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SUMMARY

The purposes of this study were:

1. to test the hypothesis that lines selected by per-
formance in high-population densities will be supe-
rior at both low- and high-population densities,
but that lines selected in low-population densities
may not be superior in high-population densities;

2. to compare the effectiveness of visual selection and
selection by testcross performance for the produc-
tion of lines superior as inbreds and in hybrid
combination; and

3. to observe the pattern of ear-shoot elongation of
the selected lines during the two weeks before silk-
ing and to relate these patterns to selection methods
and combining abilities.

The lines under study were selected from F 4 of
M14xC103 by four methods: selection by testcross
performance in low- and high-population rates, des-
ignated as groups 1 and 2, respectively, with group
0 representing three lines superior at both rates; and
selection by visual evaluation of inbred lines in the
low- and high-population rates, groups 3 and 4,
respectively.

Testcrosses of the 61 selected lines were evaluated
as group composites planted at live population levels
at five locations in 1964 and 1965. Individual test-
crosses were studied at three population levels at three
locations in 1964 and 1965. Inbred lines were eval-
uated at one site, groups 3 and 4 in 1963, and all
groups in 1964 and 1965, at two population levels.
Hybrid characters studied included grain yield and
moisture at harvest, incidence of barren stalks, root
and stalk lodging. Inbred characters studied included
grain yield and moisture at harvest, date of anthesis,
plant height, incidence of barren stalks, root and stalk
lodging and developmental patterns of the first and
second ears for two weeks before silk emergence.

In the hybrid composite experiments, there were no
interactions with population levels for the comparisons
of group 1 vs. 2, group 3 vs. 4 and group 0O vs.
1, 2, 3, 4. In the experiments of individual testcrosses,
only the comparison of group O vs. 1, 2, 3, 4 had an
interaction with population levels. These results indi-
cated that selection at low- or high-population density
produced lines with similar response to population
levels. It was evident in both sets of experiments, how-
ever, that the groups selected in dense populations
were always superior to the groups selected in low
populations when compared at the highest planting
rates, although this was not necessarily true at the
other rates. Furthermore, the negative regression coef-
ficients were smaller for the groups selected in dense
populations, indicating a lower yield reduction under
population stress for lines selected for performance in
dense populations.

A comparison of group means indicated that selec-
tion for combining ability was effective in groups 0,
1, 2 and 4 but not for group 3 when compared with
(M14xC103) x tester. Group 0 was superiorto groups
1, 2, 3 and 4, and the lines in group 0 showed less
interaction with environments. These results may be a
sampling phenomenon, but they may mean that more
extensive evaluation of the lines in group O have re-
sulted in higher yielding genotypes that give more
stability of performance. The group among-line vari-
ances indicated wider variability within the visually
selected groups because of higher frequencies of ex-
treme lines inferior and superior to the mean. There
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were 21 selections with testcross performance superior
to the testcross of M14xC103. The incidence of barren
stalks was an important factor in testcross yields at
high plant densities. Group values for root- and stalk-
lodged plants showed no important differences.

Inbred grain yields of groups 3 and 4 were supe-
rior to yields of groups 1 and 2. Groups 1 and 2
were similar, but group 4 was superior to group 3,
and group 0 was equal to group 4. All groups were
superior to C103 and the mean of the parents, but
none was superior to M14. Sixteen lines from the
following groups yielded more that M14: group O,
one; group 1, one; group 2, two; group 3, five; and
group 4, seven. The among-lines mean squares for
all groups, except 0, indicated significant variability
within the groups and the wisdom of individual line
evaluations in addition to group comparisons. The
among-lines variances for all groups, except O, inter-
acted with rates, reflecting the individuality of line
response to rates. The incidence of barren stalks at
the high-population densities was an important factor
in inbred yields. Under drouth conditions at anthesis
in 1965, there was a strong association between bar-
renness and delay of silk emergence relative to pollen
shedding.

The estimated components of variance for error in
inbred grain yield increased from a planting rate of
12,000 to 24,000 for all groups. The component for
among lines increased relatively more than the error
component from rate 12,000 to rate 24,000 for all
except group 2 in which the increases were similar.
The line x year component increased from rate 12,000
to rate 24,000 for all except group 3. Heritability
values at rates 12,000 and 24,000 were similar for
groups 1, 2 and 4, but group 3 had a greater her-
itability value at rate 24,000 than at rate 12,000.

Group means for plant height were greater than for
M14 but less than for C103. Groups 0, 1, 2 and 4
had similar values, but group 3 was significantly
shorter. There were individual lines shorter than M 14
and taller than C103. There were individual lines
similar to M 14 and C103 for root and stalk strength,
but, except for greater root lodging in group 0, group
differences for these characteristics were insignificant.

The growth rate of the top two ears during the 2-
week period before silk emergence closely approxi-
mated a semilogarithmic curve, log ear length versus
time. Groups 0, 3 and 4 had higher growth rates than
did groups 1 and 2, but top ear lengths were similar,
indicating earlier growth in groups 1 and 2. Groups
3 and 4 had longer second ears than did groups 1
and 2; group 0 had the longest second ears. The five
lines with the highest combining ability were above
average in growth rate for both cobs, but the five
lines with the lowest combining ability were below
average in growth rate for both cobs. The greatest
differences were with the second cobs. Second-ear
growth rate and its length at silking are gauges of
inbred vigor and are positively associated with com-
bining ability.

Selection by visual evaluation of inbred line per-
formance in dense stands was at least as effective as
selection by extensive testcrossing, and far more effi-
cient. Further evaluation of breeding methods may
find that the effort expended for measurement of gen-
eral combining ability by topcross tests may be partly
or completely replaced by inbred line performance,
at a much lower cost.



Selection in Zea mays L. by Inbred Line Appearance and

Testcross Performance in Low and High Plant Densities !

by W. A. Russell and A. H. Teich?

The development of inbred lines and the search
for their best hybrid combinations are the main bases
of corn improvement in the United States. The most
commonly used method for inbred development is to
enforce self fertilization for several generations while
practicing visual selection for the more highly herit-
able characteristics. During these generations, surviv-
ing stocks maintained on an ear-to-row basis become
highly homozygous and highly homogencous. Be-
cause evaluation for combining ability by using test-
cross procedures is expensive, it is usually delayed
until after three to five generations of visual selection.
Visual selection for combining ability among inbred
progenies is rarely emphasized because of the com-
monly held opinion that it is relatively inetfective. Re-
gardless of the effectiveness of visual selection, total
genetic variability will be reduced following each se-
lection cycle, according to the principle that the vari-
ability of a sample is less than the variability of a
population. If selection is effective, the reduction will
be even greater because of the removal of undesired
genes, but the mean of the selected lines will exceed
the mean of the original population.

Early testing, as proposed by Jenkins (1935), takes
advantage of evaluation for combining ability in the
Sop generation of a maize population, or the ', of a
hybrid, before genes have been eliminated by selection
and, therefore, when the genetic variability among in-
dividuals is at a maximum. Superior germ plasm,
identified by early testing, need not face the hazard
of several generations of random sampling as in
visual selection. However, the considerable expense
of testing restricts the size and, therefore, the genetic
base of the original population.

Visual selection within and among progenies dur-
ing successive generations of inbreeding will decrease
genetic variability, but this is not detrimental provided
that the genes retained result in population or hybrid
improvement. Visual selection need not be as produc-
tive as early testing to be more efficient than early
testing because efficiency is a function of genetic ad-
vance and cost. The lower cost of visual selection
allows a larger sample to be taken fromthe base pop-
ulation, with the consequently greater opportunity to
obtain the desired genotypes. The problem is to apply
effective, but inexpensive, selection pressures that will
assist in the isolation of the desired genotypes.

A second problem in the development of parental

I'Project 1575, lowa Agriculture and Home Economics Experiment Sta-
tion, Crops Research Division, Agricultural Research Service, U. S. De-
partment of Agriculture, cooperating.

2Professur, Iowa State University, Ames, lowa; formerly Graduate As-
sistant at Iowa State University, now Research Officer, Petawawa Forest
Experiment Station, Chalk River, Ontario, Canada.

materials is the type of environment in which to prac-
tice selection. An ideal environment should enhance the
heritability of the character being selected, as in the
case of disease resistance in an artificial epiphytotic.
The performance of lines in the selection environment
should be highly correlated with their performance
across the range of environments in which the lines
are to be used.

One school of thought proposes that selection for
yield in hybrid combinations, or combining ability,
should occur under conditions that maximize yield;
i.e., a high productivity environment. An opposing
school of thought suggests that, since the environment
is usually suboptimum for some factor, stress is there-
fore the normal situation. Crops must be developed
to perform under normal conditions that crops must
face; i.e., stress. Because the normal variations of en-
vironment may be dampened in a selection nursery or
yield plots because of better-than-normalcultural prac-
tices, or a sequence of favorable years, the selected
lines may be unsuited to the averagerange of environ-
mental conditions that will occur. The application of
some form of stress in the selection nursery or yield
trials might alleviate this situation.

(Some explanation for the meaning of stress is
needed. For grain yield, stress to maize may be con-
sidered from two aspects: yield per plant and yield
per unit area of field space. A corn plant has been
subjected to some type of stress if its grain yield is
less than the maximum potential for the genotype.
When considering yield per unit area, however, stress
of some type has been a limiting factor if the maxi-
mum grain yield per unit area has not been realized
for the genotype. Some of these stress factors may be:
number of plants and limited supplies of nutrients,
water and light. If the individual plant is not under
stress for grain production, maximum grain yield per
unit area will not be obtained; or, if maximum grain
yield per acre is obtained, the individual plant is un-
der stress and will not produce its maximum potential. )

The purpose of this research was tocompare inbred
performance and combining abilities, as expressed by
grain yields, of lines developed by two methods: (1)
visual selection within and among ear-to-row prog-
enies during successive inbreeding generations and
(2) selection within and among ear-to-row progenies
based upon testcross performance. Each method of
selection was done under two regimes: low and high
plant populations. The hypothesis was that inbred
lines selected because of superior performance in high-
population densities will be superior in both low- and
high-population densities, but that lines selected be-
cause of superior performance at low-population den-
sities will not necessarily be superior in high-popula-
tion densities.
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REVIEW OF LITERATURE

Jenkins (1935) studied the effectiveness of visual
selection by evaluating topcross yields of seven lines
from Iodent and five lines from Lancaster for prog-
enies in generations Sy to S8, omitting S7. Each
line in each generation was represented by a selected
ear and a discarded sib. Results of the tests with the
Jodent lines indicated that, for the first and second
generations of inbreeding, the average yield for the
selected progenies was significantly greater than for
the discarded sibs. For generations after the second
in Todent and for all generations in Lancaster, aver-
age differences of topcross yields for the selected and
discarded sibs were not significantly different, but
there was a consistent difference in favor of the se-
lected progenies. Since no significant linear trend in
the yield data was obtained, Jenkins concluded that
the inbred lines acquired their individuality as parents
of topcrosses very early in the inbreeding process and
remained relatively stable thereafter.

Richey (1945) reanalyzed Jenkins' data on the the-
ory that selection might have been effective in some
families and ineffective in others and that averaging
over families could have obscured these results. In
his reanalysis of individual families by two-generation
periods, he did reveal some lack of correspondence
between early and later generation performance. Later,
Richey (1947) noted that inbred performance of S3
or S4 lines was about as good a criterion of combin-
ing ability as topcross performance and had a much
lower cost.

