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This study was undertaken to see if a method of handling

segregating populations could be employed which combined the positive

attributes of the traditional pedigree and-bulk methods. Derived F5

lines from the pedigree, bulk, and what is identified as a modified

bulk method, were obtained from three winter wheat crosses. The

effectiveness of the methods, representing different cycles of

phenotypic selection, were evaluated in terms of plant height, plant

ideotype and indirectly kernel weight and grain yield. To assess

differences in levels of heterogeneity in relation to possible line x

environment interactions, the material was grown at three diverse

experimental sites.

The modified bulk method was as effective as the pedigree method

in establishing the desired semi-dwarf height level. Due to the

competitive advantage of taller plants, dwarf and semi-dwarf height

levels were eliminated in the unselected populations resulting from



the bulk method.

Although differences were observed for kernel weight between

methods, no consistent trends for this trait were established when

crosses and locations were considered.

Based on the combined mean values of the F
5

lines for each method

across and within locations, the modified bulk method was superior for

grain yield in only one cross. However, when individual F5 lines were

compared, a higher percentage of lines obtained from the modified bulk

method were superior across and within locations in two of the

crosses.

Data from this study suggests that to reduce the variety x

environment interaction it is important to maintain a level of genetic

heterogeneity within varieties.

The modified bulk method does appear to be an efficient

compromise in handling segregating populations when compared to the

traditional pedigree and bulk methods. It is also more efficient in

terms of maximizing limited resources which can be important in

developing countries where funds and trained scientist are limited.
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Response of Grain Yield, Plant Height and
Kernel Weight in Three Winter Wheat Crosses

(Triticum aestivum, L. em Thell)
to Different Methods of Selection

INTRODUCTION

Two major problems face plant breeders. One involves creating

desirable genetic variability to reach a desired objective. The

second concerns the most efficient manner in which to handle

segregating populations to be assured of achieving the stated goals.

These problems become intensified as the number of traits required by

the new cultivars are increased since the probability of obtaining a

plant or plants with the desired genotype becomes less. Thus plant

breeding becomes a game of numbers. To increase likelihood of finding

the desired genotypes, breeders must reach a compromise between the

number of crosses to make and the size of resulting segregating

populations

The ideal situation would be to make specific crosses and to have

a large number of plants in the resulting segregating population.

However, the difficulty is that the traditional pedigree method of

handling segregating populations requires that records be kept for

individual plants and rows thus requiring extensive expenditure of

resources.

There is also the question of the desirability of maintaining a

certain level of genetic heterogeneity within a new variety to provide

for wider adaptation across locations and over years. Varieties

resulting from the pedigree method generally are more homogeneous in
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contrast to those resulting from other methods.

This investigation was designed to provide information regarding a

different method of handling segregating populations and is referred

to as the "Modified Bulk Method". The objectives of this

investigation were: (1) to compare the efficiency of three methods of

handing segregating populations: pedigree, modified bulk, and bulk,

(2) to test the effectiveness of different cycles of phenotypic

selection on plant height, and plant type and indirectly for kernel

weight, and grain yield, and (3) to study the relationship between

genetic diversity and stability across environments. To accomplish

this, four genetically diverse winter wheat cultivars were chosen to

generate three experimental populations with and without different

cycles of selection conducted through the F4 generation.
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LITERATURE REVIEW

This literature review will concentrate on studies involving

comparisons of breeding methods, buffering capacity of populations and

the role of natural selection and its influence on genetically

heterogeneous populations.

The pedigree and, to a less extent, the bulk method of handling

segregating populations, have both been used in breeding self-

pollinated species. The bulk procedure allows natural selection to

operate on segregating populations followed by individual plant

selection in F
5 or later non-segregating populations when homozygosity

has been achieved on a per plant basis. In contrast, the pedigree

method involves visual selection in F
2

and subsequent generations with

detailed records maintained for each progeny. Plants are space planted

so that individuals can be evaluated through the F5 generation. Each

procedure has advantages and disadvantages. For example, the bulk

method allows the evaluation of many crosses and large populations.

Progeny resulting are those which were favored by natural selection.

However, in most cases the action of the natural selection is not

always in the desired direction. The pedigree method allows directed

selection and evaluation of progeny over years. Because records are

maintained on individual plants, genetic studies are possible. The

disadvantages for the pedigree method are: few crosses can be managed

and population size must be limited. This method is also expensive

and time consuming. A proposed modified bulk method combines some of

the desirable features of each method.
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Comparison of Selection Methods

The available literature is deficient in empirical comparisons of

bulk, pedigree and other methods of breeding, especially in wheat.

Therefore this review will include results from investigations with

soybeans and small grains (self-pollinated species) where such

comparisons have been made. A theoretical discussion of the

efficiency of some selection methods in populations resulting from

crosses between self-fertilizing plants was made by Kley (1955). He

concluded after extensive calculations that the pedigree, bulk, and

mass pedigree methods are not the most efficient. This is due to the

small frequency of desired genotypes and the possible loss of valuable

genotypes through misdirected natural or human selection.

SOYBEANS

Raeber and Weber (1953) working with soybeans (Glycine max(L.)

Merril) did not find differences in the F6 generation between the

average performance of selections developed from bulk or pedigree

methods. The traits evaluated were yield, plant height, and lodging

resistance.

Torrie (1958) compared the bulk and pedigree methods using F6

lines of six soybean crosses. He found few differences in seed yield

and no differences in plant height or lodging resistance. Bulk

selections averaged one to four days later in maturity than the

pedigree selections.
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Working with five crosses of soybeans, Voigt and Weber (1960)

evaluated three methods of selection for seed yield, maturity, height

and lodging resistance. The selection procedures were: pedigree, bulk

and a modified bulk (Family Method). They found that the F5 lines

selected by "family method" were superior in yield to those selected

by bulk and pedigree methods. They also observed that the pedigree

method was superior to the bulk method for selecting simply inherited

traits such as maturity, height and lodging, and no difference between

methods for grain yield was found. Indications where that little

progress should be expected from phenotypic selection for seed yield

in early generations of a cross.

Luedders et al (1973), compared the bulk, pedigree and a modified

pedigree (early generation testing selection) methods in soybeans.

The modified pedigree method consisted of yield trial evaluations of

the phenotypically selected plants in F4 and F5 generations. They

found no differences in the lines selected by the three methods for

grain yield. They pointed out that visual selection is not an

accurate method in discriminating differences in yield, and thus

should only be applied when discarding the poorest lines.

Four methods of evaluation in advanced generations were tested in

soybeans by Emping and Fehr (1971): (1) single seed descent (SSD), (2)

bulk, (3) restricted cross-bulk (RCB) and (4) maturity group bulk

(MCB). The latter two methods are modified bulk systems designed to

select for desired maturity. To test difference between methods, the

following measures were used: ability to preserve superior genotypes,

genetic variability for yield, maturity, seed size, lodging
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resistance, and plant height. Single seed descent method was superior

to the bulk method in terms of producing high yielding lines and

maintaining genetic variability. The modified bulk systems(RCB and

MCB), particularly the MCB, performed well; nonetheless these

researchers concluded that SSD allows for maximum genetic gain per

unit of time.

In computer simulation studies, Casali and Tigchelaar (1975)

compared pedigree, bulk, and single seed descent selection (SSD)

methods. Also they made certain combinations between pedigree and

SSD, and bulk and SSD by selecting during the two first generations

(F
2

and F
3 ) following the pedigree and bulk methods respectively, and

the later generations were selected using the SSD. Self-pollinated

populations were assumed in this study. With pedigree selection,

population size was maintained at 400 individuals each generation by

selecting the best 0.5, 1, 2, and 8% of simulated population(s) in F2,

F3, F
4

and F
5

respectively. With the bulk method, the population was

also limited to 400 individuals and the best 8% of the population

selected in the F
4

generation. With SSD population size was limited

to 32, 64 or 320 individuals by taking 8%, 16%, or 80% of the original

population at random. Each F2 produced one random individual in

subsequent generations to F5 giving 32, 64, or 320 F6 SSD lines.

Combinations of pedigree and mass selection with SSD were simulated

using 32, 64, and 320 random individuals from F3 or F4 pedigree or

bulk selections. In this way 32, 64 and 320 F6 lines derived from SSD

and combinations of pedigree or mass selection with SSD were compared

with 32 simulated F
6

pedigree or bulk derived lines. Breeding methods
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were compared from mean genotypic values of 12 simulated individuals

for each line in the F
6 generation. Heritability values were

estimated for some characters. When simulated heritability values of

100, 75, 50, 25, and 10 percent where used, they found that the

pedigree method was the most effective selection method at high (75%)

and moderate (50%) heritabilities in terms of identifying the best F6

line. At low (25%) and very low (10%) heritabilities, mass selection,

and SSD respectively yielded the best F6 line. Early generation

pedigree selection to F4 followed by SSD was not different from

pedigree selection alone at all heritabilities estimated.

Ivers and Fehr (1978), worked in two soybean populations to

compare the pure line family method (PLF) with three alternative

methods used by soybean breeders: early generation testing of bulk

progeny from F2 plants (BF), pedigree selection (PS) and single seed

descent (SSD). Eighty F2 plants (referred to as F2 lines or families)

were randomly selected from each cross. All 80 families were used for

SSD and PS. Forty of the 80 families were selected at random to use

with both PLF and BF. For the PLF and BF, an F3 progeny row 2m long

was grown for each family, and the row was harvested in bulk. A

sample of each family harvested was used to plant the F4 population,

and the family was harvested and bulked again. In the F5 generation

plants were space-planted, and four random F5 plants were harvested

individually from each family. The four lines represented pure line

selections within the families for both PLF and BF and they were used

to predict family performance of both methods. They found that BF was

superior to PLF to identify top F2 families, but the number of F5 high
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yielding lines selected at the end was similar. In comparing the PLF

method with PS and SSD, the PLF produced a greater number of superior

pure lines. They concluded that the PLF method generally would be the

faster method for cultivar development than BF, but BF would be

preferred when recurrent selection by early generation testing is

feasible for improving a character. The PLF may provide a larger

numbers of F
5 lines than SSD; however, it would sample less genetic

variability and require more years, land, labor, and record keeping

than SSD.

SMALL GRAINS

Matsuo et al (1960) using a cross in rice compared the

effectiveness of selection using the pedigree and bulk methods. A

total of 5000 progenies were evaluated in the F6 generation. The

results showed that from the pedigree system more progenies with

higher yields were selected. They attributed this to the elimination

of promising genotypes in bulk population through natural selection.

Continued selection in F2, F3, and F
4

generations of 11 bulk

barley populations were studied by Atkins (1953). The criteria of

selection was:vigorous plants with large well filled, disease free

heads. A total of 160 heads per cross were selected and bulked to

plant the next generation. Selection was practiced over a three year

period. The selected bulk population was evaluated over three seasons

by comparing with the unselected bulk population. Selected

populations were somewhat higher yielding than the corresponding
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unselected bulk populations. Yield increases, however, were

significatly (5% probability) higher only in two seasons. He

concluded that the criteria of selection was not effective in

isolating appreciable higher yielding lines.

For three barley populations, Hayes (1982) evaluated three

methods of selection: bulk, pedigree and single seed descent. The

relative effectiveness of selection was evaluated in terms of five

agronomic traits: plant height, spikes per meter, kernels per spike,

100 kernel weight, and grain yield. The evaluation of selection

methods was made at one location. He found differences for methods

only for 100 kernel weight, with the pedigree method being the least

effective for this. Furthermore, it was observed that the progeny

resulting from the pedigree method had less variation for plant height

and grain yield, than the bulk and single seed descent methods. This

suggests that pedigree lines tend to cluster around a mean value.

There was no conclusive evidence of superiority of lines derived by

any given method for the five traits measured.

Working with an individual wheat cross, Palmer (1952) suggested

that there is no clear evidence in favor of either the pedigree or

bulk methods of breeding. He concluded that where only a few genes of

importance are segregating, or where speed is essential, the pedigree

method is preferable. Where many genes are segregating, or where

selection for recessive major genes is combined with polygenic

selection, the bulked population method makes more economical use of

the available facilities, while enhancing the prospects of success.

Seitzer and Evans (1978) chose three crosses of spring wheat to
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compare the efficiency of three methods of selection for identifying

high-yielding late generation lines. The methods compared were (1) a

pedigree method where visual selection was practiced in F3, (2) an

early generation yield test where F3 plots were compared to adjacent

controls, and (3) an early generation yield test with replicated tests

using hill plots to evaluate the yield potential of F3 families. The

efficiency of these methods were evaluated in the F5 generation. One

hundred and eighty lines were derived from 45, six, and three selected

F3 families per cross in methods (1), (2), and (3), respectively, and

grown at two locations. They found that the methods did not differ

significantly with regard to actual mean yields and individual line

yields. They concluded that early testing procedures can assist in

selecting for higher yield. Their predictive value, however, was

dependent upon the precision of the yield estimates as well on the

nature of inheritance of yield, which is known to vary from cross to

cross.

Four methods of phenotypic selection were evaluated by Ortiz

(1981) in six winter x spring wheat crosses. The methods were: (1)

pedigree method with three cycles of phenotypic selection (P); (2)

modified bulk 2 (MB2) where two cycles of selection were practiced;

(3) modified bulk 1 (MB1) where one cycle of selection was exercised;

and (4) the bulk method where only natural selection was involved.

Five individual F
5

lines were selected from each cross to evaluate the

P method. For the MB1 method the best 10 F
2

plants were visually

selected. This was the only cycle of selection practiced. In the F3,

one plant was selected at random from each of the 10 families of each
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cross, F4 seed from each of the 10 randomly selected F3 plants was

mixed together and a random sample of seed was used to advance the

next generation. One sample of each F5 population was obtained to

evaluate the MB1 method. For the MB2, in the first cycle of selection

the best 10 F2 plants were selected based on agronomic characteristics

(good tillering, highly fertile and large spikes, early maturity, good

straw and intermediate height). The second cycle of selection was

made by visually selecting the five most desirable F3 plants within

each of the 10 F3 progeny rows. The seed from the selected plants was

mixed together and planted to generate the F4 progeny. At harvest

time, this F4 was bulked and one F5 population was obtained from each

cross. For the bulk method, no selection was practiced and

populations were advanced from F2 to F5 by harvesting and bulking the

whole plot. One F5 bulk population was obtained from each cross. The

response to various cycles of selection was measured in terms of plant

height, flowering and maturity dates, 100 kernel weight, number of

spikes per meter, number of kernels per spike and grain yield. He

found favorable responses to three cycles of selection for plant

height, flowering and maturity dates. Since no difference between

bulk and MB1 and MB2 was found for components of yield (100 kernel

weight, spikes per meter and kernel per spike), Ortiz concluded that

one or two cycles of selection were not effective for these traits.

