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A major factor limiting the efficiency of plant improvement programs is

the lack of knowledge as to which parental combinations to make when working

with quantitatively inherited traits. The primary objective of this study was to

provide information regarding the use of combining ability analysis to predict

which cross combinations would result in the greater frequency of desirable

segregates.

Five winter wheat parents were used to develop a 5x5 diallel cross. Over

a two year period parents, Fl, F2, F3, and F4 generations involving top cross

populations were evaluated. Information was collected on an individual plant

basis for seven traits: plant height, tiller number, spike length, spikelets per spike,

biological yield, grain yield, and harvest index. Griffing's (1956) model 1,

method 2 was used to estimate GCA and SCA in Fl and later generations.

Narrow-sense heritability estimates were computed using regression in standard

units across generations.

Significant GCA estimates were obtained for most traits in all generations

with the exception of tiller number and grain yield in the Fl during 1986-87.



Specific combining ability estimates were also found to be important for all traits,

except spikelets per spike in the F1 and F3 generations. High GCA to SCA

ratios indicated a preponderance of additive gene action. Exceptions to the trend

were grain yield and tiller number in the F1 during 1986-87. Low GCA and

narrow-sense heritability estimates suggest that selection for these two traits

would have to be delayed until later generations.

When considered over generations, both GCA and SCA estimates were

found to be significant. Significant SCA over generations indicated the presence

of additive x additive epistasis. The GCA effects contributed by a particular

parent were consistent over all generations indicating that F2 and F3 generations

can be used effectively for combining ability analysis. However, the results did

suggest that GCA estimates were more influenced by the environment than SCA.

For the traits measured and in the populations used in this study, GCA

effects did predict the best parental combinations for obtaining the highest

percentage of desirable progeny in segregating populations.
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USE OF COMBINING ABILITY ESTIMATES TO IDENTIFY
THE GENETIC POTENTIAL OF SELECTED WINTER WHEAT

PARENTAL LINES (Triticum aestivum Lem The 11)

INTRODUCTION

Breeders of self-pollinated crops are faced with three major problems:

a) identifying the best combining parents to hybridize for improving specific traits;

b) selecting agronomically superior genotypes in segregating populations, and c)

having available for selection only the additive portion of the total genetic

variability. Any method that would provide solutions to one or all three of these

limitations would make breeding programs more efficient.

For qualitatively inherited traits, which are influenced largely by major

genes, phenotypic performance of the resulting progeny is a guide to the breeding

value of the parents. It is also indicative of the effectiveness of early generation

(F2, F3) selection. However, economically important traits such as grain yield,

and attributes associated with acceptable end use properties, are frequently under

the influence of many minor genes and susceptible to environmental variation.

An additional problem is that for some traits the total genetic variability

may be largely due to non-additive gene action. With 1/2 of the non-additive

genetic variance being lost each cycle of selfing following hybridization until

homozygosity is reached, the breeder can be misled in selecting in early

generations. Under these circumstances the merit of desired progeny can only be

evaluated through replicated yield trials conducted in advanced generations

(F5, F6) when individual lines become homogeneous and ample quantities of

seed are available to conduct replicated yield trials.
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Developments in biometrical genetics have lead to the formulation of a

number of statistical procedures for the analysis of gene action involved in

quantitatively inherited traits. Also, several models have been proposed to

determine the genetic potential of parents which when hybridized will provide a

higher frequency of desirable segregates. One method for predicting parental

performance is through the use of combining ability analysis. This allows for the

partition of the components of genetic variation into additive and non-additive

genetic effects. Also, the contribution in terms of the type of genetic variability

contributed by each parent to the progeny for a trait can be estimated.

With the large amount of germplasm available for crop species such as

wheat, a dilemma facing the plant breeder is which parental combinations will

provide the highest proportion of desirable segregates for the trait or traits of

interest. This is particularly true when the traits to be improved are

quantitatively inherited. The task is made even more difficult because the

potential cross combinations increases geometrically with the number of parents

available. Excluding reciprocal crosses with a set of n parents, it is possible to

obtain n(n-1)/2 different single crosses, n(n-1)(n-2) three-way crosses and

n(n-1)(n-2)(n-3)/8 four-way crosses. Since it would be impossible for the plant

breeder to handle so many cross combinations, the development of models to

predict progeny performance would be of immense value in breeding programs.

The objectives of this investigation were: 1) to obtain information on the

nature of gene action controlling yield and agronomic traits through combining

ability and heritability estimates, 2) to estimate how general and specific
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combining ability estimates varied over generations, and 3) to find out the

possibility of predicting grain yield and selected agronomic traits based on

progeny tests.
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LITERATURE REVIEW

The literature review will focus on: a) estimates of combining ability for

specific traits in self-pollinated cereals, b) repeatability of these estimates over

various filial generations, and c) the prediction of progeny performance in

subsequent generations.

COMBINING ABILITY

Combining ability is usually defined as the relative capacity of an

individual to transmit a desirable trait to its progeny. Two kinds of combining

ability estimates have been described. General Combining Ability (GCA), which

describes the average performance of a line in hybrid combinations, is an

estimate of the additive gene action controlling a trait. Specific Combining

Ability (SCA) measures the deviation of crosses from the average performance of

a line in hybrid combinations and as such estimates non-additive gene action

which is made up of dominance, additive x dominance, dominance x dominance

and additive x additive epistatic variance (Metzinger and Kempthore, 1956; Sokol

and Baker, 1977; and Sprague and Tatum, 1942).

The concept of combining ability has been widely used in both plant and

animal breeding. In plant breeding , combining ability was first employed by

breeders to select inbred lines of corn for hybrid production. In one of the

earliest studies, Sprague and Tatum (1942) utilized a 10x10 diallel cross for

testing populations of inbred lines of maize (Zea mays L.). They developed two
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populations, a control population and one of which had been previously selected

for GCA. They performed a combining ability analysis using a technique which

include F1's only in a matrix (similar to model 1, and method 4 of the diallel

analysis proposed by Griffing, 1956). General combining ability was found to be

more important than SCA in the unselected population for yield and stalk

lodging, whereas, SCA was more important than GCA where lines had been

previously selected based of GCA for these traits.

Rojas and Sprague (1952) using hill plots presented data on the interaction

of GCA and SCA in corn under several environments and over years. Based on

their GCA estimates 11x11 and 10x10 diallel crosses were developed. For ear

yield they found that the interactions involving GCA with location and years were

smaller than those for SCA. Also lower variances were associated with GCA. It

was assumed that prior selection for GCA might have affected the results. Such

a selection would possibly result in a reduction in the magnitude of the

interaction of GCA x year, GCA x location, and GCA x location x years. The

authors indicated that largely variances of SCA included not only the non-additive

deviations due to dominance and epistasis, but also a considerable portion of

genotype-environment interaction.

In reviewing "Plant Breeding Development and Success", at a plant

breeding symposium held at Iowa State University in 1966, Smith (1966) pointed

out that during 1949-1960 significant contributions were made using biometrical

models to estimate genetic variance. Also the use of combining ability analysis

had a large impact on commercial hybrid corn production. Review papers on the
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use of combining ability analysis in corn were presented by Comstock et al.

(1949), McGill and Lonnquist (1955), Lonnquist and Gardner (1961) and Rinkie

and Hayes (1964).

Following the successful application of the combining ability concept in

corn breeding, this biometrical approach has been extensively employed in forage

breeding and subsequently to the improvement of self-pollinated species. Some

of the earliest investigations where combining ability estimates were used in self-

pollinating species including, limabean (Phaseolus lunatus) by Allard (1956),

soybean (Glycine max L. Merr.) by Leffel and Hanson (1961), wheat (Triticum

aestivum Vill.,Host.) by Kronstad and Foote (1964) and Brown et al. (1966), and

barley (Hordeum vulgare L.) by Smith and Lambert (1968).

Many of these studies employed a diallel crossing system. They estimated

GCA and SCA following one of the Griffing's (1956) model. The model selected

depended on whether the experimental populations about which inferences were

to be made was fixed or selected at random. Within the models four methods of

analysis are identified based on the absence or presence of the parents or

reciprocal F1's.

Using Griffing's (1956) diallel analysis model 1, method 4 (where only one

set of F1's are included), Kronstad and Foote (1964) presented the first detailed

information on GCA and SCA in wheat. In evaluating a 10x10 diallel cross

grown under space planted conditions, they observed that GCA estimates were

significant for plant height, spikes per plant, kernels per spikelet, spikelets per

spike, and grain yield per plant. Significant SCA estimates were observed for
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grain yield and plant height. A similar method of analysis was utilized with

wheat by Brown et al. (1966) in evaluating 5x5 parent diallel cross using hill plots.

The GCA estimates were the main constituent of genetic variation for grain

weight, straw weight, number of spikes per plant, 100 kernel weight and plant

height. Grain yield was the only trait studied where significant SCA estimates

were noted.

By conducting an analysis of combining ability as outlined by Griffing

(model 1, method 4), significant GCA estimates for grain yield and components

of grain yield in wheat have been reported by Gyawali et al. (1968) using space

planted material; Bitzer et al. (1971), Bitzer and Fu (1972), Bitzer et al. (1982)

in hill plots, and Widner and Lebsock (1973) employing solid seeded conditions.

Reports on SCA estimates vary from statistically non-significant for plant height,

number of spikes per plant, kernels per spike, kernel weight and grain yield per

plant (Bitzer et al. 1971; Bitzer and Fu, 1972; Bitzer et al. 1982) to statistically

significant for kernels per spike, kernel weight, test weight and seedling vigor

(Widner and Lebsock, 1973; Gyawali et al. 1968). However, SCA estimates were

lower than those for GCA for all traits investigated.

From an 8x8 diallel cross of wheat grown under space planted conditions,

Walton (1971) using Griffing's model 1, and method 1 ( parents, and reciprocal

F1's) detected significant GCA estimates for grain yield, components of grain

yield, flowering and maturity date and grain filling period. Specific combining

ability estimates were significant only for flowering and maturity date and the

grain filling period.
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In an experiment involving a 5x5 parent wheat diallel grown under space

planted conditions, Maya de Leon (1975) using Griffing's procedure model 1,

method 2 (parents and one set of F1's only) reported that GCA estimates were

significant for plant height, tillers per plant, spike length, spikelets per spike,

kernels per spikelets, maturity date, grain filling period, and grain yield per plant.

Significant SCA estimates were noted for these traits with the exception of spike

length, number of spikelets per spike, and grain yield per plant. However, the

magnitude of GCA were larger than those of SCA in every instance. Similar

results were obtained by Sharma and Smith (1986) from a seven parent diallel of

wheat grown in hill plots.

Combining ability studies have been useful to measure the nature of gene

action influencing specific traits in wheat. Both additive and dominance as well

as epistatic components of genetic variance appear to influence the expression of

grain yield in wheat as highly significant GCA and SCA estimates have been

reported. However, additive genetic variance as measured by GCA is

preponderant in the expression of most traits studied.

COMBINING ABILITY ESTIMATES OVER GENERATIONS

Dial lel mating design have been extensively used in maize, wheat and

other crop species. However, due to small quantities of Fl seed obtained by

hand pollination, breeders of self-pollinating crops like wheat have been limited

in using this approach. To overcome this problem, Fl seed could be advanced

one or more generations so as to have an adequate amount of seed for more
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extensive testing. To delay analysis for quantitatively inherited traits such as

grain yield until F2 generation was suggested by Bhatt (1973a). The breeder

could then obtain estimates of the nature of gene action and also evaluate the

possible genotype-environment interaction as more experimental material would

be available.

Paroda and Joshi (1970) compared F1 and F2 generations from a 6x6

diallel cross of wheat cultivars for combining ability estimates under space

planted conditions. Using Griffing's procedure (model 1, method 2), they

observed that correlations between GCA estimates obtained for both generations

were significant for number of spikes per plant, weight of grain per spike,

1000-grain weight and grain yield per plant. This was in contrast to the

correlations between SCA estimates for both generation, which were neither high

nor consistent for any of the traits measured. A marked decline in the estimates

of SCA was observed in the F2.

From an 8x8 wheat parent diallel cross grown under solid seeded

conditions, Cregon and Busch (1978) obtained combining ability estimates from

F1, F2 through F5 bulks, and F2-derived F5 lines. Following Griffing's (1956)

model 1, and method 4, they reported significant GCA estimates for yield in Fl

through F5 bulks. A significant SCA estimate for yield was noted only in the F3

generation. They also performed a diallel analysis on the mean of the F5 lines

from each cross and observed significant SCA for grain yield. These investigators

suggested that significant SCA in the F5 lines was indicative of the importance of

additive x additive epistasis contributing to the variance in near-homozygous lines.
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Combining ability estimates in Fl, F2 and F3 generations from a 7x7

wheat diallel cross grown under space planted conditions were reported by

Bhullar, Gill and Bhatia (1979). They employed Griffing's model 1, method 2

and observed significant GCA and SCA estimates for grain yield per plant,

number of spikes per plant, grain number per spike, and 100 grain weight in all

generations. The relative magnitude of GCA estimates were much higher than

those of SCA, indicating a greater role of additive gene action in controlling these

traits. The GCA estimates were quite consistent over generations for all the

traits studied. Estimates of SCA showed little consistency and lacked

repeatability over generations. Similar findings for wheat were reported by

Bhullar et al. (1979) and Mihalgiv (1980).

Brajcich (1981) working with populations generated from winter x spring

wheat crosses reported significant GCA estimates for grain yield and components

of grain yield in Fl and F2 generations when grown under space planted

conditions. General combining ability estimates were significant for plant height,

harvest index, and 100 kernel weight in the Fl generation only but were not

significant except for plant height in the F2 generation. The only significant SCA

estimates for plant height was observed in the F2 generation.

From the results of an experiment on wheat that included Fl through F4

generations, Corral (1983) using Griffing's procedure (model 1, method 4), noted

a consistent tendency in the reduction of SCA estimates over generations for

grain yield, biological yield, harvest index and kernels per spike. For plant height,

number of tillers per plant, and 100 kernel weight significant SCA estimates were
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reported in F3 and F4 generations. However, a consistently higher magnitude of

GCA estimates were observed over generations for the traits evaluated. The

investigator indicated that genes which contributed to additive x additive epistatic

interactions could inflate the SCA estimates in later generations. Stuthman and

Stucker (1975) and Cregon and Busch (1978) also attributed the significant SCA

estimates of near-homozygous lines to these additive x additive epistatic

interactions, in oats and wheat, respectively.

Combining ability estimates were compared in F1 and F2 generations from

an 8x8 diallel cross of wheat grown under space planted conditions by Bhullar

et al. (1985). Following model 1, and method 2 of Griffing (1956), they observed

a significant GCA as well as SCA estimates for plant height, days to heading,

spikes per plant, spikelets per spike, 100 grain weight and grain yield per plant in

both generations. The exceptions were spikes per plant, spikelets per spike, and

100 grain weight in the Fl where SCA estimates were found to be non-significant.

A greater degree of consistency was observed in GCA when compared to SCA

estimates in Fl and F2 generations.

The literature suggests that F2 and later generations could effectively be

used for assessing GCA for quantitatively inherited traits. Estimates of genetic

effects over generations can provide additional information about the

predominant type of gene action involved. Because of inbreeding, the

contribution to the population mean due to non-additive genetic effects is

expected to be reduced by one-half with each successive generation. Moreover,

later generation evaluation would also offer an opportunity to test experimental
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material under different environmental conditions, as the limitations of seed

supply encountered in the Fl generation could be avoided.

PREDICTION OF PROGENY PERFORMANCE

Researchers, using mid-parent values as indicators of progeny performance,

have reported various degrees of success. In wheat, Sikka et al. (1959) evaluated

the potential of 12 wheat crosses based on parental means and early generation

(F1, F2, F3) population mean values. They concluded that the parental

performance could be used with a reasonable degree of accuracy for predicting

performance of subsequent generations for plant height, number of spikes per

plant, grain number per spike, spike length, number of spikelets per spike and

heading date, but not for grain yield per plant. Similar results were obtained by

Fowler and Heyne (1955) in predicting grain yield of wheat bulks in F3, F4, and

F5 generations. Knott (1965), working with seven F1 wheat hybrids, reported a

significant positive correlation between F1's and mean yield of their parents.

Smith and Lambert (1968) evaluated bulked F2 and F3 generations from a

10x10 diallel cross among barley parents. They measured combining ability using

Griffing's model 1, and method 4 and developed predictive values with respect to

grain yield and kernel weight for six of the parents. These predictive values were

measured by the performance of F5 lines. Their results showed: a) large and

significant variances for GCA for grain yield, kernel weight, maturity and plant

height, b) overall parental performance was a good indicator of their prepotency,

based on number of superior F5 lines produced, and c) the performance of Fl
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top crosses were of limited value in evaluating the parents for either grain yield

or kernel weight.

Working with oats (Avena sativa L.), Stuthman and Stucker (1975)

developed a 12x12 diallel cross. In addition, to determine the relative magnitude

of GCA and SCA estimates for grain yield, these authors discussed the efficiency

of parental performance as an indicator of progeny performance and concluded

that prediction of superior crosses from only parental performance data was not

satisfactory. Nass (1979) reported significant positive within-year correlations

between F2 population mean yields and their mid-parent values in wheat.

However, associations between years were not significant between either mid-

parent and Fl mean grain yield or between mid-parent and F2 mean grain yield.

Five methods to predict grain yield of three-way crosses in grain sorghum

(Sorghum bicolor L., Moench) were compared by Patanothai and Atkins (1974).

Their method, which predicts yield of three-way hybrids by averaging the means

of the two non-parental single cross ([A x B] x C = 1/2 [A x C] + 1/2 [B x C]),

provided meaningful estimates. Advantages of such an approach involved

simplicity and suitability for use with any set of crosses. High correlations

between predicted and observed grain yield were obtained with this method.

Otsuka et al. (1972) developed equations for predicting performance of

three-way and four-way crosses based on GCA and SCA estimates from a 10x10

diallel cross of maize. The data were obtained from two maize experiments

conducted by Eberhart and Russel (1969), and Wright et al. (1971) which were

grown under different environments. These authors found that methods based
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on GCA and SCA were comparable in efficiency to Jenkins method b (Jenkins,

1934). This later method employs the mean grain yield of non-parental single

crosses for predicting the performance of four-way cross. Higher coefficient of

determination (R2) values were obtained between observed and predicted three-

way and four-way crosses for the data from several environments. This was not

true for data obtained from a single environment. They concluded that genotype

x environment interactions have a larger role in determining the accuracy of

prediction methods. Several models in predicting progeny performance of single

and top crosses in wheat were employed by Petpisit (1980). Both models

(Model 1: [A x B] x C = 1/4 [A + B] + 1/2 C and Model 11: [A x B] x C = 1/2

[A x C] + 1/2 [B x C] ) adopted from Patanothai and Atkins (1974) gave

satisfactory results in predicting plant height, grain yield, tiller number per plant,

and harvest index for three-way crosses. For single crosses, mid-parent values

were useful in predicting plant height, tiller number per plant and harvest index

in the Fl generation, however, the mid-parent value did not provide an accurate

prediction of progeny grain yield.

To predict progeny performance of single and three-way crosses in wheat,

Corral (1983) used models proposed by Mather (1949), Otsuka et al. (1972) for

maize and Patanothai and Atkins (1974) for sorghum. Traits measured were

plant height, tiller number per plant, biological yield, grain yield per plant, and

harvest index. For single crosses grain yield prediction was possible with all the
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models employed ( model 1: uses mid-parent value; model 11: = m + gt +

+ §4, model 111: Fn = [1 (1/2)"113 + (1/2)""/ F1). However, none of the

models accurately predicted grain yield in progeny from three-way crosses

(model 1: [A x B] x C = 1/4 [A + B] + 1/2 C; model 11: [A x B] x C = 1/2

[A x C] + 1/2 [B x C]; model 111: iT = m + 1/2 + gi) + gk + [§;k + SIk).

They suggested that this failure was due to the presence of larger epistatic effects.

The presence of a significant GCA x competition level for different seeding rates

indicated that additive genetic effects were influenced under different competition

levels. However, the absence of SCA x competition level interaction suggested

that non-additive genetic effects were less influenced by environmental variation.

In summary, combining ability estimates may be useful in selecting

potential parents for specific traits. Such estimates also provide an opportunity to

have a better understanding of the nature of gene action involved. Progeny

testing for parental prediction is well established in cross-pollinated species and

has been successfully employed in corn, sorghum and forage crops. The use of

combining ability has also proven to be successful in predicting the performance

of hybrids in many normally self-pollinated crops. To be useful in self-pollinating

species more information will be required on combining ability estimates,

including the performance of advanced generations, to see if prediction made on

space planted Fl or other early generations (F2, F3), grown under either space or

solid seeded conditions is useful in identifying the most promising combinations

to make that will insure the highest frequency of desired segregates in subsequent

generations.
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MATERIALS AND METHODS

Five winter wheat cultivars were selected for this investigation of

combining ability. These included: Stephens, Malcolm, Yamhill, Aurora, and

Jackmar. The first three cultivars were released by Oregon State University and

are well adopted to the growing conditions observed in the Pacific Northwest.

They are used extensively as parental material in regional breeding programs.

Jackmar is a club wheat developed by a private breeder and Aurora is a Russian

variety. A detailed description and pedigrees of the parental material are

presented in Appendix Table 1.

The F2 population was generated from seed of a diallel cross among these

parents generated in a previous thesis study and provided by the cereal breeding

project. In the Fall of 1985, F2 populations were advanced to obtain F3 seed.

During the same growing season an Fl generation involving these same cultivars

was generated by re-synthesizing the diallel. In the spring of 1986, all possible

three-way crosses were also made to establish a top cross progeny. Experiments

were grown in 1986-87 and 1987-88 at the Hyslop Crop Science Field Laboratory.

This experimental site is 11 km northeast of Corvallis, Oregon and is located at

latitude 44° 30' N and longitude 123° 30'W with an elevation of 68 m. above sea

level. The soil type at this experimental site is a Fine, Silty Mixed Mesic

Aquultic Argixerol.

During both growing seasons Urea-sul (40N-OP-6S) was applied 15 days

before planting at the rate of 45 kg/ha of Nitrogen and 7 Kg/ha of Sulfur.
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Nitrogen fertilizer at the rate of 100 kg/ha was top-dressed in the spring at the

booting stage. Propiconazole (Tilt) was applied three times during the spring

with an interval of 20 day at a rate of 0.35 1/ha to control Leaf Rust (Puccinia

recondita) and Septoria Leaf Bloch (Septoria tritici). Weeds were controlled with

a combination of Diuron at a rate of 0.67 kg/ha of active ingredient and

Chlorsulfuron at a rate of 22.32 grams a.i/ha during 1986-87. Diuron 1.34 kg/ha

and Chlorsulfuron + Metsulfuron methyl at a rate of 22.32 grams a.i/ha was used

in 1987-88.

The total amount of rainfall during 1986-87 was 935 mm from October to

July. Average minimum temperature during the winter was 0.28°C with an

average maximum temperature of 24.44°C in summer. A winter rainfall pattern

provided adequate moisture throughout the growing season at this site. In the

1987-88 growing season, total precipitation during the growing season was 950

mm with an average minimum and maximum temperatures of the year 0.67°C and

28°C in January and July, respectively. A summary of climatic data on a per

month basis is given in Appendix Table 2.

1986-87 Investigation

The experimental populations during the 1986-87 growing season

comprised five parents, ten Fl, F2, and F3 populations resulting from single

crosses and ten F3 families obtained from individual F2 plants.
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Study 1

Experimental populations were planted on October 12,1986. A split plot

restriction of a randomized complete block with four replications was used.

Crosses represented main plots with parents and progeny being the sub-plots.

One row for parents and F1's, five rows for F2 and F3 populations and ten rows

for 10 randomly selected F2-derived F3 families were used. Each row contained

10 plants which were space planted with 15 cm between plants and rows. To

avoid a possible border effect, barley was sown beside each row and both sides

of the block.

At maturity, data were collected from individual plots on a per plant basis.

Random sampling was done in F2, F3 bulked populations and within F3 families.

Information was collected on the following traits:

Plant height: was measured in centimeters from the base of the crown to the tip

of the tallest culm, excluding awns.

Tiller number: was recorded by counting the number of productive tillers.

Spike length: was obtained by measuring the length of the spike on the tallest

culm, excluding awns.

Spike lets per spike: were counted from the spike of the tallest culm of the plant.

Biological yield: was obtained by cutting at the base of the plant and included

the weight of the grain and straw.

Grain yield: was the total grain weight in grams from each plant.

Harvest index: was calculated as the ratio of the grain yield per plant to the total

biological yield of the whole plant excluding roots.
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Study 11

Five parents and 10 bulked F3 populations from a 5x5 diallel cross were

planted in a randomized complete block design with four replications. All plots

were machine sown on October 14, 1986 at a rate of 90 kg/ha. Each

experimental unit consisted of three rows, 3 m long with an inter-row spacing of

30 cm. Seed was prepared by counting the number of kernels at a rate of

9 seeds per foot and then weighing to achieve an exact seeding rate for each

individual plot for the first replication. The seeding rate for the other replications

was then determined on volume basis.

Plant height was measured on a plot basis using the mean of three

observations. Prior to a harvest, 1 m section from the central row of each plot

was sampled to obtain the following data: (a) number of productive tillers, (b)

biological yield, (c) grain yield, (d) weight of 300 kernels, and (e) the mean

values of five spikes were used to determine the number of kernels per spike.

Harvest index was calculated as the ratio of grain yield to the biological yield of

the whole plot.

1987-88 Investigation

The experimental material consisted of the following populations: Five

parents, ten F1 and F2 populations from single crosses, ten F3 families from

individual F2 plants, ten F4 families from F3 lines grown previous year and all

possible Fl top crosses (30) from a 5x5 diallel cross.
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Study 1

A split-plot restriction of a randomized complete block design with four

replications was used. Experimental material was planted on October 24, 1987.

Main plots were represented by the 10 crosses with generations (Parents, Fl, F2,

F3, F4, and all possible top-crosses) representing the sub-plots. The sub-plots

comprised single rows for the parents and F1's, five rows for the F2's, ten rows

for the F3's and F4's, and two rows each for the top crosses. Ten kernels were

planted per row. A space of 25 cm was used between rows and plants.

To avoid border effects, a club wheat cultivar was sown at the edge of

each row and both sides of the block. Plots were also surrounded by a solid

seeded row of the same wheat cultivar. At maturity, the following data were

recorded a) plant height, b) number of productive tillers, c) biological yield and

d) grain yield on per plant basis. Harvest index was calculated as the ratio of

grain yield per plant to the weight of the whole plant, excluding roots.

