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INTRODUCTION

Much of the evidence confirms the viewpoint that the
individual cannot be considered out of the context of its
environment. The problem of inconsistency of performance of
crop varieties has been long recognized by pilant breeders.
There is rather general agreement among plant breeders that
interactions between genotype and environment have an impor-
tant bearing on the breeding of better varieties.

Although plant breeders have been aware of important
genotypic differences in stability, they have been unable to
exploit them fully in breeding programs. Studies on the
effect of environment upon animals and plants by Mather (1953),
Lerner (1954), Dobzhansky and Levene (1955), Lewontin (1957),
and others provided some basic knowledge about the nature and
significance of adaptability or stability of production. The

results from thelr data and conclusions, however, were of
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eeding.

The maize breeders have struggled continuously to develop
high ylelding hybrids, and, therefore, must be concerned with
the relative large variation in yield potential that occurs
among the many environments in which a hybrid will be grown.
The development of hybrids that have a stable performance over
a range of environmental conditions would allow a given hybrid
to be useful and productive in a larger region. Extensiva

testing, therefore, has been required to identify the genotypes



that possess the greatest stability of performance over vary-
ing environments.

In an attempt to bridge this gap, procedures have been
proposed recently which describe the mean of a variety in
terms of estimated stability parameters. Some studies have
been conducted by Finlay and Wilkinson (1963), Eberhart and
Russell (1966), and others to illustrate the use of these
techniques; they have been shown to be of greater value in
evaluating the relative stability of varieties and hybrids.

The objective of this study was to examine the relative
performance for grain yield among groups of maize (Zea mays
L.) hybrids that were produced from selected and unselected
inbred lines to determine which group of hybrids was more

productive and stable over a range of environments.



REVIEW OF LITERATURE

Lack of basic information about the genetics of plant
populations has meant that plant breeding is largely empirical.
The importance of genotypic differences in adaptability of
some crop species has long been appreciated by plant breeders.
Many approaches to the estimation of the various stability
parameters for maize and other agronomic species have been
and are being proposed. The literature on genotype x environ-
mental interactions is extensive. An extensive review of the
literature pertaining to a consideration of the buffering
capacity of plant species against variations of the environ-
ment comprises two categories of papers. Some are directed
toward the theoretical explanation involving the genotype
behavior over the range of environments that occur in differ-
ent locations or seasons, and others which characterize the
presentation and interpretation of results from planned ex-
perimenis. I will be first concerned with the reviews which
deal largely with the theoretical aspects, followed by those
repcrts which present the results of field experiments with
maize and other crop species.

According to Mather (1953) and others, lack of stability
is the term used to describe variation which is not genetic
in origin and which has no observed environmental cause.
Since the cause is unknown the variation appears to be random

in direction. Bradshaw {1965) pointed out that there is



considerable amount of evidence favoring stability being under
genetic control. He considers stability and adaptation as
being correlated and suggests that the condition where there
is lack of plasticity is included in the term stability. He
describes the concept of plasticity when the expression of
the genotype is altered by environmental influences and
suggests that morphological and physiological plasticity are
closely interrelated. The stability of performance aimed by
plant breeders may be due to inherent stability of the crop
species and plasticity of the components of final yield. He
presents evidence of varying population densities with dif-
ferent plant species to emphasize and substantiate his dis-
cussion of plasticity and stability.

Lerner (1954) has discussed the evidence for the hy-
pothesis that control of homeostasis in cross-fertilized
organisms may be vested to a considerable degree in heterozy-
gosity. He favors the superiority of fitness of heterozygotes
as compared to homozygotes; he suggests that this buffering
action must be a function of some type of self-controlling
model whereby alternate developmental pathways are available
to the organism with their use dependent upon genetic and
1sible for the
preservation of genetic variability and consequently in main-
taining heterozygosity in the population. He has cited
Schmalhausen (1949) who defined stabilizing selection as the

rejection by natural selection of the extreme deviates of the



population. Differential reproduction of individuals thus
promotes both a high degree of individual homeostasis and
heterozygote superiority.
wontin (1957), in his paper, has described two types
of adaptation: adaptation within a population and adapta-
tion of a population. The former is defined by him as the
relative ability of individuals of a particular genotype to
contribute offspring to successive generations; the latter
as the ability of that population relative to others to leave
offspring to succeeding generations. These two definitions
are the specification of fitness or adaptative value of geno-
types to a given environment. He further points out that a
population possesses a greater general adaptation than another
if it is adapted to a greater number of environments. Hence,
a population which can adjust its genotypic or phenotypic
composition to allow its survival and reproduction in dif-
ferent environments is czalled 2 homeostatic population. It
should, however, be emphasized that homeostasis and adaptation
are not identical, although they are closely related. Lewon-
tin (1957) also considers that there are two types of
mechanisms to control homeostasis: the genotypic composition
of the population and second the individuals themselves.
Simmonds (1962) has examined the concept of adaptation
and defined it as the property of a genotype which permits its

survival under selection. He considers four types of adapta-

tions (1) specific genotypic, (2) general genotypic,



(3) specific population, and (4) general population adapta-
tion. Specific genotypic adaptation is defined as the close
adaptation of the corresponding phenotype to a limited en-

vironment. For example, tomatoes {(Lycopersicon esculentum)

for hothouse production are an inbred annual species adapted
for high performance in a specific environment. General
genotypic adaptation is defined as the capacity of a genotype
to produce a range of phenotypes adapted to a variety of
environments. This is exemplified by several plant species
which show a wide adaptation of certain lines or clones.
Specific population adaptation is defined as the specific
adaptation of a heterogeneous population that is attributable
to interactions among components, rather than to adaptation
of the components themselves. Examples of these types of
populations are those composed of a mixture of genotypes where
superior performance of the composed population is compared
to the welghted mean of the comvonents. The definition of
general population adaptation is analogous to general geno-
typic adaptation; i.e., the capacity of a heterogeneous popula-
tion to adapt to a variety of environments. Simmonds (1962)
considers capacity as stability of performance and thus should
be measured in terms of variance of error.

Allard and Bradshaw (1964) have discussed the two
mechanisms which promote stability in productivity over vary-
ing environments. They defined a well-buffered variety, which

is equivalent to homeostatic term used by Lewontin (1957),



as the one which can adjust its genotypic or phenotypic state
in response to transient fluctuations in environment in such
ways that it gives high and stable economic return for the
place and year. They used the terms individual and popula-
tional buffering as descriptive for the two stabilizing
mechanisms. Individual buffering is defined as the capacity
of individual members of a population to exhibit a stable
performance over environments as a result of buffering within
the individual itself. Population buffering refers to buffer-
ing above and beyond that of individual constituents of the
populations. In self-pollinated species there is evidence
that buffering can be a property of specific genotypes not
associated with heterozygosity. They also pointed out that
the idea of genetic diversity associated with heterozygosity
has been widely recognized and utilized in crossbreeding
species. They suggest that population buffering is real and
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attempts to utilize it and little is known of its underlying
mechanisms. The use of single- and double-cross hybrids in
maize is cited as one example of widespread utilization of
population buffering. They also described some of the possible
advantages and disadvantages of the use of mixtures or blends
in crop species where uniformity of the product is an impor-
tant factor and in which for some crop species the blends
would meet the ideal requirements for uniformity.

Thoday (1955) gave two possible explanations to account



for superior homeostasis or buffering in heterozygous in-
dividuals. The first one he attributes a special property
to heterozygosity that promotes versatility in development
beyond that possible in homozygotes. In the second one, he
attributes no special property to heterozygosity except the
classic one of promoting segregation, which leads to superior
buffering in hybrids by virtue of the heterozygous balance
achieved in outbreeding species by natural selection.
Plaisted and Peterson (1959) developed a statistical
technique for evaluating the ability of selections for con-
sistency of yield in different locations or seasons. Their
technique consists of calculating a combined analysis of

variance for all potato (Solanum tuberosum) varieties

evaluated in different locations in a given year. If the
variety by location mean square was significant they pro-
ceeded to compute the combined analysis of variance for all
combinations of pairs of varieties at all locatlions per year,
in such a way that if there are n varieties, there will be
n{n-1)/2 analysis. The observed mean squares were eguated

to the expected mean squares and solved to obtain an estimate
of 0%1 from the analysis of each pair of varieties. The
arithmetic mean of the estimates o%l is obtained for all pairs
of varieties having one common number, thus there will be n-1
estimates in each mean. This is the relative contribution of

the common variety to the variety by location interaction

obtained in the combined analysis of variance using all



varieties. Finally, a variety with better adaptation should
be the one that gives low contribution to the variety by
location interaction.

Scott (1967) presented a study to determine if one can
select for yield stability and attempted to verify these
selection differences by subsequent testing. He defined a
stable hybrid as one that exhibits the least yield variation
over all environments. This hybrid would be high yielding
at low yield levels and would have a relatively low yield
potential. Further, he defines another type of stable hybrid
as one that does not change its relative performance with
other entries tested in many enviromments. Such a hybrid
would yield as expected relative to the other entries at each
of many environments. Its regression value on the environ-
mental index would be approximately 1.0 when analyzed by the
methods of Finlay and Wilkinson (1963) and Eberhart and
Russell (1966). He suggests that seiection for one type of
stability automatically selects against the other type; and
concluded that selection for stability of yield was effective
in most cases and this strongly suggests that this character
is under genetic control. Both types of stability, as de-
fined, have merit for selection in a desirable maize hybrid;
however, these two types tend to be mutually exclusive.

Baker and Kosmolak (1977) studied the effects of

genotype X environment interaction of two composite samples

of 20 to 30 wheat (Triticum aestivum) lines by mixing equal
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amounts of seeds and grown at two to four locations for two
years in western Canada. They used three parameters, the
mean, the variance, and the correlation to assess the impor-
tance of genotype X environmental interaction of eight

traits related to milling and baking quality in hard red
spring wheat. Differences between environments were signifi-
cant for all traits studied. The variances among lines within
environments differed significantly, indicating the presence
of genotype x environment interaction. Correlation between
lines grown at different environments varied from a low value
of -0.40, indicating that lines selected in one environment
would not necessarily have acceptable quality in another, to
a high value of 0.96. Also, relatively high correlations were
found for four traits suggesting relative insensitivity to
genotype x environment interaction.

Sprague and Federer (1951) attempted to estimate the
relative magnitude of the variety x location and variety x
year components of variance to the error variance component.
From these estimates they obtained information for conducting
vield trials. A series of topcross, single-cross, and double-
cross hybrid maize were grown in randomized complete block
design for eight years at several locations in Iowa. Data
from these yield experiments showed that the existence of
either variety by location or variety by year interaction is
the cause of the small increase in the average genetic ad-

vance for the comparisons involving two or more replicaticns.
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They also suggested that the optimum distribution of a given
number of plots would be one repliecation per location with an
increase in number of locations and years.

Rojas and Sprague (1952) worked with two groups of
experiments of maize yield trials. The first included 55
single crosses grown at three locations for three years.

The second involved 45 single crosses grown at two locations
for a three-year period. They found the variance components
for the interactions involving specific combining ability and
either locations or years were consistently larger than the
corresponding estimates involving general combining ability.
This suggests that the variance of specific combining ability
included not only the nonadditive deviations due to dominance
and epistasis but also a considerable portion of the genotype
x environment interaction.

Sentz et al. (1954) developed five levels of heterozy-
gosis for each oI Two populiations of maize utilizing inbred
lines and their Fi. F,, and backcross generations. A split-
plot design was employed with six to 25 replications per
trial. The material was grown in five locations for four
years. The magnitude of the heterozygosis levels by environ-
ment interaction variance indicated greater importance of
genotype x year than genotype x location interaction for
most characters studied. Variability in heterozygosis-
performance relationships under various environmental condi-

tions demonstirated the importance of genotype x environment
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interactions in establishing principles of quantitative
inheritance.

In comparing yields of 317 single and 483 double crosses
of maize, Jones (1958) observed that average yields of the two
groups did not differ. The single crosses displayed a bi-
modal frequency distribution and a greater range in yield,
however, than did the double crosses, whose frequency was more
nearly normal. Double crosses were consistently greater
yielding and more desirable in other respects than the single
crosses. He attributed the more consistent and stable per-
formance of double crosses to their more genetically variable
composition and suggested that hybrid mixtures may be equally
as valuable for naturally self-fertilized species as crosses
of inbred strains have been for cross-fertilized species.

Adams and Shank (1959), working with eight groups of
hybrids of maize with differing levels of heterozygosity,
studied the relationship of heterozygosity to nomeostasis.
Hybrids belonging to the same level of heterozygoesity group
frequently manifested significantly different bufferin
properties. Hence, heterozygosity per se was not the only
hypothesis required to account for homeostasis. Homeostasis
in those maize hybrids was highly related to the expected
levels of heterozygosity of the hybrid groups. Also, the
relationship of homeostasis to heterozygosity was analogous

to the relationship of heterosis to heterozygosity; both

phenomena might result from a common fundamental geometry of
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enumeration and measurement.

Shank and Adams (1960) studied the environmental effects
within inbred lines and single crosses of maize. Ten long-
time inbred lines and five F; hybrids obtained from these
inbreds were grown in five randomized block designs for two
years. The heterozygous hybrids, as a group, were found to be
better buffered, as measured by the lower coefficient of
variation, than the homozygous parents for the five plant and
ear traits studied. There appeared to be no significant
differences in buffering among the hybrids for ear weight;
the inbred parents, however, differed significantly among
themselves in buffering for all traits. The proposal of
systems of alternative biosynthetic pathway which function
under different environmental optimum is discussed and these
systems seem to be controlled in maize heterozygotes by
alternative alleles of a single gene or by nonalleles of two
or more ioci. Thney empnasized that in maize homozygc tes the
systems are contrelled by nonalleles.

Finlay (1963), werking with F, seed of L5 barley (Hordeum
vulgare) hybrids and their 10 parent varieties over a three-
year reriod, found that hybrids showed both an increase in
comparison with parental lines for yield over all environ-
ments and an extraordinary increase in phenotypic stability.
Most of the hybrids were observed to display above average
stability while most of the parents exhibited below average

stability. The marked superiority of hybrids in the unfavor-
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able environments accounted for much of the phenotypic sta-
bility of the heterozygous populations. He also found that
the superior performance of hybrids in all environments re-
sulted in enhanced mean yield over all environments.

An investigation on phenotypic stability was conducted by
Rowe and Andrew (1965) in five inbred dent lines of maize, ten
Fl hybrids, F2, F3' BC1 and BC,, grown at two locations with
two treatments per location for a two-year period. They
considered six genotypic groups in accordance with the level
of heterozygosity. Stability was measured by estimating the
environment and variety by environment components of variance
and by calculating deviations from regression. Stability, as
measured by environmental variance components decreased with
increasing heterozygosity for grain yield. Phenotypic
stability decreased as mean performance increased. The
genotype by environment components of variance were larger
for the nonsegregating inbred and Fl groups than for th
genetically diverse segregating groups. These results sug-
gested that differences in stability among genotypic groups
were associated with differences in ability to exploit
favorable environments. A regression analysis showed that
the segregating groups were more stable in performance than
the inbred or Fl groups, since their means for each environ-
ment deviated less from regression. Variances for deviation
from regression and estimated variety by environment compo-

nents of variance indicated that the superior stability of the
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genetically diverse segregating populations may be due to
compensating interactions of individuals within varieties
of these groups. No evidence was found for superior F1
stability.

Byth and Weber (1968) conducted experiments with soybeans

(Glycine max) across three environments and found that hetero-

geneous and homozygous populations performed equally. They
observed greater phenotypic stability for seven traits in the
F2 derived lines than in the F5 derived lines. They believed
the greater stability was attributable to the greater hetero-
geneity within the Fy derived lines, and the genotypic uni-
formity within the F5 derived lines resulted in larger geno-
type by environment interactions for all characters studied.
The heterogeneous F2 derived populations had lower variance
and this was attributed to the homeostatic effects due to
heterogeneity within lines.

