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Four winter and four spring barley cultivars along with their F1

hybrids were grown on the Hyslop Agronomy Farm near Corvallis, Oregon,

a high rainfall site (over 1000 mm annually) located in the Willamette

Valley. The experiment consisted of four replications. Ten seeds of

each F
1
and parents were seeded in a three meter row. Plants were

spaced 30 cm between and within the rows.

Investigations were made to evaluate the presence of hybrid

vigor when hybridizing winter and spring barley. Gene action esti-

mates contributing to yield and its components were obtained. Addi-

tional information concerning the inheritance and the association of

12 agronomic traits and yield were also evaluated.

The data were analyzed by using the factorial technique,

analysis of variance, correlations, path-coefficient, parent-progeny

regressions, and by polynominal and multiple regressions.

The traits measured were: (1) total yield per plant, (2) kernel

weight, (3) tiller number per plant, (4) kernel number per spike,



(5) heading date, (6) plant height, (7) flag leaf area, (8) flag

leaf width, (9) flag leaf length, (10) culm diameter, (11) head

length, and (12) head extrusion.

Heterobeltiosis was observed in all of the hybrids except in the

cross between Adair and Short Wocus. The absence of hybrid vigor in

this cross may be attributed to the fact that these two parents are

closely related.

Combining ability analysis as well as narrow sense heritability

estimates indicated that additive gene action is more predominant

in the expression of heading date, plant height, tiller number, head

length, culm diameter, flag leaf width and kernel weight. Hetero-

beltiosis and high SCA estimates were observed in most of the hybrids

for yield per plant and kernel number per spike. This implies that

most of the genetic variation associated with these two traits

resulted from non-additive gene action. The high SCA estimate

observed for head extrusion indicates that this trait appeared to be

controlled by non-additive gene action. Both additive and non-

additive gene action are important for the expression of flag leaf

area and flag leaf length.

When the 12 traits were correlated and the r values partitioned into

direct and indirect effects it was observed that tiller number, kernel

weight and kernel number per spike exerted the highest direct effect

on yield. Plant height had a small positive direct effect, but an

indirect effect on yield through kernel weight. It was further

observed that a negative association exists between tiller number and



kernel weight. This indicates that, in this barley population, it

would be difficult to select for a plant containing large grain type

and short stature, but it may be easy to select short plants with a

relatively large number of tillers and high kernel number per spike.

Path coefficient analysis indicated further that flag leaf area has

a negative direct effect on yield and the remaining six traits have

a negligible or no direct effect on yield, indicating that these

traits can not be used as selection criteria.

More genetic variability for tiller number and kernel number

per spike was noted in the winter barley while more genetic vari-

ability for kernel weight was found in the spring barley.

The results of this study suggest that increases in yield could

be achieved by selecting plants with relatively high tiller number

and high kernel weight. Selection for a high kernel number per spike

can be accomplished by selecting for large culms and longer peduncle.

By this procedure the breeder can take advantage of the additive

genetic variance associated with tiller number and kernel weight and

by the positive correlation that exists between culm size and peduncle

length with kernel number per spike.
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ESTIMATES OF GENETIC VARIANCE AND HETEROSIS IN

IN F
1

WINTER X SPRING BARLEY CROSSES (Hordeum vulgare L.)

INTRODUCTION

Increased barley production can greatly aid in providing addi-

tional food supplies to many less developed countries. PEople around

the globe are conscious that land resources are limited. Barley

offers many advantages, particularly in the dry land areas where

yield per hectare can be greatly increased. These advantages include

early maturity, salt tolerance, resistance to certain diseases and

perhaps superior rooting patterns. Therefore, barley can complement

other cereal grains. Barley is consumed as bread, couscous or pul-

verized grain in stews. Barley is also the principal source of food

for livestock. Unfortunately, this important crop has been largely

overlooked in terms of research support in many of the less developed

countries. Because of the many superior attributes which barley has,

breeding of superior cultivars must receive greater attention in the

future.

The amount of genetic variation available to the breeder is the

key to the development of superior cultivars. Concerns are being

expressed among plant breeders that plateaus in grain yield are being

reached in many of the major crop species due to a lack of useable

genetic variation.

One possible approach to increasing genetic variation in barley

is the systematic crossing of winter x spring cultivars. Such a

methodology offers the advantage of transferring desirable germ plasm
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from winter to spring cultivars or vice versa. Furthermore, it

may be possible to create more hybrid vigor by crossing between

genetically diverse parents which would be important in the develop-

ment of hybrid barley.

In conventional breeding programs it is important to select

desired progeny within segregating populations. A knowledge of

genetic variation influencing the various traits is important to

the breeder. This is especially true to the breeder of self-polli-

nating crops, such as barley, where only the additive portion of

the total genetic variation can be utilized.

To increase grain yields, the breeder must also gain a greater

understanding of those factors which influence or contribute to

the final yield. Yield in barley is thought to be the product of

several components, namely kernel weight, kernel number per spike and

tiller number. Therefore, the breeder must not only know the nature

of inheritance of these components, but also their association with

yield and any direct or indirect effects among the components them-

selves and yield. Using the component approach to increasing yield

may be difficult if selection for one or more of the components

results in reduction of the other components. This might result if

there are compensating effects among the components.

If other traits which are more simple inherited than the com-

ponents of yield and which also influence grain yield could be

identified, then the breeder would be able to make more rapid progress

in developing new high yielding barley cultivars. Such characteristics

might include flag leaf area, flag leaf length and width, head length,
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culm diameter and head extrusion.

It was the objective of this study (1) to determine if a substan-

tial increase in yield due to hybrid vigor could be achieved by

crossing winter and spring barley, (2) to understand the type of

gene action controlling yield components and other yield related

traits, (3) to identify the nature of the contributions to grain

yield made by the winter and spring parent cultivars respectively,

(4) to determine the association between the components of yield

and grain yield per se and the relationship of eight other agronomic

traits to yield, and (5) to determine if flag leaf area, head extru-

sion, head length and culm diameter might serve as selection cri-

teria for identifying high yielding segregants.
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LITERATURE REVIEW

Heterosis

Briggs and Knowles (1967) have defined the term heterosis as

the manifestation of heterozygosity, expressed as increased vigor,

size, fruitfulness, and resistance to diseases, insects or climatic

extremes."

There is abundant evidence that heterosis occurs in self-

pollinated crops such as barley. In order for the hybrid to be of

economical interest it must exceed its best parent or the best con-

ventional variety. The term heterobeltiosis was proposed to describe

this situation (Fonseca and Patterson, 1968).

If hybrid barley becomes a reality, heterobeltiosis could be a

useful concept in increasing yield potential. Genetic interaction in

quantitative inheritance has been discussed by Hutchinson, Pause and

Govande (1960) who suggested that both epistasis and dominant

interactions contribute to heterosis. If heterosis is due only to

dominance then its significance to present barley breeders is

limited, since the breeder can utilize only that part of the genetic

variability that behaves in an additive manner. If epistatic gene

interactions can generate additive variances then heterosis is more

useful not only to barley breeders but to all breeders of self-

pollinated crops. Hybridization followed by selection, as is the

case with conventioal breeding programs, could take advantage of

epistasis if it was of the additive type. Other types of epistasis
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are not fixable but may be useful in hybrid programs (Ketata et al,

1976; Tandon et al, 1968).

It has been stated that greater genetic diversity of the parental

lines is associated with greater heterosis in the hybrids (Moll et al,

1962). In support of this theory McNeal et al (1962) found that

related parents in wheat produced little or no heterosis in the hybrids.

Many researchers have reported the presence of heterobeltiosis

in barley and wheat. In 25 winter x spring barley crosses, Fedak

and Fejer (1975) reported an increase of 100 per cent in yield over

the spring parent. They implied what was stated earlier that parents

of diverse origin gave the maximum yield advantage. This idea was

supported earlier by the work of Grant and McKenzie (1969) who

demonstrated significant heterotic effects by crossing winter x

spring wheats. The authors suggested that it is possible in con-

ventional breeding programs to select the good disease resistance

and agronomic type of the spring parents while retaining at the same

time the high yield potential of the winter type parents.

Pinthus (1966) suggested the use of winter wheats as a means of

increasing the yield of spring wheats, but didn't report whether the

differences in yield between winter and spring wheats are due

primarily to genetic effects or only to favorable growing conditions.

Grafius (1959) looked at heterosis from a different point of

view. In crosses involving all possible combinations of six barley

cultivars, all F
1

hybrid means exceeded the parental means for all

yield components. Evidence was shown that genes for yield per se do

not exist and the increase in vigor of the F1 hybrids was mainly due
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to epistatic interaction of yield components.

Crook and Phoelman (1971) working with seven F1 barley hybrids

found a significant increase over the best parent in kernel plumpness,

kernel weight, tillers per plant and grain yield. Upadhyaya and

Rasmusson (1967) studied 28 F
1

barley hybrid combinations and based

on midparent means found an average increase of 21.5, 5.9, 7.1, 7.6

and 3.2 per cent for yield, kernel weight, kernels per head, heads

per plant and plant height respectively. When the F1 hybrids were

compared to the high parent, the average heterobeltiosis for yield

was only 9.1 per cent. However, in a specific cross, yield advantage

was 38 per cent over the best parent, which suggests that high levels

of heterobeltiosis exists in barley that could be exploited by

developing hybrid barley. The authors further showed that not all

combinations of parents gave a significant heterobeltiosis, therefore,

a careful choice of parents and development of a large number of

crosses were desirable in order to find the highest recombinants.

These conclusions were supported by the more recent results of

Gorastev (1973) who found that not all barley hybrids express sub-

stantial vigor. He reported that 15 hybrids exhibited an increase of

plant height ranging from 2 to 7 per cent while 22 other hybrids

showed an average increase over the best parent of 3 to 45 per cent

for productive tiller number.

Walton (1971) studied heterobeltiosis in wheat from varieties

of diverse origin and found a range of 10 to 26 per cent of hetero-

beltiosis in the first year. However, in the second year this range
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decreased to 4 to -11 per cent. This finding suggests that genetic

diversity of the parents alone is not sufficient for the expression

of heterobeltiosis if genotype x environment interaction is present.

Barsukov (1969) studied more than 30 barley hybrid combinations of

varieties with different origins. He found considerable heterosis in

1000 kernel weight when the parents differed greatly in productivity

and belonged to different geographical areas. Briggle (1963) made

an excellent review of heterosis in wheat and cited yield increases

above the higher yielding parent in the magnitude of 32.7, 44.0 and

84.0 per cent by Boyce (1948), Lupton (1961), and Sikka et al (1959),

respectively. Total yield increase depends on the interaction of the

components which individually may or may not display heterosis.

In a study of four barley crosses Pawlisch and Van Dijk (1965) found

various amounts of heterosis in grain and forage yield. The yield

component that contributed to the increased yield was different for

each cross. The authors concluded that heterosis does exist in

barley and could be of value in hybrid barley production. Their

research stemmed from Wiebe's plan for production of hybrid barley

utilizing a gene-phytocide reaction.

While some researchers have found various amounts of heterosis in

barley, others have reported its absence. Carleton and Foote (1968)

working with 12 hybrids between two- and six-rowed barley varieties

failed to detect heterosis in grain yield as well as in total leaf

blade area. The authors concluded that the failure of component

interaction to produce heterotic effects might have been a possible

cause. Similar results have been reported by Hagberg (1953) and Yap

and Harvey (1970).
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Heterobeltiosis has been almost uniquely reported in space

planted experiments which may tend to bias the results. There appears

to be little if any reported findings of heterobeltiosis in the litera-

ture under solid seeding, however, heterosis over mid-parent under

solid seeding have been reported. Severson and Rasmusson (1968)

studying the performance of F1 barley hybrids under different seeding

rates found an increase in yield over mid-parent of 3.2, 10.7, 17.3

and 22.5 per cent under 2.5, 7.5, 15.0 and 22.5 cm spacing respectively.