Study 11

Experimental material was represented by parents, F4 lines and 1:1

composite made up of the respective parents. A randomized complete block

design with four replications was used. Material was drill planted on October,24

at a rate of 90 kg /ha. Each experimental unit consisted of six rows, 6 m long

and 1.82 m wide with 30 cm spacing between rows. Data were recorded for a)

plant height, b) number of tillers per meter, c) biological yield and d) grain yield

in a similar manner as for study 11 conducted in 1986-87.
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Plant height was taken on a plot basis as the mean of five random

measurements. Samples taken from 1 m of row in the center of each plot were

used for counting number of productive tillers. Biological yield was also

obtained from the same sample area harvested. Plots were threshed with a Vogal

thresher and grain yield was recorded in grams. Harvest index was obtained in

the same manner as mentioned in Study 11 conducted in 1986-87.

The following statistical analyses were performed:

1. Means and standard deviations were calculated for each trait measured.

2. Analysis of variance was employed to test if significant differences existed

among crosses and generations for the traits studied. Fisher's Protected LSD test

was applied to determine statistically significant differences between means.

3. General (GCA) and specific combining ability (SCA) were calculated for Fl,

F2, F3, and F4 single crosses. Model 1, method 2 as proposed by Griffing (1956)

was used. Model 1, a fixed effect model was used because the parents

represented a selected group of cultivars. Method 2 includes parents and F1's in

the analysis and excludes reciprocals. Estimates of GCA effects of the parents

and the SCA effects of the combinations of the parents were obtained and their

standard errors calculated.

4. Narrow-sense heritability estimates for each trait were obtained in standard

units by the regression of Fl on mid-parent, F2 on Fl, and F3 on F2 (Frey and

Homer, 1957). Plot mean values for each trait were used to obtain these

estimates.
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5. Mid-parent values were calculated according to the following formula.

(P1 + P2)/2

6. Three models were utilized to predict the performance of single crosses.

Model 1, predicts yield using mid-parent values.

Model 11, predicts yield by using the formula provided by Otsuka et al. (1972).

= m + gi + + §i;

where:

= population predicted yield

m = mid-parent value

= general combining ability effect of P1.

= general combining ability effect of P2.

= specific combining ability effect

Model 111, predicts yield utilizing formula from Mather (1949).

= [1 - (1/2)'/]P + (1/2)n 1

where:

Fn = predicted mean yield in the n generation

P = mid-parent value

F1 = mean of the F1 generation
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7. In predicting the yield of the three-way crosses three models were also

utilized. Model 1, is based on the yields of the parental lines per se and was

calculated as:

Model 1 = (A x B) x C = 1/4 (A + B) + 1/2 C (Patanothai and Atkins, 1974)

Model 11, involves performance of a three-way hybrid by averaging the mean of

the two non-parental single crosses (Patanothai and Atkins, 1974).

Model 11 = (A x B) x C = 1/2 (A x C) + 1/2 (B x C)

Model 111, predicts yield in term of equation provided by Ostuka et al. (1972).

This model utilize the value of GCA and SCA.

Model 111 = = m + 1/2 + kj) + gk + 1/2 (§,k + §ik)

where the symbols have a similar meaning as in model 2, for single crosses.

8. For each parameter, R2 value was calculated between the predicted yield

obtained with each of the model and the observed yield.
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EXPERIMENTAL RESULTS

1986-87 Investigation

Study 1

Results are reported from a 5x5 diallel cross involving parents, Fl, F2, and

F3 generations grown under space planted conditions at the Crop Science Field

Laboratory. Following a preliminary agronomic evaluation of the parental

material, information from the analysis of variance including means, and standard

deviations for plant height, tiller number, spike length, spikelets per spike,

biological yield, grain yield and harvest index were obtained for crosses and

generations. The nature of gene action was identified through combining ability

analyses and heritability estimates for these traits. Models utilized in predicting

progeny performance were also examined.

Evaluation of parents

Observed mean squares among the parents for the traits measured are

provided in Appendix Table 3. Differences were found for plant height, tiller

number, spike length, spikelets per spike, biological yield and grain yield.

Harvest index was the only trait where differences were not observed.

Coefficients of variation below 10 percent were observed for most traits with the

exception of biological yield (11.3) and grain yield (11.3). A comparison of the

mean values of the parents for the traits measured is presented in Table 1.
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Table 1. Mean values of the five parents for plant height, tiller number, spike
length, spikelets per spike, biological yield, and grain yield from a 5x5
diallel cross grown under space planted conditions at the Crop Science
Field Laboratory, 1986-87.

Parents

Means

Plant Tiller
height number
(cm)

Spike
length
(cm)

Spike lets
per spike

Biological
yield
(gms)

Grain
yield
(gms)

Stephens 90.5 d t 9.7 ab 11.7 a 21.0 c 53.0 b 19.7 b

Malcolm 94.8 c 11.0 a 11.2 ab 22.7 b 68.5 a 23.5 a

Yamhill 107.3 b 9.7 ab 8.5 c 21.5 c 61.5 ab 21.0 ab

Aurora 114.5 a 9.2 b 10.7 b 23.5 ab 62.7 b 20.7 ab

Jackmar 88.8 d 7.5 c 5.0 d 24.2 a 40.0 c 15.0 c

t Fisher's Protected LSD test; means with a letter common in the same column
are not significantly different at the 0.05 probability level.
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Fisher's Protected LSD test was performed for those traits where differences

among parents were detected. The tallest parent was Aurora (114.5 cm) with

Jackmar being the shortest (88.8 cm). Malcolm had the highest number of tillers

with Jackmar having the fewest. The longest spikes were observed with Stephens

and Malcolm. Jackmar being a club wheat had the shortest spike. More

biological yield and higher grain yield were noted for Malcolm. Jackmar was

found to have more spikelets per spike and was the lowest for biological and

grain yield.

Analysis of variance

Observed mean squares for crosses and generations for the measured traits

are given in Appendix Table 4. Differences were observed among the ten crosses

for most traits under evaluation with tiller number and grain yield per plant being

the exceptions. Between generations, differences were noted for all seven traits.

Cross x generation interactions were also detected for all the traits with the

exception of harvest index.

Coefficients of variation values were intermediate for tiller number (11.8),

biological yield (12.9), and grain yield (13.6), but low for plant height (3.1), spike

length (8.2), spikelets per spike (3.8) and harvest index (7.6).

Mean values and standard deviations for plant height for generations

within crosses are provided in Table 2. The cross of Yamhill/Aurora had the

highest mean values for this trait across all generations. The Fl had higher mean

values than either parent in all cross combinations except Stephens/Malcolm and



Table 2. Means (X), and standard deviations (s.d) for plant height (cm) involoving parents, F1, F2, and F3 generations
from a 5x5 diallel cross grown at the Crop Science Field Laboratory, 1986-87.

Gen.

Crosses"

Stp/Mal Stp/Ymh Stp/Au Stp/Jck Mal/Ymh Mal/Au Mal /Jck Ymh/Au Ymh /Jck Au/Jck

F 1 i 89.1 109.9 113.0 96.6 115.1 120.4 97.5 124.1 106.5 115.2
s.d 11.4 5.8 5.3 4.8 7.6 4.9 6.8 6.2 9.4 4.0

F2 i 93.2 109.5 112.1 96.1 108.8 119.6 96.2 119.7 105.1 110.5
s.d 6.7 13.4 13.9 9.9 14.3 11.6 10.6 11.6 12.3 13.2

F3 i 96.0 105.0 108.4 100.3 110.7 113.0 93.6 116.1 105.6 106.4
s.d 7.7 14.5 15.3 10.6 15.5 15.5 10.3 15.4 16.8 13.8

P1 i 91.7 92.4 90.0 90.2 96.0 95.8 95.9 108.8 103.3 116.0

P2 i 92.8 108.7 112.4 92.0 108.9 115.6 92.2 113.1 84.5 88.4

1/ Parental line: Stp = Stephens, Mal = Malcolm, Ymh = Yamhill, Au = Aurora, Jck = Jackmar
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Aurora/Jackman Mean values for the F2 generation were generally similar to

the Fl means with the exception of the crosses Malcolm/Yamhill,

Yamhill /Aurora, and Aurora/Jackmar where the Fl mean values were higher.

F3 mean values for the crosses Stephens/Malcolm, Stephens/Jackmar,

Malcolm/Yamhill, and Yamhill/Jackmar were greater than their respective

F2 generation. When standard deviations for generations are considered for

plant height, it can be seen that greatest variation was found in F3 population for

most crosses with the exception of Stephens/Malcolm and Malcolm/Jackmar.

For tiller number differences were found only for generations and the

cross x generation interaction (Appendix Table 4). In Table 3, it can be observed

that higher mean values were noted for the F2 generation for most crosses. The

only exceptions were Malcolm/Aurora, Yamhill/Aurora,and Yamhill/Jackmar.

Mean values of the Fl exceeded the parents only in the crosses of

Malcolm/Yamhill, Yamhill /Jackmar and Aurora/Jackman F3 mean values were

similar to the F2 means for most crosses. With the exception of the cross

Malcolm/Yamhill, larger standard deviations were found in F2, as compared to

the F1. When both segregating populations (F2 and F3) were compared, crosses

Malcolm/Yamhill, Malcolm/Aurora, Yamhill/Aurora, Yamhill/Jackmar, and

Aurora/Jackmar showed greater standard deviations in the F3 population.

Differences were noted for both crosses, generations and the interactions

of cross x generation for spike length (Appendix Table 4). In Table 4, the crosses

Yamhill/Jackmar and Aurora/Jackmar consistently had the lowest mean values

across generations for spike length. Only two crosses, Stephens/Aurora and



Table 3. Means (i), and standard deviations (s.d) for tiller number involving parents, Fl, F2, and F3 generations from
a 5x5 diallel cross grown at the Crop Science Field Laboratory, 1986-87.

Gen.

Crosses1"

Stp/Mal Stp /Ymh Stp/Au Stp/Jck Mal/Ymh Mal/Au Mal/Jck Ymh/Au Ymh /Jck Au/Jck

Fl i 9.9 8.5 8.8 10.0 9.5 10.4 10.2 7.9 10.6 10.3
s.d 3.4 1.8 3.4 2.2 4.1 3.2 3.5 2.7 3.4 2.7

F2 i 10.4 10.7 10.4 10.5 11.0 10.0 10.5 9.1 9.7 11.4
s.d 3.7 5.2 3.9 4.1 3.9 3.4 3.9 2.9 4.1 3.6

F3 i 9.9 10.6 10.3 10.0 10.5 10.3 10.2 9.1 10.1 10.7
s.d 3.2 4.3 3.2 3.1 4.0 3.5 3.6 3.1 4.3 3.7

P1 x 8.8 9.5 9.0 10.8 9.1 10.3 11.5 9.5 9.6 9.3

P2 x 11.2 9.5 8.8 8.0 8.7 8.4 7.0 9.7 7.1 6.9

1/ Parental lines: Stp = Stephens, Mal = Malcolm, Ymh = Yamhill, Au = Aurora, Jck = Jackmar



Table 4. Means (ii), and standard deviations (s.d) for spike length (cm) involving parents, Fl, F2, and F3 generations
from a 5x5 diallel cross grown at the Crop Science Field Laboratory, 1986-87.

Gen.

Crosses"

Stp/Mal Stp/Ymh Stp/Au Stp/Jck Mal/Ymh Mal/Au Mal/Jck Ymh/Au Ymh /Jck Au/Jck

F1 X- 11.7 9.6 12.2 5.9 10.1 12.5 5.6 10.6 5.2 5.6
s.d 1.9 1.0 1.6 0.8 1.7 1.8 0.9 1.3 1.1 0.6

F2 i 11.9 9.9 11.8 6.9 9.2 11.5 7.5 9.9 6.1 6.6
s.d 1.4 1.3 1.6 2.5 1.6 1.6 3.0 1.6 2.5 2.5

F3 -X 12.0 10.0 11.9 8.4 8.9 11.0 6.8 9.7 5.7 6.6
s.d 1.5 1.7 1.7 3.4 1.6 2.0 2.5 1.9 2.5 2.9

P1 11.8 12.0 11.5 11.6 11.2 11.8 10.8 7.9 8.1 10.0

P2 Xs 11.8 8.8 11.1 4.4 7.9 11.2 4.9 10.6 4.7 4.4

1/ Parental lines: Stp = Stephens, Mal = Malcolm, Ymh = Yamhill, Au = Aurora, Jck = Jackmar
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Malcolm/Aurora presented higher Fl progeny mean values than either parent.

As can be seen, the F3 population had greater standard deviations with the

exception of Malcolm/Jackmar in F2 and Stephens/Malcolm in F1.

Spike lets per spike were found to be different among crosses, generations

and for the interactions (Appendix Table 4). The mean values associated with

the Aurora/Jackmar were the highest across all generations (Table 5). Only two

cross combinations, Yamhill either with Malcolm or Aurora, showed higher mean

values than either parents. With the exception of Yamhill/Jackmar,

Yamhill/Aurora, and Malcolm/Jackmar, the F2 population tended to have higher

mean values than F3. When standard deviations for generations are considered,

F2 had greater standard deviations for most of the crosses compared to Fl

generation with the exception of Stephens/Malcolm and Malcolm/Aurora. The

same generation presented higher standard deviations than F3 for crosses with

Stephens, except Stephens/Yamhill and Jackmar with either Malcolm or Yamhill.

Differences in biological yield were detected both for crosses and

generations, and cross x generation interactions (Appendix Table 4). All the

combinations with Stephens and the cross Malcolm/Yamhill presented the highest

mean values in F2 generation (Table 6). For other crosses higher mean values

were observed in Fl generation. The F1 generation cross Malcolm/Aurora had

the highest mean value. The F3 generation showed lower mean values than the

F2 for all the cross combinations. However, the F1 means for all crosses

exceeded their respective parents with the exceptions of Stephens/Malcolm,

Stephens/Yamhill, and Malcolm/Jackmar. The cross Malcolm/Yamhill



Table 5. Means (i), and standard deviations (s.d) for spikelets per spike involving parents, Fl, F2, and F3 generations
from a 5x5 diallel cross grown at the Crop Science Field Laboratory, 1986-87.

Gen.

Crosses)

Stp/Mal Stp/Ymh Stp/Au Stp/Jck Mal/Ymh Mal/Au Mal/Jck Ymh/Au Ymh/Jck Au/Jck

Fl Tr 21.4 21.0 23.0 22.6 23.0 23.5 23.2 23.9 23.0 24.8
s.d 2.4 1.5 2.1 2.4 1.9 3.0 2.5 2.0 2.5 1.8

F2 ii 23.0 21.5 23.0 23.5 21.7 23.3 23.4 23.5 23.1 24.0
s.d 1.6 2.1 2.7 2.9 2.6 2.6 2.9 3.0 2.5 2.5

F3 R 22.0 21.5 22.7 22.5 21.4 23.0 23.7 23.6 23.3 23.7
s.d 2.3 2.0 2.5 2.2 2.7 2.9 2.5 3.1 2.2 3.0

P1 R 20.6 21.0 21.0 20.5 22.0 22.1 22.0 21.4 20.7 23.9

P2 x 23.7 22.0 23.4 23.6 21.0 24.0 24.2 22.1 24.1 24.8

1/ Parental lines: Stp = Stephens, Mal = Malcolm, Ymh = Yamhill, Au = Aurora, Jck = Jackmar



Table 6. Means (ii), and standard deviations (s.d) for biological yield (gms) involving parents, Fl, F2, and F3 generations
from a 5x5 diallel cross grown at the Crop Science Field Laboratory, 1986-87.

Gen.

Crosses"

Stp/Mal Stp /Ymh Stp/Au Stp/Jck Mal/Ymh Mal/Au Mal /Jck Ymh/Au Ymh/Jck Au /Jck

Fl i 58.3 62.2 62.6 62.4 74.7 83.0 68.1 65.2 70.5 73.2
s.d 22.2 14.0 24.2 14.8 31.4 30.2 24.2 23.8 27.3 23.0

F2 i 68.2 69.0 67.9 62.7 77.9 72.7 62.0 65.1 64.3 72.8
s.d 25.1 29.5 28.0 28.0 32.7 29.6 25.4 25.8 30.1 24.6

F3 i 61.0 68.1 65.3 59.6 70.4 68.1 61.1 63.4 61.9 67.7
s.d 21.4 27.6 24.5 21.5 29.0 28.0 22.5 22.7 26.0 28.9

P1 i 49.1 54.5 47.3 59.7 56.8 63.9 78.2 63.9 58.0 63.4

P2 i 73.1 67.3 62.5 45.1 53.5 58.1 40.1 64.6 36.3 40.8

1/ Parental lines: Stp = Stephens, Mal = Malcolm, Ymh = Yamhill, Au = Aurora, Jck = Jackmar
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consistently had higher standard deviations across generations. When standard

deviations for generations are considered, F2 generation presented the greatest

variation for most crosses except for Malcolm/Aurora.

In Table 7, comparisons for crosses and generations are made for grain

yield. Since no differences were detected for crosses for this trait (Appendix

Table 4), only generations are considered. The Fl population means for all

crosses were higher than either parent with the exception of Stephens/Malcolm

and Malcolm/Jackmar. When mean values were compared among generations,

the F3 had consistently lower mean values for all crosses with the only exception

being the crosses Stephens/Yamhill and Aurora/Jackman Higher standard

deviations were found in F2 population, except for the crosses Stephens/Malcolm,

Malcolm/Aurora, Malcolm/Jackmar, and Aurora/Jackman

For harvest index, differences were observed for crosses and generations,

but not for the interactions (Appendix Table 4). The cross Aurora /Jackmar had

higher mean values in all the generations, except the F2 (Table 8). When

generations are considered, the Fl presented larger mean values than the F2 and

the F3 for all the cross combinations with the exception of the F2 population of

Malcolm/Yamhill. For the standard deviations, the F2 generation had higher

standard deviations compared to F1. Exceptions were the crosses

Stephens/Malcolm and Stephens/Yamhill.



Table 7. Means (X.), and standard deviations (s.d) for grain yield (gms) involving parents, Fl, F2, and F3 generations
from a 5x5 diallel cross grown at the Crop Science Field Laboratory, 1986-87.

Gen.

Crossesil

Stp/Mal Stp/Ymh Stp/Au Stp/Jck Mal/Ymh Mal/Au Mal /Jck Ymh/Au Ymh /Jck Au/Jck

Fl i 22.5 23.1 23.5 24.1 25.1 29.8 26.0 22.4 26.2 28.5
s.d 10.6 5.8 9.3 6.5 10.5 12.2 10.4 8.8 10.1 9.4

F2 i 24.7 23.5 23.2 21.7 26.2 24.6 22.2 22.1 21.2 25.0
s.d 9.4 11.6 10.4 10.0 10.7 11.9 9.2 9.9 11.1 10.6

F3 i 21.8 24.0 22.4 21.0 22.9 23.6 21.6 20.3 19.9 25.0
s.d 8.7 10.5 9.1 7.1 9.3 9.9 8.7 7.6 9.0 11.4

P1 i 18.1 19.7 17.5 22.1 18.3 20.6 28.0 23.5 19.2 21.1

P2 i 26.8 22.6 20.8 15.7 18.2 19.0 13.7 21.1 12.6 14.2

1/ Parental lines: Stp = Stephens, Mal = Malcolm, Ymh = Yamhill, Au = Aurora, Jck = Jackmar



Table 8. Means (i), and standard deviations (s.d) for harvest index involving parents, Fl, F2, and F3 generations from
a 5x5 diallel cross grown at the Crop Science Field Laboratory, 1986-87.

Gen.

Crosses"

Stp/Mal Stp/Ymh Stp/Au Stp/Jck Mal/Ymh Mal/Au Mal/Jck Ymh/Au Ymh/Jck Au/Jck

Fl i 0.38 0.37 0.38 0.38 0.34 0.35 0.38 0.35 0.38 0.39
s.d 0.11 0.05 0.05 0.04 0.04 0.03 0.06 0.07 0.06 0.05

F2 i 0.36 0.34 0.35 0.35 0.34 0.33 0.36 0.34 0.33 0.34
s.d 0.05 0.05 0.08 0.08 0.05 0.05 0.08 0.08 0.07 0.08

F3 i 0.36 0.35 0.35 0.36 0.33 0.34 0.36 0.33 0.33 0.37
s.d 0.07 0.06 0.07 0.08 0.07 0.06 0.06 0.07 0.07 0.06

P1 i 0.38 0.37 0.37 0.38 0.34 0.33 0.37 0.37 0.34 0.33

P2 x 0.38 0.35 0.33 0.34 0.35 0.33 0.35 0.33 0.35 0.36

1/ Parental lines: Stp = Stephens, Mal = Malcolm, Ymh = Yamhill, Au = Aurora, Jck = Jackmar
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Parents and Fl combining ability analysis

The mean squares for seven traits involving the parents and F1's are

presented in Appendix Table 5. Differences among the genotypes were

observed for plant height, tiller number, spike length, spikelets per spike,

biological yield and grain yield. No difference was detected for harvest index.

Since genotypes were not found to be different for harvest index, this trait

was excluded when performing Fisher's Protected LSD test. Mean values for the

six traits involving five parents with their respective F1's from a 5x5 diallel cross

are provide in Table 9. The cross Yamhill/Aurora had the largest mean value

(124.5 cm) for plant height and was significantly different from all other crosses

with the exception of Malcolm/Aurora (120.2 cm). Yamhillflackmar had more

tillers and also had the shortest spike length. The highest number of spikelets

per spike was noted for the Aurora /Jackmar cross. Higher biological yield and

grain yield were observed for the F1 of Malcolm/Aurora.

General and specific combining ability estimates for the six traits are

prresented in Table 10. General combining ability estimates were significant for

all traits with the exception of tiller number and grain yield. Specific combining

ability estimates were significant for plant height, tiller number, spike length,

biological yield and grain yield, but not for spikelets per spike. The low ratio of

GCA/SCA for tiller number (0.82) and grain yield (0.41) suggested that there was

more non-additive than additive gene action controlling these traits. In contrast,

the high ratio of GCA/SCA for plant height, spike length, spikelets per spike,



Table 9. Mean values for (a) plant height cm, (b) tiller number, (c)
cm, (d) spikelets per spike, (e) biological yield gm, and (f)
gm, of five parents and their F1's from a 5x5 diallel cross g
Crop Science Field Laboratory, 1986-87.
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spike length
grain yield
rown at the

Parent

Parent Trait Stephens Malcolm Yamhill Aurora
Stephens a 90.5 gh t 88.7 h 109.5 de 113.0 cd

b 9.7 abcd 9.7 abcd 8.5 cde 8.7 bcde
c 11.7 abc 11.7 abc 9.5 ef 12.0 ab
d 21.0 c 21.5 c 21.2 c 23.0 b
e 53.0 de 57.2 cd 62.7 bcd 64.0 bcd
f 19.7 ef 22.0 cde 23.5 bcde 24.2 abcde

Malcolm a 94.7 fg 114.7 bcd 120.2 ab
b 11.0 a 10.0 abcd 10.2 abc
c 11.2 bcd 10.2 de 12.5 a
d 22.7 b 23.0 b 23.7 ab
e 68.5 abc 76.0 ab 82.2 a
f 23.5 bcde 25.5 abcd 29.2 a

Jackmar
96.5 f
10.2 abc
6.0 g

22.7 b
63.0 bcd
24.2 abcde

95.5 fg
10.0 abcd
5.5 g

23.7 ab
65.5 bcd
25.5 abcd

Yamhill a 107.2 e 124.5 a 107.0 e
b 9.7 abcd 8.2 de 10.7 a
c 8.5 f 10.7 cd 5.5 g
d 21.5 c 23.7 ab 22.7 b
e 61.5 bcd 66.2 bcd 71.7 abc
f 21.0 de 22.5 cde 27.0 abc

Aurora a 114.5 cd 115.5 be
b 9.2 abcde 10.5 ab
c 10.7 cd 5.7 g
d 23.5 b 24.7 a
e 62.7 bcd 73.7 ab
f 20.7 de 28.7 a

Jackmar a
b
c
d
e
f

88.7 h
7.5 e
5.0 g

24.7 a
40.0 ef
15.0 f

t Fisher's Protected LSD test; means with a letter in common are not
significantly different at the 0.05 probability level.
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Table 10. Observed mean squares for general combining ability (GCA) and
specific combining ability (SCA) for six agronomic traits involving
parents and F1's from a 5x5 diallel cross grown at the Crop Science
Field Laboratory, 1986-87.

Source df

Mean Squares

Plant
height

Tiller
number

Spike
length

Spikelets
per spike

Biological
yield

Grain
yield

GCA 4 1486.93** 3.35 95.88** 15.40** 568.67** 26.05

SCA 10 207.32** 4.10* 5.44** 0.93 335.79** 63.73**

Error 42 14.95 1.78 0.50 0.75 109.66 15.61

GCA/SCA 7.17 0.82 17.63 16.55 1.69 0.41

* Significant at the 0.05 probability level.
Significant at the 0.01 probability level.**
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and biological yield would indicate that these traits were mainly controlled by

genes which were largely additive in their mode of action.

Estimation of the GCA effects contributed by each parent along with

corresponding standard errors are shown in Table 11. Stephens had the best

GCA effects for plant height and spike length. For tiller number, biological

yield, and grain yield, the highest positive effects were noted with Malcolm. The

largest positive GCA effect for spikelets per spike was contributed by Aurora and

Jackmar.

Specific combining ability effects for the five parents along with

corresponding standard errors for each trait can be found in Table 12. The

greatest SCA effect for plant height was detected in the cross Malcolm with

either Yamhill or Aurora. For tiller number, Yamhill/Jackmar presented the

highest positive SCA effects, however, the largest positive effect for spike length

was observed with the Malcolm/Aurora cross. Malcolm/Yamhill and

Yamhill/Aurora had larger SCA values for spikelets per spike. The highest

positive SCA effect for biological yield was observed with Malcolm/Aurora and

the combinations with Jackmar, except the cross Malcolm/Jackmar. For grain

yield the highest positive SCA effect was noted with Aurora/Jackmar followed

closely by Yamhill/Jackmar. In addition, negative values were observed for

several of the crosses involving all traits measured.
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Table 11. Estimates of general combining ability (GCA) effects for plant height,
tiller number, spike length, spikelets per spike, biological yield, and
grain yield for F1 from a 5x5 diallel cross grown at the Crop Science
Field Laboratory, 1986-87.

Parents

General Combining Ability Effects

Plant
height

Tiller Spike
number length

Spike lets
per spike

Biological
yield

Grain
yield

Stephens -6.236 -0.136 1.150 -0.957 -4.900 -1.071

Malcolm -3.379 0.614 1.114 0.007 4.386 1.179

Yamhill 5.407 -0.100 -0.243 -0.493 1.779 -0.071

Aurora 9.979 -0.207 1.114 0.721 3.493 0.750

Jackmar -5.771 -0.171 -3.136 0.721 -4.757 -0.786

S. E. (gi - g,) 1.033 0.356 0.189 0.232 2.798 1.056
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Table 12. Estimates of specific combining ability (SCA) effects for plant height
(x1), tiller number (x2), spike length (x3), spikelets per spike (x4),
biological yield (x5), and grain yield (x6) for F1's from a 5x5 diallel
cross grown at the Crop Science Field Laboratory, 1986-87.