Bhatt and Derera (1975) investigated genotype by environ-
ment interactions, heritabilities,and correlations among nine
quality traits in three sets of hard spring wheat at six
different environments. The material was grown in a ran-
domized complete block design with four replications. Sig-
nificant genotype by environment interaction was found for
all the quality traits. Significant positive correlations

Xisted between protein content and baking traits, grain
protein and flour protein, and baking score and baking volume.

They concluded that evaluation of breeding lines over several
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environments will give a more accurate estimate of their
quality traits.

Finlay and Wilkinson (1963) made a study of analysis of
adaptation in plant breeding programs. They developed a
statistical technique for comparing the performance of a
set of barley varieties grown at several environments in
south Australia. The statistical technique consists of
measuring yield on a logarithmic scale and regressing in-
dividual yield of each variety on the mean yield of all
varieties at each environment. The mean yield of all varie-
ties at each site and for each season provided a numerical
grading of sites and seasons and is utilized for comparative
evaluation of the environment. In this way they could
identify varieties adapted to either high or low yielding
environments and those showing goocd general adaptability.
Two parameters were used in their analysis of adaptation, the

regression coefficient and the variety mean yield over ail

peie

environments. Average stability is indicated when the re-
gression coefficient approximates 1.0. When this is associ-
ated with high mean yield, varieties have general adapta-
bility; on the other hand, when associated with low mean
vield, varieties are poorly adapted to all environments. Re-
gression values above 1.0 mean varieties with increasing
sensitivity to environmental change (below average stability)

and, therefore, increasing specificity of adaptability to

high yielding environments. Regression values below 1.0
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indicate a greater resistance to environmental change (above
average stability) and show increasing specificity of adapta-
bility to low yielding environments. The second parameter,
the variety mean yield over all environments, gives informa-
tion to compare measure of performance of the individual
varieties. By plotting the two parameters as coordinates
in a two-dimensional scatter diagram, this provides a wider
interpretation about them.

Finlay and Wilkinson (1963) evaluated 277 varieties in
several locations and found wide variation in both mean
yield and regression coefficients. Because the individual
variety yields were plotted against the mean of all the
variety yields for each environment, the population mean has
a regression coefficient of 1.0. The varieties which pre-
sented general adaptability for their environments all
possessed slightly above average phenotypic stability, with
"b" values around 0. The low yieiding varieties nhad "b"

8.
values ranging from 0.14 tc 2.13. They consider an ideal

v
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variety the one whic as high yield potential in the most
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favorable environment and with high phenotypic stability.
Varieties with high phenotypic stability had low mean yield
and were so stable that they were unable to utilize high
vielding environments. Also, they found some varieties with
low mean yields and high regression coefficients indicating
high sensitivity to environmental changes.

Yates and Cochran (1938) applied a similar statistical
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technique on barley yield data collected from six experiment
stations over a two-year period. They computed the regres-
sion coefficients of the difference between the mean yield of
each variety and the mean of all other varieties on the mean
yield of each experiment. The main purpose of their work

was to show the relationships between general fertility and
varietal differences; therefore, they suggested that this
procedure could be used to relate varietal differences with
fertilizer applications or other treatments.

Johnson et al. (1968) employed a technique similar to
that of Finlay and Wilkinson (1963) to study the yield poten-
tial and performance stability of selected hard red winter
wheat varieties. They used data from 12 varieties grown in
two regions: Southern, comprising nine sites and 283 trials
for a 24-year period; and Northern, involving ten sites and
4L trials within a three-year period. Linear regression

K~ 3 kN e mm m e o - PR -~ o~ S AN ard « 3
coeffiiclenis were computed Ifrom yields of individual varie-

ct
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ies on nursery mean yields at each location in each year.
The regressicns permitted comparisons of predicted varietal
performance over a range of environments. Substantial
progress in developing varieties with improved stability of
performance and high yield potential in both regions could be
shown by the predicted ylelds of varieties based on their
linear regression. Some varieties whose mean yields in

regional tests were nearly equal exhibited sharply different

yields when the levels of productivity (environments) were
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specified.
Breese (1969) studied the measurement and significance
of genotype by environment interactions in five populations

of cocksfoot (Dactylis glomerata), grown in two different

locations over two years. The character studied was weight
in grams of fresh material harvested. By applying the model
proposed by Finlay and Wilkinson (1963), they found the major
part of the population by enviromnment variance was explained
by differences between the slopes of linear regression. The
deviation mean square was significantly greater than the
replication error item so that there were deviations from
linearity which could not be explained in terms of yield
error. Since the linear regression represented very definite
and measurable response to environment, they considered more
profitable the model described by Eberhart and Russell (1966)
than the one by Finlay and Wilkinson (1963). They concluded
for the five grass populations That the yleld responses
measured were linear, and differences between populations
could be largely explained by differences between the slopes
of their linear regression.

Knight (1970) reviewed the research of Mitchell and Lucas,
1962, and Breese (1969) where the regression analysis devel-
oped by Finlay and Wilkinson (1963) was applied. He found
the present alternative of plotting the yield of a genotype
as a linear function of the environment,when the environment

is measured as the mean yield of several genotypes, was a
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valuable technique for the plant breeder. However, it is
essential to realize that the technique uses a transformation
to make linear an average genotypic response. Also, he
emphasized when making a biological interpretation that:

(1) if the environmental variation in one factor ranges both
below and above the optimum, then sub- and superoptimum mean
vields of equal value are juxtaposed; (2) different limiting
factors result in equally low mean yields (genotypes are
unlikely to be similarly ranked under these factors but those
differences in ranking are not readily detected by the exist-
ing regression technique); and (3) the interpretation will
be greatly affected by the scale in the analysis. It is
possible that no one scale will be appropriate for all geno-
types in a trial. 1If those possibilities are recognized, the
procedure of plotting the yield of a variety as a regression
on the mean yields of many varieties will continue to aid the
plant breeder in his task of selecting genotypes with various
responses to the environment.

Johnson and Whittington (1677) studied the effects of
genotype by environment interaction for 16 Fy barley hybrids.
Sixteen genotypes grown in 16 environments were employed,
comprising eight treatments in each of two seasons. The
breakthrough in the analysis of genotype by environment
effects was credited to Finlay and Wilkinson (1963) without
the log transformation. They defined a stable genotype as

one which does not interact with its environment. The regres-
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sion coefficients ranged from 0.68 to 1.33, but no remarkable
stable (low b-value) or unstable (high b-value) genotypes
showed up. Generally, the hybrids had slightly higher b-
values than the male parents, but not significantly so. They
also compared each genotype by its individual mean over the
environments and by its regression coefficient. All of the
hybrids showed regression coefficients greater than 1.0, al-
though none was significant. The overall analysis of vari-
ance for most of the genotypes did not have a significant
interaction term. Hybrid stabilities in terms of yield re-
sponse to changing environments were found to be very similar
to those of the parents.

Eberhart and Russell (1966) have presented a model,

which defines stability parameters which may be used to de-

scribe the performance of a variety over a series of environ-

ments. Y, represents the variety mean of the i‘"

at the jth environment, s symbolizes the ith variety mean

variety

over all environments, Bi is the regression coefficient that
measures the response of the ith variety to varying environ-
ments, éij is the deviation from the regression of the ith
variety at the jth environment, and Ij is the environmental
index. They suggested that an index independent of the
experimental varieties obtained from environmental factors
such as rainfall, temperature, and soil fertility would be

desirable. However, until more precise knowledge of the
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relationship of these factors with yield to permit the cal-
culation of environmental indices on this basis, the average
yield of the varieties in a particular environment must
suffice. The varieties must be grown in an adequate number of
environments covering the full range of all possible environ-
mental conditions in order to provide useful information.
With this procedure, three stability parameters were obtained,
the regression coefficient, the deviations from regression,
and the mean yield of all varieties. Also, this model per-
mits a partitioning of the genotype by environment interac-
tion of each variety into two parts: (1) variation attributa-
ble to the response of a variety to the different environment-
al indices; and (2) the unexplainable deviations from the
regression on the environmental index. They defined a stable
variety as one which has a regression coefficient of 1.0 and
deviation from the regression approaching 0.0.

By applying the model to single and three-way crosses ol
maize, they found genetic differences among hybrids were
indicated for the regression of the hybrids on the environ-
mental index, with no evidence of nonadditive gene action.

The estimates of the deviations from regression for the dif-
ferent hybrids ranged from 0.0 to extremely large values.
Because the variety by environment (linear) sum of squares
did net account for a very large proportion of the variety
by environment interaction, they point out that deviation

from regression seems to be very important. Since the dis-
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tribution of rainfall is a major environmental factor, early
and late plantings can be used to obtain an extra environ-
mentment at each location. Also, they suggest that low and
high plant densities and varying rates of fertilizers could
be used to increase the number of environments and provide a
greaser range of envirommental conditions.

Smith et al. (1967), using Eberhart and Russell's (1966)
model for evaluating the phenotypic stability in soybeans,
found heterogenous-homozygous soybean lines responded less
radically to environmental changes than did corresponding
homogeneous-homozygous lines. Their stable genotype was
defined as one which has a regression coefficient of 1.0 and
deviations from regression of 0.0. They found that genotypes
with low deviations from the regression tended to be associ-
ated with regression coefficients with below average values.
Also, genotypes which expressed above average stability were
infiluenced less Dy changing environmentval conditicns than
were those that expressed below average stability. A positive
correlaticn was observed between the mean performance of
homogeneous daughter lines and heterogeneous maternal lines.

Russell and Eberhart (1968) reported results obtained
from two experiments with one and two ear types of Corn Belt
maize inbreds. They used ten single-ear and ten two-ear inbred
lines in testcross with a one-ear single cross and a two-ear
single cross to compare stability of yield performance. The

first experiment was tested in 12 environments, four locations
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for three years; the second, with 24 environments, four plant
densities in two locations for three years. They applied the
method described by Eberhart and Russell (1966) to the grain
yvield data in the two series of experiments.

Stability parameters were similar for the four groups
of hybrids in the two experiments. The analysis showed there
was less genotype by environment interaction within the
(2x2)x2 group than within the (1x1)x1 group. When the rela-
tive performances of the single-ear and two-ear genotypes
were compared, the (1xl)xl group had lower average ylelds in
the low-yield environments and higher average yields in the
high-yield environments, and the reverse situation happened
for the (2x2)x2 group. The (1x1)xl group had greater devia-
tions from the regression values than the (2x2)x2 group. On
the basis of two stability parameters, mean yield and regres-
sion, the (1x2)x2 group closely satisfied the definition of
a stable variety, but it was intermediate between the {1x1)x1
and (2x2)x2 groups for the parameter, deviations from the
regression.

In 1969, Eberhart and Russell presented a study to com-
pare the stability of 45 single-cross and 45 double-cross
hybrids grown in 21 locations throughout the U.S. Corn Belt
for two years. They gave a general model

where &y is the general effect and Skx* is the specific effect.

With this model the variation among the hybrids can be
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partitioned into general and SPecific sum of squares and the
residual due to epistatic effects. The means from both
single crosses and double crosses were used to estimate the
g and Syy. effects and the corresponding mean squares due to
these effects. The residual variation due to epistatic ef-
fects can be partitioned further by removing the portion due
to the difference between the mean of the single crosses and
the mean of the balanced set of double crosses. The stability
parameters, as suggested by Eberhart and Russell (1966), were
estimated to compare the stability of the single and double
crosses.

They found a significant environment (linear) by general
mean square indicating that the inbred lines did differ in
their response to environments. Two single crosses were found
to be as stable as any of the double crosses. Even though the
double crosses showed, on the average, smaller deviation mean
squares than the single crosses, there were sSome nigh yieldin
single crosses that were as stazble as the average double
cross. The stability parameter, deviaticn mean s
the most important for stability of single- and double-cross
hybrids. Also, they realized that all types of gene action
seemed involved, but they emphasized that potentially useful
single crosses must be evaluated over a wide range of environ-
mental conditions to identify stable, high yielding single

crosses.

Joppa et al. (1971) used the regression analysis on yield
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data of 11 selected spring wheat cultivars grown at 15 to 20
locations in the North Central U.S. and Canada for a 1l0-year
period. They applied the model suggested by Eberhart and
Russell (1966). The regression of cultivar yield on the
average yield of the nursery (b) and the mean square devia-
tion from the regression (sdz) were calculated for each culti-
var in each of the years. Each cultivar had its own charac-
teristic value for b and sdz. The magnitude of sd2 was an
excellent indicator of specific genotype by environment inter-
actions. Also, they showed that the use of regression analy-
sis on data from uniform regional nurseries could materially
assist the plant breeder in making decisions regarding culti-
var release.

The stability parameters proposed by Eberhart and Russell
(1966) were computed by Frey (1972) for 12 midseason and 12
early oat isolines. The material was grown at four loca-
tions in Iowa for four years, using randomlzed block designs
with three replications. For grain yield, three isolines in
the early group and four in
grain yields significantly different from the respective
recurrent parents. Among the midseason isolines, the b values
ranged from 0.76 to 1.41 and in the early group the range
was from 0.88 to 1.23. The regression values for the
recurrent parent was significantly different from 1.0, but
four early and five midseason isolines had b-values signifi-

cantly different from unity. Among the midseason isolines,
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only two had nonsignificant 82d values, and four early iso-
lines showed nonsignificant szd values.

Paccuci and Frey (1972) presented a study involving two
experiments, each with a series of oat lines grown in several
environments. The stability of grain yield in selected mutant
oat lines was calculated via the model given by Eberhart and
Russell (1966). They found a positive relation between grain
yields and b-values, thus decreasing the grain yield decreased
the regression coefficient values. The mutant lines selected
for normal seed weight or height did not carry many obvious
mutations for yield and stability traits, but the shorter and
large and small seed lines carried mutations that depressed
yield and b-values. Estimates of szd, deviations from the
regression, were very sporadic, but there was a slight tendency
for lines from untreated populations to have greater de
values. For yield, they also found the variety by environment
{linear) sum of squares was 1/3 and 1/2 the magnitude of the
variety by environment interaction in experiments 1 and 2
respectively.

Fatunla and Frey (1974) analyzed the stability index
for several traits of irradiated and nonirradiated oat (Avena
sativa) genotypes propagated in bulk populations. Data of
each trait were subjected to a regression analysis to esti-
mate the stability indices., linear regression, and deviations
from the regression in accordance with Eberhart and Russell

(1966) and Freeman and Perkins (1971). The pooled mean square
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for deviations from regression, when significant, was used to
test the significance of the mean squares for environment
(linear) by population and the environment (linear) by geno-
type/population mean squares, and the pooled within-environ-
ment error mean square was used to test the significance of
the mean squares for pooled deviations from regression. They
found a significant environment (linear) by population mean
square, indicating that the generation means of regression for
grain yield were variable over environments. Mean regression
stability indexes for grain yield decreased from 1.17 to 1.02
in the nonirradiated lines and increased from 0.82 to 1.04
in the irradiated lines of descent over time. The pooled
deviation mean squares for grain yield was significant in all
generations of the irradiated lines, which shows that those
oat genotypes fitted the linear model better than did those
from the nonirradiated lines. The regression of the relative
vaiues for grain yield upon generation numbers indi
there were consistent expansions in the genotype by environment
interaction variances within generations. Correlation coeffi-
cients also were computed between regression stability in-
dexes and means for grain yield per generation; correlations
were significantly positive.

