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gation. Three methods of selection were considered: bulk, pedi-
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gree, and single seed descent. F6 lines derived by each method

were grown in a replicated yield trial. The effectiveness of each

method was measured in terms of grain yield and four other

agronomic traits. Continuity of method performance was evaluated

across three spring barley populations. Parents used in developing

these populations were chosen on the bass of their diverse genetic

backgrounds.

Experimental populations differed for all agronomic traits

measured. Differences between methods of selection were only found

for 100 kernel weight, with lines from the single seed descent

method being superior. The pedigree method was least effective for

this trait. No significant differences between selection methods

were found for plant height, spikes per meter, kernels per spike or

grain yield.

Significant differences were found between individual lines

within methods and crosses for all traits except spikes per meter.
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achieved with the single seed descent method, it may be a useful

tool for the breeder of self-pollinated species.
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A COMPARISON OF THREE SYSTEMS OF PHENOTYPIC SELECTION

FOR GRAIN YIELD IN THREE SPRING BARLEY POPULATIONS

INTRODUCTION

Grain yield is ultimately the trait of greatest importance to

the breeder of cereal crops. Concern has been expressed that a

yield plateau has been reached in spring barley. The slow progress

in improving this trait may be due to a narrowing germplasm base.

However, it is also possible that the selection methods currently

employed are not efficient in identifying and preserving superior

genotypes.

Effective selection is the key to plant improvement. The

plant breeder must be able to recognize superior plant types in the

limited or vast array of genetic variability that results from

hybridization. The generation at which selection is initiated

distinguishes the bulk and pedigree methods. Both have been used

extensively to generate high yielding cultivars. In the bulk

method, natural selection is allowed to operate on solid-seeded

segregating generations. The breeder then selects individual

plants within desired crosses in later generations. In contrast,

the pedigree method involves selection of space-planted individual

plants in early segregating generations. Selection in later

generations is between advanced lines. There are drawbacks to both

methods. With the bulk method, the effects of natural selection

may run counter to the breeder's objectives. An often cited
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disadvantage of the pedigree method is that early generation visual

selection for quantitatively inherited traits is largely

ineffective.

The single seed descent method minimizes the effects of

natural selection through planting rate and arrangements, and it

allows the breeder to select between lines when the desired level

of homozygosity has been reached. Maximum genetic variability

between lines is preserved and generation time can be accelerated

through greenhouse propagation.

The objective of this study was to evaluate the effectiveness

of these three methods of selection for five agronomic traits:

plant height, spikes per meter, kernels per spike, 100 kernel

weight, and grain yield. Three spring barley populations were used

in an effort to test for continuity of method effectiveness across

diverse genetic backgrounds. It is hoped the results of this study

will be of use to breeders considering the application of the

single seed descent method.
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LITERATURE REVIEW

The creation of usable genetic variability and the subsequent

selection in segregating populations are critical steps in plant

improvement. Hybridization, mutation, and induced changes in

chromosome structure or number are means of creating new gene

combinations. Due to physical and economic constraints, the

breeder faces difficulties in adequately sampling this variability.

In wheat, for example, assuming 21 independent loci for yield with

two genetically distinct parents, the smallest complete F2 would

contain 4,398 x 10
9

plants (Sneep, 1977).

Faced with a trade-off between population size and the number

of crosses that can be effectively handled, breeders of self-

pollinated species have developed a number of selection systems.

These systems strive to maximize the efficiency and economy with

which lines possessing economically important traits can be identi-

fied. They differ primarily in the generation at which selection

is practiced.

The bulk and pedigree methods are two selection systems used

extensively with self-pollinated species. The former allows

natural selection to operate on segregating generations with the

breeder selecting in relatively fixed generations (F6 -F10).

The pedigree system allows the breeder to direct selection in a

chosen direction from the F
2

onward. The advantages and drawbacks

of these systems, as well as comprehensive discussions of method-

ology, are presented by Allard (1966) and Lupton and Whitehouse
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(1957). Although the pedigree method can be highly effective for

qualitative traits in early generations, it is of dubious value for

quantitatively inherited traits in early generations where high

levels of heterozygosity exist. With the bulk method, no selection

for either qualitative or quantitative traits is attempted in the

early generations following a cross.

In 1939 Goulden proposed an alternative to the pedigree and

bulk methods. His system was later adapted by Grafius (1965) and

subsequently by Brim (1966), who termed it 'modified pedigree'. It

is now generally known as single seed descent (SSD). In the SSD

system, hybrid populations are advanced by taking a single seed

from each plant and compositing the seeds to form the next genera-

tion. Under greenhouse conditions, several gener(Aions can be

propagated each year, shortening the time from initial hybridization

to field evaluation. The process is continued until the F5 or

F6, at which point relative homozygosity has been reached. Pure

lines are then generated and evaluated for their economically

important traits (Muehlbauer et al, 1981).

Often cited attributes of SSD are: (1) rapid generation time

and overall economy, (2) reduction of natural selection and inter-

genotypic competitive effects, (3) retention of maximum genetic

variability, and (4) postponement of selection for quantitatively

inherited traits until relative homozygosity has been reached

(Goulden, 1939; Tee and Qualset, 1975; Muehlbauer et al., 1981).

Each of these attributes will be discussed in turn.
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Breeders of soybeans (Glycine max (L.) Merrill) were the first

to exploit SSD, as it accelerates generation time under the short

photoperiods characterizing winter greenhouse and tropical nursery

conditions. According to Brim (1966), SSD not only allows for

considerable savings of time and space, but also allows for the

propagation of several generations per year. Under North Carolina

conditions, F2 seed can be harvested in the field, the F3 and

F
4

propagated in the greenhouse over the winter, and the F
5

drill-planted in the field the following growing season. Of

critical importance is the effect of photoperiod on genetic shift

during the accelerated SSD generations. However, Sediyama et al.

(1980) found no significant differences in terms of yield or

selected morphological traits between three soybean populations

advanced four generations under SSD under two photoperiod regimes.

Greenhouse propagation systems for cereal grains under SSD have

been developed as well. Riggs and Hayter (1975) detail planting

media, nutrient solutions and lighting requirements for barley

(Hordeum spp.). These researchers, however, recorded up to 20%

plant losses and ascribed them to non-random height effects. Thus,

although SSD undeniably allows for accelerated generation time and

requires a minimum of space, changes in the genetic makeup of plant

populations due to external factors can be significant (Roy, 1976).

Although an advantage of SSD is the reduction of natural

selection and intergenotypic competitive effects, it is apparent

that population density can be an important consideration. The

question was addressed by Martin et al. (1978), who grew four
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generations of SSD soybean progeny at low and high population

densities under greenhouse conditions. At a low density (3

plants/15 cm pot) 19% plant losses were observed with no deviations

from the theoretical gene frequencies for flower and pubescence

color. Under high density plantings (9 plants/15 cm pot), however,

50% plant losses occurred and significant deviations from

theoretical gene frequencies were measured for the two characters.

