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The effect of heterozygosity on the phenotypic stabilities of six 

morphological plant characteristics was studied in hybrid crosses of 

two self- pollinated barley species Hordeum vulgare L. , emend Lam. 

and Hordeum distichum L. , emend Lam. Experimental material 

consisting of parents and their F1 diallel progeny were grown at two 

field locations and one greenhouse location in the spring of 1967. 

The phenotypic stability for plant height, kernels per spike, kernel 

weight, grain yield per plant and awn length was determined by the 

use of two statistics, the standard deviation, and the coefficient of 

variation. These statistics were computed on each individual plot 

based on measurements taken from three plants per plot. The mean 

coefficient of variation and standard deviation values representing the 

phenotypic stability of each of the entries were compared at each of 

three locations and across the three locations. Analyses of variance 

facilitated the comparison of four groups. Two of the four groups 

- 



were composed of homozygous genotypes (parental groups) and two 

of the groups were composed of highly heterozygous genotypes (6 X 6 

and 2 X 2 crosses). 

The associations between the phenotypic stabilities of all char- 

acteristics measured were studied by the use of linear correlations. 

Further, associations between the mean values of each character- 

istic measured and its phenotypic stability were determined. In 

addition, the association between the two statistics coefficient of 

variation and standard deviation utilized in this study as a basis of 

measuring phenotypic stability was determined by correlation studies. 

The results of this research indicated that the phenotypic sta- 

bility of heterozygotes as a group was neither greater nor less than 

the homozygotes for any morphological characteristic when corn - 

pared across the three locations. This would suggest that hetero- 

zygosity per se does not influence phenotypic stability over rather 

diverse environments. On the other hand heterozygosity did increase 

the phenotypic variation of kernel weight and plant height at the Klam- 

ath Falls field location. And, the phenotypic variation of tiller num- 

ber was increased at the Corvallis field location. 

The phenotypic stability of heterozygotes and homozygotes 

was greatest for all characteristics measured under the minimal 

environmental stress at the greenhouse location. 



The phenotypic stability of kernel weight, plant height, kernels 

per spike and awn length were associated. Evidence also indicated 

associations between the phenotypic stability of plant height and the 

phenotypic stabilities of kernels per spike and awn length. Additional 

evidence indicated that the phenotypic stabilities of kernels per spike 

and awn length were associated. This association among the pheno- 

typic stability of several plant characteristics may suggest a common 

control mechanism for phenotypic stability within the plant. If as the 

evidence indicated, the phenotypic stability of several plant charac- 

teristics are associated, the selection for levels of phenotypic stabil- 

ity of one plant characteristic could lead to increased stability for 

certain other plant characteristics. 

It was found that the parents used in a hybrid barley cross can 

influence the phenotypic stability of the hybrid. These results sug- 

gest the possibility of selecting parents which when crossed would 

result in hybrids which exhibit high phenotypic stability for particu- 

lar morphological characteristics. 

The coefficient of variation and standard deviation were highly 

associated when used to measure phenotypic stability. The coeffici- 

ent of variation was the most reliable of the two statistics because 

it was not influenced by the size of the mean as was the standard 

deviation. 
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THE EFFECT OF HETEROZYGOSITY ON PHENOTYPIC 
STABILITY IN SPRING BARLEY 

INTRODUCTION 

Although plant breeders have been aware of important genotypic 

differences in adaptability, it appears that they have been unable to 

fully exploit them in breeding programs. This has been due largely 

to problems of measuring and defining either adaptability itself or 

the complexities of natural environments. 

Research into phenotypic stability (developmental homeostasis) 

carried out by Lerner (1954), Lewis (1954), Williams (1960), Griffing 

and Langridge (1963), Dobzhansky and Levene (1955) and others has 

provided considerable fundamental knowledge about the nature and 

significance of adaptation in both animals and plants. These studies 

mostly conducted under controlled environmental conditions, pro- 

vided fundamental information about phenotypic stability, heterosis, 

and response to environmental change. One result of the continued 

development of fundamental concepts from this type of research has 

been to emphasize the considerable gap between results in the labor- 

atory and the field. 

In spite of the many studies on stability, controversy has 

arisen over the question of stability of heterozygotes versus homo- 

zygotes. Theoretically homozygous inbreds and their hybrids have 
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no genetic variance and thus their phenotypic variance is said to be 

strictly environmental. The increased stability of heterozygotes is 

most frequently considered to be the result of allelic diversity at 

many loci. 

Although, considerable information on homeostasis in animals 

and in cross pollinating species of plants is present in the literature, 

relatively little information on developmental homeostasis in self - 

pollinating plant species such as barley can be found. The objectives 

of the present study were: 

1. Determine the effect of heterozygosity on phenotypic stabil- 

ity of several external plant characteristics in hybrid crosses of two 

self -pollinated barley species Hordeum vulgare L. , emend Lam. 

and Hordeum distichum L. , emend Lam. 

2. Determine if the phenotypic stabilities of several indepen- 

dent plant characteristics could be associated as might be expected 

if phenotypic stability of the independent characteristics were under 

common control. 

3. Determine the associations between plant characteristic 

mean values and their respective phenotypic stabilities. 

4. Determine the association between the coefficient of varia- 

tion and the standard deviation when utilized to measure phenotypic 

stability. 
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LITERATURE REVIEW 

Homeostasis is a term originally proposed by W. B. Cannon 

(1932) to describe the ability of the human body to develop and stabil- 

ize itself in fluctuating environments. 

Homeostasis may be defined as the property of an organism to 

adjust itself to variable conditions, or it may refer to the self -regu- 

latory mechanisms which permit an organism to stabilize itself in 

fluctuating inner and outer environments (Jones, 1958). Where 

homeostasis prevails, the plant has the ability to maintain relative 

uniformity of an observable characteristic in spite of variations in 

the environment. Homeostasis is expressed by reduced variability 

when a group of plants with a single genotype is grown under different 

environments (Briggs and Knowles,1967). Though primarily morpho- 

logical characteristics have been studied, their stability of develop- 

ment in a variable environment implies physiological adjustments. 

Essentially, there are two types of homeostasis referred to in 

the biological and medical literature. These are "developmental 

homeostasis" which applies to the buffering of a single genotype or 

a group of individuals with a single genotype and "genetic homeostasis" 

which identifies the situation in which a population can perform in a 

steady state because of differences in the genotypes of individual which 

make up the population. 

' 
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The relationship of heterozygosity to homeostasis has been the 

subject of a substantial amount of study and discussion. Lerner (1954) 

used the term "genetic homeostasis" to describe the ability of a popu- 

lation to maintain a gene frequency for optimum fitness. He main- 

tained that uniformity over a range of environments was associated 

with heterozygosity for outbreeding organisms. It was suggested that 

cross -pollinated crops have evolved a stability system favoring the 

normal heterozygous condition. Inbred lines of these plants are in 

an abnormal condition and are more sensitive to the influence of 

environment. Lerner (1954) maintained that the evolution of cross 

fertilized organisms has affected genotypes producing developmental 

patterns with a considerable degree of self -regulation. He further 

states that: "In embryological terms, the process of development 

of specific form has become canalized, leading to a uniformity of 

phenotypic expression in individuals of a given population, in spite 

of the genetic variability between them. " Lerner contended that 

multiple heterozygotes (heterozygous at many loci) have a selective 

advantage because of their better buffering. He attributed this buf- 

fering to the greater ability of the heterozygote to stay within the 

norms of canalized development. 

The increased auto - regulating powers of higher organisms may 

be based as Waddington (1942) has pointed out on canalization of devel- 

opment. He stated: "Developmental reactions as they occur in 
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organisms submitted to natural selection, are in general canalized. 

That is to say, they are adjusted so as to bring about one definite end 

result regardless of minor variations in conditions during the course 

of the reaction. " 

Cannon (1932), stated that the term homeostasis is applied to 

a condition whereas the causative conditions which are in themselves 

variable are called homeostatic devices. 

Grafius (1956) has studied a theoretical model involving the 

concept of homeostasis and presented data in its support. . Grain 

yield in oats (Avena sativa L.) was represented geometrically as a 

rectangular parallelepiped of volume W and with edges X (number of 

panicles per unit area), Y (average number of kernels per panicle), 

and Z (average kernel weight); thus X. Y Z = W. A universal variety 

(the homeostatic genotype) was defined as a variety which equals or 

exceeds the mean yield at all locations in a region. On the basis of 

the theory developed, among other properties of the universal vari- 

ety, changes in X, Y and Z would tend to counter- balance, and the 

edge most subject to change would be the longest, the edge least 

subject to change, the shortest. Grafius concluded from this analysis 

that grain yields of some genotypes may remain relatively constant 

over a range of environments even as the components of yield vary. 

The changes in the components are compensating such that their 

product (X Y Z) is relatively invariable. The components of yield 
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are homeostatic devices, which assure homeostasis of yield. In 

barley, the components of yield, tiller number, kernels per spike 

and kernel weight are the homeostatic devices. 

Plant species are frequently assumed to be relatively homoge- 

neous physiological populations. Physiological differences between 

species are well recognized but seldom are such differences consid- 

ered within a species. Harvey (1939) investigated inherent physio- 

logical differences within species. Corn and tomatoes showed highly 

significant differential strain behavior when tested for nutritional 

responses. That is, when strains of a species were grown on several 

nutritional solutions, their rank (measured as total dry weight of 

plants) was altered from one nutritional treatment to another. This 

change in rank by strains from one treatment to another was con- 

sistent between tests made in different seasons. 

The work of Allison (1964) clearly demonstrated the develop- 

mental homeostasis concept. From three different F1 maize hybrids, 

the leaf area was determined at the 5, 10, and 15 -leaf stages of 

growth in each of three years, 1959 -61. Variability in lamina area 

among the plants of a sample was expressed as the coefficient of 

variation and was plotted against successive stages of growth based 

on leaf number. As growth proceeded from the 5 -leaf through the 

10 -leaf to the 15 -leaf stage of growth, variability in lamina area fell 
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substantially. The evidence indicated that plants with small leaf 

areas during early growth tended to catch up to the extent that at 

the beginning of the reproductive phase, leaf area and consequently 

capacity for the accumulation of dry matter to fill the grain was p y u d y g 

relatively uniform. Since these hybrids had been selected for high 

grain yield, the foregoing would seem to fit the definition of develop- 

mental homeostasis; that is, a tendency of the individuals of a strain 

to reach a uniform state of maturity despite disturbances during 

development. It was concluded that this tendency appears to be 

characteristic of maize hybrids for attributes of selection value. 

In order to explain this behavior, it was assumed that production 

of dry matter at a particular stage of growth was determined by the 

leaf area present at that stage. From this it followed that plants 

with a small leaf area, early on, could only catch up by producing 

later leaves with a greater area per unit weight than did those plants 

which possessed large leaf areas initially 

Black (1957) studied the effects of developmental homeostasis 

in swards of subterranean clover Trifolium subterranean. L. Under 

space planted conditions, plants of three widely separated seed 

sizes were grown and the dry weights and leaf area of the resulting 

plants were recorded during the growing period. The dry weights 

were found to be proportional to the seed weights over most of the 

growth period. The critical leaf area index (Watson, 1947, 1952) 

. 
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was reached first by "large seed" swards, followed by "medium 

seed" and finally by "small seed" swards. Thus, there was a period 

in which the swards were growing at different rates, but on the final 

sampling there was no significant difference between the dry weights 

of the swards from the plants of the three seed sizes. 

Homeostasis of Heterozygotes vs. Homozygotes 

Robertson and Reeve (1952) reported that on the average inbred 

lines of Drosophila had almost double the phenotypic variance of the 

crosses between them. They found further that when genotypes were 

grouped according to the number of heterozygous pairs of chromo- 

somes they carried, the average variance of winglength declined 

progressively with increase of heterozygosity, so that the environ- 

mental variance of a particular genotype appeared to be intimately 

related to the degree of heterozygosity. The authors suggested that 

the more heterozygous individuals will carry a greater diversity of 

alleles, and consequently will be endowed with a greater biochemical 

versatility in development. This will lead to heterosis because of the 

more efficient use of the materials available in the environment, and 

also to a reduced sensitivity to environmental variations, since there 

will be more ways of overcoming the obstacles which such environ- 

mental variations put in the way of normal development. 

Adams and Shank (1959) measured homeostasis in eight groups 

" 
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of maize hybrids which had been produced to achieve different levels 

of genetic heterozygosity among groups. Thirty -four hybrids in 1956 

and 40 hybrids in 1957 were evaluated at two locations during each 

year for homeostasis in five traits by comparison of intraplot coeffi- 

cients of variation. Evidence of two kinds was obtained. First, 

homeostasis in these maize hybrids was highly related to the expected 

levels of heterozygosity of the hybrid groups. For the five traits 

studied, namely plant height, flag leaf height, ear node height, 

total plant weight and ear weights, respectively, 80. 3, 86. 5, 88. 3, 

75. 5, and 81. 6 percent of the differences in buffering capaicity were 

attributable to differences in heterozygosity of the eight groups of 

hybrids. Second, differences between hybrids within groups were, 

in most cases, highly significant, which fact suggests that intrinsic 

heterozygosity is not a sufficient explanation of homeostasis in maize. 

In a further study on the question of heterozygote stability, 

Shank and Adams (1960) compared ten inbred lines and five F1 hybrids 

of these lines for plant height, height of ear shank node, ear weight, 

ear length, ear diameter and maturity moisture percent. The coeffi- 

cients of variation determined on each plot for each measurement 

were compared by the analysis of variance. Results indicated that 

the inbred lines were more variable than the hybrids for every trait. 

Real differences in variability among inbred lines themselves were 

found for all traits except ear diameter. In contrast, the hybrids 
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differed among themselves in variability only for ear height. From 

the data presented, maize hybrids heterozygous for a great number 

of alleles appeared to be better buffered as a group than their inbred 

and presumably essentially homozygous parents. Likewise, the 

inbred parents themselves apparently differed in their buffering 

capacities, which suggested that buffering is not necessarily a 

property of heterozygosity per se. Parental differences in develop- 

mental stability were also noted by Mather (1953). Therefore, 

Shank and Adams maintained that any hypothesis to explain buffering 

must provide two kinds of evidence: one for heterozygote superiority, 

and one for differences among homozygotes. Three hypotheses were 

considered by the authors; they were not necessarily mutually exclu- 

sive. The first one postulated either the existence of alternative 

pathways of biosynthesis, optionally functional under different envi- 

ronmental conditions, and depending on heterozygous loci or non - 

allelilic gene interaction, or the presence of a complex enzyme whose 

constituent parts function alternatively on a fluctuating environment. 

This hypothesis closely parallels that of Lerner (1954) and is similar 

to the canalization theory of Waddington (1942). Their data were 

consistent with, but not critical of, this hypothesis. The author's 

second hypothesis, the heterozygous balance hypothesis, with certain 

assumptions would lead to the prediction that homeostasis should 

increase with increasing heterozygosity, at least up to the level of 
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heterozygosity established in the random mating equilibrium popula- 

tion. This prediction was satisfactorily fulfilled by the data of their 

study but would fail to account for differences in buffering among 

inbreds or among hybrids at the same level of heterozygosity. In 

the third hypothesis, it was proposed that back of each major horneo- 

static trait are to be found component characteristics or processes 

which vary in a compensating pattern to promote relative constancy 

of the complex trait. The flexibility of the components is derived 

from the biochemical versatility conferred by heterozygosity. But 

nonallelic gene interactions may be capable of conferring differential 

versatility on homozygotes and so both kinds of evidence can be 

answered by this hypothesis. The authors stated that the relation- 

ship of homeostasis to heterozygosity is analogous to the relationship 

of heterosis to heterozygosity and, on the component hypothesis, both 

phenomena might result from a common fundamental geometry of 

enumeration and measurement. 