Parent

Parent Trait Malcolm Yamhill Aurora Jackmar

Stephens x/ -7.036 4.924 3.857 3.107
x2 -0.345 -0.881 -0.524 0.940
x3 0.369 -0.524 0.619 -1.131
x4 -0.417 -0.617 0.369 0.119
x5 -6.786 1.321 0.857 8.107
x6 -1.607 1.143 1.071 2.607

Malcolm x/ 7.321 8.250 -0.750
x2 -0.131 0.226 -0.060
x3 0.262 1.155 -1.595
x4 0.619 0.155 -0.095
x5 5.286 9.821 1.321
x6 0.893 3.821 1.607

Yamhill x1 3.714 1.964
x2 -1.060 1.405
x3 0.762 -0.238
x4 0.655 -0.345
x5 -3.571 10.179
x6 -1.679 4.357

Aurora 5.893
x2 1.262
x3 -1.345
x4 0.440
x5 10.464
x6 5.286

Standard Error Plant Tiller Spike Spikelets Biological Grain
height number length per spike yield yield

S. E. (§ij - §.) 2.530 0.873 0.464 0.568 6.855 2.586
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Parents and F2 combining ability analysis

The analysis of variance for parents and F2 populations from a 5x5 diallel

cross for the seven traits can be observed in Appendix Table 6. With the

exception of harvest index, differences existed among parents and F2's for all

traits, and coefficients of variation were below 10 percent.

Mean values of the F2's from ten single crosses with their parents are

presented in Table 13. Malcolm/Aurora had the largest mean values for plant

height (120 cm), and was significantly different from other crosses with the

exception of Yamhill/Aurora (118.7 cm). For tiller number and spikelets per

spike, Aurora/Jackmar presented the highest mean values. The shortest spikes

were observed with Yamhill/Jackmar. Malcolm/Yamhill had the highest mean

values for biological yield and grain yield.

Mean squares obtained from the analysis of variance for combining ability

involving six measured traits are provided in Table 14. Both GCA and SCA

estimates were found to be significant for these traits. However, the ratio of

GCA/SCA indicates that a large part of the total genetic variability was

associated with GCA for all the traits with the exception of tiller number.

Estimates of GCA effects of individual parents along with their standard

errors for the traits measured are provided in Table 15. Aurora and Yamhill

were the only parents showing positive GCA effects for plant height. For spike

length, Stephens exhibited the highest positive GCA effects followed closely by

Malcolm and Aurora. The highest positive GCA effects for spikelets per spike
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Table 13. Mean values for (a) plant height cm, (b) tiller number, (c) spike length
cm, (d) spikelets per spike, (e) biological yield gm, and (f) grain yiled
gm, of five parents and their F2's from a 5x5 diallel cross grown at the
Crop Science Laboratory, 1986-87.

Parent

Parent Trait Stephens Malcolm Yamhill Aurora Jackmar

Stephens a 90.5 gh t 93.5 fgh 109.7 cde 112.0 cd 98.0 f
b 9.7 bc 10.5 abc 10.5 abc 10.2 abc 10.7 ab
c 11.7 a 11.7 a 9.7 cd 11.7 a 6.7 g
d 21.0 d 23.2 bc 21.5 d 23.0 c 23.5 bc
e 53.0 d 68.2 bc 69.0 bc 68.0 bc 63.0 c
f 19.7 e 24.7 ab 23.7 abcd 23.2 abcd 21.7 bcde

Malcolm a 94.7 fg 109.0 de 120.0 a 96.0 f
b 11.0 ab 11.0 ab 9.7 bc 10.2 abc
c 11.2 ab 9.2 d 11.2 ab 7.5 f
d 22.7 c 21.7 d 23.2 bc 23.5 bc
e 68.5 bc 78.0 a 72.7 ab 62.0 c
f 23.5 abcd 26.2 a 24.5 abc 22.5 bcde

Yamhill a 107.2 de 118.7 ab 105.2 e
b 9.7 bc 9.2 c 9.7 bc
c 8.5 e 10.0 c 6.2g
d 21.5 d 23.5 bc 23.0 c
e 61.5 cd 65.0 bc 64.5 bc
f 21.0 de 22.5 bcde 21.2 cde

Aurora a 114.5 bc 110.7 cd
b 9.2 c 11.5 a
c 10.7 b 6.7 g
d 23.5 bc 24.0 ab
e 62.7 c 72.7 abf
f 20.7 de 24.7 ab

Jackmar a 88.7 h
b 7.5 d
c 5.0 h
d 24.5 a
e 40.0 e
f 15.0 f

t Fisher's Protected LSD; means with a letter in common are not significantly
different at the 0.05 probability level.



45

Table 14. Observed mean squares for general combining ability (GCA) and
specific combining ability (SCA) for six agronomic traits involving
parents and F2's from a 5x5 diallel cross grown at the Crop Science
Field Laboratory, 1986-87.

Source df

Mean Squares

Plant
height

Tiller
number

Spike
length

Spike lets
per spike

Biological
yield

Grain
yield

GCA 4 1134.27** 3.17** 69.44** 10.86** 509.93** 45.98**

SCA 10 133.93** 3.94** 1.42** 1.10** 249.67** 22.49**

Error 42 14.80 0.96 0.26 0.41 36.86 5.79

GCA/SCA 8.47 0.80 48.90 9.87 2.04 2.04

Significant at the 0.05 probability level.
Significany at the 0.01 probability level.
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Table 15. Estimates of general combining ability (GCA) effects for plant height,
tiller number, spike length, spikelets per spike, biological yield, and
grain yield for F2 from a 5x5 diallel cross grown at the Crop Science
Field Laboratory, 1986-87.

General Combining Ability Effects

Parents Plant Tiller Spike Spike lets Biological Grain
height number length per spike yield yield

Stephens -4.750 0.171 1.171 -0.579 -1.907 -0.143

Malcolm -2.786 0.457 0.993 -0.007 4.343 1.536

Yamhill 4.250 -0.043 -0.436 -0.650 1.700 0.250

Aurora 9.000 -0.150 0.850 0.493 2.343 0.357

Jackmar -5.714 -0.436 -2.579 0.743 -6.479 -2.000

S. E. ("gi gj) 1.028 0.262 0.136 0.171 1.622 0.643
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was contributed by Jackman Malcolm had the highest positive effect for tiller

number, biological yield, and grain yield.

Estimates of SCA effects for the six traits are presented in Table 16. For

plant height, the cross Malcolm/Aurora and Stephens/Malcolm had the highest

positive SCA effect. Aurora /Jackmar presented greater positive effects for tiller

number, biological yield and grain yield. For spike length, the highest SCA effect

was with Stephens/Aurora. Stephens/Malcolm presented the largest SCA effect

for spikelets per spike.

Parents and F3 combining ability analysis

Analyses of variance for parents and F3 population revealed that there

were differences for six of the seven traits measured (Appendix Table 7). No

differences among genotypes were found for harvest index.

Mean values for 10 F3's with their parents are given in Table 17.

Malcolm/Jackmar had the lowest and Yamhill/Aurora had the highest mean

value for plant height. The largest mean value for tiller number was observed

with cross Aurora/Jackman Stephens/Malcom had the longest spike, with

Yamhill/Jackmar having the shortest. More spikelets per spike and higher grain

yield was noted with the cross Aurora/Jackmar. For biological yield,

Malcolm/Yamhill had the highest mean value, with Stephen/Jackmar having the

lowest value for this trait.

Mean squares obtained from the combining ability analysis are indicated

in Table 18. Both GCA and SCA estimates were significant for all the traits
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Table 16. Estimates of specific combining ability (SCA) effects for plant height
(x1), tiller number (x2), spike length (x3), spikelets per spike (x4),
biological yield (x5), and grain yield (x6) for F2's from a 5x5 diallal
cross grown at the Crop Science Field Laboratory, 1987-88.

Parent

Parent Trait Malcolm Yamhill Aurora Jackmar

Stephens x1 -3.548 5.667 3.167 3.881
x2 -0.179 0.321 0.179 0.964
x3 0.369 -0.202 0.512 -1.060
x4 0.952 -0.155 0.202 0.452
x5 1.214 4.607 2.964 6.786
x6 1.024 1.310 0.702 1.560

Malcolm x1 2.952 9.202 -0.083
x2 0.536 -0.607 0.179
x3 -0.524 0.190 -0.131
x4 -0.476 -0.119 -0.119
x5 7.357 1.464 -0.464
x6 2.131 0.274 0.381

Yamhill x1 0.917 2.131
x2 -0.607 0.179
x3 0.369 0.048
x4 0.774 0.024
x5 -3.643 4.679
x6 -0.440 0.667

Aurora 2.881
x2 2.036
x3 -0.738
X4 -0.119
x5 12.286
x6 4.060

Standard Error Plant Tiller Spike Spikelets Biological Grain
height number length per spike yield yield

S. E. (§ii §,k) 2.518 0.642 0.333 0.420 3.974 1.575
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Table 17. Mean values for (a) plant height cm, (b) tiller number, (c) spike length
cm, (d) spikelets per spike, (e) biological yield gm, and (f) grain yield
gm, of five parents and their F3's from a 5x5 diallel cross grown at the
Crop Science Field Laboratory, 1986-87.

Parent

Parent Trait Stephens Malcolm Yamhill Aurora Jackmar

Stephens a 90.5 gh t 96.0 fg 105.2 de 108.5 bcd 100.2 ef
b 9.7 ab 10.0 ab 10.5 ab 10.2 ab 10.2 ab
c 11.7 abc 12.2 a 10.2 ef 12.0 ab 8.5 g
d 21.0 e 22.0 de 21.7 ef 22.7 cd 22.7 cd
e 53.0 f 61.0 cdef 67.5 abcde 65.5 abcde 59.5 ef
f 19.7 d 21.7 bcd 24.0 ab 22.5 abcd 21.0 cd

Malcolm a 94.7 fgh 110.7 abcd 113.2 abc 93.5 gh
b 11.0 a 10.5 ab 10.2 ab 10.0 ab
c 11.2 bcd 9.0 g 11.0 cde 7.0 h
d 22.7 cd 21.5 ef 23.0 bc 23.7 ab
e 68.0 abc 70.2 a 69.5 ab 59.7 def
f 23.5 abc 23.2 abc 23.2 abc 21.5 bcd

Yamhill a 107.2 cd 116.0 a 105.7 de
b 9.7 ab 9.2 b 10.0 ab
c 8.5g 10.0 f 5.7i
d 21.5 ef 23.7 ab 23.0 bc
e 61.5 bcde 63.5 abcde 61.2 cde
f 21.0 cd 20.2 d 19.7 d

Aurora a 114.5 ab 106.7 d
b 9.2 b 11.0 a
c 10.7 def 7.0 h
d 23.5 abc 23.7 ab
e 62.7 abcde 67.7 abcd
f 20.7 cd 24.7 a

Jackmar a 88.7 h
b 7.5 c
c 5.0 i
d 24.2 a
e 40.0 g
f 15.0 e

t Fisher's Protected LSD; means with a letter in common are not significantly
different at the 0.05 probability level.
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Table 18. Observed mean squares for general combining ability (GCA) and
specific combining ability (SCA) for six agronomic traits involving
parents and F3's from a 5x5 diallel cross grown at the Crop Science
Field Laboratory, 1986-87.

Source df

Mean Squares

Plant
height

Tiller
number

Spike
length

Spikelets
per spike

Biological
yield

Grain
yield

GCA 4 906.27** 3.15* 72.97** 11.70** 470.23** 30.65**

SCA 10 82.50** 2.80* 1.38** 0.79 141.09** 19.33**

Error 42 20.69 1.05 0.34 0.42 32.09 4.06

GCA/SCA 10.98 1.12 52.88 14.81 3.33 1.59

* Significant at the 0.05 probability level.
** Significant at the 0.01 probability level.
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measured with the exception of SCA for spikelets per spike. The GCA/SCA

ratio varied from 1.12 for tiller number to 52.88 for spike length.

Estimates of GCA effects for individual parents, along with their standard

errors, can be found in Table 19. Aurora had the highest positive effect for plant

height. For tiller number, biological yield and grain yield the highest positive

GCA effects were observed with Malcolm. Stephens and Jackmar had the

highest positive GCA effects for spike length, and spikelets per spike,

respectively.

Specific combining ability effects for the traits under evaluation are given

in Table 20. The cross Stephens/Jackmar had the largest SCA effect for plant

height, whereas the cross Aurora/Jackmar had the highest positive SCA effect for

tiller number. For spike length the cross Stephens/Malcolm exhibited the highest

positive SCA effect, with Aurora/Jackmar having the lowest effect. This latter

cross had a greater positive SCA effects for biological yield and grain yield. The

cross Yamhill/Aurora presented the highest positive SCA values for spikelets per

spike.

Combining ability estimates over generations

General and specific combining ability estimates and GCA/SCA ratios for

Fl, F2, and F3 generation are presented in Table 21. The GCA to SCA ratio

indicated an increasing trend for GCA effects for plant height, tiller number,

spike length, and biological yield with the advancement of generations. However,
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Table 19. Estimates of general combining ability effects (GCA) for plant height,
tiller number, spike length, spikelets per spike, biological yield, and
grain yield for F3 from a 5x5 diallel cross grown at the Crop Science
Field Laboratory, 1986-87.

General Combining Ability Effects

Parents Plant Tiller Spike Spike lets Biological Grain
height number length per spike yield yield

Stephens -4.243 0.114 1.514 -0.736 -1.857 -0.007

Malcolm -2.529 0.436 0.836 -0.093 3.571 1.136

Yamhill 4.507 0.007 -0.557 -0.486 1.857 0.064

Aurora 7.543 -0.064 0.764 0.550 2.750 0.493

Jackmar -5.279 -0.493 -2.557 0.764 -6.321 -1.686

S. E. (gi -kj) 1.215 0.274 0.156 0.173 1.514 0.538



Table 20. Estimates of specific combining ability (SCA) effects for pla
(x1), tiller number (x2), spike length (x3), spikelets per spike
biological yield (x5), and grain yield (x6) for F3's from a 5x5
cross grown at the Crop Science Field Laboratory, 1986-87.
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nt height
(x4),
diallel

Parent

Parent Trait Malcolm Yamhill Aurora Jackmar

Stephens x1 -0.679 1.536 1.750 6.321
x2 -0.500 0.429 0.250 0.679
x3 0.583 -0.024 0.405 0.226
x4 0.095 0.238 0.202 -0.012
x5 -2.798 5.417 2.524 5.595
x6 -0.845 2.476 0.548 1.226

Malcolm 5.321 4.786 -2.143
x2 0.107 -0.071 0.107
x3 -0.595 0.083 -0.595
x4 -0.655 -0.190 0.345
x5 2.738 1.095 0.417
x6 0.583 0.155 0.583

Yamhill x1 0.500 3.071
x2 -0.643 0.536
x3 0.476 -0.452
x4 0.952 -0.012
x5 -3.190 3.631
x6 -1.774 -0.095

Aurora 1.036
X2 1.607
X3 -0.774
x4 -0.298
x5 9.230
x6 4.476

Standard Error Plant Tiller Spike Spike lets Biological
height number length per spike yield

S. E. (kJ - §) 2.977 0.671 0.381 0.424 3.708

Grain
yield

1.319
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Table 21. Observed mean squares over various generations for plant height, tiller number, spike
length, spikelets per spike, biological yield, and grain yield from a 5x5 diallel cross grown
at the Crop Science Field Laboratory, 1986-87.

Source df

Mean Squares

Plant height Tiller number

Fl F2 F3 Fl F2 F3

GCA 4 1486.93** 1134.27** 906.27** 3.35 3.17** 3.15*

SCA 10 207.32** 133.93** 82.50** 4.10* 394** 2.80*

Error 42 14.95 14.80 20.69 1.78 0.96 1.05

GCA/SCA 7.17 8.47 10.98 0.82 0.80 1.12

Spike length Spike lets per spike

Fl F2 F3 Fl F2 F3

GCA 4 95.88** 69.44** 72.97** 15.40** 10.86** 11.70**

SCA 10 5A4** 1.42** 1.38** 0.93 1.10* 0.79

Error 42 0.50 0.26 0.34 0.75 0.41 0.42

GCA/SCA 17.63 48.93 52.88 16.55 9.87 14.81

Biological yield Grain yield

Fl F2 F3 Fl F2 F3

GCA 4 568.67** 50993** 470.23** 26.05 45.98** 30.65**

SCA 10 33539** 249.67** 141.09** 63.73** 22.49** 19.33**

Error 42 109.66 36.86 32.09 15.61 5.79 4.06

GCA/SCA 1.69 2.04 3.33 0.41 2.04 1.59

* Significant at the 0.05 probability level.
** Significant at the 0.01 probability level.
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such a trend was not present for spikelets per spike. For grain yield the ratio

increased in F2 over the Fl, but decreased in F3 generation.

Contributions of each parent to GCA effects over various generations

along with their mean values are presented in Table 22. Parents Aurora and

Yamhill for plant height, and parent Malcolm for tiller number, biological yield

and grain yield, consistently had higher positive GCA effects over all the

generations. For spike length, Stephens had the highest positive GCA effects,

whereas, Jackmar presented the largest positive effects for spikelets per spike

across all the generations.

In general, the highest parental mean values usually corresponded with the

higher GCA effects for a specific trait. Aurora had the highest mean value for

plant height and had the highest GCA effects for this attribute. Jackmar had the

lowest mean value for plant height and also had the lowest GCA effects over

various generations. The only exception involving this trait was in the Fl

generation where Stephens had a lower GCA effect than Jackmar. A similar

trend was observed for tiller number, spike length, spikelet per spike, biological

yield and grain yield when the mean value of the parent are compared to GCA

effects.

Specific combining ability effects over various generations are provided in

Table 23. For plant height the Malcolm/Aurora cross had the highest positive

SCA effects in Fl and F2, but for the F3 Stephens /Jackmar had a greater effect.

The highest positive SCA effect for tiller number was observed with

Yamhill/Jackmar in the Fl. However, Aurora/Jackmar presented the highest



Table 22. Parental mean (x) and general combining ability (GCA) effects over generations for six agronomic traits from
a 5x5 diallel cross grown at the Crop Science Field Laboratory, 1986-87.

General Combining Ability Effects

Plant height Tiller number Spike length

Parent x Fl F2 F3 x Fl F2 F3 x Fl F2 F3

Stephens 90.5 -6.236 -4.750 -4.243 9.7 -0.136 0.171 0.114 11.7 1.150 1.171 1.514
Malcolm 94.7 -3.379 -2.786 -2.529 11.0 0.614 0.457 0.436 11.2 1.114 0.993 0.836
Yamhill 107.2 5.407 4.250 4.507 9.7 -0.100 -0.043 0.007 8.5 -0.243 -0.436 -0.557
Aurora 114.5 9.979 9.000 7.543 9.2 -0.207 -0.150 -0.064 10.7 1.114 0.850 0.764
Jackmar 88.7 -5.771 -5.714 -5.279 7.5 -0.171 -0.436 -0.493 5.0 -3.136 -2.579 -2.557

S. E. (g, - gi) 1.033 1.028 1.215 0.356 0.262 0.274 0.189 0.136 0.156

Spike lets per spike Biological yield Grain yield

Parent x Fl F2 F3 x Fl F2 F3 x Fl F2 F3

Stephens 21.0 -0.957 -0.579 -0.736 53.0 -4.900 -1.907 -1.857 19.7 -1.071 -0.143 -0.007
Malcolm 22.7 0.007 -0.007 -0.093 68.5 4.386 4.343 3.571 23.5 1.179 1.536 1.136
Yamhill 21.5 -0.493 -0.650 -0.486 61.5 1.779 1.700 1.857 21.0 -0.071 0.250 0.064
Aurora 23.5 0.721 0.493 0.550 62.7 3.493 2.343 2.750 20.7 0.750 0.357 0.493
Jackmar 24.2 0.721 0.793 0.764 40.0 -4.757 -6.479 -6.321 15.0 -0.786 -2.000 -1.686

S. E.(gi gi) 0.232 0.171 0.173 2.798 1.622 1.514 1.056 0.643 0.538

C7N



Table 23. Estimates of specific combining ability (GCA) effects over various generations for plant height, tiller number,
spike length, spikelets per spike, biological yield, and grain yield from a 5x5 diallel cross grown at the Crop
Science Field Laboratory, 1986-87.

Cross

Specific Combining Ability Effects

Plant height Tiller number Spike length

Fl F2 F3 Fl F2 F3 Fl F2 F3

Stephens/Malcolm -7.036 -3.548 -0.679 -0.345 -0.179 -0.500 0.369 0.369 0.583
Stephens/Yamhill 4.924 5.667 1.536 -0.881 0.321 0.429 -0.524 -0.202 -0.024
Stephens/Aurora 3.857 3.167 1.750 -0.524 0.179 0.250 0.619 0.512 0.405
Stephens/Jackmar 3.107 3.881 6.321 0.940 0.964 0.679 -1.131 -1.060 0.226
Malcolm/Yamhill 7.321 2.952 5.321 -0.131 0.536 0.107 0.262 -0.524 -0.595
Malcolm/Aurora 8.250 9.202 4.786 0.226 -0.607 -0.071 1.155 0.190 0.083
Malcolm/Jackmar -0.750 0.179 -2.143 -0.060 0.179 0.107 -1.595 -0.131 -0.595
Yamhill/Aurora 3.714 0.917 0.500 -1.060 -0.607 -0.643 0.762 0.369 0.476
Yamhill/Jackmar 1.964 2.131 3.071 1.405 0.179 0.536 -0.238 0.048 -0.452
Aurora/Jackmar 5.893 2.881 1.036 1.262 2.036 1.607 -1.345 -0.738 -0.774

S. E. (Sii Sik) 2.530 2.518 2.977 0.873 0.642 0.671 0.464 0.333 0.381



Table 23 (continued)

Cross

Specific Combining Ability effects

Spike lets per spike Biological yield Grain yield

Fl F2 F3 Fl F2 F3 Fl F2 F3

Stephens/Malcolm -0.417 0.952 0.095 -6.786 1.214 -2.798 -1.607 1.024 -0.845
Stephens/Yamhill -0.167 -0.155 0.238 1.321 4.607 5.417 1.143 1.310 2.476
Stephens/Aurora 0.369 0.202 0.202 0.857 2.964 2.524 1.071 0.702 0.548
Stephens/Jackmar 0.119 0.452 -0.012 8.107 6.786 5.595 2.607 1.560 1.226
Malcolm/Yamhill 0.619 -0.476 -0.655 5.286 7.357 2.738 0.893 2.131 0.583
Malcolm/Aurora 0.155 -0.119 -0.190 9.821 1.464 1.095 3.821 0.274 0.155
Malcolm/Jackmar -0.095 -0.119 0.345 1.321 -0.464 0.417 1.607 0.381 0.583
Yamhill/Aurora 0.655 0.774 0.952 -3.571 -3.643 -3.190 -1.679 -0.440 -1.774
Yamhill/Jackmar -0.345 0.024 -0.012 10.179 4.679 3.631 4.357 0.667 -0.095
Aurora / Jackmar 0.440 -0.119 -0.298 10.464 12.286 9.230 5.286 4.060 4.476

S. E. (S4 - Sik) 0.567 0.420 0.424 6.855 3.974 3.708 2.586 1.575 1.319
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effect in F2 and F3 generation. No consistency among crosses for SCA effect for

spike length was noted. Crosses Yamhill/Aurora for spikelets per spike;

Aurora/Jackmar and Stephen/Jackmar for biological yield; and Aurora / Jackmar

for grain yield exhibited the most consistent and higher SCA effects over various

generations.

Heritability estimates

Narrow-sense heritability estimates were obtained by parent-progeny

regression in standard units. The computed values for the seven traits are

summarized in Table 24. Plot mean values were used for regressing Fl on

mid-parent, F2 on F1, and F3 on F2 generation.

Regressions of the Fl on mid-parent resulted in high estimates for plant

height (94.2), spike length (94.4), spikelets per spike (84.5), and harvest index

(72.4). Lower estimates were observed for tiller number (-34.9), grain yield

(-20.2), and biological yield (31.7). When the F2 was regressed on the Fl, values

of 97.5 and 96.9 was observed for plant height and spike length, respectively.

Using the same method estimates were low for tiller number (35.7) and grain

yield (11.8). For spikelets per spike, biological yield, and grain yield the

calculated values were 63.2, 58.4 and 50.3 percent, respectively.

Regression of F3 on F2 presented higher estimates for all traits, with the

exception of harvest index. Values over 90 percent were observed for plant

height, spike length, and biological yield. For tiller number, spikelets per spike,
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Table 24. Narrow-sense heritability estimates, h2 (1), for plant height, tiller
number, spike length, spikelets per spike, biological yield, grain yield,
and harvest index from a 5x5 diallel cross grown at the Crop Science
Field Laboratory, 1986-87.

Trait

Regression in Standard Units

F1 on MP F2 on F1 F3 on F2

Plant height 94.2 97.5 94.7

Tiller number -34.9 35.7 85.6

Spike length 94.4 96.9 95.4

Spike lets per spike 84.5 63.2 82.8

Biological yield 31.7 58.4 90.2

Grain yield -20.2 11.8 74.6

Harvest index 72.4 50.3 53.7

(1) h2 = F on F_1 regression in standard units x 100
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and grain yield these values were recorded 85.6, 82.8 and 74.6 percent,

respectively.

In general, heritability estimates were consistently higher depending on the

generation used for plant height and spike length ranging from 94.2 to 97.5

percent, and 94.4 to 96.9 percent, respectively. The same was true for spikelets

per spike. For harvest index the heritability estimates ranges from 50.3 to 72.4

percent. Lower values were observed for grain yield and tiller number from

regression of F1 on mid-parent and F2 on Fl. However, higher estimates (74.6

and 85.6, respectively) were observed from regression of F3 on F2 generation for

these traits.

Predicting progeny performance for single crosses

Three models were utilized for predicting grain yield, plant height and

biological yield of ten single crosses for the Fl, F2 and F3 generations. The

observed and predicted values for grain yield, with their respective coefficient of

determination (R2) are presented in Table 25. Model 1, which predict grain yield

using mid-parent values had coefficient of determination (R2) with observed yield

of 0.02. Utilizing GCA and SCA effects (Model 11), a coefficient of

determination of 0.52 was found. Model 111 which relies on the parental mean

and Fl generation mean had a R2 of 0.30.

For plant height, actual and predicted values are presented in Table 26.

High coefficient of determination values were obtained between actual and

predicted plant height for all the models employed. The R2 value was of 0.69 for
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Table 25. Coefficient of determiantion (R2) between observed and predicted values involving
three models for grain yield of the ten single crosses from Fl, F2, F3 generations of the
5x5 diallel cross grown at the Crop Science Field Laboratory, 1986-87.

Cross Gen.