Sprague and Miller (1952), in studying the effect
of visual selection during inbreeding of Sy-S4 genera-
tions in two sets of corn progenies, found no change
in combining ability of the selections. Wellhausen and
Wortman (1954) found that visual selection during
further inbreeding in selected Si1 lines resulted in a
small positive gain in combining ability, but only
when the lines were tested in hybrid combinations
under conditions similar to those under which the in-
breeding and selecting were done. The gain was great-
er in lines from unadapted sources. Data presented by
Osler, Wellhausen and Palacios (1958) supported the
efficacy of visual selection on combining ability. They
also found that the selection for yield in hybrid com-
binations was more effective in introduced than in
local, well-adapted varieties.

Two of the most comprehensive studies for using
inbred characters to predict hybrid performance were
reported by Jenkins (1929) and Hayes and Johnson
(1939). Jenkins studied 18 inbred characters, but
found only a few with any predictive value for hybrid
yield: plant height, number of nodes, number of nodes
below the ear and inbred grain yield. The multiple
correlation of these characters with yield in single
crosses was R = +0.42. Because differences among
single crosses involve a maximum of nonadditive gene
effects, but differences among inbred parents involve
only additive gene effects, this multiple correlation
would be a minimal value.

Hayes and Johnson (1939) calculated correlations
between characters of inbred lines and their yields in
topcrosses with an open-pollinated variety. In an in-
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bred-variety cross, additive gene action is of greater
relative importance than nonadditive gene action be-
cause of the great genetic variability of the gametes
from the variety. ‘These authors, using 12 inbred
vigor characters, most of which were used in the pre-
vious study by Jenkins, found a multiple correlation
value of R = +0.666.

The relationship between S, yield performance
and general combining ability is relevant to the visual
selection controversy. If there is a positive relation-
ship between S; yield and general combining ability
and if visual selection can be used effectively to pick
high-yielding inbred progenies, then visual selection
for inbred yield can be used in the development of
high-combining inbred lines. Kwon and Torrie (1964 )
found significant correlations between visual scores
and actual yields in two soybean populations. Their
expected gain by using visual selection was 50 per-
cent as efficient as using plot yields.

Genter (1963) suggested that, if heterosis results
primarily from "additive and dominant gene effects,
progeny performance in early generation inbred lines
should evaluate their combining abilities better than
testcrosses." He cited several authors who found cor-
relations between S; performance and topcross per-
formance, ranging from r = +0.59 to +0.86 for grain
yield.

Genter and Alexander (1962) reported correlations
between S; and testcross performance as close as
correlations between two sets of three-way crosses of
the S lines. Yields of a synthetic of S1 performance-
derived lines were superior to yields of a synthetic of
testcross-derived lines in two consecutive cycles. The
advantage of S1 over testcross performance was
caused by the masking effect of testers.

Lonnquist and Lindsey (1964) compared S1 line
performance versus topcross performance. Their three
highest yielding Si-derived lines when tested in top-
crosses yielded 59.5 bushels per acre, compared with
the three topcross-selected lines that yielded 66.9 bush-
els per acre. Although there was a greater range of
expression in the S1 yields, there was also a greater
genotype x environment interaction.

Early testing of corn inbred lines in testcross com-
binations has proved effective in identifying favorable
genotypes for continued inbreeding and selection.
Sprague (1946) evaluated 167 So plants of Stiff
Stalk Synthetic in topcrosses with double cross Ial3.
Individual plants in S lines from a seriated sample
based on the S, hybrid performance were tested in
topcrosses with the Ial3 tester. The correlation for
yield performance of the two generations was +0.85.

Lonnquist (1950) used topcross performance to
obtain divergent selection for high and low combining
ability from S; to S4 generations of lines from Krug
Yellow Dent. Selection among S lines was continued
in two directions from the Sy, S3 and S4 generations.
Topcross yields of the selected high and low lines in-
dicated that selection for high and low combining
ability in successive generations was successful. He
concluded that selection based upon topcross per-
formance could greatly modify the combining ability
of S1 lines in subsequent selfed generations and that
early testing of S, lines provided a better sample of



material in which to inbreed than a random sample
from the same population.

The literature appears barren of information onthe
effectiveness of visual selection on the improvement
for yield of corn inbred lines per se. For critical in-
formation, one must turn to autogamous crops, which
may be considered analogous to inbred lines of corn.
This analogy may be weakened if, in the early seg-
regating generations, nonadditive gene action in corn
is greater than in autogamous crops.

Weiss, Weber and Kalton (1947) and Kalton
(1948) studied early generation testing in soybean
crosses as a means to provide information before the
F4 generation on the potential yielding ability of
subsequent generations. In both studies, there was a
lack of positive association between mean yields of
pedigreed lines in F3 and their descendant progenies
in F 4. Differences in environmental effects between
seasons were reasoned important among causes for
lack of association. The relationship between early
and later generations was more consistent for other
agronomic characters such as plant height, maturity
and lodging.

In the F 5 of a barley variety cross, Atkins (1964 )
selected 25 good plants, 25 random plants and 25
poor plants on the basis of phenotype. When placed
in yield trials in the F' 5, ' ¢ and F 7, they yielded in
the expected descending order of good, random and
poor. Because the difference between the good and
poor lines, although significant, was less than 1 bush-
el per acre, and the difference between the good and
random lines was only 39 pounds per acre, Atkins
(1964) concluded that visual selection on a single
plant basis was not practical, except perhaps in the
identification of low-yielding lines.

Frey (1962) found visual selection for grain yield
ineffective when based upon single oat plants, but
effective when based upon progeny rows. Hanson,
Leffel and Johnson (1962), working with soybeans,
found that observers were capable of visual discrimi-
nation of extremes, principally the poor-yielding plots.
They concluded that, unless a breeder is dealing with
a cross that gives an extreme range of progenies,
visual discrimination should be used primarily to dis-
card poor-yielding genotypes rather than to select
superior ones.

The choice of environment in which to practice se-
lection is a problem mainly because of genotype x
environment interaction and variations of heritabilities
in different environments. The former is important
because it measures the failure of genotypes to have
the same relative performance in different environ-
ments, causing an obvious problem in selecting and
discarding. The second problem arises because the
breeder normally desires to select in an environment
that maximizes the heritability of the character he
wishes to improve.

In a study of rice genotype interactions with plant-
ing date and plant density, Kariya and Yamamoto
(1963) found no interaction of varietal yields with
planting date, but varietal yields did interact with
planting density. Heritabilities for the following char-
acters decreased with increasing plant density: panicle
length, number of panicles, panicle weight and heading

date. They concluded that it is advantageous to select
early generations in low densities.

Huber (1956), in a study of corn inbreds in hy-
brid combination for efficiency of water use at different
population densities, found no obvious differences at
low populations, but at high populations, corn hybrids
differed widely in their efficiency of water use.

Light effects on different corn genotypes were stud-
ied by Knipmeyer et al. (1962). They found that, as
population was increased, light became a limiting
factor in yield potential, and genotypes varied in their
response to different light intensities. Earley et al.
(1966) found that two corn single crosses, WF9xC103
and Hy2x0h41, responded differently for grain yield
when light was artificially restricted. Single cross
WF9xC103 had greater yield reductions than did
Hy2x0h4 1 when light was restricted by artificial shad-
ing of the plants.

Frey (1964) selected one group of oat lines for
several generations on a gravelly, eroded knoll, while
a second group was selected in the adjacent fertile
area of deposition. Although there were no signiticant
yield differences attributed to selection methods in sub-
sequent yield trials, the mean square for strains x
environments suggested a superior yield stability for
those lines selected under conditions of high fertility.

Gotoh and Osanai (1959b), selecting under three
fertility levels, obtained superior wheat lines more fre-
quently in the low-fertility selection nursery, and these
had a wider adaptation to fertilizer levels. Heritability
for yield was higher in the low-fertility nursery. Gotoh
and Osanai (1959a) also found that selection of wheat
progenies under different densities had higher efficiency
in wide spacing because of increased phenotypicvaria-
tion. This was in contrast to the results of Guitard,
Newman and Hoyt (1961) who found that selection
from space-planted, early generation hybrid wheat,
oats or barley was less efficient thanin dense seedings.

Soybean plant competition atclose spacings inflated
both variability for a constant genotype and the ge-
netic component as well, giving an extremely biased
description of individual plants (Hinson and Hanson,
1962). The bias in yield for individual plants was
caused by the competitive advantage of a single plant
genotype, plus the competitive disadvantage of its
neighbors. Evaluation of individual plants for sec-
ondary characters, such as chemical differences, was
little influenced by competition.

Weber (1957) compared selection of individual soy-
bean plants from bulk hybrid soybean populations in
different plant spacings, attempting to improve yield
but to maintain constant maturity. The progenies of
these selections, evaluated in replicated drilled plant-
ings, showed no yield, height or lodging differences
among selections from ditferent spacings.

Interactions of corn genotypes with population
densities were studied by Rossman (1955) and Wool-
ley, Baracco and Russell (1962). Rossman (1955)
found that hybrids good at low populations were gen-
erally good at high populations but that sufficient
exceptions existed to warrant testing at two population
densities. Woolley, Baracco and Russell (1962) found
in a diallel of four inbred lines that, in one of two ex-
perimental years, crosses had a significant interaction
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with population densities, and in the other, with within-
row spacing patterns, each involving change in rank
of crosses.

Nine single-cross corn hybrids grown at various
population and nitrogen levels by Lang, Pendleton
and Dungan (1956) had hybrid x population and
hybrid x nitrogen level interactions for yield. Similar
studies in wheat by Pendleton and Dungan (1960)
indicated ditferential responses to fertility and popu-
lation levels, but rank remained the same. This was
consistent with the tfindings of Lamb and Salter (1936)
and Worzella (1943) who found that yield of wheat
varieties did interact with fertility levels but that rank
remained the same.

Ferguson (1962) studied the influence of popula-
tion density on the hybrid performance of maize inbred
lines by using three lines whose maximum yield was
attained at 20,000 plants per acre, the low group, and
three lines whose maximum yield was attained at
28,000 or more plants per acre, the high group. Gen-
eral and specific combining abilities were appraised
in a modified diallel in a number of different planting
densities.

The high group was superior at both low- and
high-population densities, but the low group did well
only at the low densities and suffered a decline in
yield as population increased. The high group showed
no yield depression up to 28,000 plants per acre,
after which yield declined slightly to 32,000 plants per
acre, the densest population. With a single exception,
the rank of individual lines was the same from year
to year and across population densities. The mean
yields of low x low crosses increased from 12,000 to
24,000 plants per acre and then dropped sharply.
The high x high crosses increased to 28,000 and then
leveled off to 32,000. The low x high showed an in-
teresting heterotic effect, being superior to low x low
and high x high at the four highest rates.

Sass (1960) observed that the morphological dif-
ferences between the two top ears in a one-ear, yellow,
dent hybrid were not evident until 68 to 71 days fol-
lowing planting. After this, failure of second ear devel-
opment was caused by factors associated with compe-
tition before and after anthesis. Sass and Loeffel
(1959) found that the formation of floral organs in
maize was not prevented by dense planting. Competi-
tive pressure did not produce a marked reduction in
ear elongation, ovary development or stalk elongation
until 74 days after planting. Barrenness was caused
by lack of silk emergence during pollen shedding.

Sowell, Ohlrogge and Nelson (1961) concluded
that barrenness was caused by the competition be-
tween vegetative growth and ear shoot development
for the limited resources of the plant. Compact mutants
of inbred Hy were able to produce grain under condi-
tions of population stress because of the termination
of vegetative growth at an early stage of plant devel-
opment. Normal Hy does not cease vegetative growth
at the time of ear shoot development, and in dense
populations, this results in barrenness.