Rowe and Andrew (1964a, b) evaluated corn inbred lines and 

their F1 hybrids for phenotypic stability. The F1, F2, F3, and 

first and second backcross generations were grown under field 

environments. Stability, as measured by environmental variance 

components, was not associated with level of heterozygosity for 

number of days to silking and kernel row numbers. Phenotypic 

stability decreased as mean performance increased. The genotype 
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X environment components of variance was larger for the nonsegregat- 

ing inbred and F1 groups than for the genetically diverse segregating 

groups. This indicated that the mixtures of genotypes in the segre- 

gating populations performed more uniformly from environment to 

environment. These results suggested that differences in stability 

among genotypic groups were associated with differences in ability 

to exploit favorable environments. The more vigorous heterozygous 

groups were able to perform at a high level under favorable condi- 

tions but were reduced under unfavorable environments. No evidence 

was found for superior F1 stability. 

Pfahler (1966), working with three diploid varieties of rye 

(Secale cereale L. ), measured dry plant weight and grain production 

of space planted material to determine the extent of heterosis and 

homeostasis shown by reciprocal intervarietal crosses. He found 

that in this cross pollinated crop, the variabilities of the F1 popula- 

tion were not consistently lower than that of the parental varieties. 

However, the characteristic variability of a cross was dependent on 

the parents and the direction in which the cross was made. 

Williams (1960) compared the stability of inbred lines of tomato 

to their F1 hybrids. Comparison of the standard deviations of indi- 

vidual plot means gave a measure of the relative stability of the 

different genotypes under exposure to several different conditions 

(environments). Williams attempted to measure the rigidity of 

. 
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genotypic regulation of the mean developmental pathway in various 

populations. The variability of individual means measured under 

one environment indicated the latitude allowed by a genotype to each 

individual in development. Williams concluded that the F1 hybrids 

were not more or less stable over a range of environments than were 

the inbred parents. The inter- and intra- population level of variabil- 

ity of the F1 hybrids fell within the range of the respective parents. 

Griffing and Langridge (1963) examined the phenotypic stability 

of the inbreeding species Arabidopsis thaliana L. Heynh. and com- 

pared the results with those from similar studies in Drosophila. 

Homozygous lines and their F1's and F2's were grown at six differ- 

ent temperature regimes and fresh weight was taken as the measure 

of growth. The heterozygous material exhibited a greater mean 

growth over all temperatures, an increased optimum temperature, 

an increased growth at the optimum temperature, and a greater 

stability of the phenotypic expression over the entire temperature 

range, than did the parental material. The data from this study of 

Arabidopsis suggested that under continental climates, where plants 

may be exposed to heat wave conditions at critical periods of growth, 

the growth of the homozygous plants may be retarded at temperatures 

much lower than those which cause growth retardation in hybrids. 

The author hypothesized that "This fact could be a major physiolog- 

ical explanation of heterosis as observed under field conditions. " 
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The results from the inbreeding species Arabidopsis thaliana L. 

Heynh. closely paralleled those of the outbreeding species Drosophila 

pseudoboscura L. The authors further suggested that greater pheno- 

typic stability to environmental stresses might lead to less genotypic 

X environmental interaction. 

Probably the most comprehensive study of developmental 

homeostasis in plants was made by Paxman (1956). Paxman main- 

tained that there is no lack of evidence relating the stability of devel- 

opment to genotypic control. He briefly defines the concept as the 

mechanisms of the individuals which permit it to stabilize itself 

against accidents of developments and fluctuations in the external 

environment. Lack of stability manifests itself as non- adaptive 

variation of the phenotypes produced by one genotype. The meas- 

urements of this variation which have been made were classified 

into three types: 

A. Variation between genetically like individuals grown in 

two different environments.. 

B. Variation between genetically like individuals grown 

together. 

C. Variation between repetitive structures within single 

individuals. 

Type A variation may arise from several causes, such as the 

action of different genes in the two sets of environments or as 

- 
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potence- environment interaction (Lewis, 1954). Moreover, they 

may be interpreted, as pointed out by Paxman (1956), in terms of the 

adaptability of the organism to its environments, so falling outside 

the definition of nonadaptive variation. Jinks and Mather (1955), 

comparing the change in family means for plant heights of Nicotiana 

rustica L. inbred parents and their F1's, found that the F1's were not 

significantly more stable. In fact, the variation of the F1's was 

greater than that of the parents. In the same paper, Jinks and Mather 

examined intra -plot variation, the type B measure of stability. 

Genetic variation was found in respect to the stability of flowering 

time only and in no case was the average stability of heterozygotes 

greater than that of inbreds. As was indicated by Paxman, intra- 

plot variation may be influenced in some families by changes in the 

experimental field. Type C observations or intra -plant variation, 

on the other hand, can be related directly to accidents in the organ- 

ism's development as its internal stability, or as Paxman stated, 

to only the most local of environmental upsets. 

Paxman (1956) working with Nicotiana rustica L., which is 

accustomed to both selfing and crossing in nature, using -plant 

variations to measure stability. The stability of three different 

organs was examined side by side, together with changes associated 

with the normal development of the organisms. Five inbred lines of 

Nicotiana were included in a diallel set of selfs, F1 and F2 crosses. 

. 

. 
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For two years the pistil lengths and stamen length were recorded 

from three flowers on every plant. The three measurements gave 

a mean square for each plant, based on two degrees of freedom, a 

function of which was used as a measure of the plant's stability for 

the expression of the character concerned. An analysis of variance 

on the figures for each family showed the relationship between pheno- 

typic stability and the genotype. There was found one last difficulty; 

stability itself was expressed as variances which had a skewed dis- -. 

tribution and so could not legitimately be subjected to an analysis of 

variance. A logarithmic transformation was used to correct this. 

Although differences between the stability of several lines was 

found, there was no regular inequality between the heterozygous 

and homozygous conditions in respect to the stability of pistils, 

stamens or of leaf characters (leaf -shape index). This did not dis- 

agree with the postulate of Lerner (1954, Chapter 12), which forms 

the basis for his thesis regarding cross fertilized organisms; "that 

departure from the breeding system normal for the species leads to 

loss of buffering powers. " Paxman contended that since Nicotiana 

rustica L. may be cross- or self- pollinated in nature, heterozygotes 

would not be expected to differ much from homozygotes in their buf- 

fering, or stability, properties. Here where genic control of stability 

was evident, the absence of potence or heterosis for greater (or 

lesser) stability was indicated, rather than any intrinsic effect of 
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the heterozygous condition. 

As previously indicated, the stability property has been asso- 

ciated with small fluctuations of internal and external environments. 

Furthermore, the distinction between these two is not made in the 

literature and most of the published data measure stability by differ- 

ences between like individuals sharing as near a common environ- 

ment as possible. In an attempt to determine the interrelations of 

two measures of stability, Paxman compared his stability measured 

within the individual (intra- plant) with the within -plot variance, the 

type of information used by Jinks and Mather (1955). The correlation 

between the within -plot variance and within -plant variances for sta- 

men height calculated over the 25 parents and F1 families was 

+0. 5826, which was highly significant at the 0.1 percent level. 

Considering that fertility gradients must affect the within -plot var- 

iation, Paxman concluded that this was good evidence for regarding 

the two variances as substantially alternative measures of the same 

phenomenon. 

The flowers provided two measures of stability within the plant 

based respectively on stamen and pistil measurement. It was found 

by analysis of the data that the stamens and pistils provided two 

measures of the same thing. In other words, their level of stability 

was determined jointly. Although this was not surprising, it did 

suggest the question of whether there was general control of stability 
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throughout the plant. Correlations were calculated on the diallel 

tables for flower stability (as measured by the stamens) and leaf 

stability. The correlation coefficient between the two was -0.25 

which was not significant. The stability of leaf differentiation was 

thus determined independently from that of the flower. 

Finley and Wilkinson (1963) described the adaptation response 

of individual barley varieties to a range of environments in which they 

were grown. For each variety a linear regression of individual yield 

on the mean yield of all varieties for each site in several seasons 

was computed. This regression technique was particularly effective 

in emphasizing the actual trend of varietal yield responses to a range 

of natural environments. However, the method was not suited to 

measuring phenotypic stability within an environment. 

Eberhart and Russell (1966) proposed a model for describing 

the performance of a variety over a series of environments. One 

of the basic differences between Eberhart and Russell's model and 

that of Finley and Wilkinson was that the "environmental index" of 

Eberhart and Russell's model was calculated as the mean of all 

varieties at a location minus the grand mean of all locations. The 

"environmental index" of Finley and Wilkinson's model was computed 

as the mean of all varieties at a location. Although Eberhart and 

Russell's model provided a method for describing the performance 

of a variety over a series of environments, as with Finley and 

' 
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Wilkinson's method, it was not suitable for comparing the phenotypic 

stability of genotyes within environments. 

Scott (1967) initiated a study to determine if yield stability could 

be selected for in maize. He found that selection for stability of 

yield was effective in most cases. Scott maintained that since selec- 

tion for levels of yield stability was effective, genetic control of the 

character was strongly indicated. 
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MATERIALS AND METHODS 

Five six -row and four two -row spring barley varieties repre- 

senting wide geographic areas of origin and genetic diversity were 

used in this study. A description of each variety is given in Appendix 

Table 1. To insure varietal purity all seeds used were examined 

using a 7X Hastings Triplet magnifier. Selection of seeds for plant- 

ing was based upon uniformity of aleurone color, rachilla hair length 

and kernel crease. 

In 1966 diallel crossing blocks were established in which par- 

ental varieties were crossed in all possible hybrid combinations 

within six -row varieties and within two -row varieties. Reciprocal 

crosses between the parents were disregarded and therefore a total 

of ten different six -row crosses and six different two -row crosses 

were obtained. All crosses except those involving the variety 

Hannchen were made by means of hand emasculation and hand pol- 

lination. The selection of Hannchen used in this study carried a 

gene (ms) for male sterility. Plants carrying this gene in homozy- 

gous condition (recognizable by their rudimentary anthers and lack 

of pollen), did not require emasculation and thus were used as female 

parents in the appropriate crosses. 

In 1967 experimental material consisting of the parents and 

their F1 diallel progeny were grown at two field locations and one 

. 
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greenhouse location. The greenhouse location, designated location 1, 

was planted March 2, 1967 in a loam soil on the groundbed of a green- 

house located on the campus of Oregon State University. Location 2 

was planted April 17, 1967 at the Farm Crop Department farm des- 

ignated hereafter as the Corvallis field location or location number 2. 

This experimental farm is located one mile east of Corvallis, Oregon 

in Benton County; the elevation of this is 200 feet and the 

soil is a sandy loam. 

The field at location 2 in which the experimental material was 

planted had previously been planted with a heavy rye cover crop which 

had been ploughed under only two weeks prior to planting. It was 

suspected that this condition might cause an unbalance in the carbon 

nitrogen ratio of the soil; this thought was later confirmed by a gen- 

eral stunting of all crops grown on this field including the experi- 

mental material. 

The third location was planted 25 miles north of Klamath Falls, 

Oregon in Klamath County. The elevation at the Klamath Falls loca- 

tion was 4100 feet and the soil at the planting site was an organic 

muck containing 60 -70% organic matter. The particular planting 

site had been reclaimed from Klamath Lake and had been under 

cultivation three years. A more complete description of the two 

field locations involved including rainfall and temperature data are 

presented in Appendix Table 2. 

. 
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Prior to planting in the greenhouse and at Klamath Falls all 

seed was germinated in petri dishes and planted when the coleoptiles 

were about two inches long. At the Corvallis field location seeds 

were planted in vita -bands on March 24, 1967 and grown in greenhouse 

flats in the greenhouse until April 17, 1967. At this time the seed- 

lings which were in the 2 -3 leaf stage were transplanted into the 

field. 

Before planting, 300 pounds per acre of 20 -4 -6 fertilizer was 

applied at the greenhouse location and about 150 pounds per acre; at 

the Corvallis field location and the Klamath Falls field location. 

Material at the greenhouse location was sprinkle irrigated every 

other day until the stand was established (about 2 weeks). Furrows 

were then dug between the rows and the stand was flood irrigated on 

March 8 and April 3, 1967. Material at the Corvallis field location 

was sprinkler irrigated on June 1 and on June 21, 1967; approximately 

three inches of water was applied at each irrigation. Material at the 

Klamath Falls location was not irrigated. 

The experimental design was a randomized complete block with 

four replications at the greenhouse location and three replications at 

each of the field locations. Seedlings were planted eight inches apart 

in rows spaced 18 inches apart. To minimize border effects wheat 

was planted on all outside rows and at the end of each row. 

To control insects, especially aphids which are the vectors of 

. 
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Barley Yellow Dwarf Virus (BYDV), the greenhouse was fumigated 

once a week with Dimethyl Dichlorovinyl Phosphate, trade name 

"Vapona" and cheesecloth was used to cover the greenhouse side 

vent windows to prevent aphid entry. Experimental material at the 

Corvallis field location was sprayed each week with the systemic 

insecticide Ortho Isotox. Because BYDV is not a problem in the 

Klamath Falls environment, insecticides were not used. 

Measurements 

Determinations of plant height, tiller number, kernels per 

spike, awn length, kernel weight and plant yield were made as fol- 

lows: the three plants closest to the center of each row were har- 

vested by pulling the entire plant from the soil. Plant height was 

then measured from the crown of the longest tiller to the tip of the 

spike on that tiller. The number of tillers per plant was determined 

by counting all of the tillers with well developed heads. Four heads 

were then harvested from each plant and the number of kernels per 

spike were counted and the awn length determined. Awn length deter- 

minations were taken by measuring four awns on each of two harvest- 

ed heads. To assure that measurements were taken at an equivalent 

position on each spike, the awns on the three spikelets located at the 

sixth rachis joint were measured plus the awn of the central spikelet 

at the sixth rachis joint on the opposite side of the rachis. For the 



24 

two row entries, the awns of the fifth and sixth spikelets on both sides 

of the rachis were measured. Seed weight was determined by thresh- 

ing the four harvested heads for each plant and then weighing out 

one fifty seed random sample per plant. Yield . was determined by 

multiplying together the components of yield, tiller number, seed 

weight and kernels per spike. All measurements including grain 

yield were determined on an individual plant basis. 

Statistical Analysis 

As a measure of phenotypic stability (developmental homeostas- 

is) coefficients of variation (C. V.) and standard deviations (s) were 

computed on each individual plot based on measurements taken on 

each of the three individually harvested plants per plot. These plot 

coefficients of variation and standard deviations were computed for 

tiller number, kernels per spike, kernel weight, plant height, awn -_ 

length, and grain yield. In addition plot means for each of the meas- 

ured characteristics were determined. 