Russell and Prior (1975) evaluated the stability of yield
performance of prolific and nonprolific maize hybrids. The
material included four types of maize single crosses with

seven crosses per type. The types were: (1) elite, non-



29

prolific; (2) first cycle, prolific; (3) second cycle or
elite, prolific; and (4) crosses of elite, nonprolific
with first cycle, prolific inbred lines. The material was
evaluated at six plant densities in eight environments. A
stability analysis was computed following the model defined
by Eberhart and Russell (1966) for each density in the eight
environments, for average yields over all densities in eight
environments, and for 48 density-environment combinations.
In the three lower plant densities, type 3 had the highest
linear yield response to high yield environments; but in the
three higher plant densities, the types did not differ sig-
nificantly. For the average yields over all plant densities,
type 3 had the highest linear response, and the other types
did not differ. For the 48 environments, type 1 had the
highest linear response, probably because low plant densities
were usually low yield environments in which type 1 had
ively low yields, but type 3 had reiative high yields.
Types 2, 3, and 4 were similar for deviations from linear re-
sponse for all plant densities. Type 1 had the lowest devia-
tions in the lowest plant densities, but the deviations in-
creased as densities increased and were the highest in the
highest plant densities.

Freeman and Perkins (1971) presented a study to explain
the relationship between genotypes grown in different environ-
ments and a measure of these environments. They suggested

a new approach, based on biometrical interpretations, to
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measure the phenotypic stability of genotypes. Their model

is represented by yij =+ d; + Ezj + Ej + Bd.lzj + 6dij
u is the grand mean over all replications, genotypes, and
environments; d.l is the additive genetic contribution of the
jth genotype; B is the combined regression slope; Zj is the
independent assessment of the environment; Ej is the devia-
tion of §i from the combined regression line; and édij is the
deviation of the ith lines from its linear regression on Zj in
th

the j environment less 6.. They gave an example with a

J
fungus from a trial containing two replications of 36 geno-
types grown in eight different environments. Their results
showed that most of the interaction was accounted for by the
heterogeneity of regressions. The values of "b" for regres-
sion of the 36 genotypes on the control ranged from 0.54 to
1.33; the mean value "b" being 0.92 + 0.046. However, these
data did not contradict the hypothesis B = 1, but & is not
negiiginie. A piot of the regression of the mean of the 36
genotypes on the control does not suggest any particular
curvature, merely a high degree of scatter. The use of
further controls could possibly reduce this overall scatter,
but the genotypes in this situation had different phenotypic

stability in the sense of Eberhart and Russell (1966) and
Breese (1969).
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MATERTALS AND METHODS
Plant Materials

I used for this study the plant materials derived from
the two-eared maize populations Pioneer Two-ear Composite and
the Iowa Two-ear Synthetic. Pioneer Two-ear Composite (PHPRC)
was developed by W. L. Brown of Pioneer Hi-Bred International,
Inc. by crossing Caribbean and Southern United States germ-
plasm with Corn Belt inbred lines; Iowa Two-ear Synthetic
(BSTE) was developed by W. A. Russell of the Iowa Agriculture
and Home Economics Experiment Station tyv recombining 10 inbred
lines that expressed a prolific tendency in the corn breeding
nursexy.

Hallauer (1967) and Lonnquist and Williams (1967) pro-
posed a technique for developing and testing single cross
maize hybrids by use of plants that produced seed on two ears.
Trnie method invoives the use of two prolific populations Ircm
which single-cross hybrid development and population improve-

ment can efficiently be achieved. The so-called "full-sib
reciprocal recurrent selection method"” is described in some
detail by Hallauer (1967, 1973), Hallauer and Eberhart (1970),
and Obilana (1977).

A brief description of the breeding scheme will be pre-
sented, as illustrated by Hallauer (1973). The two breeding

populations are planted in alternate rows to make the pollina-

tions. Split pollinations were used by crossing on second
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ears the first day and selfing on the top ears the second day
to produce the hybrid full sib seed (SOXSO) and selfed seed
(sl) for future inbredding and crossing. The interpopulaticn
full-sib (SOxSO) progenies are yield tested in replicated
experiments in several environments the following season. In
the same season, the pairs of Sl rows, corresponding to each
full-sib progeny in yield test, are grown in the breeding
nursery. Inbreeding to produce 82 progenies and crossing to
produce S;xS, crosses usually are continued for three to five
pairs of plants within each selected pair of Sl progenies.
Selection and pollinations are completed for the pairs of 51
progenies before the yield tests of the SOxSo progenies are
available. After the yield tests are harvested and summarized,
final selections are made for pairs of 52 progenies included
in the breeding nursery and Sle1 crosses included in the
yield tests the following season. Selfing and crossing as
well as yield tTestling the derived plant-to-plant crosSses are

continued for five to seven generations until the lines

In the summer of 1963, Hallauer (1967) initiated the
reciprocal full-sib selection program using the BSTE and
PHPRC populations. He obtained selfed (Sl) seed for line
maintenance and recombination, and enough hybrid (Soxso) seed
for yield trials from 144 pairs of Sy plants. For the purpose
of this study, two types of lines were subsequently developed:

(1) selected lines from BSTE and from PHPRC, and
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(2) unselected lines from BSTE and from PHPRC. Both groups
of lines originated from the selfed progeny of the 144 pairs
of S0 plants in the C0 populations.

The unselected lines were developed by selfing unselected
plants in each generation from the original 144 S, pairs,
where each one came from a different So plant. No inten-
tional selection was done in selfing and maintaining these
lines. Selected lines, however, were chosen on the basis of
superior cross performance in the SoxSO through the Suxsu
vield tests. The 24 selected lines from each population
represent eight Sy plants of each original population. All
lines were maintained by single seed descent until the S7
generation.

For the purpose of this study, 24 pairs of selected lines
and 24 pairs of unselected lines were used. The lines were
divided into six sets, each set containing four selected and
four unselected pairs. No two lines in a set were derived
from the same SO plant. Single crosses were performed within
and between each group of each set as shown 1n Table 1.

By applying the Comstock and lMoll (1952) Design II
mating design. 16 crosses are possible between the two popula-
tions. Using the diallel mating system, six crosses are
possible within each population. The 16 Design II crosses
plus 12 diallel crosses make a total of 28 crosses from each
four pairs of lines. Thereafter, the 56 crosses derived from

four selected pairs and four unselected pairs will be
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Table 1. Structure of mating patterns used in developing
the crosses for this study

1 2 3 4 1 2" 3" b
1 1 1x1' 1x2' 1x3" 1x4!
2 1x2 PHPRC 2 2x1' 2x2"' 2x3° 2x4
3 1x3 2x3 3 3x1° 3x2' 3x3' 3xb4!
4 1xh  2x4  3xb4 b 4x1' Lx2' Lx3® Lxh:
ll 2- 3' 4-

1 2°x1'  3'xl' 4'xl

2 3'x2' 4rx2

3! BSTE Lrx3*

)+o

considered as a set. Six sets of 336 single crosses were made

Tor use in this study.

The 56 crosses of each set made up the entries for the
experiment. Entries were arranged in a 7x8 simple rectangular
lattice trial with two replications at each testing site. The
six lattice trials were grown in three locations for a three-
year period. The locations, years, row spacings, plant

spacings within the row, and stand densities assigned for the
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nine environments are shown in Table 2.

Table 2. Location, year, row width, spacing, and stand
density for each experiment

Spacing Stand
Row width in row density
Location Year = = @—-=--e--- ClM=———————— plants/ha
Ames 1971 101.6 25.4 38,734
1972 101.6 25.4 38,734
1973 101.6 25.4 38,734
Ankeny 1971 91.4 24,1 45,305
1972 91.4 24.1 45,305
1973 96.5 24,1 42,919
Martinsburg 1971 96.5 24,1 42,919
1972 96.5 24,1 42,919
1973 96.5 24,1 42,919

The plots in all environments were seeded with a funnel
planter and thinned when the plants were 30 to 40 cm tall %o

attain stands of one

e
v

)]

- At > )
TCw. LData were tzken on the

~ L P
(—osLaii

()
lc‘
(

first 10 competitive plants per plot. For plots that included
fewer than 10 competitive plants,; data were taken on 2ll
competitive plants remaining. The experiments were hand-

harvested and dried to uniform moisture level in forced air

dryers.

Collection of Data

The first 10 competitive plants were harvested for grain

yield. Grain yields to the nearest gram were obtained by
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weighing the dry, shelled grain from each plot on a Toledo
balance. Those measurements were subsequently converted to

quintals per hectare.

Statistical Analysis

Analysis of variance

The data analyzed also were used by Hoegemeyer (1974).
He analyzed the data for several characters using different
statistical models. From those models he had computed simple
and combined analyses of variance (see Tables Al to A4 in the
Appendix). For my studies I will use his analysis of vari-
ance as a basis for my analysis. Because evaluation for
stability seems more relevant for total grain yield than the
other plant and ear traits, only the total mean grain yield

data will be used.

I analyzed the data first for hybrid mean ylelds by use

ijk 5 3 Kk + ABij + ACik + BCjk + ‘A‘Bcijk )

Yijk = observed yield value of the ijkth plot;

m = overall experiment mean;

A; = effect of the 10 pybrid, i=1,...,56;
B; = effect of the ;"B vear, j=1,2,3;
C, = effect of the k' location, k=1,2,3;

ABij = effect of hybrid x year interaction;
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Acik = effect of hybrid x location interaction;

BCjk = effect of location x year interaction; and

ABCijk effect of hybrid x year x location interaction.

From this model, individual analysis of variance for
each of the six sets and the combined analysis of variance
pooled across the six sets were computed. The sources of
variation with their respective degree of freedom are shown
in Table 3.

In the individual and combined analysis of variance, the
mean square for hybrid x year x locations interaction was
tested against the pooled error mean square. If the hybrid x
year X location interaction mean square was significant, it
was used to test the mean squares for the other six sources

of variation.

Stability analysis

Tha nra
-2 DX

Q

edures described by Eberhart and Russell (1964)
were followed for the stability analysis of the data, hybrid
mean yields, and the calculation of the stability parameters.
The stability parameters were estimated by the regression of
each hybrid in an environmental index and a function of the
squared deviations from this regression. The descriptive model
defining the stability parameters is as follows:

Y;.:p,i-i-Bin-i—éij ,

t th

2]
ti

the hybrid mean of the i°® hybrid at the j
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environment;
g; = the mean of the jth hybrid over all environments;

Bi = the regression coefficient that measures the re-

th

sponse of the i hybrid to varying enviromments;

I. = the environmental index obtained as the mean of

th

2ll hybrids at the J environment minus the grand

mean; and
th

5ij = the deviation from the regression of the i™ hybrid
at the jth environment, where
i=12,...,v and
j=1,2,...,n .

The environmental indices were computed by using the

following formula:

. = Y. . - (22 Y.. , Z2I.=0
IJ (? lJ/v) (i j Yla/vn) where j IJ

The regression coefficients were calculated in the usual

.
VWA WAV W “
waricl 1eS4,

2

/&
IJ/ IJ

b. = X Y.,
1 .
J d

For the analysis of variance estimating the stabi

*._J

ity
parameters, the sums of squares due to enviromments and hybrid
X environments were partitioned into environments (linear), hy-
brids by environmments (linear), and deviations from the
regression.

The grain yield data were analyzed by performing the

generalized stability analysis program for the following
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situations: (a) each of the six sets, (b) combined over all
sets, (c) selected and unselected groups of hybrids, and

(d) combined selected and unselected. The appropriate values
necessary for the stability analysis of variance were ex-
tracted from these analyses as shown in Tables 4 and 5.

A desirable hybrid was considered, in this study, as one
with mean yield greater than the overall mean yield, regres-
sion coefficient equal to 1.0, and deviations from the re-
gression near 0.0. The hypothesis that the difference among
hybrid means was significant (Ho =g Ty E .. = “336) was
tested by dividing the mean square associated with hybrids by
the mean square associated with the pooled deviations (Table &).
The significance of hybrids (selected and unselected) x
environment interaction mean squares was tested against the
pooled error mean squares. The calculated F-values were com-
pared with the tabulated F-values for the appropriate degrees
of freedom.

Significance of no genetic differences among entries for

their regression upon the environmental indexes (HO = Bl =
By = «u. = 8336) was tested by F-ratio by dividing the mean

square associated with entries by environment (linear) by the
mean square associated with the pooled deviations. The com-
parable F-ratio was calculated for each of the six sets.
Also, I have tested this interaction by dividing its mean

squares by the mean square assoclated with the residual
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Table 4. Stability analysis of variance for each set (X) and
combined over all sets (Y)

Degrees of freedoma

Source of variation X Y
Hybrids (H) (h-1) (h-1)s
Environments (E) (e=1) (e-1)s
HXE (h-1)(e-1) (h-1)(e-1)s
Environment (linear) 1 S
H x E (linear) (h-1) (h-1)s
Pooled deviations h(e-2) h(e-2)s
Pooled error e(r-i)(n-1) e{r-1){(h-1)s
a

h = hybrids, e = environments, r = replications, and
s = sets.

experimental error as considered by Freeman (1973).
To test the hypothesis that each regression coefficient
was not different from unity, the following t-test, as out-

lined by Snedecor and Cochran (1$67), was applied:

U—
t = (b-8)/A/5% /5.2
where 8§ = 1 and df = n-2 .
An approximate F-test also was made to test whether the
deviations from the regressions for each entry were signifi-

cantly greater than the pooled error from the combined analysis

of variance for all entries in all experiments; i.e.,
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Table 5. Stability analysis of variance of each selected and
unselected group of each set (X) and combined over

all sets (Y
Degrees of freedom>

Source of variation X Y
Selected hybrids (Hs) (c-1) (c-1)s
Environments (E) (e-1) (e-1)s
Hs x E (c-1)(e-1) (c-1)(e-1)s
Environment (linear) 1 S
Hs x E (linear) (c~1) (e-1)s
Pooled deviations c(e-2) c(e-2)s
Unselected hybrids (Hu) (u-1) (u-1)s
Environments (E) (e-1) (e-1)s
Hu x E (linear) (u-1) (u-1)s
Pooled deviations u(e-2) u(e-2)s
Selected x unselected 1 s

~
<

¢ = selected hybrids, e = environmment, u = unselected
hybrids, and s = sets.

F=~ (2 g.j/n-z)/pooled error.

Simple product-moment correlation coefficients were
computed for the following four situations:
(a) Yield means between locations;

(b) Yield means between years;
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(c) Between mean yields and regression coefficients; and

(d) Between mean yields and deviations from the
regression.

The formula used to calculate these correlation coeffi-

cients was given by Steel and Torrie (1960).
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EXPERIMENTAL RESULTS

All the results to be presented were obtained from data

Significant variation in grain yield was observed for all

sets and enviromments used in this study (Tables 6 to 11).
Mean yields for the different hybrids in the different environ-
ments ranged from 65.2 to 105.0, 63.4 to 108.2, 57.5 to 104.2,
52.8 to 105.9, 53.2 to 99.2 and 52.7 to 105.8 g/ha for sets

1l to 6, respectively. Mean yield of hybrids averaged over all
sets ranged from 52.8 to 108.2 g/ha {(Tables 6 %o 11).

The conventional analysis of variance for the grain yield
mean data for each set and combined across sets are presented
in Table 12. 1In each set the mean square for mean yield due
to the hybrid effects were highly significant at the 1% level.

This indicates significant differences in yield among hybrids

in each set ac

3

oss the nine environments. Years and locations
mean squares were highly significant at the 1% level in each of
the sets, except in set 6 where the mean square for year effect
was not significant. Different results were found for the
three first-order interactions (hybrids x years, hybrids x lo-
cations, and years x locations)} for the six sets. The anaiyses
of variance for the crosses can be summarized as follows:

(a) mean squares for hybrids and hybrids by years interaction
were highly significant at the 1% level in each set but set 2.