In addition to heterosis, specific traits can be exchanged

between winter and spring parents. In England, spring cultivars are

used almost entirely as donors of malting quality to the winter type

(Bell, 1944) as cited by Jenkins (1977). On the other hand, winter

types of barley are used as sources for resistance to diseases such

as leaf blotch (Rhynchosporium secalis) and stripe rust (Puccinia

striiformis) Jenkins (1977). Winter hardiness is another desirable

trait that could be transferred from the winter to the spring barleys

especially in areas where frost damage presents a threat to the spring

barley, such as the high plateaus of Tunisia and Algeria. Spring

barley could also benefit from the genetic transfer of the high

tillering capacity that exists presently in the winter types.

Gene Action Estimates

Genetic variation in quantitative traits are important to the

plant breeder and many papers have reported the nature of their

inheritance. A plant breeder must understand the nature of gene

action in his population in order for him to design an effective
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breeding program. Different ways are available for the breeder to

measure gene action estimates, such as heritability, combining

ability analysis and heterosis.

Heritability. This important concept estimates the ratio of the

variance of a trait which is under genetic control. Knowledge of the

inheritance of a trait is of a prime concern to the breeder since it

indicates that extent to which improvement can be made through selec-

tion. Variation observed in segregating populations is composed of a

genetic (heritable) portion and the other part is environmental in

nature (non-heritable) (Fisher, 1918). The heritable portion was

further subdivided by Wright (1921) into (a) variance due to the

additive gene effects, (b) deviations from the additive scheme caused

by dominance and (c) deviations from the additive scheme resulting

from the interactions of nonallelic genes. The additive variance

reflects the magnitude of resemblance between parent and offspring.

This type of variance is the most important to the breeder of self-

pollinated crops since it is fixable in later generations.

Heritability has been calculated in various ways. They include:

(1) parent-offspring regression, (2) variance component from analysis

of variance, and (3) approximation of non-heritable variance from

genetically uniform populations to estimate the total genetic variance.

(Lush, 1949; Frey and Horner, 1957: Warner, 1952).

The literature is very extensive in estimating heritability

values for various traits in wheat and barley. This part of the

review will be concerned with studies where heritability of agronomic

traits and yield components of barley have been reported.
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Fiuzat and Atkins (1953) using F1 and F2 populations of one

barley cross found heritability in the broad sense of 92.1, 86.3,

74.6, 29.5, 50.7, and 38.5 per cent for heading date, maturity date,

plant height, number of heads, grain yield, and kernel weight respec-

tively in the cross of Moore x P11305. These estimates were relatively

high since the reported heritability ratio accounted for the total

genetic variation (heritability in the broad sense), however, these

values would have been smaller if the ratio had accounted for only

the additive variance (heritability in the narrow sense). This was

clearly demonstrated by Grafius, Nelson and Dirks (1952) who esti-

mated broad sense heritability for yield in 112 F3 barley populations

and found it to be 26 per cent, whereas a four per cent estimate was

found using narrow sense heritability. The authors based their selec-

tion on broad sense values and observed no gains in the next generation,

therefore concluding that heritability in the broad sense could be

misleading in barley.

Frey (1954) using the regression method of F3 progeny on F2

plants found heritability estimates for heading date ranging from

47 to 92 per cent with a mean of 76 per cent in seven barley crosses.

These values were consistent from one generation to the next. There

was no apparent evidence for the interaction of heading date with the

environment. Similar results have been reported by Jogi (1956)

who found a narrow sense heritability of 90 per cent for heading date.

Several investigators have found that the yield components that

demonstrated the highest heritability estimates were tiller number

and 1000 kernel weight, while kernels per head had the lowest value.
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(Rasmusson and Cannell, 1970; Ceccarelli, Lorenzetti and Catena,

1973; Borthakur and Phoehlman, 1970; Jogi, 1956).

Yap and Harvey (1972) reported heritability values of 51, 66 and

117 per cent for grain yield, heads per plant and kernel weight

respectively, thus supporting the results reported by the previous

investigators. It may be concluded from these results that the

most efficient way to improve yield is by selecting progenies with

high kernel weight and high tiller number. Rasmusson and Glass (1965)

reported contradicting results based on regression of Fa means on

lines. They found a heritability estimate of 24 per cent for 1000

kernel weight and concluded that selection for this trait is only

partially effective. Smockek (1967) studied the heritability of

eight quantitative characters including yield components in seven

spring barley crosses. Significant differences were found in the

heritability estimates for all traits studied.

Jain and Chandra (1968) studied the variability of 13 traits

among a collection of 30 barley cultivars. A high range of variation

as well as high heritability estimates were found for heading date,

tiller number, kernel number, 1000 kernel weight and grain yield.

It was concluded that these traits are controlled by additive genes

and selection for these characters would prove effective.

Sethi, Singh and Sharma (1973) using regression analysis indicated

that tiller number contributed about 75 per cent of the total vari-

ability for yield. High heritability for yield components were also

reported.
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Combining Ability. Due to the large amount of money and

resources required by aggressive breeding programs, plant breeders

can't afford to make crosses with parents that normally contribute

low producing progenies, unless for specific purposes. A procedure

(Combining Ability Analyses) designed to help plant breeders to

classify their material into good and poor combiners has been put

forth by Sprague and Tatum (1942). They defined GCA (General

Combining Ability) as the average performance of a line in hybrid

combinations, whereas SCA (Specific Combining Ability) is used to

designate those cases in which certain combinations do relatively

better or worse than would be expected on the basis of the average

performance of the lines involved. In this context GCA may result

from those genes that behave additively while SCA may be a measure

of the effect of non-additive genes.

Smith and Lambert (1968) used combining ability analysis to

estimate gene action governing seed yield, kernel weight, maturity

and plant height in a diallel analysis involving 10 spring barley

cultivars. A large and significant GCA variance was obtained for

all traits indicating that most of the genetic variances for these

characters were associated with additive gene action. Upadhyaya

and Rasmusson (1967) working with an eight parent diallel in barley

found both significant GCA and SCA variance for yield, kernels per

head and height. Kronstad and Foote (1964) working with wheat

reported that a large part of the total genetic variability for

kernel number and kernel weight was a result of additive gene
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action. The authors further stated that combining ability analyses

appear to be a promising technique to classify parental lines in

terms of their hybrid performance and may assist in gaining more

knowledge into the inheritance of quantitative traits.

Berbegier (1967, 1969) working with F3 mixtures of barley

resulting from unselected F2 plants found that genes controlling

yield showed additive effects, and that high yields resulted from

the action of the dominant alleles.

Fedak and Fejer (1974) working with winter x spring barley

crosses and using the factorial technique found that tiller number

and yield per head were controlled by additive genes but SCA for

head area was higher than GCA. For other traits such as plant height

and total yield both GCA and SCA were significant. The authors

further found that the winter variance was higher than the spring

variance for the above traits, indicating that the winter parents

possessed relatively more genetic variation than the spring parents.

In a later study, Fedak and Fejer (1977) using the same approach

as followed in their earlier work found that spring parents possessed

more genetic variability than the winter parents for plant height,

seeds per spike and 1000 kernel weight. However, SCA variance for

yield per plant and 1000 kernel weight were higher than GCA variance.

This was in contradiction to their earlier work and may perhaps be

ascribed to genotype x year interaction.
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Inheritance and Association of Morphological

Traits with Yield and Yield Components

The most important step that decides the fate of breeding programs

is selection. A careful screening of segregating material is needed

by the breeder and his ability to recognize plants with genetic

potential for improvement of a given crop is crucial. It is therefore,

necessary for the plant breeder to put forth valid criteria for his

selection and also undoubtedly important to understand the interrelation-

ships of various plant characters.

The majority of plant breeders in the past have based their

selection on the components of yield alone. This attempt could be

misleading if yield components are compensating for one another and

if they are greatly influenced by the environment. Perhaps selection

would be more rewarding if a plant ideotype was defined thus allowing

the breeder to not only base his selection on yield components but

also on plant morphology such as flag leaf area, head length, peduncle

length, culm diameter, etc.

Rasmusson and Cannell (1970), working on selection for grain

yield in two barley populations, found that selection for number of

heads and kernel weight resulted in altering yield. In contrast,

selection for number of kernels per head resulted in a decrease rather

than increase of yield. Thus, the authors suggested that selection

for yield components was effective in certain situations but could not

be recommended as a routine procedure. If some morphological traits

such as leaf area, head length, head extrusion and culm diameter are
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correlated with yield and if they are highly heritable then perhaps

these features could place an additional tool in the hands of

barley breeders to easily identify the high yielding segregates.

Many researchers have found that the green plant tissue above

the flag leaf makes a substantial contribution to grain yield (Simpson,

1967; Watson, 1952; Thorne, 1966). This evidence was later reviewed

by Walton (1969) who concluded that increased extrusion of the head

above the flag leaf was associated with higher yield (r = .756**).

The author further stated that the most active photosynthetic structure

is the head itself and that a good extrusion is important since it

would prevent the flag leaf from shading any part of the head. Herit-

ability in the narrow sense for extrusion of the head was found to be

very high (b = 1.096). Fedak and Fejer (1974, 1977) working with

barley crosses reached the same conclusions. They found significant

correlation coefficients of .41 and .72 for peduncle diameter and

flag leaf area respectively with yield. They further stated that

additive variance was prevalent in these traits.

Yap and Harvey (1972) in a 7 x 7 diallel barley cross comparison

found heritability estimates of 66, 69 and 34 per cent for flag leaf

area, head area, and flag leaf angle respectively. Additive gene

action was shown to be predominant in the control of these traits.

The authors also estimated the correlations of flag leaf area, head

area, and culm diameter and found it to be significant and positive.

They also found that head area was the most important contributor

to grain yield in barley. This seems to agree with the findings of

Walton (1969).
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Saghir et al (1968) noted a significant reduction in 1000 kernel

weight when the upper leaves were removed in wheat. This is in

agreement with the findings of Davidson (1965) who found that manual

reduction of leaf area led to 50 to 80 per cent reduction in yield.

The author concluded that an increase in leaf area could lead to an

increase in grain yields.
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MATERIALS AND METHODS

Four winter and four spring barley cultivars of diverse origins

were selected for this study. The spring cultivars were Minnesota

M.21, Karl, Steptoe and Short Wocus. The winter cultivars were Ager,

Hudson, Washington 2196 and Adair. All eight cultivars are of the

six-row head type. These parents are described in Appendix Table 14.

The cultivar, WA 2196 is from the Washington State University barley

program. It has the cultivar Hudson as one of its parents. The

cultivars Adair and Short Wocus are related in that a Short Wocus

sister line is a parent of Adair. The rest of the parents do not

appear to be related. These cultivars were not randomly chosen, but

rather selected because of known high attributes for yield, yield

components or adaptation. Thus, these cultivars will be defined as

a population about which inferences will be made throughout the

entire dissertation.

Crosses were made in the spring of 1976 using the winter barley

parents as females and spring parents as males. This was dictated

because of a shortage in the number of spring plants available. Only

four potted plants of each spring variety existed in the greenhouse

at the time the study was initiated. Fifteen of the possible crosses

were obtained, however, the sixteenth cross (WA 2196 x Karl) did not

produce enough seed due to a shortage of pollen.

The 15 crosses and the eight parents were grown in a randomized

block design with four replications at Hyslop Farm, Corvallis, Oregon.

A single replication contained one plot of each of the eight parents
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and their F
1

hybrids. The 23 entries were assigned plot numbers at

random within each replication.

Each plot consisted of 10 plants which were space planted at

30 cm intervals within and between plots. Barley plants of the two-

rowed type were grown as borders at the ends of each plot and on the

sides of each replication. The purpose of these plants was to mini-

mize border effect and they were removed prior to harvest. The

planting date was October 14, 1976 and the plants were harvested on

July 2, 1977.

Prior to seeding, 100 kg/ha of nitrogen was applied in the form

of ammonium nitrate. Additional nitrogen fertilizer in the form of

Urea (46 % N) was topdressed at the rate of 100 kg. nitrogen per

hectare during the tillering stage of plant development.

During the crop season, some plants developed barley yellow dwarf

symptoms. These were appropriately marked with stakes and omitted

from the analyses.

Each plant was harvested individually and the following measure-

ments recorded:

1. Total yield per plant in grams.

2. Number of seed bearing tillers per plant.

3. Average kernel weight obtained by randomly counting 100

seeds from each plant.