Collins (1963) studied ear shoot development in
inbreds C103, Hy, R71 and B60 and in the six pos-
sible single crosses among these lines. Inbreds C103
and Hy produce one harvestable ear, whereas R71
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and B60 usually produce two harvestable ears. The
single-ear inbreds and their single cross showed a
retarded growth rate of the second ear, which became
evident about 9 days before silk emergence. These
genotypes did not produce second ears. By contrast,
the second-ear development of R71, B60 and their
single cross was similar to the top ear, and these
genotypes usually produced a second ear. He con-
cluded from these data that the degree of second-ear
development in this early stage is an aid to detecting
potential two-ear types, particularly if a harvestable
second ear is not produced because of some unfavor-
able climatic condition.

Recent studies in the Iowa State University corn
breeding research program (unpublished data) have
shown a negative association between the potential
number of ears of the parent lines and degree of
barrenness in hybrid combinations when tested at
high plant densities. The association between yield
and percentage barrenness at high stand level was
negative and highly significant.

Collins and Russell (1965) presented additional
data on the development of the second ear in single-
cross hybrids of Corn Belt single-ear and two-ear
inbreds. They postulated that selection for second-
ear development may be valuable in selection for
stability of production.

MATERIALS AND METHODS

Derivation of Experimental Materials

The inbred lines used in this study were developed
from an F 5 population of M 14xC103. Previous stud-
ies in the Iowa State University corn breeding pro-
gram (unpublished data) indicated that single crosses
with M 14 as one parent were not as adversely af-
fected by dense stands as were single crosses with
C103 as one parent. C103 single crosses frequently
showed a high incidence of barren stalks in dense
stands. Woolley, Baracco and Russell (1962) pub-
lished data that confirmed the earlier unpublished
results.

In a nursery planted at 12,000 plants per acre
in 1955, 138 F2 plants were selected for self pol-
lination and testcrossing to WF9x 1205, a tester, which
in previous experiments, was intermediate between
M14 and C103 single crosses in its response across
population densities. At harvest, the selfed and test-
cross seed of 95 F 2 plants were retained for evalua-
tion. Tesfcrosses for this generation were evaluated at
one location for 2 years and for two subsequent gen-
erations at two locations for 2 years. Plot size was
1/392 of an acre, with three replications at each site.
For precision of stand, plots were seeded heavily and
thinned to the required population density.

The testcross progenies of the F 2 generation and
of M14, C103 and M14xC103 were grown in yield
trials at rates of 16,000 plants per acre and 24,000
plants per acre. Testcrosses of the F'3 and 4 gen-
erations were tested in the rates at which the previous
generation had been tested and judged superior. For
example, if a particular F 2 testcross was superior at
rate 24,000 but inferior at rate 16,000, the testcrosses
of the ', fromthat ', weretested only at rate 24,000.



Testcrosses of some F 4 plants performed well at both
rates, so the testcrosses of their F3 plants were tested
at both rates. Testcrossing of the 5 and F 4 genera-
tions was performed by the selection of one to three
plants per progeny row, selfing and crossing to the
tester. A progeny row in the breeding nursery consisted
of 16 plants at a population density of 12,000 plants
per acre. There was no elimination of entire progeny
rows in the F3 and F4 generations, but individual
plants were selected for general vigor and plant type.
They were reselected at harvest for resistance to stalk
and ear rots.

Testcross evaluations were F2 in 1956-57, F3 in
1959-60, and F4 in 1962-63. Drouth conditions in
1956 restricted grain yields, particularly at the high
stand level. Late planting at one location in 1959
limited grain yields, again more severely at the high
stand level. Tests were conducted on soils with a high
productive capacity, and fertilizer was applied as rec-
ommended for the sites. Nutrient deficiencies were not
evident in any of the experiments, but availability of
nutrients may have been too limited in some sites to
permit maximum yields at the higher plant density.

It is obvious that with evaluation in 10 environ-
ments, considerable variation in environmental con-
ditions was encountered. Comparisons between the two
stand levels, although not strictly valid because they
were separate experiments, may still be useful because
the two experiments at a site were always in adjacent
areas. Mean yields for rates 16,000 and 24,000 were
similar in four environments, rate 16,000 exceeded
rate 24,000 in five environments and rate 24,000
exceeded rate 16,000 in only one environment. The
estimated variance component for entries was higher
at rate 24,000 than at rate 16,000 in all except one
environment. The moisture stress at rate 16,000 in
one location may have been as severe as the moisture
stress at rate 24,000 in a different location. In general,
yield results indicated that selection, not only favored
M14 germ plasm at rate 24,000 but occasionally at
rate 16,000 as well. Yields for testcrosses of M 14 and
C103 suggest that some environments favored selec-
tion of C103 germ plasm.

Parents of testcrosses were usually retained for fur-
ther evaluation in the next generation if grain yields
of the testcrosses were equal to or more than the
checks. There was some selection for resistance to root
and stalk lodging and maturity earlier than C103.
Where more than one testcross per F3 orF, progeny
was evaluated, not more than one parent offspring
was retained for evaluation in the next generation.

Of the 31 testcrosses of F 4 plants evaluated at rate
16,000 in 1962-63, 52 percent exceeded (M14xC103)
(WF9x1205) by more than one L.S.D. at the 5-per-
cent level of probability. In the first test of F 2 plants
at rate 16,000, 1956-57, only 9 percent of the test-
crosses exceeded (M14xC103)(WF9x1205). Of the
32 testcrosses of F 4 plants evaluated at rate 24,000
in 1962-63, 63 percent exceeded (M14xC103)
(WF9xI1205) by more than one L.S.D. at the 5-percent
level of probability. In the first test of F 2 plants at
rate 24,000, 1956-57, none of the testcrosses exceeded
(M14xC103)(WF9x1205). Although these are not
precise comparisons, they do give an indication of

the definite progress obtained in this area.

Twenty-nine lines survived the three generations of
testing: 16 lines within each group, with three lines
common to both groups. Within a group of 16 lines,
each line had a different F 2 ancestor. F 5 seed of the
selections were planted as ear-to-row progenies in
1963, and plants were self-pollinated to provide seed
for inbred line tests to be conducted in 1964-65. Also,
these F'5 lines were crossed to testers for comprehen-
sive yield trials.

A second group of inbred lines was developed from
M14xC103 by using phenotypic appearance of the
plants as the only criterion of selection. The source
material was the same 95 F 2 plants selected when the
first testcrosses were made in 1955. Progeny of the
F 2 selections, F3, were planted ear-to-row in a breed-
ing nursery at rates of 12,000 and 24,000 plants per
acre. A plot of the first rate contained 25 plants, one
per hill, and at the second rate, 50 plants, two per
hill, where the stand was perfect. At rate 12,000, all
plants with good phenotype were eligible for selection,
but at rate 24,000, only plants in two-plant hills and
bordered were eligible. Because of missing hills or
one-plant hills in the rate-24,000 rows, the number of
plants actually eligible for selection usually was not
appreciably greater than in rate-12,000 rows. For
three generations, at pollinating time and harvest,
selection was practiced among and within rows for
general vigor, desirable plant and ear types, disease
resistance and simultaneous release of pollen and
silk emergence. The last character was considered im-
portant because inbreds that have delayed silk emer-
gence under stress transmit this behavior to their
progeny, resulting in some degree of barrenness. In
the F 3 generation, barrenness or delayed silking at
rate 24,000 eliminated many plants. Seed of a plant
selected was planted at the same rate in the following
generation. In the F g generation, selection was only
among rows, and seed of selfed ears within a progeny
was bulked. The F7 lines were grown at rate 12,000
in 1963 for an increase of inbred seed and for cross-
ing to testers for evaluation of combining ability. The
16 lines within each group each descended from a dit-
ferent F 5 plant.

The first comprehensive evaluation of all selected
lines was made in 1964 when the testcrosses were
studied at five locations and inbred lines per se were
studied at one location. The inbred selections, M14,
C103 andM 14xC103, had been crossed to WF9x1205
and Ia4810. Single-cross WF9x1205 was used because
it was the tester used in the derivation of the selec-
tions by testcross procedure. 1a4810, an unrelated
double-cross tester, was expected to give a satisfactory
measure of general combining ability.

To simplify the presentation, group numbers will
be used:

Group O - lines selected by testcross performance

at both rates;

Groups 1 and 2 - lines selected by testcross perform-

ance in low and high rates, respectively;

Groups 3 and 4 - lines selected by visual discrim-

ination in low and high rates, respectively;

Groups 5, 6 and 7 - testcrosses of M14, C103 and

M14xC103, respectively;
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T; and T2 - WF9xI205 and [a4810 testers,
respectively.

The inbred selections were evaluated by testcross
performance in two sets of hybrid trials. In one set,
all testcrosses within one selection method and a com-
mon tester were bulked as a single entry; i.e., seed
from all lines selected by testcross performance at
low stand, group 1, and crossed to WF9xI1205, 16
testcrosses, were bulked to produce a single entry.
There were eight composites because four groups of
selections were crossed to two testers. Each of the
testcross-derived composites contained the three lines
in group O because they would have been selected if
only a single rate had been used. The second set of
hybrid trials consisted of individual lines in crosses
with WF9x1205, each testcross retaining its identity.
The three checks, M 14, C103 and M14xC 103 crossed
with the same tester(s), were grown in both sets of
experiments.

Composite Tests Field Procedures

The 14 entries in the composite trials were placed
in a split-plot arrangement of a randomized complete
block design. Main plots consisted of five population
rates and subplots, the 14 entries. There were two
replications at each of five locations.

A subplot consisted of a single row, 400 inches
long and 40 inches wide. The plots were bordered
only between population rates to minimize the com-
petition of adjacent subplots at different population
rates. Population rates were obtained by varying the
distance between hills within the row and maintaining
the number of plants at two per hill, except for the
end hills which had three plants. The number of
plants per plot after thinning was 30, 40, 50, 60 and
70 for the five rates. For convenience, the population
levels will be referred to asrates of 12,000, 16,000,
20,000, 24,000 and 28,000 plants per acre.

The experiments were planted on soils with high
productive capacity supplemented by fertility programs
based on soil tests. Data obtained for each plot were:
number of plants at harvest, total weight of ear corn,
grain moisture, number of root- and stalk-lodged
plants, number of dropped ears and number of barren
stalks.

This set of experiments was repeated in 1965 at
the same locations,with a few changes in procedure.
The three lines common to the two testcross-derived
groups of lines, group 0, were entered as separate
composites, one for each tester. This increased the
number of entries to 16. However, testcrosses of these
lines were retained in group 1 and 2 composites so
that data for the two years could be combined. Data
for root and stalk lodging and dropped ears were not
recorded in 1965.

Individual Testcrosses Field Procedures

The second set of hybrid trials had 64 entries con-
sisting of 61 selections and three checks, M 14, C103
and M14xC103, crossed to WF9x1205. The experi-
ment was conducted at three locations in 1964 and
1965.- The experimental design was a split-plot ar-
rangement in which the whole plots were three popu-

926

lation levels and subplots, the testcrosses. Each whole
plot had 64 subplots in an 8x8-lattice design. There
were two replications at each location.

The subplots were of the same size as used in the
composite experiments. Population levels were obtained
as described previously, and the number of plants per
plot after thinning was 30, 45 and 60 for the three
rates. For convenience, the population levels will be
referred to as rates of 12,000, 18,000 and 24,000
plants per acre.

Data obtained for each subplot in 1964 were:
number of plants harvested, total weight of ear corn,
grain moisture, number of root- and stalk-lodged
plants, number of dropped ears and number ofbarren
stalks. Similar data were recorded in 1965, except
that data for root and stalk lodging and dropped
ears were taken only for the 18,000 population level.