An analysis of variance was then computed on the plot coeffi- 

cient of variation and standard deviation for each of the measured 

characters and on the plot means of each of these characters for 

each of the three locations. A combined analysis of variance was 

then computed across the three locations for each of the measured 

characteristics. For both the within location and across location 

.. 
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analyses the 16 F1's and nine parents were first analyzed as one 

group of 25 entries and then were divided into four subgroups. The 

four subgroups consisted of the six -row parents, two -row parents, 

the (6 X 6) crosses and the (2 X 2) crosses. A functional analysis of 

variance was used so that between -group comparisons could be made 

to determine if there were significant differences among these four 

groups for phenotypic stability. In actuality two of the four groups 

were made up of homozygous genotypes (parental groups) and two of 

the groups were composed of highly heterozygous genotypes (6 X 6 

and 2 X 2 crosses). The means of the four groups were compared 

by use of the L. S. D. 

Throughout this thesis the phenotypic stability for the six plant 

characteristics will be measured by the coefficient of variation and 

standard deviation. 

Correlation coefficients were computed between the coefficient 

of variation and standard deviation values for each of the plant char- 

acteristics to determine if both of these statistics computed on a plot 

basis were actually measuring the same thing. Associations between 

the phenotypic stability values and the means of each of the measured 

characteristics were determined by the computation of simple corre- 

lation coefficients. 

To determine if the phenotypic stability of one characteristic 

was associated with the phenotypic stability of another characteristic 
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or whether the stability of several characteristics was controlled by 

a common mechanism, simple correlation coefficients were computed 

between the phenotypic stability values of a characteristic and the 

phenotypic stability values for each of the other five plant character- 

istics measured. 

All correlation coefficients were computed using the plot values 

for the characteristics concerned. This method of computation util- 

ized 100 paired observations at location one, 75 paired observations 

at location two and three and a total of 250 paired observations when 

the data from the three locations were combined. 
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RESULTS AND DISCUSSION 

The mean values for the six plant characteristics measured and 

their corresponding mean square summaries from the analyses of 

variance are presented in Appendix Tables 3 -12. 

Phenotypic variation for each of the six characteristics was 

determined by the coefficient of variation and standard deviation as 

measured at each of the three locations and across the three loca- 

tions. The analyses of variance facilitated the comparison of four 

groups consisting of the six -row parents, the 6 X 6 crosses and the 

2 X 2crosses. The average phenotypic stability values for the six 

plant characteristics measured at each location are presented in 

Tables 1 -6 and the stability values as computed on the combined 

data from the three locations are presented in Table 11. A sum- 

mary of the mean squares pertaining to these phenotypic stability 

values are given in Tables 7 -10. 

The Greenhouse Location 

For the material grown under greenhouse conditions, differ- 

ences among groups were not significant for kernel weight, and awn 

length (Table 7). This would indicate that the phenotypic stability of 

the heterozygous groups (crosses) was neither greater nor less than 

the phenotypic stability of the homozygous parental groups for these 

traits (Table 1 and 6). 

I ' 
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The differences among groups was not significant for tiller 

number and grain yield as measured by the coefficient of variation; 

however, a significant difference was found among groups for tiller 

number phenotypic stability as determined by the standard deviation 

(Table 7). This discrepancy between the two measures of phenotypic 

stability for tiller number is accounted for by the fact that the two - 

row parental group and the 2 X 2 cross group had very high tiller 

number means (Appendix Table 4). It was apparent that these high 

mean values are associated with larger standard deviations in these 

groups and consequently a significant difference among groups. Com- 

parison of the mean stability value for tiller number of the two -row 

parental group with the mean stability of the 2 X 2 cross group tiller 

number (Table 2) revealed that the 2 X 2 cross group had a lower 

mean phenotypic stability value as determined by the standard devia- 

tion than did the two -row parental group although not quite significant 

at the five percent significance level. From the results it could only 

be concluded that heterozygosity had little or no effect on the pheno- 

typic stability of tiller number for the six -row entries and a slight 

enhancing effect on the tiller number stability of the two -row entries 

at this location. 

A similar explanation was found for the discrepancy between 

the two measures of phenotypic stability for grain yield. Signifi- 

cantly higher group mean stability values (as determined by the 
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standard deviation) for the 6 X 6 cross group and the six -row paren- 

tal group were found (Table 4). When the mean phenotypic stability 

values for these two groups were compared with their respective 

grain yield means (Appendix Table 6), it was found that they also had 

the highest means. Again, it was apparent that high means were 

associated with large standard deviations. Although the 6 X 6 cross 

group had a higher phenotypic stability value for grain yield as indi- 

cated by the standard deviation, it was not significantly greater than 

the parental six -row group mean (Table 4). 

The among group mean squares for plant height and kernels 

per spike were significant (Table 7). For both of these traits the 

6 X 6 group and the six -row parental group had the highest mean 

stability values (Tables 3 and 5). This suggests that phenotypic 

variation of plant height and kernels per spike was greatest in these 

two groups. For both of these characteristics the two -row parental 

group had the lowest phenotypic stability values but not significantly 

lower than the 2 X 2 cross group (Tables 3 and 5). 

The significant differences among groups was not due to signifi- 

cant differences between the means of heterozygous cross groups and 

their homozygous parental groups for any of the plant characteris- 

tics. Therefore, it appears that heterozygosity did not intrinsically 

increase or decrease the phenotypic stability at the greenhouse loca- 

tion. On the other hand, differences within groups were significant 

. 

- 
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for kernel weight and plant height (Table 7). A wide range of stabil- 

ity values was apparent within both the parental groups and the cross 

groups for both of these characteristics (Tables 1 and 5). No particu- 

lar pattern of phenotypic stability was displayed; a few entries of 

both the heterozygous and homozygous groups displayed high pheno- 

typic stability as was evidenced by their relatively low stability 

values. 

The Corvallis Field Location 

For the material grown at the Corvallis field location differ- 

ences among groups were not significant for plant height, awn length 

and grain yield. For these same three characteristics, differences 

within groups were not significant when phenotypic stability was 

determined by the coefficient of variation (Table 8). However, 

differences within groups for plant height and grain yield were 

significant when the phenotypic stabilities of these characteristics 

were determined by the standard deviation. The discrepancy between 

the two measures of stability is relatively easily resolved for grain 

yield by noting that, without exception, entries with the highest 

grain yields had the highest standard deviations. 

The significant differences within groups for plant height pheno- 

typic stability (Table 8) as measured by the standard deviation was 

attributed to the wide range (0 to 3) of standard deviations within 
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three of the four groups (Table 5). Again as at the greenhouse loca- 

tion, it was evident that high mean values are associated with large 

standard deviations. 

The differences among groups was not significant when kernel 

weight phenotypic stability was measured by the coefficient of varia- 

tion but was significant when phenotypic stability had been assessed by 

the standard deviation (Table 8). When kernel weight group 

means for phenotypic stability as determined by standard deviations 

were compared (Table 1), it was found that the 2 X 2 cross group 

had the least phenotypic variation for kernel weight. Although the 

2 X 2 cross group was lowest, it was not significantly lower than 

the two -row parental group mean (Table 1). 

Significant differences among groups were found for tiller 

number and kernels per spike (Table 8). Examination of the 

group mean stability values for tiller number (Table 2) disclosed 

that the phenotypic variation for tiller number in the six -row paren- 

tal group was significantly less than that of the other three groups. 

A moderately large difference was noted between the six -row paren- 

tal group and the 6 X 6 cross group with the cross group having a 

significantly higher mean. This observation would suggest that 

heterozygosity increased the phenotypic variation for tiller number 

in the 6 X 6 crosses. No significant difference was found between 

the means for tiller number stability of the 2 X 2 cross group and 

. 
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the parental two -row group. This evidence would indicate that 

heterozygosity had no appreciable effect on the phenotypic stability 

of tiller number in the two -row entries. 

For kernels per spike, the six -row parental group exhibited 

the largest phenotypic variation at this location (Table 3). Although 

not significant, slight reductions were noted in group mean stability 

values for the 6 X 6 cross group when compared to the six -row paren- 

tal group and for the 2 X 2 cross group when compared to the two -row 

parental group. 

The Klamath Falls Field Location 

At the Klamath Falls field location, there were no significant 

differences in the phenotypic stability for awn length of the entries 

nor among the entries when they were grouped as 6 X 6 crosses, 

2 X 2 crosses, six -row parents and two -row parents (Table 9). 

Thus, the results would indicate that heterozygosity as present in 

the 6 X 6 crosses and the 2 X 2 crosses had little or no effect on the 

phenotypic stability of awn length (Table 6). 

The differences among groups were significant for kernel 

weight and plant height (Table 9). When the mean stability values 

for kernel weight were examined (Table 1), it was found that the 

two -row parental group had the smallest mean. Both the 2 X 2 

cross group and the 6 X 6 cross group had higher group means than 



33 

their respective two -row and six -row parental groups. This obser- 

vation suggests that heterozygosity increased the phenotypic varia- 

tion for kernel weight at the Klamath Falls location. 

The mean stability values for plant height indicated a moderate 

increase in phenotypic stability of the 6 X 6 crosses over that of their 

six -row parents (Table 5). The opposite effect was found for the 

phenotypic stability of plant height for the two -row entries. This 

was evident when the two -row parental group mean was compared 

to the 2 X 2 cross group mean. The 2 X 2 cross group displayed 

significantly less phenotypic stability for plant height (Table 5). 

The differences among groups for tiller number were not sig- 

nificant when the coefficient of variation was used to measure the 

phenotypic stability of tiller number (Table 9). However, as at the 

greenhouse location, the among groups were significantly different 

for tiller number when phenotypic stability was measured by the 

standard deviation. Again, the discrepancy was attributed to the 

association of high tiller number means (Appendix Table 4) with 

large standard deviations (Table 2). It will be recalled that two - 

row barley entries (both two -row parents and 2 X 2 crosses) have 

inherently high tiller numbers. 

A similar discrepancy was found for the analyses of the stabil- 

ity of kernels per spike. In this case, significant differences were 

among groups for kernels per spike when the phenotypic stability of 
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kernels per spike had been measured by the standard deviation but 

not when it had been determined by the coefficient of variation (Table 

9). This lack of agreement is due to the fact that six -row barleys 

have about twice as many kernels per spike as do two -row barleys 

(Appendix Table 5). This inherently higher number of kernels per 

spike for the six -row entries appears to lead to wider ranges in the 

number of kernels per spike and thus large standard deviations for 

the six -row groups. Consequently, when the analysis of variance 

was used to compare the phenotypic stability of kernels per spike 

which had been measured by the standard deviation, significant 

differences among groups were indicated. 

Differences in entries were not significant for grain yield. 

Although the entries were not significantly different, analyses de- 

tected significant differences in groups. The differences among 

groups was highly significant for grain yield when the phenotypic 

stability of grain yield was measured by the coefficient of variation 

(Table 9). On the other hand, the differences among groups was 

not significant when phenotypic stability for grain yield was deter- 

mined by the standard deviation. The fact that the differences among 

groups was significant for grain yield when the phenotypic stability 

of grain yield had been measured by the coefficient of variation but 

was not significant when the phenotypic stability of grain yield was 

measured by the standard deviation w o u 1 d imply that th 



Table 1. The mean stability values for kernel weight for 6 x 6 and 2 x 2 crosses and their respec- 
tive parents at three locations. 

Group 
Greenhouse 

Entry C. V. s 

Corvallis 
C. V. s 

Klamath Falls 

C. V. s 

6 x 6 W x 'GA 8. 455 . 249 14. 757 . 357 14, 623 . 398 

T1 x GR 7. 260 . 253 13. 990 . 361 8. 263 . 246 

T1 x GA 4. 980 . 146 17. 423 . 395 22. 813 . 549 

T1 x T2 4.417 . 123 10, 017 , 216 15. 083 . 352 

T1 x W 3. 075 .099 13. 020 . 351 14, 623 . 398 

T2 x W 9. 380 , 264 10. 910 , 260 5. 030 . 149 

T2 x GR 2, 452 067 11.607 . 264 6. 540 . 205 

T2 x GA 17. 807 . 406 5. 763 , 232 12. 873 . 309 

GR x GA 8. 890 . 258 8. 500 . 211 15. 053 . 404 

W x GR 6. 767 . 215 16. 667 . 409 7. 193 . 239 

AVG. 7. 348 . 208 12. 265 . 305 12. 209 . 324 

2 x 2 H x FB 4. 475 . 123 3. 763 . 085 8. 500 . 215 

H x 61 5. 955 . 163 11, 050 . 246 10. 510 . 254 

H x AD 4. 797 . 133 6. 057 . 140 5. 517 . 133 

61 x AD 5. 275 . 153 11. 133 . 246 5. 920 . 153 

FB x 61 4, 817 . 131 3. 230 . 079 6. 787 . 185 

FB x AD 3, 125 .085 10. 830 . 237 '4. 907 . 115 

AVG. 4. 741 . 131 7. 767 . 172 7. 023 . 175 

Parents Trebi (T1) 3. 170 . 094 11.243 . 229 5. 910 . 173 

(6 -Row) Wocus (W) 6, 177 . 217 7.700 . 198 11. 603 . 272 

Traill (T2) 13. 580 . 392 13.573 . 282 11. 173 . 267 

Grande (GR) 4.060 . 130 14.773 . 346 6. 483 . 181 

Galt (GA) 1. 932 .056 15.277 . 306 12. 763 . 308 

AVG. 5. 783 . 177 12. 513 . 272 9, 586 , 240 

Parents Hannchen (H) 5. 330 . 154 6.700 . 142 4. 457 . 110 

(2 -Row) Firlbecks III (FB) 3. 340 . 090 18, 103 , 353 4, 350 . 104 

61 -2141 (61) 8.823 . 251 6.780 . 162 1. 973 .052 
Abed Denso (AD)5. 272 . 123 8.817 . 189 5.617 . 278 

AVG. 5.691 . 154 10. 100 . 211 4.099 . 136 

35 
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Table 2. The mean stability values for the tiller number for 6 x 6 and 2 x 2 crosses and their 

respective parents at three locations. 