Under reasonable population densities, then, some random plant

losses can be expected without significant genetic shifts in the

population (Martin et al., 1978).

In contrast, significant genetic shifts, particularly for

height and maturity, have been observed in bulk populations. For

example, although semi-dwarf cereals are generally acknowledged to

have a greater yield potential than taller types (Borlaug, 1968;

Khalifa and Qualset, 1975) they are progressively eliminated from

bulk populations (Harlan and Martini, 1938; Bal et al., 1959;

Hamblin and Donald, 1974). Under such conditions. natural selec-

tion is essentially running counter to the interests of the

breeder. By minimizing the effects of natural selection and

intergenotypic competition, the SSD method can theoretically

maintain maximum genetic variability in a population. Empig (1975)

in a theoretical comparison of bulk, pedigree, SSD, and F2-derived

lines in self-pollinated species found that the bulk and SSD

methods preserved the highest genetic variance. In a theoretical

investigation of the genetical consequences of SSD in self-

pollinated crops, Snape and Riggs (1975) concludec that only in
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situations where heterosis was exhibited would later generation

(F6) SSD progenies fall below the expectations of the F2 for

specific traits. These researchers concluded that SSD would be

applicable in situations where selection in early generations for

traits of low heritability would be difficult or ineffective due to

large environmental effects.

In outlining the 'modified pedigree' method for soybeans, Brim

(1966) conceded that a disadvantage of the system was that selec-

tion for traits of low heritability would be ineffective on a

single plant basis. Nonetheless, he went on to state that as

visual selection for yield in soybeans was largely ineffective on a

single plant or progeny row basis, this was not a critical considera-

tion. There is a large body of evidence indicating that visual

selection for yield in early generations is ineffective and should

be used only to eliminate unsuitable material (Fiuzat and Atkins,

1953; McKenzie and Lambert, 1961; Atkins, 1964; Briggs et al.

1978).

Evaluating the genetic and environmental variability in

segregating populations of barley, Fiuzat and Atkins (1953) found

that selection for yield in the F2 via yield components was

largely ineffective but that selection for maturity and plant

height could be effective. Conceding F2 selection for yield

ineffective, Atkins (1964) recommended postponing selection until

the F
3

when the pedigree method is used. The question of the

effectiveness of early generation selection for yield is by no

means resolved.
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Studying a mixture of three barley cultivars to simulate

segregating material, Valentine (1979) found that under uniform

plantings selection for yield components in the F2 could be

successful and advocated positive selection for yield in the F2.

Visual selection for yield in the F3 was an effective means of

raising yields in triticale, according to the results of Salmon and

Larter (1978), who evaluated the abilities of four categories of

selectors. Their research indicated that experienced researchers

were better able to identify high-yielding lines of triticale than

could inexperienced workers. Experience is clearly the key to

successful early generation selection for quantitative traits;

experience and the art of plant breeding are perhaps difficult

parameters to evaluate experimentally.

The SSD method does appear to have certain advantages. Given

proper propagation procedures, it offers an opportunity to accelerate

generation time with minimum spatial requirements and record

keeping. The effects of natural selection are minimized, as are

the unrealistic competitive effects characterizing space-planted

F2 populations. Maximum genetic variability can be maintained in

a population, and gene combinations that otherwise might have been

discarded can be carried to homozygosity and evaluated for econom-

ically important traits. Lastly, the selection for quantitatively

inherited traits is postponed until homozygosity, whereas the

option to select for qualitatively inherited traits (major gene

disease resistance, for example) is maintained. it this juncture a
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review of the literature directly pertaining to comparisons of the

pedigree, bulk and SSD methods is in order.

Comparisons of Selection Methods

The available literature is deficient in empirical comparisons

of the bulk, pedigree and SSD methods. Two theoretical comparisons

indicate the superiority of the SSD method. Five empirical studies

will be reviewed as well.

Empig (1975) made a theoretical comparison of the additive

genetic variance available upon selection in the bulk, pedigree,

SSD and F
2
-derived line systems, using the derivation of total

genetic variability in self-fertilizing hybrid populations as

presented by Horner, Comstock and Robinson (1955). The F2-derived

line system consists of identifying superior F2 plants and

maintaining them as separate bulks until homozygosity is reached.

The generation of selection was assumed to be the F6 for the bulk

and SSD methods, the F3 for the pedigree method and the F2 for

the F
2
-derived line method. The bulk and SSD methods had the

highest additive genetic variance at selection, fnllowed by the

pedigree and F2-derived line systems. Empig concluded that the

F
2
-derived line method would be superior to the pedigree and SSD

methods for high heritable traits, simply because it would be more

economical. He also suggested the bulk method would be of no value

for characters of low heritability, such as yield, unless such

characters are correlated with others of high selective value.

Overall, he recommended the SSD method, as it represents the most
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efficient method due to accelerated generation time and a minimiza-

tion of competitive effects.

In a computer simulation of the bulk and SSD systems in

lentils (Lens culinaris Medic.), Muehlbauer et al. (1981) concluded

that SSD was the preferable system. The simulation showed that as

much genetic variation would be present in the SSD at low levels of

plant survival as in the bulk method at high levels of plant

fertility. At higher plant survival levels, there would be even

greater genetic variance in the SSD than in the bulk. As all

variance in the SSD would be between-line, the duplication of

genotypic combinations due to within-line variance in the bulk

would be eliminated.

Four methods of generation advance were evaluated in soybeans

by Empig and Fehr (1971); SSD, bulk, restricted cross-bulk (RCB)

and maturity group bulk (MGB). The latter two methods are modified

bulk systems designed to reduce negative natural r,election effects.

The methods were evaluated for their ability to preserve superior

genotypes, as well as genetic variability for yield, maturity, seed

size, lodging resistance, and plant height. The efficiency of each

method was also taken into account. The results show that overall,

SSD was superior to the bulk method in terms of producing high-

yielding lines and maintaining genetic variability. The modified

bulk systems, particularly the MCB performed well; nonetheless

these researchers concluded that SSD allows for maximum genetic

gain per unit of time.
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The effectiveness of early generation selection for yield in

soybeans was investigated by Boerma and Cooper (1975), who compared

early generation testing (EGT), pedigree and SSD in four crosses

from the F2 -F5. Genotypic variances for yield were significant

in three out of four crosses with the pedigree method, indicating

that the pedigree system might maintain greater genetic variability.

However, as the critical concern in a breeding program is to

identify and maintain the highest percentage of superior lines,

these researchers concluded that SSD would be the preferable

system. No significant differences were observed between methods,

emphasizing the advantages of SSD: simplicity, accelerated genera-

tion time, retention of genetic variability, and late generation

yield testing.

