 8 23, 995. 3 2. 3*
Modified bulks 8 27, 717. 8 2.7**
Modified pedigrees 1 78, 961. 0 7. 6**

Years x Entries 28 18, 364. 4 1. 8*

Within years (Error) 174 10, 385. 6

** Significant at 1% level
* Significant at 5% level

C. V. = 13.4%
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Appendix Table 5. Monthly Temperature and Precipitation at
Corvallis, Oregon from 19 66-19 69.*

Month
Average Temperature (°F)

19,66 19 67 1968 19 69

January 39. 6 43. 2 39. 7 34. 2
February 40. 8 43. 1 48. 0 39. 3
March 44. 6 43. 7 47. 1 45. 7
April 51.2 44.8 47.4 48.2
May 55.8 55.0 53.8 57.9
June 61..0 63.4 60.5 64.1
July 64. 7 67. 3 65. 7 64. 3
August 66. 2 7 O. 9 64. 1 63. 5
September 62. 9 65. 5 60.4 61. 9
October 52.6 52.9 51.0 50.9
November 47. 0 4 6. 9 45. 6 45. 0
December 43.8 4 1. 0 38.2 42.4

Average Precipitation (Inches)

January 10.21 9. 50 7. 14 9.35
February 1.78 1.78 7. 11 4. 27
March 7.21 4.23 3.85 1.81
April 0.95 1. 60 1.51 1.94
May 0. 49 0. 85 3. 45 1. 64
June 0. 7 6 0.77 0.79 2.46
July 0.49 0 0.34 0.05
August 0.27 trace 5.24 trace
September 1.71 0. 84 1.99 3. 62
October 3. 18 6. 19 6. 32 3.91
November 5.27 3.46 6. 52 2. 86
December 7. 65 6. 32 14.47 11. 05

* From climatological records at Hyslop Agronomy Farm,
Farm Crops Department, Oregon State University.