Group Entry 

Greenhouse 
C. V. s 

Corvallis 
C. V. s 

Klamath Falls 
C. V. s 

6 x 6 W x GA 16. 828 3, 655 33. 187 1. 553 40. 563 4. 393 

T1 x GR 18. 175 5. 100 16, 203 1. 413 59, 367 8, 363 

T1 x GA 9, 835 3. 105 14.030 . 933 20. 157 3.363 

T1 x T2 20, 097 6. 758 8.640 . 610 30, 257 4.093 

T1 x W 14. 260 3. 535 36, 360 2, 170 28. 353 5, 373 

T2 x W 11. 922 3, 067 36. 497 2. 383 43. 307 5, 843 

T2 x GR 10, 450 2, 845 16, 023 . 853 43. 290 5, 877 

T2 x GA 11. 863 3, 395 29, 307 2. 080 34. 123 5. 853 

GR x GA 9. 653 2. 458 4. 513 , 220 30, 507 3. 037 

GR x W 11. 277 2, 742 33, 827 2, 260 20, 553 2, 373 

AVG. 13, 436 3, 665 22.858 1, 447 35, 047 4.856 

2 x 2 H x FB 14, 212 7, 718 15, 913 1, 780 29, 813 7, 440 

H x 61 14. 305 8. 218 25. 800 4. 003 30. 287 8. 847 

H x AD 6. 998 4. 127 36. 963 4. 547 21. 677 7. 480 

61 x AD 17. 985 10, 010 33, 953 3. 670 29. 163 7. 500 

FB x 61 8, 902 4. 345 15. 873 1. 937 23, 877 8. 520 

FB x AD 9, 445 4. 330 28. 273 2, 823 29. 363 6, 287 

AVG. 11, 974 6. 458 26. 129 3. 126 27. 363 7.679 

Parents Trebi (T1) 14, 510 5. 267 13.340 . 673 43.690 5. 547 

(6 -Row) Wocus (W) 7. 098 1. 640 10.073 . 480 30, 273 3. 413 

Traill (T2) 17.093 4. 410 4. 943 .220 36. 710 4.053 

Grande (GR) 11. 707 3. 575 12.740 . 813 28. 173 2.857 

Galt (GA) 8, 955 2. 412 26.060 1. 733 33, 220 4. 980 

AVG. 11.872 3.460 13.431 .783 34.413 4.170 

Parents Hannchen (H) 13. 335 7. 910 20.640 2. 230 28. 960 7. 160 

(2 -Row) Firlbecks III (FB) 17. 995 7. 775 28.383 3.607 29, 930 6.513 

61 -2141 (61) 21, 715 12, 048 35. 527 4. 893 19. 260 7. 437 

Abed Denso (AD) 19, 827 9, 077 23, 160 2. 037 40. 720 9. 483 

AVG. 18. 218 9. 202 26. 927 3. 191 29. 717 7.648 
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Table 3. The mean stability values for kernels per spike for 6 x 6 and 2 x 2 crosses and their 
respective parents at three locations. 

Group Entry 
Greenhouse 

C. V. s 

Corvallis 
C. V. s . . 

Klamath Falls 
C. V. s 

6 x 6 W x GA 9. 310 5. 965 6. 200 3. 270 8. 213 4. 987 

T1 x GR 7. 862 3, 130 11. 327 5. 090 6. 893 3. 917 

T1 x GA 5. 115 4. 027 7. 277 3. 943 10. 523 7. 087 

T1 x T2 8. 970 5. 147 7. 353 3. 703 12, 257 6. 867 

T1 x W 9. 280 6. 443 10. 360 5. 807 9. 907 6. 313 

T2 x W 4. 475 3. 563 4. 660 2. 617 4. 593 2. 973 

T2 x GR 7. 422 6. 955 10. 267 4. 277 6.427 4.063 
T2 x GA 8. 252 4. 382 13. 193 7, 067 5. 803 3. 780 

GR x GA 12. 757 5. 258 7. 480 2. 840 8. 847 4.757 
GR x W 6. 175 4. 402 13.030 6, 563 10. 323 2.653 

AVG. 7.961 4.927 9.114 4.517 8.378 4.739 

2 x 2 H x FB 2. 977 1. 023 6. 917 1. 813 10. 303 2. 953 

H x 61 6. 502 1. 860 5. 627 1. 413 10. 120 2, 813 

H x AD 5. 253 1. 660 5. 457 1. 423 6. 730 2. 033 

61 x AD 4. 825 1. 482 4. 590 1. 123 7. 000 2. 000 

FB x 61 6. 345 2. 065 3. 527 0. 843 8.273 2. 497 

FB x AD 3. 402 1. 077 7. 600 1. 793 10. 293 2. 790 

AVG. 4. 884 1. 527 5. 619 1. 401 8. 786 2. 514 

Parents Trebi (T1) 8. 422 4, 915 11. 327 4. 947 5.070 3.447 
(6 -Row) Wocus (W) 7. 145 4. 757 8. 873 4. 997 8.800 5. 903 

Traill (T2) 10.915 7.713 13. 683 6.673 10.073 6.787 
Grande (GR) 5.085 3.070 16. 320 7. 423 7. 910 4.527 
Galt (GA) 2.680 1. 832 8. 997 5. 017 9. 533 5.407 

AVG. 6.849 4. 457 11, 840 5. 811 8.277 5.214 

Parents Hannchen (H) 3.068 0. 938 7. 120 1. 843 4.813 1.407 
(2 -Row) Firlbecks III (FB) 3.025 0. 890 9.027 2. 223 7.773 2. 107 

61 -2141 (61) 4.480 1. 135 3.763 0. 940 3.690 1.003 
Abed Denso (AD) 5, 145 1. 525 5, 960 1. 293 4. 100 1. 190 

AVG. 3. 929 1. 122 6. 467 1. 574 5.094 1.426 
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Table 4. The mean stability values for grain yield for 6 x 6 and 2 x 2 crosses and their respective 

parents at three locations. 

Group Entry 
Greenhouse 
C. V. s 

Corvallis 
C. V. s 

Klamath Falls 
C. V. s 

6 x 6 W x GA 30. 767 25. 947 24. 157 3. 020 48. 323 19. 280 

T1 x GR 23. 463 21, 057 35, 730 6. 590 58, 157 28. 090 

T1 x GA 14, 485 20. 940 37. 803 5. 957 33. 330 19, 817 

T1 x T2 26. 828 30. 080 9. 777 1, 473 46. 427 17. 153 

T1 x W 17, 692 19, 235 38. 147 6. 727 26, 070 14. 757 

T2 z W 16, 210 19.647 39.027 7. 310 50. 210 26. 857 

T2 x GR 16. 772 19, 012 23. 440 2. 507 38. 570 21, 233 

T2 x GA 25. 110 17, 092 39.027 6. 170 46, 133 26. 793 

GR x GA 26. 605 17.010 8. 180 0. 820 33, 190 10. 350 

W x GR 15. 312 17.623 35, 513 5, 600 23. 430 11, 957 

AVG, 21. 324 20, 764 29, 080 4. 617 40. 384 19, 628 

2 x 2 H x FB 16. 540 15, 990 22, 000 2. 880 38, 503 15. 343 

H x 61 20. 782 19. 867 38. 303 7, 093 37. 630 15. 103 

H x AD 10. 410 11. 530 36, 807 5. 727 28. 767 16. 313 

61 x AD 17, 647 16. 717 31. 963 3. 683 28. 317 11. 497 

FB x 61 13, 620 11, 435 13, 547 1. 927 31, 843 20. 353 

FB x AD 11. 502 9, 170 36, 293 4. 040 34, 093 9, 307 

AVG. 15, 083 14, 118 29, 818 4. 225 33, 192 14. 652 

Parents Trebi (T1) 17.635 22. 945 23, 657 2.083 44. 887 23. 460 

(6 -Row) Wocus (W) 8.603 9. 402 15.813 2.043 38. 530 14.840 

Traili (T2) 22.065 21, 123 18.313 1. 883 47, 137 16. 180 

Grande (GR) 14, 805 18. 118 36.643 4. 790 37. 557 12. 430 

Galt (GA) 10. 465 10.942 43.227 6.690 48. 167 23.690 

AVG. 14.714 16.506 27.530 3.497 43.255 18.120 

Parents Hannchen (H) 13. 760 14.465 16. 343 1. 850 30. 437 12. 203 

(2 Row) Firlbecks III (FB) 19.772 13.397 39, 953 4. 933 28. 510 8. 423 

61 -2141 (61) 23. 343 18.420 42.657 7.000 22. 593 12, 257 

Abed Denso (AD) 19, 913 12. 345 25, 223 1. 957 40. 557 12. 273 

AVG. 19. 197 14.656 31.044 3. 935 30. 524 11. 289 

: 

. 
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Table 5. The mean stability values for plant height of 6 x 6 and 2 x 2 crosses and their respective 

parents at three locations. 

Group Entry 
Greenhouse 
C. V. s 

Corvallis 
C. V. s 

Klamath Falls 
C. V. s 

6 x 6 W x GA 3. 563 1, 985 9. 873 2, 480 14. 850 4. 223 

T1 x GR 3. 588 2.085 6.707 0. 933 5.157 5 1.740 

T x GA 1, 753 1, 087 14. 160 3. 433 11. 050 3.393 

T1 x T2 3, 698 2. 220 8. 023 1. 860 8. 620 2.433 

T1 x W 3.172 1.810 13,-043 3, 113 11, 097 3.193 

T2 x W 2, 890 1. 755 5, 067 1. 187 4. 827 1, 473 

T2 x GR 2, 082 1. 295 8. 717 1. 780 3. 823 1. 340 

T2 x GA 2.677 1. 530 6. 077 1. 567 5.007 1.843 

GR x GA 4.307 2. 420 2. 270 0.610 18.737 5. 340 

GR x W 4.227 2. 750 10. 797 2. 590 6.397 2. 247 

AVG. 3.195 1.893 8.473 1.955 8.956 2.722 

2 x 2 H x FB 2. 730 1. 515 10. 540 2, 633 13. 463 4. 647 

H x 61 3. 460 1. 740 11. 913 3. 240 15. 733 5. 440 

H x AD 1, 538 0. 830 2. 020 0. 480 9, 173 3. 233 

61 x AD 2. 597 1. 400 0. 950 0. 220 12. 270 3. 630 

FB x 61 6. 860 3. 795 2. 250 0. 553 6.350 2. 503 

FB x AD 2. 495 1. 350 6. 587 1. 407 16. 577 5. 410 

AVG. 3. 280 1. 771 5. 710 1. 422 12. 261 4, 143 

Parents Trebi (T1) 3.325 1. 810 23. 100 4. 797 8.207 2.520 

(6 -Row) Wocus (W) 4.630 2. 257 16. 197 3. 383 7.907 1.790 

Traill (T2) 9, 828 5. 277 2. 503 0.610 16.623 4.830 

Grande (GR) 3.350 2.035 11. 167 2.607 10.260 3.020 

Galt (GA) 3.092 1. 690 5.850 1. 583 21.793 6.677 

AVG. 4, 845 2.613 11. 763 2. 596 12.958 3.767 

Parents Hannchen (H) 3.342 1. 892 8. 413 2. 203 9, 617 3.870 

(2 -Row) Firlbecks III (FB) 2.607 1. 435 2. 393 0. 553 6.910 2. 410 

61 -2141 (61) 2. 442 1.205 8. 137 2.073 4, 517 1.510 

Abed Denso (AD) 2. 375 1. 130 8. 193 1. 560 10. 137 3.300 

AVG, 2.691 1. 415 6, 784 1. 597 7.795 2.772 

1 
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Table 6. The mean stability values for awn length of 6 x 6 

parents at three locations. 
and 2 x 2 crosses and their respective 

Group Entry 
Greenhouse 

C. V. s 

Corvallis 
C. V. s 

Klamath Falls 
C. V. s 

6 x 6 W x GA 5,468 . 802 3. 653 . 458 7. 243 97S 

T1 x GR 7. 063 . 947 10. 157 1. 367 S. 203 . 811 

T1 x GA 2. 675 . 441 5.243 . 714 7, 547 1. 185 

T1 x T2 5. 815 . 842 6. 907 . 865 8. 460 1. 174 

T1 x W 6. 250 . 653 9.057 1. 234 6. 950 1.030 

T2 x W 2. 597 . 391 4. 987 . 627 4. 270 . 623 

T2 x GR 3. 510 , 545 8. 477 1. 126 5. 750 . 926 

T2 x GA 8. 935 1. 253 10. 457 1. 289 4. 913 . 777 

GR x GA 8. 050 1. 225 8. 540 1. 052 10. 430 1. 593 

GR x W 4. 340 . 647 8. 753 158 5. 410 . 852 

AVG. 5. 470 . 774 7.623 989 6. 617 994 

2 x 2 H x FB 2. 980 . 543 9. 883 1, 614 5. 563 . 996 

H x 61 2. 965 . 474 8. 123 1. 252 7.007 1. 277 

H x AD 5, 000 . 839 7. 360 1. 213 4. 270 . 790 

61 x AD 5. 595 1. 012 5, 263 . 856 8. 227 1. 471 

FB x 61 8. 785 1. 494 5. 823 . 958 6. 360 1. 218 

FB x AD 3. 512 634 5. 423 . 854 .'7. 340 1. 352 

AVG. 4. 806 . 832 6. 979 1. 124 6. 461 1. 184 

Parents Trebi (T1) 6.065 .837 6.573 .808 3, 773 .606 

(6 -Row) Wocus (W) 2. 463 . 321 3.843 .466 7. 370 1.011 

Traill (T2) 5.675 . 855 11.630 1. 319 5. 527 . 758 

Grande (GR) 3. 045 . 427 6. 530 . 816 5. 320 . 715 

Galt (GA) 5.785 . 861 7. 887 1.031 13. 970 2.051 

AVG. 4.606 . 660 7.292 . 888 7. 192 1.028 

Parents Hannchen (H) 4. 145 . 690 6.757 . 993 5.697 . 977 

(2 -Row) Firlbecks III (FB) 3. 398 .613 9.720 1. 525 5. 197 . 922 

61 -2141 (61) 3. 203 . 548 4.300 . 749 2.783 . 462 

Abed Denso (AD) 3, 075 . 490 6. 173 . 783 8. 507 1, 483 

AVG. 3, 455 . 585 6.737 1. 012 5. 546 . 961 

. 



Table 7. A summary of mean squares from the functional analyses of variance for the mean stability values for six plant characteristics at the 
greenhouse location. 

Source D. F. . 

Kernel weight Tiller number Plant height Kernels /spike Awn length Grain yield 
C. V. s C. V. s C. V. s C. V. s C. V. s C. V. s 

Replications 3 34.993 .02468 3.559 1.147 2.269 1.017 10.387 2.830 11.895 .39924 19.360 9.803 

Entries 24 51. 224** .03418* 72.053 29. 954** 11. 619**3. 443** 28. 104** 17.609** 15. 381* . 33692* 128.893 103. 216 

Among groups 3 37.050 .03230 155.000 149, 656** 17. 136* 4. 740* 84.713** 94. 270 ** 15. 870 . 25000 294.273 282. 430* 

Within groups 21 53.2494* . 03440* 60.200 12. 853 10. 831**3. 2584* 20.010 6.650 15. 310 . 34900* 105.267 77.613 

Reps. x entries 72 23. 516 .01776 61.044 8. 963 4.296 1. 377 13. 155 4. 814 9. 244 . 19857 126. 970 101. 510 

Total 99 

* Significant at the five percent level. 
**Significant at the one percent level. 



Table 8. A summary of mean squares from the functional analyses of variance for the mean stability values for six plant characteristics at the 
Corvallis field location. 

Source D. F. 

Kernel weight Tiller number Plant height Kernels /spike Awn length Grain yield 
C. V. s C. V. s C. V. s C. V. s C. V. s C. V. s 

Replications 2 87.008 .04399 549.198 1.235 84. 150* 3.853 10.986 2.774 15.059 .23929 916. 226* 7.729 

Entries 24 51.741 .02530 335.021* 5.261 ** 79. 383 4.000* 33.633 13.375 ** 14. 378 . 27779 357.660 13. 962 

Among groups 3 21. 357 .07566* 569.710* 23. 730 ** 109, 433 4, 183 134. 155 ** 78. 230** 2. 889 . 15700 30. 966 4.490 

Within groups 21 56.081 . 01809 301.493 2.620 75.090 3. 974* 19.272 4. 110 16.020 , 29500 404. 330 408, 113 ** 

Reps. x entries 48 55.078 .02526 176. 963 1.896 46. 748 2. 150 20. 111 4. 215 15. 653 . 29413 263. 414 7. 867 

Total 74 

* Significant at the five percent level. 
**Significant at the one percent level. 