The SSD, pedigree and bulk systems were compered in three

bread wheat and two durum wheat (Triticum spp.) crosses by Grignac

et al. (1978). Populations were carried to the Fig before yield

testing. No significant differences were found between the selec-

tion systems for yield, although the bulk lines were lower in

protein than the lines produced by the other two systems.

An accelerated generation increase program was evaluated by

Tee and Qualset (1975) by comparing the accelerated bulk and SSD

methods. The accelerated bulk method is equivalert to a standard

bulk except that samples are advanced at high population densities

in the greenhouse. Two spring wheat crosses were evaluated from

the F
2
-F

5.
The results showed that in one cross there was a

pronounced shift toward taller types in the bulk system, but no
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consistent differences were found for genetic variances in the

populations developed by the two systems. The only differences

observed were for populations in which there was segregation for a

competitive character, namely height. These researchers therefore

concluded that SSD would be the recommended system where competi-

tive characters were involved but that the accelerated bulk would

provide significant savings in labor if competitive effects were

not important.

Park et al. (1976) compared the performance of SSD and pedigree

derived lines with 52 doubled haploid (DH) lines from two barley

crosses. No significant differences for grain yield, heading date,

or plant height were observed for the three methods. Furthermore,

similar means, ranges, genetic variances, and frequencies of

desireable genotypes for the same three character-, were observed in

the populations resulting from the three methods. Although the DH

method shows promise as a tool in barley improvement, for the

purposes of this review it is of interest that no significant

differences were observed between the pedigree and SSD methods.

The available literature, while not indicating the superiority

of SSD as opposed to the bulk and pedigree methods, shows that in

general the methods gave comparable results. This indirectly

underscores a major advantage of the SSD method; superior advanced

lines can be identified in a shorter period of time with considerable

savings of space and labor. If SSD were adopted on a large scale,

selection of outstanding parents through combining ability analysis,

progeny testing, etc., would be critical. The merits of the system
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would be lost if the variability generated by hybridization were

not useful. It is difficult to experimentally evaluate the merit

of the pedigree system. Not only is it difficult to quantify the

art of visual selection, but experimental populations simply cannot

approximate the variability and sheer numbers present in an actual

breeding program. Nonetheless, with a body of evidence indicating

the SSD method is at least as effective as the pedigree method, SSD

may finally be tested on a large enough scale to determine its true

worth. Plant breeders generally don't adhere to dogma - each

program generally adapts a selection method to suit its particular

needs and objectives. The SSD method has promise and seems flexible

enough to warrant further evaluation and ultimately incorporation

into breeding programs of self-pollinated species.



14

MATERIALS AND METHODS

Three selection methods, pedigree, bulk and single seed

descent were evaluated using three spring barley populations. The

populations were chosen on the basis of their diverse genetic

backgrounds. Populations I (OSB 773067) is a cross of LBW 61041/

Mazurka. Both parents are two-row types. Population II (OSB

773147) is a cross of HL 77/Robur, both six-row types. This

population resulted from a spring x winter cross. Population III

(OSB 773177) is a complex cross of six-row types from the Oregon

State University Barley Program. Descriptions of the parental

materials are presented in Appendix Table I.

This study was conducted over a six year period (1977-1982) at

several sites. All segregating generations and the final

experiment were planted in the Klamath Basin of Oregon. The F4,

F
5
and F

6
generations were grown at the Merrill research site,

located 34 km southeast of Klamath Falls, Oregon. The soil type at

Merrill is a fine sandy loam belonging to the Fordney series.

Management practices during the 1982 growing season were as

follows: (1) 336 kg/ha of ammonium phosphate (16-20-0) were applied

prior to planting; (2) approximately 508 mm of sprinkler irrigation

were applied to supplement the 97 mm of precipitalion incident

during the growing season; and (3) broadleaf weeds were controlled

by an application of 560 g/ha (ai) of 2,4-D amine and two

supplemental hand weedings. Comparable management practices were

followed in the earlier generations.
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The initial crosses were made in the spring of 1977 at the

East Farm site, located near Corvallis, Oregon. The F1

generation was grown at Toluca, Mexico the same year. The F2

generation was planted at the Hill Farm site, near Klamath Falls,

Oregon in the spring of 1978. Each F2 population consisted of 18

rows, each 6 m long. Within row plant spacing was 15 cm making a

total of approximately 700 plants per population. From each of the

three populations, 150 plants were chosen at random to initiate

this study.

Pedigree Method

From the 150 plants representing each population, 25 were

selected on the basis of agronomic type. Selection criteria

included good tillering ability, large fertile spikes, stiff straw,

and intermediate height. The progeny of these superior plants were

planted in double 3 m rows in 1979. Spacing was 8 cm within the

row, making a total of approximately 80 plants per double progeny

row. From each of the F3 populations originating from the three

crosses, 22 agronomically outstanding plants were selected, both

within and between progeny rows. The resulting seed was planted in

1980, giving a total of 22 pedigree rows per F4 population. From

each set of 22 rows, the best six rows were identified and the best

plant taken from each row. In 1981 the seed from each selected

F
4

plant was seeded in double rows for increase. No selection

was practiced in the F5 except that one line per population was

eliminated at random to create an equal number of pedigree, bulk
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and SSD lines for yield testing in the F6. A total of 15 F6

lines were thus obtained to evaluate the pedigree method, five

lines from each of the three populations.

Bulk Method

For the bulk method, seed from all unselected F
2

plants,

plus an equal amount of seed from each of the plants selected for

the pedigree method, was composited. A random sample of this seed

was taken and semi solid-seeded in ten 3 m rows for the F
3.

These F
3
plots were harvested in bulk, the seed composited and a

random sample taken. This process was repeated through the F5

generation. In 1981, five random samples were taken from each of

the three bulk populations for yield testing in the F6. A total

of 15 bulk lines was thus obtained to evaluate the bulk method,

five lines from each of the three populations.

Single Seed Descent Method

The SSD method practiced in this study is a modification of

the system outlined in the Literature Review. The SSD generations

were propagated in the field rather than in the greenhouse. As the

purpose of this study was to evaluate the effectiveness of the

selection methods, not their economy, the investigators wished to

visually monitor phenotypic differences between the three selection

methods under field conditions. Otherwise, the SSD method as

practiced was identical to that outlined: one seed was taken from

each plant and the resulting composite formed the next generation.
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Thus, one seed was taken from each of the original 150 plants per

F
2

population to initiate the SSD method. To minimize

competition and ensure maximum plant survival, spacing was 8 cm

within the row for the SSD plots. In the F5, the top 20 lines

from each SSD population were identified on the basis of agronomic

type. From this material, five lines per population were chosen at

random for yield testing in the F6. A total of 15 SSD lines were

thus obtained to evaluate the SSD method, five lines from each of

the three populations.