Grain Yield (gin)

Observed
(gm)

Model
I

Model
II

Model
III

Stephens/Malcolm Fl 22.00 21.62 20.12
F2 24.75 21.62 24.04 21.81
F3 21.75 21.62 21.91 21.71

Stephens/Yamhill Fl 23.25 20.37 20.37
F2 23.75 20.37 21.79 21.81
F3 24.00 20.37 22.91 21.09

Stephens/Aurora Fl 24.25 20.25 21.00
F2 23.25 20.25 21.16 22.25
F3 22.50 20.25 21.28 21.25

Stephens/Jackmar Fl 24.25 17.37 18.12
F2 21.75 17.37 16.79 20.81
F3 21.00 17.37 16.90 19.09

Malcolm/Yamhill Fl 25.50 22.25 24.25
F2 26.25 22.25 26.16 23.88
F3 23.25 22.25 24.03 23.06

Malcolm/Aurora Fl 29.25 22.12 27.87
F2 24.25 22.12 24.29 25.69
F3 23.25 22.12 23.90 23.91

Malcolm/Jackmar Fl 25.50 19.25 21.25
F2 22.50 19.25 19.16 22.37
F3 21.50 19.25 19.28 20.81

Yamhill/Aurora Fl 22.50 20.87 19.87
F2 22.50 20.87 21.04 21.69
F3 20.25 20.87 19.66 21.28

Yamhill/Jackmar Fl 27.00 18.00 21.50
F2 21.25 18.00 16.91 22.50
F3 19.75 18.00 16.28 20.25

Aurora / Jackmar Fl 28.75 17.87 23.12
F2 24.75 17.87 20.29 2331
F3 24.75 17.87 21.15 20.59

Coefficient of
determination R2 0.02 0.52 0.30

n 30 30 20
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Table 26. Coefficient of determination (R2) between observed and predicted values involving
three models for plant height of the ten single crosses from Fl, F2, F3 generations of the
5x5 diallel cross grown at the Crop Science Field Laboratory, 1986-87.

Cross Gen.

Plant Height (cm)

Observed
(cm)

Model
I

Model
II

Model
III

Stephens/Malcolm Fl 88.75 92.62 75.97
F2 93.50 92.62 81.54 90.69
F3 96.00 92.62 85.17 91.66

Stephens/Yamhill Fl 109.50 98.87 102.97
F2 109.75 98.87 104.04 104.19
F3 105.25 98.87 100.67 101.53

Stephens/Aurora Fl 113.00 102.50 110.10
F2 112.00 102.50 109.91 107.75
F3 108.50 102.50 107.55 105.12

Stephens / Jackmar Fl 96.50 89.62 80.72
F2 98.00 89.62 83.04 93.06
F3 100.25 89.62 86.42 91.34

Malcolm/Yamhill Fl 114.75 101.00 110.34
F2 109.00 101.00 105.41 107.88
F3 110.75 101.00 108.29 104.43

Malcolm/Aurora Fl 120.25 104.62 119.47
F2 120.00 104.62 120.04 112.43
F3 113.25 104.62 114.42 108.53

Malcolm/Jackmar Fl 95.50 91.75 81.85
F2 96.00 91.75 83.16 93.62
F3 93.50 91.75 81.79 92.68

Yamhill/Aurora Fl 124.50 110.87 129.97
F2 118.75 110.87 125.04 117.69
F3 116.00 110.87 123.42 114.28

Yamhill/Jackmar Fl 107.00 98.00 99.60
F2 105.25 98.00 98.66 98.50
F3 105.75 98.00 100.29 100.25

Aurora / Jackmar Fl 115.50 101.62 111.72
F2 110.75 101.62 107.79 108.56
F3 106.75 101.62 104.92 105.09

Coefficient of
determination R2 0.69 0.82 0.92

n 30 30 20
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model 1, and 0.82 for model 11. While model 111 had the highest value of 0.92.

Observed and predicted biological yield for the 10 single crosses can be

found in Table 27. Model 1 predict utilizing mid-parent value and had a R2

value of 0.18. Model 11 and 111 gave predictions for this trait of R2 values of

0.66 and 0.54, respectively.

The relative performance of the Fl, F2, and F3 populations (space

planted) and bulked F3 lines for the high and low GCA parents in different

combinations for plant height are shown in Table 28. The high x high GCA

parental combination (Yamhill/Aurora) had higher mean values under space and

solid seeded conditions. In contrast, low x low GCA combination

(Stephens /Jackmar) resulted lower mean values under both planting conditions.

A similar comparison is made for grain yield in Table 29. The highest

grain yield under space planted conditions for F1, F2, and F3 population was

from the cross Malcolm/Aurora. Whereas, under solid seeded conditions the

same cross resulted second to highest for grain yield. The highest grain yield

under solid seeded conditions was observed with Stephen/Malcolm, a low x high

GCA combination.
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Table 27. Coefficient of determination (R2) between observed and predicted values involving three
models for biological yield of the ten single crosses from Fl, F2, F3 generations of the
5x5 diallel cross grown at the Crop Science Field Laboratory, 1986-87.

Biological Yield (gm)

Cross Gen. Observed Model Model Model
(gin) I II III

Stephens/Malcolm Fl 57.25 60.75 53.45
F2 68.25 60.75 64.40 59.00
F3 61.00 60.75 59.67 59.87

Stephens/Yamhill Fl 62.75 57.12 55.32
F2 69.00 57.12 61.65 59.94
F3 67.50 57.12 62.67 58.53

Stephens/Aurora Fl 64.00 58.87 57.32
F2 68.00 58.87 61.27 60.94
F3 65.50 58.87 61.29 59.40

Stephens/Jackmar Fl 63.00 46.50 44.95
F2 63.00 46.50 44.90 54.75
F3 59.50 46.50 43.92 50.62

Malcolm/Yamhill Fl 76.00 65.00 76.45
F2 78.00 65.00 78.4() 70.50
F3 70.25 65.00 73.16 67.75

Malcolm/Aurora Fl 82.25 65.62 83.32
F2 72.75 65.62 73.77 73.93
F3 69.50 65.62 73.04 69.78

Malcolm/Jackmar Fl 65.50 54.25 55.20
F2 62.00 54.25 51.65 59.86
F3 59.75 54.25 51.98 57.06

Yamhill/Aurora Fl 66.25 62.12 63.82
F2 65.00 62.12 62.52 64.19
F3 63.50 62.12 63.54 63.15

Yamhill/Jackmar Fl 71.75 50.75 57.95
F2 64.50 50.75 50.65 61.25
F3 61.25 50.75 49.90 56.00

Aurora/Jackmar Fl 73.75 51.37 60.57
F2 72.75 51.37 59.52 62.56
F3 67.75 51.37 57.03 56.96

Coefficient of
determination R2 0.18 0.66 0.54

n 30 30 20
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Table 28. Performance of individual F1, F2, and F3 plants space planted (15cm),
and bulked F3 lines solid seeded (90kg/hac) from a 5x5 diallel cross
where parents had different general combining ability effects for plant
height, when grown at the Crop Science Field Laboratory, 1986-87.

Crosses

Plant Height (cm)

Space Planted Solid Seeded

Fl F2 F3 F3

High x High GCA

Yamhill/Aurora 124.5 118.7 116.0 136.0

Low x High GCA

Stephens/Aurora 113.0 112.0 108.0 131.3

Low x Low GCA

Stephens/Jackmar 96.5 98.0 100.2 111.5
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Table 29. Performance of individual F1, F2, and F3 plants space planted (15cm),
and bulked F3 lines solid seeded (90kg/hac) from a 5x5 diallel cross
where parents had different general combining ability effects for grain
yield, when grown at the Crop Science Field Laboratory, 1986-87.

Grain Yield (gms)

Space Planted
(gms/plant)

Solid Seeded
(gms/meter)

Crosses Fl F2 F3 F3

High x High GCA

Malcolm/Aurora 29.3 24.5 23.2 233.0

Low x High GCA

Stephens/Malcolm 22.0 24.8 21.8 238.0

Low x Low GCA

Stephens/Jackmar 24.2 21.8 21.0 191.2
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Study 11

This study reports results from an experiment conducted under solid

seeded conditions including parents and bulked F3 populations.

Analysis of variance

The observed mean squares for the various sources of variation for plant

height, tiller number, biological yield, kernels per spike, 300 kernel weight, grain

yield and harvest index are summarized in Appendix Table 8, and 9. These

Tables represent the separate analysis of variance for parents and 10 resulting F3

single cross populations, respectively.

Differences were found among parents for plant height, tiller number,

kernels per spike, 300 kernel weight, and grain yield (Appendix Table 8). No

differences were detected for biological yield and harvest index. Coefficients of

variation were high for biological yield (11.9), grain yield (15.9), and harvest index

(15.2). For other traits measured, they were below 10 percent.

When parents and F3 populations are considered together, significant

differences were found for most traits (Appendix Table 9). The two exceptions

were tiller number and harvest index. Coefficients of variation were low for plant

height (5.4), tiller number (8.3), kernels per spike (7.0), and 300 kernel weight

(6.2). However, high coefficients of variation were observed with biological yield,

grain yield and harvest index (11.9, 14.1, and 15.6, respectively).

Comparisons of the mean performance of parents and bulked F3

populations are given in Table 30. No differences were found for tiller number,



Table 30. Mean values of the five parents and their bulked F3's for plant height, biological yield, kenrels per spike,
300, kernel weight, and grain yield from a 5x5 diallel cross grown at the Crop Science Field laboratory, 1986-87.

Parent/cross

Means

Plant
height
(cm)

Biological
yield
(gm/meter)

Kernels per
spike

300, kernel
weight

(gm)

Grain
yield

(gm/meter)

Stephens 101.33 g t 666.00 abc 57.60 defg 15.93 a 277.25 a
Malcolm 98.00 g 576.25 bc 59.40 def 15.70 a 220.75 bcde
Yamhill 119.83 cde 665.50 abc 54.40 def 15.07 a 223.00 bcde
Aurora 130.50 ab 582.75 bc 52.55 gh 15.00 ab 180.75 e
Jackamr 97.42 g 558.75 c 74.00 a 11.70 e 182.75 e
Stephens/Malcolm 105.50 fg 601.00 bc 50.67 h 15.32 a 238.00 ab
Stephens/Yamhill 126.58 bc 629.25 bc 55.90 fgh 14.95 ab 227.50 bcd
Stephens/Aurora 131.33 ab 658.00 abc 54.35 fgh 15.40 a 204.00 bcde
Stephens/Jackmar 111.50 of 570.50 bc 62.90 cd 13.20 cd 191.25 cde
Malcolm/Yamhill 127.08 bc 745.00 a 60.15 cdef 14.05 bc 236.75 ab
Malcolm/Aurora 128.75 abc 757.25 a 56.40 efgh 15.57 a 233.00 bc
Malcolm / Jackmar 105.50 fg 607.75 bc 71.05 bc 13.07 cd 224.00 bcde
Yamhill/Aurora 136.75 a 676.25 ab 52.05 gh 13.65 cd 203.75 bcde
Yamhill/Jackmar 122.75 bcd 592.75 bc 61.90 cde 12.52 de 185.75 de
Aurora / Jackmar 114.50 def 671.50 ab 65.80 bc 13.57 cd 221.25 bcde

t Fisher's Protected LSD test; means with a letter in common are not significantly different at the 0.05 probability
level.
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and harvest index. Jackmar had the lowest mean value for plant height, whereas,

Aurora with either Stephens, Malcolm or Yamhill had the highest and were

different from other F3 populations being similar to the parent Aurora. For

biological yield, Malcolm/Aurora had the highest mean value, while the lowest

value was observed with Jackmar. The largest mean value for kernels per spike

was observed with Jackmar which was different from other genotypes, except the

F3 population involving Malcolm/Jackmar. Stephens had the highest mean

values for 300 kernel weight and grain yield. The highest yielding F3 populations

were Stephens/Malcolm, Malcolm/Yamhill, and Malcolm/Aurora.
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1987-88 Investigation

Study 1

Results obtained from a 5x5 diallel cross involving parents, Fl, F2, F3, F4,

and all possible Fl top crosses grown under space planted conditions at the Crop

Science Field Laboratory are reported. The organization of the section is the

same as in 1986-87 investigation. Two differences were that the number of traits

studied was reduced from seven to five and top crosses were included.

Evaluation of parents

Observed mean squares for five traits involving the parents are presented

in Appendix Table 10. Differences were observed among parents for plant

height, tiller number, biological yield, grain yield and harvest index. Coefficients

of variation were low, ranging from 1.7 % for plant height to 9.7 % for grain

yield.

A comparison of the mean values for five parents are presented in

Table 31. Yamhill and Aurora were the tallest and Stephens was the shortest.

Higher number of tillers was recorded with Malcolm, while, Aurora had the

fewest. Malcolm and Yamhill produced more biological yield and had the highest

grain yield. The highest harvest index was observed for Stephens with Malcolm

and Yamhill producing similar values. Lower mean values for biological yield,

grain yield and harvest index were observed with Jackmar.
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Table 31. Mean values of the five parents for plant height, tiller number,
biological yield, grain yield, and harvest index when grown under space
planted conditions at the Crop Science Field Laboratory, 1987-88.

Means

Parents Plant Tiller Biological Grain Harvest
height number yield Yield index
(cm) (gms) (gms)

Stephens 95.5 c t 15.5 b 104.0 b 50.0 b 0.48 a

Malcolm 99.0 b 18.5 a 132.5 a 62.2 a 0.47 ab

Yamhill 114.2 a 15.7 b 132.7 a 60.5 a 0.46 bc

Aurora 113.7 a 13.2 c 101.7 b 41.5 c 0.44 c

Jackmar 98.2 bc 16.5 b 93.0 b 40.7 c 0.41 d

t Fisher's protected LSD test; means with a letter in common are not significantly
different at 0.05 probability level.
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Analysis of variance

Observed mean squares for the five traits reveal that differences existed

among the 10 crosses for all the traits under evaluation (Appendix Table 11).

Differences were also noted for five traits when generations and the cross x

generation interactions are considered. Coefficients of variation ranged from

2.4 % for plant height to 10.7 % for tiller number. For biological yield, grain

yield and harvest index, the values were 9.4, 10.5, and 5.2, respectively.

Mean values and standard deviations for plant height involving crosses and

generations are given in Table 32. Yamhill/Aurora had the highest mean values

for plant height in the Fl, F2, F4, and TC1 generations. The Fl population

means for all crosses were higher than their respective parents. The exceptions

were Malcolm/Yamhill, Aurora/Jackmar, and Stephens with either Malcolm or

Yamhill. Higher standard deviations were observed with Stephens/Yamhill and

Yamhill/Jackmar in F2; Stephens/Jackmar, Malcolm /Yamhill, and

Aurora/Jackmar in F3; Yamhill/Aurora and Malcolm/Aurora in F4; and

Stephens/Malcolm and Stephens/Aurora in TC2 and TC3, respectively.

Differences were observed for both crosses, generations and the interactions of

cross x generation for tiller number (Appendix Table 11). In Table 33, Fl

progeny of crosses Stephens/Yamhill, Stephens/Aurora, and Aurora / Jackmar had

higher mean values than either of their respective parents. Malcolm / Jackmar

consistently produced more tillers across generations, with the exception of TC2

and TC3 generation. Standard deviations varied depending on the specific cross

and generation. The high values were observed for the TC1 involving



Table 32. Means (x), and standard deviations (s.d) for plant height (cm) involving Fl, F2, F3, F4 and top cross
generations from a 5x5 diallel cross grown at the Crop Science Field Laboratory, 1987-88.

Gen.

Crosses1"

Stp/Mal Stp/Ymh Stp/Au Stp/Jck Mal/Ymh Mal/Au Mal /Jck Ymh/Au Ymh /Jck Au/Jck

Fl i 96.9 111.9 119.6 102.1 115.1 119.3 99.9 125.1 120.3 111.6
s.d 6.4 4.9 5.8 5.0 6.7 3.1 4.3 5.4 7.1 4.4

F2 i 95.7 107.1 111.5 100.5 116.8 116.7 100.9 123.0 109.9 107.4
s.d 5.4 14.1 10.6 9.2 13.4 11.4 11.9 11.3 17.5 10.6

F3 i 96.6 108.1 110.7 107.3 116.7 111.3 103.7 114.6 112.6 110.9
s.d 5.1 11.5 12.4 10.9 14.9 13.9 9.2 14.1 12.2 14.6

F4 3i 97.8 104.9 110.9 100.7 107.2 110.0 96.1 121.3 111.3 108.5
s.d 5.5 12.6 13.3 10.0 12.6 14.7 9.4 18.8 15.5 13.1

TC1 i 112.0 106.3 106.6 98.7 106.7 106.4 99.6 117.5 101.7 108.4
s.d 6.2 12.0 12.4 7.0 12.0 9.8 9.5 9.7 10.2 9.9

TC2 -X 115.8 116.8 119.8 117.4 125.1 118.6 116.7 119.4 110.5 110.5
s.d 9.2 9.1 10.8 8.4 14.0 7.5 7.6 9.5 12.7 9.6

TC3 i 99.0 106.4 108.2 110.4 110.3 104.5 114.2 117.6 117.8 122.4
s.d 6.3 12.0 13.7 9.9 14.0 12.2 12.2 10.2 11.2 8.5

P1 x 94.2 93.7 96.7 98.0 101.7 96.4 99.1 113.4 113.6 115.2
P2 x 97.3 112.5 113.3 97.5 115.7 111.4 97.3 113.5 98.6 98.2

1/ Parental lines: Stp = Stephens, Mal = Malcolm, Ymh = Yamhill, Au = Aurora, Jck = Jackmar



Table 33. Means (x), and standard deviations (s.d) for tiller number involving Fl, F2, F3, F4, and top cross generations
from a 5x5 diallel cross grown at the Crop Science Field Laboratory, 1987-88.

Gen.

CrossesU

Stp/Mal Stp/Ymh Stp/Au Stp/Jck Mal/Ymh Mal/Au Mal /Jck Ymh/Au Ymh /Jck Au/Jck

Fl i 16.5 17.7 15.7 16.7 17.6 15.9 18.6 12.9 17.0 17.2
s.d 5.3 5.1 3.6 3.6 5.1 4.0 5.7 3.3 4.7 3.7

F2 i 18.0 16.9 15.9 18.7 16.3 14.4 18.9 14.7 17.8 16.7
s.d 4.3 4.1 3.9 4.7 4.1 3.6 5.9 3.2 5.0 3.9

F3 X- 17.1 15.9 15.2 18.9 16.7 15.0 19.1 13.8 17.2 16.2
s.d 3.8 4.1 4.0 4.5 4.4 4.2 4.9 3.4 6.6 4.4

F4 i 17.0 16.9 15.9 17.9 17.3 15.6 19.3 14.6 17.5 16.5
s.d 4.2 8.2 4.6 4.4 4.3 4.8 4.7 6.2 5.0 4.3

TC1 i 17.1 18.6 15.8 17.4 16.5 15.5 19.0 15.4 17.7 16.7
s.d 4.2 4.8 4.6 4.3 8.1 4.2 5.1 3.5 4.3 4.9

TC2 i 16.4 15.7 14.1 16.7 15.4 13.5 16.4 16.5 18.3 17.1
s.d 3.7 3.6 3.5 3.1 3.4 4.4 3.8 5.0 4.7 3.8

TC3 i 17.8 19.1 18.5 15.5 17.5 16.7 17.1 15.7 15.4 15.9
s.d 4.1 4.9 5.4 3.6 5.1 4.3 3.6 4.2 4.7 3.5

P1 i 14.1 16.7 15.6 16.3 17.9 17.9 19.3 14.9 17.5 14.6
P2 x 17.0 15.0 13.0 17.3 14.1 12.2 15.6 11.8 17.1 16.2

1/ Parental lines: Stp = Stephens, Mal = Malcolm, Ymh = Yamhill, Au = Aurora, Jck = Jackmar
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Malcolm/Yamhill (8.1) and the F4 with Stephens/Yamhill (8.2). As noted in

Appendix Table 11, differences for biological yield were detected both for

crosses and generations and cross x generation interactions. Malcolm/Yamhill

had the highest mean values for Fl, F2, F3, and F4 generations (Table 34). For

most crosses the Fl mean values exceeded either parent with the exception of

Malcolm/Jackmar and Yamhill/Aurora. The highest standard deviations were

observed in the Fl generation for the crosses Stephens/Yamhill (52.6) and

Malcolm/Yamhill (55.2).

Mean values and standard deviations for grain yield for crosses and

generations are presented in Table 35. The cross Malcolm/Yamhill had the

highest mean values in Fl and F4 generation. In F2, F3, and TC1 generations,

the highest mean values were observed for Stephens/Malcolm, whereas,

Yamhill/Aurora and Aurora/Jackmar had higher values in TC2 and TC3,

respectively. The Fl mean values for crosses Stephens/Yamhill,

Stephens/Aurora, Malcolm/Yamhill, Yamhill/Aurora and Aurora / Jackmar

exceeded their respective parents. When standard deviations for generations are

considered, the higher F1 values were observed with Stephens/Yamhill,

Malcolm/Yamhill, and Malcolm/Jackmar; for the F2, Stephens/Malcolm and

Stephens/Jackmar, TC2 for Yamhill/Aurora, and TC3 involve Aurora/Jackman

Generations F3, F4, and TC1 did not show large standard deviations for any of

the cross combinations compared to other generations.

For harvest index differences were found for crosses, generations and the

interactions of cross x generation (Appendix Table 11). Fl progeny means of the



Table 34. Means (i), and standard deviations (s.d) for biological yield (gms) involving Fl, F2, F3, F4,and top cross
generations from a 5x5 diallelcross grown at the Crop Science Field Laboratory, 1987-88.

Gen.

Crosses"

Stp/Mal Stp/Ymh Stp/Au Stp/Jck Mal/Ymh Mal/Au Mal /Jck Ymh/Au Ymh/Jck Au/Jck

Fl rc 129.3 146.4 145.7 119.3 178.2 154.6 132.6 126.4 151.4 141.2
s.d 38.0 52.6 32.4 29.5 55.2 43.8 42.1 35.8 40.7 30.6

F2 -X 134.0 126.3 127.6 127.0 146.5 135.9 130.9 125.6 137.6 122.6
s.d 32.4 30.9 37.2 35.7 39.1 41.23 32.6 31.1 51.5 34.5

F3 i 131.9 122.8 114.4 121.9 143.0 127.5 130.2 125.9 127.2 116.6
s.d 31.2 33.2 34.5 34.7 40.9 41.2 36.5 34.0 38.8 38.3

F4 i 127.1 122.3 116.1 116.4 140.5 119.4 121.7 120.0 128.8 112.9
s.d 34.7 40.4 39.0 29.1 41.6 35.8 32.3 39.8 39.7 36.1

TC1 i 143.2 146.7 124.4 128.9 121.5 128.2 137.8 130.6 125.4 129.2
s.d 39.0 42.6 41.9 33.4 32.1 41.8 36.8 29.2 42.1 44.2

TC2 i 145.2 136.2 127.6 145.2 141.7 132.6 145.3 156.7 148.2 142.4
s.d 35.3 32.5 34.8 35.7 36.0 40.8 36.9 52.5 41.1 38.3

TC3 i 124.6 141.4 132.8 118.3 135.9 130.5 141.7 121.8 130.7 143.4
s.d 38.4 41.2 49.0 32.5 44.9 46.3 42.7 37.6 40.0 40.4

P1 Tc 98.0 100.7 105.8 112.0 125.7 132.0 143.4 129.8 141.6 106.0
P2 x 127.7 134.3 111.2 103.8 125.5 100.7 82.1 89.5 94.6 90.7

1/ Parental lines: Stp = Stephens, Mal = Malcolm, Ymh = Yamhill, Au = Aurora, Jck = Jackmar



Table 35. Means (i), and standard deviations (s.d) for grain yield (gms) involving Fl, F2, F3, F4, and top cross
generatins from a 5x5 diallel cross grown at the Crop Science Field Laboratory, 1987-88.

Gen.

Crosses II

Stp/Mal Stp/Ymh Stp/Au Stp/Jck Mal/Ymh Mal/Au Mal /Jck Ymh/Au Ymh /Jck Au/Jck

Fl i 57.9 68.3 65.2 52.4 78.9 52.3 59.7 59.5 61.2 62.5
s.d 17.5 25.6 13.6 11.7 26.3 13.0 23.7 17.9 20.6 15.0

F2 "iE 62.5 57.2 53.3 57.0 61.0 51.7 55.1 52.3 55.3 48.8
s.d 17.9 14.8 16.3 16.3 16.2 17.5 15.0 12.9 21.2 15.6

F3 i 60.7 55.1 48.3 51.4 60.4 50.3 56.7 55.1 47.8 43.2
s.d 13.9 15.5 15.3 15.2 17.1 16.6 16.3 14.4 15.8 16.7

F4 i 60.4 55.6 49.3 48.7 61.5 50.6 51.5 49.4 50.5 42.9
s.d 16.3 19.3 16.0 12.9 17.0 15.0 13.9 15.2 17.0 16.5

TC1 Tr 66.7 65.8 56.8 56.1 57.3 58.6 64.2 59.6 56.1 59.0
s.d 17.3 21.8 17.9 16.0 15.2 18.2 18.1 15.1 16.6 18.1

TC2 i 62.6 59.8 56.1 59.9 59.9 59.6 62.1 66.4 64.09 62.6
s.d 15.1 16.9 17.2 15.2 15.6 18.5 7.4 23.3 18.4 16.2

TC3 i 59.6 58.1 58.7 47.2 56.9 56.5 58.0 52.7 53.2 61.2
s.d 15.5 16.6 19.7 13.3 19.5 18.8 17.5 16.3 22.7 18.8

P1 TE 50.1 44.9 51.3 53.4 59.1 61.6 65.8 59.3 63.1 42.2
P2 x 60.3 61.3 44.0 42.4 58.8 39.1 39.6 38.4 42.3 36.8

1/ Parental lines: Stp = Stephens, Mal = Malcolm, Ymh = Yamhill, Au = Aurora, Jck = Jackmar
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crosses Stephens/Yamhill, Yamhill/Aurora, and Aurora /Jackmar had higher

mean values than their respective parents (Table 36). Stephens/Malcolm gave

larger mean values in F2, F3, F4, and TC3 generation. None of the generation

consistently showed higher standard deviations for any of the cross combinations.

Parents and Fl combining ability analysis

Mean squares for five traits are given in Appendix Table 12. Significant

differences were observed among genotypes.

Mean values involving five parents with their respective F1's from a 5x5

diallel for the five measured traits are presented in Table 37. For plant height,

the Yamhill/Aurora progeny had the highest mean value. The same cross

resulted the lowest mean value for tiller number with the crosses

Stephens/Yamhill and Malcolm /Jackmar having the highest values.

Malcolm/Yamhill had more biological yield and higher grain yield. The highest

harvest index was observed with the cross Stephens/Yamhill and Yamhill/Aurora.

Analyses of GCA and SCA for the five traits are provided in Table 38.

Both GCA and SCA estimates were significant for all traits. The highest

GCA/SCA ratio was observed with plant height (5.86). Harvest index had the

lowest ratio (1.02).