Table 9 . A summary of mean squares from the functional analyses of variance for the mean stability values for six plant characteristics at the 
Klamath Falls field.location. 

Source D. F. 

Kernel weight Tiller number Plant height Kernels /spike Awn length Grain yield 
C. V. s C. V. s C. V. s C. V. s C. V. s C. V. s 

Replications 2 52. 904 .03405 188.638 5.609 180. 483 ** 13. 246* 46.634 7. 928 12. 453 . 19063 251. 224 32. 625 

Entries 24 69. 781 ** .04046* 249.473 12.374 70. 589* 6. 405* 16. 489 10. 185 16.046 . 38420 256.811 97. 806 

Among groups 3 385. 106** . 13900 ** 181.617 56. 995 ** 101. 459* 9.800* 39. 177 51. 257** 6. 168 . 17066 1726. 300* *232, 886 

Within groups 21 24, 734 .02638 259. 166 5. 999 66. 179* 5. 920* 13, 248 4. 318 . 304 . 41466 46. 884 78. 509 

Reps. x entries 48 28.008 . 01860 313.814 10. 743 35. 245 3.040 23. 532 6. 166 15. 721 . 38741 386. 924 97. 421 

Total 74 

* Significant at the five percent level. 
* *Significant at the one percent level. 
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coefficient of variation was a more sensitive statistic for determin- 

ing phenotypic stability than the standard deviation. This appeared 

to be especially true in view of the fact that the entry means were 

of similar magnitude (Table 4). 

The Analyses of the Combined Location Data 

As can be seen in Table 10, differences in location were highly 

significant for all characteristics measured. The phenotypic stabili- 

ties for seed weight, kernels per spike and awn length were highest 

for material grown at the greenhouse location. In addition the pheno- 

typic stabilities of tiller number, plant height and grain yield as 

measured by the coefficient of variation were greatest at the green- 

house location. These results were not surprising in view of the 

fact that conditions for growth in the greenhouse were as near opti- 

mum as possible. Experimental material grown at the greenhouse 

location was subjected to a minimum of environmental stresses and 

conditions were uniform throughout the experimental plots. In those 

cases where stability of phenotypic expression as measured by the 

standard deviation was not greatest at the greenhouse location, it 

was because of the association of high mean values with large stand- 

ard deviations. These notable exceptions were tiller number, plant 

height and grain yield. 

The differences among groups were highly significant for kernel 

. 
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weight and kernels per spike (Table 10). Review of the kernel weight 

group means (Table 11) indicates that the difference was not between 

the heterozygous cross groups and their respective parental groups. 

Rather, the two -row parental group and the 2 X 2 cross group had 

significantly lower mean values than the 6 X 6 cross group. Hetero- 

zygosity evidently had no significant effect on the phenotypic stability 

of the two -row material. On the other hand, a slightly higher mean 

stability value (lower phenotypic stability) was found for the 6 X 6 

cross group as compared to the six -row parental group (Table 11). 

The significant difference among groups for kernels per spike 

also was not due to differences between heterozygous cross groups 

and homozygous parental groups. The significant difference was 

between the two and six -row parental groups (Table 11). 

Differences among groups were significant for plant height, 

tiller number and grain yield when the phenotypic stability of these 

characteristics was measured by the standard deviation (Table 10). 

Review of the stability values for plant height (Table 11) as measured 

by the standard deviation showed that the two -row parental group had 

a significantly lower mean phenotypic stability value than any other 

group. Comparison of the phenotypic stability values for plant 

height of the 6 X 6 cross group and the six -row parental group 

showed slightly lower values for the 6 X 6 cross group although this 

difference was not quite significant (Table 11). 



46 

For tiller number stability the 6 X 6 cross and the six -row 

parental group had significantly lower mean phenotypic stability 

values than the other two groups (Table 11). Here again, signifi- 

cance was not found between hetrozygous cross groups and their 

respective homozygous parental groups. 

The significant difference among groups for the phenotypic 

stability of grain yield measured by the standard deviation was pri- 

marily due to the two -row parental group and the 2 X 2 cross group . 

having significantly lower mean phenotypic stabilities than the 6 X 6 

cross group or the six -row parental group (Table 11). In addition 

it was noted (Table 11) the the heterozygous cross groups had slightly 

higher mean stability values (lower phenotypic stability) than their 

respective homozygous parental groups. 

Within -group mean squares from the analyses of the combined 

data of all locations were not significant for any of the six character- 

istics measured (Table 10). This would indicate that the entries 

within a group were displaying nearly the same phenotypic stability. 

The interaction between location and entry was significant for 

plant height and for kernel weight when the phenotypic stability of 

kernel weight was assessed by the coefficient of variation (Table 10). 

When the phenotypic stability values by individual entry for plant 

height and seed weight were compared by location (Tables 5 and 1 

respectively), many changes in stability rank were seen from 
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location to location. This would indicate that these two character- 

istics were sensitive to changes in locations (environments) and that 

phenotypic stability at any one location might be relatively low while 

at another location phenotypic stability was high relative to the other 

entries. 

Although location -by -group mean squares were not computed, 

the average genotype -environment interaction of a group might be 

expected to be less than the interaction for a single genotype. When 

the ranks of group means for the cross groups (2 X 2 and 6 X 6 cros- 

ses) were compared with their respective parental groups across 

the three locations an important change in stability rank was found 

for only one characteristic. At the greenhouse location and the 

Corvallis field location, the phenotypic stability for kernel weight 

was greater for the 2 X 2 cross group than for the two -row parental 

group whereas at the Klamath Falls location the two -row parental 

group exhibited the greater phenotypic stability (Table 1). 

A summary of the average stability index values for the homozy- 

gous parental lines and the heterozygous F1 crosses is as follows: 

Characteristic 
Measured: 

Kernel Weight 
Tiller Number 
Kernels /spike 
Grain Yield 
Plant Height 
Awn Length 

Average Phenotypic Stability Values 
F1 Crosses: Parents: 
C. V. 

8. 293 
21. 793 

6. 949 
27. 102 

6. 605 
6.207 

s 

. 214 
4. 591 
3. 267 

13. 444 
2. 269 

. 964 

C. V. 

7. 713 
21. 691 
6.907 

26. 635 
7. 403 
5. 627 

s 

. 195 
4. 902 
3. 220 

11. 796 
2.415 

. 831 

- 



Table 10. A summary of mean squares from the functional analyses of variance for the mean stability values for six plant characteristics. Three 

locations were combined for these analyses. 

Source D. F. 

Kernel weight Tiller number Plant height Kernels /spike Awn length Grain yield 

C, V, . s C. V. s C.V. s C, V, s C, V. s C, V. s 

Locations 2 502. 852**.15647** 7501, 727 ** 325. 094* *1102, 660 ** 48, 799 ** 102. 197 ** 2. 805 139. 540 ** 2. 510 ** 8337. 876* *4386,.784 ** 

Entries 24 66. 137 ** , ** 205. 252 33. 773 ** 44.493* 4, 186 ** 37. 903 ** 32.073 ** 20. 211 , 42949 224. 997 101. 935 

Among groups 3 158. 293**, 21419** 221, 165 201. 298** 13.402 10.225 ** 176. 287 ** 214. 191 ** 18. 936 .. 43600 427. 653 271. 130* 

Within groups 21 S2. 972 , 02221 202. 978 9. 841 31.702 3, 323 18. 133 6. 056 20. 393 . 42800 196. 046 77. 764 

Location 
x entries ) 

48 53. 304* . 02687 225.647 6. 907 58. 549** 4. 831 ** 20. 161 4. 548 12. 797 . 28471 259. 183 56. 524 

Error 175 34.663 .02065 168.222 7.252 27.320 2.203 .18.220 4.999 12.927 .28039 244.292 71.272 

Total 249 

* Significant at the five percent level. 
* *Significant at the one percent level. 

. 

° 
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Table 11. The mean phenotypic stabilities of six plant characteristics averaged across three 
locations. 

Group Entry 
Kernal wt. 
C. V. s 

Tiller no. 
C. V. s 

Kernels /spike 
C. V, s 

6 x 6 W x GA 12. 196 . 326 28. 856 3. 246 8.048 4. 863 
T1 x GR 9. 580 . 283 29, 941 4. 973 8, 611 3. 954 
T1 x GA 14, 063 . 342 14. 190 2, 531 7, 386 4. 920 
T1 x T2 9. 297 . 220 19. 708 4. 114 9. 471 5.230 
T1 x W 9. 523 .264 25. 118 3. 677 9.792 6.213 
T2 x W 8. 534 . 229 28, 710 3. 694 4.566 3, 102 
T2 x GR 6, 425 . 168 21. 974 3. 157 7. 977 5.284 
T2 x GA 12. 714 . 325 23, 774 3. 738 9.000 5, 007 
GR x GA 10. 622 . 288 14. 367 1. 960 10.001 4, 382 
W x GR 9. 865 . 280 20, 825 2, 487 9, 476 4. 526 

AVG. 10. 281 , 272 22.746 3. 357 7.622 4. 748 

2 x 2 H x FB 5. 469 . 139 19, 403 5, 853 6, 357 1, 839 
H x 61 8. 850 , 215 22. 548 7. 142 7, 325 2, 012 
H x AD 5. 391 . 135 20, 391 5, 259 5, 757 1. 701 
61 x AD 7, 226 , 181 26. 129 7. 355 5, 407 1. 530 
FB x 61 4, 932 . 132 15. 486 4. 875 6.078 1, 828 
FB x AD 5, 971 , 140 21, 069 4, 465 6, 729 1, 806 

AVG. 6. 306 . 157 20, 838 5. 825 6. 276 1. 786 

Parents Trebi (T1) 6. 414 . 158 22. 913 3. 973 8.288 4.484 
(6 -Row) Wocus (W) 8. 262 , 228 14. 943 1. 824 8. 160 5, 173 

Traill (T2) 12. 856 . 322 19.333 3.046 11.493 7. 123 
Grande (GR) 8.001 . 210 16.957 2. 531 9.303 4.813 
Galt (GA) 9. 185 , 207 21.366 2, 979 6.631 3.860 

AVG. 8. 890 , 225 19. 102 2, 871 8.775 5.091 

Parents Hannchen (H) 5. 479 . 137 20.214 5. 981 4, 807 1.350 
(2 -Row) Firlbecks III (FB) 8.072 , 173 24.692 6. 146 6.250 1.655 

61 -2141 (61) 6. 155 . 165 25, 122 8. 518 4.028 1.037 
Abed Denso (AD) 6. 439 . 190 27.095 7.087 5.076 1.355 

AVG. 6. 536 . 166 24.281 6. 933 5, 040 1.349 

(continued) 

. 
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Table 11. Continued. 

Group Entry 
Plant ht. 

C. V. s 

Awn length 
C. V, s 

Grain yield 
C. V. s 

6 x 6 W x GA 8, 842 2, 805 5. 456 751 34, 051 17.069 
T1 x GR 4, 994 1, 636 7. 433 1, 032 37.551 18.827 
T1 x GA 8, 264 2. 483 4. 907 . 746 27, 134 16. 108 

T1 x T2 6. 472 2. 176 6, 936 . 949 27, 592 17.620 
T x W 8. 511 2, 616 7. 302 , 940 26. 342 14. 139 

T2 x W 4, 124 1, 500 3, 816 . 531 33. 255 18. 109 

T2 x GR 4, 595 1, 454 5. 672 , 834 25.312 14. 727 

T2 x GA 4, 396 1, 635 8. 185 1. 121 35: 592 16, 726 

GR x GA 8.025 2, 753 8, 911 1, 283 23, 053 10, 155 

W x GR 6, 849 2, 551 5. 985 , 862 23. 808 12, 316 

AVG, 6, 507 2, 160 6. 460 . 904 29, 269 15. 579 

2 x 2 H x FB 8. 293 2, 790 5. 826 1. 000 24. 767 11, 863 

H x 61 9.678 3. 300 5. 725 . 948 31. 093 14, 606 

H x AD 3. 973 1, 446 5. 489 , 937 23, 836 11, 224 

61 x AD 5, 005 1. 715 6, 285 1, 103 25, 143 11, 241 

FB x 61 5, 324 2. 435 7. 169 1. 250 19. 065 11. 258 

FB x AD 7. 947 2. 585 5, 234 . 915 25. 717 7.672 
AVG, 6. 703 2. 378 5, 954 1, 025 24.935 11. 310 

Parents Trebi (T1) 10. 722 2, 919 5, 530 , 759 27, 617 16.841 
(6 -Row) Wocus (W) 9.083 2. 455 4. 349 . 571 19. 744 8.826 

Traill (T2) 9.669 3. 743 7. 417 . 965 28, 461 13. 868 

Grande (GR) 7.768 2. 502 4. 773 .630 28. 182 12, 413 

Galt (GA) 9, 530 3. 154 8. 871 1. 269 31.604 13.491 
AVG. 9.354 2. 954 6. 188 . 838 27, 121 13.087 

Parents Hannchen (H) 6.746 2. 579 5, 394 . 867 19. 538 10.002 
(2 -Row) Firlbecks III (FB) 3.834 1, 463 5. 834 . 979 28. 448 9.366 

61 -2141 (61) 4.773 1. 557 3. 406 . 583 28, 912 13. 145 

Abed Denso (AD) 6, 449 1. 910 5.634 , 876 27.699 9.507 
AVG. 5, 450 1, 877 5.067 . 826 26. 149 10. 505 

. ' 
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Each value was computed on the combined data from three loca- 

tions. Comparison of the average phenotypic stability of the F1 

crosses and the parental lines reveals little difference in the pheno- 

typic stability of any of the six characteristics measured. The 

heterozygotes as a group did not show significantly higher or lower 

phenotypic stability than the homozygotes. 

The Associations Between Coefficient of 
Variation, Standard Deviation and Mean 

In order to determine if the coefficient of variation and standard 

deviation values computed for each of the characteristics were asso- 

ciated, simple correlation coefficeints were computed between the 

coefficients of variations and standard deviations of each character- 

istic measured. The associations between the coefficients of variatin, 

and standard deviations with the mean of each of the measured plant 

characteristics were similarly computed. The results of these 

correlations are presented for the locations combined in Table 12 

and by individual locations in Tables -15. 

For each of the characteristics measured, correlations com- 

puted on the combined data for all three locations (Table 12) revealed 

highly significant positive correlations between the coefficients of 

variation and standard deviations which were used to determine the 

phenotypic stability of the characteristics. The correlations between 
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coefficient of variation and standard deviation at each location 

(Tables 13 -15) agreed with the combined location correlations for 

all characteristics except grain yield. At the greenhouse location 

the correlation between the standard deviation and coefficient of 

variation was not significant (Table 13). In view of these results, it 

was concluded that the coefficient of variation and standard deviation 

were highly associated as measures of phenotypic stability. 

In general, when correlations were computed on the combined 

data from the three locations (Table 12), significant negative associ- 

ations were found for all plant characteristic means and their respec- 

tive phenotypic stability values. However, inspection of the correla- 

tion coefficients at each location individually (Tables 13 -15) disclosed 

poor agreement with the correlations computed on the combined data 

(Table 12). 