This indicates that some hybrids yielded relatively better in
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Table 6. Stability parameters and average yields over all
environments for each selected single cross in set 1

Means a Deviat%ons
Pedigree (q/ha) B-values MS
822-2x21-11467x1463 99.17 1.50 L2.56
S22-2x%29-21456x1464 74 .48 1.05 20.93
S22-2x51-31467x1465 85.42 0.95 39.07
S22-2x55-11467x1466 83.41 1.47 74, 1g%%
S30-1x21-11473x1469 89.10 0.63 70.61%%
S30-1x29-21473x1470 81.16 0.94 33.25
S30-1x51-31473x1471 80.20 1.14 38.87
S30-1x55-11473x1472 92.53 0.72 67.87%%
S52-3x21-11479x1475 104.97 1.31 52.05
S52-3x29-21479x1476 77.19 0.97 22.22
S52-3x51-31479x1477 93.81 0.96 36.16
S52-3x55-11479x1478 69.26 1.12 68 . 59%*
S54-2x21-11485x1481 83.52 1.45 77 . 87%%
S54-2x29-21485x1482 75.36 1.09 33.50
S54-2x51-31485x1483 77.88 0.53 66.0L**
S54-2x55-11485x1484 86.81 0.73 27.74
S21-1x29-2551x552 95.19 0.84 62.29%
S21-1x51-3553x554 97.92 1.61% 14.57
S21-1x55-1555x556 102.64 1.50 6l . 9%
S29-2x51-3557x558 76.17 0.42% 9.27
S29-2x55-1559x560 87.11 0.87 26.39
S51-3x55-1561x562 90. 37 0.86 62.33%
S22-2x30-1563x564 84.34 0.59 53.13%
S22-2x52-3565x566 76.94 1.88% 34.09
S22-2x5L-2567x548 66.71 0.81 41.52
S30-1x52-3569x570 84, 57 0.52 67.02%%
S30-1x54-2571x572 79.06 1.05 115.28%%
S52-3x54-2573x574 73.47 0.86 35.88
Overall mean 84.60 0,26°
1LSD (.05) 6.80

a-. . . . . .
Linear regression of hybrid yield on environmental index

in this and subsequent tables.

b
subsequent tables.

®Standard error in this and subsequent tables.

Deviation mean square from linear regression in this and

*,%*%3ignificant at the 5% and 1% level, respectively, in
this and subsequent tables.
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Table 7. Stability parameters and average ylelds over all
environments for each selected single cross in set 2

Means Deviations
Pedigree (q/ha) B-values NS
S22-2x21-11491x1487 88.50 0.82 5.99
S22-2x51-31491x1488 85.47 1.35 Sk, 6Q**
S22-2x97-101491x1487 87.50 0.84 31.24
S33-2x67-91491x1490 90.48 1.60 50.22%*%
S53-3x21-11497x1493 96.49 1.08 24,41
S53-3x51-31497x1494 92.96 0.99 26.47
S53-3x97-101497x1495 96.70 2.39% 78.62%%
S53-3x67-91497x1496 89.90 1.85% 24,29
S98-10x21-11503x1499 93.44 0.93 17.37
S98-10x51-31503x1400 90. 64 0.80 59, 06%%
S98-10x97-101503x150 96.89 0.84 3G.00
S98-10x67-91503x1502 96. 58 1.08 52.76%%
866-7x21-11509x1505 83.96 0.52% 6.26
S66-7x51-31509x1506 81.20 1.09 61.683%*
866-7x97-101509x1507 90.16 0.60 70.67%*
S66-7x67-91509x1508 82.93 0.54 30.41
S21-1x51-3575x576 82.77 0.60 24,02
S21-1x97-10577x578 83.58 1.00 13.76
S21-1x67-9579x580 79.32 0.75 22.74
S51-3x97-10581.x582 76.79 0.94 36.04
S51-3x67-9583x584 77.19 0.62 15.78
S97-10x67-9585x586 88.60 1.00 21.87
S22-2x52-3587x588 87.67 1.17 30.15
S22-2x98-10589x590 78.71 0.70 29.28
S22-2x66-7591x592 85.38 0.99 52.58%%
S52-35%x58-10553x55% S4.57 0.43 35.02
S52-3x66-7595x596 90.49 1.33 167.22%%
S98-10x66-7597x598 84,40 1.12 68, Liw+
Qverall mean 87.61 0.33
LSD (.05) 6.20
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Table 7. (Continued) Unselected single cross in set 2

Means Deviations
Pedigree (q/ha) B-values MS
U97-1x96-31059x1055 79.11 1.01 71.86%*
U97-1x218-31059x%1056 83.57 1.47 101, 39%%
U97-1x200-91059x1057 91.37 0.81 83.06%%
U97-1x212-51059x1058 82.63 0.03% 58.15%*
U7-6x96-31065x1061 72.57 0.80 95.28%%
U7-6x218-31065x1062 89.63 1.236 28.63
U7-6x200-91065%x1063 87.47 0.95 19.60
U7-6x212-51065x1064 76.69 0.9z 28.23
U209-6x96-31071x1067 84.47 1.80% 37.99
U209-6x218-31071x106 97.07 1.57 62, 38%%
U209-6x200-91071x106 108.17 1.27 16.22
U209-6x212-51071x107 86.22 0.87 59. 36%%
U213-8x96-31077x1073 73.97 0.94 33.46
U213-8x218-31077x107 90.82 1.70 72.86%%
U213-8x200-91077x107 92.43 1.67% 29.16
U213-8x212-51077x107 83.08 0.60 33.72
U96-3x218-3719x720 70.12 0.90 37.44
U96-3x200-9721x722 65.96 1.49 25.99
U96-3x212-5723x724 63.43 1.35 18.47
U218-3%x200-9725x726 91.99 1.39 39.55
U218-3x212-5725x728 81.23 0.79 22.83
U200-9x212-5729x730 79.43 0.79 33.20
U97-1x7-6731x732 68.34 0.21% 36.87
U97-1x209-6733x734 77.01 0.57 20. 44
U97-1x213-8735x736 72.39 0.81 14.69
U7-6x209-6737x738 79.71 0.97 40.85%
U7-6x213-0739x740 7%.062 0.31% 22.20
U209-6x213-8741x742 72.99 0.67 16.15
Overall mean 81.30 0.30

ISD (.05) 6.20
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Table 8. Stability parameters and average yields over all
environments for each selected single cross in set 3

Means Deviations
Pedigree (q/ha) B-values M3
S22-2x21-11516%1511 92.33 0.70 37.79
S22-2x51-31515x%x1512 88.77 1.57 29.23
S22-2x97-101515x1513 80.L40 0.4k 39.82
S22-2x67-91515x1514 87.11 0.93 37.23
S52-3x21-11521x1517 99.98 1.04 120, 35%*
S52-3x51-31521x1518 91.40 1.17 B80.21%%
S52-3x97-101521x1519 90.01 0.50 38.43
S52-3x67-91521x1520 86.23 0.43 34.90
S98-10x21-11527x1520 97.12 1.74% 41.49
S98-10x51-31527x1520 94. 54 0.73 57.45
S98-10x97-101527x1520 95.39 1.28 128.23%%
S98-10x67-91527x1520 90.80 0.71 35.80
S66-7x21-11533x1529 87.21 0.66 67.3G%*
S66-7x51-31533%x1530 85.19 1.10 33.17
S66-7x97-101533x1530 79.74 1.16 29.97
S66-7x67-91533%x1532 82.31 0.49 43.63
S21-1x51-3599x600 91.73 1.44 30.76
S21-1x97-10601x602 87.91 1.29 62 .61 %%
S21-1x67-9603x604 90.13 1.28 32.12
S51-3x97-10605x606 78.70 0.84 22.65
S51-3x67-9607x608 78.13 0.74 22.04
S97-10x67~9609x610 82.28 1.24 40.75
S22-2x52-3611x612 81.30 0.93 47.88%
S22-2x98-10613x614 77.00 1.10 13.64
S22-2x££6-7615x%616 78.24L 0.9073 27.12
S52-3x98-10617x618 79 .46 0.32 78.03%%
S52-3x66-7619x620 83.60 1.27 Q7.81%%
S98-10x66~7621x622 84.12 1.56 66, 62%%
Overall mean 86.47 0.28
ISD (.05) 6.50
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Table 8. (Continued) Unselected single cross in set 3

Means Deviations
Pedigree (q/ha) B-values MS
U81-10x14-101083x107 77.83 0.54 80.13%%
U81-10x10-101083x108 90.14 0.55 76.14%%
U81-10x54-31083x1081 104.27 0.34 158.88%*
UB81-10x92-61083x1082 84 .04 0.58 68.66%*
U9-8x14-101089x1085 70.10 1.02 41.12
U9-8x10-101089x1086 71.78 1.21 19.61
U9-8x54-31089x1087 93.07 1.63 104, 54
U9-8x92-61089x1088 81.74 1.83% 32.32
US53-1x14-101095x1091 74,34 0.95 113.80%*
U53-1x10-101095x1092 81.73 1.30 74,51 %%
U53-1x54-31095x1093 90.63 0.53% 216, 34%*
U53-1x92-61095x1094 82.79 0.96 56.,73%%
U91-7x14-101101x1097 72.46 1.60 L5.93
U91-7x10-101101x1098 74. 04 0.77 20.17
U91-7x54-31101x1099 94.80 1.66 181.81%*
U91-7x92-61101x1100 77.66 0.85 38.74
U1l4-10x10-10743x744 58.68 0.54 82,89%%
Ul4-10x54-3745x746 77.47 0.85 38.74
Ul4-10x92-6747x748 61.12 1.02 71, 58%%
Ul0-10x54-3749%750 80.66 0.47 52.41%
U10-10x92-6751x752 72.29 0.80 29.59
U54-3x92-6753x754 81.76 1.16 67.38%%
U81-10x9-8755x756 79.30 0.78 19.73
U81-10x53-1757x758 87.10 0.67 87.03%%
U81-10x91-7759x760 57.47 1.53 42.00
UQ-8x53-1761x762 70.12 1.23 81.50%%
U9-8x91-7763x764 77.02 2.01 142, 25%%
U53-1x91-7765x766 74,31 0.76 154, 08%%
Overall mean 78.85 0.42

LSD (.05) 6.50
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Table 9. Stability parameters and average yields over all
environments for each selected single cross in set &4

Means Deviations
Pedigree (g/ha) B-values NS
S21-1x22-21539x1535 87.48 1.34% 9.17
S21-1x52-31539x1536 89.51 0.56 59, 51 %
S21-1x98-101539x1537 83.87 0.97 40.54
S$21-1x66-71539x1538 76.71 0.76 100.0Q%**
S51-3x22-21545x1541 90.43 0.83 15.35
S51-3x52-31545x1542 o4 . 46 1.46 105.95%*
S51-3x98-101545x1543 89.03 0.75 15.09
S51-3x66-71545x1544 90.53 1.28 7, O5**
S97-10x22-21551x1547 84.72 1.31 26.93
S97-10x52-31551x1548 94.23 1.28 160.31%*
S97-10x98-101551x154 100.83 1.55 110.46%*
S97-10x66-71551x1550 88.88 1.50 24.94
S67-9x22-21557x1553 350.77 0.95 76.13%%
S67-9x52-31557x1554 105.93 0.95 90, 00%**
S67-9x%x98-101557x1555 102.84 0.92 34.60
S67-9x66-71557x1556 100.01 1.06 213, 32%%
S22-2x52-3623x624 83.80 0.84 56.43%
S22-2x98-10625%x626 ¥1.86 0.66 40,65
S22-2x66-7627x628 80.21 0.66 68.67%%
S52-3x98-10629x630 85.06 0.90 141 ,98%*
S52-3x66-7631x632 87.33 0.71 39.32
S98-10x66-7633x634 75.27 0.61 70.78%%
S21-1x51-3635x636 85.02 0.52 4s.21
S21-1x97-10637x638 81.09 1.63 38.14
S21-1x67-96230xAL0 80.137 0.43 81.15%%
S51-3x97-10641x642 89.09 1.45 33.53
S51-3x67-9643x644 93.89 0.78 57.49%
SG7-10x67-9645x646 $3.93 1.33 27.03
Overall mean 88.47 0.33

LSD (.05) 6.60
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Table 9. (Continued) Unselected single cross in set &4

Means Deviations
Pedigree (q/ha) B-values MS
U23-2x24-51179x1175 80.18 0.37 28.95
U23-2x26-31179x1176 80.60 1.52 58.L45%
U23-2x26-61179x1177 83.57 1.19 100, 72%%*
U23-2x28-51179x1178 86.63 1.56 38.25
U25-1x24-51185%x1181 67.77 0.70 50. 5h*
U25-1x26-31185x1182 66.38 0.98 56.68%
U25-1x26-61185%x1183 77.79 0.82 53.51%
U25-1x28-51185x118% 84.02 1.29 23.14
U25-2x24-51191x1187 74,92 0.05% 131.97%*
U25-2x26-31191x1188 €9.99 0.91 25.64
U25-2x26-61191x1189 79.89 1.19 65.66%*
U25-2x28-51191x1190 78.88 1.23 L1.36
U27-1x24~51197x1193 63.14 0.97 35.49
U27-1x26-31197x1194 £€9.31 1.72% 22.34
U27-1x26-61197x1195 79.63 0.53 L, 67
U27-1x28-51197x1196 69.11 0.45 37.79
U2L-5x26-3767x768 52.80 0.7L 58, 65%
U24-5%26-6769x770 60.57 0.88 17.84
U24-5%x28-5771x772 €0.66 0.87 50.05%
U26-3x26-6773x774 56.96 0.74 39.34
U26-3x28—5775x776 61.29 1.08 19.29
U26-6x28-5777x778 68.70 1.23 27.17
U23-2x25-1779x780 83.19 1.62 124 ,23%*%
U23-2x25-2781x782 80.73 0.88 19.62
U23-2x27-1783x784 71.72 0.78 14,67
U25-1x25-2784x786 76.18 1.56 83, 70%%
U25-1x27-1787x763 75,37 1.57 &7 . Lyns
U25-2x27-1789x790 78.90 0.74 24 .32
Overall mean 72.82 0.32
ILSD (.05) 6.60
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Table 10. Stability parameters and average ylelds over all
enviromments for each selected single cross in

set §

Means Deviations
Pedigree (a/ha) B-values S
S21-1x22-21563x1559 77.34 0.26 97.20%%*
S21-1x52-31563x1560 90.57 0.98 85.85%%*
S21-1x98-101564x1561 86.01 1.05 58.26%%
S21-1x66-71565x1562 74.26 0.46 65.91 %%
S51-3x%x22-21569x1565 86.94 1.48 76.59%%*
S51-3x52-31569x1566 88.53 1.02 24,38
S51-3x98-101569x1567 79.20 1.20 117.84%%
S51-3x66-71569x1568 75.37 1.40 31.27
S97-10x22-21575x1571 80.52 0.83 41.42
S97-10x52-31575x1572 91.38 1.21 63.39%*
S97-10x98-101575x1573 94.19 1.66 30.65
SG7-10x66-71575x1574 80.10 1.19 Lo, 55%
S67-9x22-21581x1577 88.12 0.47 56.76%%
S67-9x52-31581x1578 99.24 1.06 46,.31%
S67-9x98-101581x1579 96.70 1.07 35.75
S67-9x66-71581x1580 96.01 1.31 99, 73%%*
S22-2x52-3647x648 81.91 0.88 4o.h1%
S22-2x98-10649x650 73.37 0.91 17.83
S22-2x66-7651x652 73.39 0.21 109. 06**
S52-3x98-10653x654 - 90.37 1.25 128. 06%*
S52-3x66-7655x656 77.30 1.70 £5.91%#
S98-10x66-7657x658 73.70 0.75 31.63
S21-1x51-3659x660 80.97 0.90 60.06%*
S21-1x97-10661x662 82.24 0.77 59, 75%#
S21-1x67-9663x664 85.62 0. 5% 4G, 4oEx
S51-3x97-10665x666 88.00 1.23 57.25%%
S51-3x67-9667x668 98.47 1.28 25.46
S97-10x67-9669x670 84.12 0.57 25.24
Overall mean 84.78 0.33

LSD (.05) 6.30
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Table 10. (Continued) Unselected single cross in set 5