4. Kernel number per spike was obtained by cutting five heads

at random from each plant, counting the total number of seeds and

dividing by five.
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5. Heading date was obtained for each plant by recording the

date when the spike on the main tiller was 50% exposed. The number

of days were recorded as days after April 1, 1977.

6. Plant height measurements were taken in centimeters from the

ground level to the tip of the tallest spike, awns not being included.

7. Flag leaf area was calculated in square centimeters (cm
2

) as

a product of total flag leaf length times maximum leaf width and then

multiplied by a coefficient of b = .67, where b is the regression

coefficient of actual leaf area on the width length product, as was

suggested by Fowler and Rasmusson (1969).

8. Flag leaf length was measured with a metric rule in centimeters

from the base to the tip of the leaf.

9. Flag leaf width was measured in centimeters at the widest part

of the leaf.

10. Culm diameter was determined using a micrometer and expressed

in millimeters. The measurement included the leaf sheath and was

effected immediately above the last node.

11. Head length was measured in centimeters from the base to the

tip of the spike excluding awns.

12. Head extrusion observations were taken in centimeters and

included the peduncle length from the flag leaf to the base of the

spike.

Measurements of flag leaf area, flag leaf length and width, cuim

diameter, head length and head extrusion were taken on the main tiller

only.

Marginal weather conditions prevailed throughout the growing



20

season. Climatological records confirm that 1976-1977 was the driest

year in the last 33 years. Appendix Table 15 shows the average

temperature and rainfall for the 1976-1977 crop season.

Statistical Analysis

Analyses of variance were conducted separately for each character

measured in the spring and winter parents and their F1 hybrids. The

winter and spring parents were analyzed for the purpose of detecting

true differences among them. The F1's were analyzed by the factorial

technique considering spring and winter factors as the main effects.

This approach should assist in detecting the presence or the absence

of interaction between the spring and winter types.

The expected mean squares for the factorial analyses are pre-

sented in Table 1 as outlined by Robinson and Comstock (1948) and

by Cockerham (Personal Communication). The symbol 6
2

xs
expresses

w

the variance for specific combining ability in crosses of spring and

winter barleys. Specific combining ability measures the performance

of the combinations between winter and spring barley cultivars and is

thought to be primarily due to non-additive gene action. The symbol

crvi
2 expresses the variance for general combining ability of the

winter parents. The symbol T
s

2 expresses the variance for general

combining ability of the spring barley parents. Both of the general

combining ability variances, 6
2

and
2, are suggested to be due

primarily to the additive effects of polygenes.
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Table 1. Analysis of variance of progenies tested in r replications
in a randomized complete block design showing the expecta-
tions of mean squares for the factorial technique.

Source of variation d.f. Expectation of Mean Squares

Males (Spring)

Females (Winter)

M X F (Winter x Spring)

Error

m-1

f-1

(m-1)(f-1)

(r-1)(mf-1)

6
2

6
2

6
2

6
2

+ r6m2
f

+ r6 m2
f

2
+ r6-

mf

+ rf6m
2

2
+ rm6

f

9 9

6' or 6" is the variance for specific combining ability in
wxs mf crosses of spring and winter barleys.

6
2

or 62
s m

62 or 62

is the variance for general combining ability of

spring barleys used in crosses as males to winter
barleys used as females.

is the variance for general combining ability of

winter barleys used in crosses as females to spring

barleys used as males.
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The variance components were estimated from Table 1 as follows:

62 mean square of winter - mean square of winter x spring

6
w 16

62 _ mean square of spring - mean square of winter x spring

s 16

6
2 mean square of winter x spring - error mean square

wxs 4

the statistical significance test (F) for these variances was as

follows:

2 =
mean square of winter

F 6
w mean square of winter x spring

F 6
2 = mean square of spring

s mean square of winter x spring

F 6
2 _ mean square of winter x spring

wxs error mean square

Mean square of the interaction was used as error for testing the

significance of 6
2 and 6

2 in order to detect real differences, there-

fore a conservative test is more useful.

Wi

W
2

W
3

W
4

S1 S
2

S
4

X
11

X
12

X
13

X
14 X1.

. 2.

. T(

3.

X
41

X
42

X
43 X44

R
4.

R
.2

R
.3

R
.4

. 1

04
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General combining ability effects of the winter (GCA winter)

and of the spring parents (GCA spring) and specific combining ability

(SCA) effects of the hybrids are calculated from the above table and

were estimated as follows:

GCA (winter) =
1

This is an effect common to all progeny
. ..

of the i
th

winter parent.

GCA (spring) = g.i R an effect common to all progeny of the

j
th

spring parent.

SCA = T(ij - X. - X + X specific effect to the progeny

of the cross between the ith winter and the jth spring parents.

The standard errors of these effects were estimated as follows:

(Spangelo, Hsu, Fejer and Watkins, 1970)

S.E. (GCA spring)
,i(S-1)s2
VSxWxr

S.E. (GCA winter) =V (W-1)s2
S xWx r

S.E. (SCA)
=I/ (S-1)(W-1)s2
V SxWxr

where: s
2
= error mean square

W = number of winter cultivars . 4

S = number of spring cultivars . 4

r = number of replications . 4

Heterosis is an estimate for gene action and refers to the per cent

increase above midparental values. In self-pollinated crops such as

barley, an increase above the midparent doesn't represent a practical

value to the breeder since his interest is in the value that surpasses
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the higher parent. Therefore, heterobeltiosis was calculated using

the following formula: (Fonseca and Patterson, 1968)

-
Heterobeltiosis = Fl

HP
X 100

HP

where: F
1

. the hybrid mean value

HP -= high parental mean value

A positive or a negative value for heterobeltiosis indicates an

increase or decrease in performance of the F1 hybrids.

Heritability estimates in the narrow sense were calculated by

three different methods.

1. Regression of the F1 means on the mean value of the two

respective parents. (Falconer, 1960)

h2 2 Cov o5
2p -

6

where: Cov o5 = covariance of offspring on midparental value

6215 = variance of midparent

2. Phenotypic correlation coefficient. (Frey and Horner, 1957)

6 (SX\

'yxiyj

where: b
yx

= regression coefficient of F1 on MP value.

Sx = standard deviation of MP.

Sy = standard deviation of

This method has an advantage over the parent-progeny regression in

that a value of 100% or 1.0 cannot be surpassed. If a value of 1.0

is obtained then the phenotype resembles the genotype.
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3. Variance components from an analysis of variance. (Grafius,

Nelson and Dirks, 1952). The formula is as follows:

Hns =
6'1 + 6s

_ Va

62 + 6
2

+ 6
2

+ 6
2 Vp

w s wxs

where: 6
2

, 6
2

, and 6
2

xs
are estimates as defined earlier and 6

2

w s w

is the environmental variance.

The interrelationship between the 12 traits was computed by

simple correlation coefficients. This relationship was measured on

spring parents, winter parents and Fits alone and for both parents

and F
1

's together. This was done in an attempt to determine which

traits in each group contribute to yield and to observe if the

association between all traits is the same in the three sets.

The simple phenotypic correlation coefficients were further

partitioned into direct and indirect effects by the use of path-

coefficient analysis (Wright, 1921; Li, 1955). A cause and effect

relationship among the traits must be assigned. For the population

under study, yield was considered as the resultant variable and yield

components as the causal variables. The reader is referred to Wright

(1921) and Li (1955) for a detailed description of the path-coefficient

analysis. This analysis was conducted for plant height, heading date,

tiller number, 1000 kernel weight, kernel number per spike and yield

in the F
1

alone and was conducted for the entire 12 traits in the

parents and F
1
's together.

If all the variables contributing to yield were accounted for,

(1-R
2
) would equal zero. A deviation from zero indicates that total

variation in yield hasn't been accounted for. In order to understand
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the relationship between yield and its components individually, a

common practice is to obtain an approximating curve by curve fitting,

using regression techniques (Petersen, 1977). Such curves will result

in equations that provide useful information, such as predicting the

yield at any given point of the yield component. If a quadratic

equation is obtained it can be used to estimate the yield at points

where the yield component is maximum or minimum.

An equation relating yield with all its components was obtained

by the stepwise regression technique.
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EXPERIMENTAL RESULTS.

Heterosis

Values for heterosis were calculated for yield and yield com-

ponents. Table 2 shows the mean of yield components of the hybrids

and their parents. Ager, the highest tillering parent in the winter

group, when crossed with Steptoe, the highest tillering parent in

the spring group, produced the highest tillering hybrid. Two other

winter parents, WA 2196 and Adair, and two spring parents, SW (Short

Wocus) and M. 21 (Minnesota 21), do not appear to have a high

tillering capacity. It appears that the winter parents Ager and

Hudson in general produce hybrids with good tiller number. Also some

hybrids have exceeded the highest tillering parents, Hudson, Ager and

Steptoe.

For the component kernel number per spike, all of the hybrids,

except Ager x Steptoe, have surpassed the lowest parent Ager.

However, only seven hybrids have exceeded the highest parent Hudson

for kernel number per spike. The cultivars WA 2196 and Karl appear

to produce hybrids with high kernel number. On the other hand, no

hybrid exceeded the parent Short Wocus in kernel weight. Six hybrids

out of 15 produced higher kernel weight than Adair which is known for

its large seed size.

The grain yield data is shown in Table 3. Heterobeltiosis for

yield per plant was observed in 13 out of 15 hybrids with the hybrids

yielding from 6 to 88 per cent more grain than their respective better

yielding parent.
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Table 2. Mean of yield components of F1 barley hybrids and parents.

Parent or Cross
Tiller

Number
Kernels/spike 1000 kernel weight

(qms)

WA 2196 18 65 29.0

Ager 23 64 41.4

Adair 20 65 50.8

Hudson 23 77 38.0

Steptoe 23 58 54.0

Karl 20 72 39.3

Short Wocus 19 69 56.8

M. 21 17 70 39.8

WA x Steptoe 18 81 52.2

" x SW 13 74 50.5

" x M. 21 23 86 42.5

Ager x Steptoe 30 61 52.0

x Karl 27 75 46.2

x SW 19 76 51.5

" x M. 21 28 65 47.7

Adair x Steptoe 18 78 56.8

" x Karl 20 86 49.1

x SW 17 73 54.9

" x M. 21 16 83 49.0

Hudson x Steptoe 26 78 48.9

" x Karl 26 82 41.7

x SW 22 86 52.8

x M. 21 28 70 43.9
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Table 3. Mean yield/plant of F1 barley hybrids and parents.

Parent or Cross Mean yield (gms)
% increase or decrease
of hybrids over better

parent

Short Wocus 60.17

Adair 57.65

Hudson 56.49

Steptoe 52.87

Ager 52.06

Karl 46.24

M. 21 40.57

WA 2196 31.58

Hudson x Short Wocus 87.36 45

Hudson x Steptoe 85.04 51

Ager x Karl 83.76 61

Ager x M. 21 80.87 55

Ager x Steptoe 80.82 53

Hudson x Karl 79.25 40

Adair x Karl 76.73 33

WA 2196 x Steptoe 76.66 45

WA 2196 x M. 21 76.22 88

Ager x Short Wocus 74.28 23

Hudson x M. 21 74.11 31

Adair x Steptoe 72.31 25

Adair x M. 21 61.29 6

Adair x Short Wocus 59.32 -1

WA 2196 x Short Wocus 45.71 -24
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The hybrids, Adair x Short Wocus and WA 2196 x Short Wocus

produced a negative heterosis for grain yield per plant. A possible

explanation for the decrease in yield, at least in the cross Adair x

Short Wocus, may be attributed to the fact that these cultivars are

closely related. Adair contains a sister line of Short Wocus in its

pedigree.

The highest per cent increase in grain yield was observed in

the cross between the lowest yielding parents of both winter and

spring groups, WA 2196 and M. 21. On the other hand, the highest

yielding parents of each group, Adair in the winter and Short Wocus

in the spring, produced a hybrid with a negative heterosis. The next

highest yielding parents, Hudson and Steptoe produced the hybrid with

the highest grain yield. Both of these parents have a wide adaptation

and both seem to have a good yield stability.