With the possible exception of mean plant height and its respec- 

tive phenotypic stability as determined by the coefficient of variation, 

it could not be inferred that plant characteristic means were associ- 

ated with their respective phenotypic stabilities as determined by 

the coefficient of variation. This same conclusion was reached for 

the association of plant height and awn length means with their re- 

spective phenotypic stabilities as determined by the standard devia- 

tion. On the other hand, mean tiller number, mean kernels per 

spike and mean grain yield were highly associated with their 



Table 12. The correlation coefficients between the means of six plant characteristics and their corresponding mean stability values computed on 
the combined data from the three locations. 

Kernel weight Tiller number Kernels /spike 
C. V. s z C. V. s z C. V. s x 

C. V. 1. 000 . 948 - . 350 C. V. 1. 000 , 497 - . 279 C. V. 1. 000 . 836 . 133 

s 1.000 - . 210 s 1.000 .543 s 1.000 . 513 

x 1.000 x 1.000 x 1.000 

Plant height Awn length Yield 
C. V. s x C. V. s x C. V. ...s x 

C. V. 1. 000 . 896 - . 431 C. V. 1. 000 . 963 -. . 225 C. V. 1.000 . 520 - . 350 

s 1.000 - . 122 s í.000 - .112 s 1.000 .474 

x 1.000 x 1.000 x 1.000 

Number of paired observations (n) = 250. Significant values of r at the five and one percent levels are r = . 126 and r = . 165 respectively. 

. 



Table 13. The correlation coefficients between the means of the six plant characteristics and their corresponding mean stability values C. V. 

and s at the greenhouse location. 

Kernel weight Tiller number Kernels /spike 
C. V. s x C. V. s z C. V. s x 

C. V. 1.000 . 988 - . 195 C. V. 1.000 . 815 . 011 C. V. 1.000 . 857 . 197 

s 1.000 - .028 s 1.000 . 507 s 1.000 . 5S7 

x 1.000 x 1.000 x 1.000 

Plant height Awn length Yield 

C. V. s z C. V. s x C. V. s z 

C. V. 1.000 . 988 - .096 C. V. 1. 000 . 962 - . 227 C. V. 1. 000 . 180 - . 255 

s 1.000 . 039 s 1.000 - .058 s 1.000 .877 

x 1. 000 x 1. 000 x 1. 000 

Number of paired observations (n) = 100. Significant values of r at the five and one percent levels are r = . 202 and r = . 265 respectively. 



Table 14. The correlation coefficients between the means of the six plant characteristics and their corresponding phenotypic stability values C. V. 

and s at the Corvallis field location. 

Kernel weight Tiller number Kernels /spike 
C. V. s z C. V. s x C. V. s z 

C. V. 1.000 . 952 - . 221 C. V. 1.000 . 823 . 228 C. V. 1.000 . 927 . 332 

s 1.000 - . 105 ., 1.000 .637 s 1.000 .617 

x 1.000 4 1. 000 x 1. 000 

Plant height Awn length Yield 
C.V. s x C. V. s x C. V. s z 

C. V. 1.000 . 976 - . 238 C. V. 1. 000 . 964 - . 110 C. V. 1. 000 . 566 . 147 

s 1.000 - . 111 s 1.000 . 122 s 1.000 . 864 

x 1.000 1.000 x 1.000 

Number of paired observations (n) = 75. Significant values of r at the five and one percent levels are r = . 235 and r = . 308 respectively. 

x 



Table 15. The correlation coefficients between the means of the six plant characteristics and their corresponding phenotypic stability values C. V. 

and s at the Klamath Falls field location. 

Kernel weight Tiller number Kernels /spike 
C. V. s z C, V. s z C. V. s z 

C. V. 1.000 . 937 - . 271 C. V. 1.000 . 570 - . 243 C. V. 1.000 . 7:52 .052 

s 1.000 - . 212 s 1.000 .610 s 1.000 . 448 

Tc 1.000 x 1.000 x 1.000 

Plant height Awn length Yield 
C. V. s x C. V. s z C. V. s z 

C. V. 1.000 . 974 - .383 C. V. 1.000 . 957 - . 189 C. V. 1.000 . 471 - . 114 

s 1.000 - .209 s 1.000 .011 s 1.000 .788 

z 1.000 x 1.000 z 1.000 

Number of paired observations (n) = 75. Significant values of r at the five and one percent levels are r = . 235 and r = . 308 respectively. 
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respective standard deviations. 

The combined location analyses (Table 12) showed a highly 

significant negative association between mean kernel weight and its 

respective standard deviation. Further examination of the correla- 

tion values for kernel weight and standard deviation at each location 

separately (Tables 13 -15) revealed that there was only one location 

with a significant negative correlation. From these results it could 

not be concluded that a negative association generally exists between 

mean kernel weight and phenotypic stability as measured by the stand- 

ard deviation. 

The Association Among the Phenotypic Stabilities 
of the Six Plant Characteristics 

The association among the phenotypic stabilities of all charac- 

teristics measured were determined by the computation of simple 

correlation coefficients. These correlation coefficients were com- 

puted between the phenotypic stabilities of each of the plant charac- 

teristics. Correlations were computed on the combined data from 

all three locations and separately on data representing the individual 

locations. The results of these correlations are presented in Tables 

16 -19. 

On the combined data from all three locations (Table .16) signifi- 

cant positive correlations were indicated for the phenotypic stability 
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values of kernel weight, plant height, kernels per spike and awn 

length. This would suggest that low phenotypic stability for kernel 

weight was associated with low phenotypic stability for plant height, 

kernels per spike and awn length. Conversely, high kernel weight 

phenotypic stability was associated with high phenotypic stabilities of 

plant height, kernels per spike and awn length. 

Significant positive correlations were also found between the 

phenotypic stability for tiller number as measured by the coefficient 

of variation and the phenotypic stability of plant height. The pheno- 

typic stability of tiller number as determined by the coefficient of 

variation was found to be positively associated with the phenotypic 

stability of awn length as determined by the standard deviation. In 

addition significant positive associations were found among the pheno- 

typic stabilities of plant height, kernels per spike and awn length 

(Table 16). 

The importance of these positive associations among the stabil- 

ity values of characteristics is that they may indicate a common con- 

trol mechanism for phenotypic stability within the plant. 

A significant negative correlation was found between the pheno- 

typic stability values of seed weight and the phenotypic stability value 

of grain yield as determined by the coefficient of variation (Table 16). 

This would suggest that the phenotypic stability of seed weight was 

inversely associated with the phenotypic stability of grain yield. A 

. 

- 
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similar inverse relationship was found between grain yield stability 

as measured by the coefficient of variation and the phenotypic stabil- 

ities of tiller number, plant height and kernels per spike as measured 

by the coefficient of variation and between the phenotypic stability of 

awn length as measured by the coefficient of variation and the stand- 

ard deviation. 

The discrepancies found between associations due to the two 

statistics used to measure phenotypic stability were accounted for 

by the reality that standard deviations were often found to be asso- 

ciated with mean values (Table 12). Because of these associations, 

correlations involving the standard deviation were not considered to 

be nearly as indicative of the association between the phenotypic 

stabilities of the characteristics as were those computed on the 

stability values of the characteristics as measured by the coefficient 

of variation. 

From the results of the association studies as presented in 

Tables 16 -19, it appears that some caution is warranted in drawing 

conclusions about the associations between the phenotypic stabilities 

of the plant characteristics. This appears to be especially true when 

the correlation coefficients are computed on data for combined loca- 

tions. The correlation of the phenotypic stability of tiller number 

and the phenotypic stability of plant height is an example where asso- 

ciations computed on the combined data from several locations can 



Table 16. The simple correlation coefficients between the phenotypic stability values (C.V., s) of six plant characteristics computed on the 
combined data from three locations. 

Kernel wt. Tiller no. Plant ht. Kernels /spike Awn length Grain yield 
C. V. s C. V. s C. V. s C. V. s C. V. s C. V. s 

Kernel C. V. 1.000 . 948** . 101 - . 165** .289 ** . 223 ** . 272 ** . 266 ** . 265 ** . 199 ** - . 315 ** .016 
weight s 1.000 . 142* - . 102 . 287** . 266** .277 ** . 307 ** .252 ** . 195 ** - . 230** .099 

Tiller C. V. 1.000 . 497 ** .231 ** . 166 ** .077 .063 . 102 . 134* - . 325 ** . 352 ** 

number s 1.000 - .093 .032 - . 195 ** - . 249 ** - . 106 .007 .256 ** .599 ** 

Plant C. V. 1.000 . 896 ** . 365 ** . 267'* . 3ï : ** 297 ** - . 388 ** - . Y 0 

height s 1.000 .314 ** .254 ** .2S4 ** .269 ** - . 123 .381 

Kernels/ C. V. 1.000 . 836 ** . 400* . 342* - . 211 ** . 004 
spike s 1.000 .275 ** .187 ** .001 .158 ** 

Awn C. V. 1.000 . 963 ** - . 325 ** - . 073 
length s 1.000 - . 287** - .039 

Yield C. V. 1.000 . 520** 
s 1. 000 

Number of paired observations (n) = 250. Significant values of r at the five and one percent levels are r = . 126 and r = . 165 respectively. 

* Significant at the five percent level. 
* *Significant at the one percent level. 



Table 17. The simple correlation coefficients computed between the phenotypic stability values (C.V., s) of six plant characteristics at the 
greenhouse location. 

Kernel wt. Tiller no. Plait ht. Kernels /spike Awn length Grain yield 
C. V. s C. V. s C. V. s C. V. s C. V. s C. V. s 

Kernel C. V. 1.000 . 972** .045 , 024 .284 ** . 287** .252* . 241* .208* . 157 - . 203* . 275 ** 
weight s 1.000 .074 .032 .336 ** .341** .293 ** .286** .208* .157 .144 .290 ** 

Tiller C. V. 1.000 . 815** .010 . 004 - .018 - .072 .097 .083 - .219* .611 ** 
number s 1.000 - .064 - .094 - . 178 - .330 ** - .063 - .019 - .206* . 399 ** 

Plant C. V. 1.000 . 988 ** . 248* . 254* . 217* . 202* - . 022 .096 
height s 1.000 .258* .277 ** .221* .202* .000 .108 

Kernels/ C. V. 1.000 , 857 ** , 372 ** . 336 ** - . 009 . 282 ** 
spike s 1.000 .214* .153 .175 .271* 

Awn C. V. 1.000 , 962 ** - . 266 ** - . 266 ** 
length s 1.000 - .304** .051 

Yield 
C. V. 1. 000 . 180 

s 1. 000 

Number of paired observations (n) = 100. Significant values for r at the five and one percent levels are r = . 197 and r = . 257 respectively. 

* Significant at the five percent level. 
* *Significant at the one percent level. 



Table 18. The simple correlation coefficients computed between the phenotypic stability values (C.V., s) of six plant characteristics at the 
Corvallis field location. 

Kernel wt. Tiller no. Plant ht. Kernels /spike Awn length Grain yield 
C. V. s C. V. s C. V. s c. V. s C. V. s C. V. s 

Kernel C. V. 1.000 . 952 ** - .035 - . 092 .094 . 101 .253* . 225 . 207 .162 - . 085 .122 
weight s 1.000 .022 - .084 .127 .136 .338 ** . 3420* .180 . 132 - .031 . 178 

Tiller C. V. 1.000 . 823 ** .055 .091 .046 .030 - . 113 - .049 . 276* .697 ** 

number s 1.000 - .070 - .025 - . 149 - .253* - . 100 .024 . 375 ** .657 ** 

Plant C, V. 1.000 . 976 ** .364** . 357 ** . 083 .054 - . 057 .087 
height s 1.000 .346 ** .350 ** .085 .067 .033 .156 

Kernels/ C. V. 1.000 . 927 ** . 402 ** . 316 ** - . 107 . 155 

spike s 1.000 .317 ** .192 .012 .192 

Awn C. V. 1.000 , 964 ** - . 045 - . 010 

length s 1.000 .015 .028 

C. V. 1. 000 .566** 
-:'field 

s 1. 000 

Number of paired observations (n) = 75. Significant values of r at the five and one percent levels are r = . 228 and r = . 297 respectively. 

=< Significant at the five percent level. 
**Significant at the one percent level. 

' 



Table 19. The simple correlation coefficients computed between the phenotypic stability values (C. V., s) of six plant characteristics at the 

Klamath Falls field location. 

Kernel wt. Tiller no. Plant ht. Kernels /spike Awn length Grain yield 
C. V. s C. V. s C. V. s C. V. s C. V. s C. V. s 

Kernel C. V. 1.000 . 937 ** .021 - . 250* .355** . 300* .177 , 359 ** , 201 . 122 - . 040 .204 
weight s 1.000 .095 - . 185 .324 ** .290* .094 . 297* . 226 . 154 - .033 . 219 

Tiller C. V. 1.000 . 57044 - .021 - .020 - .061 . 130 .066 , 049 - . 125 . 636 ** 

number s 1.000 - .162 - .087 - .189 - .265* .035 . 142 .253> 549 ** 

Plant C. V. 1.000 . 974 ** . 369 ** . 268* , 459 ** . 401 ** *. - . 459 ** - . 140 

height s 1.000 . 343 ** . 197 . 414** . 383 ** - . 446-* - . 139 

Kernels/ C. V. 1.000 . 763 ** . 327 ** . 285* - , 253* - . 886 ** 

spike s 1.000 .311 ** .204 - .112 . 126 

Awn C. V. 1.000 . 975 ** - . 171 .043 

length s 1.000 - . 138 .036 

C. V. 1, 000 , 471** 
Yield 

s 1. 000 

Number of paired observations (n) = 75. Significant values of r at the five and one percent levels are r = . 228 and r = . 308 respectively. 

* Significant at the five percent level. 
**Significant at the one percent level. 
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be misleading. Examinations of correlations computed on the com- 

bined data of the three locations (Table 16) reveals a highly signifi- 

cant positive correlation value (r =. 231) between tiller number pheno- 

typic stability as measured by the coefficient of variation and the 

phenotypic stability of plant height. However, when the correlation 

values for these two characteristics were examined at each of the 

three individual locations (Tables 17 -19), non -significant positive 

or non - significant slight negative correlations were indicated. An 

explanation of this seemingly strange phenomenon was found by plotting 

the scatter diagram for these data. Three groups of plots are 

formed, each representing one of the three locations. A regression 

line can be plotted for each of these groups of plots which have a 

slope characteristic of the correlation obtained for that location. 

When a regression line was plotted between these groups a line with 

a slope characteristic of the correlation calculated from the com- 

bined data was obtained. 

General Discussion 

Because of the possible advent of commercial hybrid barley, 

questions regarding the performance of hybrid barley are now rele- 

vant. Since barley is a naturally self pollinating species, many of 

the questions regarding hybrid performance remain unanswered 

which might otherwise be answered by the results of the vast amount 
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of research in hybrid corn. However, the very fact that barley has 

evolved as a self -fertilizing organism might lead to the suspicion that 

its performance as a cross fertilized hybrid would be dissimilar to 

that of hybrids between naturally cross fertilized organisms. 

A great amount of research is currently being conducted on 

hybrid wheat. Since cytoplasmic male sterility, a fertility- restoring 

mechanism, and instances of effective cross pollination under field 

conditions have been reported, the basic mechanical requirements 

for hybrid wheat seems to have been met. A big question which 

remains to be answered is - -can hybrid seed be produced commer- 

cially on an economic basis? Since wheat is a self pollinating spe- 

cies, much of the information found through wheat research is ap- 

plicable to barley. However, information concerning phenotypic 

stability in wheat is lacking at present. 