Means Deviations
Pedigree (g/ha) B-values NS
U72-~1x99-21323x1319 80.13 0.82 71.99%
U72-1x73-61343x1320 83.70 0.63 28.02
U72-1x79-61323x1321 80.74 0.59% 7.17
U72-1x79-91323x1322 77.62 0.81 15.59
U72-4x99-21329x1325 75.07 0.54* 7.79
U72-4x73-61329x1326 81.01 1.03 L].69%
U72-4x79-61329x1327 78.87 1.18 59.30%*
U72-4x79-91329x1328 72.18 1.55% 5.07
U78-4x99-21335x1331 66.06 0.85 23.00
U78-4x73-61335x1332 77.47 1.44 15.36
U78-4x79-61335x1333 67.10 1.01 83.72%%
U78-4x79-91335x1334 71.24 0.95 L8.14%
U78-8x99-21341x1337 78.02 0.49% 10.11
UM78-873-61341x1338 82.48 1.00 51. 59%x
U78-8x79-61341x1339 74,46 0.31 58.60%*
U78-8x79-91341x1340 75.11 1.24 30.22
U72-1x72-4791x792 75.23 0.83 25.84
U72-1x78-4793x794 53.22 0.65 12.22
U72-1x78-8795x796 73.68 0.83 17.24
U72-4x78-4797x798 66.67 0.57 70, 60%#
U72-4x78-8799x800 65.04 0.84 13.00
U78-4x78-8801x802 60.93 1.26 Ly, 64
U71-1x73-6803x804 82.139 1.51 137.30%%*
U71-1x79-6805x806 77.38 1.19 29.47
U71-1x79-9807x808 83.26 1.93 91.25%%
U73-6x79-6809x810 80.11 1.12 51.91%#%
U75-6x79-5811x812 76.87 1.39 25.35
U79-6x79-9813x814 71.66 1.36 23.37
Overall mean 74 .56 0.28
1SD (.05) 6.30
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Table 11. Stability parameters and average ylelds over all
environments for each selected single cross in

set 6

Means Deviations
Pedigree {g/ha) B-values NS
S51-1x52-31587x1583 96.77 1.96 280, 73%%
$51-1x98-101587x1584 89.42 0.90 51.07%
S51-1x66-71587x1585 85.42 1.29 16.35
S51-1x32-71587x1586 87.49 1.85 49, 35%
S97-10x52-31593x1589 92.89 0.89 22.98
S97-10x98-101593x1590 94. 39 1.60 40.65
S97-10x66-71593x1591 77.13 1.23 92.88%%
S97-10x32-71593x1592 86.24 0.94 77, 37EE
S67-9x52-31599x1595 105.83 0.81 222, 9U*#
S67-9x98-101599x1596 99.22 1.75 61.27%%
S67-9x66-71599x1597 95.98 2.05 231.27%%
S67-9%32-71599x1598 87.50 1.47 31.87
S31-4x52-31605x1601 82.50 0.30 92.98%s
S31-4x98-101605x1602 76.09 0.29 37.67
S31-4x66-71605x1603 78.50 1.26 9.09
S31-4x32-71605x1604 80.36 0.12% 34.78
S52-3x98-10671x672 75.34 0.39 63.49%*
S52-3x66-7673x674 79.57 0.66 46,34
S52-3x32-7675x676 77.04 0.88 37.74
S98-10x66-7677x678 76.51 0.78 L7.,48%
S98-10x32-7679x680 78.22 0.39 40.46
S66-7x32-7681x682 70.98 0.27% 9.80
S51-3x97-10683x684 80.41 0.85 83.83%*
S51-3x67-9685x686 93.79 1.32 105, Ty#*
S51-3x31-4687x688 87.28 C.28* 115, 27%%
S97-10x67-9689x690 89.21 1.81 101.96%#
S97-10x31-4691x692 85.14 1.04 29.71
S67-9x31-4693x694 89.27 0.63 38.39
Overall mean 85.66 0.43

ISD (.05) 7.10
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Table 12. Analysis of variance of yield (g/ha) for each set
combined over all environments and combined across
sets and environments

SAarirro r\f

Nean squaresa

variation d.f. Set 1 Set 2 Set 3
Locations (L) 2 2,597.52%% L, 209.24%% 4 ,267,48%%
Years (Y) 2 4,027.64%%  1,833.32%%  2,471,18%%
Hybrids (H) 55 1,645,70%* 1,414, 02%% 1,589 .86%*
HxY 110 173.64%% 111.08% 233.02%%
HxL 110 109.12 78.42 142.28%%
YxL 4 6,853, 06%% 2,977.22%% 3, 304,90%%
HxYxL 220 102. 4bn* 81.62%% 90. Llyxx
Pooled error 495 68. 50 52.70 60.20

2Mean squares were computed on the basis of hybrid means
(two replications).

bDegrees of freedom for each set combined across

environments.

c . . .
Degrees of freedom for six sets combined across nine

environments.
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Mean squares

Set 4 Set 5 Set 6 Combined a.f.“
1,067.08%* 531.42%% 336. 4l 2,168.20%* (12)
4,621.14%% 4,777, 36%% 7.18 2,956, 30%= (12)
2,441,86%% 1,504, 68%* 1,665, 56%* 1,710.28% (330)

167.70%% 129, 12%* 166.06% 163. k3% (660)

133.78 102.16 136.22 116.99%* (660)
L,383.44%% 4,935, 30%* 3,857 4hxx 4,385.23%% (24)

9L . 32%% 85. 58%% 107.98%* 93.73%% (1320)
64.30 52.50 61.80 59.83 (2970)
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some years whereas others yielded less in different years.
The interaction of hybrids with years indicates that either
the relative ranking or relative yields among hybrids were
different for the different years. (b) The mean square for
hybrids by locations interaction was significant at the 1%
level only in set 3. It seems that the hybrids included

in this study did not have much variation in relative ranking
or yield at the same locations in different years. (c) Years
and locations interaction with hybrids mean squares were highly
significant at the 1% level in all sets. The mean squares
for the second-order interaction, H x Y x L, also were highly
significant at the 1% level in all sets (Table 12).

The combined analysis of variance including all six sets
in all nine environments revealed that the mean squares for
hybrids, locations, yvears, first-order interactions, and
second-order interaction were highly significant at the 1%
level. The significant interactions indicate instapility of
yield performance for the group of hybrids studied in the

nine environments. The analysSes press

3

A s
nted thus far 4 ot

48]
O
-

&

provide for comparisons among hybrids for stability of per-
formance across locations and years.

In the preceding presentation, I have presented only the
standard analysis of variance necessary to determine whether
the hybrids included in this study were significantly differ-
ent and had different responses to varying environments,

i.e., years and locations within years. The remainder of the
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results will be concerned with the analysis of variance and
presentation of data for the estimation of the stability
parameters, i.e., linear regression and deviations from
regression.

For any study on stability analysis, the environments to
be used must be significantly different and must be representa-
tive of the possible range of envirommental conditions en-
countered for growing the hybrids; that is, the environmental
indexes have to have a wide range and a good distribution
within the range. The environmental mean values averaged
over all 336 hybrids and the ranking for yield in each en-
vironment are given in Table 13 for each enviromment. Yield
ranges were good with six environmental means above and three
environmental means below the overall mean. The ranking for
yield for the selected and unselected hybrids agrees very
closely, with Ankeny, 1972, being the highest yielding
environment and Ames, 1971, the lowest yielding environment.
Figure 1 shows the distribution of the selected and unse-

iected hybrids over all sets for the nine envi

r

cnments., Fer
each environment, differences were present for the mean values
and thé 75% of the hybrid values near the mean. The results
presented in Tables 12, 13, and Figure 1 indicate that the two
basic requirements were fulfilled: (1) significant differ-
ences existed among hybrids in their ability to produce grain
yield, and (2) significant differences among environments.

The stability analyses of variance for each of the six
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Table 13. Mean yields (g/ha) over all six sets in nine en-
vironments of single cross hybrids produced from
selected and unselected lines

Yield Ranking for yielda
of all All Sel. Unsel.
Env. hybrids hybrids hybrids hybrids
Location Year NO0.  —~=cemmce—————— g/ha-=—==mcceme -
Ames 1971 1 72.9 1 1 1
Ankeny 1971 2 79.8 3 3 3
Martinsburg 1971 3 87.3 8 8 8
Ames 1972 L 84.6 6 6 7
Ankeny 1972 5 87.9 9 9 9
Martinsburg 1972 6 82.1 L 5 L
Ames 1973 7 82.2 5 4 5
Ankeny 1973 8 84.8 7 7 6
Martinsburg 1973 9 75.7 2 2 2
Average 81.9 + 0.10

2] = lowest and 9 = highest yield.

sets and combined over all sets are given in Table 14. These
analyses of variance were computed in accordance with the
model described by Eberhart and Russell (1966). Selected and
unselected groups of hybrids were included for these stability
analyses. The F-test used to show if there were any genetic
differences among the hybrids for their regression upon the

environmental indexes, hybrids x environmental (linear), was



Figure 1.

Distribution of selected and unselected hybrids
for the nine environments

o = one or more outside values (these occur about
one in 20 for normal samples)

* = one or more detached values (these occur about
one in 200 for normal samples)

In the rectangule, dashed line corresponds to the

o8

o - A N
medaian: and "+ +c the mean
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Table 14. Stability analysis of variance for grain yield
(o/ha) for each set and combined across sets

Source of

variation d.f. MSa

Set 1
Hybrids (H) 55 1,644, 50%x
Environments (E) 8 5,092.20%%
HXxE 440 122.00%%*
Environment (linear) 1 L0.650.30%*
H x E (linear) 55 163. 66* ()0
Pooled deviations 392 114, 20%*
Pooled error 397 68.5

Set 2
Hybrids (H) 55 1,413.40%*
Environments (E) 8 2,995, 40%%*
HxXxE Luo 88.40%*
Environment (linear) 1 24, 000. 9l
H x E (1linear) 55 88.62
Pooled deviations 392 86.69%*
Pooled error L11 52.70

Set 3
Hybrids (H) 55 1,589.,30%%
Environments (:) S 3,336 10%®
H x E 410 139.10%*
Environment (linear) 1 26,718, 50%%
H x E (linear 55 110.86
Pooled deviations 392 140, 50%*
Pooled error 397 60.2

aAnalyzed on the basis of hybrid means with 2 replica-

tions for each environment.

B¢

) tested with the pooled error.

*#Indicates significance at the 1% level assuming a bi-

variate normal distribution.

*Indicates significance at the 5% level assuming a bi-

variate normal distribution.
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Source of

variation 4.t JUN)

Set 4
Hybrids (H) 55 2,442, 50%*
Environments (E) 8 3,617.00%%
HxE 440 122, 50%%
Environment (linear) 1 28.929.24%*
H x E (linear) 55 93.96 (¥**)
Pooled deviations 392 124 ,10%*
Pooled error 396 64.3

Set 5
Hybrids (H) 55 1,503.70%%
Environments (E) 8 3,797.40%*
HxE JIRI%¢) 100.60%%*
Environment (linear) 1 30,360.10%%
H x E (linear) 55 89.80 (*¥*)
Pooled deviations 392 100.16%%
Pooled error 397 58.5

Set 6
Hybrids (H) 55 1,665.00%%*
Environments (E) 8 2,010 10%%
HxE 440 129.60%%*
Environment (linear) 1 16,119.52%%
H x E (linear) 55 127.53 (#**)
Pooled deviations 392 127.56%*
Pooled error 411 61.8

Combined

Hybrids (H)/sets 330 1,709,75%%*
Environments (E) 8 17,271.9L%*
Enviromments (E)/sets 40 716.05%%
H x E/Sets 2640 117.03%*
Environment (linear)/sets 6 27,811, 52%%
H x E (linear)/sets 330 112.62 (%)
Pooled deviations/sets 2352 115. gh#*
Pooled error 2382 59.05
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significant in only set 1. This indicates that the genetic
differences among the hybrids for the stability parameter
"p" were not significantly different at the 5% level for all
sets except for set 1.

The combined analysis also had a nonsignificant hybrid
by environment (linear) mean square. The hybrid by environment
(linear) mean square was tested with the pooled deviation mean
square, which was tested with the pooled error mean square.
Also, the hybrid by environment (linear) mean square was tested
with the pooled error mean square because the E(I'S) shows that
the correct denominator to use to test this interaction is the
pooled error mean square. In using thils second approach, the
hybrid by environment (linear) mean squares were highly sig-
nificant at the 1% level for all sets and combined over all
sets. Except for set 1, the hybrid by environment (linear)
and pooled deviations mean square were similar in magnitude.
The pocled deviation mean square was nignly significant atv the
1% level in all instances, indicating that not all the geno-
ences of linear response among hybrids. The environment
(linear) mean squares were highly significant in 2ll sets and
when combined across sets.

The analyses in Table 14 included all hybrids, selected
and unselected, for each set. The mean yield data for the
selected and unselected hybrids also were subjected to 2

regression analysis to estimate the stability indexes, linear
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regression, and deviations from the regression as proposed by
Eberhart and Russell (1966). The results of these analyses
are presented in Table 15. 1In these combined analyses of vari-
ance, the selected groups of hybrids had less variation due

to hybrid by environment interaction in sets 1, 2, and 3, as
compared to the unselected group of hybrids. For sets &4, 5,
and 6, however, the unselected groups of hybrids had less
variation due to hybrid by environment interaction as com-
pared to the selected group of hybrids. Ior both the selected
and the unselected groups of hybrids, the hybrid by environ-
ment interaction mean squares were significant at the 1% level,
as indicated by the F-tests when using the pooled error mean
square in the denominator. Also, in the combined analysis
over all sets, the interaction mean squares for the selected
and unselected groups were highly significant at the 1% level,
and the selected group of hybrids had similar variation due to

hybrid by environment interaction as compared To The unse-

lected group of hybrids {114.41 vs 110.04). The environment
(linear) mean squares were highly significant at the 1% level

for both selected and unselected groups of hybrids in all the
six sets and when combined across sets. The nonsignificance
for hybrid x environment (linear) mean squares for the se-
lected groups of hybrids in all six sets and in the combined
analysis, when tested with the pooled deviation mean square,
indicates that there were no genetic differences among hybrids

in their response to different environments. For the
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Table 15. Stability analysis of variance for grain yield
(q/ha) of each selected and unselected group of
hybrids for each set and combined across sets

Source of

variation d.f. NS?

Set 1
Selected hybrids (Hs) 27 1,741.97%%
Environments (E) 8 2,793.49%%
Hs x E 216 101.82%%*
Environments (linear) 1 22,360.28%%* b
Hs x E (linear) 27 109.33 (%)
Pooled deviations 196 97.08%*
Unselected hybrids (Hu) 27 1,564, 67%%
Environments (E) 8 2,640.08%*
Hu x E 216 141 . 425
Environments (linear) 1 21,170.10%*
Hu x E (linear) 27 264 .82% (=)
Pooled deviations 196 119,11 %%*
Hs x Hu 1 1,073.34%%

Set 2
Selected hybrids (Hs) 27 660.47%%
Environments (E) 8 1,425,.68%%
Hs X E 216 83.16%%
Environment (linear) 1 11,426.68%%
Hs x E (linear) 27 72.81 ( )
Pooled deviations 196 81.50%%*
Unselected hybrids (Hu) 27 1,.848,.98%%
Environments (E) 8 1,791.32*%=
Hu x E 216 88.42%*
Environments {(linear) 1 14,332.76%%
Hu x E (linear) 27 105.76 (*%)
Pooled deviations 196 82.86%*
Hs x Hu 1 10,047.24%x

aAnalyzed on the basis of hybrid means, with 2 replica-

tions for each environment.

o

) Tested with the pooled error.

*%Indicates significance at 1% level assuming a bivariate

normal distribution.