A general statement of summary for Table 3 is that, on the average,

the parents Ager and Hudson produced a higher percentage increase in

yield than the parents WA 2196 or Adair. Therefore, it appears that

Ager and Hudson are good combiners for grain yield.

The percentage of increase or decrease in yield components of the

hybrids compared to their respective better grain yielding parents are

shown in Table 4. If an increase in yield in the hybrid is to take

place, at least one component of yield must exceed that of the better

parent so that the product of the components will generate an increase

in yield. A close examination of the data in Table 4 shows that

kernel number per spike is the consistent component that increased in
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Table 4. Yield components of Fl barley hybrids compared with their
respective better grain yielding parents.

Hybrid
% increase or decrease from better yielding parent

Tiller Kernel/spike 1000 kernel weight Yield
Nn

WA x Steptoe -22 40 -4 45

" x SW -32 7 -11 -24

" x M. 21 35 23 7 88

Ager x Steptoe 30 5 -4 53

x Karl 17 17 12 61

x SW 0 10 -9 23

x M. 21 22 2 15 55

Adair x Steptoe -10 20 12 25

x Karl 0 32 -3 33

x SW -26 6 -6 -1

ii x M. 21 -20 28 -4 6

Hudson x Steptoe 13 1 29 51

x Karl 13 6 10 40

II x SW 16 25 -7 45

x M. 21 22 -10 16 31
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all hybrids except in the cross between Hudson and M. 21. This agrees

with what was observed in the field in that most hybrids had unusually

long spikes. The other two components, tiller number and kernel

weight, increased or decreased according to each cross.

The highest per cent heterobeltiosis (88%) observed in the cross

between WA 2196 and M. 21 was a result of a substantial increase in

the three yield components. The increase in yield of the highest

hybrid, Hudson x Short Wocus, was primarily due to an increase in both

tiller number and kernel number per spike but a slight decrease in

kernel weight, whereas the increased yield of the second highest yield-

ing hybrid, Hudson x Steptoe, was a result of an increased tiller

number and kernel weight. This demonstrates that the particular grain

yield component contributing to the increase in yield is very peculiar

to a given hybrid.

Both WA 2196 and Adair hybrids appear to be low yielding having

two of the three components that decrease at the same time, whereas

Ager and Hudson hybrids have a decrease in only one component, a less

obvious compensating effect.

Comparison of the hybrids to the best grain yielding parent,

Short Wocus, Table 5, showed increases ranging from 2 to 45 per cent.

The highest percentage increase in yield per plant was observed in

the hybrids containing the parents Hudson and Ager. Means of all

measured traits along with their standard errors are presented in

Appendix Table 1.
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Table 5. Percent increase or decrease in yield/plant of the hybrids

when compared to the best yielding parent (Short Wocus).

Hybrid % increase or decrease

Hudson x Short Wocus 45

Hudson x Steptoe 41

Ager x Karl 39

Ager x Steptoe 34

Ager x M. 21 34

Hudson x Karl 32

Adair x Karl 28

WA 2196 x Steptoe 27

WA 2196 x M. 21 27

Hudson x M. 21 23

Ager x Short Wocus 23

Adair x Steptoe 20

Adair x M. 21 2

Adair x Short Wocus -1

WA 2196 x Short Wocus -24
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Analysis of Variance

Observed mean squares from the analysis of variance of yield,

yield components and eight other agronomic traits are presented in

Table 6. A separate analysis of variance was conducted for the winter

parents, spring parents and their F1 hybrids. All 12 of the traits

evaluated differed significantly in the winter and spring parents.

When the mean of the 12 traits in the winter group is compared to

the mean of the same 12 traits in the spring group, no significant

differences were observed for yield per plant, tiller number, kernel

number per spike, plant height and head extrusion. This demonstrates

that the winter barley cultivars used in this study did not yield

more than the comparable spring cultivars when both were seeded under

the same conditions. To test the presence of interactions between

the two groups a factorial analysis of variance was performed on the

F
1

hybrids alone with winter and spring as the main effects (Table 6).

A highly significant interaction was observed for all measured traits

except culm diameter. An interaction in this respect indicates the

failure of the winter parents to respond independently of the spring

parents. Two way tables of means along with their respective standard

error terms for each trait are included in the Appendix Table numbers

2 through 12. A one way table of means was made for culm diameter

since there was no significant interaction for this trait (Appendix

Table 13).

The parents vs crosses comparison in Table 6 is an indication of

the amount of additive vs additive and non-additive gene effects.



Table 6. Observed mean squares for yield, yield components and 8 other agronomic traits of four spring and four winter barley parents and

their F
1

hybrids.

Source of variation d.f. Yield /plant Tiller i 1000 kernel weight Seeds/spike Plant height Heading date Flag leaf width

Parents

Winter

Spring

Winter vs Spring

Crosses

Winter

Spring

Winter x Spring

Parents vs Crosses

irror

C.V. in %

7

3

3

1

15

3

3

9

1

63

590.80**

286.24*

2.14NS

1790.25**

418.10**

544.54**

746.04**

72.98

24.41

28.56**

27.42**

12.5 NS

321.21 **

131.21**

25.67**

2.08NS

6.00

11.40

3.25**

3.39**

4.71**

1.73**

3.80**

.31**

1.435*.

0.28

3.53

157.42**

160.50**

2.0 NS

389.52**

38.14NS

241.25**

456.00**

21.69

6.32

1728.92**

1209.76**

35.36NS

958.60**

1541.58**

156.62**

1458.61**

11.59

2.51

280.73**

361.83**

612.5 **

741.06**

759.56**

16.31**

133.33**

1.84

3.93

.38**

.30**

.048*

.19"

.29A*

.03**

.003NS

.009

5.02

*Significant at the 5% level. NS Non Significant

**Significant at the 1% level.



Table 6. Continued

Source of variation d.f. Culm Diameter Head length Head extrusion Flag leaf area Flag leaf length

Parents 7

Winter 3 1.31** 22.27** 210.10** 114.38** 20.71**

Spring 3 2.36** 14.66** 93.27** 75.11** 1.16 **

Winter vs Spring 1 .583* 26.28** 3.23 NS 33.62** 8.08*

Crosses 15

Winter 3 .91"! 17.46** 98.54** 107.32** 15.69**

Spring 3 1.23** 12.18** 76.65** 73.63** 8.03**

Winter x Spring 9 .056NS 1.23** 36.68** 17.83** 3.75**

Parents vs Crosses 1 1.17R** 8.55** 325.5** 114.16** 13.27**

Error 63 .087 .26 4.33 2.86 1.53

C.V. in % 4.95 6.25 10.36 7.41 6.97

*Significant at the 5% level. NS Non Significant

**Significant at the 1% level.
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Only tiller number and flag leaf width were not statistically signifi-

cant. This indicates the importance of additive genetic effects in

the expression of these two traits.

Coefficients of variation were quite low except for yield per

plant, 24.41 per cent, and tiller number 11.4 per cent. The lowest

coefficient of variation, 2.5 per cent, was observed for plant height.

Combining Ability Analyses

Variances associated with general and specific combining ability

were computed using Cockerham's method (Personal communication).

General combining ability variances of the winter and the spring par-

ents were derived from the main effects of winter and spring groups.

This estimates the ability of the parent to produce a certain effect

in the hybrid. The failure to produce this given effect is due to the

dominant, epistatic and environmental effects. Dominance deviations

and epistasis are found in the winter x spring interactions.

The data in Table 7 shows general combining ability variances

for the winter and spring parents and specific combining ability

variances for the interaction between winter and spring parents.

General combining ability variances for heading date were approxi-

mately ten times larger than specific combining ability variance.

This indicates that a large part of the total genetic variance asso-

ciated with heading date was the result of additive gene action.

For plant height both general and specific combining ability

variances were significant with specific combining ability of the

hybrids being close to general combining ability of the winter parents.



Table 7. General and specific combining ability variances for winter and spring barley, for yield, yield components and related
agronomic traits.

Heading
Date

Plant
Height Yield

Tiller
Number

Kernel
Weight

Kernel
Number

Flag leaf
Area

Flag leaf
length

Flag leaf
width

Culm
Diameter

Head
Length

Head
Extrusion

GCA winter
parents or

6
2

w

GCA spring
parents or

6
2

s

SCA W X S
hybrids or

62
wxs

GCA winter/SCA

GCA spring/SCA

45.30**

46.45**

3.52**

12.87:1

13.20:1

50.12* 77.86NS 18.85**

86.56** -7.9NS 6.60*

36.5** 113.38** 4.87**

1.37:1 .69:1 3.87:1

2.37:1 1.36:1

.09*

.22**

.07**

1.29:1

3.14:1

9.27NS

-12.69NS

54.8**

.17:1

5.591

3.49*

2.82*

1.98:1

1.24:1

.75*

.27NS

.495*

1.52:1

.55:1

.01*

.016**

.005**

2:1

3.2:1

.053**

.073**

.009NS

1.014**

.68**

.237**

4.28:1

2.87:1

3.81NS

2.51NS

8.2**

.47:1

.31:1
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General combining ability of the spring parents was more than two

times larger than specific combining ability of the respective F1

hybrids. Additive as well as non-additive gene effects appear to

have been involved in the expression of plant height.

For the characters yield per plant, kernel number and head ex-

trusion GCA of the winter and spring parents were not significant

but SCA was highly significant. This indicates that these traits are

under the control of non-additive genes. A negative GCA variance for

the spring parents was obtained for yield and kernel number. Since

negative variances are not logical, they must be assumed to be equal

to zero.

The agronomic traits tiller number, kernel weight, heading date,

plant height, culm diameter, flag leaf width and head length appear

to be controlled mainly by additive type of gene action. However,

additive as well as non-additive gene action seems to be important

for the expression of flag leaf length, GCA and SCA effects and

their standard errors for the spring and winter parents and their F1

hybrids for the 12 traits are shown in Tables 8 through 18 inclusive.

Negative GCA values as shown in Table 8 for heading date indicate

earliness. The winter parents, Ager and Hudson, and the spring parents

M. 21 and Karl appear to be good combiners for earliness as shown by

their significant negative GCA effects.

The winter parent Ager and the spring parents M. 21 and Karl

showed the highest negative GCA effects for plant height (Table 9).

Shorter straw is expressed as a negative value and it appears that

Ager has transmitted its short stature to its progeny. The highest
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Table 8. Estimates of general and specific combining ability

effects for heading date.

Spring parents
GCA effects
of winter (gi)S.W. Steptoe M. 21 Karl

Ager

Winter
Hudson

SCA effects (sij)

-5.7

-4.7

-.32

-.32

-.32

.68

.43

.43

.22

-.78

Parents
Adair 1.18 -2.82 2.93 -1.28 +8.8

WA -.53 2.47 -3.78 0-
1/ +1.6

GCA effects
of spring (gi) 5.3 6.3 -6.4 -5.2

11Cross not available.

SE gi = .323

SE gj = .323

SE sij =.559

Table 9. Estimates of general and specific combining ability effects

for plant height.

Spring parents
GCA effects

S.W. Steptoe M. 21 Karl of winter(gi)

Ager

Winter
Hudson

SCA effects (sij)

-5.1

9.2
6.33

3.19

-.82

1.71

-3.54

-1.37

-1.96

-3.53

Adair
Parents

WA

-3.87

5.63

-1.63

.75

3.81

1.1

1.71

0-
1/

-1.9

-2.2

GCA effects
of spring (9J) 1.1 10,7 -6.4 -5.4

2/Cross not available.

SE gi = .706

SE gj = .706

SE sij = 1.22
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positive GCA effect was observed for the cultivars Steptoe and Hudson,

indicating that in general these cultivars give tall progeny. The

highest negative SCA effect for plant height was observed in the cross

between Adair and Short Wocus.