The research in this thesis was based upon the con- 

tention that heterozygosity incorporated (by hybridization) into a 

naturally self -pollinating species such as barley might change the 

phenotypic stability of certain morphological characteristics. 

Lerner (1954) hypothesized that "departure from the breeding sys- 

tem normal for the species leads to loss of buffering powers." In 

the present study the phenotypic stability of six morphological char- 

acteristics of the barley plant were studied. Tiller number, plant 

height, kernel weight, kernels per spike and grain yield were chosen 

. 
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for study because they are the morphological plant characteristics 

of concern to the cereal breeder. Awn length was chosen for study 

because it is recognized as being the least affected by changes in the 

environment. 1 The results of this study indicate that the phenotypic 

stability of awn length, plant height and kernels per spike are the 

least affected by environmental changes (see page 47). The pheno- 

typic stabilities of grain yield per plant and tiller number are the 

most affected by environmental changes as was evidenced by their 

high phenotypic stability values (page 47). 

It might be expected that if heterozygotes are more adapted 

than homozygotes, as has been reported so often in the literature, 

then the phenotypic variation of heterozygotes should be less than 

that of the homozygotes when grown under the same environmental 

conditions. Before any conclusions can be drawn regarding the 

phenotypic stability of heterzygotes or homozygotes, a reliable 

method of measuring phenotypic stability is a prerequisite. 

Several methods for determining phenotypic stability are 

described in the literature. The validity of such methods as the 

use of the variance (Paxman, 1956) or the standard deviation as 

used by Williams (1960) is questionable. Moreover, none of these 

methods appears to be unequivocally applicable to both cross and 

1 
Wiebe, G. A. Personal communication, June 1967. 
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self -fertilizing organisms. The regression method reported by 

Finlay and Wilkinson (1963) is excellent for describing the response 

of barley varieties to a range of environments and could conceivably 

be adapted to compare the response of hybrids and homozygous 

parental lines. But as with other similar methods (Eberhart and 

Russel, 1966), it could not be used to compare the phenotypic stabil- 

ity of heterozygotes with homozygotes at a particular location. Shank 

and Adams (1960) used the coefficient of variation computed on each 

plot to determine phenotypic stability in maize. By use the analysis 

of variance, Shank and Adams were able to compare the plot coeffi- 

cients of variation for maize inbred lines and their F1 hybrids. 

Reliable comparisons of the phenotypic stability between inbreds 

and hybrids were obtained by these authors using this method. The 

use of this method for determining phenotypic stability in barley 

has not been previously reported. The method as used in the pres- 

ent study -requires that measurements be taken on several individual 

plants in each plot. Not only is the method suitable for comparing 

phenotypic stability within a location, but was well adapted to com- 

paring phenotypic stability across locations. 

The results of the present study provide evidence that hetero- 

zygosity in barley can actually lead to reductions in the phenotypic 

stability of morphological plant characteristics when compared with 

. 
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homozygous genotypes at any one location. Whereas, when pheno- 

typic stability was considered over several locations, heterozygosity 

did not endow the hybrids with greater or less phenotypic stability 

than was displayed by the homozygous parents. These results could 

be particularly significant in a barley breeding program. If hybrids 

express high phenotypic stability at one location and low phenotypic 

stability at another location, the plant breeder would be obligated to 

breed specific hybrids for specific locations. Moreover, it could 

determine whether or not the hybrid could be grown successfully at 

more than one location. 

Evidence was also found which indicates that the parents used 

in a hybrid barley cross can influence the phenotypic stability of 

the hybrid. Several clear examples of this were found for the pheno- 

typic stability of kernel weight and kernels per spike at the greenhouse 

location (Tables 1 and 3). The parental variety, Trail, had a stability 

value of 13. 580 and the parental variety, Galt, had a stability value of 

1. 932. The hybrid cross between Traill and Galt had a phenotypic 

stability value of 17. 807. For kernels per spike Traill had a pheno- 

typic stability value of 10. 915 and Galt had a stability value of 2. 680. 

The hybrid cross between these two parents presented a phenotypic 

stability value of 8. 252. A further example of the influence of paren- 

tal phenotypic stability on the hybrid was found in the results of the 

cross between Hannchen and 61 -2141 (Table 2). Hannchen at the green- 

house location had a phenotypic stability value for tiller number of 
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13. 335 while 61 -2141 had a stability value of 21. 715. The hybrid 

cross between these two parents had a phenotypic stability value 

of 14. 305. Similar results were obtained for the Hannchen X 61 -2141 

cross at all three locations; in all cases involving Hannchen and 

61-2141, Hannchen had an enhancing influence on the phenotypic 

stability of tiller number in the hybrid (Table 2). These results 

would indicate that it may be possible to select parents which when 

crossed will result in hybrids that exhibit high phenotypic stability 

for particular morphological characteristics. 

The recently reported study of Scott (1967) further exemplifies 

the importance of knowledge concerning phenotypic stability in a 

breeding program. Scott found that the phenotypic stability of yield 

could be selected for in maize. He maintained that the fact that 

selection for levels of yield stability was effective suggests that 

this character is under genetic control. 

If, as the evidence indicates in the present study, the pheno- 

typic stability of several plant characteristics are associated, then 

selection for levels of phenotypic stability of one plant characteristic 

could lead to increased stability for one or more other plant char- 

acteristics. 

Increased phenotypic stability of the hybrid crosses between 

inbred lines has been reported in naturally cross -pollinated plants 

and animal species (Shank and Adams, 1960; Robertson and Reeve, 
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1952). An explanation which could conceivably account for this 

increased phenotypic stability of the hybrid over that of its parental 

inbred lines is that the inbred lines of a cross pollinating species 

are not in a natural state. Based on the contention that homozygosity 

in a naturally cross -pollinated species is really an unnatural state, 

then it would appear likely that the inbred parental lines would be 

less phenotypically stable than the more heterozygous hybrid cros- 

ses between them. On the other hand, barley has evolved as a 

successful self -pollinator and homozygosity is a natural state. 

Since homozygosity in barley is the normal state, the parental 

lines of a hybrid cross might be expected to be more phenotypically 

stable than the hybrid. The results of the present study would in 

general tend to support Lerner's contention (Lerner, 1954) that 

deviation from the normal mode of fertilization leads to reduced 

phenotypic stability. However, the few reductions in phenotypic 

stability found in the hybrid crosses in this study were not of as 

great a magnitude as might have been expected. Moreover, it was 

rather surprising to find that the reductions in phenotypic stability 

of the hybrid crosses as compared to their parents occurred within 

a particular location and not across the three rather diverse loca- 

tions as was expected. It was also apparent that different levels of 

phenotypic stability existed not only in the homozygous parental 

groups but also in the heterozygous cross groups. 
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In those cases (Pfahler, 1966) where phenotypic stability of the 

inbred lines of a cross -pollinating species have been reported to be 

as phenotypically stable as the hybrid crosses between the lines, a 

question arises as to how homozygous were the inbred lines. If the 

lines are only partially homozygous, which seems very likely, then 

a difference in the phenotypic stability of the inbred lines and their 

hybrid crosses might not be expected. 
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SUMMARY AND CONCLUSIONS 

The primary objective of the present study was to determine 

the effect of heterozygosity on phenotypic variation of measurable 

external plant characteristics in hybrid crosses of two self -pollinated 

barley species Hordeum vulgare L. and Hordeum distichum L. 

Phenotypic stability was measured utilizing two statistics, the 

standard deviation(s) and the coefficient of variation (C.V.). These 

statistics were not used in their usual context. They were computed 

on each individual plot based on measurements of three plants from 

that plot. The mean coefficient of variation and standard deviation 

values representing the phenotypic stability of each of the entries 

were compared at each of three locations and across the three loca- 

tions.. Analyses of variance facilitated the comparison of four groups 

which consisted of two -row parents, six -row parents, 2 X 2 crosses 

and 6 X 6 crosses. 

The phenotypic stability values were determined for six morpho- 

logical characteristics; they were, kernel weight, kernels per spike, 

tiller number, grain yield per plant, plant height and awn length. 

Several secondary objectives were included in the study. The 

associations between the phenotypic stabilities of all characteristics 

measured were examined by use of simple correlation coefficients. 

Further, associations between mean values and phenotypic stability 
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was determined. In addition, the association between the two statis- 

tics, coefficient of variation and standard deviation, utilized in this 

study as a basis of measuring phenotypic stability was determined . by 

correlation studies. 

From the results of the research the following conclusions 

can be drawn: 

1. Heterozygosity may increase phenotypic variation within a 

particular location. Evidence supporting this contention was found 

for tiller number at the Corvallis field location, kernel weight at the 

Klamath Falls field location and plant height at the Klamath Falls 

field location. 

2. Phenotypic stability of heterozygotes as a group was neither 

greater nor less than that of homozygotes for any morphological char- 

acteristic when averaged across locations. This fact strongly sug- 

gests that heterozygosity per se does not influence phenotypic stabil- 

ity over rather diverse environments. 

3. Phenotypic stability for heterozygotes as a group and 

homozygotes as a group is greatest under minimal environmental 

stress. This was demonstrated by the fact that the lowest stability 

values for all characteristics was at the greenhouse location. 

4. The phenotypic stability of kernel weight, plant height, 

kernels per spike and awn length are associated. Evidence also 

indicated associations between the phenotypic stability of plant height 

. 
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and the phenotypic stabilities of kernels per spike and awn length. 

In addition the phenotypic stabilities of kernels per spike and awn 

length were associated. These associations between the phenotypic 

stabilities may well indicate that the phenotypic stabilities of several 

morphological plant characteristics are under a common control 

mechanism within the plant. - 

5. Low phenotypic stabilities and high means are associated 

for tiller number, kernels per spike and grain yield when phenotypic 

stability is computed using the standard deviation. 

6. The coefficient of variation and standard deviation are 

highly associated when used to measure phenotypic stability. The 

coefficient of variation is the more reliable of the two statistics 

because it is not influenced by the size of the mean as is the stand- 

ard deviation. 
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APPENDIX 



Appendix Table 1. A description of the nine parental spring barley varieties used in the study of phenotypic stability as affected by heterozygosity. 

Variety 
Cross 

symbol C. L no. Pedigree 
No. of 

row 

Aleurone 
color 

Rachilla 
hairs Kernel crease Origin Use 

Trebi T1 936 A plant selection from 
bulk lot of barley 
from south shore of 

six Blue -gray short V- shaped from 
base, medium 
wide. 

Asiatic Turkey Feed 

Black Sea. 

Traill T2 9538 Selection from six Colorless short V- shaped, open. North Dakota Malting 

Kindred x Titan,. 

Galt GA 11770 Selection from six White short Narrow, shallow. Canada Feed 

Glacier x2 Newal 
2 x Husky. 

Wocus W 8059 Selection from 
(Coast x Lion) x 
Winter Club. 

six Colorless short V- shaped, closed 
at base, flaring at 
awn end. 

Oregon Feed 

Grande GR 11758 Selection from composite 
cross II (C. I. 5461). 

six Blue short V- shaped, open. California Feed 

61 -2141 61 Selection from Hannchen 
x C.í.:3208 -2. 

two Colorless long Narrow, shallow. Malting 

Abed Denso AD 8059 Field mutant from Abed two Colorless long Narrow, shallow. Denmark Not released 

Plant Breeding Station, 
Denmark. 

Hannchen H 531 A pure line selection 
from Hanna. 

two Colorless long Narrow, shallow. Sweden Malting 

Firlbecks III FB 10088 Selected from (Ackerman 
Isaria x Weihenstephaner 
Mehltauresistente C. P. ) x 

two Colorless long Constricted at 
middle, open at 
top and bottom. 

Germany Malting 

(breeder owned strain x 

Heines Haisa I). 

- - 
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Appendix Table 2. The temperature and precipitation for Klamath Falls and Corvallis, Oregon 
from March through August 1967. * 

Month Location 
Average 

maximum 
Average 

minimum 
Over -all 
average 

Departure from 
normal 

Temperature 

March Corvallis 52.0 35.3 43.7 - - 2.8 
Klamath Falls 47. 1 25. 4 36.3 - 3, 2 

April Corvallis 54.7 34.8 44.8 - 6.9 
Klamath Falls 47.2 26.3 36.8 -10. 1 

May Corvallis 68.2 41.8 55.0 - 2.0 
Klamath Falls 68.3 37.3 52.8 - . 9 

June Corvallis 76.9 49.9 63.4 1.8 
Klamath Falls 75, 5 45. 9 60, 7 . 6 

July Corvallis 83.9 50.4 67.2 .6 
Klamath Falls 87.0 50. 8 68.9 .2 

August Corvallis 88.9 52.9 70.9 4.5 
Klamath Falls 89.2 52. 1 70. 7 3. 8 

Precipitation 

March Corvallis 4. 23 .11 
Klamath Falls 1.58 .34 

April Corvallis 1.60 .44 
Klamath Falls 1.44 .60 

May Corvallis .85 .95 
Klamath Falls 1.35 . 20 

June Corvallis .77 - .47 
Klamath Falls 1.03 .08 

July Corvallis .00 .31 
Klamath Falls Trace . 31 

August Corvallis Trace - .38 
Klamath Falls Trace - . 33 

*Data from climatological data, Oregon section, 1967, Vol. 73. U. S. Department of Commerce. 

- 

- 

- 
- 
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Appendix Table 3. Mean kernel weight in grams for 50 kernel samples for the 6 x 6 and 2 x 2 

crosses and their respective parents at three locations in 1967. 

Group Entry Greenhouse Corvallis Klamath Falls 

6x6 W x GA 2. 987 2. 483 2. 713 
T1 x GR 3. 460 2. 623 2. 960 
T 1 x GA 2. 920 2. 270 2. 410 
T1 x T2 2. 800 2. 153 2. 403 
T1 x W 3.260 2. 670 2. 713 
W x T2 2. 867 2. 523 2.937 
T2 x GR 2. 807 2. 360 3. 133 
T2 x GA 2. 378 2. 040 2. 467 
GR x GA 2. 945 2. 473 2. 743 
W x GR 3. 310 2. 447 3. 297 

AVG. 2.973 2.404 2.777 

2x2 HxFB 2.818 2.273 2.563 
H x 61 2.780 2. 323 2. 440 
H x AD 2. 768 2. 353 2. 647 
61 x AD 2. 858 2. 293 2. 610 
FB x 61 2. 747 2. 437 2. 813 
FB x AD 2. 750 2. 193 2. 373 

AVG. 2.786 2.312 2.574 

Parents Trebi (T1) 2.950 2. 140 2. 927 
(6 -Row) Wocus (W) 3.482 2. 530 2. 520 

Trail (T2) 2.885 1. 920 2. 323 
Grande (GR) 3.208 2. 427 2. 957 
Galt (GA) 2. 915 2.037 2. 477 

AVG. 3.088 2.210 2.640 

Parents Hannchen (H) 2. 810 2. 117 2. 440 
(2 -Row) Firlbecks III (FB) 2.715 2.063 2.483 

61 -2141 (61) 2.745 2.393 2.603 
Abed Denso (AD) 2.357 2. 147 2.200 

AVG. 2.656 2.180 2.431 

. 
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Appendix Table 4. The mean tiller number for 6 x 6, 2 x 2 crosses and their parents at three 
locations. 