#Indicates significance at 5% level assuming a bivariate

normal distribution.
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Source of

variation d.f. WS

sSet 3
Selected hybrids (Hs) 27 717 .08%%
Environments (E) 8 2,286.03%*
Hs x E 216 105.68%*
Environments (linear) 1 18.969.28%*
Hs x E (linear) 27 95.72 (*)
Pooled deviations 196 99.,80%%*
Unselected hybrids (Hu) 27 1,929.22%%
Environments (E) 8 1,664, 32%%
Hu x E 216 154, 8L%*
Environments (linear) 1 13,231, g4%*
Hu x E (linear) 27 97.78 (#*)
Pooled deviations 156 157.60%*
Hs x Hu 1 14,623.92#%%

Set 4
Selected hybrids (Hs) 27 1,200.91%*%
Environments (E) 8 2,241, 57
Hs x E 216 129. 64x*
Environments (linear) 1 17,839 .94 %
Hs x E (linear) 27 77.79 (
Pooled deviations 196 132.63%%
Unselected hybrids (Hu) 27 1,484, plnx
Environments (E) 8 1,920,.27%=
Hu x E 216 99. 59%*
Environments (linear) 1 15,365.46%%
Hu x E (linear) 27 53.59 (
Pooled deviations 156 102, 36**
Hs x Hu 1 61,664, 22%%

Set 5
Selected hybrids (Hs) 27 1,130.00%%
Environments (E) 8 2,065,84%x
Hs x E 216 116,91 #*
Environments (linear) 1 16,545, 94 %%
Hs x E (linear) 27 82.93 (%)
Pooled deviations 196 117.32%%
Unselected hybrids (Hu) 27 955.95%#
Environments (E) 8 1,917.7C0**%
Hu x E 216 81.05%*

)

)
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Table 15. (Continued)

Source of

variation d.f.

NS

Set 5 (continued)

Environments (linear) 1
Hu x E (linear) 27
Pooled deviations 196
Hs x Hu 1
Set 6

Selected hybrids (Hs) 27
Environments (E) 8
Hs x E 216
Enviromments {(linear) 1
Hs x E (linear) 27
Pooled deviations 196
Unselected hybrids (Hu) 27
Environments (E) 8
Hu x E 216
Environments (linear) 1
Hu x E (linear) 27
Pooled deviations 196
Hs x Hu 1
Combined

Selected hybrids (Hs)/ sets 162
Environments (E) 8
E x sets 40
Hs/sets x E 1296
Environments (linear)/sets 6
Hs X E (linear)/sets 162
Pooled deviations/sets 1176
Unselected hybrids (Hu)/sets 162
Environments (E) . 8
E X sets 40
Hu/sets x E 1296
Environments (linear)/sets 6
Hu x E (linear)/sets 162
Pooled deviations/sets 1176
Hs x Hu/sets 6

15,353.
77

78.
256,309.

1,278.
1,491.
151.
11,934,
139.
147.
lvljB'
769.
103.
6,171.
111.
98.
26,420.

1,121.¢6
10,271.
420.
114.

14,512,

2

115.
1,495.
7.575.

C~C.
110.
14,270.
107.
106.

23,356

7% %*
.26 (%)

£ows

88 **

.55 (¥%)
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unselected groups of hybrids, the interaction hybrid x
environment (linear) mean squares were significant at the 5%
level for only sets 1 and 6. This indicates that there were
some unselected hybrids which were variable in theilr response
over enviromments. The hybrid x environment (linear) mean
square in the combined analysis for the selected and unselected
groups was not significant in either instance.

When the hybrid by environment (linear) mean square was
tested with the pooled error mean square the results had dif-
ferent interpretations. In the selected groups of hybrids, the
hybrid by environment (linear) mean squares were significant
at the 5% level for sets 1, 3, and 5, and nonsignificant for
sets 2 and 4. For set 6 and in the combined analysis across
sets, the hybrid by environment (linear) mean squares were
highly significant at the 1% level. These results indicate

that there are genetic differences among hybrids in their

]
]

esSponse vo aiff Nt ens nments ior av
of selected hybrids used in this study. In the unselected
groups of hybrids the hybrid by environment (linear) mean
squares were significant at the 5% level for sets 3 and 5, and
nonsignificant for set 4. TFor sets 1, 2, and 6 and combined
over sets, the interaction hybrid by environment (linear) mean
squares were highly significant at the 1% level. Again, these
results showed that there were genetic differences among the
unselected hybrids in their response to different environments

for some groups of hybrids.
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When comparing hybrid by environment interaction mean
squares with hybrid by environment (linear) interaction mean
squares, the former did not have much greater values than the
latter. The selected groups of hybrids ranged from 1.1% to
1.4% and the unselected groups ranged from 1.0% to 1.8%. 1In
the combined analysis this advantage was 1.4% and 1.0% for
the selected and unselected groups, respectively. The szd
parameter becomes important when the variety x environment
(linear) sum of squares is a small portion of the total
variety x environment interaction.

Mean squares for the pooled deviations were significant
at the 1% level in all groups of selected and unselected hy-
brids for the six sets and when combined across sets. This
indicates that difference in linear response among the hybrids
in each group did not account for all the hybrid x environment
interaction. The selected and unselected interaction mean
squares were nighiy significant at the 1% level in all sets
and combined across sets.
squares in the combined an-
alysis pooled over sets (Table 15) show that the selected and
unselected groups of hybrids performed similarly relative to
the analyses for stability. The hybrids/sets by environments
mean squares for the combined analyses were nearly the same
(114,41 vs 110.04). Mean squares for hybrids by environment
(linear) were nonsignificant in both instances, with the mean

square for the unselected hybrids slightly greater, but not
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significantly, than for the selected hybrids (78.55 vs
107.93). Pooled deviations mean squares were significant for
both groups of hybrids, but the pooled deviation mean square
was slightly smaller for the unselected group of hybrids
(115.19 vs 106.45). Although the comparison of the means
for the selected versus unselected groups of hybrids were
highly significant in each set and combined across sets, there
does not seem to be any trend for the stability analyses;
i.e., the mean squares in the stability analyses of variance
were very similar for both groups of hybrids. The selection
procedure used in developing the lines and testing in hybrids
did not enhance the stability of the hybrids for the environ-
ments used in these experiments. Lines used to produce the
unselected group of hybrids were developed in the same environ-
ments as the selected lines, but they had not been previously
tested in hybrid combinations. The selected hybrids pro-
duced from selected lines tested in hybrids, however, were no
more or no less stable in performance across environments
than the hybrids produced from unselected and untested lines.
Three stability parameters could be computed from the
analyses of variance: the yield mean, the regression coeffi-
cient, and the deviation from the regression. 1In this study,
an ideal stable hybrid is characterized by having a high mean
yield, the regression coefficient about 1.0, and deviations
from the regression near zero. The estimates of the three

stability parameters for each hybrid in each set are shown
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in Tables 6 to 11.

Mean yield for each entry across all environments and
over all sets ranged from 58.8 to 108.2 g/ha; the regression
coefficient ranged from -0.03 to 2.39; and the deviation from
the regression ranged from 4.85 to 280.73. Table 16 shows
the frequency distributions of the selected and unselected
groups of hybrids classified according to regression coeffi-
cient (b) and deviations from the regressicn (Szd) for each
of the six sets.

The regression coefficient is a measure of the quantity
of change in a dependent variable per unit change in the in-
dependent variable. The independent variables in this case
are the environmental indexes which are obtained by subtract-
ing the average yield of all hybrids at all locations from the
average yield of all hybrids at a specific location, and the
dependent variables are the mean yields of a hybrid in an

individual enviromment. Thus, the statistic, b, is a measure

of the average increase in yield of a hybrid per unit of
increase in the environmental index The deviations from

regression (Szd) are the average of the squared distances of
the hybrid yield from the calculated regression line, which
measures how well the line fits the average regression line.
This statistic (deviations from regression) measures how well
the predicted response agrees with the observed response.

The selected group of hybrids had a higher proportion of

hybrids with a regression that was not significantly different
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Table 16. uency of significant (sig.) and nonsignificant
(NS? gres51on (b) and deviations from the regres-
sion (S®d) stability parametersa for the selected
and unselected hybrids in each of the six sets

3 Sig. % of stable hybridsb
ig. > >

Sets NS b b NS S™d STd 1 2 3

Selected
1 25 3 16 12 89.3 57.1 53.6
2 25 3 18 10 89.3 53.2 L2.8
3 27 1 18 10 96.4 64.3 39.3
4 27 1 13 15 96.4 46.4 g57.1
5 28 0 8 20 100.0 28.6 71.4
6 25 3 13 15 89.3 46.4 60.7
Total 157 11 86 82 93.4 51.2 54.2

Unselected
1 22 6 15 13 78.6 53.6 57.8
2 23 5 19 9 82.1 67.8 L6.4
3 26 2 10 18 92.9 35.7 67.8
L 26 2 16 12 92.9 57.1 46.4
5 24 4 16 12 85.7 57.1 57.1
6 21 7 17 11 75.0 60.7 50.0
Total 142 26 93 75 85.7 55.4 55.9

Non51gn1flcant b and significant b _means b = l. and 2
b 7 1.0, respect1VeLy Nonsignificant S24 and significant 57d

means S%d = 0 and S2d # 0, respectively.

bStable hybrid denotes b = 1.0 and S d= 0. 1-only

considering b values; 2 - only considering S24 values; 3 - con-
sidering both b and S©4 values.
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from one than did the unselected group of hybrids, i.e., 93.4%
for the selected group and 85.7% for the unselected group,
which indicates the selected group had a greater proportion

of stable hybrids than did the unselected group. Set 5 of

the selected hybrids was the only set that did mot have a
hybrid with a regression value significantly different from
one, but sets 3 and 4 only had one. The frequency of regres-
sion values that were significantly different from one was low
in all sets of the selected groups of hybrids, ranging from
zero for set 5 to three for sets 1, 2, and 6. The freguency
of regression values significantly different from one for the
unselected hybrids ranged from two for sets 3 and 4 to seven
for set 6. The percentage of hybrids that had a stable per-
formance across environments, as measured by the regression
value, was large in all sets for both the selected and unse-

lected hybrids (Table 16). Comparisons of the regression

2 - o R A2 LOL A < ol -+
cantly aifferent from cone for the two gron

values signif
of hybrids show the following comparisons: six above one and
five below one for the selected hybrids:; and eight above one
and 18 below one for the unselected hybrids. Hence, there was
a tendency for the unselected hybrids to have a greater number
of regression values significantly less than one than for the
selected hybrids. The use of the regression values to deter-
mine stability for the two groups of hybrids, however, does

not show any striking differences between the selected and

unselected hybrids. The trends agree with the expected, but
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the evidence is not convincing.

The proportion of hybrids with Szd significantly differ-
ent from zero in the unselected group of hybrids was slightly
greater compared with the selected group; i.e., 55.4% of the
unselected hybrids had deviation mean squares that were not
significantly different from zero, whereas the selected hy-
brids had 51.2% that were not different from zero. This in-
dicates that the unselected group had slightly more stable
hybrids than did the selected group. The frequency of devia-
tions from the regression values that were significantly dif-
ferent from zero were slightly lower in sets 2, 4, 5, and 6 of
the unselected group of hybrids, ranging from nine for set 2
to 18 for set 3. The selected group of hybrids with frequency
of deviations from the regression (Szd) different from zero
ranged from eight for set 5 to 18 for sets 2 and 3. When
considering both regression (b) and deviations from regression

I4 AN e o e b - - Vo i e o mm e R - R T R T
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e same in the selected (54.2%) and unselected
(55.9%) groups of hybrids. There were 336 hybrids assayed for
this aspect of my study. One hundred and eighty-five hybrids
were found to be stable for both the regression and deviations
from regression stability parameters. Therefore, the frequency
of stable hybrids was similar for the selected and unselected
hybrids.

Compariscns for the performance of the hybrids relative to

the mean yleld for the selected and unselected groups in each
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of the six sets are shown in Table 17. The mean yields in the
selected hybrid group for each of the sets were generally
greater than those of the unselected group. In the selected
group (68.5%) there were more hybrids superior to the overall
mean yield than for the unselected group (29.8%). The number
of means significantly different at the 5% level from the
overall mean of each selected and unselected group of hybrids
in each of the six sets is presented in Table 18. The number
of means for one LSD above the overall mean in each set was
different for the selected and unselected hybrid groups but
not for the total. For two ISD's above the overall mean, the
number of means for each set was different except for set 2;

in the total the selected had fewer number than the unselected.
Contrary to the two stability parameters, b and Szd, therefore,
the mean yield of the two groups of hybrids indicates that

the selected hybrids were superior to the unselected hybrids.
There were seven more unselected hyorids (385 vs 82) that ex-
ceeded mean of 21l nybrids than selected hybrids, but the
unselected had 10 more that were greater than twec ILSD's
the overall mean.

I selected the five highest and the five lowest yielding
single crosses in each set to show if there was any relation-
ship among the three stability parameters. In considering the
five highest yielding hybrids (Table 19) from each set, most
of them did not combine high yield with a regression of 1.0 and

pooled deviations not significantly different from zero.
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Table 17. Mean yields for the selected (X) and unselected
(Y) hybrids for the six sets compared with the mean
yield of the nine environments

Yield > T Yield < X % stable hybrid
Sets X Y X Y X - Y
1 16 16 12 12 57.14 57,14
2 23 13 5 15 82.14 46.43
3 20 8 8 20 71.43 28. 57
L 22 4 6 2 78.57 14,28
5 17 " 11 24 60.71 14.28
6 17 5 11 23 60.71 17.86
Total 115 50 53 118 68.45 29.76

28X = overall mean yield (81.9 g/ha + 0.10).

Two of the hybrids had regression values significantly differ-
ent from one and 19 had a deviation mean sauare greater than
zero. Only five of the 30 greatest yielding hybrids, however,
were from the unselected group of hybrids.

On the other hand, when considering the five lowest
yielding hybrids for each set (Table 20), most of them com-
bined low yield with regression of 1.0 and Szd not different
from zero. Only two of the lowest yielding hybrids had a b
value significantly less than one and 10 had a deviation mean
square greater than zero. Except for mean yield, the low-

yielding hybrids had greater stability, based on estimates of
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Table 19. Mean yields (q/ha), regression coefficients, and
deviation mean squares of the five highest yielding
single-crosses in each set

Stability parameters
Pedigree Yield b-value s2a
Set 1
S22-2x21-11467x1763 99.2 1.50 42.56
S52-3x21-11479x1475 105.0 1.31 52.05
S21-1x55-1555x556 102.6 1.50 6L, 99%*
U31-3x28-8933x930 102.0 1.75 70. 4lxx
U31-3x32-6933x932 100.9 2.08 246, %%
Set 2
S52-3x21-11497x1493 96.5 1.08 24.41
S$52-3x97-101497x1495 96,7 2. 39% 78.62%%
S98-10x97-101503x1501 96.9 0.84 30.00
S98-10x67-91503x1502 96.6 1.08 52 ,76%%
U208-6x200-91071x1069 108.2 1.27 16.22
Set 3
S52-3x21-11521x1517 100.0 1.04 120.35%*
S98-10x21-11527x1523 97.1 1.74% 41.49
S98-10x97-101527x1525 95.4 1.28 128.23%%
U81-10x54-31083x1081 104.2 0.34 158.88%#
U91-7x54-31101x1099 o4.8 1.66 181.81%*
Set I
S51-3x52-31545x1542 94,6 1.46 105.95%*
S97-10x98-101531x1549 100.8 1.55 110.46%%
867-9x52—31557X1554 105.9 0.95 Q0. 00**
S67-9x98-101557x1555 102.9 0.92 34.60
S67-9x66-71557x1556 100.0 1.06 213,32%%
Site 5
S97-10x98-101575x1579 Q4.2 1.66 30.65
S67-9x52-31581x1578 99.2 1.06 46.81%
S67-9x98-101581x1579 96.7 1.07 35.75
S67-9x66-71581x1580 96.0 1.31 Qg ., 7 3%
S51-3x67-9667x668 98.5 1.28 25.45
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Table 19. (Continued)

Stability parameters

Pedigree Yield b-value s%q
Set 6
S51-1x52-31587x1583 96.8 1.96 280.7 3%
S97-10%x98-101593%1 596 b . b 1.50 40.65
S67-9x52-31599%1595 105.8 0.81 222, 9hxx
S67-9x98-101599x1 596 99.2 1.75 61.27%%
S67-9x66-71599%1597 96.0 2.05 231.27%*
Average 99.2 1.38 101.29
LSD (.05) 5.0

the regression values and the deviation mean squares. The 30
highest yielding hybrids averaged 35.30 g/ha more than the 30
lowest yielding hybrids. Only two of the 30 lowest yielding
hybrids were from the selected group of hybrids.