The 45 F
6

lines, five lines from each of the three selection

methods as practiced on each of the three populations, were

arranged in a split-plot design with four replications and planted

in the spring of 1982 at the Merrill site. Crosses were considered

as main plots and selection methods as subplots. Each experimental

subplot consisted of six rows, 3 m long. A Montana drill was used

to plant the experiment. Row spacing was 30 cm and the seeding

rate 120 kg/ha. To minimize border effects, plots were cut back to

2 m at harvest, and only the center four rows were harvested for

yield. All plots were harvested by hand and the bundles threshed

individually.

The following agronomic traits were measured on a plot basis:

Height: Plant height was determined at maturity by measuring from

the soil surface to the tip of the spike of a main tiller,

excluding awns, of a plant representative of the total population.

Spikes per Meter: The number of spikes per meter was recorded by

counting the number of fertile spikes per linear half meter of the
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center two rows of each plot and summing the two values. The

counts were made after the plots had been cut back.

Kernels per Spike: Kernel number per spike was determined by

taking five heads at random from the same area of the center two

rows where the tiller counts were made. The total number of

kernels was determined and the result divided by five to give the

kernels per spike value.

100 Kernel Weight: The weight of 100 kernels was determined by

taking 100 seeds at random from each of the above seed samples.

Grain Yield: Grain yield was recorded on a grams per plot basis.

All samples were uniformly cleaned and dried.

Standard statistical procedures, including the analysis of

variance and the Least Significant Difference test for multiple

comparisons, were used in the course of this investigation.
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EXPERIMENTAL RESULTS

The results of this investigation will be presented in terms

of the performance of 15 F6 lines derived from each of the three

spring barley populations. To evaluate the effectiveness of the

three methods of selection practiced, bulk, pedigree and SSD, the

performance of the F
6

lines will be discussed in terms of five

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

spike, 100 kernel weight and grain yield per plot.

Conditions at the Merrill site were not optimum for plant

growth and development during the 1982 growing season. Low

temperatures during anthesis may have been responsible for the

particularly poor performance of Population II. This spring x

winter population was heterogeneous for winter habit, despite

previous selection pressure for maturity.

Analysis of Variance

An analysis of variance was conducted to determine if there

were significant differences between crosses, methods and between

lines within methods. Results of this analysis are presented in

Appendix Table 2. Sources of variation consisted of replications,

crosses, methods, method x cross interaction and a

lines/methods/cross term. Appropriate error terms are included in

the Table.

The observed mean square values indicate there were

significant replication effects for plant height and spikes per
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meter. There were no replication effects for kernels per spike,

100 kernel weight, or grain yield per plot. Highly significant

differences were observed between crosses for all agronomic

characters measured. Such differences might be expected,

considering the diverse genetic backgrounds of the populations. A

significant difference between methods was detected only for 100

kernel weight. A significant cross x method interaction was also

found for 100 kernel weight, but not for the other traits measured.

Highly significant differences were observed for all traits except

spikes per meter for the lines/methods/cross term.

Main plot Coefficients of Variation (C.V.) were relatively low

for plant height, spikes per meter, kernels per spike, and 100

kernel weight. Values ranged from 4.4% for 100 kernel weight to

9.1% for plant height. A relatively high main plot C.V. was

calculated for grain yield of 16.7%. Subplot C.V. values tended to

be high for all characters, ranging from 11.6% for plant height to

21.0% for spikes per meter. The subplot C.V. for 100 kernel weight

was low at 3.1%.

Performance of Populations

Mean values for plant height, spikes per meter, kernels per

spike, 100 kernel weight and yield per plot for the 15 F6 lines

within each of the three populations are presented in Table 1.

Plant height mean values ranged from 77.2 cm (Population III) to

89.9 cm (Population II). Population I, at 88.9 cm, was not

significantly different from Population II but was significantly
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Table 1. Mean values for five agronomic characters for 15 F6
lines within three spring barley populatins. Merrill,
1982.

Plant Spikes Kernels 100 Kernel Yield
Population Height Per Meter Per Spike Weight Per Plot

(cm) (g) (g)

I

II

III

LSD .05

88.9

89.9

77.2

6.9

192.9

103.4

123.6

6.0

26.9

42.6

52.3

3.0

5.358

4.655

5.432

.204

1414.1

839.9

1546.5

189.5
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different from Population III. Yield component values,

particularly spikes per meter and kernels per spike, underscored

the major differences between the two-row and the six-row types.

Population I had 192.9 spikes per meter whereas Population II, a

six-row type, had only 103.4 spikes per meter. Likewise, the

two-row material had fewer kernels per spike than the six-row

material. Population I had significantly less, 26.9, kernels per

spike than Populations II and III. Population III, with 52.3

kernels per spike, was significantly higher than Population II with

only 42.6 kernels per spike. Although no differences in 100 kernel

weight were found between Population I and Population III,

Population II had a significantly lower 100 kernel weight. The low

yield component values for Population II ultimately contributed to

the low grain yield per plot value of 839.9 g. Population III had

the highest yield, 1546.5 g, although this mean value was not

significantly different from that of Population I, with 1414.1 g.

Both Populations I and III were significantly higher in grain yield

than Population II.

Effectiveness of Selection for Agronomic Traits

Plant Height

The mean values for plant height for the 15 F6 lines repre-

senting the three methods of selection within each of the three

populations are presented in Table 2. Mean values for methods

within crosses, as well as method variances within crosses, are

included in the Table. For Population I, plant height mean values



Table 2. Plant height mean values for 15 F lines representing three methods of selection within three
spring barley populations. MerriTl, 1982.

Population I Population II Population III

Method Line )7 Plant Height
(cm)

Method Line 7( Plant Height
(cm)

Method Line )7 Plant Height
(cm)

Bulk 1 90.0 Bulk 1 93.8 Bulk 1 75.3
2 93.0 2 91.3 2 78.5
3 94.3 3 95.5 3 79.3
4 90.0 4 98.0 4 80.5

1/ 5 91.8 5 88.5 5 81.0
Method )7 -1".! 9/ 91.8 Method X- 93.4 Method x 78.9
Method azi = 3.5 Method e7 13.6 Method 0.2 x 5.1

Pedigree 1 88.0 Pedigree 1 93.0 Pedigree 1 79.3
2 85.5 2 84.0 2 80.5
3 84.5 3 83.5 3 75.3
4 85.3 4 92.3 4 76.3
5 84.8 5 92.8 5 77.0

Method 3( 85.6 Method 7( 89.1 Method )7 77.7
Method 62)7 2.0 Method ex 24.0 Method (52x 4.7

SSD 1 80.5 SSD 1 89.3 SSD 1 75.8
2 91.5 2 80.0 2 73.0
3 91.0 3 89.3 3 85.0
4 94.0 4 87.0 4 61.8
5 90.8 5 90.5 5 79.5

Method -X 89.6 Method )i- 87.2 Method x
Method (52i 27.3 Method a2)7 17.8 Method ex 75.1

Comparisons: LSD .05 = 4.5 is given for the comparison of individual line means.