The parents Karl and WA 2196 have the highest GCA effect for

kernel number followed closely by Adair (Table 10). The cultivar

Karl appears to be a good combiner for spike length. The highest SCA

effects for kernel number was observed between the crosses WA 2196 x

M. 21 and Hudson x Short Wocus, followed by Ager x Short Wocus. For

the character kernel weight, significant GCA effects were noted with

Short Wocus, Steptoe and Adair (Table 11). The highest SCA effect

was detected in the cross Hudson x Short Wocus. The winter parents

Ager and Hudson had the highest GCA effects for tiller number while

the spring parents Steptoe and M. 21 had positive but smaller GCA

effects (Table 12). This indicates that the above mentioned winter

parents are better combiners for tiller number, therefore future

winter x spring crosses of barley should be designed to capitalize

on this potential in the winter parents.

For the trait yield per plant, it again appears that the winter

parents Ager and Hudson are good combiners for yield as indicated by

their high GCA effects (Table 13), however, of the spring parents only

Steptoe has a high GCA effect. A highly significant SCA effect was

observed in the cross between Hudson and Short Wocus followed by

WA 2196 x M. 21. The lowest yielding hybrid (WA 2196 x Short Wocus)

gave the highest negative SCA effect, indicating that perhaps these
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Table 10. Estimates of general and specific combining ability
effects for kernel number /spike.

Spring parents
GCA effects

S.W. Steptoe M. 21 Karl of winter (91)

Ager

Winter
Hudson

SCA effects (sij)

-7.9

1.9

6.63

6.88

-5.62

1.63

-3.12

-7.87

2.13

- .62

Parents
Adair -7.12 .63 4.13 2.38 2.9

WA -6.37 3.38 6.88 0/ 3.1

GCA effects
of spring (gj) .12 -2.63 -1.13 3.62

l/Cross not available.

SE gi = 1.02
SE gj = 1.02
SE sij = 1.761

Table 11. Estimates of general and specific combining ability
effects for kernel weight.

Spring parents
GCA effects

S.W. Steptoe M. 21 Karl of winter (91)

SCA effects (sij)

Ager -.1 -.06 .18 -.03 .01

Winter
Hudson .29 -.11 .06 -.22 -.23

Adair
Parents

WA

-.07

-.1

.11

.06

0

-.24

-.05

0-
1/

.32

-.1

GCA effects
of spring (gj) .32 .32 .35 .29

1/ Cross not available.

SE gi = .04
SE gj . .04
SE sij = .069
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Table 12. Estimates of general and specific combining ability

effects for tiller number.

Spring parents
GCA effects

S.W. Steptoe M. 21 Karl of winter (9i)

Ager

Winter
Hudson

SCA effects (sij)

4.2

3.7

-2.94

.56

2.81

-.69

.06

.56

.06

-.44

parents
Adair 3.31 -.94 -3.69 1.31 -4.1

WA -.94 -1.19 3.06
1/

0- -3.8

GCA effects
of spring (9J) -4.1 1.2 1.9 1.0

1/Cross not available.

SE gi = .540
SE gj = .540
SE sij = .935

Table 13. Estimates of general and specific combining ability
effects for yield /plant.

Spring parents
GCA effects

S.W. Steptoe M. 21 Karl of winter (gi)

Ager

SCA effects (sij)

5.761.85 -3.65 1.99 .2

Winter Hudson 13.42 - .94 -6.28 -6.2 7.26

Parents Adair - .59 - .36 -5.07 5.29 -6.76

WA -14.7 4.21 9.36 0-
1/

-6.26

GCA effects
of spring (gj) - 7.5 4.6 -1.1 4.0

1/
Cross not available.

SE gi = 2.057
SE gj = 2.057
SE sij = 3.56
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Table 14. Estimates of general and specific combining ability

effects for flag leaf area.

Spring parents
GCA effects
of winter (gi)S.W. Steptoe M. 21 Karl

Ager

Winter
Hudson

Parents
Adair

WA

SCA effects (sij)

-2.9

1.4

2.5

-1.0

.36

2.36

-1.52

-1.18

- .44

-1.82

2.02

.23

.18

-.09

-1.8

1.73

-.1

-.43

1.31
1/

&-

GCA effects
of spring (gj) -1.1 -2.4 2.7 .8

1/Cross not available.

SE gi = .555
SE gj = .555
SE sij = .960

Table 15. Estimates of general and specific combining ability

effects for flag leaf length.

Spring parents
GCA effects

S.W. Steptoe M. 21 Karl of winter (91)

SCA effects(sij)

Ager .38 -.39 -.16 .15 -.93

Winter
Hudson .76 -.78 .21 -.18 .67

Parents
Adair -.75 1.06 -.55 .23 .73

WA -.39 .1 .49 0-1/ -.47

GCA effects
of spring (9J) -.89 -.09 .79 .19

1/Cross not available.

SE gi = .288
SE gj = .288
SE sij = .499



Table 16. Estimates of general and specific combining ability

effects for flag leaf width.

45

Spring parents
GCA effects

S.W. Steptoe M. 21 Karl of winter (gi)

Ager

Winter
Hudson

Adair
Parents

WA

SCA effects (sij)

-.125

.045

.125

-.045

-.025

.115

-.045

-.045

-.015

-.065

.065

.005

.025

-.035

-.095

.095

-.005

-.015

.065

0-
1/

GCA effects
of spring (gn .005 -.185 .135 .045

1/
Cross not available.

SE gi = .019
SE gj = .019
SE sij = .033

Table 17. Estimates of general and specific combining ability
effects for head length.

Spring parents

GCA effects

S.W. Steptoe M. 21 Karl of winter (gi)

SCA effects (sin

Ager .61 .31 -.46 -.46 .76

Winter
Hudson .33 .23 -.04 -.54 .54

Adair
Parents

WA

-.69

-.27

-.29

-.27

.94

-.44

.04

0-
1/

-.34

-.96

GCA effects
of spring c9J) -1.21 .69 -.44 .96

1/Cross not available.

SE gi = .115
SE gj = .115
SE sij = .199
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Table 18. Estimates of general and specific combining ability
effects for head extrusion.

Spring parents

S.W. Steptoe M. 21 Karl

GCA effects
of winter (gi)

Ager

Hudson

SCA effects (sij)

-.85

2.8

4.27

.72

-1.9

-1.95

-2.58

.17

.22

1.07

Winter
Adair -4.03 3.5 .62 - .08 -3.1

Parents
WA - .96 .37 1.79

1/
0 1.2

GCA effects
of spring (gj) -2.4 -1.7 2.2 1.9

1/
Cross not available.

SE gi = .43
SE gj = .43

SE sij = .74
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two cultivars possess the same genes for yield.

The parents Adair and M. 21 appear to be good combiners for

large leaf area, while Steptoe and Ager seem to give smaller flag leaf

area to their progeny as indicated by their negative GCA effects (Table 14).

There appear to be no parents that are good combiners for long

leaves, among the eight used in this study. On the other hand, Short

Wocus and Ager have significant negative GCA effects (Table 15).

For the trait flag leaf width, only M. 21 and Adair have a positive

GCA effect (Table 16). Significant positive GCA effects for head length

were observed for Ager, Hudson, Steptoe and Karl while those of Adair,

WA 2196, Short Wocus and M. 21 were negative (Table 17). When head

extrusion is considered, Hudson and M. 21 have the highest GCA effects

(Table 18).

Heritability

Heritability estimates in the narrow sense were obtained by

parent-progeny regression, heritability in standard units and by

variance components from an analysis of variance for the 12 traits

studied as shown in Table 19. Heading date had the highest herit-

ability estimate, regardless of the method used. A regression (b)

value of 1.036 was observed for tiller number, whereas yield had the

lowest regression coefficient b = .066. The (b) and (r) coefficients

are in close agreement. In both of the regression and correlation

methods, yield per plant and flag leaf length have non-significant

estimates, while kernel number was significant at the 5 per cent

level of probability. A low estimate of .046 was obtained for kernel
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Table 19. Parent progeny regression (b), correlation coefficients (r)

by mean value of F1 hybrids and mean parental values, and

heritability in narrow sense from components of variance.

b r has

Heading date 1.49** .953** .941

Plant Height .597** .675** .744

Yield per plant .066 .034 .256

Tiller number 1.036** .376** .697

Kernel weight .715** .826** .705

Kernel number per spike .456* .266* .046

Flag leaf area .463** .400** .524

Flag leaf length .197 .151 .310

Flag leaf width .579** .620** .675

Culm diameter .696** .757** .606

Head length .598** .626** .765

Head extrusion .554** .526** .346

n = 92

*Significant at the 5% level.

**Significant at the 1% level.
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number by the variance technique. Regardless of the method used to

estimate heritability, the remaining traits studied had intermediate

to high estimated values.

Association Among Agronomic Traits

Separate correlation coefficients for the F1 hybrids, the four

winter and four spring parents and the combination of all parents and

F
1

hybrids are presented in Tables 20, 21, 22, and 23. There are dif-

ferences in signs and magnitudes of the different characters between

the four major groups being compared. When the F1 hybrids alone are

considered in Table 20, heading date was positively correlated with

plant height, kernel weight and culm diameter. Since the crop year

of 1976 was dry, earlier F1 plants seem to have yielded more than

the late plants which were under stress due to lack of ample water

supply. This is seen by the significant negative correlation coeffi-

cient between heading date and yield. Yield in the F1 was positively

assoicated with tiller number, kernel weight, flag leaf length, head

length and head extrusion. On the other hand, tiller number was

negatively associated with kernel number and to a lesser extent with

kernel weight, an obvious compensating effect. Plant height was

positively and significantly correlated with yield and kernel weight

which demonstrates that breeding high yielding, short statured barley

plants is perhaps hard to achieve.

When only the winter parents are considered in the correlation

matrix, a somewhat different result is obtained (Table 21). There

seems to be little or no association between heading date and yield.



Table 20. Correlation coefficients of 12 measured characters in the F1 generation.

Heading Plant Tiller Kernel Kernel Flag Leaf Flag Leaf Flag Leaf Culm Head Head

Date Height Yield Number Weight Number Area Length Width Diameter Length Extrusion

Heading
Date

Plant
Height

Yield

Tiller
Number

Kernel
Weight

Kernel
Number

Flag Leaf
Area

Flag Leaf
Length

Flag Leaf
Width

Culm
Diameter

Head
Length

Head
Extrusion

.361** -.277** -.65** .626** .182 -.07 -.02 -.137 .418** -.238 -.587**

.519** .12 .588** .221 .153 .373** -.137 .032 .31* .081

.667** .353** .230 .239 .421** .036 -.164 .574** .274*

-.167 -.308* .035 .17 -.09 -.429** .554** .253*

.113 .039 .177 -.104 .295* .107 -.398**

.421** .325** .412** .312* -.05 .273*

.899** .894** .381** -.059 .371**

.632** .213 .19 .387**

.442 -.28* .28*

-.332** -.158

.099

n = 60
*significant at the 5% level.
**significant at the 1% level.



Table 21. Correlation Coefficients of 12 measured characters in four winter barleys.

Heading
Date

Plant
Height

Yield

Tiller
Number

Kernel
Weight

Kernel
Number

Flag Leaf
Area

Flag Leaf
Length

Flag Leaf
Width

Culm
Diameter

Head
Length

Head
Extrusion

Heading Plant Tiller Kernel Kernel Flag Leaf Flag Leaf Flag Leaf Culm Head Head

Date Height Yield Number Weight Number Area Length Width Diameter Length Extrusion

.122 .11 -.47 .498* -.16 .56* .26 .75** .80** -.51* -.52*

.80** .44 .59* .53* .46 .57* .28 -.24 .21 .22

.64** .76** .40 .12 .20 .01 -.22 .52* -.09

.24 .25 -.27 -.06 -.43 -.47 .67 .16

-.12 .07 -.02 .10 .17 .41 -.60*

.37 .52* .21 -.43 -.05 .69

.93** .93** .41 -.70** .33

.75** .12 -.53* .57*

.64** -.78** -.08

-.56* -.55*

-.23

significant r with n . 16 is 0.497 at five percent and 0.623 at one percent levels of significance.



Table 22. Correlation coefficients of 12 measured characters in four spring parents.