Simple correlation coefficients of yield among locations

ana among years are shown in Tables 21 and 22 for all nyvrids.

[

The co

rrelations were highly significant among locations and
years at the 1% level in 2ll instances. For locations and

years, the correlation values ranged from 0.30 to 0.75 and
0.25 to 0.74, respectively. The magnitude of the correlations
were similar among locations and years. The mean yields for
Ames and Ankeny were more highly correlated (0.67) than for
the other location combinations. Mean yields for 1972 and
1973 were more highly correlated {0.66) than 1971 with either

1972 or 1973. Although all correlations were significant,
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Table 20. Mean yields (g/ha), regression coefficients and
deviation mean squares of the five lowest yielding
single crosses in each set

Stability parameters

Pedigree Yield b-values Szd
Set 1

S52~3x55-11479x1478 69. 3 1.12 68 . 59%*
S22-2x54-2567x568 66.7 0.81 41,52
U21-7x30-7915x913 68.7 0.97 4,85
U21-7x29~8707x709 65.2 0.78 51.42
U21-7x31-10709x710 70.1 0.88 41.18
Set 2

U96-3x218-3719x720 70.1 0.90 37.44
U96~3x200-9721x722 66.0 1.49 25.99
U96-3x212-5723x724 63.4 1.33 18,47
U97-1x7-6731x732 68.4 0.21 36.87
U97-1x213-8735x736 72.4 0.81 14,69
Set 3

U9-8x14-101089x1085 70.1 1.02 41.12
UG-8x10-101089x1086 71.8 1.21 19.61
Ul7-10x92-6747x748 61.1 1.02 71.58%%
Ul4-10x10-10743x744 58.7 0.54 82,89%*
U81-10x91-7759x760 57.5 1.53 42.00
Set 4

U24-5x26-3767x768 52.8 0.74 58.65%
U24-5%26-6769x770 60.6 0.88 17.84
U24-5x28-5771x772 60.6 0.87 50.05%
U26-3x26-6773x774 57.0 0.74 39. 34
U26-3x28-5775x776 61.3 1.08 19.29
Set 5

U78-4x99-21335x1331 66.1 0.85 23.00
U72-1x78-4793x794% 53.2 .65 iz2.22
U72-4x78-4797x798 66.7 0.57 70.60%*
U72-4x78-8799x800 65.1 0.84 13.00
U78-4x78-8801x802 60.9 1.26 4L, 64%
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Table 20. (Continued)

Stability parameters

Pedigree Yield b-value Szd
Set 6
UBL4-2x83-21359x1357 63.7 0.05% 71.02%%
UB4-10x83-81365x1364 52.7 2.20 85.69%*
U80-8x82-3815x816 68.2 0.45 16.28
UB0-8x84-10819x820 68.2 1.68 33.11
UB2-3x84-10823x824 61.7 -0,24% 68 .69 %*
Average 63.9 0.91 40.72

LSD (.05) 5.0

the coefficients of determination were less than 56% in most
instances.

Simple correlation coefficients also were computed among
mean yields, regression coefficients, and deviations from the

regression as shown in Table 23. A nonsignificant negative

ween mean yield and the regressicn
coefficient for the unselected hybrids in set 6, whereas the
selected hybrids had a significantly positive correlation. 1In
sets 1 and 5 for the selected hybrids, there was no correlation
between mean yields and the regression values. For the unse-
lected group of hybrids, the ryd's were significant at the 1%
level for all sets except for set 6. All other correlations
were intermediate to low in value. The correlation values

for the combined over sets were significant at the 1% level and

ranged from 0.21 to 0.41. Although significant, the



Table 21. Simple correlation coefficients of yield among
locations computed for each set and combined over
sets for all hybrids

Sets
1 2 3
Locations® B C B C B C
A . 68%% . 30%% .66®* L 3EE LH3F%E gk
B %% .60 % L 63%%

2p = Ames, B = Ankeny, and C = Martinsburg.

*¥*Indicates significance at the 1% level with 334 4.f.

Table 22. Simple correlation coefficients of yield among
years computed for each set and combined over
sets for all hybrids

Sets
1 2 3
Years® B C B c B C
A 25%% 31> . S JRIR L L SEF 33 F
B 69 %* L63%% .oEE®

a4 = 1971, B = 1972, and C = 1973.

**Indicates significance at the 1% level with 334 d4.f.
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Sets
b 5 6 Combined
B C B C B C B C
L7 5E% . 5o%* J71%R NI 2 . Sl L 37HE N YAid JL3EE
. 60%* Tl L62%% . 56%%
Sets
I 5 6 Combined
B C B C B C B C
LS9FRF L LLGER  shEx o gpEx Lpws ggxx Lgx ogws
Pl Nk .69** LH6H*
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correlations would have poor predictive value.

For the selected group of hybrids, the ryb ranged from
0.0 to 0.60 and the Ty ranged from 0.16 to 0.56. The un-
selected group of hybrids had ryb values ranging from -0.39
to 0.41 and ryd values ranging from 0.26 to 0.56. For both
groups of hybrids combined across sets, the ryd correlations
were larger than the ryb correlations. Although the correla-
tions of yield with the deviations mean squares were larger
than the correlations of yield with the regression values, the
coefficients of determination were small in all instances;

i.e., 8.4, 10.9, 4.4, and 16.8% for Typ and r 4 of the

y
selected hybrids and ryb and ryd for the unselected hybrids,

respectively.

The regression coefficients of the means of the hybrids
upon the environmental indexes measures whether a given hybrid
produces relatively more or less than all the hybrids in the
environments. Table 24 shows the frequencies of the selected
and unselected groups of hybrids related to regression coeffi-
cient for each set and combined over sets. TFor the seiected
group of hybrids, sets 1, 2, 4, and 6 had more hybrids with a
b-value less than one. 1In set 3 the proportion of hybrids
was the same for b-values less than or greater than one. Set
5 had fewer hybrids with superiority in the low-yielding
environment. The unselected group of hybrids had more hy-
obrids with superiority for low-yielding enviromments in sets

2, 3, and 4. Sets 1 and 5 had an equal number of hybrids that
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had b-values less than and greater then one. In set 6, the
proportion of hybrids that had a greater response to the high-
yielding environments was greater than for low-yielding en-
vironments. When combined over sets, the frequencies of hy-
brids with supriority for low-yielding environments were
relatively greater than for high-yielding environments for
both selected and unselected groups of hybrids. The frequency
of b-values that was less than one or greater than one was
similar for the selected and unselected hybrids.

To i1llustrate the yields and regression values for the
six groups of selected and unselected hybrids, I plotted the
yield against the environmental indexes as shown in Figures
2 and 3 for each of the six sets of selected and unselected
groups of hybrids. Both the selected and unselected groups
of hybrids showed similar regression values. The two groups
of hybrids differed from each other in yield superiority;

i.e., set 1 > set 2 > set 3 > set &

\/
/4]

(18

ct
wn

\

u)

()

the selected and unselected groups of hybrids. Mean yields

combined over sets ¢f selected and unselected hybrids and the
envirommental indexes are given in Figure 4. Similar regres-
sions for the two groups were obtained. Although the regres-
sions were similar the mean yields of the selected group of
hybrids were superior to the mean yields of the unselected
group of hybrids.

Hoegemeyer (1974) compared the diagonal versus off-

diagonal crosses of the selected Design II's, to better
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visualize the effect of selection among and within full-sib
families as a method of single-cross development. The diag-
onal crosses of the selected lines represented the elite single
crosses selected by the full-sib procedure, the off-diagonal
crosses represent untested crosses of lines chosen as elite on
the basis of superior performance when crossed to their

paired lines. The diagonal crosses yielded 3.7 gq/ha (4.2%)
more than off-diagonal crosses, a highly significant differ-
ence. The diagonal crosses of the unselected lines aver-

aged 1.4 g/ha less total yield than the off-diagonal crosses.
Based upon these results, I decided to determine if there is
any relationship between these relatively high yielding
(diagonal crosses) and lower yielding (diagonal crosses) and
the stability parameters. Table 25 shows the diagonal crosses
for each set with their respective stability parameters.

These diagonal crosses of the selected lines represent the
elite single crosses selected by the reciprocal full-sib
selection method (Hallauer, 1973). The number of hybrids

for the selected and unselected diagonal crosses that had re-
gression values not different from 1.0 was about the same for
all six sets. The proportion of stable hybrids over all six
sets, when considering the three parameters, mean, b-value,
and Szd, was higher in the selected diagonal crosses than in
the unselected ones; i.e., 50 and 17%, respectively. The
comparison made between the diagonal single crosses and the

off-diagonal single crosses for the selected group of hybrids
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Table 25. Stability parameters for the diagonal crosses of
selected and unselected lines of Design II for
each set

Means Stabilitygparamefers
Pedigree (q/ha) b-values s€a
Set 1
S22-2x21-11467x1463 99.17 1.50 L42.56
S30-1x29-21473x1470 8l.16+ 0.94 33.25
S52-3x51-31479x1477 93.81 0.96 36.16
S54-2x55-11485x1484 86.81 0.73 27.74
U21-7x20-6915%x911 78.58+ -0.03% 28.45
U29-8x28-8921x918 01.22 1.37 99 ,98#**
U31-10x30-7927x925 4.7 0.39 98.70%%
U31-3x32-6933x932 100.89 2.08 246, 3y*x
Set 2
S22-2x21-11491x1487 88.50 0.82 5.99
S53-3x51-31497x1494 92.96 0.99 26.47
S98-10-97-101503x150 96.89 0.84 30.00
S66-7x67-91509x1408 82.93 0.54 30.41
U97-1x%x96-31059x1055 79.11+ 1.01 71.86%*
U7-6x218-31065x1062 89.63 1.36 28.63
U209-6x200-91071x106 108.17 1.27 16.22
U213-8x212-51077x107 83.08 0.60 33.72
Set 3
S22-2x21-11516%1511 92.323 0.70 37.79
S52-3x51-31521x1518 91.40 1.17 50.21%=
S98-10x97-101527x15 9L . 54 0.73 57.45%%
S66-7x67-91533x1532 83.31 0.49 43.63
U81-10x14-101083x107 77.83+ 0.54 80,13%#%
U9-8x10-101089x1086 71.78+ 1.21 15.61
U53-1x54-31095x1093 90.63 0.53% 216, 34 %x
U91-7x92-61101x1100 77 .66+ 0.85 38. 74
Set & ,
S21-1x22-21539x1535 87.48 1.34% S.17
S51-3x52-31545x1542 oL .46 1.46 105.95%%*
S97-10x98-101551x154 100.83 1.55 110.46%%
S67-9x66-71557x1556 100.01 1.06 213.32%%
U23-2x24-51179x1175 80.18 0.37 28.95
U25-1x26-31185x1182 66. 38+ 0.98 56.68%
U25-2x%26-61191x1189 79.89+ 1.19 65.66%%
U27-1x26-61197x1195 79.63+ 0.53 44, 67
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Table 25. (Continued)

Stability parameters

Means 5
Pedigree (g/ha) b-values S©d
Set 5
S21-1x22-21563x1559 77 .34+ 0.26 97.20%*
S51-3x52-31569x1566 88.53 1.02 24 .38
S97-10x98-101575x157 94.19 1.66 30.65
S67-9x66-71581-1580 96.01 1.31 99, 73*#
U72-1x99-21323x1319 80.13 0.82 71.99%%
U72-4x73-61329x1326 81.01+ 1.03 L1.69%
U78-4x79-61335x1333 67.10+ 1.01 83.72%%
U78-8x79-91341x1340 75.11+ 1.24 30.22
Set 6
S51-1x52-31587x1583 96.77 1.96 280.73%*
S97-10x98-101593x159 94,39 1.60 40.65
S67-9x66-71599x1597 95.98 2.05 231 .27%#%
S21-4x32-71605%1604 80. 36+ 0.12% 34.78
U86-1x97-31347x1343 82.21 1.40 66.73%%
U82-3x81-41353x1350 81.29+ 1.32 32.32
U84-2x83-21359x1357 63.70+ 0.05% 71, 02%%
U84-10x83-81365x1364 52 .69+ 2.20 85.69%%

~ 29 s

f‘""‘ dlen dleamnn odmtT L hee mmtamm o d s mevmam T )
Q vile  ul e SDvauvulla Yatrtalivvels Vvel adldt

SiX

6 to 11) shows a greater frequency of stable hybrids in the

selected diagonal crosses than in the off-diagonal crosses,

i.e., 50% and 31%, respectively. The unselected group of hy-

brids, therefore, presented similar proportions of stable hy-

brids in the diagonal crosses and off-diagonal crosses. T

he

Proportion of b-values above 1.0 and less than 1.0 was dif-

ferent for the selected and unselected groups of hybrids,

i.e., 1:1 and 0:3 for selected and unselected hybrids, respec-
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tively. The frequency of selected and unselected hybrids over

2

sets for S°d different from zero also was different with 9

and 14 for the selected and unselected hybrids, respectively.
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DISCUSSION

The groups of hybrids included in my study originated
from crosses between selected and unselected inbred lines
developed from BSTE and PHPRC. These lines were obtained via
full-sib reciprocal recurrent selection (Hallauer, 1973).

For the selected groups of hybrids, the lines were identi-
fied on the basis of cross performance with a paired line
during development. In the unselected groups of hybrids,
however, the lines were developed by selfing without regard

to performance of the original SoxS0 crosses. Thus, we should
expect the occurrence of some high-yielding hybrids originat-
ing from the crosses of unselected lines. But the frequency
of superior crosses was much greater for the selected group

of hybrids.

The presence of significant hybrid x environment inter-

groups of hybrids indicated that they differed in either rank
or relative yields with environments. Although they had been
selected for the same trait, they did not produce similar
grain yield response to the nine test environments. Robinson
and Moll (1959) and Comstock and Moll (1963) have shown that
variety x locations and variety x years effects are often
relatively small compared to the second-order interaction of
variety x year x location. Maize genotype expression was not

associated with a particular enviromment, i.e., location or
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years. My results for individual analyses have shown that
first-order interaction, hybrid x years effects, was as
important as the second-order interaction. Thus. for this
study, genotype x environment interaction seems more associ-
ated with years than with locations. The significant inter-
actions found for each group of selected and unselected hy-
brids with environments, as shown in the combined analysis of
variance, emphasized the variation that was due to genotype
X environment interactions. The selected hybrid groups had
signi ficantly greater grain yields than the unselected hy-
brids. Systematic positive association between hybrid grain
yield level and the magnitude of genotype x environment inter-
action was not observed. The low yielding groups of hybrids
(unselected groups) did not have the lowest variance due to
genotype x environment interaction as compared to the selec-
ted groups in all six sets. These results do not agree with
Jowett (1972) in which low yielding varieties will be com-
pelied to make a relative smaller contribution to the inter-
action sum of squares. This also suggests that the hybrids
in the low yielding groups would not perform poorly relative
to the other high yielding hybrids in all environments. The
observed result may be explained by the occurrence of high
yielding hybrids found in the unselected groups.