Yr( = mean
2/

a
2
Tc. = variance
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ranged from 80.5 to 94.3 cm. A mean value of 91.,3 cm was found for

plant height with the bulk method. This value was higher than the

SSD and pedigree method means of 89.6 and 85.6 cm, respectively,

but not statistically different from them. It is noteworthy that

the pedigree method variance (2.0) is lower than that of the bulk

method (3.5) and the SSD method (27.3). The high SSD method

variance indicates that genetic variability for plant height was

retained by this method. Single seed descent line 4 was the second

tallest (94.0 cm) and not significantly different from bulk line 3,

the tallest at 94.3 cm. Single seed descent line 1 was the

shortest, at 80.5 cm.

Plant height mean values for Population II ranged from 80.0 cm

to 98.0 cm. The bulk method mean was again larger, although not

statistically different from the pedigree and SSD method means.

Selection method variances were high in all cases: 13.6 for the

bulk, 24.0 for the pedigree, and 17.8 for the SSD. The shortest

pedigree (line 3) and SSD (line 2) lines were significantly shorter

than the shortest bulk (line 5), suggesting that natural selection

may have favored taller material.

The retention of maximum variability for plant height by the

SSD method is apparent in Population III, when the SSD method

variance of 75.1 is compared with the pedigree method variance of

4.7 and the bulk method variance of 5.1. Both the tallest (85.0

cm) and the shortest (61.8 cm) lines were derived by the SSD

method. The bulk method mean of 78.9 cm is higher than the SSD

method mean of 75.0 cm, though not statistically different. The
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bulk method mean was also higher than the pedigree method mean of

77.7 cm, though again not statistically different.

Spikes per Meter

No significant differences were detected between methods or

between lines within methods across the three populations for

spikes per meter. The high subplot C.V. of 21% indicates that not

all variability could be accounted for in the analysis of variance.

Spikes per meter mean values for the 15 F6 lines representing the

three methods of selection in each of the three populations are

presented in Appendix Table 3.

Kernels per Spike

Kernels per spike mean values for the 15 F6 lines

representing the three methods of selection within each of the

three populations are presented in Table 3. No differences between

selection method means were detected in the analysis. However,

highly significant differences between lines/methods/cross were

observed. In Population I, kernels per spike mean values ranged

from 25.1 to 30.9. Pedigree line 1 had more kernels per spike, but

was not statistically different from the highest bulk and SSD

lines. Single seed descent line 5 had the second highest number of

kernels per spike (28.8), while SSD line 2 (25.6) was the second

lowest, indicating the variation present within the SSD method.

Nonetheless, the pedigree method variance (4.7) was the highest for



Table 3. Kernels per spike mean values for 15 F6 lines representing three methods of selection within
three spring barley populations. Merrill, 1982.

Population I

Method Line

Bulk 1

2

3

4

Method 5i
1/ 5

Method o2x 2/

Pedigree 1

2

3

4

5

Method 7
Method o2x

SSD 1

2

3

4

5

Method --X x

Method ex

Population II Population III

Kernels Per Spike Method Line Kernels Per Spike Method Line Kernels Per Spike

26.5 Bulk 1 44.1 Bulk 1 56.2
25.8 2 41.3 2 55.8
25.1 3 40.8 3 44.4
26.8 4 41.9 4 52.6
27.9

_. 5 48.8 5 54.9
26.4 Method x 43.4 Method x 52.8
1.1 Method 0.2-X- 10.9 Method o2x 24.1

30.9 Pedigree 1 37.3 Pedigree 1 55.1
26.2 2 42.7 2 52.1
26.9 3 42.1 3 52.0
25.9 4 35.0 4 50.6
25.7 5 37.7 5 50.5
27.1 Method 7) 38,9 Method x 52.0
4.7 Method o2x 11.0 Method o2x 3.5

26.6 1 46.4 1 55.5
25.6 2 50.4 2 51.0
27.6 3 50.6 3 46.5
27.2 4 36.0 4 58.0
28.8 5 44.2 5 49.0

1.4
Method 3-<-

Method 0-25C-

45.5
35.7

Method x
Method 0-2)7

52.0
22.0

Comparisons: LSD .05 = 3.5 is given for the comparison of individual line means.

-1-17= mean 2 /a2X. = variance
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this trait. Bulk and SSD method variances were 1.1 and 1.4,

respectively.

The kernels per spike mean values for Population II show that

the SSD method mean was highest, with 45.5 kernels per spike, but

not significantly different from the bulk method mean of 43.4

kernels per spike or the pedigree method mean of 38.9 kernels per

spike. Single seed descent lines 3 and 2, with 50.6 and 50.4

kernels per spike respectively, had significantly more kernels per

spike than the nearest pedigree line (line 2) with 42.7 kernels per

spike. Single seed descent line 4, with only 36.0 kernels per

spike contributed to the large variance (35.7) of the SSD method.

Variances for the pedigree and bulk methods were similar, 11.0 and

10.9, respectively. Thus, the SSD material, while preserving

maximum variability for this trait, also gave the highest mean

values, whereas visual selection was no more effective than natural

selection in this spring x winter population.

In Population III, the SSD method variance is high (22.0) when

compared with the pedigree method variance (3.5), but lower than

the bulk method variance (24.1). Nonetheless, SSD lines ranked

among the highest and the lowest for kernels per spike. The low

pedigree method variance indicates that kernels per spike mean

values tended to cluster around the method mean of 52.0 kernels per

spike. Selection method means for kernels per spike were

comparable. The bulk method was highest, with 52.8 kernels per

spike, though not significantly different from the pedigree and SSD

method means, both 52.0 kernels per spike.



Table 4. 100 kernel Weight mean values for 15 F6 lines representing three methods of selection within
three spring barley populations. Merrill, 1982.

Population I Population II Population III

Tc.

Method Line 100 Kernel Weight Method Line 100 Kernel Weight Method Line 100 Kernel Weight

Bulk 1 5.360 Bulk 1 4.738 Bulk 1 5.530
2 5.395 2 4.605 2 5.343
3 5.298 3 4.898 3 5.440
4 5.185 4 4.745 4 5.500

1/
--)-(

5 5.558 5 4.780 5
-X

5.425
Method 11, 5.359 Method 4.753 Method 7( 5.448
Method 0.27 -1 .012 Method 0-27 .011 Method o 27( .005

Pedigree 1 5.408 Pedigree 1 4.048 Pedigree 1 5.673
2 5.413 2 4.020 2 5.513
3 5.168 3 4.363 3 5.323
4 5.240 4 5.140 4 5.433
5 5.508 5 4.170 5 5.428

Method 7 5.347 Method 7 4.348 Method 7 5.474
Method c 5 2 X .019 Method 0 27 .214 Method o27( .017

SSD 1 5.253 SSD 1 5.398 SSD 1 5.248
2 5.415 2 4.958 2 5.418
3 5.365 3 4.438 3 5.495
4 5.317 4 5.200 4 5.470
5 5.500 5 4.330 5 5.248

Method X 5.370 Method 7 4.865 Method 7 5.376
Method a ri .008 Method a ric .218 Method a2

5 Z .014

Comparisons: LSD .05 = .104 is given for the comparison of Bulk, Pedigree and SSD means.
LSD .05 = .159 is given for the comparison of individual line means.