Composite Tests Statistical Procedures

Only the statistical analysis for data on grainyields
will be presented. The ear weights per plot were con-
verted to cwt of grain per acre at 15.5-percent mois-
ture. The analysis of variance was in the form of a
split plot, with rates as the main plots and entries as
subplots. Replications, rates, testers and entries were
considered as fixed variables, and locations and years
were equated to environments, thus giving 10 random
environments.

In the analysis of variance, the degrees of freedom
and sums of squares for entries and entry interactions
were partitioned into the orthogonal components that
were most relevant to the study; i.e., groups 0, 1, 2,
3,4 vs. 5, 6, 7; groupOvs. 1, 2, 3, 4; groups 1, 2
vs. 3, 4; group 1 vs. 2; group 3 vs. 4; 5, 6 vs. T;
and 5 vs. 6. Group 0 was not available for 1964
or the combined analysis that included years. Popula-
tion rates were equally spaced independent variables.
Degrees of freedom and sums of squares for rates and
interactions involving rates were partitioned into rates
linear, rates quadratic, and remainder by the method
outlined by LeClerg (1957). The cubic and quartic
components were not considered of biological or
agronomic importance. The use of most error terms
was justified by the expected mean squares, but in
the instances of the orthogonal comparisons and sub-
divisions of rates, the pooled interactions with loca-
tions of the complete set less one significant interaction
in the partition of each of entries x locations and
entries x rates linear x locations were used.

Throughout the presentation and discussion of
the data, only differences significant at the 5-percent
level of probability will be recognized as real dif-
ferences. However, the tests of significance will not be
at the exact probabilities given because Bartlett's
(1937) test of homogeneity for the error b variances
of the 10 environments indicated that the variances
were not homogeneous. Heterogeneity of error var-
iances was expected because previous experience with
yield tests at different population rates has shown
that the error values usually increase as stand densi-
ties increase. Because this behavior would be erratic
among environments, it would contribute to the het-
erogeneity of error values.



Individual Testcrosses Statistical Procedures

The lattice analysis was used to calculate the entry
means adjusted for block differences and error mean
squares for each rate according to the statistical pro-
cedures for simple lattice designs. The three simple
lattices at each location were combined and treated as
a split-plot experiment, using population rates as the
main plots and entries as the subplots. Replications,
rates and entries were considered fixed variables, and
locations and years were equated to environments,
thus giving six random environments. For a single
environment, an average effective error mean square
was calculated by pooling the errors of each rate.
For the combined analysis over environments, a
pooled average effective mean square was calculated
in a similar manner. Bartlett's (1937) test for homo-
geneity had indicated that the error mean squares
among environments were heterogeneous. The three
population rates were equally spaced independent
variables. Degrees of freedom and sums of squares
for rates and interactions involving rates were parti-
tioned into rates linear and rates quadratic by the
method outlined by LeClerg (1957).

In the analysis of variance, the degrees of freedom
and sums of squares for entries, entry interactions,
rates and rates interactions were partitioned similarly
to the procedure outlined for the composite tests. In
addition to the group comparisons in entries, there
are also five within-group comparisons for groups
0, 1, 2, 3 and 4. The orthogonal comparisons within
entries were tested with appropriate mean squares in
the orthogonal partition of entries x environments to
obtain F values because most of the orthogonal com-
parisons in the interaction were significant. However,
the orthogonal comparisons within entries x rates
linear were tested by entries x rates linear x environ-
ments and entries x rates quadratic, by entries x rates
quadratic x environments to obtain F values because
there was only one significant second-order compari-
son in each case.

Inbred Line Tests Field Procedures

The inbred lines per se were evaluated for agro-
nomic performance in an experiment grown at one
location for 3 years. A split-plot design with five repli-
cations was used in which two population rates were
the main plots. Entries or inbred lines were random-
ized in the subplots within the main plots. In 1963,
there were 38 entries: 18 F 7 lines in group 3, 18 F7
lines in group 4, M14 and C103. In 1964 and 1965,
there were 63 entries: 3 F ¢ lines in group 0, 13 Fg
lines in group 1, 13 F g lines in group 2, 16 Fg
lines in group 3, 16 F g lines in group 4, M14 and
C103.

A subplot consisted of a single, unbordered row
200 inches long and 40 inches wide, with hills spaced
13.3 inches in the row. Thelower rate of 12,000 plants
per acre had one plant per hill, and the higher rate
of 24,000 plants per acre had two plants per hill. An
extra kernel was planted per hill and thinned where
necessary when the corn had reached a height of about
12 inches.

Data taken on a plot basis included number of
plants at harvest, total grain weight, dates when 50

percent of the plants had shed pollen and reached silk
emergence and number of barren stalks, in all three
years; grain mpoisture in 1963 and 1964; and plant
height, root and stalk lodging, and number of ears
in 1964 and 1965. The ears were shelled without dry-
ing in 1963 and 1964 and after drying in 1965.
Grain weights were converted to cwt per acre at 15.5-
percent moisture.

Inbred Line Tests Statistical Procedures

The analysis of variance will be presented only for
the grain yields. The analysis procedures were es-
sentially the same as already described for the test-
crosses except that lattice designs were not used. Groups
0, 1 and 2 were not in the 1963 test, and M 14xC103
was not an entry in any of the experiments. In the
combined analysis, for the F tests involving group
comparisons, the mean squares for entries x years and
entries x rates x years were used as the denominator
because of the low number of degrees of freedom for
several of the orthogonal comparisons in these first-
and second-order interactions.

Yield data of the 61 selections were analyzed by
groups for each population level. Selections in group
0 were included in both groups 1 and 2 for these
analyses. Estimates of variance components were cal-
culated for lines and lines x years interaction in each
analysis of variance.

Ear Shoot Development of Inbred Lines

In 1963, 36 F 7 lines in groups 3 and 4, M 14 and
C103 were planted in an unreplicated experiment with
single-row plots. The stand density was one plant per
hill spaced 13.3 inches apart, or 12,000 plants per
acre.

Extraction and measurement of ear shoots, orcobs,
was begun 3 weeks before the anticipated date of silk-
ing and repeated approximately every second day un-
til each line had 50 percent or more of the remaining
plants in the plot showing emerged silks. The length
measurements on this day were the last for that
particular line.

An observation was made by taking five bordered
plants from a plot, extracting the two top ear shoots
from each plant and averaging the cob lengths of
the five top cobs and the fivesecond cobs, respectively.
The extraction technique consisted of slitting both flat
sides of the culm with a knife from crown to apex,
stripping off the leaves to expose the prophylls and
removing the top two prophylls. The two prophylls
were opened by a longitudinal incision that exposed
the cobs for measurement. _

In 1964, all inbreds entered in the inbred yield
trials were entered also in this experiment for the
study of ear-shoot length development. The field de-
sign was a randomized block with three replications
and single-row plots. In an adjacent area, M 14xC103
was planted to provide a comparison of the inbreds
with their single-cross progenitor, without exposing
the inbreds to the superior competitive advantage of
a hybrid.

In 1964, three bordered plants per replication were
sampled at each observation. The final observation
of each line in both years was 10 plants, or as many
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as available up to 10 per replication, to make the
final value as precise as possible. Using the final date
of sampling for each line, 14 days earlier became day
1, 13 days earlier became day 2, etc., to provide a
coded calendar based on the lines' organogeny. The
data of lines of common selection method were bulked
to minimize erratic trends due to small sample size.

The 1963 season was excellent for corn production,
with generally adequate moisture supply. There was
a shortage of soil moisture for several days in late
June, but this was relieved 2 weeks before the first
observations. The 1964 season was excellent from the
date of planting until the termination of the experiment.

RESULTS

Tests of Composites

Average grain yields for each stand level at the
five locations in 1964 and 1965 (table 1) show the
production levels in the 10 environments (five loca-
tions in 2 years, 1964 and 1965). The highest aver-
age yields were obtained at the 16,000 population in
six environments, the 20,000 population in two en-

Table 1. Grain yields for five population densities at five locations in 1964

and 1965.
Yield, cwt per acre at
population density (x1000)
Location 12 16 20 24 28 Mean
1964
Sheldon. . ... ... 553 56.1 549 50.8 46.3 527
Newell. . .. ... .. 63.9 69.5 69.6 62.8 59.5 65.1
Hampton . . ... .. 59.0 64.9 62.6 59.4 48.6 58.9
BTEB: 15 0 o0 55 8 55.0 55.1 533 45.8 43.6 50.5
Ankeny ... ..... 516 53.0 51.8 40.5 37.8 46.9
1965
Sheldon . . ... ... 487 448 43.2 38.5 337 418
Newell. . .. ... .. 35.6 333 26.4 17.9 13.5 253
Hampton . . ... .. 548 55.4 54.1 54.1 49.7 53.6
TIEE: 5 5 s s 57.1 58.1 50.6 42.0 32.4 48.1
Ankeny .. ...... 65.6 737 75.4 63.5 57.0 67.1

Table 2. Agronomic data for four groups of selections and three checks
testers, five locations and two years.

vironments and the 12,000 population in two environ-
ments. In most environments, the yield decrease at the
24,000 and 28,000 population levels was sharp. The
highest and lowest yields were obtained at Ankeny and
Newell, respectively, in 1965. Drouth was responsible
for the low yields at Newell in 1965. Yield levels at
all locations, except Hampton in 1965, were affected
by the occurrence of a drouth stress at some period
during the growing season. Late planting at Hampton
in 1965, along with cold weather in September, caused
poor grain development. Rootlodging, which occurred
before grain development was complete, affected yields
at Ames in 1964 and Ankeny in 1965.

Since the group 0 composite (which included three
selections superior at both low- and high- population
levels) was not tested as a separate entry in 1964, the
data are presented in two sets; onefor 1964 and 1965,
with group O omitted, and the second for all entries
over locations in 1965. The five locations and 2 years
were considered as 10 random environments because
we had no particular interest in the separate effects of
locations and years or their interaction. Data from
individual environments will not be presented except
to explain certain interactions involving environments.

Yield, grain moisture and barren stalk data for
testcrosses of the four composites and three checks
summarized over two testers and 10 environments
are presented in table 2. Similar data for the four
composites and three checks with two testers are given
in table 3. The combined analysis of variance for
grain yields in 10 environments is shown in table 4.

Yield differences among population rates were high-
ly significant (table 4). The highest average yield was
at 16,000 plants per acre. The yield trends were not
consistent among environments (table 4) as is indi-
cated by the highly significant mean square for rates
X environments.

Crosses with tester 1 yielded more than crosses with
tester 2 (p<0.05, table 3), but tester 2 responded less
than tester 1 to different rates (p<0.01).

There were five composites of testcrosses based on
the selection method to develop the inbred lines: selec-
tion by testcross performance in low- and high-popu-
lation rates, designated as groups 1 and 2, respec-
tively, with group O representing three lines superior
at both rates; and selection by visual evaluation of

in testcross performance, data summarized for five population levels over two

Percentage barren

Percentage @

Yield, cwt per acre at Regression grain stalks at population

population levels (x1000) coefficients moisture levels (x1000)

Composite 12 16 20 24 28 Mean Ry Ry 24 28
GO} s mp s s sEnmum sps 55.8 586 559 493 427 52.4 -355 -1.63 26.2 19.6 218
GROUP'D w5236 5 00 0 i, 0 6 56.8  58.0 56.3 50.7 45.4 53.4 -3.00 -1.21 27.0 16.8 21.6
Groupd . o s sasm saisws wd s 548 545 54.0 46.4 40.7 50.1 -3.63 -1.28 26.2 17.8 249
GTOUD: =5 40l 0 @ v 4000 & 555 v 555 583 57.4 48.1 44.9 52.8 -3.15 -1.45 26.2 16.3 215
MY vz vmsmsaaki g aenag 529 556 527 490 450  51.0 -222 -1.02 25.8 14.8 17.4
Cl03 ;& s moms mommas i 5w i 51.0 504 46.2 406 335 443 —4.48 -1.02 28.4 28.0 33.4
MIKET03 . s win s emyainmims 543 559 53.8 462 405 50.1 -372 —1.44 27.1 18.0 239
MEAN 150 s 0w s 55 0 0 s i@ 8 54.4 55.9 537 47.2 41.8 50.6 -3.39 -1.30 267 18.8 235

A Mean for all population levels.
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Table 3. Agronomic data for four groups of selections and three checks in testcross performance, with two testers, data summarized for five population

levels over five locations and two years.