In each selected and unselected group of hybrids, the
environment mean squares were highly significant. The selec-

ted groups had average yields which were above the overall
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mean for all enviromments, but the unselected groups had some
above and below. This indicates that the variability at a
given enviromment was not related with the magnitude of the
mean yield.

When the stability parameters were estimated it was shown
clearly that there were differences among the groups of selec-
ted and unselected hybrids in each of the six sets. The
regression coefficient parameter has been proposed as being
very useful for studying the response of varieties to differ-
ent environments (Finlay and Wilkinson, 1963). The regression
parameter explains that portion of the genotype x environment
interaction variation that can be accounted for in terms of
linear envirommental effects. In both the selected and un-
selected groups of hybrids, the majority of the hybrids had
regression coefficient values that were not significantly
different from 1.0 (P < 0.05). The regression coefficients,
however, differed from each other in the selected and unseiec-
ted groups of hybrids, as indicated by the hybrid x environ-
ment (linear) mean squares. When using the regression parame-
ter to measure whether a given hybrid produces relatively more
or less than all hybrids in the environments characterized by
low and high yielding potential, the proportion of selected
and unselected hybrids with either b < 1.0 or b > 1.0 was very
similar. The difference in the responses for the selected and
unselected groups of hybrids to varying environments was not

due to the different responses of the hybrids as indicated by
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the small hybrid x environment (linear) mean squares.

The regression coefficient and the deviations from the
regression were defined to characterize stable genotypes by
Eberhart and Russell (19%56). Thus, a stable genotype would
have regression coefficient equal to 1.0 and deviation from
regression near zero. My results show that when considering
these two parameters, the frequency of stable hybrids was
similar for both selected and unselected groups of hybrids.

The significance of the deviation mean squares for both
the selected and the unselected group of hybrids indicate that
difference in linear response among the hybrids did not account
for all the genotype x environment interaction.

The deviations from regression for a trait become im-
portant when the variety x environment (linear) sum of squares
is a small portion of the total variety x environment inter-
action (Eberhart and Russell, 1966). The most reliable esti-
mate of the deviation from regression is provided wnen there
is 2 maximum number of envirconments and minimum replication
function of the number of enviromments. In my analysis, 1
found that the hybrid x environment (linear) sum of squares
was only 11 and 25% of the magnitude of the hybrid x environ-
ment interactions in the combined selected and unselected
group of hybrids, respectively.

The stability parameter for the selected and unselected

hybrids were generally similar, although some exceptions were
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evident, as one would expect because of the differences in
environments. Relatively few of the hybrids satisfied the
initial definition of a stable hybrid for all of the three
stability parameters, high mean, regression near one, and
deviation mean squares not different from zero.

When comparing the diagonal versus off-diagonal of selec-
ted crosses, there were more stable hybrids originated from
lines selected among full-sib families than those selected
within full-sib families. These stable hybrids were charac-
terized by having mean yield above the overall mean, b-value
not different from 1.0 (P < 0.05), and Szd near zero (P < 0.01).
These results indicate some relation with what was found by
Hoegemeyer (1974), where he observed that diagonal crosses
were better yielding than off-diagonal crosses. Thus, better
yielding single crosses tend to be more stable.

Correlation among environments were highly significant,
indicating that hybrids selected in one environment would be

expected to have similar responses in other environments. Al-

coefficients of determination were less than 56% in most in-
stances. Hence, their use in predicting yields from one
environment to another would not be reliable in all instances.
The correlations among locations and years were similar for the
selected and unselected hybrids. A high correlation between
the regression values and the deviation from the regression

would not be desirable because selecting for a hybrid that has
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a good response to environment (b = 1.0) would not bring the
same response for a deviation from regression mean square
near zero. The correlations between (1) mean yield and re-
gression and (2) mean yield and deviation from regression for
the selected and unselected group of hybrids when pooled over
sets were highly significant at the 1% level. If we consider
the groups of hybrids in each set, the results ranged from
no correlation to very high correlations. Thus, this high
significant correlation between mean yield and the stability
parameters make selection of their desired combination most
difficult. Therefore, one should conclude that selection
based upon yield only would have similar effect as utilizing
"b" and "Szd" parameters. The use of linear functions to de-
termine hybrid stability is, of course, open to criticism.
From my study, the estimation of the stability parameters did
not provide any additional information that would assist the
maize breeder in selecting the superior hyorids. Selectlon
based on mean yield across enviromments was as effective as

y parameters from the stability
analyses. Mean yields of the selected hybrids were signifi-
cantly greater than those of the unselected hybrids, but the
stability parameter estimates were very similar for both

groups of hybrids.
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SUMMARY AND CONCLUSIONS

The objectives of my study were to determine the relative
grain vield and stability of grain yield among groups of maize
single-cross hybrids produced from selected and unselected
inbred lines. I used the model of Eberhart and Russell (1966)
to perform the stability analysis of variance and calculated
the stability parameters, regression coefficient and deviations
from the regression for mean grain yield of 336 single cross
hybrids. The 336 single crosses were evaluated in six simple
rectangular lattice experiments (7 x 8 simple rectangular
design) at three Iowa locations (Ames, Ankeny and Martinsburg)
in 1971, 1972, and 1973. A stable hybrid was defined as one
with high mean yield, regression coefficient equal to 1.0, and
deviations from the regression near zero.

The results from the conventional analysis of variance
indicated that the selected and unselected groups of hybrids
differed in either relative rank or relative yields with en-
vironments. No consistent pattern of positive association be-
tween hybrid grain yield and the magnitude of genotype x
environment interaction was observed.

The stabiiity analysis of variance showed that there were
genetic differences for some groups of selected and unselected
hybrids for stability parameter "b", as indicated by the
hybrid x environment (linear) mean squares. The pooled devia-

tions mean square, therefore, indicated that not all the
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genotype x environment interaction was accounted for by differ-
ences of linear response among hybrids. The hybrid x environ-
ment (linear) mean squares were not significant, but the pooled
deviations mean squares were significant in the combined an-
alysis over sets for the selected and unselected hybrids.

The estimate of the stability parameter "b" indicated
that the majority of the selected (93.4%) and unselected
(85.7%) hybrids had regression coefficient values that were not
significantly different from 1.0. Unselected hybrids had a
greater number of b-values significantly less than 1.0 than
the selected hybrids. The proportion of hybrids with devia-
tions from the regression (Szd) different from zero was slightly
greater for the unselected group (55.4%) than for the selected
group (51.2%) of hybrids. My results showed that the frequency
of the regression coefficient and deviations from regression
parameters were similar for the selected and unselected groups
cf nyorids. KRelatively few of the hyobrids satlisfied the

initial definition of a stable hybrid for all of th
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stability parameters, high mean, regressicn near , an
deviations mean square not different from zero.

When comparing the diagonal versus off-diagonal of selected
crosses, more stable hybrids originated from lines selected
among full-sib families than those selected within full-sib
families. Thus, the diagonal crosses were better yielding than
off-diagonal crosses (Hoegemeyer, 1970) and therefore tended to

be more stable.
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Simple correlation coefficients of yield among locations
and among years were similar in all instances. Simple corre-
lation coefficients among mean yields, regression coefficients,
and deviations from regression for the selected and unselected
groups of hybrids were significant but too low to be of any
predictive value. If we consider the groups of hybrids in each
set, the results ranged from no correlation to very high
correlations.

From this study, the estimation of the stability parameters
did not provide any additional information that would assist
the maize breeder in selecting the superior hybrids. Selection
based only upon mean yield across environments was as effec-
tive as the estimation of the stability parameters from the
stability analyses. Mean yields of the selected hybrids were
significantly greater than those of the unselected hybrids,
but the stability parameter estimates were very similar for

both groups of nhyborids.
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Table A2. Analysis of variance for yield combined over
environments and pooled across sets

Source d.f. SS VS r
Sets 5 18,459.84 3,691.97 5, 16%
Environments 8 138,175.52 17,271.94 24, 12%%
Sets x env 40 28,642.17 716.C5 L, 02%*
Reps/env & sets 5k 9,630.18 178.34
Varieties/sets

Unad justed 330 554,653.88 1,680.77 14, 30%*

Adjusted 330 564,218.47 1,709.75 14, 61 %*
Var x env/sets

Unad justed 2640 310,209.69 117.50 1.081%*%

Ad justed 2640 308,958.84 117.03 1.95%%
Pooled error

RCED 2970 192.863.24 6k . 94

Effective 2382 142,660.17 59.89
Total 6047 1,252,661.17

*¥%¥In this and all following tables indicates that the

calculated F-value exceeds the 1% tabled value of r.



116

Table A3. Orthogonal partitions of varieties sums of squares
for yield in each set
Mean squares
Source a. f. Set Set 2 set 3
Selected group 27 1,741.97%* E60., L7 x¥ 715, 03%*
Diallel vs DII 1 : 1.26 4,621, 1h%* 5.319.00%*%
Within DII 15 1,627.22%% LE9. shx* 612.12%*
Diagonals 3 1,119.06%#* 649, g2%* 571.26%%
0ff-diagonals 11 1,640.06%* Lé2,99%** 668 .G 5%*
Diag vs off-diag 1 3,010, 50%%* 0.36 109.62
Males (3) Lge.72% 1.645.26%% 1,682, 64%
Females (3) 3.633.90%x 393.30%* 952.26%%
liales x females (9) 1,348.52%* 121.04 141.92
Within diallels 11  2,056.68%% 560, 78%#* 436.79%*
BSTE 5 840.85%* 535.07%* 148.28
GCA 3 1,332.18%% 704 . 3L 158.52
SCA 2 103.86 281.16% 132.93
PHPRC 5 1,556.96%% 369.97%% 625.1&%*
GCA 3 2,509.92%% 244, 08* 9413, 0E**
SCA 2 127.53 555.81%% 148,32
BSTE vs PHPRC 1 10,634.540%% 1,643, 40%x 937. Ll
Unselected group 27  1,564,.67%% 1,851.25%%  1.,975.93%%
Diallel vs DII 1 4,970.34%% 16,211.34%% 9,387.15%*
Within DII 15 1,601, 74%* 1,450.40%% 1,5697.00%*
Diagonals 3 2,586.06%% 2, ,986.92%% 1,131.72%%
0ff-diagonals 11 1,468, 57%% 1,038.42%% 1,920.09%%
Diag vs off-diag 1 113.58 1,372.68%% 930.06%
fales (3) 4,06%4.70%x  4,355,18%% 5,272, 34%«
Females (3) 3,472.56%% 2,004 .,36%% 1 L76, 12%
Males x females (9) 157.12 256, 16%* 245.52
Within diallels il 1,204, 53%% 1.002.39%% 1,682, 52%%
BSTE 5 L30.06%% 2 108, 30%% 1,791.07%%
GCA 3 445.14* 3,406, 50%% 2,834 . 4ox=
SCA 2 409.68% 161.01 228.24
PHPRC 5 2,172.89%% 279.83%% 1,761.73%%
GCA 3 3,569.22%% 243, 42% 1.780. 74
SCA 2 76.35 5334 . 4 1.733.22%%
BSTE vs PHPRC 1 230.58 75.60 730.26%
Selected vs unsel 1 1.073.34%% 10 O47.2L%% 14 623.92%:

Total

\n
wn
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Table A3. (Ccntinued)

Mean squares

Source d.f. Set 1 Set 2 Set 3
Selected group 27 1,200.91%%* 1,130.00%* 1,278.07%*
Diallel vs DII 1l 7,874 .82%* 2,039.22%% 5,332, 50%%*
Within DII 15  1,0L2.4hxx  1,137.31%x 1,316,77%*
Diagonals 3 679 .08%% 1,265.10%% 1.089.78%%
0ff-diagonals 11 1,109.45%% 1,151.57%* 1,397.86%%
Diag vs off-diag 1 1,395.36%% 597.06% 1,105, 74%%
lMales (3) 1,030.68%* 1,864 ,92%* 1,567.14%%
Females (3) 2,902.86%% 2, 587.92%% 3 §50, 02#%
Males x females (9) L2g 22%% L11,24%x 388.90%#
Within diallels 11 810.23%* 1,037.37%* 856, 72%%*
BSTE 5 648, 61%* 826, 34%* 158.¢9
GCA 3 1,006,62%% 1,114, 38%** 65. 04
SCA 2 111.60 304 ,20% 299.16
PHPRC 5 654, 01** 723.78%% 367.31%
GCA 3 956 .22%% L5, 10%* 475, 56%
SCA 2 200.70 541, 80%* 204,93
B3TE vs PHPRC 1 2,399 .94x* 3,660.48%% 6,793.92%%
Unselected group 27 1,484, 64%% 955.95%%  1,133,95%*
Diallel vs DII 1 5,738.94%% 2 110,86%* 107.4¢€
Within DII 15 917.57 479, 06%** 1,410, 08%%*
Diagonals 3 929.88*x 735, 42%% 3,693, 06%%
0ff-diagonals 11 967 .96%* 450, 57%% 616 .97%*
Diag vs off-diag 1 326.34 23.40 3,285, 36%%
lales (3) 1,692.42%%  1,282.68%% 2, 248, 80%*
Females {(3) 1,563.08%% 760 1% 1,100,540
Fales x females (9) 310.78%% 115.50 1,213.76%%
Within diallels 11 1,871, 17%% 1,501,25%% 850, 73%%
BSTE 5 LG, sx% 1,205.42%% ge7.13%*
GCA 3 708 ,78%% 1,185,30%* 1.367.106%*
SCA 2 50.76 1.235.c1%* 117.06
PHPRC 5 303.19% 323, 24 % 388, Bl
GCA 3 200.L46 373. 06* 623, 58%%
SCA 2 L57 ., 29% 248 .49 36.72
BSTE vs FHERC 1 1¢&,56%.00%% 8,870.40%* 3.078.,16%*
Selected va unsel 1 61,664.22%% 26,309.88%% 26,420,40%%

Total

W
(¥, 1
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Table A4. Partitions of varieties sums of squares for grain
yield pooled across sets

Source d.f. SS JUN

Selected group/sets 162 181,614.06 1.121.07*
Diallel vs DII/sets 6 25,187.94 4,197.99**
Within DII/setS 90 93, 081. 06 1,034.23%%
Diagonals 18 16,122.60 895.,70%%
0ff-diagonals 66 70.739.82 1,071.82%=*
Diag vs off-diag 6 6,218, 64 1,036.44%*
I‘ales 18 24,742, 08 1 374, 54%%
Females 18 42 798.78 2,377.71%%
lales x females 54 25,540. 56 L2, 97w
Within diallels/sets 66 63. 344,88 959, 7 7%
BSTE 30 15,789.24 526.31%*

GCA 18 13,143.24 730.18%
SCA 12 2,646,06 220, 50%%*
PHPRC 30 21,486.06 16.,20%%

GCA 18 17.921.88 995.66%
SCA 12 3,564.18 297.02%%
BSTE vs PHPRC 6 26,069.58 L 344 . g3%*
Unselected group/sets 162 242.107.44 1,494 .49
Diallel vs DII/sets 6 38.526.12 6,421, 02%%
Within Dil/sets 90 113.337.90 1,259, 31#*
Diagonals 18 36,189.18 2,010.51%*
0ff-diagonals 66 21,097. 30 1,077.23%
Diag vs off-diag 6 6,051.42 1,008.57%*
Nales 18 59,850. 36 3,325, 02%%
Females 18 32.767.98 1.882.11 %=
Nales x females 54 20,689. 56 369 . 40%%
Within diallels/sets 66 90.228.42 1,367.10%%
BSTE 30 3L,516.80 1,150, 56%*

GCA 18 30,112.02 1,672.89%

SCA 1 4,504 .78 367.07%*%

PHPRC 30 26,148.60 871.62%%

GCA 18 20,317.50 1,128.75%
SCA 12 5,777.10 481 .43

BSTE vs PHPRC 6 29,563.02 L4 927, 17
Selected vs unselected/sets 6 140,139. 54 23, 356. 59%%

Total varieties/sets

330

1,252,661.