Selection for grain yield gave inconsistent results between methods.

However, F5 lines derived from pedigree, MB1, and MB2 were superior in

yield performance when compared to the bulk.

The information available for comparison of selection systems,
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generally implies particular advantages of one method over another.

For example, the bulk method would be more advantageous than the

pedigree method under two conditions: first, when it is desirable to

handle large segregating populations resulting from many crosses,

second, for specific traits like winter hardiness and disease

resistance, where natural selection can eliminate large portions of

undesirable plants in segregating populations. Actually, both methods

are used individually or in a complementary manner depending on the

objectives of the breeding programs.

It would be desirable if a system of breeding were developed to

take advantage of both the pedigree and the bulk methods, making the

breeding program more efficient in reaching the desired goal.

Buffering Capacity of Populations

It has been stated that heterogeneous populations in self-

pollinated crops have better buffering than near pure lines. This is

indicated by the higher yields of both homogeneous and heterogeneous

varieties in good years and higher yields of heterogeneous varieties

in poor years. Allard and Bradshaw (1964), defined a "well buffered"

variety as one that can adjust its genotypic or phenotypic state in

response to transient fluctuations in environments in such ways that

it gives high stable economic return for the populations, place and

year. Genetically homogeneous populations, such as pure line

varieties, obviously depend heavily on "individual buffering", whereas

in genetically heterogeneous populations, buffering may result from
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the interaction among different coexisting genotypes within the

population. The buffering capacity is expressed in terms of genotype-

environment interactions. Individuals less affected by environmental

factors when they are grown at different locations are well buffered.

The most precise information on population buffering comes from

comparisons between pure line varieties grown individually or in

mixtures. Simonds (1962) found that mixed populations are nearly

always more stable in yield than their components. In wheat, for

example, the coefficient of variability over seasons was about two

thirds as large for mixtures (7.3%) as for homogeneous populations

(11.6%). In mean yielding ability, the average advantage of mixtures

over means of components was of the order of 3 to 5%, but many

mixtures outyielded the higher component when tested over several

years.

The work of Finlay (1963) on barley (Hordeum vulgare) and Allard

(1961) on Lima beans (Phaseolus lunatus) shows that hybrid populations

in self-pollinated species are often highly buffered. Finlay found

that 45 F
2 barley crosses outyielded their parents substantially in

the variable environment of Australia and they were also markedly

superior in stable productivity. In Lima beans, Allard found that

three unselected F
7 populations outyielded their parents by an average

of 7%, over 16 environments. The F7 populations maintained

superiority through steady good performances whereas the parental

varieties tended to be efficient in some environments and deficient in

others.

Suneson and Wiebe (1942) studied the changes in mixtures of four
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well adapted barley varieties. Equal numbers of seeds of all

varieties were mixed together for the initial planting. The mixture

and pure stands were grown annually at seeding rates varying from 61.7

to 89.7 Kg/ha. The seed for planting the mixtures was always taken

from the previous year's mixed composite plots. The proportion of the

varieties making up the resulting population was determined in space

plantings of seed harvested from the previous season. After eight

years, the percentages of the varieties in the mixture were 63.2%

(Atlas), 17.3% (Club Mariout), 8.3% (Hero), and 11.3% (Vaughn). The

mean yield for the pure stand of these varieties for the same period

was 4.9, 4.7, 4.7, and 5.3 tons/ha, respectively. The high-yielding

and rather widely adapted variety, Vaughn, was a poor competitor in

the mixtures. In this study, the yielding ability of a variety when

grown in a pure stand was not a valid means of predicting its

performance in a composite. These results are somewhat in contrast to

the classical work of Harlan and Martini (1938) where the highest

yielding variety in pure stand also emerged as the most competitive in

mixtures at most locations.

The competitive ability and yielding capacity of distinct plant

types of rice grown in mixtures and pure stand was discussed by

Jennings and De Jesus (1968). They found a negative relationship

between competitive and yielding abilities in five distinct plant

types studied. The exceptionally vigorous, high-tillering, tall,

leafy tropical Indicas, BJ and MTU cultivars, were vastly more

competitive in mixtures with the vegetative small, erect, sturdy plant

types represented by TN1, Ch. 242 and M6 cultivars. Pure stand of the
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latter types consistently out yielded the highly competitive plant

types. Furthermore, when a hybrid between the tall, leafy, lodging-

susceptible cultivar was crossed with an erect and dwarf cultivar,

they found two highly contrasting plant types. The height locus had a

pronounced effect on grain yield. Dwarf plant types outyielded the

tall plant type. The height locus also affected the competitive

ability. Tall genotypes would be more competitive under normal

conditions. They became relatively more competitive in response to

fertilizer and close spacing: two major criteria of improved rice

culture.

Shorter and Frey (1979) compared the yield of mixtures and

monocultures of oat genotypes. They compared grain yields of three

sets of mixtures of eight cultivars and 20 random F9 derived lines

from bulk populations. The first set represented 378 possible equal

mixtures among the eight oat cultivars and 29 F9 lines. Ten F9 lines

and 105 possible 25:75% mixtures among the lines and four oat

cultivars were included in the second set. The third set included 105

possible 75:25% mixtures among four oat cultivars and ten F9 lines.

There were 15 equal mixtures showing superiority for grain yield to

their higher yielding component. However, they concluded that the use

of mixtures of oat cultivars or lines to obtain a yield advantage over

a pure cultivar would not be justified.

The yield stability of barley populations was studied by

Rassmusson (1968). The populations consisted of three distinct levels

of genetically diverse, homogeneous varieties, simple mechanical

mixture, and complex mixture (bulk hybrids). They were evaluated in
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two locations for five years. As a group, the simple mixture was

slightly higher yielding than varieties or complex mixtures.

Varieties and simple mixtures were similar in stability and both were

less stable than complex mixtures.

Indelen (1975) studied the performance of five winter wheat

varieties in pure stand and as composites. The five varieties were

blended in all possible combinations. They were sown at three

locations differing in rainfall, length of growing season and soil

type. The pure stands were superior to all composite treatments when

they were planted at the highest yielding site. However some

composites showed significantly better performance when they were

grown under stress conditions.

From the literature on population buffering, it would appear that

under certain circumstances, the greater genetic diversity achieved

with heterogeneous populations may have certain advantages over a

single homogeneous variety. For example, heterogenous populations

seem to have more yield stability than homogeneous populations,

especially where biological stresses are present such as disease or

limited moisture. There still remain many conflicting reports

regarding the advantages and disadvantages of the use of composites,

especially concerning what criteria should be used in developing the

most productive composite combinations in terms of yield potential and

stability.
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Role of Natural Selection

Natural selection was an important factor in the evolution of

crop species. Most of the selection pressure in nature is associated

with survival and it does not follow that the characteristics that

make a domesticated crop useful to man are necessarily associated with

survival. The principle issue in bulk populations, is, whether the

ability to survive in competition is related to agricultural worth

and, if so, the extent of the relationship.

One of the classical works in self-pollinated species was

conducted by Harlan and Martini (1938). They studied the effect of

natural selection in a mixture of 11 easily recognized cultivars of

barley. Evaluation occurred for a period of four to twelve years at

ten locations. Some barley cultivars making up the composite were

known to be well-adapted to specific locations while others were known

to be poorly adapted. A total of 500 plants from the composite were

sampled each year to determine the relative proportion of each line

still remaining in the composite. They found the less-adapted types

were rapidly eliminated at all locations under study. A leading or

dominant variety emerged at most of the locations and the dominant

variety varied with the location. The proportion of some varieties in

the composite increased during the first few years and then decreased.

They concluded that the success of a cultivar in a mixture could be

used as a measure of adaptation and yielding ability under commercial

conditions.

In 1956, Suneson presented a classical study on natural selection
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using four composite crosses of barley (II, V, XII and XIV). The

composite II included 28 barley cultivars completely intercrossed,

giving 378 separate F1 combinations which were blended. Composite V

resulted from combining 31 varieties in a succession of expanded

crosses to give a complete recombination. Composite XII involved 26

varieties by a succession of pairing and crossing the F1 plants with

the F
1

of Atlas x Vaughn. Composite XIV included nine varieties with

a gene for male sterility to allowing further gene recombination

through natural crossing. Each group was compared with Atlas 46 one

of the parents in each group studied. Suneson found that after 15

generations of natural selection the yield of the composites exceeded

the yield of Atlas 46. Moreover, Atlas 46 showed more yield

variability than the composite Cross II. He assumed survival had a

significance on fitness. Furthermore, a bulked hybrid population can

be advanced through many generations at low cost as compared to

conventional costly early generation line testing techniques.

Bal et al (1959) studied the bulks of 378 hybrids and the

adaptative character introgressions that remained after long-term

natural selection. The related F30 populations from barley Composite

Cross II and the 28 parents used to produce it were grown.

Comparative data involving quantitative character differences were

used to determine genetic shift. They found that the unselected

population showed the greatest number of significant shifts. The

contribution of the 28 parents to the mass-selected F30 generation was

estimated. All parents contributed but disproportionately.

The effect of natural selection on yield performance of bulk
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populations was evaluated by Atkins (1953). Eight barley crosses were

used to compare the yielding ability of two groups. One group was a

bulk of unselected individuals and the other was a bulk of selected

individuals in F2, F3, and F
4

generations. Both groups were evaluated

in the F
7

and he observed that the mean yield of unselected

individuals was significantly inferior when compared with selected

populations.

The change in gene frequency of simply inherited traits from F2

to F5 bulk populations was evaluated in 20 barley crosses by Taylor

(1951). He found that natural selection, although shifting gene

frequency very rapidly, was not necessarily in the desired direction.

Based on the information obtained, it was suggested that the yield

performance of the bulk populations might have been used for

discarding the entire poor yielding crosses in early generation

without too much loss of desirable germplasm.

The literature available reflects that natural selection may

require a long period of time to significantly shift the composition

of the population. Although changes can occur, this may not be of

economical importance. For this reason breeders should use different

selection schemes to alter the frequency of desirable individuals,

thus making more efficient use of resources.

The question of the level of heterogeneity which a variety should

have in terms of stability of yield remains unanswered. Perhaps each

breeder must decide whether to develop varieties which are widely

adapted or varieties for a specific location. A major concern in

plant breeding is whether to breed for wide or narrow adaptability.



20

MATERIALS AND METHODS

This study was conducted to provide information regarding the

effectiveness of different methods of handling segregating

populations. The effect of different cycles of selection on

qualitative and quantitative inherited traits, and the relationship

between genetic diversity and stability across environments were also

examined. To accomplish this, three selection methods: pedigree,

modified bulk and bulk with three, two and zero cycles of selection

respectively were used.

Four genetically diverse winter wheat cultivars were chosen to

generate the following three experimental populations: Yamhill-

Druchamp (YMH-DRC), Yamhill-Daws (YMH-DWS) and Yamhill-Stephens (YMH-

SPN). Parents used were: (1) Druchamp, a mid-tall cultivar developed

in France from the cross Vilmorin 27/ Fleche d'Or, (2) Daws, a

semidwarf cultivar obtained from the cross CI 1484//CI 13645/PI

178383, (3) Yamhill, a mid-tall cultivar developed from the cross

Heines VII/Alba and (4) Stephens, a semi-dwarf cultivar resulting from

the cross of Nord Desprez and Pullman Selection 101. These cultivars

are well adapted and represent good levels of resistance to the major

diseases of the area. They are being used as parents in breeding

programs in the region.

This study was conducted over a five year period (1980-1984)

under the environmental conditions observed in the Pacific Northwest.

The initial F
1

and selections from F
2

to F
4

generations were developed

at the Hyslop Agronomy Farm. The replicated yield trial experiment
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was planted in 1983-84 growing season at three locations in Oregon.

The principal characteristics of each location are presented in

Appendix Table 1.

Management practices employed for the three locations were as

follows:

(1) Corvallis. Date of planting was October 19. The nitrogen

fertilization to the experimental area was made in split applications:

50 Kg/ha at planting time in the form of Ammonium Phosphate (16-20-0)

and 110 Kg/ha during Spring in the form of Urea with sulfate (46 -0 -0-

6). An application of diuron at a rate of 1.68 Kg/ha was applied for

weed control of annual bluegrass (Poa annua). A density of 90 Kg/ha

of seed was used with a row spacing of 20 cm.

(2) Arlington. Date of planting was October 1st. Sixty five

Kg/ha of nitrogen was applied as Anhydrous Ammonia (82% N) prior to

planting. An early application of diclofop was applied before

planting at a rate of 1 liter/ha to control cheatgrass (Bromus

tectorurn). A density of 60 Kg/ha of seed was used with 36 cm row

spacing.

(3) Pendleton. Date of planting was October 4th. Twenty nine

Kg/ha of nitrogen was applied during March in the form of urea (46%

N). Two herbicides were applied in March to control broad leaf weeds:

chlorbromuron at a rate of 0.5 Kg/ha and 2, 4-D at the rate of 0.75

Kg/ha. A density of 90 Kg/ha of seed was used with a row spacing of

20 cm.

The three experimental populations used came from previous

investigation conducted at Oregon State University. The F2 was
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planted in 1980 at Hyslop Agronomy Farm. Each F2 population consisted

of 18 rows, 6 m long with a row spacing of 20 cm and 10 cm between

plants. This resulted in 600 plants per population. Each population

was divided into three equal sections of 200 plants to initiate the

methods of selection. Two procedures of selection were employed for

each cross: (1) pedigree method, where three cycles of visual

selection were applied; (2) modified bulk method, where two cycles of

visual selection were exercised; and (3) a nonselected bulk

population, where no visual selection was used. For ease of

understanding, a diagram showing the procedure followed in each method

is presented in the Appendix Figure 1.