1/7(. = mean -Ya27(' = variance
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100 Kernel Weight

Mean values for 100 kernel weight for the 15 F6 lines

representing the three methods of selection within each of the

three populations are presented in Table 4. For 100 kernel weight,

significant differences were found for methods, the cross x method

interaction and for lines/methods/cross. In Population I, the SSD

method gave the highest 100 kernel weight, 5.370 g, but this value

was not statistically different from the pedigree and bulk method

means of 5.347 and 5.359 g, respectively. The variance of the SSD

method (.008) was lower than the bulk method variance (.012) and

the pedigree method variance (.019). Bulk line 5 gave the highest

100 kernel weight (5.558 g), but this value was not significantly

different from the highest pedigree (line 1) and SSD (line 5)

means. Pedigree line 3 gave the lowest 100 kernel weight (5.168

g), but this value was not significantly different from the lowest

bulk (line 4) and SSD (line 1).

The SSD method mean (4.865 g) was significantly higher than

the bulk (4.753 g) and pedigree (4.348 g) method means in

Population II. The bulk method mean was also significantly higher

than the pedigree method mean. The bulk method variance (.011) was

much lower than the pedigree (.214) and SSD (.218) method

variances. Bulk line means ranged from 4.898 g to 4.605 g. Single

seed descent line 1 had a significantly higher 100 kernel weight

(5.398 g) than the highest bulk line (4.898 g). The lowest 100

kernel weights were shown by three pedigree lines: line 5 (4.170

g), line 1 (4.048 g), and line 2 (4.020 g).
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No differences between selection method means were detected in

Population III. The bulk method variance (.005) was much lower

than that of the pedigree (.017) and SSD (.014) methods. The

highest 100 kernel weight was found in pedigree line 1, with 5.673

g. This value was significantly higher than that of the highest

SSD line. The lowest 100 kernel weight values were found in SSD

lines 1 and 5, both at 5.248 g.

Grain Yield per Plot

Grain yield mean values for the 15 F6 lines representing the

three methods of selection within each of the three populations are

presented in Table 5. No significant differences were found

between method means, although significant differences between

lines within crosses were detected.

In Population I, the pedigree method mean for grain yield,

1446.4 g was higher than, but not significantly different from, the

bulk and SSD method means of 1434.5 and 1361.5 g, respectively.

Selection method variances ranged from 4671.2 for the SSD method to

2961.2 for the pedigree method. The pedigree method variance was

high at 4599.9. Pedigree line 4 was the highest yielding, but was

not significantly different from SSD line 2. Single seed descent

line 5, at 1260.3 g was the lowest yielding, although not

significantly different from the lowest pedigree and bulk lines.

The SSD method variance was also highest in Population II:

43381.4 as compared to the pedigree method variance (26896.4) and

the bulk method variance (2090.1). The SSD method mean (936.2 g)



Table 5. Grain yield mean values for 15 F lines representing three methods of selection within three
spring barley populations. MerrY11, 1982.

Population I Population II Population III

Method Line
Yield

Per Plot (g) Method Line
-X Yield

Per Plot (g)
X Yield

Method Line Per Plot (g)

Bulk 1 1363.3 Bulk 1 917.5 Bulk 1 1453.3
2 1507.3 2 900.5 2 1601.8
3 1461.8 3 857.5 3 1494.3
4 1407.5 4 932.8 4 1588.3

, 5 1432.5 5 821.5 5 1780.3
Method T( 1! 1434.5 Method X 886.0 Method T 1583.6
Method 6 2Tc- 2961.2 Method 0-2,T 2090.1 Method cy2X- 15999.2

Pedigree 1 1440.5 Pedigree 1 569.0 Pedigree 1 1548.0
2 1384.3 2 603.0 2 1627.5
3 1385.8 3 863.8 3 1187.0
4 1546.5 4 888.5 4 1673.8
5 1474.8 5 563.3 5 1471.0

Method T 1446.4 Method 3i- 697.5 Method T 1501.5
Method o-2>7 4599.8 Method a23T 26896.4 Method o2x 36887.2

SSD 1 1376.0 SSD 1 884.0 SSD 1 1656.8
2 1423.5 2 1264.3 2 1441.3
3 1419.0 3 931.8 3 1677.0
4 1328.8 4 915.3 4 1317.3
5 1260.3 5 685.8 5 1680.0

Method X 1361.5 Method T 936.2 Method 1554.5
Method ex 4671.2 Method q2x 43381.4 Method a2T 27581.2

Comparisons: LSD .05 = 125.5 is given for the comparison of individual line means.

= mean
2/

a
2.

. variance
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was higher than, though not different from, the mean values for

the bulk and pedigree methods, 886.0 and 697.5 g, respectively.

Single seed descent line 2 gave the highest yield (1264.3 g) and

was significantly higher than the highest bulk and pedigree

entries. Pedigree lines 5, 1 and 2 were the lowest yielding with

563.3 g, 569.0 g, and 603.0 g, respectively. These line means were

significantly lower than the lowest bulk line mean (821.5 g).

No significant differences between method means were detected

in Population III, although the bulk method mean of 1583.6 g was

the highest. The SSD method mean of 1554.5 g was higher than the

pedigree method mean of 1501.5 g. The largest variance (36887.2)

was found with the pedigree method, with line values ranging from

1673.8 to 1187.0 g. Bulk line 5 was the highest yielding, with

1780.3 g, though not significantly different from the highest

pedigree and SSD line means. Pedigree line 3, at 1187.0 g, was

significantly lower in yield than the lowest SSD (line 4) and bulk

(line 1) entries.
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DISCUSSION

The ultimate objective of a plant breeding program is to

produce high yielding lines that conform to the market criteria of

a targeted production area. A breeder of self-pollinated species

has several tools at his disposal to generate these high yielding

cultivars. Through hybridization, the most widely used of these

tools, the breeder hopes to combine the desirable qualities of both

parents in a single line.

The non-additive gene action which may be exhibited in the

early generations following hybridization cannot he exploited by

the breeder of self-pollinated species. Certain simply inherited

traits, such as plant height, can be effectively selected for in

early generations (Fiuzat and Atkins, 1953). Selection for yield

and yield components - spikes per unit area, kernels per spike, and

kernel weight - is complicated by the quantitative nature of their

inheritance, their compensatory nature and large environmental

effects. Thus, early generation (F2) selection for these characters

is generally considered ineffective (Atkins, 1964; Briggs et al.,

1978).