Direct comparison of GCA effects contributed by each parent with the

corresponding standard errors for the individual traits are presented in Table 39.

Stephens had the best GCA effect for plant height. For tiller number, Malcolm

had the highest GCA effect. When biological yield and grain yield are



Table 36. Means (i), and standard deviations (s.d) for harvest index involving F1, F2, F3, F4, and top cross generations
from a 5x5 diallelcross grown at the Crop Science Field Laboratory, 1987-88.

Gen.

Crosses"

Stp/Mal Stp/Ymh Stp/Au Stp/Jck Mal/Ymh Mal/Au Mal /Jck Ymh/Au Ymh/Jck Au /Jck

Fl ii 0.45 0.47 0.45 0.44 0.44 0.34 0.45 0.47 0.40 0.44
s.d 0.06 0.03 0.04 0.05 0.04 0.04 0.08 0.09 0.08 0.05

F2 i 0.46 0.45 0.42 0.45 0.42 0.38 0.43 0.42 0.40 0.40
s.d 0.05 0.05 0.09 0.05 0.06 0.08 0.09 0.07 0.06 0.08

F3 i 0.46 0.45 0.42 0.42 0.42 0.40 0.44 0.44 0.38 0.37
s.d 0.04 0.06 0.07 0.06 0.05 0.07 0.05 0.06 0.07 0.08

F4 i 0.48 0.45 0.43 0.42 0.44 0.43 0.43 0.42 0.40 0.39
s.d 0.05 0.06 0.06 0.05 0.07 0.07 0.06 0.08 0.09 0.09

TC1 i 0.47 0.45 0.46 0.43 0.47 0.47 0.47 0.45 0.46 0.46
s.d 0.04 0.07 0.07 0.06 0.04 0.09 0.04 0.07 0.06 0.05

TC2 i 0.43 0.45 0.44 0.41 0.43 0.45 0.42 0.43 0.44 0.44
s.d 0.06 0.09 0.07 0.04 0.05 0.04 0.05 0.07 0.09 0.05

TC3 i 0.49 0.42 0.45 0.40 0.42 0.43 0.41 0.44 0.40 0.42
s.d 0.07 0.06 0.06 0.07 0.07 0.05 0.07 0.06 0.08 0.06

P 1 -ic- 0.51 0.45 0.49 0.48 0.47 0.47 0.46 0.46 0.45 0.40
x 0.48 0.46 0.40 0.42 0.47 0.39 0.49 0.44 0.45 0.41

1/ Parental lines: Stp = Stephens, Mal = Malcolm, Ymh = Yamhill, Au = Aurora, Jck = Jackmar
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Table 37. Mean values for (a) plant height cm, (b) tiller number, (c) biological
yield gm, (d) grain yield gm, and (e) harvest index, of five parents and
their F1's from a 5x5 diallel cross grown at the Crop Science Field
Laboratory, 1987-88.

Parent Trait

Parent

Stephens Malcolm Yamhill Aurora Jackmar

Stephens a 95.50 f t 97.00 f 112.25 d 119.75 b 102.25 e
b 15.50 cd 16.75 abc 18.25 ab 15.75 c 16.75 abc
c 104.00 fgh 130.00 cde 149.25 bcd 146.00 bcd 119.00 efg
d 50.00 de 58.25 bcd 69.75 ab 65.50 b 52.50 cde
e 0.48 a 0.45 ab 0.47 ab 0.45 ab 0.44 bc

Malcolm a 99.00 ef 115.00 cd 119.25 bc 99.75 ef
b 18.50 a 17.50 abc 16.00 bc 18.75 a
c 132.50 bcde 178.50 a 154.75 b 133.50 bcde
d 62.25 bc 78.75 a 52.50 cde 60.25 bcd
e 0.47 ab 0.44 bc 0.34 d 0.45 ab

Yamhill a 114.25 d 125.25 a 120.50 b
b 15.75 c 12.75 e 17.00 abc
c 132.75 bcde 126.75 def 151.50 bc
d 60.50 bcd 59.25 bcd 61.25 bcd
e 0.46 ab 0.47 ab 0.41.c

Aurora a 113.75 d 111.50 d
b 13.25 de 17.25 abc
c 101.75 gh 141.25 bcde
d 41.50 e 62.75 bc

Jackmar

e

a
b
c
d
e

0.41 c 0.44 b

98.25 ef
16.50 abc
93.00 h
40.75 e
0.44 bc

t Fishers's Protected LSD; means with a letter in common are not significantly
different at the 0.05 probability level.
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Table 38. Observed mean squares for general combining ability (GCA) and
specific combining ability (SCA) for five agronomic traits involving
parents and F1's from a 5x5 diallel cross grown at the Crop Science
Field Laboratory, 1987-88.

Source df

Mean Squares

Plant
height

Tiller
number

Biological
yield

Grain
yield

Harvest
index

GCA 4 973.21** 25.95** 2382.53** 562.96** 0.0048**

SCA 10 166.03** 6.00* 1866.52** 327.26** 0.0047**

Error 42 10.36 2.52 265.38 69.10 0.0006

GCA/SCA 5.86 4.32 1.27 1.72 1.02

* Significant at the 0.05 probability level.
** Significant at the 0.01 probability level.
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Table 39. Estimates of general combining ability (GCA) effects for plant height,
tiller number, biological yield, grain yield, and harvest index for Fl
from a 5x5 diallel cross grown at the Crop Science Field
Laboratory,1987-88.

General Combining Ability Effects

Parents Plant Tiller Biological Grain Harvest
height number yield yield index

Stephens -5.007 0.000 -6.507 -0.614 0.018

Malcolm -4.043 1.071 9.136 3.421 -0.003

Yamhill 6.314 -0.214 10.529 5.671 0.006

Aurora 6.564 -1.464 -3.650 -3.900 -0.018

Jackmar -3.829 0.607 -9.507 -4.579 -0.004

S. E.(gi - gi) 0.860 0.424 4.354 2.222 0.003
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considered, Yamhill followed closely by Malcolm, contributed the highest positive

GCA effects. The highest positive GCA effect associated with harvest index was

seen with Stephens.

Estimates of SCA effects along with corresponding standard errors are

given in Table 40. The crosses Stephens/Aurora, Yamhill/Jackmar, and

Malcolm/Aurora had the largest SCA effects for plant height. For tiller number,

Stephens/Yamhill had the largest positive SCA effect, while the lowest effect was

contributed by Yamhill/Aurora. Malcolm/Yamhill, Stephens/Aurora and

Aurora /Jackmar had the highest SCA effects for biological yield. Largest SCA

effect for grain yield was associated with Aurora /Jackmar, whereas,

Malcolm/Aurora had the lowest SCA effect. The highest effect for harvest index

was with Yamhill/Aurora with Malcolm/Aurora having the lowest SCA effect.

Parents and F2 combining ability analysis

The analysis of variance for parents and F2's from a 5x5 diallel cross for

the five traits reveals that differences among genotypes exist (Appendix Table 13).

Mean values for F2's from 10 single crosses together with parental means are

presented in Table 41. The cross Yamhill/Aurora had the highest mean value

for plant height. Malcolm/Jackmar had more tillers, with Malcolm/Yamhill

producing more biological yield. Highest grain yield and harvest index were noted

with Stephens/Malcolm.

General and specific combining ability estimates for all variables are given

in Table 42. Both GCA and SCA were significant for most traits with harvest



Table 40. Estimates of specific combining ability (SCA) effects for pla
(x1), tiller number (x2), biological yield (x3), grain yield (x4),
harvest index (x5) for F1's from a 5x5 diallel cross grown at
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nt height
and
the Crop

Science Field Laboratory, 1987-88.

Parent

Parent Trait Malcolm Yamhill Aurora Jac lunar

Stephens XI -3.500 1.393 8.643 1.536
x2 -0.738 2.048 0.798 -0.274
x3 -5.595 12.262 23.190 2.048
x4 -2.940 6.310 11.631 -0.690
x5 -0.006 -0.000 0.010 -0.013

Malcolm xl 3.179 7.179 -1.929
x2 0.226 -0.024 0.655
x3 25.869 16.298 0.905
x4 11.274 -5.405 3.024
x5 -0.004 -0.079 0.018

Yamhill xl 2.821 8.464
x2 -1.988 0.190
x3 -13.095 17.512
x4 -0.905 1.774
X5 0.038 -0.038

Aurora XI -0.786
x2 1.690
X3 21.440
x4 12.845
x5 0.025

Standard Error Plant
height

Tiller Biological
number yield

Grain
yield

Harvest
index

S. E. (gii gik) 2.107 1.039 10.664 5.442 0.014
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Table 41. Mean values for (a) plant height cm, (b) tiller number, (c) biological
yield gm, (d) grain yield gm, and (e) harvest index, of five parents and
their F2's from a 5x5 diallel cross grown at the Crop Science Field
Laboratory, 1987-88.

Parent

Parent Trait Stephens Malcolm Yamhill Aurora Jackmar

Stephens a 95.50 f f 96.00 f 107.25 d 111.50 cd 100.75 e
b 15.50 bcde 18.00 bc 16.75 bcd 16.00 bcde 18.75 ab
c 104.00 d 134.00 abc 127.00 bc 127.25 bc 127.25 bc
d 50.00 de 62.50 a 57.00 abc 53.50 cde 56.75 abcd
e 0.48 a 0.47 ab 0.45 bc 0.42 de 0.45 bc

Malcolm a 99.00 ef 116.75 b 116.75 b 100.75 e
b 18.50 ab 16.50 bcde 14.50 de 21.75 a
c 132.50 bc 146.50 a 135.75 abc 131.00 bc
d 62.25 a 61.00 ab 51.75 cde 55.25 bcde
e 0.47 ab 0.42 def 0.38 g 0.42 de

Yamhill a 114.25 bc 123.25 a 110.00 cd
b 15.75 bcde 14.75 cde 18.00 bc
c 132.75 bc 125.75 bc 137.50 ab
d 60.50 ab 52.25 cde 55.25 bcde
e 0.46 bc 0.42 def 0.40 ef

Aurora a 113.75 bc 107.75 d
b 13.25 e 16.75 bcd
c 101.75 d 122.75 c
d 41.50 f 49.00 e
e 0.41 ef 0.40 fg

Jackmar a 98.25 ef
b 16.50 bcde
c 93.00 d
d 40.75 f
e 0.44 cd

f Fisher's Protected LSD; means with a letter in common are not significantly
different at the 0.05 probability level.
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Table 42. Observed mean squares for general combining ability (GCA) and
specific combining ability (SCA) for five agronomic traits involving
parents and F2's from a 5x5 diallel cross grown at the Crop Science
Field Laboratory, 1987-88.

Source df

Mean Squares

Plant
height

Tiller
number

Biological
yield

Grain
yield

Harvest
index

GCA 4 860.18** 37.95** 1513.03** 482.74** 0.0076**

SCA 10 76.45** 8.72 591.48** 59.86* 0.0018**

Error 42 9.33 5.33 90.69 23.06 0.0003

GCA/SCA 11.25 4.35 2.56 8.06 4.22

* Significant at the 0.05 probability level.
** Significant at the 0.01 probability level.
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index being the one exception for SCA involving tiller number. The highest

GCA/SCA ratio was observed with plant height and the lowest for biological

yield. The ratios were 4.35, 8.06, and 4.22, for tiller number, grain yield, and

harvest index, respectively.

The contribution of individual parents to GCA effects are presented in

Table 43. Yamhill and Aurora had the highest positive GCA effect for plant

height. For tiller number, Malcolm and Jackmar had the highest GCA effects.

The largest positive GCA effect for biological yield and grain yield was found

with Malcolm and Yamhill. Stephens presented the highest positive GCA effect

for harvest index.

Specific combining ability effects estimated for the F2 generation are

provided in Table 44. For plant height, Malcolm crosses with either Yamhill or

Aurora presented the largest positive SCA effects. Malcolm/Jackmar provided

the highest SCA effect for tiller number. Crosses of Stephens with either Aurora

or Jackmar and the cross Yamhill/Jackmar had the highest positive SCA effect

for biological yield. For grain yield the highest positive effect was noted with

Stephens / Jackmar. Very little effect was noted for any of the crosses for harvest

index, however, the highest values were observed for Stephens/Malcolm and

Yamhill/Aurora.
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Table 43. Estimates of general combining ability (GCA) for plant height, tiller
number, biological yield, grain yield, and harvest index for F2 from the
5x5 diallel cross grown at the Crop Science Field Laboratory, 1987-88.

General Combining Ability Effects

Parents Plant Tiller Biological Grain Harvest
height number yield yield index

Stephens -5.443 0.000 -4.000 0.864 -0.023

Malcolm -2.336 1.036 8.679 4.471 0.005

Yamhill 5.879 -0.429 7.250 3.257 0.001

Aurora 6.021 -1.714 -5.214 -4.886 -0.022

Jackmar -4.121 1.107 -6.714 -3.707 -0.006

S. E. (k - k) 0.816 0.617 2.545 1.283 0.002
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Table 44. Estimates of specific combining ability (SCA) for plant height (x1),
tiller number (x2), biological yield (x3), grain yield (x4), and harvest
index (x5) for F2's from a 5x5 diallel cross grown at the Crop Science
Field Laboratory, 1987-88.

Parent

Parent Trait Malcolm Yamhill Aurora Jackmar

Stephens x1 -3.655 -0.619 3.488 2.881
x2 0.214 0.429 0.964 0.893
x3 4.071 -1.500 11.214 12.714
x4 3.214 -1.071 3.571 5.643
x5 0.007 -0.006 -0.010 -0.001

Malcolm x1 5.774 5.631 -0.226
x2 -0.857 -1.571 2.857
x3 5.321 7.036 3.786
x4 -0.679 -1.786 0.536
x5 -0.021 -0.035 -0.008

Yamhill x1 3.917 0.810
x2 0.143 0.571
x3 -1.536 11.714
x4 -0.071 1.750
x5 0.006 -0.024

Aurora x1 -1.583
x2 0.607
x3 9.429
x4 3.643
x5 -0.005

Standard Error Plant Tiller Biological Grain Harvest
height number yield yield index

S. E. (s,, §;k) 2.000 1.511 6.233 3.144 0.010
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Parents and F3 combining ability analysis

Observed mean squares from the analyses of variance from the F3

generation with their parents are shown in Appendix Table 14. Differences were

found for all traits with coefficients of variation below ten percent.

Mean values of the ten F3 populations with their parents are given in

Table 45. Malcolm/Yamhill had the tallest progeny and also had the highest

mean value for biological yield. Jackmar with either Stephens or Malcolm had

the highest tiller number. The Stephens/Malcolm and Malcolm/Yamhill progeny

were the highest yielding. Several of the parental lines are higher in Harvest

index than F3 bulks.

Combining ability analysis calculated from F3 generation are given in

Table 46. Differences for both GCA and SCA were noted for all the traits under

investigation. Ratio of GCA to SCA was higher than one for all variable.

Direct comparison of the GCA effects for parents along with their

standard errors for each trait are shown in Table 47. The largest positive GCA

effects for plant height was noted for the two tallest parents, Yamhill and Aurora.

Malcolm had the highest positive effects for tiller number (1.007) followed closely

by Jackmar (0.936). Malcolm and Yamhill was the best general combiners for

biological yield and grain yield. However, for harvest index, Stephens showed the

largest GCA effect.

Table 48 provides the estimated SCA effects from F3 generation for all

the crosses involving the traits measured. For plant height, Malcolm/Yamhill and

Stephens/Jackmar had the highest positive SCA effects. The highest SCA effect
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Table 45. Mean values for (a) plant height cm, (b) tiller number, (c) biological
yield gm, (d) grain yield gm, and (e) harvest index, of five parents and
their F3's from a 5x5 diallel cross grown at the Crop Science Field
Laboratory, 1987-88.

Parent

Parent Trait Stephens Malcolm Yamhill Aurora Jackmar

Stephens a 95.50 i t 96.75 hi 108.50 ef 110.75 de 107.25 f
b 15.50 ef 17.25 bc 16.00 cdef 15.50 ef 19.00 a
c 104.00 ef 131.50 b 123.00 bcd 114.50 de 121.75 bcd
d 50.00 ef 60.75 ab 55.00 cde 48.50 f 51.50 def
e 0.48 a 0.46 abc 0.45 cd 0.43 ef 0.43 ef

Malcolm a 99.00 h 116.75 a 111.25 bcde 103.50 g
b 18.50 ab 16.75 cde 15.00 fg 19.25 a
c 132.50 ab 142.75 a 127.50 bc 130.25 b
d 62.25 a 60.50 ab 50.25 def 57.00 bc
e 0.47 ab 0.42 ef 0.40 gh 0.44 de

Yamhill a 114.25 abc 114.50 ab 112.25 bcd
b 15.75 def 13.75 gh 17.00 cd
c 132.75 ab 126.25 bc 127.25 bc
d 60.50 ab 55.25 cd 47.75 fg
e 0.46 bcd 0.44 de 0.38 hi

Aurora a 113.75 abcd 111.00 cde
b 13.25 h 16.25 cdef
c 101.75 f 116.75 cd
d 41.50 h 43.00 gh
e 0.41 fg 0.37 i

Jackmar a 98.25 hi
b 16.50 cde
c 93.00 f
d 40.75 h
e ., 0.44 de

t Fisher's Protected LSD; means with a letter in common are not significantly
different at the 0.05 probability level.
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Table 46. Observed mean squares for general combining ability (GCA) and
specific combining ability (SCA) for five agronomic traits involving
parents and F3's from a 5x5 diallel cross grown at the Crop Science
Field Laboratory, 1987-88.

Source df

Mean Squares

Plant
height

Tiller
number

Biological
yield

Grain
yield

Harvest
index

GCA 4 523.89** 31.86** 1784.14** 633.67** 0.0079**

SCA 10 75.65** 3.90** 306.00** 36.44* 0.0028**

Error 42 5.61 1.02 59.43 13.43 0.0002

GCA/SCA 6.92 8.17 5.83 17.39 2.82

* Significant at the 0.05 probability level.
* significant at the 0.01 probability level.
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Table 47. Estimates of general combining ability effects (GCA) for plant height,
tiller number, biological yield, grain yield, and harvest index from for
F3 from a 5x5 diallel cross grown at the Crop Science Field
Laboratory, 1987-88.

General Combining Ability Effects

Parents Plant Tiller Biological Grain Harvest
height number yield yield index

Stephens -4.436 0.079 -4.493 0.279 0.020

Malcolm -2.721 1.007 9.543 5.600 0.011

Yamhill 5.029 -0.457 7.793 3.671 0.002

Aurora 4.243 -1.564 -5.957 -4.829 -0.020

Jackmar -2.114 0.936 -6.886 -4.721 -0.014

S.E. - gi) 0.633 0.279 2.060 0.979 0.002



Table 48. Estimates of specific combining ability
(x1), tiller number (x2), biological yield
harvest index (x5), for F3's from a 5x5
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(SCA) effects for plant height
(x3), grain yield (x4), and
diallel cross grown at the Crop

Science Field Laboratory, 1987-88.

Parent

Parent Trait Malcolm Yamhill Aurora Jackmar

Stephens -3.643 0.357 3.393 6.250
x2 -0.202 0.012 0.619 1.619
x3 4.750 -2.000 3.250 11.429
x4 2.571 -1.250 0.750 3.643
x5 0.001 -0.005 -0.006 -0.012

Malcolm 6.893 2.179 0.786
x2 -0.167 -0.810 0.940
X3 3.714 2.214 5.893
x4 -1.071 -2.821 3.821
x5 -0.020 -0.027 0.010

Yamhill x1 -2.321 1.786
x2 -0.595 0.155
x3 2.174 4.643
x4 4.107 -3.500
x5 0.025 -0.042

Aurora 1.321
x2 0.762
x3 7.893
x4 0.250
x5 -0.028

Standar Error Plant
height

Tiller Biological
number yield

S. E. (kJ 1.550 0.660 5.046

Grain
yield

2.340 0.010

Harvest
index
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for tiller number can be noted for the F3 from the cross Stephens/Jackmar.

Aurora/Jackmar had the highest value for biological yield. The largest positive

value for grain yield and harvest index was observed with Yamhill/Aurora F3

population.

Parents and F4 combining ability analysis

Analyses of variance for parents and the F4 generation are presented in

Appendix Table 15. Differences were observed for all the traits measured. Mean

values were compared using Fisher's Protected LSD test (Table 49). The F4

from the Yamhill/Aurora cross had the highest mean value for plant height. The

F4 involving the cross Malcolm/Jackmar had the most tillers. For grain yield,

Stephens/Malcolm and Malcolm/Yamhill F4's had a higher performance. The

last cross also had higher mean value for biological yield. Largest value for

harvest index was noted with F4 of Stephens/Malcolm.

Mean squares obtained from the analyses of variance for combining ability

are provided in Table 50. Both GCA and SCA estimates were significant for all

traits with the exception of SCA for grain yield. GCA/SCA ratios ranged from a

low of 8.21 for tiller number to a high of 53.85 for grain yield.

General combining ability effects for individual parents for each trait with

the corresponding standard errors are presented in Table 51. Aurora and

Yamhill had the highest positive GCA effects for plant height. For tiller number

and grain yield Malcolm contributed the highest positive GCA effects. Yamhill
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Table 49. Mean values for (a) plant height cm, (b) tiller number, (c) biological
yield gm, (d) grain yield gm, and (e) harvest index, of the five parents
and their F4's from a 5x5 diallel cross grown at the Crop Science Field
Laboratory, 1987-88.

Parent

Parent Trait Stephens Malcolm Yamhill Aurora Jackmar

Stephens a 95.50 g f 97.75 fg 104.75 e 111.00 bcd 100.75 f
b 15.50 fg 17.25 bcde 17.25 bcde 16.00 defg 18.00 abc
c 104.00 gh 127.00 bcde 122.00 bcdef 116.25 ef 116.25 ef
d 50.00 cd 60.50 ab 55.50 bc 49.25 d 49.00 d
e 0.48 a 0.48 a 0.46 bc 0.43 de 0.42 de

Malcolm a 99.00 fg 107.25 de 110.00 cd 96.00 g
b 18.50 ab 17.25 bcde 15.75 efg 19.25 a
c 132.50 abc 140.50 a 119.25 def 121.50 cdef
d 62.25 a 61.50 a 50.75 cd 51.25 cd
e 0.47 ab 0.44 cd 0.43 de 0.43 de

Yamhill a 114.25 b 121.25 a 111.00 bcd
b 15.75 efg 14.50 gh 17.50 bcd
c 132.75 ab 120.00 def 128.75 bcd
d 60.50 ab 49.50 d 50.50 cd
e 0.46 bc 0.41 ef 0.39 fg

Aurora a 113.75 bc 108.50 de
b 13.25 h 16.50 cdef
c 101.75 gh 112.75 gf
d 41.50 e 43.00 e
e 0.41 ef 0.38 g

Jackmar a 98.25 fg
b 16.50 cdef
c 93.00 h
d 40.75 e
e 0.44 cd

t Fisher's Protected LSD; means with a letter in common are not significantly
different at the 0.05 probability level.
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Table 50. Observed mean squares for general combining ability (GCA) and
specific combining ability (SCA) for five agronomic traits involving
parents and F4's from a 5x5 diallel cross grown at the Crop Science
Field Laboratory, 1987-88.

Source df

Mean Squares

Plant
height

Tiller
number

Biological
yield

Grain
yield

Harvest
index

GCA 4 764.28** 25.55** 1743.04** 668.81** 0.0088**

SCA 10 34.66** 3.11* 207.18** 12.42 0.0014**

Error 42 7.81 1.32 61.71 16.77 0.0002

GCA/SCA 22.05 8.21 8.41 53.85 6.28

* Significant at the 0.05 probability level.
** Significant at the 0.01 probability level.
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Table 51. Estimates of general combining ability effects (GCA) for plant height,
tiller number, biological yield, grain yield, and harvest index for F4
from the 5x5 diallel cross grown at the Crop Science Field Laboratory,
1987-88.

General Combining Ability Effects

Parents Plant Tiller Biological Grain Harvest
height number yield yield index

Stephens -4.336 0.000 -3.686 0.564 0.020

Malcolm -3.800 1.000 8.279 5.457 0.015

Yamhill 5.307 -0.214 8.779 3.957 0.001

Aurora 6.093 -1.464 -6.221 -4.971 -0.020

Jackmar -3.264 0.697 -7.150 -5.007 -0.015

S. E. (gi - gi) 0.746 0.307 2.020 1.094 0.0010
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had the highest effect for biological yield with Stephens exhibited the greatest

effect for harvest index.

Specific combining ability effects estimated for the F4 generation can be

found in Table 52. The largest effect for plant height resulted from the

combinations of Stephens/Aurora, Yamhill/Aurora and Yamhill/Jackmar. For

tiller number crosses of Stephens either with Yamhill, Aurora or Jackmar and

Malcolm/Jackmar presented the largest positive SCA effects. Largest SCA

effects for biological yield were observed with the combinations

Stephens/Jackmar and Yamhill/Jackmar followed closely by Aurora / Jackmar and

Stephens/Aurora. Stephens/Malcolm had the highest positive SCA effects for

grain yield and harvest index.

Combining ability estimates over generations

Analyses of variance for combining ability over generations and ratios of

GCA to SCA estimated from F1, F2, F3, and F4 are provided in Table 53. Both

GCA and SCA estimates were significant for plant height, tiller number,

biological yield, grain yield, and harvest index for most generations. The

exceptions were SCA for tiller number in F2 and grain yield in F4 generation.

The GCA/SCA ratio became larger with the advancement of generations, except

for plant height and harvest index in F3 generation.

The comparison of the individual GCA effects of the parents for the traits

measured over successive generations are presented in Table 54. For plant

height, Aurora had the highest effect in most generations, with the exception of
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Table 52. Estimates of specific combining ability (SCA) for plant height (x1),
tiller number (x2), biological yield (x3), grain yield (x4), and harvest
index (x5) for F4's from a 5x5 diallel cross grown at the Crop Science
Field laboratory, 1987-88.

Parent

Parent Trait Malcolm Yamhill Aurora Jackmar

Stephens x1 -0.048 -2.155 3.310 2.417
x2 -0.333 0.881 0.881 0.730
x3 3.190 -2.310 6.940 7.869
x4 2.762 -0.738 1.940 1.726
x5 0.009 0.000 -0.009 -0.016

Malcolm x1 -0.190 1.774 -2.869
x2 -0.119 -0.369 0.988
x3 4.226 -2.024 1.155
x4 0.369 -1.452 -0.917
x5 -0.011 -0.002 -0.011

Yamhill x1 3.917 3.024
x2 -0.405 0.452
x3 -1.774 7.905
x4 -1.202 -0.167
x5 -0.002 -0.027

Aurora x1 -0.262
x2 0.702
x3 6.905
x4 1.262
x5 -0.017

Standar Error Plant Tiller Biological Grain Harvest
height number yield yield index

S. E. (kJ §il,) 1.829 0.751 5.142 2.681 0.010
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Table 53. Observed mean squares over various generations for plant height, tiller number, biological
yield, grain yield, and harvest index from a 5x5 diallel cross grown at the Crop Science
Field Laboratory, 1987-88.