Group Entry Greenhouse Corvallis Klamath Falls 

6 x 6 W x GA 22. 875 4. 733 11. 733 
T1 x GR 29, 825 6. 500 14. 300 
T1 x GA 33.050 6. 200 16.300 
T1 x T2 33. 950 7. 200 13.633 
T1 x W 27. 625 5. 433 17.633 
W x T2 25. 875 6. 633 13, 533 
T2 x GR 27, 950 4. 633 14. 967 
T2 x GA 27. 700 7. 433 20. 400 
GR x GA 25. 725 4. 933 10. 867 
W x GR 23.375 6. 533 11. 533 

AVG. 27.795 6.023 14.489 

2 x 2 H x FB 53, 5S0 11. 300 24. 967 
H x 61 59.650 14. 867 28.100 
H x AD 59, 050 12. 400 33. 300 
61 x AD 54, 600 11. 967 27. 133 
FB x 61 48. 825 12. 867 34. 533 
FB x AD 45. 400 9. 867 22. 400 

AVG. 53, 512 12. 211 28. 405 

Parents Trebi (Ti) 36. 950 4.433 13.833 
(6 -Row) Wocus (W) 23.375 4.333 11.300 

Traill (T2) 27.050 4. 433 9. 967 
Grande (GR) 31. 125 6. 200 10.633 
Galt (GA) 26.725 6.633 15.733 

AVG. 29.045 5.206 12.293 

Parents Hannchen (H) 58. 300 12. 300 21. 867 
(2 -Row) Firlbecks III (FB) 43. 300 12. 867 22.967 

61 -2141 (61) 59. 150 13. 767 37.867 
Abed Denso (AD) 47.225 8. 533 24.400 

AVG. 51.993 11.866 26.775 
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Appendix Table 5. The mean number of kernels per spike for 6 x 6, 2 x 2 crosses and their 
parents at three locations. 

Group Entry Greenhouse Corvallis Klamath Falls 

6 x 6 W x GA 64. 275 52. 500 60. 333 
T1 x GR 40. 750 45.000 55.833 
T1 x GA 78. 500 53.667 67.000 
T1 x T2 56. 875 46.667 56.067 
T1 x W 69.075 57.000 63.633 
W x T2 80, 600 56. 833 65, 500 
T2 x GR 69. 875 43.000 65.000 
T2 x GA 53. 275 55, 267 67.000 
GR x GA 40. 500 38.033 53.200 
W x GR 71. 500 49.667 67. 833 

AVG. 62. 522 49.763 62. 139 

2 x 2 H x FB 32. 150 26.300 28. 933 
H x 61 28. 550 25. 467 27. 967 
H x AD 31, 725 26, 733 30.667 
61 x AD 31. 050 24. 700 28. 733 
FB x 61 32. 250 23. 800 30.067 
FB x AD 31. 625 23. 767 26. 600 

AVG. 31.225 25.127 28.827 

Parents Trebi (T1) 59. 500 44.333 68.267 
(6 -Row) Wocus (W) 67.000 55.333 66.200 

Traill (T2) 68.600 48.667 67.900 
Grande (GR) 60. 500 44.700 59.200 
Galt (GA) 67.625 56.667 62.833 

AVG. 64.645 49.940 64.880 

Parents Hannchen (H) 30. 525 25. 967 29.233 
(2 -Row) Firlbecks III (FB) 29. 100 24.333 27.200 

61 -2141 (61) 25.725 24.967 27.067 
Abed Denso (AD) 29.250 22.033 28.633 

AVG. 28.650 24.325 28.033 
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Appendix Table 6. The mean yields in grams for 6 x 6, 2 x 2 crosses and their parents at three 
locations. 

Group Entry Greenhouse Corvallis Klamath Falls 

6x6 W x GA 90. 50 12, 40 39, 70 
T1 x GR 103. 85 16.26 47.80 
T1 x GA 152.45 15.30 54.66 
T1 x T2 109.05 15.33 39. 13 

T1 x W 110.20 17. 13 60.26 
W x T2 119. 12 19, 93 55. 16 

T2 x GR 110.57 10. 16 60.23 
T2 x GA 69.62 17.56 70.63 
GR x GA 61.87 9.86 31.70 
W x GR 111.52 16.00 51. 90 

AVG. 103.87 14.99 51.11 

2 x 2 H x FB 96.70 13.56 38.90 
H x 61 96.02 18. 13 39. 20 
H x AD 105. 27 15. 96 56.23 
61 x AD 97. 75 14.26 39, 76 
FBx61 87.35 14.90 61.10 
FB x AD 78. 67 10. 33 28. 76 

AVG. 93.62 14.52 43.99 

Parents Trebi (T1) 130.25 8.76 55.80 
(6 -Row) Wocus (W) 109.05 12.66 38. 16 

Traill (T2) 102.02 8.60 32.26 
Grande (GR) 122.32 12.63 38. 90 
Galt (GA) 105.22 16.20 48.63 

AVG. 113.77 11.77 42.75 

Parents Hannchen (H) 100.60 13. 16 32.33 
(2 -Row) Firlbecks III (FB) 68.50 12.96 30. 93 

61-2141 (61) 82.90 16.50 53.66 
Abed Denso (AD) 64. 12 7. 96 32.33 

AVG. 79.03 12.64 37.31 

. 

. 
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Appendix Table 7. The mean plant height for 6 x 6, 2 x 2 crosses and their parents at three 
locations, 

Group Entry Greenhouse Corvallis Klamath Falls 

6x6 W x GA 55. 550 25, 433 28. 300 
T1 x GR 58. 475 23. 967 34.200 
T1 x GA 62, 475 24, 167 31.433 
T1 x T2 59, 650 23, 433 30. 100 
T1 x W 56.650 23.867 28.867 
W x T2 60. 700 25. 400 30, 533 
T2 x GR 61. 625 20. 500 34, 967 
T2 x GA 57, 300 25. 967 36.733 
GR x GA 56, 450 25.300 28, 967 
W x GR 62. 975 23. 533 34. 533 

AVG, 59, 185 24. 156 31.863 

2x2 H x FB 56, 550 25, 967 34.733 
H x 61 51. 300 27.633 35. 500 
H x AD 53, 950 24.633 36.633 
61 x AD 53. 625 23.067 33, 633 
FB x 61 55, 700 24. 967 39.633 
FB x AD 54, 050 22. 100 31. 067 

AVG. 54.195 24.727 35.199 

Parents Trebi (T1) 55.050 22.067 31.533 
(6 -Row) Wocus (W) 49.550 20.300 24.400 

Traill (T2) 52. 775 23.300 30.200 
Grande (GR) 61.450 23. 100 30.400 
Galt (GA) 54.725 26.967 31.633 

AVG. 54.710 23.146 29.633 

Parents Hannchen (H) 56, 400 25. 967 40.200 
(2 -Row) Firlbecks III (FB) 54. 800 23.933 35.933 

61 -2141 (61) 49, 975 25.867 33.633 
Abed Denso (AD) 47, 550 19. 100 28. 167 

AVG. 52. 181 23.716 34.483 
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Appendix Table 8. The awn length means in centimeters for 6 x 6, 2 x 2 crosses and their parents 
at three locations. 

Group Entry Greenhouse Corvallis Klamath Falls 

6x6 W x GA 15.000 12.600 13. 400 
T1 x GR 14. 450 13. 500 16.000 
T1 x GA 16. 350 13.233 15.767 
T1 x T2 14.400 12. 567 14.200 
T1 x W 14. 150 13. 533 15. 100 
W x T2 15. 125 12.667 14. 833 
T2 x GR 15. 425 13. 100 15. 967 
T2 x GA 13. 800 12. 867 15, 700 
GR x GA 15. 100 12, 333 15.267 
W x GR 14. 800 13, 100 15. 733 

AVG. 14, 860 12. 950 15. 196 

2x2 H x FB 18, 150 16. 367 18. 533 
H x 61 16. 600 15. 700 17. 900 
H x AD 17. 200 16. 467 18.333 
61 x AD 18. 000 16. 267 18.000 
FB x 61 17, 325 16. 600 19,133 
FB x AD 18. 150 15, 800 18. 500 

AVG. 17, 570 16.200 18. 399 

Parents Trebi (T1) 13. 800 12.333 16.067 
(6 -Row) Wocus (W) 13. 150 11.933 13.600 

Traill (T2) 15. 350 11.200 14. 100 
Grande (GR) 13. 825 12.467 14. 133 
Galt (GA) 14. 900 13.200 14.567 

AVG. 14. 205 12.226 14.493 

Parents Hannchen (H) 16.675 14.667 17.200 
(2 -Row) Firlbecks III (FB) 18. 100 15.700 17.367 

61 -2141 (61) 16. 700 17.500 16.567 
Abed Denso (AD) 15.850 12.800 17.400 

AVG. 16. 831 15. 166 17. 133 
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Appendix Table 9. Summary of the mean values for each of six plant characteristics averaged 
across three locations. 

Group 
Seed 

Entry wt. 
Tiller 

no. 
Kernels/ 
spike 

Plant 
ht. 

Awn 
length 

Grain 
yield 

6 x 6 W x GA 2, 754 14. 090 59. 560 38. 340 13. 800 51. 830 
T1 x GR 3, 059 18. 170 46. 550 40, 840 14.630 60. 760 
T1 x GA 2. 572 19. 970 67.600 41.670 15, 240 81. 970 
T1 x T2 2. 487 19. 830 53, 570 39. 920 13, 790 59. 960 
T1 x W 2. 919 17. 970 63, 820 38. 480 14, 250 67. 300 
W x T2 2, 785 16. 400 68. 940 41.060 14. 300 70. 180 
T2 x GR 2. 771 17. 060 60, 350 41. 290 14. 890 65. 350 
T2 x GA 2. 304 19. 430 57. 990 41. 730 14. 090 54. 310 
GR x GA 2, 743 15.030 43, 570 38. 860 14. 320 37, 220 
W x GR 3.047 14.770 63.850 42.610 14. 570 64. 980 

AVG. 2, 744 17. 272 58. 580 40. 480 14, 388 61. 386 

2 x 2 H x FB 2, 578 32, 300 29, 430 40. 830 17, 730 54. 420 
H x 61 2, 541 36, 750 27, 450 39. 460 16. 720 55, 610 
H x AD 2. 607 37. 330 29. 910 39, 960 17. 320 63, 770 
61 x AD 2, 614 33. 570 28. 450 38. 460 17. 480 55. 310 
FB x 61 2. 674 33, 750 29, 060 41. 660 17. 650 57. 740 
FB x AD 2, 470 27. 840 27. 760 37, 570 17. 550 43. 200 

AVG, 2. 580 33.590 28.676 39.656 17.408 55, 008 

Parents Trebi (T1) 2. 700 20. 260 57. 580 38. 100 14, 040 71. 470 
(6 -Row) Wocus (W) 2. 908 14.070 63.260 33.230 12. 920 58. 870 

Traill (T2) 2.427 15. 140 62.410 37. 160 13.730 53.070 
Granda (GR) 2.898 17. 500 55.370 40.630 13. 510 64. 390 
Galt (GA) 2. 520 17.400 62. 900 39. 470 14. 290 61. 540 

AVG. 2.690 16, 874 60.304 37.718 13. 698 61.868 

Parents Hannchen (H) 2. 491 33. 570 28.770 42.410 16. 230 53. 890 
(2 -Row) Firlbecks III(FB)2. 450 28.070 27. 100 39.880 17. 160 40. 570 

61 -2141 (61) 2. 597 39, 150 25, 900 37.840 16. 900 54, 210 
Abed Denso(AD)2.247 28.770 26. 900 33.200 15, 400 37. 740 

AVG. 2.446 32.390 27.167 38.332 16.422 46.602 

' 



Appendix Table 10. A summary of the mean squares from the functional analyses of variance for six plant characteristics at the greenhouse location. 

Seed Tiller Kernels/ Grain Awn Plant 
Source D. F. weight number spike yield length height 

Replications 3 .01652 16, 528 14, 302 428. 763 . 552 . 975 
Entries 24 . 29963** 707. 606** 1418.972 ** 1798.901 9.478 ** 65. 986** 
Among groups 3 .7163 ** 5084. 490 ** 4831. 790** 257. 753 59. 206** 250. 136** 
Within groups 21 . 24000** 82. 330 ** 931. 420 ** 2019. 065 2. 372 ** 39. 679** 
Reps. x entries 72 .02988 35. 481 10. 344 292. 577 . 499 8. 491 
Total 99 

* Significant at the five percent level. 
* *Significant at the one percent level. 

Appendix Table 11. A summary of the mean squares from the functional analyses of variance for six plant characteristics at the Corvallis field 
location. 

Source D. F. 

Seed 
weight 

Tiller 
number 

Kernels/ 
spike 

Grain 
yield 

Awn 
length 

Plant 
height 

Replications 2 .06497 12.849 16.176 63. 169** .247 27. 520** 
Entries 24 . 35.815 ** 534.797 ** 31. 142* 9.632 ** 13.022 ** 
Among groups 3 . 20000** 239. 100 ** 346. 713 ** 4. 791 44. 853** 7. 370* 
Within groups 21 . 10400 ** 6. 774 561.666 ** 34. 906* 4.600 ** 13. 829 ** 
Reps. x entries 48 .03134 3. 933 10. 591 17. 242 . 427 2. 596 
Total 74 

* Significant at the five percent level. 
* *Significant at the one percent level. 

. - . 



Appendix Table 12. A summary of the mean squares from the functional analyses of variance for six plant characteristics at the Klamath Falls 
field location. 

Source D. F. 

Seed 
weight 

Tiller 
number 

Kernels/ 
spike 

Grain 
yield 

Awn 
length 

Plant 
height 

Replications 3 28518** 192. 462** 182. 816** 1635. 691** 1.508 71. 744** 
Entries 24 21947 ** 197. 364** 940. 005** 415. 473 ** 8. 564 ** 42. 260** 
Among groups 3 . 38800 ** 1199. 233 ** 7185, 710 ** 19, 902 57. 040** 104. 143 ** 
Within groups 21 19500** 54. 240 47. 760 ** 471. 983 ** 1.630 33. 419 ** 
Reps. x entries 72 ,03454 32.026 11.668 184, 463 943 9.702 
Total 99 

* Significant at the five percent level. 
* *Significant at the one percent level. 

Appendix Table 13. A summary of mean squares from the functional analyses of variance for six plant characteristics. 
combined for these analyses. 

Three locations were 

Source D. F. 

Seed 
weight 

Tiller 
number 

Kernels/ 
spike 

Grain 
yield 

Awn 
length 

Plant 
height 

Locations 2 7. 539** 19972.651** 2568.010** 164650, 369** 103. 286 ** 24315, 425 ** 
Entries 24 .451** 723.958** 2714.931** 1119. 325** 24, 327 ** 58. 322 ** 
Among groups 3 , 925 ** 5057.100** 19372.690 ** 184.090 150. 762 ** 102. 316 ** 
Within groups 21 .383** 79. 041** 335. 250 ** 1252. 930** 4, 122 ** 52, 038 ** 
Location x entries 48 .092** 108. 413** 89. 422** 563. 095** 1. 674** 31. 472 ** 
Error 175 .034 27.091 12. 881 202. 465 .611 8.018 
Total 249 

* Significant at the five percent level. 
* *Significant at the one percent level. 

. 
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