Heading Plant
Date Height Yield

Tiller
Number

Kernel
Weight

Kernel
Number

Flag Leaf
Area

Flag Leaf
Length

Flag Leaf
Width

Culm
Diameter

Head
Length

Head
Extrusion

Heading
Date

Plant
Height

Yield

Tiller
Number

Kernel

Weight

Kernel

Number

Flay Leaf
Area

Flag Leaf
Length

Flag Leaf
Width

Culm
Diameter

Head
Length

Head
Extrusion

.786** .713**

.696**

.494

.62*

.44

.93**

.74**

.82**

.40

-.69**

-.51*

-.16

-.56*

-.53*

-.11

-.27

.00

-.56*

.18

.18

.501*

.17

.28

-.12

.66**

-.40

.73**

-.33

-.31

.03

-.63**

-.02

.53*

.87**

.41

.14

-.06

.43

-.45

.38

.29

.72"

.53*

.82**

-.84**

-.47

-.67**

-.14

-.85**

.46

-.23

-.67**

-.05

-.47

-.573*

-.08

-.19

-.12

-.53*

.62*

-.11

-.59*

.12

-.10

.63**

n = 16 * = significant at the five percent level.
** = significant at the one percent level.



Table 23. Correlation coefficients of 12 measured characters in F 1 generation and four spring and four winter barleys.

Heading
Date

Plant
Height

Yield

Tiller
Number

Kernel
Weight

Kernel
Number

Flag Leaf
Area

Flag Leaf
Length

Flag Leaf
Width

Culm
Diameter

Head
Length

Head
Extrusion

n = 92

Heading Plant Tiller Kernel Kernel Flag Leaf Flag Leaf Flag Leaf Culm Head Head

Date Height Yield Number Weight Number Area Length Width Diameter Length Extrusion

.33** -.08 -.45** .47** .03 .00 .05 -.02 .33** -.44** -.45**

.668** .243*- .656** .323** .274** .502** .054 .02 .236* .27**

.596** .53** .42** .34** .51** .17 .03 .45** .36**

.002 -.17 -.03 .14 -.16 -.37** .41** .22*

.10 .22* .35** .09 .35** .16 -.25*

.46** .40** .43** .21* .14 .52**

.89** .89** .50** -.08 .36**

.65** .30** .04 .41**

.61* -.22* .27**

-.28** -.15

.19

* = significant at the five percent level.

** = significant at the one percent level.
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Later heading plants of the winter parents, as expected, had higher

kernel weight, large flag leaf area and a large culm diameter. Yield

was positively associated with tiller number and kernel weight, however,

there appears to be few compensating effects between yield components

in the winter barley parents used in this study. In the spring parents

reported in Table 22, heading date was highly and positively correlated

with yield, indicating that too much earliness is not desirable. Late

plants of the spring parents had high kernel weight but low kernel

number per head. Kernel number is negatively associated with tiller

number and kernel weight. When the parents and F1 hybrids are combined

as shown in Table 23, yield was found to be highly and positively

associated with tiller number, kernel weight, kernel number, flag

leaf area, flag leaf length, head length and head extrusion. The

higher the head extrusion, the more the head is exposed to direct

sunlight giving more photosynthetic area and, therefore, more yield.

In all four correlation coefficient tables for the parents and F1

hybrids, yield was positively associated with plant height. Impli-

cations are that breeding for shorter straw tends to decrease yield;

therefore, breeding for semi-dwarfs may be a positive alternative.

Path-coefficient analysis

Correlation coefficients between yield and the following traits:

plant height, heading date, kernel weight, kernel number per spike and

tiller number in the F
1

generations were partitioned into direct and

indirect effects by the path-coefficient technique and are presented



Table 24. Path-coefficient analysis of the direct and indirect influences of five traits on yield

in single crosses.

Indirect effects via

Relationship Direct Heading Plant Tiller Kernel Kernel Total

of yield and: Effect Date Height Number Weight Number r

Heading
Date -.274 .049 -.447 .324 .075 -.277

Plant
Height .137 -.099 .083 .305 .091 .519

Tiller Number .688 .178 .016 -.086 -.127 .667

Kernel Weight .518 -.172 .081 -.114 .047 .353

Kernel Number .413 -.050 .030 -.212 .050 .230

R
2 = .883

Residual = .117
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in Table 24. Direct effects of heading date on yield (b = -.274)

corresponded to the simple correlation coefficient (r = -.277). This

is due to the opposing indirect effects via tiller number and kernel

weight. The association (r = .519) between yield and plant height was

a result of a high indirect positive effect exerted by kernel weight

and to a lesser extent through the direct effect. A negligible in-

direct effect via heading, tiller and kernel number was observed.

Tiller number had the highest direct effect on yield (b = .688). The

association between these two traits could have been larger if there

were no cancelling indirect effect via kernel number. The second

highest direct effect was observed for the trait kernel weight. Large

indirect effects were exerted via heading date and tiller number.

When the correlation coefficient between yield and kernel number (r =

.230) is partitioned, a high positive direct effect was observed, how-

ever, the large negative indirect effect via tiller number cancels out

this large direct effect.

When the association between yield and the 11 other traits is

partitioned, flag leaf area had a high negative direct effect (Table 25)

but a positive indirect effect via kernel number, flag leaf length and

width resulting in a positive correlation coefficient (r = .341)

between flag leaf area and yield. The direct effects of flag leaf

length and width on yield were positive and about equal. Culm diameter

had a negligible direct effect on yield but high negative indirect

effects via tiller number and flag leaf area. These were cancelled

out by the positive indirect effects via kernel weight and flag leaf

width resulting in a small correlation coefficient between yield and



Table 25. Path coefficient analysis of 11 traits on yield of eight barley parents and their F1 hybrids grown in Oregon, 1976-11.

Relationship
of yield and:

Direct
Effect

indirect effects via
Total

Heading
Date

Plant
Height

Tiller
Number

Kernel

Weight

Kernel

Number

Flag Leaf
Area

flag Leaf
Length

Flag Leaf
Width

Culia

Diameter

Head

Length

Head

Extrusion

Heading Date .057 -.004 -.285 .221 .011 .00 .008 -.003 .009 -.033 -.064 -.082

Plant Height -.013 .019 .152 .310 .126 -.073 .082 .008 .00 .018 .038 .668

Tiller Number .634 -.026 -.003 .001 -.065 .008 .023 -.026 -.01 .03 .031 .596

Kernel Weight .470 .027 -.009 .001 .038 -.059 .057 .015 .009 .012 -.036 .529

Kernel Number .382 .002 -.004 -.108 .047 -.123 .066 .071 .606 .010 .014 .423

flag Leaf Area -.268 .00 -.004 -.019 .103 .176 .146 .141 .014 -.006 .051 .341

flag leaf Length .164 .003 -.001 .089 .165 .153 -.239 .107 .008 .003 .058 .505

flag Leaf Width .165 -.001 -.001 -.101 .042 .164 -.239 .101 .016 -.016 .038 .174

Culm Diameter .027 .019 .00 -.235 .165 .08 -.134 .049 .101 -.021 -.021 .031

Head Length .074 -.025 -.003 .260 .075 .053 .021 .007 -.036 -.008 -.021 .397

Head Extrusion .142 -.026 -.004 .139 -.118 .199 -.096 .067 .045 -.004 .014 .358

It

2
= .9813

Residual 0.0127
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culm diameter (r . .031). This indicates that larger culm diameter

is associated with low tiller number and a smaller flag leaf area.

On the other hand, larger culms result in bigger seed size as shown

by the positive indirect effect via kernel weight. Head length

appears to have little direct effect on yield (.074) but high positive

indirect effect via tiller number. Direct association of head extru-

sion and yield was positive but not high; however, this trait had a

significant total r value because of its positive indirect effects

via tiller number and kernel number per spike.

The small residual effect (1 - R
2

= 0.0127) indicates that the

11 characters being studied accounted for 98.73 per cent of the total

variation in yield.

When the stepwise regression technique was utilized, yield was

found to be a function of heading date, tiller number, kernel weight

and kernel number. The equation relating yield with these traits

was found to be as follows:

; . -99.498 - .423 heading + 2.12 tiller + 15.998 kernel

weight + .819 kernel number

The variation in yield accounted for by this model is about 87%.

In order to understand the relationship between yield and its

individual components, polynominals of successively higher order

were fitted. It was observed that the relationship between yield

and tiller number is linear, with the resulting equation:

y = 30.65 + 1.89 (tiller)

Kernel weight and kernel number per spike were both found to be

quadratic. The following equations describe the relationship between
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yield and both of these components:

= -216.12 + 117.78 (kernel weight) 11.87 (kernel weight)2

The first order equation accounted for only 8.2 per cent of the vari-

ation in yield. The addition of a second order resulted in a sub-

stantial increase in R2 (20.3%), whereas a third order didn't increase

R2 significantly. This equation shows that yield is maximum at a

value of .0496 grams for kernel weight, and will decrease beyond that

point.

y = 290.58 - 6.469 (kernel number) + .0467 (kernel number)2

The addition of a second order resulted in an increase in R2 from

6.7 to 14.8 per cent. The equation relating yield to kernel number

shows that yield is minimum at a value of 70 kernels per spike. The

yield would decrease even further if the spike contained more than

70 kernels, Therefore, selection should be practiced at a range close

to or less than 70 seeds per spike.
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DISCUSSION

The main objective of any breeding program is the production of

new cultivars that are superior in some way to those already in

existence. To achieve this goal, the breeder must design his program

in a manner that will allow him to reach his objective with a minimum

of time and expense. To do this a breeder must be familiar with the

potential parental lines in a crossing block and have some knowledge

of the inheritance of different traits and their interrelationship.

Phenotypic expression of any character in barley as with all

other crops, is the sum of the genetic plus environmental variances

plus in some cases, the interaction between the genotype and its

environment. Of these variances, the genetic complex is the most

useful to the breeder since it constitutes the basis for progress in

any breeding program. The genetic parameters can be listed as follows:

1. Additive genetic variance which reflects the degree to

which the progeny resembles its parents.

2. Dominance variance which results from intraallelic inter-

action.

3. Epistatic variance which results from interallelic inter-

action of genes at two or more loci.

In order to design an effective breeding procedure, the breeder

must know the predominant type of gene action controlling a specific

character.

If barley is going to compete with wheat in areas of higher and

lower rainfall and fertility, grain yield must be improved. The
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production of high yielding cultivars depends on a careful choice of

the parents. They must be widely adapted, high yielding, resistant

to diseases and genotypically unrelated. Where barley breeders have

concentrated within winter or spring types, there is the possibility

of narrowing the potential genetic variability due to crossing among

related genotypes. The use of the winter x spring concept helps not

only in avoiding this risk but also in creating new recombinants and

therefore the breeder can dispose of more genetic variability in his

breeding nurseries. The efficient use of such a concept may perhaps

assist breeders the world over by avoiding yield plateaus that could

be reached.

Other studies as well as the present one have indicated that

yield components are quantitatively inherited and thus are under

environmental influences. Most of the wheat and barley breeders

are increasing grain yields through increasing components of yield

or by modifying related traits such as plant height and disease

resistance. The component approach to breeding may not be benefi-

cial if there is a compensating effect among the components.

The four winter and four spring parents were selected for this

study because they have known differences in their components of

yield. In general, the winter cultivars were characterized by having

more tillers and kernels per spike while higher kernel weight was

noted in the spring types. By crossing between the winter and spring

cultivars, it was hoped that greater genetic variation could be

created. This may enable the breeder to select for all three of the

components thus increasing grain yield. The resulting genetic vari-
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ation was further evaluated in terms of the predominant type of

gene action influencing the components and grain yield per se.

Another objective was to determine if some agronomic traits are

associated with yield or its components, therefore, placing an

additional tool in the hand of the plant breeder for selecting

high yielding progeny.

High heterotic values were observed and 13 hybrids exceeded

their respective better grain yielding parent, while only two

hybrids produced negative values. An obvious explanation for this

negative performance, at least in the cross Adair x Short Wocus,

could be due to the fact that these two parents are closely related;

a Short Wocus sister line is a parent of Adair. There is no immediate

explanation for the similar performance in the cross between WA 2196

and Short Wocus. It is believed that these two parents may possess

the same genes for yield. This supports the generally known concept

that hybrid vigor in the F1 is associated with the diversity of the

parents. Moll et al (1962); McNeal et al (1965); Fedak and Fejer

(1975) and Grant and McKenzie (1969).