Source df

Mean Squares

Plant height Tiller number

Fl F2 F3 F4 Fl F2 F3 F4

GCA 4 973.21** 860.18** 523.89** 764.28** 25.95** 37.94**
31.86** 25.55**

SCA 10 166.03** 76.45** 75.65** 34.66** 6.00* 7.72 3.90** 3.11*

Error 42 10.36 9.33 5.61 7.81 2.52 5.33 1.01 1.32

GCA/SCA 5.86 11.25 6.92 22.05 4.32 4.35 8.17 8.21

Biological yield Grain yield

Fl F2 F3 F4 Fl F2 F3 F4

GCA 4 2382.83** 1513.03** 1784.14** 1743.04** 562.96** 482.74** 633.67**668.81**

SCA 10 1866.52** 591.48** 306.00** 207.18** 327.26** 59.86* 3644* 12.42

Error 42 265.38 90.69 59.43 61.71 69.10 23.06 13.43 16.77

GCA/SCA 1.27 2.56 5.83 8.41 1.72 8.06 17.39 53.85

Harvest index

Fl F2 F3 F4

GCA 4 0.0048** 0.0076** 0.0079** 0.0088**

SCA 10 0.0047** 0.0018** 0.0028** 0.0014**

Error 42 0.0006 0.0003 0.0002 0.0002

GCA/SCA 1.02 4.22 2.82 6.28

* Significant at the 0.05 probability level.
** Significant at the 0.01 probability level.



Table 54. Parental mean (i) and general combining ability (GCA) effects over generations for five agronomic traits
from a 5x5 diallel cross grown at the Crop Science Field Laboratory, 1987-88.

Parent

General Combining Ability Effects

Plant height Tiller number Biological yield

Fl F2 F3 F4 x Fl F2 F3 F4 x Fl F2 F3 F4

Stephens 95.5 -5.007 -5.443 -4.436 -4.336 15.5 0.000 0.000 0.079 0.000 104.0 -6.507 -4.000 4.493 -3.686
Malcolm 99.0 -4.043 -2.336 -2.721 -3.800 18.5 1.071 1.036 1.007 1.000 132.5 9.136 8.679 9.543 8.279
Yamhill 114.2 6.314 5.879 5.029 5.307 15.7 -0.214 -0.429 -0.457 -0.214 132.7 10.529 7.250 7.793 8.779
Aurora 113.7 6.564 6.021 4.243 6.093 13.2 -1.464 -1.714 -1.564 -1.464 101.7 -3.650 -5.214 -5.957 -6.221
Jackmar 98.2 -3.829 -4.121 -2.114 -3.264 16.5 0.607 1.107 0.936 0.697 93.0 -9.507 -6.714 -6.886 -7.150

S. E. (g, gi) 0.860 0.816 0.633 0.747 0.424 0.617 0.269 0.307 4.354 2.545 2.060 2.020

Parent

Grain yield Harvest index

Fl F2 F3 F4 Fl F2 F3 F4

Stephens 50.0 -0.614 0.864 0.279 0.564 0.48 0.018 0.023 0.020 0.020
Malcolm 62.2 3.421 4.471 5.600 5.457 0.47 -0.003 0.005 0.011 0.015
Yamhill 60.5 5.671 3.257 3.671 3.957 0.46 0.006 0.001 0.002 0.001
Aurora 41.5 -3.900 -4.886 -4.829 -4.971 0.41 -0.018 -0.022 -0.020 -0.020
Jackmar 40.75 -4.579 -3.707 -4.721 -5.007 0.44 -0.004 -0.006 -0.014 -0.015

S. E. (gi - gi) 2.222 1.283 0.979 1.094 0.003 0.003 0.002 0.001
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F3, where Yamhill had a higher effect. Malcolm had the highest positive effect

for tiller number. The highest positive effect for biological yield in the Fl and

F4 generations was noted with Yamhill. In the F2 and F3 the highest effects

were observed with Malcolm. The GCA effects for grain yield were positive in

all generations with Yamhill and Malcolm. However, Yamhill seems to be good

GCA combiner in the Fl, while Malcolm excelled in the F2, F3, and F4

generation. The GCA effects of Stephens for harvest index were larger and

positive across generations.

Specific combining ability effects estimated from all generations are

provided in Table 55. For plant height, Stephens/Aurora and Yamhill/Jackmar

had highest SCA effect in the Fl; Malcolm/Yamhill in F2 and F3; and

Yamhill/Aurora in the F4 generation. The cross Malcolm/Jackmar had the

highest positive effect for tiller number in F2 and F4. In the Fl

Stephens/Yamhill and in F3 Stephens/Jackmar had the highest positive SCA

effect for tiller number. For biological yield, Stephens/Jackmar had large SCA

effects in F2 and F3 generation. In the Fl and F4 higher effects were observed

for Malcolm/Yamhill and Yamhill/Jackmar. Stephens/Jackmar and

Yamhill/Aurora presented higher positive SCA effects for grain yield in F2 and

F3, respectively. Whereas, a greater effects in F1 were with Stephens/Aurora

and in F4 with Stephens/Malcolm. The estimates for harvest index were not

consistent across generations.



Table 55. Estimates of specific combining ability (SCA) effects over various generations for plant height, tiller number,
biological yield, grain yield, and harvest index from a 5x5 diallel cross grown at the Crop Science Field
Laboratory, 1987-88.

Cross

Specific Combining Ability Effects

Plant height Tiller number Biological yield

Fl F2 F3 F4 Fl F2 F3 F4 Fl F2 F3 F4

Stephens/Malcolm -3.500 -3.655 -3.643 -0.048 -0.738 0.214 -0.202 -0.333 -5.595 4.071 4.750 3.190
Stephens/Yamhill 1.393 -0.619 0.357 -2.155 2.048 0.429 0.012 0.881 12.262 -1.500 -2.000 -2.310
Stephens/Aurora 8.643 3.488 3.393 3.310 0.798 0.964 0.619 0.881 23.190 11.214 3.250 6.940
Stephens/Jackmar 1.536 2.881 6.250 2.417 -0.274 0.893 1.619 0.730 2.048 12.714 11.429 7.869
Malcolm/Yamhill 3.179 5.774 6.893 -0.190 0.226 -0.857 -0.167 -0.119 25.869 5.321 3.714 4.226
Malcolm/Aurora 7.179 5.631 2.179 1.774 -0.024 -1.571 -0.810 -0.369 16.298 7.036 2.214 -2.024
Malcolm/Jackmar -1.929 -0.226 0.786 -2.869 0.655 2.857 0.940 0.988 0.905 3.786 5.893 1.155
Yamhill/Aurora 2.821 3.917 -2.321 3.917 -1.988 0.143 -0.595 -0.405 -13.095 -1.536 2.714 -1.774
Yamhill/Jackmar 8.464 0.810 1.786 3.024 0.190 0.571 0.155 0.452 17.512 11.714 4.463 7.905
Aurora/Jackmar -0.786 -1.583 1.321 -0.262 1.690 0.607 0.762 0.702 21.440 9.429 7.893 6.905

S. E. (Sii - Sik) 2.107 2.000 1.550 1.829 1.039 1.511 0.660 0.751 10.664 6.233 5.046 5.142



Table 55 (continued)

Cross

Specific Combining Ability Effects

Grain yield Harvest index

Fl F2 F3 F4 Fl F2 F3 F4

Stephens/Malcolm -2.940 3.214 2.571 2.762 -0.006 0.007 0.001 0.009
Stephens/Yamhill 6.310 -1.071 -1.250 -0.738 -0.000 -0.006 -0.005 0.000
Stephens/Aurora 11.631 3.571 0.750 1.940 0.010 -0.010 -0.006 -0.009
Stephens/Jackmar -0.690 5.643 3.643 1.726 -0.013 -0.001 -0.012 -0.016
Malcolm/Yamhill 11.274 -0.679 -1.071 0.369 -0.004 -0.021 -0.020 -0.011
Malcolm/Aurora -5.405 -1.786 -2.821 -1.452 -0.079 -0.035 -0.027 -0.002
Malcolm/Jackmar 3.024 0.536 3.821 -0.917 0.018 -0.008 0.010 -0.001
Yamhill/Aurora -0.905 -0.071 4.107 -1.202 0.038 0.006 0.025 -0.002
Yamhill/Jackmar 1.774 1.750 -3.500 -0.167 -0.038 -0.024 -0.042 -0.027
Aurora/Jackmar 12.845 3.643 0.250 1.262 0.025 -0.005 -0.028 -0.017

S. E.(Sij - Sik) 5.442 3.144 2.399 2.681 0.014 0.01 0.01 0.01
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Heritability estimates

Parent-progeny regression in standard units (Frey and Homer, 1957) was

used to compute narrow-sense heritability estimates. Heritability values for the

five traits are presented in Table 56. Higher estimates were obtained for plant

height using the Fl mid-parent regression. Estimates lower than 50 percent

were observed for grain yield and harvest index. The values for tiller number

and biological yield tended to be intermediate.

The lowest heritability estimate using the regression of F2 on Fl was for

grain yield. For plant height, tiller number and biological yield , these estimates

were of similar magnitude as previously observed from F1 using mid-parent

regression. The heritability estimate for harvest index was 65 percent.

When compared to the other heritability estimates, the regression of F3

on F2 gave higher estimates for all the variables under investigation. The highest

estimates were observed for tiller number followed by plant height, biological

yield, grain yield and harvest index. All the estimates were above 70 percent.

Heritability estimates consistently increased as the generations were advanced

with the exception of grain yield from regression of F2 on Fl and plant height

for the F3 on F2.

Predicting progeny performance

Three models were employed for predicting grain yield, plant height, and

biological yield of 10 single crosses with the resulting Fl, F2, F3 and F4

generations. The actual and predicted values for grain yield with their respective



108

Table 56. Narrow-sense heritability estimates, h2 (1), for plant height, tiller
number, biological yield, grain yield, and harvest index from a 5x5
diallel cross grown at the Crop Science Field Laboratory, 1987-88.

Regression in Standard Units

Trait F1 on MP F2 on F1 F3 on F2

Plant height 91.4 91.8 87.5

Tiller number 63.9 66.5 91.9

Biological yield 67.5 71.3 85.5

Grain yield 49.6 33.7 81.0

Harvest index 23.7 65.0 79.0

(1) h2 = Fn on Fn_1 regression in standard units x 100
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coefficient of determination (R2) are presented in Table 57. Model 1 which

predict grain yield using the mid-parent values had a R2 value of 0.35. Estimates

for potential grain yield in terms of GCA and SCA effects (Model 11) had a R2

value of 0.69. Model 111 which relies on the mean of the parents and Fn (n = 1,

2, 3, and 4) generation mean had a R2 value of 0.61.

For plant height, all models gave satisfactory results in terms of prediction.

Actual and predicted values for this trait are given in Table 58. Coefficient of

determination (R2) values between observed and predicted plant height for model

1, 11, and 111 were 0.74, 0.93, and 0.81, respectively.

Observed and predicted values for biological yield with their coefficients of

determination values are given in Table 59. Model 1 had a low R2 value of 0.29.

For model 11 and 111 the calculated R2 values were 0.69 and 0.62, respectively.

In general, model 1 did not gave accurate prediction for the traits studied

with the exception of plant height. Model 11 and 111 gave satisfactory prediction

for plant height, grain yield, and biological yield. Model 11 had a higher R2

value for all traits when compared to other models.

Results from Fl, F2, F3, and F4 populations (Space planted) and bulked

F4 lines (solid seeded) for plant height are shown in Table 60. Yamhill /Aurora,

a high x high GCA combination presented higher mean values for all populations

under space planted conditions. The same was true for bulked F4 under solid

seeded conditions. Stephens/Malcolm, a low x low GCA combination for plant

height resulted in lower mean values. A similar comparison was made for grain

yield (Table 61). Malcolm/Yamhill was the high x high GCA cross, which
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Table 57. Coefficient of determiantion (R2) between observed and predicted values involving three
models for grain yield of the ten single crosses from Fl, F2, F3, F4 generations of the
5x5 diallel cross grown at the Crop Science Field Laboratory, 1987-88.

Cross Gen.

Grain Yield (gm)

Observed
(gin)

Model
I

Model
II

Model
III

Stephens/Malcolm Fl 58.25 56.12 55.99
F2 62.50 56.12 67.67 57.19
F3 60.75 56.12 64.57 56.65
F4 60.50 56.12 64.91 56.39

Stephens/Yamhill Fl 69.75 55.25 66.61
F2 57.00 55.25 58.30 62.50
F3 55.00 55.25 57.90 58.87
F4 55.50 55.25 59.91 57.06

Stephens/Aurora Fl 65.50 45.75 52.87
F2 53.50 45.75 45.30 55.62
F3 48.50 45.75 41.95 50.69
F4 49.25 45.75 73.28 48.22

Stephens/Jackmar Fl 52.50 45.37 39.49
F2 56.75 45.37 48.17 48.94
F3 51.50 45.37 44.57 47.15
F4 49.00 45.37 42.66 46.26

Malcolm/Yamhill Fl 78.75 61.37 81.74
F2 61.00 61.37 68.42 70.06
F3 60.50 61.37 69.57 65.72
F4 61.50 61.37 71.16 63.55

Malcolm/Aurora Fl 52.50 51.87 45.99 -
F2 51.75 51.87 49.67 52.19
F3 50.25 51.87 49.82 52.03
F4 50.75 51.87 50.91 51.95

Malcolm/Jackmar Fl 60.25 51.50 53.36 -

F2 55.25 51.50 52.80 55.87
F3 57.00 51.50 56.20 53.68
F4 51.25 51.50 51.03 52.59

Yamhill/Aurora Fl 59.25 51.00 51.87
F2 52.25 51.00 49.30 55.12
F3 55.25 51.00 53.95 53.06
F4 49.25 51.00 48.78 52.03

Yamhill/Jackmar Fl 61.25 50.62 53.49
F2 55.25 50.62 51.92 55.94
F3 47.75 50.62 46.07 53.28
F4 50.50 50.62 49.41 51.95

Aurora/Jackmar Fl 62.75 41.12 45.62
F2 49.00 41.12 36.17 51.94
F3 43.00 41.12 31.82 46.53
F4 43.00 41.12 32.50 43.83

Coefficient of
determination R2 0.35 0.69 0.61

n 40 40 30
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Table 58. Coefficient of determination (R2) between observed and predicted values involving three
models for plant height of the ten single crosses from Fl, F2, F3, F4, generations of the
5x5 diallel cross grown at the Crop Science Field Laboratory, 1987-88.

Cross Gen.

Plant Height (cm)

Observed
(cm)

Model
I

Model
II

Model
III

Stephens/Malcolm Fl 97.00 97.25 84.70
F2 96.00 97.25 85.82 97.12
F3 96.75 97.25 86.45 97.19
F4 97.75 97.25 89.06 97.22

Stephens/Yamhill Fl 112.25 104.87 107.57 -

F2 107.25 104.87 104.69 108.56
F3 108.50 104.87 105.82 106.71
F4 104.75 104.87 103.69 105.79

Stephens/Aurora Fl 119.75 104.62 114.82 -

F2 111.50 104.62 108.69 112.18
F3 110.75 104.62 107.82 108.40
F4 111.00 104.62 109.69 106.51

Stephens/Jackmar Fl 102.25 96.87 89.57
F2 100.75 96.87 90.19 99.56
F3 107.25 96.87 96.57 98.22
F4 100.75 96.87 91.69 97.54

Malcolm/Yamhill Fl 115.00 106.62 112.07
F2 116.75 106.62 115.49 110.81
F3 116.75 106.62 115.82 108.72
F4 107.25 106.62 107.94 107.67

Malcolm/Aurora Fl 119.25 106.37 116.07
F2 116.75 106.37 115.69 112.81
F3 111.25 106.37 110.07 109.59
F4 110.00 106.37 110.44 107.98

Malcolm/Jackmar Fl 99.75 98.62 88.82
F2 98.62 98.62 91.94 99.19
F3 103.50 98.62 94.57 98.90
F4 96.00 98.62 88.69 98.76

Yamhill/Aurora Fl 125.25 114.00 129.70 -

F2 123.25 114.00 129.82 119.62
F3 114.50 114.00 120.95 116.81
F4 121.25 114.00 129.32 115.40

Yamhill/Jackmar Fl 120.50 106.25 117.20
F2 110.00 106.25 108.82 113.37
F3 112.25 106.25 110.95 109.81
F4 111.00 106.25 111.32 108.03

Aurora/Jackmar Fl 111.50 106.00 107.95
F2 107.75 106.00 106.32 108.75

F3 111.00 106.00 109.45 107.37
F4 108.50 106.00 108.57 106.69

Coefficient of
determination R2 0.74 0.93 0.81

n 40 40 30
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Table 59. Coefficient of determination (R2) between observed and predicted values involving three
models for biological yield of the ten single crosses from Fl, F2, F3, F4 generations of the
5x5 diallel cross grown at the Crop Science Field Laboratory, 1987-88.

Biological Yield (gm)

Cross Gen. Observed Model Model Model
(gm) I II III

Stephens/Malcolm Fl 130.00 118.25 115.28
F2 134.00 118.25 127.00 124.12
F3 131.50 118.25 128.05 121.19
F4 127.00 118.25 126.03 119.72

Stephens/Yamhill Fl 149.25 118.37 134.60 -
F2 127.00 118.37 120.12 133.81
F3 123.00 118.37 119.67 126.09
F4 122.00 118.37 121.16 122.26

Stephens/Aurora Fl 146.00 102.87 115.91
F2 127.25 102.87 104.87 124.44
F3 114.50 102.87 95.67 113.65
F4 116.25 102.87 99.91 108.26

Stephens/Jackmar Fl 119.00 98.50 84.53
F2 127.25 98.50 100.50 108.75
F3 121.75 98.50 98.55 103.62
F4 116.25 98.50 95.53 101.06

Malcolm/Yamhill Fl 178.50 132.62 178.16
F2 146.50 132.62 153.87 155.56
F3 142.75 132.62 153.67 144.09
F4 140.50 132.62 153.91 138.36

Malcolm/Aurora Fl 154.75 117.12 138.28
F2 135.75 117.12 127.62 135.94
F3 127.50 117.12 122.92 126.53
F4 119.25 117.12 117.16 121.83

Malcolm /Jackmar Fl 133.50 112.75 113.28 -

F2 131.00 112.75 118.50 123.12
F3 130.25 112.75 121.30 117.94
F4 121.50 112.75 115.03 115.34

Yamhill/Aurora Fl 126.75 117.25 111.03 -
F2 125.75 117.25 117.75 122.00
F3 126.25 117.25 121.80 119.62
F4 120.00 117.25 118.23 118.44

Yamhill/Jackmar Fl 151.50 112.87 131.41
F2 137.50 112.87 125.12 132.19
F3 127.25 112.87 118.42 122.53
F4 128.75 112.87 122.41 117.70

Aurora/Jackmar Fl 141.25 97.37 121.16
F2 122.75 97.37 94.88 127.06
F3 116.75 97.37 92.42 119.97
F4 112.75 97.37 90.91 116.42

Coefficient of
determination R2 0.29 0.69 0.62

n 40 40 30
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Table 60. Performance of individual Fl, F2, F3, F4 plants space planted (25cm)
and bulked F4 lines solid seeded (90kg/hac) from a 5x5 diallel cross
where parents had different general combining ability effects for plant
height, when grown at the Crop Science Field Laboratory, 1987-88.

Crosses

Plant Height (cm)

Space Planted Solid Seeded

Fl F2 F3 F4 F4

High x High GCA

Yamhill/Aurora 125.2 123.2 114.5 121.2 124.5

Low x High GCA

Stephens/Aurora 119.7 111.5 110.7 111.0 116.5

Low x Low GCA

Stephens/Malcolm 97.0 96.0 96.7 97.7 109.4
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Table 61. Performance of individual Fl, F2, F3, and F4 plants space planted
(25 cm) and bulked F4 lines solid seeded (90kg/hac) from a 5x5 diallel
cross where parents had different general combining ability effects for
grain yield, when grown at the Crop Science Field Laboratory, 1987-
88.

Grain Yield (gms)

Space Planted
(gms/plant)

Solid Seeded
(gms/meter)

Crosses Fl F2 F3 F4 F4

High x High GCA

Malcolm/Yamhill 78.7 61.0 60.5 61.5 175.2

High x low GCA

Yamhill/Jackmar 61.2 55.2 47.7 50.5 121.7

Low x Low GCA

Aurora/Jackmar 62.7 49.0 43.0 43.0 108.0
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resulted consistently higher grain yield under both conditions as compared to low

x low GCA cross combination.

Performance of the all possible top crosses for plant height, tiller number,

biological yield, grain yield, and harvest index are provided in Appendix Table 20.

Actual and predicted values from top crosses for plant height utilizing three

models are presented in Table 62. All three models predicted equally well with

high coefficient of determination (R2) values. Model 1 depends on the order in

which the parents is used in the cross and had a coefficient of determination of

0.86. Model 11, which relies on the performance of the two non-parental single

crosses, had a R2 value of 0.86. Model 111, using GCA and SCA effects resulted

in a R2 of 0.72.

Actual and predicted values for grain yield from the top crosses are given

in Table 63. None of the model employed gave satisfactory prediction ( Model 1:

R2 = 0.40, Model 11: R2 = 0.08, and Model 111: R2 = 0.06). Observed and

predicted values for biological yield from top crosses are presented in Table 64.

The computed R2 values for models 1, 11, and 111 were 0.27, 0.35, and 0.20,

respectively.

Study 11

Results obtained from a solid seeded experiment involving parents, 10

composites representing 1:1 ratios of the different parents, and 10 bulked F4 lines

from single crosses resulting from a 5x5 diallel cross are reported.
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Table 62. Coefficient of determiantion (R2) between observed and predicted values involving three
models for plant height of all possible Fl top crosses from a 5x5 diallel cross grown at
the Crop Science Field Laboratory, 1987-88.

Crosses

Plant Height (cm)

Top cross (Fl)
Observed

Model
I

Model
II

Model
III

Stephens/Malcolm//Yamhill 112.00 105.75 113.63
101.32

Stephens /Malcolm/ /Aurora 115.75 105.50 119.50 107.20
Stephens /Malcolm / /Jackmar 99.00 97.75 101.00 88.50

Stephens/Yamhill//Malcolm 106.50 101.94 106.00 104.67
Stephens/Yamhill//Aurora 117.00 109.31 122.50 121.17
Stephens /Yamhill / /Jackmar 106.25 101.56 111.37 110.05

Stephens /Aurora / /Malcolm 106.50 101.81 108.12 103.97
Stephens/AuroraflYamhill 119.75 109.44 118.75 114.60
Stephens /Aurora / /Jackmar 108.00 101.44 106.87 102.72

Stephens /Jackmar / /Malcolm 98.50 97.94 99.37 85.69
Stephens/Jackmar//Yamhill 117.25 105.56 116.37 103.69
Stephens / Jackmar/ /Aurora 110.50 105.31 115.63 103.30

Malcolm/Yamhill//Stephens 106.75 101.06 104.63 101.69
Malcolm/Yamhill//Aurora 125.25 110.19 122.25 119.32
Malcolm/Yamhill//Jackmar 110.25 102.44 110.13 107.19

Malcolm /Aurora / /Stephens 106.50 100.94 108.37 105.20
Malcolm/Aurora//Yamhill 118.75 110.31 120.12 116.94
Malcolm /Aurora / /Jackmar 104.75 102.31 105.62 102.44

Malcolm / Jackmar/ /Stephens 100.00 97.06 99.62 88.69
Malcolm / Jackmar/ /Yamhill 116.75 106.44 117.75 106.82
Malcolm/Jackmar//Aurora 114.25 106.19 115.38 104.45

Yamhill/Aurora//Stephens 117.75 104.75 116.00 120.45
Yamhill /Aurora / /Malcolm 119.25 106.50 117.12 121.57
Yamhill /Aurora / /Jackmar 117.75 106.13 116.00 120.45

Yamhill /Jackmar / /Stephens 101.50 100.88 107.25 103.95
Yamhill/Jackmar//Malcolm 110.75 102.63 107.38 102.21
Yamhill/Jackmar//Aurora 117.75 110.00 118.38 115.07

Aurora/Jackmar//Stephens 108.50 100.75 111.00 107.45
\Aurora/Jackmar//Malcolm 110.50 102.50 109.50 105.95
Aurora/Jackmar//Yamhill 122.50 110.13 122.87 119.32

Coefficient of
determination R2 0.86 0.86 0.72

n 30 30 30
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Table 63. Coefficient of determiantion (R2) between observed and predicted values involving three
models for grain yield of all possible Fl top crosses from a 5x5 diallel cross grown at the
Crop Science Field Laboratory, 1987-88.

Crosses

Grain Yield (gm)

Top cross (Fl)
Observed

Model
I

Model
II

Model
III

Stephens/Malcolm//Yamhill 66.70 58.31 74.25
64.88

Stephens/Malcolm//Aurora 62.56 48.81 59.00 56.74
Stephens/Malcolm//Jackmar 59.65 48.42 56.37 55.28

Stephens/Yamhill//Malcolm 65.78 58.75 68.50 65.36
Stephens/Yamhill//Aurora 59.80 48.37 62.37 59.24
Stephens/Yamhill//Jackmar 58.12 48.00 56.87 53.74

Stephens/Aurora//Malcolm 56.78 54.00 55.37 42.74
Stephens/Aurora//Yamhill 56.16 53.12 64.50 51.86
Stephens/Aurora//Jackmar 58.70 43.25 57.62 44.99

Stephens /Jackmar / /Malcolm 56.07 53.81 59.25 46.24
Stephens/Jackmar//Yamhill 59.89 52.93 65.50 52.49
Stephens/Jackmar//Aurora 47.22 43.44 64.12 51.11

Malcolm/Yamhill//Stephens 57.32 55.69 64.00 66.99
Malcolm/Yamhill//Aurora 59.93 51.44 55.87 58.86
Malcolm/Yamhill//Jackmar 56.92 51.06 60.75 63.74

Malcolm/Aurora//Stephens 58.61 50.94 61.87 55.37
Malcolm/Aurora//Yamhill 59.58 56.19 69.00 62.49
Malcolm /Aurora / /Jackmar 56.50 4631 61.50 54.99

Malcolm/Jackmar//Stephens 64.24 50.75 55.37 48.49
Malcolm /Jackmar / /Yamhill 62.09 56.00 70.00 60.11
Malcolm/Jackmar//Aurora 58.05 46.50 57.62 50.74

Yamhill/Aurora//Stephens 59.62 50.50 67.62 60.24
Yamhill/Aurora//Malcolm 66.44 56.75 65.62 58.24
Yamhill/Aurora//Jackmar 52.76 45.92 62.00 54.62

Yamhill/Jackmar//Stephens 56.11 50.31 61.12 53.37
Yamhill/Jackmar//Malcolm 64.09 56.44 69.50 61.74
Yamhill/Jackmar//Aurora 53.16 46.06 61.00 53.24

Aurora /Jackmar/ /Stephens 59.00 45.56 59.00 41.74
Aurora /Jackmar/ /Malcolm 62.56 51.69 56.37 39.12
Aurora/Jackmar//Yamhill 61.22 50.81 60.25 42.99

Coefficient of
determination R2 0.39 0.08 0.06

n 30 30 30
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Table 64. Coefficient of determiantion (R2) between observed and predicted values involving three
models for biological yield of all possible Fl top crosses from a 5x5 diallel cross grown at
the Crop Science Field Laboratory, 1987-88.