Percentage Percentage barren

Yield, cwt per acre at Regression grain stalks at population

population levels (x1000) coefficients moisture levels (x1000)
Composite 12 16 20 24 28  Mean R Rq 24 28
Tester 1, WF9x1205
Groupl ... ... . 57.6 596 588 51.2 436 542 -3.64 -1.85 259 20.1 21.6
Giop 2 cwvnvmswime A 59.4 59.5 573 523 463 55.0 -335 -1.08 26.5 16.5 21.8
GroupiBl o s ww w wom w s s s w 569 553 565 479 419 Sl.7 -3.73 -1.33 258 17.8 23.8
Group4 .. ............ ... 56.4 587 58.9 477 440 53.1 -3.56 —1.68 25.8 16.6 22.4
M4y crmymsaeeisiss anams 516 579 532 497 440 513 -2.34 -163 25.1 14.1 17.0
EHOB = v mes row msw cs siew w o0 5200 523 479 423 333 456 —-473 —1.42 27.8 28.2 35.6
M14xC103 . . .. .. ... ..., 56.00 552 547 457 372 498 —-471 -1.70 26.2 19.0 26.8
Meams o = wom s wn ww s ns s srww 557 570 553 480 4.5 5.5 =372 -1.53 26.2 18.9 24.1
Tester 2,1a4810
Group 1l .. ..o 539 5§75 53.0 474 417 507 —3.46 —1.41 26.5 19.0 22.0
GROUEZ: 5.0 0 055 B0 BB EBE 5 o 542 56.4 554 49.1 446 519 —2.66 134 27.5 17.0 21.4
Group:3 = v wvww www gy ws e 526 537 514 449 394 484 -3.53 -1.24 26.6 17.8 26.0
Groupd4 .. ... ... 547 57.8 558 485 457 525 274 -1.22 26.6 16.0 20.6
M4, 542 53.2 523 483 46.1 508 -2.11  -0.40 26.4 156 17.8
Cl0S yaumsnswmrmsminmsms wes 50.0 485 444 389 337 43.1 -4.23 -0.63 28.9 279 312
MATARCNOB, oo e s s im0 50w 5 525 56.5 529 468 438 50.5 -272 -1.18 28.0 17.0 21.0
MBGTT 5 oo g o vh B0 8 S5 @ E R F 3 53.2 548 522 463 421 497 -3.06 -1.06 272 18.6 22.9

“Mean for all population levels.

inbred lines in low- and high-population rates, groups
3 and 4, respectively.

Considering first the comparisons summarized over
both testers in table 2, groups 1 and 2 yielded more
than groups 3 and 4, group 4 yielded more than
group 3, and the mean performance of groups 1, 2,
3 and 4 was greater than the mean of the checks.
These differences were all highly significant (table 4).
The results of significance tests for nonorthogonal
comparisons of the testcross composites with the test-
cross of M14xC103 shown in table 5 are valid com-
parisons because selections in the composite testerosses
were developed from M 14xC103. Testcrosses of groups
1, 2 and 4 yielded more (p<0.01) than testcrosses of
M14xC103. Testcross yields of group 3, M14 and
M14xC103 were nearly equal, but C103 testcrosses
were considerably lower.

Small differences of performance for the entries
between the testers are worth comment (table 3). Where-
as groups 1 and 2 yielded more than groups 3 and 4
with tester WF9x1205, the difference of groups 1 and
2 with groups 3 and 4 was negligible with tester
[a4810. Group 2 had the highestyield with WF9x 1205,
but group 4 had the highest yield with [a4810. If
there has been effective selection in groups 1 and 2
for specific combining ability with WF9x1205, then
the results were as one should expect. The difference
between selections and checks was less in crosses with
1a4810 than with WF9x1205, and this resulted in the
significant interaction for 1, 2, 3, 4 vs. 5, 6, 7 x
testers. Nonorthogonal comparisons in table 5 show
yield ditferences of groups 1 and 2 with M14xC103
(p<0.01) when the tester was WF9xI[205, but no dif-
ferences in comparisons with M14xC103 when the
tester was 1a4810.

The only entry comparison that interacted with
environments was 5 vs. 6 because, at the higher pop-
ulations, there was a much greater decrease in yield
for C103 testcrosses than for M 14 testcrosses. Mean
yields for locations ranged from a low of 25.3 cwt
per acre at Newell in 1965 to a high of 67.1 cwt per
acre at Ankeny in 1965, but this large difference in
environments had little effect on the relative perform-
ances of the groups. A significant mean square for
5 vs. 6 x environments was caused by a higher
yield for C103 testcrosses than for M14 testcrosses
at only one environment, Ankeny in 1965. There
was much less root lodging for C'103 testcrosses than
for M14 testcrosses at this site, and the lodging
occurred early enough in the season to affect grain
development.

The interaction of most interest in the study was
entries x rates because of methods used to select the
lines from M14xC103. This interaction was highly
significant only because of the comparison of M14
vs. C103 x rates linear. C103 and M14 testcrosses
had nearly equal yields at rate 12,000, but from rate
12,000 to rate 28,000, the decrease was 17.5 cwt for
C103 and 7.9 cwt for M14. The differences between
C103 and M14 crosses were not consistent among the
10 environments as was indicated by the highly signif-
icant mean square for 5 vs. 6 xrates linear x environ-
ments.

Yield differences between the high- and low-popula-
tion selections were greater at the higher stands than
at the lower stands. The differences in yield for the
high- and low-selection groups were as one would ex-
pect on the basis of procedures used in developing the
selections. Ditferences were not great enough to be
statistically significant. In spite of the wide range of
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Table 4. Analysis of variance for grain yields of composite testcrosses and
checks at five population densities, in five locations for 1964 and
1965, combined.

Source D.F. Mean squares
Environments (En) 9 20,925.84**
Replications in

Environments 10 215.62
Rates (R) 4 9,903.48 **

Linear (R 1 1 32,275.59%*

Quadratic (R ql 1 6,547 .55**

Remainder 2 395.40

Rates x Environments 36 330.54**
Error (b) 40 130.30
Testers (T) 1 1,121.08*
Testers x Rates 4 146.84**
Testers x Environments 9 158.88**
Testers x Rates x

Environments 36 34.10
Entries (E) 6 1,879.96 **

1,2,3,4vs.5,6,7 1 4,668.90**

1,2vs. 3,4 1 447 75**

1vs. 2 1 100.40

3vs. 4 1 761.48**

56vs.7 1 800.82**

5vs. 6 1 4,500.40**

Entries x Testers 6 140.35

1,234 vs. 5,67 xT 1 309.24*

1,2vs. 3,4xT 1 83.27

Tvs.2xT 1 586

3vs.4xT 1 177.02

56 vs.7xT 1 162.14

S5vs.6xT 1 104.55

Entries x Rates 24 74.07 **

Entries x Rates (linear) 6 19539+
1,2,3,4vs.5,6,7 xR| 1 13.59
1,2vs.3,4xR| 1 5.32
1vs.2xR) 1 58.05
3vs.4xR| 1 45.41
56vs.7xR| 1 34.32
S5vs.6xR | 1 1,015.62*

Entries x Rates (quadratic) 6 29.84

Entries x Rates (remainder) 12 35.53

Entries x Environments 54 86.99 **

1,2,3,4vs. 56,7 x En 9 58.71

1,2vs. 3,4x En 9 27.37

1vs.2xEn 9 19.96

3vs.4xEn 9 33.47

5,6 vs.7 xEn 9 61.56

5vs.6xEn 9 320.88**

Entries x Rates x
Environments 216 38.60

ExR|xEn 54 42.87

ExRgxEn 54 30.18

ExRx En (remainder) 108 40.67

Entries x Testers x Rates 24 35.79
Entries x Testers x

Environments 54 70.78**
Entries x Testers x Rates

x Environments 216 28.95
Error (¢) 650 32.51

*Significant at the 5% level.
**Significant at the 1% level.
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Table 5. Results of significance tests for nonorthogonal comparisons of groups
of testcrosses with testcrosses of M14xC103.

. Ten environments, 1964-65
Group 1 Group2 Group3 Group4
M14xC103-T1and To L " N.S. b
M14xC103 - T e b N.S. ¥
M14xC103 -Tp N.S. M.S N.S. N.S.

Five environments, 1965

Group0  Group 1 Group2 Group3  Group 4
M14xC103 -T} and T2 ** N.S. il N.S. *
M14xC103 - T *x X b * o
M14xC103 -T o A N.S. N.S. N N.S.

*Significant at the 5% level.
**Significant at the 1% level.
N.S. Not significant.

yields among the 10 environments, the interaction of
entries x rates linear x environments was not signifi-
cant.

The second sets of data presented in tables 6 and 7
give the performance for group 0 along with the other
entries. Group O included the testcrosses of the three
selections selected on the basis oftestcross performance
at both high- and low-stand levels. The combined
analysis of variance for grain yields in five environ-
ments is shown in table 8. As an average of perform-
ance with both testers, group 0 has yielded more
(p<0.01) than the average for the other groups. The
selections in group O were in groups 1 and 2, so it
is obvious that these latter groups would have yielded
less if the three selections had not been included. Group
0 has yielded more (p<0.01) than the testcrosses of
M14xC103 (table 5) and was the only composite to
yield more than M 14xC103 with tester 1a4810; group
3 actually yielded less than M14xC103 with tester
[a4810. Testcrosses of the selections in group 0 had
higher mean yields than the other groups because of
higher yields at all rates, particularly at 16,000 and
20,000 population levels. Ditferences in linear trends
among the groups and checks were not significant.

The percentage of barren stalks was similar for all
entries except the testcrosses of C103, which were con-
siderably higher. Testcrosses in group 3 appeared the
most susceptible to barrenness, and testcrosses of M 14
had the least barrenness. Yields of C103 testcrosses
at high-stand levels were limited because of the high
number of barren stalks in most of the environments.

It grain moisture content is used as a criterion of
maturity, the selections as groups were later than M 14
but earlier than C103 (table 6). The selectionsin group
0 were lower in grain moisture than M14. The grain
moisture of the groups was less than the grain moisture
of the testcrosses of M 14xC103; thus, there was some
selection toward the earlier parent, M14.

Tests of Individual Testcrosses

Crosses of M14, C103, M14xC103 and 61 selec-
tions with WF9xI205 were evaluated in three popula-
tion levels at three locations in 1964 and 1965. The
61 selections were divided into five groups based on
breeding procedures for development as described earl-



Table 6. Agronomic data for five groups of selections and three checks in testcross performance, data summarized for five population levels over

two testers and five locations in 1965.