Despite these limitations, the pedigree method of selection is

widely practiced. It does offer certain advantages, including (a)

the opportunity to maintain records of descent, (h) the option to

carry out genetic studies, and (c) the production of true breeding

progeny rows of known descent whose comparative performance can be

evaluated over time. However, by emphasizing individual plant
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selection in early generations, it is possible the breeder will

expend valuable time and resources making ineffectual selections.

Ultimately, the identification of transgressive segregates or the

effective improvement of quantitatively inherited traits is due to

chance or the breeder's skill. Neither possibility particularly

lends itself to experimental verification.

In contrast to the pedigree method, the bulk method is the

essence of simplicity. Large populations are grown generation

after generation, and natural selection is allowed to operate.

Presumably natural selection will operate in the desired direction;

however, it often does not (Tee and Qualset, 1975). Furthermore,

the process is slow and offers the breeder little opportunity to

apply his skill and knowledge. In practice, the bulk and pedigree

methods are often combined. Promising populations are bulked in

early generations, or outstanding individuals may be selected out

of later generation bulk populations.

An alternative to the pedigree and bulk methods, and one that

sidesteps the problems involved in early generation selection, is

single seed descent. By compositing a single seed from each plant

each generation, this method preserves maximum genetic variability

and can be used to accelerate generation time through greenhouse

propagation. Depending on the size of the original F2 population,

any number of advanced lines can rapidly be generated and field

tested for yield potential and adaptation. The only restrictions

on the variability between the advanced lines wi'l be the sample

size of the F
2

and the genetic differences between the parents.
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Undesirable genotypes will be carried along, but there is always

the possibility that one transgressive segregate will be carried

forward to homozygosity.

The objective of this study was to evaluate the effectiveness

of these three methods of selection for five agronomic traits:

plant height, spikes per meter, kernels per spike, 100 kernel

weight and grain yield. Three spring barley populations were used

in an effort to test for continuity of method effectiveness across

diverse genetic backgrounds. Pedigree selection, as in most

breeding programs, was based on a rapid visual evaluation of

phenotype for desired agronomic traits. Being subjective in

nature, pedigree selection is difficult to evaluate experimentally

unless a selection index, superiority to a base population, or

similar criterion is utilized. Unfortunately, no such criteria

were used continuously throughout the course of this investigation.

As a result, the effectiveness of the pedigree method in this

experiment may merely be a gauge of the investigator's ability to

visually select desired plant types rather than a true test of the

method's efficacy. Natural selection was allowed to operate on

bulk populations, and no artificial selection was practiced. Broad

phenotypic selection was practiced with the SSD Material in the

F
5
so as not to unduly bias the mean performance of the SSD

method in comparison with the pedigree and bulk riethods.

The mean performance of the three populations was a reflection

of their diverse genetic backgrounds. Accordingly, the two-row

population had more spikes per meter and fewer kernels per spike
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than the six-row populations. The poor performance of the spring x

winter population was due to heterogeneous maturity. This was an

environmental response that particularly manifested itself during

the 1982 growing season. This heterogeneity was not observed in

the F
4

and F
5
generations and would certainly have been selected

against in the pedigree method. In an actual breeding program,

such a poor population would have been discarded.

Plant height is a simply inherited trait for which pedigree

selection can be effective (Atkins, 1964; Allard, 1966). However,

no significant differences between methods were found in this

investigation, although there was clearly a trend toward greater

height in the bulk method, particularly in Populations I and II.

Pedigree method means tended to be intermediate between the bulk

and SSD method means, but there was no clearcut evidence that

visual selection favored a mean plant height different than that of

natural selection. Pedigree method variances in Populations I and

III were lower than the bulk and SSD method variances, suggesting

that pedigree lines tended to cluster around a mean value. All

variances for methods were high in Population 11, and may have

resulted from the heterogeneous maturity of this population which

manifested itself in irregular plant height. The high variances

for the SSD method in Populations I and II indicate that variation

for plant height between lines was preserved by this selection

method. The retention of maximum genetic variability is an often

cited advantage of the SSD method (Empig and Fehr, 1971; Muehlbauer
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et al., 1981), but certainly shorter genotypes would be more

desireable than the excessively tall.

Environmental effects and sampling procedure were probably

responsible for the inability to detect differences between lines

within methods for spikes per meter. A lack of uniform irrigation

favored tiller development in certain plots, introducing non-random

variation. Although tiller counts were made after borders had been

cut back, the sampling procedure was not effective in accounting

for uneven plant development in the sampled rows. As this character

was measured at harvest, linear one meter sections in the center of

each plot could not be measured without adversely affecting plot

yield. Differences for spikes per meter were significant between

populations, indicating the sampling procedure could reveal large

differences. It is possible that there was little variability for

tiller number within populations to begin with, rendering selection

ineffectual.

No significant differences were found between selection method

means for kernels per spike. Thus, the pedigree method was not

more effective than natural selection for this quantitatively

inherited trait. This finding is in agreement with the results of

other investigators (Atkins, 1964; Briggs et al., 1978) who have

found visual selection for yield and yield components largely

ineffective in the early generation following hybridization.

Although kernels per spike per se was not a selection criterion for

the pedigree method, large fertile spikes were. Had selection for

large spikes been particularly effective, it should have been
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manifested in a greater number of kernels per spike. In Popula-

tions II and III, the pedigree method variances were lower than the

bulk and SSD variances, suggesting that visual selection favored a

given class of kernels per spike. The pedigree method variance was

much higher than the bulk and SSD method variances in the two-row

population, suggesting that visual selection was less effective for

a given class of kernels per spike in the two-row material.

Variances for the SSD method were larger or comparable to the bulk

method variance, emphasizing the variability between lines

preserved by the SSD method. Individual SSD lines tended to have

the highest numbers of kernels per spike across populations,

indicating the SSD method may have preserved superior genes for

this trait that would not have been favored by either visual or

natural selection.

It is noteworthy that 100 kernel weight is the only trait for

which significant differences were found between crosses, cross x

methods, and lines/methods/cross. The SSD method resulted in lines

with higher kernel weights across populations than either the bulk

or pedigree methods. Furthermore, the bulk method mean was signifi-

cantly greater than the pedigree selection method mean. These

results show that the pedigree method was not effective for 100

kernel weight when compared with the effects of natural selection

or SSD. These results are borne out in Population II, where the

SSD method resulted in lines having the highest 100 kernel weights.

In Populations I and III, however, no differences were found

between selection method means. Method variances within crosses

were similar, indicating that comparable variability was maintained
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by the three selection methods. It is of interest that across

populations, SSD lines were among the highest in 100 kernel weight.