The large estimates for heterobeltiosis observed in this study

are in agreement with the findings of Crook and Poehiman (1971);

Briggle (1963); Severson and Rasmusson (1968).

Heterobeltiosis, specific combining ability and low narrow sense

heritability estimates confirm that the expression of grain yield

seems to be under the control of non-additive gene action. This

suggests that selection for yield per se in early generations may

not be rewarding because of the nature of gene action associated
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with these two traits. Selection, for increasing yield, should be

based on the components that are highly heritable and independent.

The findings of this experiment suggest that selection should be

based on kernel weight and tiller number, since additive gene action

was most predominant for these traits. This appears to be in contra-

dication with the findings of Brown et al (1966) and Bitzer et al

(1968), who reported that additive gene action made up a large por-

tion of the total genetic variance for the expression of grain yield.

It is questionable whether the component kernel number per spike,

which showed a high heterotic effect, can be effectively used as a

selection criterion since low heritability values and high specific

combining ability indicate that this component seems to be due to

non-additive gene action.

When the GCA effects were partitioned for grain yield, they

suggested that there was considerable additive genetic variation

present from the crosses involving the winter parents Ager and Hudson.

When yield components are considered, high GCA estimates were observed

for the parents Karl, WA 2186 and Adair for kernel number per spike.

All the spring cultivars seem to be good combiners for kernel weight.

However, only Adair from the winter cultivars appears to be a good

combiner for kernel weight. Ager and Hudson are the only parents

with high GCA effects for tiller number,

Narrow sense heritability estimates were high for heading date,

plant height, head length, tiller number, culm diameter and kernel

weight indicating that these traits are largely controlled by additive

gene action. On the other hand, both additive and non-additive gene
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action is important for flag leaf area and flag leaf width. Non-

additive gene action is found to be important in yield per plant,

kernel number per spike, flag leaf length and head extrusion, as

indicated by their specific combining ability and medium to low

heritability estimates. Those traits which were found to be influ-

enced largely by non-additive gene action will make it difficult for

the breeder to effectively select in early generations. This is due

to the fact that one-half of the non-additive genetic variance will

be lost each selfed generation.

Path-coefficient analysis revealed that tiller number is the

most important component in determining yield, followed closely by

kernel weight and kernel number. This supports the well-documented

theory that yield is determined by the product of its components.

High yielding hybrids usually achieve their yield by increasing one

or two components at the same time but rarely excel in all components.

This is related to the compensating effects that exist between the

yield components. It was observed from this study that selection

for high tiller number is accompanied by low kernel number per spike

and to a lesser extent by a low kernel weight. This imposes a re-

striction on the plant breeder and he in turn must, therefore, assign

priorities or make compromises. In the evaluation of yield and height

for the population under study, it was found that higher yields are

associated with taller plants. Plant height had a positive direct

effect on yield and a high positive indirect effect via kernel weight,

but low indirect effects via tiller number and kernel number per spike.

This indicates that it may be possible to breed short strawed varieties
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with relatively high tiller number and high kernel number per spike,

but it may be hard to combine high kernel weight with short stature

in this population.

It was observed that increased flag leaf area is negatively

associated with yield, as shown by the high negative direct effect.

This may be ascribed to the fact that large leaf area causes mutual

shading and, therefore, decreases the total photosynthetic area of

the plant. Culm diameter was found to be positively associated with

kernel weight. This indicates that, perhaps during the grain filling

period, larger culms are desirable since more metabolites can move

to the spike and to the flag leaf and might in turn be associated

with a slower senescence of the flag leaf.

If the barley breeder is to be successful in meeting his

objectives for increasing yield, the choice of parents in terms of

their potential contribution to the progeny is important. This

study indicates, at least for these populations, that if tiller

number and kernel number per spike are to be improved, the breeder

must utilize winter cultivars with high GCA estimates for these

traits. On the other hand, if kernel weight is to be improved, the

use of good spring combiners may be more fruitful. These findings

are of particular interest in that they provide direction to the

plant breeder in programing further crosses, This is important if

the concept of winter x spring crossing is to be successful. In

addition to the traits evaluated in this study, there is the possible

transfer of disease resistance and other traits from the spring to

the winter varieties or vice-versa.
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Another objective of this study was to determine if any of the

agronomic traits, flag leaf area, flag leaf width and length, culm

diameter, head extrusion and head length could be used as selection

criteria to complement the component approach or totally replace it

if they are qualitatively inherited and thus less influenced by the

environment. Selection for the simply inherited traits may also

help the breeder in avoiding the compensating effects that exist

between the components of yield.

The results of this study suggest that these traits are positively

associated with either yield per se or with one of its components.

In addition, flag leaf area and width, head length and culm diameter

show a considerable additive genetic variance. This is in agreement

with the findings reported by Fedak and Fejer (1975); Fowler and

Rasmusson (1969); Yap and Harvey (1972) and Rasmusson et al (1970).

The findings of this study further indicate that these agronomic

traits cannot totally replace the component selection procedure but

were found rather to complement it.

Yield components alone have accounted for 84% of the variation

in yield, whereas the remaining eight agronomic traits accounted

for only 5% of the variation in yield, as indicated by their respec-

tive R
2
computed from multiple regression analysis. This demonstrates

that plant height, heading date, flag leaf area, flag leaf width and

length, culm diameter, head length and head extrusion, contribute

very little to yield, and therefore cannot be used either to estimate

or to predict the final grain yield. This, however, does not mean

that plant breeders should completely neglect these traits, in fact,
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they should be able to take advantage of the correlation that exists

between these traits and some of the yield components. Selection

for kernel number per spike was shown to be ineffective; however,

the data generated from this study suggests that indirect selection

for high kernel number per spike could be accomplished by selecting

for large flag leaves and the largest possible culm diameters. This

would allow the breeder to fully utilize the association between

these two traits and kernel number per spike. In addition, the

breeder could take advantage of the large amount of additive variance

associated with culm diameter and leaf area.

When polynominals of the first or second order were considered,

it was found that there was a linear relationship between yield and

tiller number; however, a quadratic form exists between yield and

both kernel weight and kernel number per spike. Based on the results

obtained in this study the following values for each of the components

of yield would result in maximum grain yield. Selection for kernel

weight beyond 50 grams/1000 kernel weight and beyond 70 kernels per

spike will not result in a significant increase in yield. A com-

promising point involving the progeny in this study for the three

components could be established around 23 tillers, 70 seeds per spike

and an individual kernel weight of about .05 grams.

From the results of this experiment, a breeding procedure utili-

zing the component approach appears promising. Furthermore, the

systematic crossing of winter and spring barleys is a means of in-

creasing genetic variability and offers more opportunities to the

breeder in developing superior cultivars. Winter parents can contribute
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significantly in tiller number and kernel number per spike. The

spring parents can contribute to kernel weight, However, it is

important for the barley breeder to evaluate within the potential

winter and spring parents as to which of the potential winter x

spring combinations will result in the most promising progeny.
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SUMMARY AND CONCLUSIONS

The objectives of this study were as follows: (1) to study if

a significant increase in yield can be achieved by crossing two

genetically diverse groups of winter and spring barleys, (2) to gain

information about the type of gene action controlling yield and the

components of yield in barley and determine the relationship between

these components, (3) to identify the highest attributes of the

winter and the spring groups making the choices of parents for

further crosses more effective and (4) to see if any of the agronomic

characters, flag leaf area, flag leaf width and length, culm diameter,

head length and head extrusion could be used as selection indices in

identifying high yielding progenies. Data were obtained from an in-

complete diallel cross consisting of four spring and four winter

parents and their F
1

hybrids grown at Hyslop farm near Corvallis,

Oregon during the 1976-77 crop season. The characters studied were:

(1) total yield per plant, (2) kernel weight, (3) tiller number,

(4) kernel number per spike, (5) flag leaf area, (6) flag leaf length,

(7) flag leaf width, (8) culm diameter, (9) head length, (10) head

extrusion, (11) heading date, and (12) plant height.

Information concerning thE: type of gene action estimates were

obtained by the factorial technique, as outlined by Cockerham, and

by heritability values calculated from the analysis of variance, and

from parent-progeny correlations and regressions. Path-coefficient

analysis was used to determine the direct and indirect effects

between morphological traits and yield.
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The following conclusions were made, based on the results

obtained from this experiment:

1. A significant heterobeltiosis for grain yield was obtained

in most of the hybrids.

2. Kernel number per spike increased in most hybrids, however,

tiller number and kernel weight increased or decreased according to

the cross.

3. The major components of yield are tiller number, kernel

weight, and kernel number. The characters height, flag leaf area,

flag leaf length and width, culm diameter, head length and head

extrusion did not significantly influence yield in this study.

4. Selection for yield per se and kernel number per spike may

not be effective since non-additive gene action is predominantly

involved in the expressions of these traits.

5. High heritability estimates for tiller number and kernel

weight indicated that selection based on these traits could be

successful.

6. In the populations evaluated, selecting beyond .05 grams

per kernel and 70 kernels per spike might decrease grain yield.

7. Winter barley has more genetic variability than spring

barley for tiller number and kernel number per spike. On the other

hand, spring barley has more genetic variability than the winter

barley for kernel weight.

8. Significant correlations were found for grain yield with

its components and also with head extrusion, flag leaf area and

head length.
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9. Path-coefficient analysis indicated that tiller number has

the greatest direct effect on yield followed closely by kernel

weight and kernel number per spike.

10. A biological limitation may perhaps exist between tiller

and kernel number per spike. Also, a negative association appears

to exist between kernel weight and kernel number per spike.

11. In this population it may be difficult to combine short

stature and high yields, thus selection for semi-dwarf height may

offer more promise to increasing grain yield.

12. The characters, flag leaf area, flag leaf length and width,

culm diameter, head length and head extrusion cannot be used as

criteria for selecting high yielding cultivars.

13. The factorial analysis as outlined by Cockerham appears to

be a promising technique in estimating gene action. It also offers

an advantage over the diallel technique in evaluating more parents

with fewer crosses.

14. With the large amount of additive gene action present in

heading date, selecting the desired earliness would be easy to

achieve.
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Appendix Table 1; Means of yield, yield components and eight other agronomic traits in four winter and four spring barleys

and their F
1
hybrids.

Yield

Tiller
Number

Kernel
Weight

Kernel
Number

Head
Extrusion

flag leaf
Area

Flag leaf
Length

Flag leaf
Width

Culm
Diameter

Head
Length

Heading
Date

Plant
Height

Winter

WA 2196 31.58 18 2.90 65 18.45 19.83 15.79 1.86 6.08 4.03 40 94.06

Adair 57.65 20 5.08 65 9.32 22.32 16.37 2.03 6.35 5.98 51 129.53

Ager 52.06 23 4.14 64 13.78 11.59 13.13 1.31 5.25 9.71 31 113.25

Hudson 56.49 23 3.80 77 26.27 23.41 18.66 1.86 5.24 6.26 36 142.06

Springy

Steptoe 52.87 23 5.4 58 12.01 16.85 17.33 1.49 5.33 1.32 41 137.03

Karl 46.24 20 3.93 72 23.20 18.65 15.17 1.81 5.60 10.69 22 121.59

Short Wocus 60.17 19 5.68 69 15.68 26.20 18.38 2.12 7.10 6.35 37 131.15

M. 21 40.57 17 3.98 70 14.39 23.65 17.08 1.95 5.91 8.87 23 91.54

F1

WA x Steptoe 76.66 18 5.22 81 21.86 20.93 17.94 1.71 5.93 8.13 45 146.1

Adair x Steptoe 12.31 18 5.68 78 20.73 26.19 20.1 1.94 6.09 8.66 47 144.2

Ager x M. 21 80.87 28 4.77 65 20.76 24.03 18.09 1.97 5.68 8.48 23 122.31

WA x Short Wocus 45.71 13 5.05 74 19.87 20.84 16.65 1.85 6.36 6.18 41 130.66

Adair x M. 21 61.29 16 4.90 83 21.68 27.43 19.37 2.10 6.28 8.8 40 132.92

Ayer x Karl 83.76 27 4.62 75 23.27 21.85 17.80 1.85 5.64 9.93 24 124.91

Ager x Steptoe 80.82 30 5.20 61 17.63 18.35 16.98 1.61 5.61 10.41 35 142.17

WA x M. 21 76.22 23 4.25 86 27.24 27.49 19.21 2.12 5.90 6.83 26 129.91

Hudson x S.W. 87.36 22 5.28 86 23.15 26./7 18.94 2.10 6.31 8.29 35 150.84

Adair x Karl 76.73 20 4.91 86 20.69 28.64 19.55 2.17 6.39 9.30 31 131.83

Hudson x M. 21 74.11 28 4.39 70 27.2 28.06 20.07 2.08 5.78 8.7 24 138.8

Adair x S.W. 59.32 17 5.49 73 12.46 23.97 17.49 2.02 6.58 6.36 50 132.72

Hudson x Karl 79.25 26 4.17 82 27.83 25.82 19.08 2.01 5.70 9.61 24 137.65

Ager x S.W. 74.28 19 5.15 76 23.12 20.47 16.95 1.79 6.33 8.76 34 139.66

Hudson x Steptoe 85.04 26 4.89 18 21.21 21.27 18.20 1.73 5.50 10.11 37 159.02

SX 4.2/ 1.22 .26 2.33 1.04 .85 .62 .05 .15 .25 68 1.70
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Appendix Table 2: Two-way table of means for plant height.