. Percentage @ Percentage barren
Yield, cwt per acre at Regression grain stalks at population
population levels (x1000) coefficients moisture levels (x1000)

Composite 12 16 20 24 28  Mean R Rq 24 28
Group 0 . .. .............. 554 60.4 558 48.0 43.0 525 -373 -1.65 28.2 25.7 32.5
Gipup: 1 sspevmsnsnisons gy 53.7 546 515 425 376 48.0 —4.43 —-1.24 28.8 322 34.4
Group 2 sacmswemsmeFe e 54.0 56.1 52.0 459 403 497 374 —1.23 29.8 257 36.6
Group3 ... ... ... 52.4 50.5 48.9 427 356 46.0 —4.15 -1.08 28.8 27.4 39.8
GIUp 4 onasrrespnsnsins 520 533 526 436 397 482 -3.45 -1.33 29.0 25.2 353
MI4: s ossessssssssvms 520 510 493 428 372 46.5 -3.77 -1.00 28.4 247 30.8
Lol 1 T T 47.4 46.0 40.2 38.2 28.5 40.1 —4.55 -0.92 31.2 43.2 52.5
MIBRCNO0., ... .. er s o s 8 520 527 493 421 36.2 465 —423 -1.20 303 29.4 37.4
MEEN s sarss sl smansy 524 53.1 499 432 373 472 —4.01 -1.20 29.4 29.2 37.4

9Mean for all population levels.

Table 7. Agronomic data for five groups of selections and three checks in testcross performance with two testers, data summarized for five population

levels over five locations in 1965.

Yield, cwt per acre at

Percentage barren
stalks at population

Percentage @
Regression grain

population levels (x1000) coefficients moisture levels (x1000)
Composite 12 16 20 24 28  Mean R | Rq 24 28
Tester 1, WF9x 1 205
Group0 . .. ... 56.6 60.2 562 448 437 523 =412 =1.20 27.9 30.4 33.1
GROUBT s qm 0 e By 6 e s 4 56.0 556 533 44.1 38.8 496 —4.60 -1.18 28.5 33.2 349
GIOUP2 o snm s s% ils 8 us & T 56.0 573 539 476 413 51.2 -3.88 -1.31 29.4 23.4 36.7
Croupd . o svussvimeecusws 547 516 529 439 372 48.0 —4.28 -1.25 28.4 27.6 37.8
Groupd4 . . ............... 525 527 535 435 383 48.1 =375 =153 28.7 24.9 36.1
MG s 009 208 8820095 Y5 I8 51.4 54.1 51.4 452 372 479 —372 -178 27.9 212 283
CT03! s s 5 w55 550 wwe w 46.1 458 395 376 259 39.0 -4.86 -1.31 313 44.3 55.5
MUBCTIOB . . . vocvv v sca wus 534 518 477 402 327 452 =532 =1 29.4 31.4 40.3
Mean o s wvensom g ey s e 53.3 536 51.1 434 369 477 432 133 28.9 29.6 37.8
Tester 2, 1 04810
Grovpl crevmreicIEIEYE b 542 606 553 51.2 422 527 -334 -2.10 28.5 21.0 31.9
Crogpl covrivivwsiwiwimswsy 513 537 49.6 408 36.4 464 —4.26 -1.31 29.1 3.4 34.0
Group2 ..ot 52.0 549 500 442 394 48.1 -3.60 -1.15 30.1 28.0 36.5
GIBURS - v i matissmivmans 50.1 49.5 449 415 340 44.0 —4.02 -0.91 293 271 41.8
GEOUBA o 5 55 65 & 5 s 5 8 & 5053 8 51.6 53.9 517 43.6 41.0 484 -3.15 -1.13 293 255 34.5
MVE ¢ o 55 vm i 5 0 ar e mm www s 526 47.9 472 40.5 37.2 45.1 -3.82 -0.22 28.8 28.2 33.3
Cl03 ... 487 46.2 409 389 31.1 412 —424 053 32.1 42.0 495
MIBCIO3 % saxesimsmrmen 50.7 536 50.8 440 398 478 -3.14 -1.29 31.2 27.4 3446
Mean . . ................. 51.4 525 488 43.1 376 467 -3.70 -1.08 29.8 28.8 37.0

®Mean tor all population levels.

ier. For purposes of analysis, the three locations in
1964 and 1965 were considered as six random en-
vironments. Data and analyses of variance for individ-
ual experiments will not be presented, except as re-
quired to explain certain environmental effects.
The mean yields over all 64 entries ateach popula-
tion level for the six environments are summarized in
table 9. The highest average yield in all environments
was at 18,000 plants per acre; the yield at the 24,000
population level exceeded the yield at the 12,000 pop-
ulation level at only one environment, Hampton in
1964. Even the environment with the highest mean

yield, Ankeny in 1965, had a higher yield at rate
12,000 than at rate 24,000. Fertility may have been
a limiting factor for yield atthehighestrate at Ankeny
in 1965, but the plants showed no evidence of nutri-
ent deficiencies. It is more likely that water stress and
early root lodging were the most important factors
limiting yields in rate 24,000 at Ankeny in 1965.

A statistical comparison of population rates was
not complete in the combined analysis because the
replication within environments effect was not avail-
able. Differences among rates over all environments
were highly significant. The environment x rates inter-
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Table 8. Analysis of variance for grain yields of composite testcrosses and
checks at five population densities, in five locations, 1965.

Source D.F. Mean squares
Locations (L) 4 37,754.11%*
Replications in Locations 5 160.92
Rates (R) 4 7,333.08**
Linear (R)) 1 25,695.29+%*
Quadratic 1Rq) 1 3,262.91**
Remainder 2 187.06
Rates x Locations 4 611.44*
Error (b) 20 22970
Testers (T) 1 182.12
Testers x Rates 4 61.15
Testers x Locations 4 53.97
Testers x Rates x Locations 16 41.20
Entries (E) 7 1:275.19**
0,1,2,3,4vs.5,6,7 1 3,858.89**
Ovs. 1,234 1 1,644.75%*
1,2vs. 3,4 1 282.74
1vs.2 1 142.30
3vs. 4 1 24731
56vs.7 1 686.30*
5vs. 6 1 2,064.03**
Entries x Testers 7 174.70*
0,1,23,4vs.567xT 1 324.16*
Ovs. 1,234xT 1 165.95
1,2vs.3,4xT 1 40.01
Tvs.2xT 1 0.12
3vs.4xT 1 236.31
56vs.7xT 1 143.57
S5vs.6xT 1 31275
Entries x Rates 28 3474
Entries x Rates (linear) 7 30.09
0,1,23,4vs.567 xR 1 28.86
Ovs. 1,234xR 1 7.52
1,2vs. 3,4xR 1 17.40
Tvs.2xR 1 46.17
3vs.4xR| 1 49.49
56 vs. 7 x Ry 1 0.52
Svs.6xR 1 60.68
Entries x Rates (quadratic) 7 14.38
Entries x Rates (remainder) 14 47 24
Entries x Locations 28 118.55**
0,1,234vs.56,7 xL 4 65.50
Ovs.1,23,4xL 4 50.20
1,2vs.3,4x1L 4 25.20
Tvs.2xL 4 13.51
3vs.4xL 4 14.86
56vs.7xL 4 38.10
S5vs.6xL 4 622.49**
Entries x Rates x Locations 112 41.66
ExRixL 28 53.22
ExRaxl 28 28.36
ExRxL (remainder) 56 42.53
Entries x Testers x Rates 28 60.66
Entries x Testers x Locations 28 26.76
Entries x Testers x Rates x
Locations 112 29.07
Error (c) 375 35.75

*Significant at the 5% level.
**Significant at the 1% level.
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Table 9. Estimated components of variance for lines and error, grain yields
averaged for testcrosses of M14, C103, M14xC103 and 61 selections
at three locations in 1964 and 1965.

x

Population density (x1000)

Location 12 18 24 Mean

1964 kg
Hampton 9 11.10 49.36 25.39
52 1786 2166  41.52
Yield,. cwt/acre 6060 6580  61.10  62.50
Ares &2 8.48  23.95  24.60
&5 1456  20.87  28.95
Yield, cwt/acre 6220  66.10  60.10  62.80
Ankeny {,f 560 11,56  34.64
&2 32.86 37.54 38.58
Yield, cwt/acre 5450 5550  47.40  52.40
1965 i
Hampton e 1776 2025 3276
&2 18.82 26,01  24.44
Yield,, cwt/acre 58.40 6120 5840  59.30
Ames g2 1560 3500  57.30
52 2227 2553  36.81
Yield, cw/acre 5880  60.00  47.00  55.20
Ankeny o’f 9.04 30.21 26.52
&3 18.26 2955  82.82
Yield, cwt/acre 68.00 73.40 63.20  68.20
Mean Yield, cwt/acre 60.40 63.70 56.20

action could not be tested, but the data in table 9
suggest that this interaction would be significant.

Estimated components of variance for lines and
error for the rates, of evaluation at each of the en-
vironments are presented in table 9. The component
of variance for lines was much smaller at the 12,000
population level than either the 18,000 or 24,000
population level in all environments. Also, the error
variance was reduced at rate 12,000, but not enough
to compensate for the reduced variance among lines.
The error variance increased with population levels,
and in two instances, Hampton in 1964 and Ankeny
in 1965, the increase was considerable from rate
18,000 to rate 24,000. Comparing rates 18,000 and
24,000, the estimated variance component for lines
was less in rate 24,000 in two cases and greater in
three cases. Heritability values would be highest at rate
18,000 in three environments and at rate 24,000 in
the remaining three environments.

Agronomic data for WF9xI1205 testcrosses of the
61 selections, M 14, C103 and M 14xC 103, summarized
over six environments, are presented in table 10. The
combined analysis of variance for grain yields, and
appropriate orthogonal comparisons in entries and in-
teractions with rates and environments, are shown in
table 11.

Yield differences among entries (64 testcrosses) were
highly significant, and all except four of the mean
squares for orthogonal comparisons were significant,
or highly significant. Mean testcrossyield performance
of the selections was greater than for the checks
(p 0.01), and group O mean was greater than the
mean of the other four groups (p<0.05). Groups 1
and 2, selected on the basis of testcross performance
with WF9xI1205, yielded significantly more than
groups 3 and 4, selected on the basis of inbred pheno-



Table 10. Agronomic performance in testcrosses of 61 individual selections and three checks at three population densities, combined over three locations

and two years.