Pedigree Method

For the pedigree method, 25 plants from a total population of 200

were selected in 1981 on the basis of agronomic type. This was the

first selection cycle. Selection criteria included tillering ability,

large, fertile spikes, stiff straw, intermediate height and a

phenotypic overall evaluation of grain yield potential. The progeny

of these plants were space planted in four rows 3 m long to select F3

progenies. In order that individual plants could be identified, the

spacing between plants was 15 cm with the distance between rows being

30 cm resulting in a total of 80 plants from each F2 selected plant.

Twenty five plants were selected in each F3 population using the same

selection criteria as previously noted. This represents the second

cycle of selection. The resulting seed was planted in 1982 giving 25
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rows per F4 population. From each set of 25 rows the best eight rows

were identified which represent the third selection cycle. These rows

were harvested separately in 1983 and F5 seed was used for a

replicated yield trial.

Modified Bulk Method

To develop populations for the modified bulk method, a single

spike was obtained from the most promising F2 plants in 1981. This

represented the first cycle of selection. In 1982, the seed from each

spike was grown as an individual head row. A total of 80 head rows

per population were planted as the F3 generation. The phenotypically

similar progeny rows were harvested and bulked to comprise the F4

generation. Also superior individual head rows were maintained

separately and identified as elite lines. A total of 20 modified bulk

selections were planted in 1983 as F4s and eight lines were chosen

based on phenotypic evaluation and the F5 seed was used for the

replicated yield trials.

Bulk Method

For the bulk method, 200 randomly chosen plants of the F2

generation where harvested from each cross in 1981. A random sample

of seed was used to solid sow the F
3

generation in 1982 and no

selection was subsequently practiced. The same procedure was followed

in F4, and in 1983, a random sample of F5 seed was chosen for the
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replicated yield trial. The F5's represented a population in which

zero cycles of selection was practiced. This was regarded as the base

population or check in determining effectiveness of selection.

Plant Height, 500 Kernel Weight and Yield Evaluation

Plant height represented a qualitatatively inherited trait while

500 kernel weight and grain yield are quantitatively inherited. Thus

a comparison of the effectiveness of each method could be evaluated in

terms of the nature of inheritance of a specific trait.

Plant Height: Plant height was measured on a main tiller at

maturity, measuring from the soil surface to the tip of the spike of a

main tiller, excluding awns. The mean of three plants was used to

represent the plant height of each plot.

500 Kernel Weight: The weight of grains in grams was determined

by weighing 500 kernels randomly selected from the three samples

obtained from each plot.

Grain Yield: Grain yield was recorded in grams from the total

yield per plot. All samples were uniformly cleaned prior to weighing.

To determine the effectiveness of each method and cycles of

selection, yield trials of F5 generations were established at three

locations. The plots at Corvallis and Pendleton were six rows 20 cm.

apart and 4.5 m long. At Arlington only four rows were used in which

the spacing between rows was 36 cm and again 4.5 m long.
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Analysis

The F
5
generation or populations from each cross included eight

lines representing the pedigree, eight lines for the modified bulk

(including elite lines) and one bulk population. They were planted in

a replicated yield trial using a nested design arrangement of

treatments. Methods were randomly assigned in each replication. Four

replications were used for grain yield analysis and three replications

for kernel weight and plant height (at Pendleton just two

replications). The lines from each method were nested within each

method. Each population from each cross was analyzed separately. The

difference between methods and between lines lines within methods were

analyzed within each particular location and across locations.

Genetic variances for lines within method were computed (Appendix

Table 6). Also in Appendix Table 6 is a method of determination of

variance following the formula proposed by Anderson and Brancroft

(1952). This value was used to calculated the standard error of the

variance (16i2 ) which is used to identify differences between

variances.

Estimates of the genotype x environment interaction were obtained

for each line within each method as well the method x location

interaction. This study involved two locations, Corvallis and

Arlington. Due to hail damage, the Pendleton site had to be discarded

from the yield analysis. Grain yield of lines derived from each

method was used to estimate the stability across locations. The

technique employed is that proposed by Plaisted and Peterson (1959).
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Since the interaction of lines x locations was detected to be

different in YMH-DRC and YMH-DWS, both crosses were used in this

study. For all the combinations of pairs of lines within each method

at the two locations the analysis was computed. From this study a

total of 120 analyses were computed for each population. The type of

analysis followed is presented in Appendix Table 7. The observed mean

square was equated to the expected mean square value and the equation

was solved to obtain an estimate of the variance of lines x location

(62g1). An arithmetic mean of these estimates was computed for all

pairs of lines having one common member. There were 7 estimates in

each mean (n-1).

To determine if differences existed between methods, lines within

methods, and possible interactions across locations,an analysis of

variance and the least significant difference (LSD) test for multiple

comparisons were employed. A Chi-square test was also performed to

indicate differences among methods. The mean of each line derived

from each population was computed, and they were arranged in order of

magnitude. Then, the highest 50% and 25% yielding lines in each

population were chosen and identified for each selection method

employed. If no difference existed between methods then it was

expected that would be the same number of high yielding lines from

each method. Otherwise the difference from the expected number

determined the values to compute the Chi-square test.

Total plot means were used to examine grain yield, while three

1 m samples from each plot were obtained to measure plant height and

500 kernel weight.
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EXPERIMENTAL RESULTS

The results of this study are based on the performance of F5

lines derived from two methods of handling segregating populations.

These included the pedigree and modified bulk methods involving three,

and two cycles of selection respectively. The effectiveness of each

method was compared with a population where no selection was

practiced. This population was considered as the check or base

population. Three winter wheat populations were employed with the

variety Yamhill being a common parent in all the crosses. All cycles

of selection from the F2 through F4 generation were conducted on the

Hyslop Agronomy Farm near Corvallis, Oregon. Data were obtained at

the three experimental sites: Corvallis, Arlington and Pendleton.

Unfortunately a hail storm at the Pendleton site destroyed the

experiment before yield data could be obtained. A sample from each

plot from two replications was obtained prior to the storm. Data for

plant height and kernel weight were then available from samples taken

at all three locations. Grain yield will be reported only for two

locations, Corvallis and Arlington. Growing conditions at Corvallis

and Arlington were favorable for plant development during the 1983-

1984 season.

Analysis of Variance within Locations

500 Kernel Weight and Plant Height

An analysis of variance was conducted for each location to
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determine if there were significant differences between methods and

between lines within methods when selecting for plant ideotype and

indirectly 500 kernel weight and plant height.

Results for the YMH-DRC cross are presented in Table I. Source

of variation included replications, methods, replications x methods,

lines within methods, experimental and sampling error. In Appendix

Table 2, the expected mean square for each source of variation is

provided. Significant replication effects were found for 500 kernel

weight at the three locations. No differences between methods were

found for this trait; however differences for lines within methods

were observed at all three locations.

For plant height, a replication difference was noted at Arlington

(Table 1). Methods did not differ at any location. However,

differences were detected between lines within methods at Corvallis

and Pendleton.

The observed mean square values for 500 kernel weight and plant

height in the cross YMH-DWS can be found in Table 2. Differences for

replication effects for 500 kernel weight were detected at all

locations. Also differences for this trait were observed between

methods at Corvalllis and for lines within methods at all locations.

Replication differences for plant height were noted only at

Arlington (Table 2). Methods were found to be different as were lines

within methods at all three locations.

A difference between replications for the YMH-SPN cross was found

only at Corvallis for 500 kernel weight (Table 3). Also at the same
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Table 1. Observed mean square values for 500 kernel weight and plant
height involving three methods of selection representing F5
lines from the cross Yamhill-Druchamp grown at Corvallis,
Arlington and Pendleton, Oregon, 1983-1984.

Location
Source of
Variation d.f.

500
Kernel
Weight

Plant
Height

Corvallis
Replications 2 18.39** 81.38
Methods 2 2.82 339.04
Reps. x Methods 4 2.44 103.41
Lines/Methods 14 5.39** 546.61**
Experimental
Error 32 1.67** 62.31
Sampling
Error 98 0.57 40.96
Total 152
C.V.% 3.46 4.96

Arlington

Replications 2 7.38** 377.06**
Methods 2 1.85 73.44
Reps. x Methods 4 0.23 118.13
Lines/Methods 14 7.53** 89.28
Experimental
Error 32 0.76* 58.77*
Sampling 98 0.46 36.04
Error
Total 152
C.V.% 3.18 6.28

Pendleton

Replications 1 15.96** 86.63
Methods 2 2.21 7.88
Reps. x Methods 2 1.35 115.31
Lines/Methods 14 5.92** 299.69**
Experimental
Error 16 1.63 61.52
Sampling
Error 66 0.92 53.35
Total 101

C.V.% 4.33 5.95

*, ** Significant at 5% and 1% probability level respectively
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Table 2. Observed mean square values for 500 kernel weight and plant
height involving three methods of selection representing F5
lines from the cross Yamhill-Daws grown at Corvallis,
Arlington and Pendleton, Oregon, 1983-1984.

Location
Source of

Variation d.f.

500

Kernel

Weight
Plant

Height

Corvallis
Replications 2 9.29** 11.35
Methods 2 6.99* 2,774.50**
Reps. x Methods 4 0.44 211.41
Lines/Methods 14 10.92** 678.60**
Experimental
Error 32 2.05** 121.39
Sampling
Error 98 0.92 105.43
Total 152
C.V.% 4.68 8.88

Arlington
Replications 2 3.96** 409.44**
Methods 2 1.75 916.56**
Reps. x Methods 4 0.46 127.76
Lines/Methods 14 14.90** 317.39**
Experimental
Error 32 0.70* 70.29*
Sampling
Error 98 0.41 38.55
Total 152
C.V.% 2.96 7.09

Pendleton
Replications 1 18.98** 15.75
Methods 2 6.55 1,674.75**
Reps. x Methods 2 3.70 10.04
Lines/Methods 14 12.01** 283.88**
Experimental
Error 16 1.99** 57.08
Sampling
Error 66 0.73 60.72
Total 101

C.V.% 3.89 7.22

*, ** Significant at 5% and 1% probability level respectively.
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Table 3. Observed mean square values for 500 kernel weight and plant
height involving three methods of selection representing F5
lines from the cross Yamhill-Stephens grown at Corvallis,
Arlington and Pendleton, Oregon, 1983-1984.

Location
Source of
Variation d.f.

500
Kernel
Weight

Plant
Height

Corvallis
Replications 2 14.60* 273.87*
Methods 2 11.93* 473.00**
Reps. x Methods 4 4.27 7.79
Lines/Methods 14 17.09** 1,252.00**
Experimental
Error 32 2.83** 53.52
Sampling
Error 98 0.69 62.51
Total 152

C.V.% 3.72 6.71

Arlington

Replications 2 3.30 507.13**
Methods 2 0.80 553.06**
Reps. x Methods 4 0.62 36.16
Lines/Methods 14 10.20** 389.67**
Experimental
Error 32 1.49** 48.57
Sampling
Error 98 0.44 39.04
Total 152

C.V.% 2.87 7.21

Pendleton

Replications 1 26.16 16.50
Methods 2 7.54 30.63
Reps. x Methods 2 11.27 5.05
Lines/Methods 14 7.97* 587.67**
Experimental
Error 16 2.73** 50.31
Sampling
Error 66 0.54 56.50
Total 101

C.V.% 3.12 6.85

*, ** Significant at 5% and 1% probability level respectively.
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location differences between methods were noted. When the lines

within methods were compared, they were found to be different at all

three locations.

Data for plant height are provided in Table 3. Replications and

methods differences were noted at Corvallis and Arlington.

Differences for lines within methods were found at the three

locations.

Grain Yield

Table 4 displays the mean square values for grain yield obtained

at the two locations. The expected mean squares for this analysis are

presented in Appendix Table 3. Replication differences were exhibited

for all crosses except YMH-DRC at Corvallis. Differences between

methods for YMH-DWS cross at Corvallis and for YMH-SPN at Arlington

were observed. All three crosses manifested differences between lines

within methods at both locations except for YMH-SPN at Corvallis.

Analysis of Variance across Locations

500 Kernel Weight and Plant Height

Expected mean square values for the analysis are found in

Appendix Table 4 for both 500 kernel weight and plant height. A

combined analysis across locations for 500 kernel weight is presented

in Table 5. A significant locations effect was detected when
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Table 4. Observed mean square values for grain yield obtained for
three methods of selection representing F5 lines from three
crosses of winter wheat grown at Corvallis and Arlington,
Oregon, 1983-1984.

Location Source of
Variation d.f.

Crosses

YMH-DRC YMH-DWS YMH-SPN

Corvallis
Replications 3 1.83 1.69* 1.87**
Methods 2 3.03 2.71* 2.48
Reps. x Methods 6 1.40** 0.18 1.77**
Lines/Methods 14 2.16** 0.57** 0.79
Error 42 0.34 0.19 0.50
Total 67

C.V.% 9.21 6.30 9.85

Arlington Replications 3 6.68** 2.27** 4.92**
Methods 2 0.27 1.16 2.32**
Reps. x Methods 6 0.17** 0.43* 0.26
Lines/Methods 14 0.80** 0.94** 0.32**
Error 42 0.02 0.18 0.12
Total 67

C.V.% 4.20 7.33 6.67

*, ** Significant at 5% and 1% probability level respectively.
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Table 5. Observed mean square values for 500 kernel weight obtained
from combined analysis in F5 from three winter wheat
crosses grown at Corvallis, Arlington and Pendleton, Oregon,
1983-1984

Source of
Variation

Crosses

d.f. YMH-DRC YMH-DWS YMH-SPN

Locations 2 19.89 79.00* 45.89
Reps/ Loc. 5 13.50** 9.09** 12.39
Methods 2 1.89 0.26 13.68
Pooled
Reps. x Methods 10 1.34* 1.53* 5.39**
Lines/Methods 14 14.85** 27.26** 26.67**
Methods x Locs. 4 1.41 8.79 3.30
Lines/Methods
x Locs. 28 2.30* 5.29** 4.60**

Pooled Exp.
Error 80 1.29** 1.49** 2.28**

Pooled Samp.
Error 262 0.62 0.69 0.56

Total 407

C.V.% 3.73 3.90 3.26

*, ** Significant at 5% and 1% probability level respectively.
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selecting for plant ideotype and indirectly 500 kernel weight in the

YMH-DWS cross. Replication within location differences were found for

the crosses YMH-DRC and YMH-DWS. All populations exhibited a

difference for lines within methods. The interaction of lines within

method x location was also detected. Coefficients of variation were

low for 500 kernel weight ranging from 3.26% to 3.90%.