No significant differences were found between methods or

between method means within crosses for grain yield, ultimately the

trait of greatest importance to the plant breeder. Significant

differences were found between lines within crosses. The SSD

method variances were highest in Populations I and II, indicating

that substantial variability was retained by the SSD method. Of

course, the high variance values suggest that a number of low

yielding lines were retained as well. The pedigree method variance

was highest in Population III, due in part to the exceptionally

poor performance of pedigree line 3. In Populations II and III,

SSD lines were among the highest yielding, whereas in Population I

the highest yielding lines were derived by the pedigree and bulk

methods. The presence of individual superior lines resulting from

the SSD method may indicate that this method allowed gene combina-

tions to be carried forward that would not have been favored by

either visual or natural selection. There was not conclusive

evidence, however, that any method was superior in terms of identi-

fying high yielding lines. This finding is in agreement with the

results of other investigators (Boerma and Cooper, 1975; Park et

al., 1976; Grignac et al., 1978). The lack of effectiveness of

visual selection for grain yield is in agreement with the findings

of other investigators (McKenzie and Lambert, 1961; Atkins, 1964;

Briggs et al., 1978).
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The results of this investigation indicate that, in general,

visual selection was not effective for the five agronomic traits

studied. Comparable results were achieved by the bulk and SSD

methods. Nonetheless, in actual practice, the breeder will be

interested in the performance of individual lines, not necessarily

in the mean performance of a method. Visual selection does offer

the breeder an opportunity to discard large volumes of material and

to effectively select for simply inherited traits. As breeders

become more skillful and familiar with the available germplasm,

their selection can be made more effective, provided non-additive

gene action and large environmental effects are not present.

Although the results of this investigation co not indicate

that it is significantly better than the pedigree or bulk methods,

the SSD method is attractive from several standpoints. Provided

that parents are carefully selected through a combining ability

analysis or through progeny testing, the SSD method can preserve

maximum usable genetic variability between lines for any number of

traits, both qualitatively and quantitatively inherited. The

possibility exists of integrating the SSD method with the bulk and

pedigree methods. Early SSD generations could be screened for

simply inherited traits such as major gene disease resistance. The

accelerated generation process could be halted at any level and

subsequently the germplasm could be handled through individual

plant selection or bulking. Flexibility is the key to success in

plant breeding, and ultimately the choice of selection method will

depend on the breeder's skill, resources and objectives.
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SUMMARY AND CONCLUSIONS

Three methods of handling segregating populations were evalu-

ated in three spring barley populations. Selection methods were

bulk, pedigree and single seed descent. These three populations

were developed based on the diverse genetic backgoound of their

respective parents. Experimental populations consisted of crosses

including two-row spring types, spring x winter six-row types and

spring six-row types.

The effectiveness of the three methods was evaluated in terms

of five agronomic traits: plant height, spikes per meter, kernels

per spike, 100 kernel weight, and grain yield.

This investigation was conducted over a six-year period

(1977-1982). In 1982 the experimental populations were grown in

the Klamath Basin of Oregon, an important spring barley producing

area.

The following conclusions were drawn, based on the results of

this investigation:

1. The three F
6

spring barley populations, each consisting of

15 entries, differed for all five agronomic traits evaluated.

2. Differences between methods of selection were detected for 100

kernel weight, with visual selection not being effective for this

character.

3. No differences were found between selection methods for plant

height, kernels per spike, spikes per meter or grain yield.
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4. Individual lines within methods and crosses differed for the

five traits measured, but there was no conclusive superiority of

lines derived by any given method.

5. Substantial variability between lines was preserved by the SSD

method for all traits except spikes per meter. Although not

significantly different from the other methods on a mean basis,

superior individual lines were derived by the SSD method.
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Appendix Table 1. Description of parental materials.

Population I:

LBW 61041. A two-row spring feed barley from Holland. Late
maturing, with high yield potential.

Mazurka. A two-row spring feed barley, also from Holland.
Early maturing, with high yield potential.

Population II:

HL 77. A six-row spring feed barley from the International
Maize and Wheat Improvement Center (CIMMYT). An F4
when used as parent; selected for high lysine.

Robur. A six-row winter feed barley from France. A short,
early variety with a lax head type and high yield
potential.

Population III:

OSB 73217. ND B-139/CI 10641,F1 (Godiva)//F1, Minn 65220/
Woodvale. A spring six-row line of short stature
and good yield potential.

OSB 74206. SW/Minn M22. Short Wocus is a spring six-row line
developed at Tulelake, California. Minnesota M22
is a spring six-row line.



Appendix Table 2. Observed mean square values for five agronomic characters obtained from
a comparison of three spring barley populations. Merrill, 1982.

Source of Variation df
Plant
Height

Spikes
Per Meter

Kernels
Per Spike

100 Kernel
Weight

Yield
Per Plot

Replications 3 1474.4* 3655.9** 39.93 .189 810534.0
Crosses 2 3017.9** 132191.0** 9844.17** 11.040** 8465340.0**
Error (a) 6 241.8 179.8 43.48 .209 179842.0
Methods 2 323.2 74.8 74.99 .389** 124856.0

Crosses x Methods 4 77.4 1218.6 79.13 .571** 134364.0
Error (b) 18 90.8 864.4 34.42 .025 44303.6

Lines/Methods/Crosses 36 76.9** 472.1 50.83** .234** 73363.4**
Error (c) 108 30.9 378.7 26.87 .039 24085.5
Total 179

C.V. (%)1/ 9.1 4.8 8.1 4.4 16.7

C.V. NW 11.6 21.0 14.5 3.1 16.6

* significant at the 5 percent probability level.
** significant at the 1 percent probability level.

'4nain plots ? /sub-plots
(crosses) (methods)



Appendix Table 3. Spikes per meter mean values for 15 F lines representing three methods of selection
in each of three spring barley populaYions. Merrill, 1982.

Population I Population II Population III

x Spikes
Method Line Per Meter Method Line

x Spikes
Per Meter Method Line

-i Spikes

Per Meter

Bulk 1 190.8 Bulk 1 109.5 Bulk 1 129.0
2 195.5 2 95.3 2 124.3
3 194.0 3 101.5 3 134.0
4 199.8 4 105.5 4 135.8

1/
Method x -7,-,

5 163.5
188.7 Method x

5 95.5
101.5 Method 5

5 136.0
131.8Methoda2-2 210.3 Method a2 38.8 Method a2 25.7

Pedigree 1 192.3 Pedigree 1 94.5 Pedigree 1 118.3
2 189.5 2 113.8 2 127.0
3 205.8 3 110.0 3 89.3
4 215.8 4 100.8 4 128.0
5 204.0 5 106.3 5 114.3

Method 3 201.5 Method 3 105.1 Method X 115.4
Method a2 114.2 Method G2 57.9 Method a2 246.6

SSD 1 193.5 SSD 1 103.5 SSD 1 127.8
2 208.3 2 114.8 2 129.3
3 179.3 3 97.3 3 123.8
4 182.5 4 93.0 4 104.0

-;

5 179.5 5 110.3 5 134.0
Method 188.6 Method x 103.8 Method i 123.8
Method a2 154.4 Method a2 80.3 Method a2 135.3

Individual line means were not significantly different based on the analysis of variance.

1/3i.= mean Va2 = variance