Ager

Hudson

Adair

WA

9.j

S.W. Steptoe M. 21 Karl

139.66 142.17 122.31 124.91

150.84 159.02 138.80 137.65

132.72 144.62 132.92 131.83

130.66 146.70 129.91

138.47 148.13 130.99 132.0

;cf.

132.26

146.58

135.52

135.22

;/..=137.40

SR = 2.41

Appendix Table 3: Two-way table of means for heading date.

Ager

Hudson

Adair

WA

9.j

S.W. Steptoe M. 21 Karl

34 35 23 24

35 37 24 24

50 47 40 37

41 45 26

40 41 28.25 29.46

29.0

30.0

43.5

36.21

.9..=34.68

SR = .959
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Appendix Table 4. Two way table of means for kernel number.

S.W. Steptoe M. 21 Karl

Ager 76 61 65 75

Hudson 86 78 70 82

Adair 73 78 83 86

WA 74 81 86 ......

y.j 77.25 74.5 76 80.75

SR = 3.29

yi.

69.25

79

80

80.25

5t...=77.13

Appendix Table 5. Two way table of means for kernel weight.

S.W. Steptoe M. 21 Karl ii.

Ager 5.15 5.20 4.77 4.62 4.94

Hudson 5.28 4.89 4.39 4.17 4.68

Adair 5.49 5.68 4.90 4.91 5.25

WA 5.05 5.22 4.25 4.84

..;/.j 5.24 5.25 4.58 4.64 ;/..=4.93

SR = .118
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Appendix Table 6. Two way table of means for tiller number.

S.W. Steptoe M. 21 Karl yi.

Ager 19 30 28 27 26

Hudson 22 26 28 26 25.5

Adair 17 18 16 20 17.75

WA 13 18 23 18

j 17.75 23 23.75 22.75 ....=21.81

= 1.732

Appendix Table 7. Two way table of means for yield per plant. (grams)

Ager

Hudson

Adair

WA

S-,..i

S.W. Steptoe M. 21 Karl

74.28 80.82 80.87 83.76 79.93

87.36 85.04 74.11 79.25 81.44

59.32 72.31 61.29 76.73 67.41

45.71 76.66 76.22 - 67.91

66.67 78.71 73.12 78.20 ;..=74.17

SR = 6.04
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Appendix Table 8. Two way table of means for flag leaf area. (cm2)

S.W. Steptoe M. 21 Karl 91.

Ager 20.47 18.35 24.03 21.85 21.18

Hudson 26.77 21.27 28.06 25.82 25.48

Adair 23.97 26.19 27.43 28.64 26.56

WA 20.84 20.93 27.49 23.09

gf.j 23.01 21.69 26.75 24.85 .i..=24.08

Sx= 1.196

Appendix Table 9. Two way table of means for flag leaf length.

Ager

Hudson

Adair

WA

9.j

S.W. Steptoe M. 21 Karl

16.95 16.98 18.09 17.80

18.94 18.20 20.07 19.08

17.49 20.1 19.37 19.55

16.65 17.94 19.21 18.59

17.51 18.31 19.19 18.59

17.46

19.07

19.13

17.93

Y..=18.40

Si = .875
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Appendix Table 10. Two way table of means for flag leaf width.

S.W.

Ager 1.79

Hudson 2.10

Adair 2.02

WA 1.85

9.j 1.94

Steptoe M. 21 Karl ,..,.

1.61 1.97 1.85 1.81

1.73 2.08 2.01 1.98

1.94 2.10 2.17 2.06

1.71 2.12 1.89

1.75 2.07 1.98 ;..=1.935

SR = .067

Appendix Table 11. Two wav table of means for head length.

S.W. Steptoe M. 21 Karl

Ager 8.8 10.4 8.5 9.9

Hudson 8.3 10.1 8.7 9.6

Adair 6.4 8.7 8.8 9.3

WA 6.2 8.1 6.8

j/..j 7.43 9.33 8.2 9.6

SR = .36

Sii.

9.4

9.18

8.3

7.68

Ty..=8.64



Appendix Table 12. Two way table of means for head extrusion.
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S.W. Steptoe M. 21 Karl

Ager 23.1 17.6 20.8 23.3 21.2

Hudson 23.2 21.2 27.2 27.8 24.85

Adair 12.5 20.7 21.7 20.7 18.9

WA 19.9 21.9 27.2 23.23

.;7.i
19.68 20.35 24.23 23.93 22.05

SR = 1.47

Appendix Table 13. One way table of means for culm diameter.

Mean

Mean

S.W. Steptoe M. 21 Karl SR

6.4 5.78 5.93 5.95 .074

Ager Hudson Adair WA 2196 SR

5.8 5.83 6.35 6.1 .074
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Appendix Table 14. Pedigrees and description of the eight parental
cultivars.

1. Short Wocus: was developed from the cross Coast/Lion 2//Winter

club at Utah Agricultural Experiment Station in cooperative work

with the U.S. Department of Agriculture. It is a 6-rowed, spring

barley with a large hulled kernel. It is short, stiff strawed,

and a high yielding cultivar.

2. Steptoe: was developed by the Washington State Experiment Station

from a cross of Washington 3564/Unitan. It is a 6-rowed, spring

barley with a wide range of adaptation in the Pacific Northwest.

It is early to midseason with moderately stiff to stiff straw.

3. Karl: was developed cooperatively by the Agriculture Research

Service, USDA and the Idaho Agricultural Experiment Station. Karl

is a composite of seven reselections of G3Ab2987 from cross Traill//

Good Delta/Everest/3/Trail. It is a 6-rowed spring barley, early

to midseason with intermediate straw strength.

4. M. 21: developed from the cross Jotun/Kindred/Vantage/3/Trophy/
4/Dickson/5/M 60-105 at the Minnesota Agricultural Experiment

Station. It is a 6-rowed spring barley with early maturity and

short stature.

5. Hudson: is a single plant selection from the cross Michigan

Winter/Wong. The hybrid was made at the Cornell University

Agricultural Experiment Station. It is a 6-rowed winter barley

with short to medium height.

6. Adair: developed from the cross Cascade/Wocus (Selection OR 59-

17). It is a mid-tall, six-row, winter barley with a large

kernel. This variety was released from the Oregon State Univer-

sity program.

7. WA 2196: was developed from the cross Luther/Hudson at the

Washington Agricultural Experiment Station. It is a 6-rowed

winter barley with short stature and a dense compact head type

with erect growth habit. It is late compared to other winter

barley cultivars.

8. Ager: was developed from the cross Wordia/Kenya//Weihenstephan

L 259-711 at Clermont Ferrand Experiment Station in France. It

is a facultative winter, 6-rowed, medium height cultivar with

moderately weak straw. It is early compared to other winter

barley cultivars. Ager is resistant to scald, moderately re-

sistant to leaf rust and is an excellent combiner. It is well

adapted to the Mediterranean region and was a candidate for

possible release in Tunisia.
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Appendix Table 15. Summary of climatic data for Corvallis during
the 1976-77 crop season.

Location
and Year Months

Precipitation
(mm)

Temperature (°C)

Max. Min. Mean

Corvallis October 31.8 19.1 5.1 12.1

1976-77
November 36.1 13.1 3.4 8.3

December 37.3 6.4 -0.4 3.1

January 24.4 7.1 -2.3 2.4

February 75.4 12.5 1.4 7.0

March 129.3 11.4 1.4 6.4

April 25.9 17.1 3.1 10.2

May 87.1 16.5 5.3 10.9

June 28.7 23.6 8.7 16.2

July 3.1 26.0 9.5 17.8

TOTAL 479.1



Appendix Table 16. Path-coefficient equations.

= b' + b2 'r + br + U r + +

2,1 1 1,2 3 1,3 4 1,4 5 1,5
U r 4 b' r + b' r + b' b'

1,6 7 1,7 8 1,8 9 1,9 10 1,H) 11r -1,11

r3,1 = 1); + 1)11..1,2 + 14r2,3 1341'2,3 + bl5r2,5 + 1)10-2,6 + ti7r2,7 4 Ce2,8 C8r2,9 b'10r2,18 4 b'llr2,11

r
4,1

= h3 4 + + bir + bits 4 bir 4 br br + b' r + b' r

3 2 2,3 1 1,3 4 3,4 5 3,5 6 3,6 7 3,7 8 3,0 9 3,9 10 3,10 11 3,11

r
5,1

= b4 ' blr + bir 4 blr + blr + bl6 r + bi7 r + br + + b' r + b' r

1 1,4 2 2,4 3 3,4 5 4,5 4,6 4,7 8 4,8 9 4,9 10 4,10 11 4,11

r = b' + bir 4 blr + b'r + b'r + blr + bir + bir + bar + b' r + b' r

6,1 5 1 1,5 2 2,5 3 3.5 4 4,5 6 5,6 7 5,7 8 5,8 9 5,9 10 5,10 11 5,11

r7,1 1.)( + bir1,6 + 4 W3 r3,6 I We4,6 + b;r5,6 U'ir6,7 4 b8r6,8 + 1431-6,8 4 bi0r6,10 bilr6,11

r8,1 = 1).17 4 b1r1,7 + b2r2.7 + b3r3,7 + be4,7 + W5r5,7 + W6r6,7 + b8r7,8 + b9r7,9 I hi0r7,10 + bilr7.11

r = b' + + b'r 4 b'r 4 + lair + b'r + b'r + bir 4 b' r + b' r

9,1 8 1 1,8 2 2,8 3 3,8 4 4,8 5 5,8 6 6,8 7 7,8 9 8,9 10 8,10 11 8,11

r18,1 = + b1r1,8 I W2 r2,8 + W3 r3,8 4 We4,9 W6 r5,9 + W64-6,9 + Wir7,9 4 b;3r8,9 Wior9,10 4 Wilr9,11

r11,1 b it) bir1,10 4 b2r2,10 b3r3,10 1-1.4r4,10 W5r5,10 W6r6,10 b/r7,10 b;lr8,10 b; r9.10 bilr10,11

r12,1 bi l
b;r1,11 b?2,11 4 W3 r3,11 + bl4r4,11 + W5 r5,11 4 qr6,11 4 W7 r7,11 + W8r8,11 b 9r9,11 4 biOr10,11

The variation in yield accounted for by the above equations was calculated by the formula:

R
2 b

ibr
2
r +b
2,1 3

r 4b
3,1 4

r +b
4,1 5

r +b
5,1 6

r +b
6,1 7

r
7,1

lb
8
r +b
8,1 9

r
9,1 10 10,1

+ b
11

r
11,1

1 = yield/plant 4 = tiller number 7 = flag leaf area 10 = culm diameter

2 = heading date 5 = kernel weight 8 = flag leaf length 11 . head length
co

3 = plant height 6 = kernel number/spike 9 = flag leaf width 12 = head extrusion