The observed mean squares for plant height involving the sources

of variation are presented in Table 6. Differences in plant height

between locations were found for all three crosses. A difference

between replications within locations was observed for the crosses

YMH-DRC and YMH-SPN. In two of the three populations studied (YMH-DWS

and YMH-SPN), a difference in methods was noted. Yamhill-Druchamp and

YMH-SPN exhibited differences when lines within methods were studied.

There was also a significant interaction for lines within methods x

location for the three populations. Coefficients of variation were

low ranging from 5.68% to 7.66%.

Grain Yield

The observed mean square values for grain yield, indicate that

there were differences between location and replication effects for

grain yield in all crosses (Table 7). Differences between methods

were observed for YMH-DWS and YMH-SPN. A difference for lines within

methods was detected in YMH-DRC, and YMH-SPN crosses. Differences

were also observed between lines within methods x location in YMH-DRC

and YMH-DWS. Coefficients of variation for grain yield were
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Table 6. Observed mean square values for plant height obtained from
combined analysis for Fg lines from three winter wheat
crosses grown at Corvallis, Arlington and Pendleton, Oregon,
1983-1984.

Crosses

Source of
variation

d.f. YMH-DRC YMH-DWS YMH-SPN

Locations 2 46,594.60** 36,075.00** 39,196.30**
Reps/ Locs. 5 200.75** 171.38 315.70**
Methods 2 174.92 4,691.32** 824.55**
Pooled
Reps. x Methods 10 112.28** 116.40 16.33
Lines/Methods 14 572.98** 101.33 1,850.13**
Methods x Locs. 4 122.73 337.25 116.10
Lines/Methods
x Locs. 28 181.28** 129.26** 200.49**

Pooled Exp.
Error 80 35.50 89.69 50.90
Pooled Samp.
Error 262 42.29 69.16 52.22

Total 407

C.V.% 5.68 7.66 6.82

*, ** Significant at 5% and 1% probability level respectively.
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Table 7. Observed mean square values for grain yield obtained from
combined analysis of Fg lines from three winter wheat
crosses grown at Corvallis and Arlington, Oregon, 1983-1984.

Source of Variation d.f.

Crosses

YMH-DRC YMH-DWS YMH-SPN

Locations 1 295.67** 214.85** 109.02**
Replications/Locations 6 12.78** 5.94** 10.19**
Methods 2 2.34 2.49** 4.34*
Pooled
Reps. X Methods 12 0.78** 0.31 1.01**
Lines/Methods 14 2.16* 0.77 0.79**
Methods x Locations 2 0.96 1.63 0.46
Lines/Methods x Locations 14 0.82** 0.74** 0.33
Pooled Error 84 0.18 0.18 0.31
Total 135

C.V. % 8.68 7.63 10.81

*, ** Significant at 5% and 1% probability level respectively.
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relatively low, ranging from 7.63% to 10.81%.

Performance of Populations within Locations

Corvallis

Mean values and the range for 500 kernel weight, plant height,

and grain yield within F5 for the three crosses grown at Corvallis are

provided in Table 8. Parental means are also included. For the YMH-

DRC cross, the mean of the progeny was higher than the heavier parent

YMH. The means of the lines ranged from 20.24 to 22.72 which exceeds

the mean of either parent. The progeny mean for kernel weight in the

cross YMH-DWS did not exceed the heaviest parent (DWS). Also there

were no individual lines with heavier kernel weights than the heaviest

parent (DWS). Mean values for kernel weight in the cross YMH-SPN

indicate that no differences existed between the mean of the

population and Stephens, the parent with heavier kernel weight.

However there were individual lines with heavier kernel weight than

Stephens.

Mean values for plant height showed that the progeny of the three

crosses studied were not different than the shorter respective parent.

However, in each cross, lines shorter than the shorter parent were

noted.

Grain yield mean values for the three crosses are presented in

Table 8. For YMH-DRC, the progeny mean did not differ from either

parent, but the means of the individual lines (3.94-7.05 T/ha) did
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Table 8. Mean values and ranges for three agronomic characters
involving 17 F lines within each of the three crosses and
their respectiVe parents grown at Corvallis, Oregon, 1984.

Crosses

500

Kernel

Weight
(gr)

Plant
Height

(cm)

Grain
Yield
per plot

(T/ha)

YMH-DRC
Prog. Mean 21.76 128.96 6.31
Range (20.24-22.72) (109.22-136.89) (3.94-7.05)
YMH 21.06 136.11 6.21
DRC 20.82 124.00 6.46

0.43 2.12 0.29S.E.

YMH-DWS

S.E.

YMY-SPN

S.E.

Prog. Mean 20.47
Range (18.13-22.09)
YMH 20.62
DWS 22.63

0.47

Prog. Mean 22.34
Range (19.38-25.05)
YMH 20.36
SPN 22.62

0.56

115.56 6.92

(97.11-137.22) (5.95-7.75)
126.70 6.51
120.88 6.44
3.12 0.22

117.78 6.17
(92.44-138.00) (5.34-7.14)

128.11 5.25
116.00 5.97

2.63 0.35
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exceed the means of both parents. In YMH-DWS and YMH-SPN crosses, it

was noted that the mean values of the progenies were superior to the

higher yielding parent YMH and SPN respectively. The lines selected

from both crosses exceeded the parents.

Arlington

Mean values for 500 kernel weight, plant height and grain yield

of the the lines when grow at the Arlington site are included in Table

9. Yamhill-Druchamp had a progeny mean lower than either parent.

However, there were selected lines with heavier kernel weights than

the heavier kernel weight parent (DRC). For YMH-DWS cross, the mean

of the progeny did not differ in respect to heavier kernel parent

(DWS), but there were lines which had heavier kernel weight than the

heavier parent. The mean of the progeny in YMH-SPN cross was less

than the heavier kernel weight parent (SPN). This was also true for

the individual lines.

Visual selection at Hyslop was not effective in developing lines

with reduced plant height when grow at Arlington (Table 9). This is

noted when selected lines are compared with the shorter parent in YMH-

DRC and YMH-SPN crosses. Nevertheless, in the YMH-DWS cross shorter

lines than the shorter parent were found.

Concerning grain yield it can be noted in Table 4 that in crosses

YMH-DRC and YMH-SPN, the progeny means did not exceed the higher

yielding parent. However, from the range, it can be noted that there

were lines that yielded more than either parent. When F5 lines of the
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Table 9. Mean values and ranges for three agronomic characters
involving 17 F5 lines within each of the three crosses and
their respective parents grown at Arlington, Oregon, 1984.

Crosses

YMH-DRC

S.E.

YMH-DWS

S.E.

YMH-SPN

S.E.

500
Kernel

Weight

(gr)

Plant

Height

(cm)

Grain
Yield

Per plot

(T/ha)

Prog. Mean 21.28
Range (19.22-23.38)
YMH 22.06
DRC 22.47

0.29

Prog. Mean 21.63
Range (18.04-23.36)
YMH 22.42
DWS 22.43

0.28

Prog. Mean 23.06
Range (21.26-24.88)
YMH 22.45
SPN 24.96

0.40

95.63 3.36
(90.88-101.78) (2.29-4.08)

88.00 3.60
88.00 3.70
3.18 0.21

87.53 4.40
(74.11-98.11) (3.08-5.13)

96.00 3.99
90.00 4.01
3.18 0.21

86.65 4.38
(81.56-98.44) (3.88-5.37)

90.44 3.54
84.00 4.78
3.07 0.17
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YMH-DWS cross are compared with both parents, the progeny mean

and the lines selected for advancement were superior to Daws, the

higher yielding parent.

Pendleton

In Table 10, data for 500 kernel weight and plant height for each

cross grown at Pendleton can be observed. Yamhill-Druchamp had a

progeny mean lower than Druchamp the heavier kernel weight parent.

This was also true for the selected individual lines. In YMH-DWS

cross the progeny mean value was lower than the mean of either parent.

However, there were selected lines which did exceed both parental

means. Also for the YMH-SPN cross, the population mean did not differ

from the heavier parent (SPN), nor did any of the individual lines.

Plant height mean values of lines when grow at the Pendleton site

are noted in Table 10. For YMH-DRC and YMH-SPN crosses, the effect of

visual selection in early generation was not effective when the

population means and lines selected are compared with the shorter

parent. However for YMH-DWS cross there were shorter lines than the

shorter parent.

Performance of Populations across Locations

Mean values for 500 kernel weight, plant height and yield per

plot for the 17 F5 lines within each population and across locations

are presented in Table 11. Mean values for parents of each



43

Table 10. Mean values and ranges for three agronomic characters
involving 17 F5 lines within each of the three crosses and
their respective parents grown at Pendleton, Oregon, 1984

Crosses

500

Kernel Plant
Weight Height
(gr) (cm)

YMH-DRC

S.E.

YMH-DWS

S.E.

YMH-SPN

S.E.

Prog. Mean 22.12
Range (20.32-23.74)
YMH 21.53
DRC 23.00

0.39

Prog. Mean 21.93
Range (19.16-24.13)
YMH 22.25
DWS 21.97

0.57

Prog. Mean 23.52
Range (21.39-25.73)
YMH 22.38
SPN 25.82

0.30

122.65

(108.67-133.33)
121.00

111.00
2.98

107.82
(93.83-125.50)

120.66
112.00
3.18

109.68
(94.67-127.83)

119.16
100.52
3.07
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Table 11. Average mean values for three locations and range for three
agronomic traits for F5 lines within each cross and their
respective parents, Corvallis, 1984.

Cross

500
Kernel
Weight

(gr)

Plant
Height
(cm)

Grain
Yield
(T/ha)

YMH-DRC
Prog. Mean 21.61 115.96 4.89
Range (21.18-23.23) (102.29-121.33) (3.12-5.51)
YMH 21.55 105.04 4.91
DRC 22.09 107.67 5.04

S.E. 0.31 2.74 0.31

YMH-DWS
Prog. Mean 21.27 107.78 5.56
Range (18.59-22.96) (87.92-117.08) (4.89-6.15)
YMH 21.76 114.22 5.26
DWS 22.36 107.22 5.26

S.E 0.46 2.32 0.03

YMH-SPN
Prog. Mean 22.96 106.43 5.15
Range (20.83-25.15) (84.04-119.79) (4.61-6.25)
YMH 24.46 112.58 4.39
SPN 23.10 100.17 5.38

S.E. 0.44 2.89 0.03
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population are included as a reference point.

500 Kernel Weight

Selected lines from the YMH-DRC cross had heavier kernel weight

than Druchamp the heaviest parent (Table 11). There was one line with

lower kernel weight than the lower parent. A wider range was

generated in lines selected from the population YMH-DWS. However, the

mean of the population did not vary from the heavier kernel weight

parent (DWS). In the YMH-SPN cross, there were no individual lines

with significantly higher kernel weights.

Plant Height

For the YMH-DRC cross, the general mean of the selected lines was

higher than either parent (Table 11). The range indicated that there

were shorter and taller lines than the mean of the parents. A

difference was noted in the YMH-DWS cross, with the progeny mean being

similar to the mean of the shorter parent (DWS). Again the range

reflected that there were shorter and taller lines than the mean of

either parent. The overall mean value for the lines within the YMH-

SPN cross was intermediate to the value of the two parents. Taller

and shorter plants were noted as can be seen by the range for the

lines.
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Grain Yield

The performance of the lines is provided in Table 11. Progeny

from the Yamhill-Daws cross, had the highest average yield of 5.56

Tiha followed by YMH-SPN and YMH-DRC with yields of 5.15 and 4.89 T/ha

respectively.

The cross YMH-SPN had the widest range of mean values varying

from 4.61 to 6.25 T/ha. Based in overall means and the range; the

cross YMH-DWS also appears to have several high yielding lines. On the

other hand the cross YMH-DRC appears to be the least promising in

terms of improvement for grain yield.

Performance of Methods within Location

500 Kernel Weight

In Table 12 the mean values for the three methods of selection in

two crosses (YMH-DWS and YMH-SPN) are observed. The YMH-DRC cross was

not included as no differences for methods involving the three traits

were found at any of the locations. The data presented indicates that

differences between pedigree and modified bulk method existed in the

cross YMH-SPN for kernel weight. When a comparison is made with the

unselected bulk population, a difference can be observed between the

bulk and modified bulk method in YMH-DWS cross.
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Table 12. Five hundred kernel weight mean values (gr) for the three
methods of selection representing F5 lines from YMH-DWS and
YMH-SPN crosses grown at Corvallis, Oregon, 1984.

Crosses
Location Method YMH-DWS YMH-SPN

Corvallis
Pedigree 20.59
Mod. Bulk 20.23
Bulk 21.45

LSD.05 (1) 0.48
(2) 1.03

21.93
22.67
23.01

0.57
1.21

(1) Comparison of Ped. and Mod. Bulk methods.
(2) Comparison of Bulk with Mod. Bulk and Pedigree methods.
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Plant Height

Mean values for plant height for the three methods of selection

are represented for YMH-DWS and YMH-SPN in Table 13. When selecting

for shorter stature, it can be noted that the pedigree method with

three cycles of selection was the most effective. This was true at

the three locations. Even with two cycles of phenotypic selection the

modified bulk was effective in reducing plant height when compared

with the unselected bulk population.

Grain Yield

The mean values for grain yield for the three methods of

selection involving two crosses grown at two locations are presented

in Table 14. In the YMH-DWS cross, the mean value for modified bulk

method was the highest at the Corvallis location. Differences were

detected when the pedigree and modified bulk are compared to the

unselected bulk. No difference between methods was observed for the

YMH-SPN cross.

At Arlington, the superiority of modified bulk method when

compared with other methods is noted. Of interest is that the grain

yield mean values for pedigree method were lower than the bulk

population.
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Table 13. Plant height mean values (cm) for three methods of
selection representing Fg lines for YMH-DWS and YMH-SPN
crosses grown at Corvallis, Arlington and Pendleton,
Oregon, 1984.