Yield, cwt per acre at

Regression

-
Percentage @

Percentage “

Percentage

b

population density (x1000) coefficients grain lodging barren
moisture
Selection number 12 18 24 Mean Ry Rq Root Stalk
OF sivsmiws s 62.4 676 622 64.0 —0.10 —1.77 23.9 14.6 9.7 127
02 ......... 600 669  61.0 62.6 +0.50 —2.13 22.4 16.4 13.9 47
03 ......... 629 653 607 63.0 ~1.10 —1.17 25.4 13.0 8.3 55
Group O Mean . ... ... 618 666 613 63.2 025 —1.68 23.9 147 10.6 7.6
04 ..., 620 645  57.8 61.4 ~2.10 153 27.3 96 210 5.4
05. ... .. 625 651 580 619 —225 -1.62 247 49 159 8.5
06 ..t 62.8 650 563 61.4 -3.25 -182 232 108 10.1 9.4
C7 oo 59.9 649 596 615 ~0.15 172 223 8.5 12.1 6.1
08 .. ....... 589 595  47.2 55.2 -585 -2.15 25.6 3.8 7.2 18.5
09 .. ....... 57.8  64.0 486 56.8 ~4.60 -3.60 23.6 8.2 7.6 12.9
10 .. 609 660  61.4 62.8 +025 —1.62 26.4 13.2 107 6.0
| I 615 682 593 63.0 ~1.10  -2.60 23.9 67 16.2 37
12, ... 593  63.2 569 59.8 =120 =70 26.0 79 V77 10.1
3. ... 608 654 552 60.4 -2.80 -2.47 24.4 20.4 13.3 8.2
4 ... ... 633 639 541 60.4 —4.60 173 24.5 10.7 10.6 7.0
15 65.4 698 606 653 240 227 24.6 9.4 115 4.5
6. o 625 627  53.8 59.7 ~4,35 =152 23.4 6.2 56 11.8
Group 1 Mean . ... ... 61.4 648  56.1 60.7 265 202 24.6 9.3 12:3 8.6
7 579 616 519 57.1 -300 -2723 25.1 1.2 8.9 1.4
18 .. ... ... 64.0  68.1 642 65.4 +0.10 -1.33 25.3 6.4 17.3 4.8
19 637 651 586 625 -255 -1.32 23.8 8.5 136 63
20 ... 567 560 556 56.1 ~0.55 +0.05 25.2 11.0 6.9 6.7
21 o 588  63.8 586/ 60.4 —-0.10 -1.70 25.0 3.5 11.4 8.3
22 ... 571 652  57.2 59.8 +0.05 2.68 23.9 17.8 16.7 57
23 ... 64.6 705 576 64.2 =350 =3.18 23.4 16.8 10.3 7.6
- 639 667 598 63.5 <205 162 28.4 18.4 8.7 7
25 ... 61.5 64.4 56.4 60.8 -2.55 -1.82 24.5 8.6 9.0 8.6
26 ... 597 625 505 57.5 460 —2.47 25.8 1.4 17.7 8.6
) S 608 637 572 60.6 ~1.80 -1.57 25.4 12.9 213 10.9
28 ... 60.1 642 539 59.4 ~3.10 -2.40 25.5 18.2 6.1 13
29 L. 598  66.7 599 62.1 +0.05 -2.28 22.8 1.5 10.9 11.0
Group 2 Mean . .. .... 607 645  57.0 607 ~1.85 —1.89 24.9 12.0 122 8.4
30 ... ... 612 694 594 633 ~0.90 -3.03 25.5 8.7 20.0 10.2
31 . 584  63.6 575 59.8 —0.45 -1.88 216 7.6 157 6.2
32 i 538 539  45.] 50.9 435 —1.48 21.8 26 17.7 143
33 oiwens s 579 623 566 58.9 065 —1.68 23.9 14.2 222 72
7 SR 583 553 503 54.6 ~4.00 -033 24.6 8.0 11.2 15.9
- R, 55.0 47.7 35.8 46.1 ~9:60 —0.77 248 2.5 8.0 227
36 ... 578 624 582 59.4 +0.20 —1.47 24.3 6.1 8.8 6.4
< 7 S, 542 55.0 54.1 54.5 -0.05 -0.28 22:2 57 4.7 9.1
38 ... ... 612 624 552 59.6 ~3.00 -1.40 26.9 9.5 13.8 9.5
39 ... 60.4 615 57.1 59.7 —1.65 -0.92 226 3.9 8.1 7.5
40 ... ... 657  67.0  59.0 63.9 -3.35 155 97.5 19.5 30.2 75
41 .. 55.8 56.5 46.7 53.0 =455 =L75 253 9.4 57 15.8
42 ... 61.1 606  52.4 58.0 435 —1.28 24.1 7.2 15.5 12.5
43 ... 628 739  66.0 67.6 +1.60 -3.17 23.6 11.4 15.7 3.9
A4 .. 654 692 614 653 -2.00 -1.93 23.3 17.2 11.0 6.8
45 ... 62.7 68.2 59.8 63.5 =] 45 =2.32 24.2 10.5 8.8 6.6
Group 3 Mean . ... ... 595  61.8 547 58.6 —2.40 157 24.1 9.0 13.6 10.1
46 ... 59.0  62.8  54.1 587 —2.45 -2.08 21.8 12.1 23.4 103
AP yverprman 547 569  46.8 52.8 -3.95 -2.05 23.2 8.0 16.7 16.4
48 ... ... .. 595 617  56.5 592 -1.50 -123 20.9 6.2 16.3 7.4
49 ... 638 693 617 64.9 ~1.05 -2.18 24.5 5.3 21.8 75
50 ... 63.4 629 547 60.3 435 128 27.8 15.6 16.6 1.3
51 ... 56.9 617  49.1 55.9 -390 -2.90 25.2 53 18.0 12.1
7 S 60.1 640 525 58.9 -3.80 -257 226 8.3 15.4 10.5
58 ..., 619 637 573 61.0 =730 =137 25.0 10.9 10.2 6.8
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Table 10. (Continued)

Yield, cwt per acre at Regression Pert:entc:geu Percentageu Percenfogeb
population density (x1000) coefficients grain lodging barren
moisture stalks
Selection number 12 18 24 Mean Ry R q Root Stalk
94 ; cxanswus 56.6 61.0 59.9 59.1 +1.65 -0.92 21.1 10.8 16.0 4.0
35 ¢ i @ wrm s 57.8 62.7 56.6 59.0 —-0.60 -1.83 23.3 6.6 5.8 55
86 .o 61.8 65.8 57.6 61.8 -2.10 -2.03 26.8 8.3 13.4 6.8
57 s mensi b an 61.6 62.4 57.9 60.6 -1.85 -0.88 24.3 5.4 15.8 5.
88 icainseaws 64.4 717 69.9 68.6 +275 -1.52 25.1 9.1 15.6 3.2
89 sas a6 o we 62.1 70.4 60.6 64.4 -075 -3.02 25.3 97 212 3.8
60 i ia imymss 66.0 70.2 57.8 64.6 —4.10 =277 24.1 3.2 97 99
61 . s swsnsa 63.2 61.7 56.4 60.4 -3.40 -0.63 226 6.9 5.1 11.8
Group 4 Mean . . .. ... 60.8 64.3 56.8 60.6 -2.00 -1.83 23.9 8.2 15.0 83
All Selections
Mean . ...... 60.6 63.9 56.4 60.3 -2.10 —1.80 243 9.8 13:2 8.8
MI4 ... ... 56.1 55.6 56.1 55.9 0.00 +0.17 23.4 19.3 8.8 4.5
(o411 )< R 55.0 58.1 50.2 54.4 —-2.40 -1.83 25.9 4.5 8.3 14.6
M14xC103 . ... 59.7 62.2 522 58.0 -3.75 -2.08 24.2 8.4 14.3 7.8
Checks Mean . . ... ... 56.9 58.6 52.8 56.1 -2.05 -1.25 245 10.7 10.5 9.0
Grand Mean . ... .. .. 60.4 63.7 56.2 60.1 -2.100 -1.80 24.4 9.8 11.6 8.8

“Data for 18,000 plants per acre.
Data for 24,000 plants per acre.

typic appearance. Groups 1, 2 and 4 had equal mean
yields over all environments and population levels;
group 3, which was selected at a low stand level,
yielded significantly less than group 4.

In nonorthogonal comparisons of each group with
the testcross of M14xC103, only the comparisons for
groups 0 and 1 were significant. Groups 2 and 4
had yields similar to the yield of group 1, but were
not significantly ditferent from M14xC103 because of
greater interactions with environments. Chance devia-
tions can be an important factor in these comparisons
where the degrees of freedom are so small, and cau-
tion must be used in interpreting the results.

Testcrosses of selections in group 0 were all uni-
formly high yielding as an average over all rates and
environments (table 10), with no significant variation
among them. Highly significant differences were evi-
dent among the selections within groups 1, 2, 3 and
4; less in groups 1 and 2 than in groups 3 and 4
(table 11). Lower variances were expected in groups
1 and 2 because they were selected through three gen-
erations for high yield in crosses with WF9xI1205.
Group 3 had the highest variance because it had
several low- and high-yielding genotypes. Group 4
had only one low-yielding genotype, and selection 58,
highest of all entries. Selection 58 was selected on the
basis of phenotypic appearance in high-stand level
nurseries. Evidently, the phenotypic selection under
high-stand levels, as for group 4, has been more
effective in eliminating genotypes with low combining
ability than was the case where stand levels were low,
as for group 3. If an L.S.D. of 3.86 for P=0.05 and
based on the genotype x environment interaction is
used for making comparisons, the number of selection
testcrosses that exceeded the testcross of M14xC103
in each group was: group 0, three; group 1, four;
group 2, five; group 3, five; and group 4, four. Since
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the three selections of group 0 actually belong to
groups 1 and 2, there were more superior testcrosses
in groups 1 and 2 than in groups 3 and 4. This was
expected if selection for nonadditive gene action, or
specific combining ability, had been effective.

The entries x environments interaction was highly
significant, and all except three of the orthogonal com-
parisons were significant or highly significant. Test-
crosses of selections in group 0 did not have a sig-
nificant genotypes x environments interaction, whereas
for groups 1, 2, 3 and 4, highly significant interactions
were obtained. This result could be a sampling phe-
nomenon because there are only three selections in
group O, but it may also mean that more extensive
testing has resulted in genotypes more stable in their
performance under varying environmental conditions.
Selections in group 0 survived testing at high and low
stand levels, but selections in groups 1 and 2 were
selected on the basis of performance at only one stand
level.

The linear trend for group 0 was different from the
average of the other four groups (p<0.05). Group 0
had similar yields at rates 12,000 and 24,000, where-
as the decrease of yield from rate 12,000 to rate
24,000 was 4.4 cwt as an average for groups 1, 2,
3 and 4. Differences among yield trends for groups
1, 2, 3 and 4 were not statistically significant, but the
groups developed at the higher plant populations had
relatively better yields in denser stands. All groups of
selections suffered less than the testcross of M14xC103
in the dense stands.

The individual testcrosses in all groups, except 0,
had varied yield trends over population rates. Linear
regression coefficients in group 2 ranged from +0.10
to -4.60, although the variation was not significant.
Group 3 testcrosses had the greatest range, +1.60 for
selection 43 to -9.60 for selection 35. These were the



Table 11. Analysis of variance for grain yields of testcrosses of 61 selec-
tions and three checks for data combined over six environments,
1964 and 1965.

Source D.F. Mean squares
Rates (R) 2 10,766.49**
Linear (Ry) 1 6,859 71*
Quadratic (R q 1 14,673.27**
Environments x Rates 10 862.74
Entries (E) 63 573.42%%
0,1,23,4vs. 56,7 1 1.771.56**
Ovs. 1,23,4 1 976.88*
1,2vs. 3,4 1 611.60**
1vs. 2 1 0.00
3vs. 4 1 1,145 21*
Among 0 2 10.05
Among 1 12 242 .57**
Among 2 12 281.86%*
Among 3 15 1,.160.93%*
Among 4 15 509.03**
56 va. 7 1 196.46
5vs.6 1 40.50
Entries x Rates 126 27
Entries x Rates (linear) 63 102.03%*
0,1,23,4vs.56,7 xR 1 0.33
Ovs. 1,2,3,4xR 1 269.30*
1.2vs.3,4xR 1 0.47
i vs.ZXRI 1 109.84
3vs. 4xR, 1 35.54
Among 0 xR 2 16.28
Among 1 xR 12 82.08*
Among 2x R 12 60.19
Among 3 x R| 15 171 51%%
Among 4 x R 15 102.20%+
56 vs. 7 xRy 1 100.83
5vs.6xR| 1 66.74
Entries x Rates (quadratic) 63 40.51
Entries x
Environments (En) 315 69.33%*
0,1,2,3,4vs. 56,7 x En 5 46.38
Ovs. 1,2,34xEn 3 134.70**
1,2 vs.3,4x En <) 21:23
1vs.2xEn 5 147.02**
3vs.4xEn 5 89.24*
Among 0 x En 10 43.93
Among 1 x En 60 61.18%*
Among 2 x En 60 76.39%*
Among 3 x En 75 73.0.2¢%
Among 4 x En 75 55.69**
56 vs.7 xEn 5 109.67**
5vs.6xEn ) 148.55**
Entries x Rates
x Environments 630 38.71%*
ExR|xEn 315 46.90%*
Ex R, xEn 315 30.52
Pooled error 882 29.79

*Significant at the 5% level.