Crosses

Biological Yield (gm)

Top cross (Fl)
Observed

Model Model
II

Model
III

Stephens/Malcolm//Yamhill 143.25 125.50 163.88 149.16
Stephens/Malcolm//Aurora 145.25 110.00 150.38 136.66
Stephens /Malcolm / /Jackmar 124.50 105.62 126.25 113.01

Stephens/Yamhill//Malcolm 147.00 125.44 154.25 139.65
Stephens/Yamhill//Aurora 136.50 110.07 136.38 121.78
Stephens/Yamhill//Jackmar 141.00 105.69 135.25 120.65

Stephens/Aurora//Malcolm 124.50 117.69 142.38 112.28
Stephens /Aurora / /Yamhill 128.00 117.82 138.01 107.90
Stephens /Aurora / /Jackmar 132.75 97.94 130.13 100.03

Stephens/Jackmar//Malcolm 129.00 115.50 131.75 97.28
Stephens/Jackmar//Yamhill 145.00 115.63 150.38 115.91
Stephens /Jackmar / /Aurora 119.50 100.13 143.63 109.16

Malcolm/Yamhill//Stephens 121.50 118.31 139.63 139.28
Malcolm/Yamhill//Aurora 141.50 117.19 140.76 140.40
Malcolm /Yamhill / /Jackmar 136.00 112.81 142.50 142.15

Malcolm/Aurora//Stephens 128.00 110.56 138.00 122.23
Malcolm /Aurora / /Yamhill 133.00 124.94 152.63 136.85
Malcolm/Aurora//Jackmar 131.50 105.06 137.38 121.61

Malcolm/Jackmar//Stephens 137.75 108.38 124.50 104.28
Malcolm /Jackmar / /Yamhill 145.75 122.76 165.00 144.78
Malcolm/Jackmar//Aurora 142.00 107.26 148.01 127.78

Yamhill/Aurora//Stephens 130.50 110.63 147.63 131.91
Yamhill /Aurora / /Malcolm 157.25 124.88 166.63 150.90
Yamhill /Aurora / /Jackmar 122.00 105.13 146.38 130.66

Yamhill/Jackmar//Stephens 125.25 108.44 134.14 114.03
Yamhill/Jackmar//Malcolm 148.25 122.69 156.00 135.91
Yamhill/Jackmar//Aurora 130.75 107.32 134.01 113.90

Aurora / Jackmar/ /Stephens 129.25 100.69 132.50 96.90
Aurora/Jackmar//Malcolm 142.25 114.94 144.13 108.53
Aurora /Jackmar / /Yamhill 143.50 115.07 139.13 103.53

Coefficient of
determination R2 0.27 0.35 0.20

n 30 30 30
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Analysis of variance

Observed mean squares for the sources of variations for plant height, tiller

number, biological yield, and grain yield are presented in Appendix Table 16, 17,

18, and 19. These tables represent the separate analyses of variance for parents,

1:1 composite of parents, 10 F4 lines from single crosses, and combined analysis

of all the genotypes.

Differences among parents were found for plant height, grain yield, and

harvest index. No differences were detected for tiller number and biological

yield (Appendix Table 16). When 1:1 composites are considered, differences

existed for most of the traits under evaluation with the exception of biological

yield (Appendix Table 17). Results from an analysis of variance for 10 F4 lines

from single crosses and combined analysis of all the genotypes reveals that

differences for all the traits exist (Appendix Tables 18, and 19).

Coefficients of variation were high for most of the traits with the exception

of plant height, where the values ranging from 3.5 to 6.6 percent. For grain yield

the value ranged from 21.1 to 22.4 percent, while, tiller number, biological yield,

and harvest index presented coefficient of variation between 10 and 15 percent.

Mean values for all the genotypes are presented in Table 65. For plant

height, Yamhill/Jackmar had the highest mean values followed closely by

Malcolm/Yamhill, Malcolm/Aurora, Yamhill/Aurora and one of the composite

with Yamhill and Aurora. F4 lines from Stephens/Jackmar cross resulted in the

highest number of tillers. The highest biological yield and grain yield was

observed for the F4 line from the cross Stephens/Malcolm, but it was not
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Table 65. Mean values for plant height (cm), tiller number, biological yield (gm/meter), grain yield
(gm/meter),and harvest index for five parents, ten 1:1 composites of parents and ten
bulked F4 lines from 10 single crosses grown at the Crop Science Field Laboratory,
1987-88.

Parent/Cross

Means

Plant
height
(cm)

Tiller number
per meter

Biological
yield
(g/m)

Grain
yield
(g/m)

Harvest
index

Stephens 108.85 hi f 117.50 ab 531.00 a-g 187.00 ab 0.35 a
Malcolm 110.70 g-i 102.00 b-g 531.75 a-g 181.00 a-c 0.34 ab
Yamhill 121.95 a-c 102.00 b-g 517.00 a-h 139.25 c-h 0.27 ei
Aurora 122.45 a-c 90.00 g-i 429.50 h 106.00 g-j 0.25 g-j
Jackmar 107.45 i 112.75 a-d 501.25 a-h 138.00 c-i 0.27 e-i
Stephens + Malcolm 109.40 hi 96.50 d-i 507.75 a-h 167.00 a-e 0.33 a-c
Stephens +Yamhill 116.30 d-h 111.00 a-e 579.25 a-c 168.75 a-e 0.29 c-f
Stephens +Aurora 116.55 d-h 92.50 f-i 496.25 b-h 118.25 f-j 0.24 h-j
Stephens+Jackmar 108.25 hi 113.00 a-d 491.75 c-h 139.50 c-h 0.28 c-g
Malcolm + Yamhill 114.60 e-i 99.50 c-h 560.00 a-d 177.25 a-d 0.32 a-d
Malcolm +Aurora 114.90 e-i 92.25 f-i 548.50 a-e 142.25 c-h 0.25 f-i
Malcolm +Jackmar 109.75 hi 115.75 a-c 588.75 ab 191.75 a 0.33 a-c
Yamhill +Aurora 124.55 a-d 81.00 i 428.50 h 102.50 hij 0.24 h-j
Yamhill+Jackmar 114.80 e-i 95.25 e-i 509.50 a-h 151.50 a-f 0.29 b-f
Aurora +Jackmar 112.20 f-i 87.00 ghi 533.00 a-g 135.00 d-j 0.25 j-i
Stephens/Malcolm 114.35 e-i 111.75 a-e 593.25 a 192.25 a 0.32 a-c
Stephens/Yamhill 118.60 c-g 100.50 c-h 538.25 a-f 148.25 b-g 0.27 e-i
Stephens/Aurora 120.75 a-f 88.50 g-i 450.00 fh 94.75 j 0.21 j
Stephens/Jackmar 119.00 b-g 120.25 a 551.75 a-e 153.75 a-f 0.28 d-h
Malcolm/Yamhill 128.55 a 111.75 a-e 570.00 a-d 175.25 a-d 0.31 a-e
Malcolm/Aurora 127.70 ab 93.00 f-i 512.50 a-h 131.25 e-j 0.26 f-i
Malcolm/Jackmar 111.00 g-i 107.00 a-f 478.25 a-h 110.75 f-j 0.23 ij
Yamhill/Aurora 127.10 a-c 84.25 hi 460.75 e-h 96.00 ij 0.21 j
Yamhill/Jackmar 129.10 a 99.50 c-h 442.75 g-h 121.75 f-j 0.28 i
Aurora/Jackmar 122.20 a-e 88.25 g-i 450.00 f-h 108.00 g-j 0.24 g-j

Fisher's Protected LSD; means with aletter in common are not significant different at the 0.05
probability level.
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significantly different from several other genotypes. Highest harvest index was

observed with the cultivar Stephens.
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DISCUSSION

A critical decision confronting a plant breeder is the selection of

genetically superior parents to be used in hybridization. For the improvement of

simply inherited traits, such as those controlled by one or a few genes, selection

of parental combinations for crossing is obvious and straightforward. For such

traits phenotype reflects genotype.

Improvement of quantitatively inherited traits presents a more complex

situation as many genes which have similar, small, and cumulative effects are

involved. Also the expression of these traits is influenced by environment. Thus

the task of the breeder in selecting the best parental combination to hybridize is

much more difficult when the objective is to improve traits such as grain yield.

Since these traits are polygenically inherited, it is necessary to use some type of

progeny test and partition the total genetic variability into the additive and non-

additive components.

Evaluation of the type of gene action involved in the expression of a trait

is particularly important in breeding self-pollinated species. Plant breeders

dealing with such crops can be misled during early generation selection for traits

which respond largely to non-additive gene action. This form of gene action is

reduced by fifty percent each generation of selfing following a cross. Working

with self-pollinated crops, it is only the additive portion of the total genetic

variation that is available in terms of making effective progress through selection.

Thus the additive and those epistatic effects which respond in an additive way are
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the only portion of the total genetic variability that can be retained by subsequent

inbreeding.

In order to understand the nature of gene action involved in inheritance of

a trait, information regarding the relative magnitude of genetic variances is

essential. Such information will help the breeder in selecting parents and in

determining the most appropriate time to select (early vs later generation).

Dial lel analyses in the Fl generation have been used extensively to

determine the nature of the genetic variability for specific traits. Combining

ability is one way to obtain such estimates. However, very little information is

available on the repeatability of these estimates over generations. In a crop such

as wheat, the small quantities of Fl seed produced often prohibit adequate

testing. Combining ability studies conducted in the F2 or F3 generations might

be more meaningful if they could be shown to provide reliable estimates.

Moreover, later generation evaluation, when more seed is available, would also

offer an opportunity to test the material under different environmental conditions

thereby providing information on possible genotype x environment interactions.

An additional problem in selecting parental combinations is the large

amount of germplasm a wheat breeder has available. Greater efficiency in

developing new cultivars, in terms of time and resources, would result if the most

promising parental combination would be predicted for the improvement of

desired traits.

Using selected winter wheat populations, information was obtained on the

type of gene action as measured by combining ability and heritability estimates
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for specific traits. Variation in GCA and SCA estimates over generations was

observed. Finally different models for predicting grain yield and selected

agronomic traits were evaluated.

Parents and Fl combining ability estimates

1986-87 Investigation

Combining ability estimates provides an opportunity to study the nature of

gene action for a particular trait in a population of selected genotypes. Those

traits which respond to additive gene action are determined by significant mean

square values associated with GCA. Non-additive gene action can be estimated

using SCA mean squares. In contrast to conventional wheat breeding programs

where GCA estimates are important, SCA estimates would be of interest if hybrid

wheat became a reality.

Results from this study suggested that substantial genetic variability existed

among the parental lines and between F1 hybrid population for six measured

traits. This justified an analysis of the type of gene action controlling the

expression of these traits. The data further suggested that a major portion of the

total genetic variability for plant height, spike length, spikelets per spike, and

biological yield were due to additive type gene action. Small, but statistically

significant SCA estimates for these traits, with the exception of spikelets per

spike, suggests that some of the total genetic variation was also due to non-

additive type gene action. However, the ratios of GCA to SCA were large,

indicating that genes with additive effects played a greater role in the expression
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of these traits. Hence, phenotypic selection even in early generations (F2, and

F3) would be effective for these traits. These results are in agreement with those

reported by Kronstad and Foote (1964), Brown et al. (1966), Bitzer et al. (1971),

Maya de Leon (1975) and Corral (1983), that additive gene action estimates

made up a large portion of the total genetic variance involved in the expression

of these same traits based on GCA estimates.

In the present study when tiller number and grain yield are considered,

low GCA to SCA ratios suggest that non-additive gene action played a major role

in their expression and selection would have to be delayed until later (F4, F5)

generations when much of the non-additive genetic variance would be reduced.

It is also known that expression of tiller number and grain yield are influenced

to a great extent by environmental factors. In latter generations when individual

lines become more homogeneous replicated yield tests could be conducted to

evaluate the environmental effects. Maya de Leon (1975) observed larger

environmental influence on GCA in contrast to SCA estimates for grain yield.

To identify good combining parents it is necessary that the contribution of

each parental line for the GCA and SCA be determined for the traits of interest.

In this study Stephens showed the best GCA estimate for short stature. Thus

Stephens would be a source of shorter plant types and effective selection could be

made in early generations. Stephens also contributed the longest spike to its

progeny. Much of the positive GCA estimates for tiller number, biological yield,

and grain yield were contributed by the cultivar Malcolm. This cultivar would be

a good parent to improve these traits. However, for previously mentioned traits,
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the breeder must be careful in early generation selection as some non-additive

gene action was present. Spike lets per spike was the only trait free of non-

additive genetic effects, which suggest early generation selection would be

effective.

Specific combining ability would not contribute in the improvement of self-

pollinated crops except for the exploitation of hybrid wheat where non-additive

genetic variability could be utilized. In this year crosses showing high SCA effects

for different traits involved parents with low x high GCA effects. However, there

were exceptions: Malcolm/Aurora is a high x high GCA combination for

biological yield and had high SCA effects for this trait. In contrast

Stephens/Jackmar represent low x low GCA combination for the same trait and

had high SCA effects as well.

1987-88 Investigation

The analyses of variance for combining ability revealed that variances due

to both GCA and SCA were again significant for all traits measured. This

indicates the presence of both additive and non-additive gene action influencing

the expression of these traits. Again as in the previous year high GCA to SCA

ratios suggested that the additive component of the genetic variance was more

important than non-additive component in controlling the expression of the traits.

It is interesting to note that in the previous growing season both tiller

number and grain yield in Fl were largely controlled by non-additive gene action.

This might suggest that environmental factors, such as more competition among
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plants due to less spacing during 1986-87, did not permit full expression of

additive type gene action for these two traits. Abi-Antoun (1977) reported that

traits which were controlled largely by additive gene action were affected more

under high competition.

Stephens again showed the best GCA estimates for short stature. This was

also true with Malcolm for tiller number. However, when grain yield and

biological yield are considered, Yamhill had higher GCA estimates followed by

Malcolm. Both cultivars offer the best possibilities of exploitation in breeding

programs to develop high yielding cultivars. Whereas, low GCA estimates noted

for Yamhill during 1986-87 growing season for grain yield when the plants were

closely spaced may indicate that there is a greater GCA x environment

interaction with this cultivar.

For this year cross combinations with highest SCA effects again involved

parents with high x low GCA. There are some discrepancies where high x high

GCA and the low x low GCA parents had the highest SCA effects.

Malcolm/Yamhill had the highest SCA effect for biological yield and was ranked

second for grain yield. Of special interest, these same two parents had the

highest mean value and GCA effects, which might indicate that this cross

combination could be of value for improving these traits in both a conventional

and a hybrid breeding programs. The highest SCA effects for grain yield in the F1

were observed in the cross Aurora/Jackmar. It is generally thought that more

distantly related are two parents, the greater the expression of heterosis which is

a reflection of non-additive genetic variance. In this study and based on their
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pedigrees Aurora and Jackmar were the two most distantly related parents. Also

these parents represent a low x low GCA combination. Based on combining

ability estimates it seems unlikely that progress could be made through selection

in the progeny resulting from this later cross. The estimates suggest that neither

of these parent can contribute much additive genetic variability for yield in

subsequent generations.

Combining ability estimates over generations

1986-87 Investigation

In a self-pollinated crops such as wheat, heterozygosity is expected to

decline by a factor of 50 % with advancing generations of selfing. Therefore, in

the absence of selection, the mean of the segregating population is expected to

approach the mean of the parents if a particular trait responds to additive type

gene action. Ultimately the variance due to SCA in subsequent selfed

generations should be non-significant. The results of the present investigation are

not completely in agreement with such expectations. Although, the magnitude of

SCA variance decline in the F2 and F3 generation for all the traits, it still

remained significant. The only exception was spikelets per spike where SCA

variance was found to be non-significant even in the F3 generation. Significant

SCA estimates up to the F5 and F6 generation of wheat have been reported for

grain yield and some components of yield by Jordaan and Laubscher (1968),

Bhullar et al. (1979), and Mihalgiv (1980).
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In this year, the GCA estimates for tiller number and grain yield were

non-significant in the Fl, but were significant in F2 and F3 generations. This

indicates that non-additive gene action played a major role in the inheritance of

these traits in Fl. However, after one generation of selfing SCA estimates

decline with a corresponding increase in the relative magnitude of GCA

estimates.

A significant SCA in advanced generations under continuous selfing cannot

be indicative of the presence of dominance effects. Due to inbreeding,

dominance would be expected to reduced to a negligible level. The presence of

significant SCA estimates after generations of selfing could indicate the relative

importance of epistasis. Genes which contribute to additive x additive epistasis

can be fixed. Thus they influence the variance among lines in later generations.

Stuthman and Stucker (1975), Cregon and Busch (1978), and Corral (1983),

attributed the significant SCA estimates in later generations to these additive

interactions. It must also be recognized that hexaploid wheat is made up of three

genomes and it is possible that interaction between these genomes may result in

some forms of epistasis which again can be fixed.

When comparing ratios of GCA to SCA, an increasing trend in favor of

GCA was observed in this year. However, an exception was observed for

spikelets per spike. The possible explanation is that the SCA for this trait was

non-significant in Fl generation and additive gene action was totally responsible

for the expression of this trait. Thus no reduction was expected due to

inbreeding which leads to further relative increase in the additive type gene
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action. It is interesting to note that SCA remained non-significant in all

generations with the exception of F2, where it was significant at a lower

probability level. This could most likely be due to possible errors in sampling.

In the present study some reduction in GCA/SCA ratio was observed for

grain yield in F3 and tiller number in F2 generation. This might be either due to

environmental factors, such as variation in soil fertility, or possibly to sampling

error especially where genotype x environment interaction are present. Bhullar et

al (1979) also reported a decreasing trend in the GCA to SCA ratios for tillering

capacity from the F1 to F3 generation.

The estimates of GCA effects in F1 to F3 generation were quite consistent

for all the traits evaluated. This suggests that the crosses could be studied for

combining ability in the F2 or F3 instead of Fl generation when experimental

seed is limited. Similar findings have been reported by Paroda and Joshi (1970),

Maya de Leon (1975), Bhullar et el. (1979), and Mihalgiv (1980).

Parents which had the highest GCA over generations for specific traits

were; 1) Aurora and Yamhill for plant height; 2) Malcolm for tiller number,

biological yield, and grain yield; 3) Stephens for spike length and 4) Aurora and

Jackmar for spikelets per spike. For the most part, parental performance in

terms of mean values for the traits corresponded with the high GCA effects. This

suggest that in the parental lines used in this study, prepotency of the parents

might be predicted from their performance. However, such a conclusion cannot

be generalized. Since the parents of the diallel used in this study were not

randomly selected, valid conclusions only can be drawn about the five parental
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cultivar used. Despite these facts, the present investigation has shown that

combining ability studies in F2 or later generation do provide reliable estimates

of the prepotency of the parents.

Estimates of the SCA effects generally were not consistent over successive

generations and lacked repeatability. However, there were exceptions depending

on the trait. Bhullar et al. (1979), Mihalgiv (1980), and Corral (1983) also

reported inconsistency for SCA estimates over various generations. This lack of

consistency indicate that SCA estimates are not reliable either for evaluating the

potential of prospective parents or in predicting the performance of later

generations.

1987-88 Investigation

In this year, both GCA and SCA was significant for all traits over

generations with the exceptions of tiller number in F2 and grain yield in F4

generation for SCA. The variances associated with GCA were larger than those

for SCA for all traits suggesting that major portion of genetic variance in the

experimental population was additive in nature. As might be expected the ratio

of GCA to SCA increased with the advancement of generations.

General combining ability effects of individual parents were quite

consistent over all generations. The present study also support the results

obtained from the previous year, and indicates that later generations can be used

to study combining ability analysis. Estimates of SCA effects were not consistent

over generations and showed lack of repeatability. This was also true from the
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results obtained during 1986-87 as well. Therefore, care must be taken in

identifying parental combinations for their SCA contributions, especially over

generations. Fortunately for the breeding of self-pollinated species it appeared

that GCA effects contributed by the parents remained constant over generations.

Based on the fate of the heterozygous loci with selfing such a trend might be

expected with increased homozygosity.

Heritability estimates

1986-87 Investigation

Narrow-sense heritability estimates are also regarded as a measure of the

additive genetic variance. As such they give an indication of the degree to which

a progeny will resemble their parents in later generations for specific traits.

In this year heritability estimates obtained by regressing Fl on mid-parent

were high for plant height, spike length, spikelets per spike and harvest index.

This indicates that additive gene action predominated in the expression of these

traits. Selection can be practiced in early generations (F2 and F3) with good

probability of success. Low heritability estimates were found for tiller number,

biological yield, and grain yield. Similar results were obtained from GCA analysis

suggesting that the additive gene action contribution to the expression of these

traits is small. This suggests that selection should be delayed until later (F4, F5)

generations. Such a delay would permit a reduction of the non-additive gene

action which is masking the effect of the additive portion controlling these

characters. As already mentioned it would be necessary to conduct replicated
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tests in different environments to determine possible genotype x environment

interaction.

Narrow-sense heritability as a measure of additive gene action is expected

to increase as the generation advanced with a corresponding decrease in non-

additive gene action. The heritability estimates noted in this study are in

agreement with such an expectation. However, deviation as noted for spikelets

per spike and harvest index may be attribute to possible error in sampling or the

response of individual genotypes to variation in soil fertility or moisture,

temperature, and other environmental factors.

1987-88 Investigation

In 1987-88, heritability estimates greater than 80 percent were observed for

plant height across generations. Both high GCA and heritability estimates

suggest that additive gene action is mainly involved in controlling the expression

of this trait. Therefore, within the segregating populations selection would be

effective in either the F2 or F3 generation.

When tiller number and biological yield are considered, the heritability

estimates obtained from parent-progeny regression indicates that a large part of

the total genetic variability was also due to additive type gene action. This is in

contrast with previous year results where low heritability estimates for these traits

were observed. This might be attributed to more competition among plants due

to closer spacing in 1986-87 compared to 1987-88 and the result of a greater
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genotype x environment interaction. This suggest the positive influence of

competition in masking the additive gene action.

Heritability estimates for grain yield were generally low, except for the

estimates obtained by the regression of F3 on F2 means. Heritability and

combining ability estimates did differ for yield. The high GCA with low

heritability estimates indicated these genetic parameters concerning yield may not

be reliable in determining the nature of gene action. It might also suggest a

genotype x environment interaction between years.

A low heritability estimate for harvest index from regression of the Fl on

the mid-parent indicates that contribution of the additive gene action was small in

the expression of this trait. Later generation heritability estimates were high,

which may be due to the loss of the non-additive portion or a strong

environmental influence on the Fl generation.

The results obtained from narrow-sense heritability and GCA estimates

suggest that there is an interaction with the environment depending on

generations and level of competition i,e spacing. Since commercially produced

wheat is solid seeded, this may raise a question how valid GCA and narrow-sense

heritability estimates might be when obtained from space planted material.

Further research needs to be conducted on the role of competition in influencing

genetic estimates.
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Predicting progeny performance

1986-87 Investigation

Three models were employed to predict plant height, biological yield, and

grain yield of ten single crosses in this year. In the present investigation of the

three traits analyzed, the mid-parent values accurately predict plant height (model

1). However, low coefficient of determination (R2) values were observed for

grain yield and biological yield.

The results of the present study are in agreement with the findings of

Fowler and Heyens (1955), Sikka et al. (1959), and Petpisit (1980), where in

single crosses mid-parent values were found to be good predictors of the resulting

progeny for plant height, but not for grain yield. In this study moisture stress and

relatively high temperature during grain filling period (climatic data 1986-87)

might have adversely effected grain yield upon which prediction were made. As

evidenced by the low and variable GCA estimates, low narrow-sense heritability

and large environmental influence could have all contributed to the low R2 value

using this method.

Both model 11 = m + + + ) and model 111

(Fn = [141/41 p + (1/4" F1 take into account additive and non-additive

gene action. High R2 values between observed and predicted biological yield

were obtained from both models. This indicates the usefulness of either model in

predicting biological yield. For grain yield only model 11, which uses contribution

of GCA and SCA, gave satisfactory prediction.
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1987-88 Investigation

During the 1987-88 growing season, model 1 again gave an accurate

prediction only for plant height. The results from both years suggests that model

1 may be only suitable for qualitatively inherited traits. Models 11 and 111 were

equally effective, and both showed high R2 values for predicting plant height. For

grain yield, the observed superiority of the model 111 in contrast to model 1 and

11 was not consistent with the results from the previous year. This raises the

question of the reliability of this model for predicting yield over different growing

seasons. From the results of the present study it appears that the only model 11,

which uses contribution of GCA and SCA effects seems more reliable.

Three models were utilized to predict plant height, grain yield and

biological yield in this year for top crosses. Model 1 [(AxB) xC = 1/4(AxB) +

1/2C] based on parental performance and takes into consideration only additive

genetic effects. Both model 11 [(AxB) x C = 1/2 (AxC) + 1/2 (BxC)] and

Model 111 = m + 1/2(gi + gi) + t, + oik + §joi relies on additive and

non-additive gene action. In the present study, good prediction was obtained for

plant height from all three models utilized. However, none of the models gave

satisfactory prediction for grain yield or biological yield.

A possible explanation for the lack of accurate prediction of grain yield is

the genotype x environment interaction or epistatic effects as pointed out by

Corral (1983). Moll and Stuber (1974) also pointed out that both genotype-

environment interaction and epistatic genetic effects may contribute to biases



137

when standard methods are used to predict top-cross performance from single

crosses.

Prediction of crosses on the basis of individual GCA effects

Results obtained from this study suggest that the partitioning of individual

GCA effects for potential parents may be an effective means of predicting

progeny performance. The cross combinations with the highest GCA for a given

trait resulted in progeny with superior performance in subsequent generations for

plant height, grain yield, and biological yield. This is in agreement with the

findings of the Petpisit (1980) and Brajcich (1980).

Malcolm and Aurora had the highest GCA effects for grain yield based on

the combining ability estimates obtained from the F1 generation grown in 1986-

87. If the relative individual GCA effects associated with the parents can be used

to predict superior segregating population, the cross Malcolm and Aurora should

be promising. The highest grain yield during 1986-87 growing season for Fl, F2,

and F3 was from this same cross. The lowest grain yield in Fl, F2, and F3

generation observed with the cross Stephens/Jackmar. These represents the two

lowest parents in terms of their individual GCA effects. The same pattern was

noted when considering individual GCA effects for plant height and biological

yield.