Location Method
Crosses

YMH-DWS YMH-SPN

Corvallis
Pedigree 112.92 117.46
Mod. Bulk 120.26 116.88
Bulk 137.22 127.67

LSD.05 (1) 3.39 (1) 2.61
(2) 7.19 (2) 5.51

Arlington
Pedigree 83.86 85.25
Mod. Bulk 90.72 86.76
Bulk 91.33 97.00

LSD.05 (1) 2.84 (1) 2.06
(2) 6.04 (2) 4.38

Pendleton
Pedigree 102.96 110.21
Mod. Bulk 110.48 108.92
Bulk 125.50 111.50

LSD.05 (1) 3.18 N.S.
(2) 6.73 N.S.

(1) Comparison of Ped. and Mod. Bulk methods.
(2) Comparison of Bulk with Ped. and Mod. Bulk methods.
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Table 14. Grain yield mean values (T/ha) for three methods of
selection representing F5 lines within two crosses grown at
Corvallis and Arlington, Oregon, 1984.

Crosses
Location Method YMH-DWS YMH-SPN

Corvallis
Pedigree 6.83 5.89
Mod. Bulk 7.13 6.39
Bulk 5.94 6.64

LSD.05 (1) 0.22 N.S.
(2) 0.47

Arlington

Pedigree 4.21 4.13
Mod. Bulk 4.56 4.65
Bulk 4.66 4.20

LSD.05 N.S. (1) 0.17
N.S. (2) 0.37

(1) Comparison of Ped. and Mod. Bulk methods.
(2) Comparison of Bulk with Ped. and M. Bulk methods.
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Performance of Methods across Locations

500 Kernel Weight and Plant Height

No difference between methods was detected when selecting for

plant type and indirectly for 500 kernel weight (Table 5).

For plant height, differences between methods were noted for two

of the three crosses studied (YMH-DWS and YMH-SPN), (Table 15). The

effect of visual selection in reducing plant height was noteworthy in

both crosses (YMH-DWS and YMH-SPN). A mean plant height of 99.53 cm

in the YMH-DWS cross for the pedigree method was less than the mean of

the modified bulk and bulk methods. A plant height mean of 117.08 cm

for the bulk method was higher than that of the pedigree and modified

bulk methods. The same trend was observed in the YMH-SPN population.

Grain Yield

The mean values for grain yield involving the three methods of

selection within each of the three populations are presented in Table

16. Variances for each method were calculated including the means of

eight lines across locations. Since, in the analysis of variance,

differences between methods in crosses YMH-DWS, and YMH-SPN were

observed, an LSD.05 was calculated for both crosses. In the YMH-DWS

cross, the modified bulk method mean was higher than the pedigree

method and bulk methods. This also was observed when the comparison

was made within locations in Table 14.
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Table 15. Plant height mean values (cm) across locations for three
methods of selection representing FR lines from three
winter wheat crosses grown at Corvallis, Arlington and
Pendleton, Oregon, 1984.

Crosses

Method YMH-DRC YMH-DWS YMH-SPN

Pedigree 114.59 99.53 103.57
Mod. Bulk 114.72 106.74 105.59
Bulk 118.59 117.08 112.13

LSD.05 N.S. 1.65(1) 1.45
3.51(2) 3.07

(1) Comparison of Pedigree and M. Bulk methods.
(2) Comparison of Bulk with Pedigree and M. Bulk methods.
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Table 16. Grain yield mean values (T/ha) across locations and
variances of lines within method for three methods of
selection representing F lines within three crosses grown
at Corvallis and Arlingtdn, Oregon, 1984.

Crosses Parameter Pedigree

Method

M. Bulk Bulk LSD.05

YMH-DRC Mean 5.01 4.64 5.03 (1) N.S.
Variance 0.06 0.48 - (2) N.S.

YMH-DWS Mean 5.51 5.84 5.31 (1) 0.149
Variance 0.08 0.09 (2) 0.315

YMH-SPN Mean 4.51 5.52 5.42 (1) 0.387
Variance 0.07 0.12 (2) 0.821

(1) LSD.05 is given for the comparison of Ped and M. Bulk Methods.
(2) LSD.05 is given for the comparison of Bulk with Ped and M. Bulk

Methods.
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When comparing the mean values of methods for YMH-SPN, it was

found that the modified bulk method was superior to the pedigree

method with no difference being observed between the bulk and modified

bulk. However, the bulk method was superior to the pedigree method.

It can be noted that the modified bulk method had a higher variance

than the pedigree method in the three crosses. However, as the

genotype by environment interaction is included, precautions about

inferences from this data must be taken into consideration. To obtain

the genotypic variance estimate free of genotype by environment

interaction, an analysis of lines of each method across locations was

performed. The mean square expectations for such analysis are

presented in Appendix Table 5. Source of variation consisted of

locations, replications in locations, lines, lines x locations

interaction and the error term.

The observed mean square values for grain yield indicate there

were differences between lines in the YMH-DRC and YMH-SPN crosses for

the modified bulk method (Table 17). Lines x location interaction

were significant in the YMH-DRC and YMH-DWS populations for both

methods.

After a difference between lines was detected, the estimated

genetic variances (6
2

) were calculated for lines and lines x location

in each method and are presented in Table 18. The criteria to test

differences between genetic variances is if Si2>2 42. A slight

difference between variances of lines within a method was found in

YMH-DRC and YMH-SPN cross for the modified bulk method.
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Table 17. Mean square values for grain yield obtained from combined
analysis across locations of FK lines within each method in
three crosses grown at Corvallis and Arlington, Oregon,
1984.

Croses
Source of

Variation d.f.

Method

Pedigree M.Bulk

YMH-DRC Locs. 1 163.82** 117.83**
Reps./ Locs. 6 3.08** 2.02**
Lines 7 0.45 3.85*
Lines x Locs. 7 0.94** 0.69**
Error 42 0.15 0.30
Total 63

YMH-DWS Locs. 1 109.70** 105.15**
Reps./ Locs. 6 1.93** 0.63**
Lines 7 0.87 0.68
Lines x Locs. 7 0.77** 0.71**
Error 42 0.19 0.17
Total 63

YMH-SPN Locs. 1 49.82** 48.18**
Reps./ Locs. 6 3.15* 1.85**
Lines 7 0.57 0.99**
Lines x Locs. 7 0.48 0.18
Error 42 0.37 0.25
Total 63

*, ** Significant at 5% and 1% probability level respectively
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In YMH-DRC cross the genetic variance for lines within the modified

bulk method is seven times greater than the variance from the pedigree

method. In the YMH-SPN population, the modified bulk method had a

genetic variance for lines within a method ten times greater than that

obtained in lines from the pedigree method. This suggests that three

cycles of phenotypic selection in the pedigree method reduced the

variability among lines. A greater lines x locations interaction

factor was observed for the pedigree method than the value obtained

for bulk method, indicating that pedigree lines were more affected by

the environment than the modified lines. Negative variances observed

in Table 18 are due to sampling error.

A Chi-square test was computed to detect differences between

methods for 50% and 25% of the highest yielding lines obtained in each

cross. Table 19, represent the comparison of 50% of the highest

yielding lines. It can be observed that no differences between

pedigree and modified bulk methods in YMH-DRC and YMH-DWS crosses were

found. However, in the YMH-SPN cross, the modified bulk method

resulted in a higher number of high yielding lines than the pedigree

method and this difference was significant at a 5% level of

probability. The grain yield mean for the 50% group of lines derived

from each method was computed, and presented in Table 19. It can be

observed that lines
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Table 19. Comparison of methods within each cross with reference to
the highest 50% yielding F5 lines grown at Corvallis and
Arlington Oregon, 1984.

Method

Pedigree Modified Bulk
Mean Yield Mean Yield

Cross # Lines (T/ha) # Lines (T/ha) Prob.

YMH-DRC 5 5.19 3 5.06 P>.50

YMH-DWS 3 5.77 5 6.07 P>.50

YMH-SPN 1 5.24 7 5.73 P<.05
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derived from the modified bulk method had a higher mean yield than

lines derived from the pedigree method in YMH-DWS and YMH-SPN crosses.

This is agreement with the data reported when the means of each method

were compared in the same crosses (Table 16). The only exception was

for the YMH-DRC cross. In this cross, lines derived from the pedigree

method outyielded the lines from the modified bulk method.

Concerning comparison between methods in terms of the 25% group

derived from each method, a Chi-square test was also computed (Table

20). In YMH-DWS and YMH-SPN crosses, the modified bulk method

generated a significantly larger number of high yielding lines than

the pedigree method. No difference between methods was detected for

the YMH-DRC cross.

Performance of F5 Lines within Locations as influenced by Methods of

Selection

500 Kernel Weight

Kernel weight mean values within each location for the F5 lines

within the cross YMH-DRC can be noted in Table 21. Lines identified

as 1-8 resulted from the pedigree method (Ped). Lines identified as

9-16 represent the modified bulk method [(MB) and modified Elite lines

MB(E)]. Line 17 represents the bulk method or base population.

For Corvallis, kernel weight mean values ranged from 20.24 to

22.72. Line 8 from the pedigree method had the highest kernel weight,

however, no differences were found when this line was compared to five
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Table 20. Comparison of methods within each cross with reference to
the highest 25% yielding F5 lines grown at Corvallis and
Arlington, Oregon, 1984

Method

Pedigree Modified Bulk
Mean Yield Mean Yield

cross # Lines (T/ha) # Lines (T/ha) Prob.

YMH-DRC 3 6.53 1 5.25 P>.50

YMH-DWS 0 5.89 4 6.12 P<.05

YMH-SPN 0 5.30 4 5.92 P<.05
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Table 21. Five hundred kernel weight mean values for the Fg lines
representing three methods of selection within the cross
YMH-DRC grown at Corvallis, Arlington and Pendleton,
Oregon, 1984.

Line

Corvallis
500

Kernel

Weight

Meth (gr) Line

Arlington
500

Kernel

Weight
Meth (gr) Line

Pendleton
500

Kernel
Weight

Meth (gr)

8 Ped 22.72 8 Ped 23.38 9 MB(E) 23.91
10 *MB(E) 22.51 16 MB 22.39 8 Ped 23.74
16 MB 22.45 13 MB 22.12 17 Bulk 22.73
9 MB(E) 22.43 10 MB(E) 21.64 4 Ped 22.73

13 MB 22.35 14 MB 21.62 13 MB 22.66
15 MB 22.27 4 Ped 21.30 6 Ped 22.33
7 Ped 22.09 9 MB(E) 21.28 16 MB 22.32
5 Ped 22.01 2 Ped 21.18 3 Ped 22.16
3 Ped 21.93 7 Ped 21.13 10 MB(E) 22.16
4 Ped 21.85 17 Bulk 21.13 2 Ped 22.11
14 MB 21.84 5 Ped 21.09 15 MB 22.06
2 Ped 21.71 12 MB(E) 21.02 5 Ped 22.05
6 Ped 21.25 15 MB 20.97 13 Ped 21.83

17 Bulk 20.99 3 Ped 20.98 11 MB(E) 21.29
1 Ped 20.70 6 Ped 20.79 1 Ped 20.82

11 MB(E) 20.53 11 MB(E) 20.49 14 MB 20.31
12 MB(E) 20.24 1 Ped 19.22 12 MB(E) 20.32

LSD.05 1.24 0.84 1.11

* MB(E). Are lines selected from modified bulk method and referred as
ELITE lines.
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lines from the modified bulk method (10, 16, 9, 13, 15). At

Corvallis, most lines selected from the pedigree and modified bulk

method had heavier 500 kernel weights than the bulk method. At the

Arlington site, line 8 from the pedigree method was significantly

different for kernel weight than the remaining lines. The lowest 500

kernel weight was line 1 from the pedigree method. When the same

lines were compared at Pendleton, line 9 from elite modified bulk

method had the heaviest kernel weight; however, this line did not

differ from pedigree line 8. Only line 9 had a significantly heavier

kernel weight than the bulked line or control.

Table 22, presents a comparison of the cross YMH-DWS when grown

at the three locations. At Corvallis lines from pedigree (4,6,2) and

modified bulk (13) were not different from the bulk method (Line 17).

However, when the lines were studied at Arlington, pedigree lines

(4,7,1) and modified bulk lines (13, 10) had heavier 500 kernel weight

than the bulk method. At Pendleton modified bulk line 13 was the

heaviest in kernel weight, but this was not different from lines 4 and

7 selected from the pedigree method. Both methods were superior in

kernel weight when compared to the bulk line 17.

A clear superiority of line number 7 from the pedigree method was

observed in the cross YMH-SPN (Table 23). At Corvallis, this line had

the highest kernel weight; however it did not differ from modified

bulk line 10. Line 7 at Arlington was again best but not

significantly different from lines 15 and 16 (modified bulk method).

The same trend was observed at Pendleton, only here line 10 had the

heaviest kernel weight although it was not significantly different
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Table 22. Five hundred Kernel weight mean values for the Fg lines
representing three methods of selection within the cross
YHM-DWS grown at Corvallis, Arlington, and Pendleton,
Oregon, 1984.

Line

Corvallis
500

Kernel

Weight
Meth (gr) Line

Arlington
500

Kernel

Weight

Meth (gr) Line

Pendleton
500

Kernel

Weight

Meth (gr)

13 MB 22.09 4 Ped 23.36 13 MB 24.13
4 Ped 21.93 7 Ped 22.99 4 Ped 23.78
6 Ped 21.67 1 Ped 22.84 7 Ped 23.45
2 Ped 21.53 13 MB 22.77 16 MB 22.73

17 Bulk 21.45 10 MB(E) 22.09 10 MB(E) 22.68
3 Ped 20.95 6 Ped 22.08 15 MB 22.51

15 MB 20.62 3 Ped 21.98 11 MB 22.20
12 MB 20.49 12 MB 21.89 1 MB(E) 22.19
5 Ped 20.19 15 MB 21.70 6 Ped 22.25

14 MB 20.46 16 MB 21.64 1 Ped 21.18
1 Ped 20.14 9 MB(E) 21.49 5 Ped 21.86

16 MB 20.03 14 MB 21.30 12 MB 21.80
11 *MB(E) 20.03 17 Bulk 21.03 17 Bulk 21.45
10 MB(E) 19.97 5 Ped 20.96 3 Ped 20.55
7 Ped 19.06 11 MB(E) 20.63 9 MB(E) 20.21
8 Ped 18.74 2 Ped 20.89 2 Ped 19.68
9 MB(E) 18.13 8 Ped 18.04 8 Ped 19.16

LSD.05 1.37 0.80 1.73

* MB(E). Are lines selected from modified bulk method and referred as
ELITE lines.
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Table 23. Five hundred Kernel weight mean values for the F lines
representing three methods of selection within Vie cross
YMH-SPN grown at Corvallis, Arlington, and Pendleton,
Oregon, 1984.

Line

Corvallis
500

Kernel

Weight
Meth (gr) Line

Arlington
500

Kernel

Weight
Meth (gr) Line

Pendleton
500

Kernel
Weight

Meth (gr)

7 Ped 25.05 7 Ped 24.88 10 MB(E) 25.73
10 *MB(E) 23.94 5 Ped 24.56 7 Ped 25.68
16 MB 23.38 15 MB 24.03 16 MB 24.80
13 MB 23.31 16 MB 23.75 13 MB 24.49
17 Bulk 23.01 10 MB(E) 23.64 11 MB(E) 24.29
9 MB(E) 22.94 4 Ped 23.45 17 Bulk 23.69
2 Ped 22.90 13 MB 23.32 3 Ped 23.58
3 Ped 22.76 9 MB(E) 23.32 15 MB 23.33

11 MB(E) 22.62 3 Ped 23.20 4 Ped 23.29
4 Ped 22.32 6 Ped 23.12 14 MB 23.00
15 MB 22.07 14 MB 23.06 2 Ped 27.87
14 MB 21.99 17 Bulk 22.76 9 MB(E) 22.88
6 Ped 21.16 11 MB(E) 22.06 8 Ped 22.83

12 MB(E) 21.07 12 MB(E) 22.06 12 MB(E) 22.73
5 Ped 21.04 1 Ped 21.89 5 Ped 22.69
8 Ped 20.81 8 Ped 21.73 6 Ped 22.61
1 Ped 19.38 2 Ped 21.26 1 Ped 21.39

LSD.05 1.61 1.17 0.84

* MB(E). Are lines selected from modified bulk method and referred as
ELITE lines.
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from line 7. Both lines resulted in a higher kernel weight than the

bulk line.

The indirect effect of phenotypic selection in raising kernel

weights was confirmed in two of the three crosses studied (YMH-DRC and

YMH-SPN). Pedigree and modified bulk lines were superior to the bulk

method with zero cycles of visual selection, but no consistent

differences between pedigree and modified bulk were noted.

Plant Height

The superiority of the pedigree method and the effectiveness of

visual selection when dealing with this simply inherited trait of

plant height was evident in the three crosses studied.

In the YMH-DRC cross at Corvallis pedigree line 7 followed by

lines 4 and 2 were the shortest (Table 24). Plant height was reduced

by 27 cm when the pedigree method was used. At Arlington modified

line 15 was the shortest at 90.89 cm. followed closely by the

pedigree line 7 (91.11) and modified line 14 (91.78). A similar trend

was observed at Pendleton for lines 7 and 15.

The mean values for the cross YMH-DWS are presented in Table 25.

Line 7 at Corvallis was the shortest line when was compared with lines

from modified bulk and bulk method. A 40 cm reduction in plant

height was achieved with respect to the bulk method (line 17) when

using the pedigree line 7. Line 7 was the shortest at both Arlington

and Pendleton; however only at Corvallis and Pendleton the bulk line

was the tallest.
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Table 24. Plant height mean values for the Fc lines representing the
three methods of selection within the cross YMH-DRC grown
at Corvallis, Arlington, and Pendleton, Oregon, 1984.

Line

Corvallis
Plant

Height
Meth (cm) Line

Arlington
Plant

Height
Meth (cm) Line

Pendleton
Plant

Height
Meth (cm)

8 Ped 141.78 6 Ped 101.78 1 Ped 133.33
17 Bulk 136.89 5 Ped 98.78 14 MB 130.83
1 Ped 136.11 1 Ped 98.56 10 MB(E) 129.50
6 Ped 134.56 13 MB 98.44 6 Ped 128.67

11 *MB(E) 134.44 17 Bulk 97.89 16 MB 127.17
14 MB(E) 133.00 16 MB 97.78 13 MB 125.67
13 MB 132.89 4 Ped 97.56 4 Ped 125.67
16 MB 132.56 2 Ped 96.44 9 MB(E) 125.17
9 Ped 128.11 12 MB(E) 95.67 5 Ped 122.83
3 Ped 127.22 9 MB(E) 94.56 17 Bulk 122.17

10 MB(E) 126.33 11 MB(E) 94.44 8 Ped 121.00
9 MB(E) 125.33 8 Ped 93.89 2 Ped 120.17

15 MB 125.11 10 MB(E) 93.78 3 Ped 118.00
12 Ped 124.00 3 Ped 92.44 12 MB(E) 117.17
2 Ped 123.78 14 MB 91.78 11 MB(E) 115.83
4 Ped 121.11 7 Ped 91.11 15 MB 113.17
7 Ped 109.22 15 MB 90.89 7 Ped 108.67

LSD.05 5.98 7.36 8.42

* MB(E). Are lines selected from modified bulk method and referred as
ELITE lines.
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Table 25. Plant height mean values for the Fg lines representing the
three methods of selection within the cross YMH-DWS grown
at Corvallis, Arlington, and Pendleton, Oregon, 1984.

Corvallis
Plant
Height

Arlington
Plant

Height

Pendleton
Plant
Height

Line Meth (cm) Line Meth (cm) Line Meth (cm)

17 Bulk 137.22 16 MB 98.11 17 Bulk 125.50
16 MB 129.44 11 MB(E) 97.78 16 MB 122.00
4 Ped 125.56 5 Ped 95.56 14 MB 114.67
8 Ped 124.67 13 MB 92.56 13 MB 114.50
9 Ped 124.44 17 Bulk 91.33 5 Ped 114.50

13 MB 121.89 10 MB(E) 90.00 4 Ped 110.83
11 *MB(E) 121.00 14 MB 89.78 15 MB 110.17
5 Ped 120.89 8 Ped 89.11 12 MB 107.83

14 MB 119.77 15 MB 87.56 10 MB(E) 106.33
6 Ped 117.33 10 MB 87.22 8 Ped 106.00
15 MB 116.89 4 Ped 85.78 9 MB(E) 104.67
12 MB 115.00 1 Ped 84.00 1 Ped 104.67
10 MB(E) 113.67 9 MB(E) 82.78 11 MB(E) 103.67
1 Ped 113.11 6 Ped 82.67 6 Ped 101.83
3 Ped 104.89 3 Ped 80.89 3 Ped 97.17
2 Ped 99.78 2 Ped 78.78 2 Ped 93.83
7 Ped 97.11 7 Ped 74.11 7 Ped 94.83

LSD.05 9.59 8.05 8.98

* MB(E). Are lines selected from modified bulk method and referred as
ELITE lines.
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For the YMH-SPN cross grown at the three locations, line number 6

was found to be the shortest at all three locations (Table 26). No

difference between lines selected from modified and pedigree was noted

at Arlington and Pendleton locations. Generally, both methods

generated shorter lines when compared with the bulk method.

Grain Yield

The mean values for grain yield for the F5 lines representing the

three methods and various cycles of selection for each cross and for

each location are presented in Tables 27, 28 and 29.

In the YMH-DRC cross grown at Corvallis, differences were

observed between lines. However there were no differences between the

highest yielding selected lines and the unselected lines in the bulk

method line (Table 27). When the lines were compared at Arlington,

lines 2 and 9 were different from the rest; however the unselected

bulk ranked 5
th

.

A clear superiority of the modified bulk method was observed in

the YMH-DWS cross at both Corvallis and Arlington (Table 28). Three

lines from the modified bulk (15, 11 and 15) were the highest yielding

at Corvallis. While at Arlington lines 10, 11 and 13 were the highest

yielding. It was noteworthy that two elite lines in the modified bulk

method were the highest yielding at Arlington. Unselected line 17 was

the lowest yielding at Corvallis and was not significantly different

than line 10, the highest yielding line at Arlington.

For the YMH-SPN cross, there was no clear superiority of any
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Table 26. Plant height mean values for the F lines representing
three methods of selection within the cross YMH-SPN grown
at Corvallis, Arlington, and Pendleton, Oregon, 1984.

Corvallis
Plant
Height

Arlington
Plant
Height

Pendleton
Plant
Height

Line Meth (cm) Line Meth (cm) Line Meth (cm)

5 Ped 138.00 5 Ped 98.44 16 MB 127.83
2 Ped 131.11 16 MB 97.56 4 Ped 124.67

15 MB 130.11 17 Bulk 97.00 5 Ped 124.50
17 Bulk 127.67 4 Ped 92.56 15 MB 115.00
1 Ped 125.56 14 MB 91.22 8 Ped 111.83

16 MB 122.56 15 MB 88.11 9 MB(E) 111.82
14 MB 122.00 7 Ped 87.33 1 Ped 111.81
8 Ped 120.11 13 MB 86.78 17 Bulk 111.50
9 *MB(E) 117.67 1 Ped 85.11 3 Ped 109.50

13 MB 115.67 10 MB(E) 84.78 14 MB 106.83
3 Ped 115.44 11 MB(E) 83.78 11 MB(E) 106.00

11 MB(E) 113.00 8 Ped 82.78 7 Ped 105.67
10 MB(E) 110.56 12 MB(E) 82.11 13 MB 105.00
7 Ped 110.11 2 Ped 81.56 10 MB(E) 100.67

12 MB(E) 103.44 9 MB(E) 79.78 2 Ped 99.00
2 Ped 106.89 3 MB 77.67 12 MB(E) 98.17
6 Ped 92.44 6 Ped 76.56 6 Ped 94.67

LSD.05 7.39 5.83 8.67

* MB(E). Are lines selected from modified bulk method and referred as
ELITE lines.
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Table 27. Grain yield mean values for the F5 representing the
three methods of selection within the cross YMH-DRC grown
at Corvallis and Arlington, Oregon, 1984.

Line #

Corvallis

Meth

Grain
Yield

T/ha Line #

Arlington

Meth

Grain

Yield

T/ha

9 *MB(E) 7.05 2 Ped 4.08
8 Ped 7.23 9 MB(E) 3.97
2 Ped 6.92 3 Ped 3.59
10 MB(E) 6.82 4 Ped 3.70
1 Ped 6.81 17 Bulk 3.62
6 Ped 6.76 7 Ped 3.58
3 Ped 6.55 11 MB(E) 3.56
5 Ped 6.51 1 Ped 3.49

17 Bulk 6.44 15 MB 3.37
11 MB(E) 6.38 16 MB 3.34
16 MB 6.20 12 MB(E) 3.32
7 Ped 6.12 13 MB 3.25

15 MB 6.06 10 MB(E) 3.17
8 Ped 5.98 5 Ped 3.06

13 MB 5.97 6 Ped 2.92
12 MB(E) 5.57 8 Ped 2.86
14 MB 3.94 14 MB 2.29

LSD.05 0.83 0.20

* MB(E). Are lines selected from modified bulk method and referred as
ELITE lines.
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Table 28. Grain yield mean value for the F lines representing the
three methods of selection withiii the cross. YMH-DWS grown
at Corvallis and Arlington, Oregon, 1984.

Line #

Corvallis

Meth

Grain
Yield

T/ha Line #

Arlington

Meth

Grain
Yield
T/ha

15 MB 7.75 10 MB(E) 5.13
11 *MB(E) 7.52 11 MB(E) 4.78
13 MB 7.41 13 MB 4.78
16 MB 7.36 2 Ped 4.73
5 Ped 7.28 12 MB 4.68
2 Ped 6.94 17 Bulk 4.67
1 Ped 6.93 5 Ped 4.60
7 Ped 6.91 4 Ped 4.55
3 Ped 6.89 6 Ped 4.52
14 MB 6.89 9 MB(E) 4.50
10 MB(E) 6.85 1 Ped 4.42
9 MB(E) 6.79 15 MB 4.42
8 Ped 6.72 16 MB 4.38
6 Ped 6.69 7 Ped 4.01

12 MB 6.43 14 MB 3.81
4 Ped 6.24 3 Ped 3.73

17 Bulk 5.94 8 Ped 3.08

LSD.05 0.62 0.60

* MB(E). Are lines selected from modified bulk method and referred as
ELITE lines.
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lines representing the different methods at Corvallis when compared to

the unselected bulk line 17 (Table 29). It is noteworthy that

modified bulk method lines 15 and 10 were significantly higher than

lines from the pedigree and bulk method when grow at Arlington.

Performance of F
5 Lines across Locations as Influenced by Methods of

Selection

500 Kernel Weight

Mean values across locations for kernel weight for F5 lines

representing three methods of selection within each of the three

crosses are presented in Table 30. Line 8 from the pedigree method in

the YMH-DRC population was the heaviest in kernel weight. However,

this line was not significantly different from lines 9, 13, and 16

representing the modified bulk method. This suggests that indirect

phenotypic selection favored the increase of kernel weight, since both

methods resulted in lines with heavier kernel weights than the bulk

unselected line.

In Table 30 YMH-DWS cross, the pedigree line 4 was the heaviest

but this was not significantly different from modified bulk line 13.

The unselected bulk was lower in kernel weight than lines from

pedigree and modified bulk methods.

A superiority of line 7 from the pedigree method was noted in

cross YMH-SPN (Table 30). This line was heaviest in kernel weight and

was found to be different from other lines.
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Table 29. Grain yield mean values for the F5 lines representing the
three methods of selection within the cross YMH-SPN grown
at Corvallis and Arlington, 1984.

Line #

Corvallis

Meth

Grain
Yield
T/ha Line #

Arlington

Meth

Grain
Yield
T/ha

15 MB 7.14 15 MB 5.37
5 Ped 6.72 10 MB(E) 4.79
9 *MB(E) 6.66 13 MB 4.68

17 Bulk 6.64 16 MB 4.68
14 MB 6.48 14 MB 4.59
16 MB 6.41 11 MB(E) 4.58
10 MB(E) 6.36 8 Ped 4.40
3 Ped 6.32 6 Ped 4.40

13 MB 6.21 4 Ped 4.26
11 MB(E) 6.20 9 MB(E) 4.29
6 Ped 6.03 12 MB(E) 4.28
8 Ped 5.92 17 Bulk 4.20
2 Ped 5.82 3 Ped 4.08
12 MB(E) 5.67 5 Ped 4.02
1 Ped 5.52 1 Ped 3.99
4 Ped 5.43 2 Ped 3.96
7 Ped 5.34 7 Ped 3.88

LSD.05 1.01 0.49

* MB(E). Are lines selected from modified bulk method and referred as
ELITE lines.
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Table 30. Five hundred kernel weight mean values across locations for
the F

5
lines representing three methods of selection within

three crosses grown at Corvallis, Arlington, and Pendleton,
Oregon, 1984.