It appears from the present investigation that individual GCA effects of

parents are useful in predicting plant height, grain yield, and biological yield

under space planted conditions. Since there was no significant difference
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observed for GCA associated with grain yield in Fl, caution must be used to

draw conclusions from this data. However, 1987-88 investigation where significant

GCA estimates were obtained for grain yield also supports the concept of using

GCA to predict progeny performance.

Performance of genotypes under solid seeded conditions

As previously noted the use of biometrical models to estimates the nature

of gene action influencing a particular trait usually involves plants which are

space planted. Whereas, cultivars when released to the farmers are grown under

solid seeded conditions. This study also addressed the question of how genotypes

respond when grown in space planted vs solid seeded conditions.

In the 1986-87, the highest yielding bulked F3 lines were

Stephens/Malcolm, Malcolm/Yamhill, and Malcolm/Aurora when grown in solid

seeded conditions. The later cross combination also presented higher yield when

grown under space plantings. In general, taller plants were observed under solid

seeded conditions.

It is interesting to note that Malcolm was the only cultivar which shows the

highest individual GCA effects for grain yield. Most of the high yielding bulked

F3 lines have Malcolm as a common parent. A similar situation emerged when

bulked F4 lines were evaluated during 1987-88. The highest yielding solid seeded

F4 lines were Stephens/Malcolm and Malcolm/Yamhill. This latter cross

combination also gave the highest yield under space planted conditions. The

observed superiority of Stephens/Malcolm under solid seeded condition was not
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consistent when grown as space planted. Both parents are well adapted

commercial cultivars and have similar pedigrees which may account for their

performance under solid seeded conditions.

Predictions based on individual GCA effects of the parents under space

planting does not always reflect the yielding ability of genotypes under solid

seeded conditions. However, results from both years indicate that cross

combinations which have both or at least one parent with high GCA would show

superior performance under solid seeded conditions. This might suggest that

individual GCA effect calculated from experimental material grown under solid

seeded conditions would be more reliable in predicting subsequent progeny

performance for complex traits like grain yield.

Compositing wheat cultivars has been suggested as a tool to increase yield

stability. Therefore, composites were also included in this study to evaluate their

performance compared to the F4 lines and their respective parents. Most

composites performed better than hybrids with the exception of

Stephens/Malcolm, Stephens/Aurora, and Stephens /Jackmar. This indicates that

composites may confer more stability against environmental changes due to some

heterogeneity while retaining some immediate fitness as genetically they represent

an intermediate level of diversity between the F4 and parental lines.
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SUMMARY AND CONCLUSIONS

The objectives of this study were : 1) to obtain information on the type of

gene action involved for selected traits measured through combining ability and

heritability estimates, 2) to determine if valid GCA and SCA estimates can be

obtained in generations other than the Fl, and 3) to evaluate the possibility of

predicting grain yield and selected agronomic traits using different models.

To obtain such information, five winter wheat parental lines were used to

developed a 5x5 diallel cross. Parents, Fl, F2, and F3 generations were grown

under space planted conditions with 15 cm spacing between plants and rows

during 1986-87. In the subsequent growing season (1987-88) experimental

material involved the same populations plus the F4 generation and all possible

top-crosses. The distance between plants and rows was increased to 25 cm.

Experiments were conducted at the Hyslop Crop Science Field Laboratory. An

experiment, involving bulked F3 and F4 lines was also conducted under solid

seeded conditions in both growing seasons. Also under solid seeded conditions,

parents, F4 lines, and equal 1:1 mixture of the parents were evaluated.

Data were collected on an individual plant basis from an experiment

conducted under space planted conditions. The traits measured were plant

height, tiller number, spike length, spikelets per spike, biological yield, grain yield

and harvest index in 1986-87. In 1987-88, data were recorded for the same traits

with the exception of spike length and spikelets per spike. Analysis of variance

for each generation with their parents was conducted for each trait prior to



141

obtaining estimates of combining ability. Fisher's Protected LSD test was used to

test significant differences between mean values. Combining ability analyses were

carried out using Griffing's (1956) model I, and method 2 (parents and F1,s only).

Contributions of individual parents to GCA and SCA estimates were also

calculated. Narrow-sense heritability estimates were computed using regression in

standard units (Frey and Homer, 1957). Coefficients of determination (R2) were

calculated between the predicted values obtained with models and the observed

values.

The following conclusions were drawn based on the results obtained from

this investigation.

1. Significant GCA estimates were obtained during both growing seasons.

Additive gene action played a major role in the expression of most traits. Two

exceptions were tiller number and grain yield in Fl generation during 1986-87.

As a result of dense planting in this year it is possible that GCA estimates were

influenced more by the increased competition than were SCA estimates.

2. Specific combining ability estimates were important for all traits with

the exception of spikelets per spike. This indicates that some of the total genetic

variation was due to non-additive gene action and care must be taken in early

generation selection.

3. Spike lets per spike was the only trait free of non-additive gene action.

Early generation selection should be effective for this trait.
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4. High GCA to SCA ratios were observed for all traits measured, with

the exception of tiller number and grain yield during 1986-87 . This indicate the

importance of additive genetic variance in the expression of these traits.

5. Based on individual GCA estimates over both years, Malcolm would be

a good parent to improve tiller number, biological yield, and grain yield. Only in

the Fl during 1987-88 did Yamhill surpass Malcolm with higher GCA estimates.

Both cultivars offer the best possibilities of exploitation in breeding programs.

However, low GCA estimates of Yamhill during 1986-87, when plants were

closely spaced, might indicate greater GCA x environment interaction with this

cultivar.

6. Both GCA and SCA estimates were found to be significant over

generations for most traits. The magnitude of SCA was lower than GCA, but

remained significant in all generations. This situation might be attributed either

to genes which contribute to additive x additive epistasis and can be fixed in later

generations or to intergenomic gene action among genomes of hexaploid wheat

where several epistatic interactions can be expected.

7. The estimates of GCA effects in all generations were quite consistent

for all the traits evaluated in this study. This suggests that crosses may be studied

for combining ability in the F2 or F3 generation when more seed is available.

This would provide better estimate of GCA, and an estimate of genotype x

environment could be obtained.
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8. A lack of consistency was observed for SCA effects over generations.

This suggests that SCA effects are not reliable either for evaluating the potential

of parents or in predicting the performance in later generations.

9. High narrow-sense heritability estimates for plant height, spike length,

and spikelets per spike confirm that these traits are mainly controlled by additive

gene action. For tiller number and grain yield low heritability estimates were

observed from regression of Fl on mid-parent in 1986-87. Both non-significant

GCA estimates and low narrow-sense heritability estimates suggests that selection

for these traits should be delayed until later generations (F4 or F5).

10. Results obtained from narrow-sense heritability and GCA estimates

suggests that there is an interaction between GCA x environment depending upon

generation and level of competition. There is a need for further research on the

role of competition in influencing the estimates of genetic variance.

11. In predicting grain yield and biological yield in subsequent

generations from single crosses, a model employing GCA and SCA estimates is

more reliable than the other models used in this study.

12. Model 1, which uses mid-parent values gave satisfactory prediction

for plant height in later generations , but not for grain yield and biological yield.

This model should be used only for predicting qualitatively inherited traits.

13. None of the models gave accurate prediction of grain and biological

yield for three-way crosses. This may be the result of larger epistatic effects and

or strong genotype x environment interactions. However, the models were

satisfactory for predicting plant height.
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14. From the observations in this investigation, it can be concluded that

GCA effects can help the breeder in classifying potential parents likely to give a

high frequency of progeny possessing desirable attributes.
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Appendix Table 1: Pedigree and description of parental cultivars used in
developing different populations.

STEPHENS: (Nord Desprez/Pullman selection 101)

A high-yielding, awned, semi-dwarf, soft white winter wheat released by
OSU in 1977. It is widely adapted to Pacific northwest and occupies more than
75 percent of the wheat area in Oregon. Stephens is mid to late in maturity,
high tillering and moderate in head fertility with awned spikes. Stephens kernels
are large in size.

MALCOLM: (Stephens//63-189-7/Bezostaya)

Malcolm is a high-yielding, semi-dwarf, common soft white winter wheat
released by OSU in 1987. It appears to be best adapted to irrigated areas of
eastern and central Oregon, but has yielded well in rainfall areas as well. Spikes
of Malcolm are awned and glumes are of medium size. Malcolm has a smaller
kernel when compared to Stephens.

YAMHILL: (Heines VII/Redmon (Alba).

A beardless, late maturing,soft white winter wheat released by OSU in
1969. It has a strong vernalization requirement. It is tolerate of wet soils.
Yamhill is medium in height and low tillering. Spike lets of Yamhill are large
fertile with medium to large kernels.

AURORA: (Lutescens 314-h-147/Bezostaya 1)

An awnless, hard red common wheat cultivar released in Russia for
commercial cultivation in 1971. Aurora is early in maturity, tall, low tillering with
a large kernel size. Winter hardiness is average. Spikes of Aurora are large and
white.

JACKMAR:

It is a soft white club wheat developed by a private breeder for the
intermediate rainfall areas. It has a short stature and spikes are apically
awnletted. Jackamr is late tillering with a large number of small sized kernels.
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Appendix Table 2. Summary of climatic data on a per month basis for Hyslop
Crop Science Field Laboratory, growing season 1986-87 and 1987-88.

Growing
Season

Month Precipitation
(mm)

Temperature °C

Average Max. Average Min. Mean

1986-87 October 71.12 18.50 7.22 12.86
November 218.95 12.17 4.44 8.30
December 88.90 7.78 0.28 4.03
January 208.79 7.89 0.61 4.25
February 114.30 10.89 2.56 6.73
March 93.98 13.44 3.67 8.56
April 39.64 18.50 4.61 11.56
May 35.56 21.22 7.83 14.53
June 7.37 25.44 9.56 17.50
July 56.64 25.33 11.50 18.42

Total 935.23

1987-88 October 6.86 23.00 5.28 14.14
November 99.06 12.11 4.89 8.50
December 290.07 6.50 1.39 3.95
January 180.84 7.06 0.67 3.86
February 43.18 11.17 1.61 6.39
March 99.06 13.50 2.50 8.00
April 84.58 16.06 5.61 10.84
May 97.54 17.89 6.56 12.23
June 46.48 22.00 9.22 15.61
July 2.29 28.00 11.00 19.50

Total 949.95



Appendix Table 3. Observed mean squares for seven agronomic traits involving five parents when grown under space
planted conditions at the Crop Science Field Laboratory, 1986-87.

Source of
Variation df

Mean Squares

Plant
height

(cm)

Tiller
number

Spike
length
(cm)

Spike lets
per spike

Biological
yield

(gms)

Grain
yield
(gms)

Harvest
index

Blocks 3 3.38 0.32 0.32 0.27 34.98 8.40 0.0009

Genotypes 4 503.57** 6.42** 30.93** 7.32** 490.45** 38.87** 0.0018

Error 12 6.01 0.86 0.36 0.56 41.98 5.11 0.0012

C. V. (%) 2.5 9.8 6.3 3.3 11.3 11.3 9.8

** Significant at the 0.01 probability level.



Appendix Table 4. Observed mean squares for seven agronomic traits from a 5x5 diallel cross for parents, Fl, F2, F3
bulk, and F3 families when under spaceplanted conditions at the Crop Science Field Laboratory, 1986-87.

Source of
Variation df

Mean Squares

Plant
height

(cm)

Tiller
number

Spike
lenghth

(cm)

Spike lets
per spike

Biological
yield

(gms)

Grain
yield
(gms)

Harvest
index

Reps 3 33.45 0.47 1.30 1.36 469.58 90.00 0.0044
Crosses 9 1516.95** 2.13 10930** 13.62** 268.59* 21.77 0.0034**
Error (a) 27 69.88 3.42 0.54 0.77 106.44 17.03 0.0009

Generations 5 652.33** 16.81** 29.50** 14.06** 1161.37** 204.53** 0.0039**
Cross x Generation 45 141.43** 3.27** 5.26** 1.70** 237.09** 31.05** 0.0006
Error (b) 150 10.24 1.34 0.56 0.76 66.68 9.03 0.0007

C. V. (%) 3.1 11.8 8.2 3.8 12.9 13.6 7.6

* Significant at the 0.05 probability level.
** Significant at the 0.01 probability level.



Appendix Table 5. Analysis of variance for plant height, tiller number, spikelength, spikelets per spike, biological yield,
grain yiled, and Harvest index for parents and F1's from a 5x5 diallel cross grown at the Crop Science Field
Laboratory, 1986-87.

Source of
variation df

Mean Squares

Plant
height

(cm)

Tiller
number

Spike
length

(cm)

Spike lets
per spike

Biological
yield
(gms)

Grain
yield
(gms)

Harvest
index

Reps 3 2.52 0.32 1.04 0.13 302.23 53.26 0.0025

Genotypes 14 572.91** 3.88* 31.28** 5.06** 402.33** 52.96** 0.0016

Error 42 14.95 1.78 0.50 0.75 109.66 15.61 0.0011

C. V. (%) 3.7 13.9 7.8 3.8 16.2 16.8 9.0

* Significant at the 0.05 probability level.
** Significant at the 0.01 probability level.



Appendix Table 6. Analysis of variance for plant height, tiller number, spike length, spikelets per spike, biological yield,
grain yield, and harvest index for parents and F2's from a 5x5 diallel cross grown at the Crop Science Field
Laboratory, 1986-87.

Source of
variation df

Mean Squares

Plant
height
(cm)

Tiller
number

Spike
length

(cm)

Spikelets
per spike

Biological
yield
(gms)

Grain
yield

(gms)

Harvest
index

Reps

Genotypes

Error

3

14

42

22.88

419.74**

14.80

0.77

3.72**

0.96

0.46

20.85**

0.26

0.82

3.89**

0.41

93.91

324.03**

36.86

21.73

29.20**

4.06

0.0016

0.0010

0.0007

C. V. (%) 3.67 9.76 5.52 2.80 9.39 9.39 7.54

** Significant at the 0.01 probability level.



Appendix Table 7. Analysis of variance for plant height, tiller number, spike length, spikelets per spike, biological yield,
grain yield, and harvest index for parents and F3's from a 5x5 diallel cross grown at the Crop Science Field
Laboratory, 1986-87.

Mean Squares

Source of
variation df

Plant
height
(cm)

Tiller
number

Spike
length
(cm)

Spike lets
per spike

Biological
yield
(gms)

Grain
yield
(gms)

Harvest
index

Reps 3 5.27 1.35 0.33 0.44 76.37 17.47 0.0063

Genotypes 14 317.86** 2.90** 21.84** 3.91** 235.13** 22.57** 0.0023

Error 42 20.69 1.05 0.34 0.42 32.08 4.06 0.0024

C. V. (%) 4.39 10.31 6.25 2.85 9.12 9.39 13.69

** Significant at the 0.01 probability level.



Appendix Table 8. Observed mean squares for plant height, tiller number, biological yield, kernels per spike, 300-kernel
weight, grain yield, and harvest index involoving five parents when grown under solid seeded conditions at the
Crop Science Field Laboratory, 1986-87.

Mean Squares

Source of
Variation df

Plant
height
(cm)

Tiller
number

Biological
yield

(gms)

Kernels
per spike

300-kernel
weight

(gms)

Grain
yield
(gms)

Harvest
index

Reps 3 2.86 90.45 3772.98 8.90 0.11 210.86 0.003

Genotypes 4 892.74** 525.55** 10724.33 289.19** 11.72** 6167.20* 0.007

Error 12 20.36 146.28 5313.53 23.05 0.52 1197.70 0.003

C. V. (%) 4.1 8.9 11.9 8.1 4.9 15.9 15.2

* Significant at the 0.05 probability level.
** Significant at the 0.01 probability level.



Appendix Table 9. Observed mean squares for plant height, tiller number, biological yield, kernels per spike,
300-kernel weight, grain yield, and harvest index for parents and bulked F3 lines from a 5x5 diallel cross
grown under solid seeded conditions at the Crop Science Field laboratory, 1986-87.

Source of
Variation df

Mean Squares

Plant
height

(cm)

Tiller
number

Biological
yield

(gms)

Kernels
per spike

300-kernel
weight

(gms)

Grain
yield
(gms)

Harvest
index

Reps 3 4.29 275.69 7712.91 18.25 0.80 189.61 0.001

Genotypes 14 697.42** 239.25 1494.98** 189.06** 6.75** 2689.71** 0.005

Error 42 40.47 127.72 5808.77 17.48 0.78 935.55 0.003

C. V. (%) 5.4 8.3 11.9 7.0 6.2 14.1 15.6

* Significant at the 0.01 probability level.
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Appendix Table 10. Observed mean squares for plant height, tiller number,
biological yield, grain yield, and harvest index for five parents when
grown under space planted conditions at the Crop Science Field
Laboratory, 1987-88.

Source of
Variation df

Mean Squares

Plant
height
(cm)

Tiller
number

Biological
yield

(gms)

Grain
yield

(gms)

Harvest
index

Reps 3 8.72 0.07 82.00 4.13 0.0023

Genotypes 4 330.32** 14.32** 1377.67** 413.12** 0.0031**

Error 12 3.26 1.19 77.71 24.42 0.0002

C.V. (%) 1.7 6.9 7.8 9.7 3.3

** Significant at the 0.01 probability level.
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Appendix Table 11. Observed mean squares for five agronomic traits from a 5x5
diallel cross for parents, Fl, F2, F3, F4 and top crosses 1, 2, and 3
when grown under space planted conditions at the Crop Science Field
Laboratory, 1987-88.

Source of
variation df

Mean Squares

Plant
height
(cm)

Tiller
number

Biological
yield

(gms)

Grain
yield
(gms)

Harvest
index

Reps 3 75.75 15.19 2495.61 2.69 0.0257
Crosses 9 1003.25** 49.46** 1064.62** 433.61** 0.0096**
Error 27 70.92 3.85 317.61 88.31 0.0012

Generations 8 734.51** 17.56** 5275.60** 997.54** 0.0092**
Crosses x
Generations 72 122.76** 5.69** 507.96** 116.72** 0.0020**
Error 240 6.83 3.14 145.94 34.47 0.0005

C. V. (%) 2.4 10.7 9.4 10.5 5.2

* Significant at the 0.05 probability level.
** Significant at the 0.01 probability level.
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Appendix Table 12. Analysis of variance for plant height, tiller number,
biological yield, grain yield, and harvest index for parents and F1's
from a 5x5 diallel cross grown at the Crop Science Field Laboratory,
1987-88.

Mean Squares

Source of Plant Tiller Biological Grain Harvest
variation df height number yield yield index

(cm) (gms) (gms)

Rep 3 16.17** 2.99 590.83 55.13 0.0052

Genotypes 14 396.65** 11.70** 2013.95** 394.60** 0.0047**

Error 42 10.36 2.52 265.38 69.10 0.0006

C. V.(%) 2.94 9.66 12.25 14.24 5.34

** Significant at the 0.01 probability level.
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Appendix Table 13. Analysis of variance for plant height, tiller number,
biological yield, grain yield, and harvest index for parents and F2's
from a 5x5 diallel cross grown at the Crop Science Field Laboratory,
1987-88.

Mean Squares

Source of Plant Tiller Biological Grain Harvest
variation df height number yield yield index

(cm) (gms) (gms)

Reps 3 22.47 4.15 236.06 7.53 0.0055

Genotypes 14 300.37** 17.07** 854.78** 180.68** 0.0035**

Error 42 9.33 5.33 90.67 23.06 0.0003

C. V.(%) 2.84 13.78 7.60 8.90 4.27

** Significant at the 0.01 probability level
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Appendix Table 14. Analysis of variance for plant height, tiller number,
biological yield, grain yield, and harvest index for parents and F3's
from a 5x5 diallel cross grown at the Crop Science Field Laboratory,
1987-88.

Mean Squares

Source of Plant Tiller Biological Grain Harvest
variation df height number yield yield index

(cm) (gms) (gms)

Reps 3 13.08 0.91 197.98 6.42 0.0043

Genotypes 14 203.72** 11.89** 728.33** 207.08** 0.0043**

Error 42 5.61 1.02 59.43 13.43 0.0002

C. V.(%) 2.20 6.16 6.33 7.00 3.44

** Significant at the 0.01 probability level.
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Appendix Table 15. Analysis of variance for plant height, tiller number,
biological yield, grain yield, and harvest index for parents and F4's
from a 5x5 diallel cross grown at the Crop Science Field Laboratory,
1987-88.

Mean Squares

Source of Plant Tiller Biological Grain Harvest
variation df height number yield yield index

(cm) (gms) (gms)

Rep 3 8.04 1.97 789.73 16.06 0.0060

Genotypes 14 243.12** 9.52** 645.99** 199.95** 0.0035**

Error 42 7.80 1.31 61.71 16.77 0.0002

C. V.(%) 2.63 6.92 6.59 7.92 3.33

** Significant at the 0.01 probability level.
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Appendix Table 16. Observed mean squares for plant height, tiller number,
biological yield, grain yiled, and harvest index for five parents when
grown under solid seeded conditions at the Crop Science Field
I nbora tory, 1Q87-88

Source of
variation df

Mean Squares

Plant
height
(cm)

Tiller
number

Biological
yield

(gms)

Grain
yield
(gms)

Harvest
index

Reps

Genotypes

Error

3

4

12

58.85

214.53**

26.03

147.38

459.20

142.80

1817.93

7207.83

4139.06

1023.25

4525.25*

1117.08

0.001

0.009**

0.001

C. V. (%) 4.5 11.4 12.8 22.2 11.6

* Significant at the 0.05 probability level.
**Significant at the 0.01 probability level.
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Appendix Table 17. Observed mean squares for plant height, tiller numer,
biological yield, grain yield, and harvest index for 1:1 composites of
respective parents when grown under solid seeded conditions at the
Crop Science Field Laboratory, 1987-88.

Source of
variation df

Mean Squares

Plant
height
(cm)

Tiller
number

Biological
yield

(gms)

Grain
yield
(gms)

Harvest
index

Reps 3 34.48 139.62 2325.69 280.62 0.001

Genotypes 9 89.00** 530.24** 9167.11 3015.18* 0.005**

Error 27 15.76 132.61 4862.80 992.18 0.001

C. V. (%) 3.5 11.7 13.3 21.1 12.2

* Significant at the 0.05 probability level.
**Significant at the 0.01 probability level.
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Appendix Table 18. Observed mean squares for plant height, tiller number
biological yield, grain yiled, and harvest index for ten bulked F4 lines
of single crosses from a 5x5 diallel cross grown under solid seeded
conditions at the Crop Science Field Laboratory, 1987-88.

Source of
variation df

Mean Squares

Plant
height
(cm)

Tiller
number

Biological
yield

(gms)

Grain
yield
(gms)

Harvest
index

Reps 3 227.36 179.49 5221.97 816.89 0.001

Genotypes 9 156.99** 578.13** 12426.00* 4465.64** 0.006**

Error 27 64.43 157.34 5310.73 888.65 0.001

C. V. (%) 6.6 12.5 14.4 22.4 14.2

* Significant at the 0.05 probability level.
** Significant at the 0.01 probability level.
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Appendix Table 19. Observed mean squares for five agronomic traits involving
parents, ten 1:1 composites of respective parents and ten bulked F4
lines of single crosses from a 5x5 diallel cross grown under solid
seeded conditions at the crop Science Field Laboratory, 1987-88.

Source of
variation df

Mean Squares

Plant
height
(cm)

Tiller
number

Biological
yield

(gms)

Grain
yield
(gms)

Harvest
index

Reps 3 230.87 333.66 7624.68 963.34 0.001

Genotypes 24 186.614** 515.47** 9721.17** 3830.27** 0.006**

Error 72 38.15 138.07 4577.45 939.72 0.001

C. V. (%) 5.3 11.7 13.2 21.4 12.8

**Significant at the 0.01 probability level.
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Appendix Table 20. Mean values for plant height (cm), tiller number, biological yield (gms), grain
yield (gins), and harvest index for all possible Fl top crosses from a 5x5 diallel cross
grown at the Crop Science Field Laboratory, 1987-88.

Top crosses

Means

Plant
height

(cm)

Tiller
number

Biological
yield

(gins)

Grain
yield
(gins)

Harvest
index

Stephens/Malcolm//Yanhill 112.0 17.2 143.2 66.7 0.47

Stephens/Malcolm//Aurora 115.7 16.5 145.2 62.5 0.43

Stephens/Malcolm/flackmar 99.0 17.7 124.5 59.7 0.49

Stephens/Yamhill//Malcolm 106.5 18.5 147.0 66.0 0.45

Stephens/Yamhill//Aurora 117.0 16.0 136.5 60.2 0.45

Stephens/Yamhill//Jackmar 106.2 19.0 141.0 58.0 0.41

Stephens/Aurora//Malcolm 106.5 15.7 124.5 56.7 0.46

Stephens/Aurora/Yamhill 119.7 14.2 128.0 56.2 0.44

Stephens /Aurora / /Jackmar 108.0 18.7 132.7 58.5 0.45

Stephens/Jackmar//Malcolm 98.5 17.5 129.0 56.0 0.43

Stephens /Jackmar / /Yamhill 117.2 16.7 145.0 59.7 0.41

Stephens/Jackmar//Aurora 110.5 15.7 119.5 47.2 0.40

Malcolm/Yamhill//Stephens 106.7 16.5 121.5 57.5 0.47

Malcol/Yamhill//Aurora 125.5 15.5 141.5 60.0 0.42

Malcolm /Yamhill/ /Jackmar 110.2 17.2 136.0 57.0 0.42

Malcolm/Aurora//Stephens 106.5 15.5 128.0 58.7 0.46

Malcolm/Aurora//Yamhill 118.7 13.5 133.0 59.7 0.45

Malcolm/Aurora/Packmar 104.7 17.0 131.5 56.7 0.44

Malcolm/Jackmar//Stephens 100.0 19.0 137.7 64.0 0.46

Malcolm/Jackmar//Yamhill 116.7 16.5 145.7 62.2 0.42

Malcolm /Jackmar / /Aurora 114.2 17.2 142.0 58.0 0.41

Yamhill/AurorafiStephens 117.7 15.5 130.5 59.5 0.45

Yamhill/Aurora//Malcolm 119.2 16.5 157.2 66.7 0.42

Yamhill/Aurora//Jackmar 117.7 15.7 122.0 52.7 0.43

Yamhill/Jackmar//Stephens 101.5 17.5 125.2 56.0 0.46

Yamhill/Jackmar//Malcolm 110.7 18.2 148.2 64.2 0.44

Yamhill/Jackmar//Aurora 117.7 15.5 130.7 53.2 0.40

Aurora/Jackmar//Stephens 108.5 16.7 129.2 59.2 0.46

Aurora/Jackmar//Malcolm 110.5 17.0 142.2 62.5 0.44

Aurora /Jackmar / /Yamhill 122.5 16.0 143.5 61.2 0.42