Line

YMH-DRC
500

Kernel
Weight

Meth. (cm) Line

YMH-DWS
500

Kernel

Weight
Meth. (cm) Line

YMH-SPN
500

Kernel

Weight
Meth. (cm)

8 Ped 23.23 4 Ped 22.93 7 Ped 25.15
16 MB 22.39 13 MB 22.85 10 MB(E) 24.27
9 *MB(E) 22.37 6 Ped 21.97 16 MB 23.87

13 MB 22.34 7 Ped 21.83 13 MB 23.61
10 MB(E) 22.11 1 Ped 21.67 3 Ped 23.13
4 Ped 21.86 15 MB 21.50 15 MB 23.11

15 MB 21.73 10 MB(E) 21.44 17 Bulk 23.08
5 Ped 21.86 12 MB 21.34 9 MB(E) 23.04
9 MB 21.66 16 MB 21.31 4 Ped 22.99
3 Ped 21.63 17 Bulk 21.29 11 MB(E) 22.83
2 Ped 21.61 3 Ped 21.23 5 Ped 22.77

14 MB 21.48 14 MB 21.21 14 MB 22.65
17 Bulk 21.48 5 Ped 20.89 2 Ped 22.28
6 Ped 21.35 2 Ped 20.83 6 Ped 22.26

11 MB(E) 20.71 11 MB(E) 20.80 12 MB(E) 21.86
12 MB(E) 20.55 9 MB(E) 19.91 8 Ped 21.67
1 Ped 21.18 8 Ped 18.58 1 Ped 20.83

LSD.05 0.89 1.36 1.36

* MB(E). Are lines selected from modified bulk method and referred as
ELITE lines.



75

Plant Height

Plant height mean values across locations for F5 lines

representing the three methods of selection within each of three

populations are presented in Table 31.

For the YMH-DRC population, plant height mean values ranged from

102.29 cm to 121.33 with a difference of 19.03 cm for the Pedigree

method. The modified bulk lines ranged from 109.29 to 118.17 for a

difference of 9.29 cm. Pedigree line 7 was the shortest in two

populations (YMH-DRC and YMH-DWS). In YMH-SPN pedigree line 6 was the

shortest. Both methods (pedigree and modified) were more efficient in

reducing plant height.

Grain Yield

For the YMH-DRC cross, the highest yielding line across locations

was line 9 at 5.51 Kg/ha which resulted from an elite selection within

the modified bulk populations (Table 32). The next four high

yielding lines (2, 1, 3 and 8) represented the pedigree method.
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Table 31. Plant height mean values across locations for the Fc lines
representing three methods of selection within three
populations grown at Corvallis, Arlington and Pendleton,
1984.

Line

YMH-DRC
Plant
height

Meth. (cm) Line

YMH-DWS
Plant
height

Meth. (cm) Line

YMH-SPN
Plant
height

Meth. (cm)

1 Ped 121.33 17 Bulk 117.08 5 Ped 119.79
6 Ped 120.79 16 MB 115.83 4 Ped 115.04
8 Ped 118.63 5 Ped 109.79 16 MB 114.50

17 Bulk 118.58 13 MB 109.04 17 Bulk 112.13
16 MB 118.17 11 MB(E) 107.96 15 MB 110.58
13 MB 118.17 14 MB 107.25 1 Ped 106.96
14 MB 117.00 4 Ped 106.96 14 MB 106.67
5 Ped 115.79 8 MB 106.67 8 Ped 104.04

10 *MB(E) 114.92 15 MB 104.21 13 MB 102.00
11 MB(E) 114.79 9 MB(E) 103.87 9 MB(E) 102.00
9 MB(E) 113.75 10 MB(E) 102.95 7 Ped 100.45
4 Ped 113.42 12 MB 102.79 11 MB(E) 100.29
2 Ped 112.63 6 MB 100.45 3 Ped 99.79
3 Ped 111.88 1 Ped 100.08 10 MB(E) 98.41

12 MB(E) 111.67 3 Ped 93.96 2 Ped 95.42
15 MB 109.29 2 Ped 90.42 12 MB(E) 94.13
7 Ped 102.29 7 Ped 87.92 6 Ped 84.04

LSD.05 7.96 N.S. 8.37

* MB(E). Are lines selected from modified bulk method and referred as
ELITE lines.
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Table 32. Grain yield mean values per plot across locations for F5
lines representing three methods of selection within each
winter wheat population grown at Corvallis and Arlington,
Oregon, 1984.

Line

YMH-DRC
Yield

Meth T/ha Line

YMH-DWS
Yield

Meth T/ha Line

YHM-SPN
Yield

Meth T/ha

9 *MB(E) 5.51(E) 11 MB(E) 6.15 15 MB 6.25
2 Ped 5.50 13 MB 6.09 10 MB(E) 5.58
1 Ped 5.15 15 MB 6.08 14 MB 5.54
3 Ped 5.06 10 MB(E) 5.99 16 MB 5.54
8 Ped 5.05 5 Ped 5.94 9 MB(E) 5.47

17 Bulk 5.03 16 MB 5.88 13 MB 5.44
10 MB(E) 4.99 2 Ped 5.83 17 Bulk 5.42
11 MB(E) 4.96 1 Ped 5.68 5 Ped 5.38
7 Ped 4.85 9 MB(E) 5.65 11 MB(E) 5.39
4 Ped 4.84 6 Ped 5.61 6 Ped 5.22
6 Ped 4.84 12 MB 5.56 8 Ped 5.17
5 Ped 4.79 7 Ped 5.46 3 Ped 5.20

16 MB 4.77 4 Ped 5.39 2 Ped 4.89
15 MB 4.72 14 MB 5.35 4 Ped 4.85
13 MB 4.61 3 Ped 5.31 12 MB(E) 4.97
12 MB(E) 4.45 17 Bulk 5.31 1 Ped 4.76
14 MB 3.12 8 Ped 4.89 7 Ped 4.61

LSD.05 0.97 N.S. 0.59

* MB(E). Are lines selected from modified bulk method and referred as
ELITE lines.
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It should be noted that nine of these lines were significantly

different from the unselected bulk when averaged across two locations.

The YMH-DWS cross was quite different. The top four lines (11,

13, 15, and 10) all resulted from the modified bulk method with 11 and

10 representing the elite lines; however, no significant differences

were observed for any of the lines when compared to the unselected

bulk.

Significant differences were observed for the YMH-SPN cross. The

highest six yielding lines resulted from the modified bulk method with

only line 15 being different from the unselected check.

Evaluation of the Stability of Lines Selected when Grown at Different

Locations.

The success of a new winter wheat cultivar depends not only on

its yield ability but also on its stability of yield over locations

and years.

In order to assess the yield stability of lines selected using

each method of selection, a study was carried out to determine the

genotype x environment interaction. The estimates of mean line x

location variance component are given in Table 33. In the YMH-DRC

cross, lines within pedigree method made the largest contribution to

the interaction component of the cross as the average of the method

(.194) was higher than the modified bulk mean (0.098). The pedigree

line 8 had the highest line x location interaction with a 62g1=.410

and the modified bulk method line 14 had the highest 62g1=.258 which
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is almost half of the value of pedigree line 8. When looking at

overall mean values and individual line effects, it appears that

modified bulk method generated lines which were less affected when

grown in different environments.

In the YMH-DWS population, the modified bulk and the pedigree

method had similar means for the line x location interaction variance

term (Table 33). The highest value (.335) was found with the pedigree

line 8 which is higher than line 15 representing the modified bulk

(.201). However in this cross no clear evidence of the superiority of

any one method for stabiliy of yield was detected.

Correlation Coefficients Values for Three Agronomic Characteristics

The correlation coefficient values involving three agronomic

characteristics studied are presented in Table 34. In the YMH-DRC

cross, a positive association was observed between grain yield with

plant height and 500 kernel weight. Plant height and 500 kernel

weight were also positively correlated in the same cross. In the

YMH-DWS cross, a negative association between plant height and 500

kernel weight was noted. No significant correlation were observed

between any of the traits in the YMH-SPN cross.
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Table 33. Estimates of relative contribution of F5 lines within
method to the mean lines by location interaction component
of variance in two winter crosses grown at Corvallis and
Arlington, Oregon, 1984.

Method Line
cross

YMH-DRC Method Line
cross

YMH-DWS

Pedigree 1 0.089 Pedigree 1 0.062
2 0.066 2 0.097
3 0.074 3 0.147
4 0.299 4 0.305
5 0.080 5 0.074
6 0.384 6 0.122
7 0.144 7 0.077
8 0.410 8 0.335

Mean 0.194 Mean 0.145

M. Bulk * 9(E) 0.068 M. Bulk 9(E) 0.061
10(E) 0.214 10(E) 0.196
11(E) 0.060 11(E) 0.106
12(E) 0.073 12 0.198
13 0.032 13 0.069
14 0.258 14 0.112
15 0.024 15 0.201
16 0.052 16 0.135

Mean 0.098 Mean 0.135

* MB(E). Are lines selected from modified bulk method and referred as
ELITE lines.
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Table 34. Correlation coefficient values for three agronomic traits
involving 17 F lines derived from three crosses grown at
Corvallis, Arlington and Pendleton, Oregon, 1984.

Crosses Grain Plant
YMH-DRC Yield Height

YMH-DWS

YMH-SPN

Plant Height .204**
500 Kernel Weight .102* .154*

Plant Height .121
500 Kernel Weight .092 -.240**

Plant Height .019
500 Kernel Weight .077 -.095

*, ** Significant at 5% and 1% probability level respectively.
N = 408
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DISCUSSION

The ultimate objective of any plant breeding program is to

produce high yielding cultivars while using time and resources

efficiently. Two major problems limit the degree of success a breeder

can achieve. One involves the identification of the most promising

parental combinations. The second is to identify the most efficient

procedure in handling segregating populations so the most promising

progeny can be identified. Selection of such progeny can be the most

difficult phase of plant breeding requiring skill, imagination, and an

artistic sense to identify the most economically productive plant

ideotype. Furthermore, breeders must effectively manage their limited

resources in order to reach the stated objectives in a reasonable

amount of time. Historically two systems have been used extensively

for selecting and evaluating segregating progeny. These are the

pedigree and bulk methods.

After developing desirable parental combinations, the breeder

faces the dilemma of whether to select in early or late generations

and how many cycles of selection are necessary to achieve the desired

genetic combination. For qualitatively inherited traits like plant

height, effective selection can be conducted in early generations such

as the F
2

and F3. However, for quantitatively inherited traits, like

grain yield, early generation selection has not always proven

effective. This is due in part to the large number of genes involved,

the nature of gene action influencing a particular trait, and large

environmental effects. The major contrast between the traditional
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pedigree and bulk methods is who does the early generation selection:

the breeder or nature. With the pedigree system, the breeder selects

plants grown under space planted conditions starting in the F2 and in

subsequent generations through the F4. Plants exhibiting those traits

which are controlled by a few major genes can be selected and the less

desirable plants discarded from the population. The concern with this

method is that due to space planting in early generation material, the

phenotype may not reflect the true genetic potential of the progeny

for traits with complex inheritance patterns.

For the bulk method, the F2 through F4 generations are solid

seeded with no attempt made to select for even simply inherited

traits. It is assumed that natural selection will select out the most

competitive genotypes which in turn will be the highest yielding.

Once homozygosity is reached on a per plant basis in the F5, the

breeder then can be more effective in selecting the desired traits as

the gene recombinations have become fixed and the masking effects of

nonadditive gene action, frequently present in early generations, will

be removed. This method accommodates many crosses and a large number

of plants per cross can be evaluated. The two major disadvantages are

that it is not clear that natural selection will favor the most

promising plants from an economic standpoint and the simply inherited

undesirable traits are carried through to the F4.

A further consideration is that in many developing countries

neither the pedigree method, which is expensive, nor the bulk method

which can be less effective in terms of selection, are satisfactory.

Two factors which must be considered in developing a new method
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of handling segregating populations include: the necessity of

improving several traits simultaneously if a new variety is to be

successful; and in addition to improving grain yield, stability of

yield must be considered. This latter factor addresses the need to

develop varieties which maintain a certain level of genetic

heterogeneity.

Evaluation of Methods

Over time, many breeders have tried to modify the more

traditional ways of handling segregating populations. The wheat

breeding and genetics program at Oregon State University has developed

and employed a so-called Modified Bulk Method. It was designed to

combine the best attributes of the pedigree and bulk methods and to be

more efficient in terms of utilizing limited resources.

The major attributes of the modified bulk method are the

following: the opportunity to handle many crosses and to grow large

populations of each cross. By space planting the F2 generation,

individual plants can be identified for desirable qualitatively

inherited traits. From these plants, spikes are selected and grown

the following year in solid seeded F3 head rows. During the growing

season and at maturity the most promising head rows are identified.

When F
3

head rows are phenotypically similar, they are bulked to form

modified bulk populations. If there are individual rows which look

particularly promising they can be harvested individually and kept

separate. Therefore, by the F4 generation, there is sufficient seed
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for preliminary replicated yield trials. Such yield trials are

continued into subsequent advanced generations for those populations

found to have superior grain yielding ability when compared to

appropriate check varieties. In the F6, when the individual plants

within a row are homozygous, spikes will again be taken from

individual plants from the superior modified bulk populations in order

to develop phenotypically uniform populations for breeders seed and

possible release as a new variety.

The major apparent advantage in addition to the large number of

crosses and population sizes which can be handled, is that selection

can be practiced on individual F2 plants for desired qualitative

traits. Also the F
3

is grown under competitive solid seeded

conditions like the crop is commercially produced. By the F4 enough

seed is available to develop replicated yield trials. Furthermore,

interactions between selected lines and different environments can be

obtained by growing the material as early as the F5 generation across

locations.

The question remains however: is the modified bulk method in fact

superior to either the pedigree or bulk methods? To date, such

evidence has not been available. This study was designed to provide

such information by growing F5 lines derived from the pedigree, bulk

and modified bulk methods at three diverse locations. Also three

different populations were developed involving four parents to

determine if one of the methods was superior across different genetic

backgrounds. A further aspect was to assess the importance of having

different levels of heterogeneity within lines in terms of their grain



86

yield and stability of yield.

To assess the relative effectiveness of the three methods, three

traits were measured. A qualitatively inherited trait, plant height

and a quantitatively inherited trait, plant type which indirectly

influenced 500 kernel weight and grain yield. The pedigree method

provided the opportunity for three cycles of selection, the modified

bulk, two cycles, while the bulk with no cycles of selection was

considered as the base or check population. As previously noted, all

cycles of selection were practiced at the Hyslop Agronomy Farm while

the resulting F5 lines were grown at three diverse sites. It is quite

possible that different results might have been obtained had the cycle

of selection been conducted at the specific sites. However, from a

practical standpoint, such a procedure would be very costly in terms

of expenditure of resources defeating one of the advantages of the

modified bulk method.

The three crosses employed showed a great amount of genetic

variability expressed for the traits measured. This was in agreement

with the objective regarding the test of the effectiveness of

selection procedure across genetic material with diverse background.

For grain yield the cross YMH-DWS appears to have the high potential

to select for grain yield. Yamhill-Daws cross showed less opportunity

to select for grain yield, but the tallest plants were selected from

this population. From the YMH-SPN population, the great variability

to select for kernel weight and grain yield was noted.

When comparing methods within and between populations across the

locations, it was apparent the phenotypic selection for plant height
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was effective. The mean values for plant height were consistently

lower for the lines representing the pedigree method when compared

with the other methods at all locations and involving all crosses.

Lines from the bulk method showed a clear trend toward greater plant

height as noted by the mean values in all the populations. This

suggests that natural selection favored taller plants and is in

agreement with the hypothesis of Allard (1966) that competition in

segregating bulk populations is such that the poorest competitors are

eliminated. In this study, the shorter plants in the unselected bulk

populations could not compete for light and thus were selected

against.

When the quantitatively inherited plant type was selected, and

indirectly kernel weight, differences were observed between methods

only at Corvallis in two crosses, YMH-DWS and YMH-SPN. In the YMH-DWS

cross, differences between the bulk and modified bulk were observed.

When the cross, YMH-SPN was observed, differences between pedigree and

modified bulk were detected.

For grain yield, when the overall mean values are considered for

the three crosses, visual selection was effective in the YMH-DWS

cross. However two cycles of selection, as employed with the modified

bulk method, were more effective than either three cycles or no cycle

of selection in this cross at both the Corvallis and Arlington sites.

The modified bulk method was also superior to the pedigree method at

all locations for the YMH-SPN cross; however for this cross, there

were no differences between the modified bulk and the bulk method for

grain yield. In fact for this cross the unselected bulk line was
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superior to the lines resulting from the pedigree method. No

differences between methods for the cross YMH-DRC was observed at

either of the experimental sites for grain yield.

When lines from each of the methods were considered, lines from

the modified bulk in two of the populations (YMH-DRC and YMH-SPN)

reflected greater genetic differences among lines for grain yield,

being either higher or lower than those lines derived from the

pedigree method. Such a difference in the YMH-DWS cross was not as

apparent. When the top 25% high yielding lines were considered in the

three crosses, it was observed that most were derived from the

modified bulk method in the YMH-DWS and YMH-SPN crosses. It was

noteworthy that in YMH-DRC cross, an Elite Line from modified bulk was

the highest yielding.

It would appear that the additional cycles of selection practiced

with the pedigree system for either plant height or plant type and

indirect grain yield would not be effective. With the modified bulk

method, one less cycle of selection was just as effective in

establishing the desired plant height and superior in identifying the

highest yielding progeny. This was true for both individual sites and

across locations. The question which should be raised is if the

broader genetic base or greater heterogeneity within the modified bulk

derived lines might have contributed to the higher yield and apparent

greater stability of yield.
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Relationship Between Genetic Diversity and Stability

The different cycles of selection for yield for each of the

methods resulted in lines with different levels of genetic diversity.

Progeny lines originating from the pedigree method, with three cycles

of selection (F2, F3 and F4) on an individual plant basis, were

genetically the most uniform. The modified bulk method with only two

cycles of selection (F2 plants, F3 rows), resulted in lines with

greater levels of genetic diversity. This is particularly true as

phenotypically F3 head rows were bulked. An additional level of

homogeneity was obtained within the modified bulk method where

individual F
3

rows were not bulked and identified in this study as

Elite lines. The lines with the broadest genetic base or highest

level of heterogeneity resulted from the unselected bulk population.

When the stability of yield is considered across locations in

terms of genetic diversity within lines for the various methods,

differences did exist between methods for the genotype x environment

interaction. In the YMH-DRC cross, homogeneous lines from the

pedigree method exhibited the greatest variation between locations.

No significant differences between lines from the different methods

were observed in the YMH-DAWS cross. However, lines from the pedigree

method did contribute more to the genotype x environment (location)

interaction. Plaisted and Peterson (1959) also reported that in

potatoes, greater yield stability was achieved when varieties had some

genetic diversity in contrast to pure lines.

Evidence from this study not only suggests the importance of
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providing a certain level of diversity within a new variety, but also

the importance of evaluating potential new varieties across locations.

In addition, in areas such as the Pacific Northwest where large

climatic changes occur from year to year, it is also important to look

at location x year x variety interactions. Based on the results of

this study with three selected populations, it is important to

maintain some genetic diversity within a line to insure grain yield

stability. With more countries moving toward varietal protection and

patenting varieties, there is a growing concern that the required

uniformity could result in serious problems regarding yield stability.

This is also equally true for other traits such as disease resistance.

By narrowing the genetic base of any variety and especially self-

pollinating species, the degree of vulnerability to disease increases.

It is quite possible a compromise may have to be reached between

maximum yield or immediate fitness and yield stability over the years.

Such a compromise can only be identified by testing across locations

and over years and developing varieties with sufficient genetic

diversity to be buffered against the ever present abiotic and biotic

changes which frequently limit production.

Breeding Strategies

Based on limited data, in terms of the number of crosses

involved, the results of this study support the modified bulk method

of breeding. It was effective in stabilizing the desired height level

through two cycles of selection. A similar situation would be
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expected for most qualitatively inherited traits. By providing a

competitive stress as a result of solid seeding the F3 head rows, the

resulting progeny are placed under conditions found in commercial

production of wheat. Also, by bulking phenotypically similar rows or

individual rows in the F3, it is possible to achieve a degree of

genetic heterogeneity for stability of yield.

Also, using the modified bulk method of breeding, a large number

of crosses can be evaluated and less promising populations discarded

in early generations. Furthermore, large populations can be handled

which is critical in light of the low probability of finding plants

which have the desired genetic combination to withstand all the

hazards during the growing season.

A final advantage of the modified bulk method is that in

developing countries, it would be a more efficient system, especially

where resources are limited and there is frequently a lack of trained

scientists.
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SUMMARY AND CONCLUSIONS

To evaluate a more effective and economic means of handling

segregating populations, the traditional pedigree and bulk methods

were compared to a modified bulk method. Lines representing the F5

generations were derived from three winter wheat crosses using the

three methods. Responses to phenotypic selection within each method

were measured in terms of plant height, plant ideotype and indirectly

kernel weight and grain yield. An estimate of the importance of

genotype x environment interaction as influenced by different levels

of genetic heterogeneity as a result of the three methods employed was

obtained by growing the experimental material under three diverse

growing conditions.

The following conclusions based on the experimental populations

used were as follows:

1) The three crosses employed differed in the amount of genetic

variability expressed for traits measured. The largest

difference between parents for the traits was between the

parents Yamhill and Stephens. When the mean values are

compared for the F5 progenies, the YMH-DWS cross had the

highest mean value for grain yield. Yamhill-Druchamp had the

highest mean value for plant height and the cross YMH-SPN

exhibited a higher mean value for kernel weight. When the

selected individual F
5

lines are considered the same trend

was observed as noted for the mean values for each of the

crosses. It would appear that the cross YMH-DWS would
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provide the most useable genetic variability to increase

grain yield.

2) Differences in overall mean values between methods of

handling segregating populations were detected for plant

height and grain yield in YMH-DWS and YMH-SPN crosses. These

differences were observed within and across locations. At

Corvallis, the bulk method resulted in higher mean value for

kernel weight in the YMH-DWS and YMH-SPN crosses.

3) Based on the performance of individual F5 lines, phenotypic

selection for the semidwarf height level was equally

effective between the modified bulk and pedigree methods.

For kernel weight the modified bulk and pedigree method did

provide lines with heavier kernels when compared to the

unselected bulk lines. Lines from the modified bulk

consistently had higher grain yields when compared to the

other methods. In the YMH-DWS and YMH-SPN crosses, lines

from the modified bulk method represented the highest 25

percent in terms of grain yield.

4) The level of genetic heterogeneity observed within lines

resulting from the modified bulk method appears to provide

lines with higher yields, and greater stability of yield when

their performance is evaluated across locations.

5) The modified bulk method does appear to take advantage of the

best attributes of the pedigree and bulk methods of breeding.

It also is more efficient in sustaining a breeding program at

a level large enough to be successful. This approach would
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be potentially useful in developing countries where resources

both in terms of funds and trained scientist are limited.
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Appendix Table 1. Principal characteristics of the locations where the
final experiment was established.

Corvallis

Latitude 44° 50' N
Longitude 125° 21' W
Elevation 68 m

Soil type: Woodburn silty clay loam

Rainfall average annual: 1,300 mm
Rainfall 1983-1984 crop year: 1,142 mm
Ave. Max. temperature: 27!C
Ave. Min. temperature: -1uC

Arlington

Latitude 45° 50' N
Longitude 120° 43' W
Elevation 454 m

Soil type: Walla Walla silt loam

Rainfall average annual: 345 mm
Rainfall 1983-1984 crop year: 331 mm
Ave. Max. temperature: 28C
Ave. Min. temperature: -8.3 °C

Pendleton

Latitude
Longitude
Elevation

Soil type:

45o
120°

30' N
120u 45' W
580 m

Walla Walla silt loam

Rainfall average annual: 580 mm
Rainfall 1983-1984 crop year: 573 mm

Ave. Max. temperature: 32°C

Ave. Min. temperature: -9.8°C
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Appendix Table 2. Mean square expectations for the analysis of
variance for plant height and 500 kernel weight in
each particular location.

Source of Mean Mean square

variation square expectations

Replications

Methods MS
5

62+s6e2+gs62rm+srg(m)

Reps. x Methods MS
4

62+s6e2+gs62rm

Lines/Methods MS
3

62+s62+sr(g/m)

Exp. Error MS
2

62+s62e

Samp. Error MS
1

62+

r = number of replications = 3, random effect.
s = number of samples per plot = 3.
g = number of lines within each method = 8, fix effect.

m = number of methods = 3, fix effect.



Appendix Table 3. Mean square expectations for the analysis of
variance for grain yield in each particular
location.

Source of
variation d.f.

Mean
square

Mean square
expectations

Reps.

Methods

Reps. x Methods

Lines/Methods

Error

(r-1)

(m-1)

(r-1)(m-1)

m(g-1)

(g-1) x r

MS4

MS3

MS
2

MS1

62+g62rm+rg(m)

62 +g62rm

62+r(g/m)

62

100

r = number of replications = 3, random effect.
g = number of lines within each method = 8, fix effect.

m = number of methods = 3, fix effect.
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Appendix Table 4. Mean square expectations for analysis of variance
utilized in the study across locations.

Source of
Variation d.f.

Mean Mean square
square expectations

Locations (1-1)

Reps./Locs. 1(r-1)

Methods (m-1) M6 662+162rxm+r1g(m)

Pooled
Reps./Loc.xMeths. 1(r-1)(m-1) M5 6e2+162rxm

Lines/Methods m(g-1) M4 6e2i-r621(g/m)41-1(g/m)

Methods x Locs. (m-1)(l-1) M3 6e2+r621(g/m)+ry62m1

Lines/Methods
x Locs. (g-1) mx (1-1) M2 6e2+r621(g/m)

Pooled
Error l(r-1)(g-1) M1 (5e2

r = number of replications = 3, random effect.
1 = number of locations = 3.
g = number of lines within each method - 8, fix effect.

m = number of methods = 3, fix effect.
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Appendix Table 5. Mean square expectations for the analysis or
variance utilized in the study across locations of
lines within each method.

Source of
Variation d.f.

Mean
square

Mean square
expectations

Locations (1-1)

Reps./Locs. l(r-1)

Lines (g-1) MS3 6e2 62g1 +r16
2
g

Lines x Locs. (g -1) (1-1) MS2 6e2+r62g1

Plot Error 1(g-1) (r-1) MS1 662

r = number of replications = 3, random effect.
1 = number of locations = 3, random effect.
g = number of lines within each method = 8, fix effect.
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Appendix Table 6. Methods of determination for estimated genetic
variance and variance of each gentic variance for
the study across locations of lines within each
method.

Variance Variance of a
component variance

Source of determination determination
variation method method

Lines (og2) MS3-MS2 [2 {MS23 + MS22 }]

rl r12 (g-1)+2 (g-1)(1-1) +2

i
Lines x Lcs. (og

2
1) MS2-MS1 [2 {MS

2
2 + MS

2
1}]

r r2 (g-1)(1-1)+2 1(g-1)(r-1)+2

Plot Error (oe2)

r = number of replications = 3, random effect.
1 = number of locations = 3, random effect.
g = number of lines within each method = 8, fix effect.
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Appendix Table 7. Mean square expectations for the analysis of
variance utilized in the study of stability of lines
within method.

Source of Expected Mean
Variation d.f. Square

Locations 1

Reps. in Locs. 6

Lines
Lines x Locs.

1

1 62 + r6
291

Error 6
62

Total 15

r = number of replications = 3, random effect.
1 = number of locations = 3, random effect.
g = number of lines = 2, fix effect.
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