**Significant at the 1% level.
highest and lowest yielding testcrosses, respectively,
in group 3. Testcrosses in group 4 had linear regres-
sion coefficients ranging from +2.75 for selection
58, the highest yielding line, to -4.35 for selection 50.
Generally, the highest yielding lines had linear regres-
sion values that were positive, or nearzeroif negative.
As a contrast, testcrosses with the greatest negative
linear regression values had the lowest mean yields.
The entries x rates quadratic interaction was not
significant, and none of the orthogonal comparisons
was significant. All testcrosses except number 20 had
mean yields at the 18,000 population level greater

than the average for the 12,000 and 24,000 popula-
tion levels. All except five of the 61 testcrosses had a
higher yield at rate 18,000 than at either rate 12,000
or rate 24,000

Some general comparisons can be made for yield
performance between the composite and individual
cross tests. Group O was the highest yielding group
in both series of experiments. Considering only the
WEF9x1205 composites, groups 1, 2 and 4 had similar
yields, and group 3 was the lowest yielding group in
both cases. Selections were superior to M14x(C103
in the two sets. The testcross of C103 yielded better
relative to M14 in the individual cross experiments
than in the composite experiments. Yield patterns of
the groups across population levels were similar in
both sets of environments. Group comparisons were
less consistent over environments in the individual
cross experiments than in the composite experiments.
This may be a reflection of greater stability of yield
performance where testcrosses are evaluated as com-
posites than where evaluated as individual entries.

Data obtained for other agronomic characters were
not analyzed statistically. Differences among the groups
for grain moisture were small, and all groups exceeded
M14. Considerable variation existed among the indi-
vidual testcrosses, some being as early as the testcross
of M 14 and a few others being later than the testcross
of C103. Some of the highest yielding testcrosses, for
example 58, 43, 18, 15 and 44, did not have as much
grain moisture as the testcross of C103.

Differences among the groups for root and stalk
lodging were relatively small and did notditfer greatly
from (WF9x1205)(M14xC103). Variation among the
testcrosses was large, but only a few crosses were
equal to (WF9x1205)xC103. There appears no rela-
tionship between the breeding method to develop the
lines and the lodging resistance; rather, the selections
appear random samples for root and stalk strength.
However, some of the higher yielding testcrosses were
nearly equal to the C103 testcross for lodging resist-
ance.

The groups did not have large differences for per-
centage of barren stalks. In both tests, group 3 had
the greatest amount of barrenness. There were large
differences among individual crosses, ranging from
3.2 percent for selection 58 to 22.7 percent for selec-
tion 35. Testcrosses that had a positive linear regres-
sion coefficient had few barren stalks. Most of the test-
crosses were less barren than the C103 testcross, but
only a few testcrosses were less barren than the M14
testcross.

Tests of Inbred Lines

The replicated test of inbred lines grown in 1963
contained only the visually selected lines and M14
and C103. Since this was a preliminary experiment,
agronomic data of the individual entries will not be
presented, but the analysis of variance for grainyields
is given in table 12.

There was some drouth stress in late June and
early July, but sufficient moisture became available
before the plants entered the critical stage of develop-
ment before and during silk emergence. Grain yields
at 12,000 and 24,000 plants per acre, were 32.1 and
43.9 cwt per acre, respectively, and the ditference
was highly significant.
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Table 12. Analysis of variance for inbred grain yield of 36 selections, M14
and C103 in 1963.

Source D.F. Mean squares

Replications 4 207.65

Rates (R) 1 13,248.81**

Rates x Replications 4 38.02

Entries 37 467 .52**
Group 3 vs. group 4 1 572.54%*
3 + 4 vs. checks 1 1,347 .70%*
Among group 3 17 186.62**
Among group 4 17 569,13**
M14vs. C103 1 2,530.35**

Entries x Rates 37 81.07**
3vs.4xR 1 480.23**
3+ 4 vs. checks x R 1 193.45%*
Among 3 xR 17 52.371%*
Among 4x R 17 81.99%*
M14vs. C103 x R 1 42.52

Errorb 296 20.53

Total 379

*Significant at the 5% level.
**Significant at the 1% level.

The variance for inbred grain yield was highly
significant. The comparison of selections versus checks
was highly significant, but only because of a low
yield for inbred C103. Group 4 yielded more than
group 3 and both groups yielded less than M 14. One
selection in group 4 yielded 60.2 cwt per acre at rate
24,000, an outstanding production for a highly inbred
strain of corn.

The selections yielded 38.2 percent more at rate
24,000 than at rate 12,000, whereas the checks had
an increase of only 22.2 percent (p<0.01). The yield
increase from rate 12,000 to rate 24,000 was greater
for group 4 than group 3 (p 0.01). All inbred lines
yielded more at rate 24,000 than at rate 12,000, but
the increase varied among the lines.

Other agronomic data obtained were not analyzed
statistically; however, some comparisons of mean
values are useful. Several of the lines were as early
or earlier than M 14 in date of silking, and none was
as late as C103. The delay in silk emergence after
pollen shedding was similar to M14 (0.3 days) in
many selections and none of the selections was delayed
as long as C103 (4.7 days). With the exception of
five selections, the amount of barrenness was negli-
gible; inbreds M 14 and C103 at rate 24,000 had 1.4
and 26.2 percent barren plants, respectively. There
was no association between the delay insilk emergence
and amount of barrenness in this experiment because
there was pollen available in the field even though the
pollen of a particular selection was gone before all
silks had emerged.

All inbred selections that were included in combin-
ing ability studies were evaluated as inbred lines in
replicated experiments in 1964 and 1965. Environ-
mental conditions were favorable for plant growth
and grain development in 1964. Drouth conditions in
July and August of 1965 restricted plant growth and
grain development; wilting was evident in some lines
on several days during the critical stage before and
during silk emergence. Means for the agronomic
characters studied are presented in table 13, and the
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combined analysis of variance for grain yields in the
two years is in table 14. ’

The grain yield over all entries for the two years
was 22.1 cwt per acre for 12,000 plants per acre and
28.2 cwt per acre for 24,000 plants per acre. The dif-
ference is not significant if the rate x year interaction
is used to calculate the F value, because there is only
one degree of freedom in each of the numerator and
denominator. Mean yields at rates 12,000 and 24,000
in 1964 were 24.4 and 32.5 cwt per acre, respectively,
and in 1965, 20.1 and 23.1 cwt per acre, respectively.
The grain yields were higher at rate 24,000 than at
rate 12,000 in 1965 in spite of the unfavorable envi-
ronmental conditions for plant growth and grain de-
velopment.

The difference in mean yield of the selections
(25.4 cwt) and the checks (18.1 cwt) was highly
significant (table 14), but the selections mean yield
was similar to M 14 (25.8 cwt). All group mean yields
were greater than the means of the checks, but only
groups 0 and 4 were greater than M14. Group 0
lines yielded 28.5 cwt while the mean for groups 1,
2, 3 and 4 was 25.2 cwt; the difference was highly
significant. The visually selected lines, groups 3 and 4,
yielded 3.8 cwt more than groups 1 and 2, not in-
cluding group 0 (p<0.01). Groups 1 and 2 were not
different in mean yield, but the difference between
groups 3 and 4 was significant, group 4 being 2.7
cwt higher.

There was a wide range of grain yields among the
inbred selections in each group (table 13). The lowest
individual yields were in groups 1 and 2, and the
highest individual yields were in group 4. Groups 1
and 2 were expected to have some low-yielding lines
because inbred yield was not emphasized in the selec-
tion of these lines, but it was surprising to find some
low-yielding selections in group 3 where seed yield
was a criterion of selection. The highest-yielding selec-
tion was 58 in group 4. It was also the highest-
yielding selection in the smaller test of inbreds in
1963, and the testcross of this line had the highest
mean yield over all rates and environments. There
were inbred lines in each group that yielded better
than M 14, indicating success in the selection of geno-
types that combined favorable genes from both M 14
and C103.

Variation among the entries in yield response to
different stand densities was highly significant. Inbred
M 14 had a yield increase of 6.0 cwt from rate 12,000
to rate 24,000, the selections had an increase of 6.7
cwt, but inbred C103 showed a decrease of 2.2 cwt.
Groups 1 and 2 had a smaller yield difference than
did groups 3 and 4 between the 12,000 and 24,000
population levels. If the selections in group 0 are
included in groups 1 and 2, the yield responses from
12,000 to 24,000 plants per acre were more nearly
equal for the two sets of lines. Comparing the selec-
tions of groups 3 and 4, the lines of group 4 had a
greater yield advantage at 24,000. Data for mean
yields at rate 12,000 and at rate 24,000 in table 13
show that most lines yielded more at rate 24,000 than
at rate 12,000, although the amount of the advantage
varied greatly. Selections 12, 17, 26, 32, 34, 38, 40
and 41 yielded less at rate 24,000thanat rate 12,000.
Five of these selections are in group 3, and none is



Table 13. Agronomic data for 61 selections, M14 and C103 compared at two population densities in 1963 and 1964.

Yield Days after Percentage barren
cwt/acre at July 1° “Percentage stalks at Plant
Selection stand (x1000) Pollen Silks Differ- lodged0 stand (x1000) height?
number 12 24 Mean shed emerged ence Root  Stalk 12 24 cm

[, S I T PR 208 313 26.1 30.1 324 23 23.1 8.4 2.1 8.0 1293
B s e ipn 28 28 50 2 247 275 26.1 294 302 0.8 3.8 10.6 0.0 12.6 144.3
03 cnsw mswnmnns 296 37.1 33.4 32,1 325 0.4 10.4 17.4 2.0 10.1 139.2
GroupOMean . ....... 250 32.0 28.5 30.5 817 1.2 12.4 12.1 1.4 10.2 137.6
B8:zn smomamamanes 248 334 29.1 31.2 342 3.0 157 18.3 12.3 <74 142.3
05 iy soamsmomemen 20.7 23.1 21.9 329 3541 2.2 |8 14.5 4.6 23.4 141.0
06 chomecimsstamay 158 203 18.1 28.2 33.0 4.8 5.6 27 0.0 10.1 158.0
07 v amemss swsmzs 223 324 27 .4 29.6 325 2.9 10.5 4.3 6.5 6.5 150.1
B8 v sic s sman vua 162 17.1 16.7 33.7  36.1 2.4 9.1 43 7.9 343 130.9
BF s o5 5 56 vu cons 169 20.2 18.6 31.4 329 15 8.7 15.0 6.1 2513 124.4
10 wg gg swewmemsmes 25.8 32.9 29.4 323 33.2 0.9 12.2 17.7 0.7 8.8 147 .5
Vhwa oo smes smamss 222 323 273 31.8 38.5 1.7 53 16.4 27 8.3 150.2
12 145 11.6 13.1 296 357 6.1 04 7.3 84 404 120.5
IS nzwg sbngagohen 19.0 25.1 22.1 292 323 3.1 14.8 172.5 3.2 17.3 138.6
B4 cn svemamemumen 260 269 26.5 296 318 2.2 0.9 403 1.8 12.8 124.5
WO s s s nuneussn 27.7  40.1 339 329 325 -0.4 5.1 5.9 5.4 3.5 136.6
W imn sn smemidpathias 19.6 205 20.1 319 358 3:9 0.3 3.4 T3 13.3 140.9
Group i1 Mean .. ...... 209 258 23.4 3.1 337 26 6.7 12.9 47 16.1 138.9
s me 55 45 48 <8 54 16.5 14.8 15.7 333 369 3.6 3.5 1.3 9.8 29.6 131.5
18 . 253 37.8 31.6 314 314 0.0 19.5 107 00 14 1396
W iossannmanana 246 28.8 267 323 35.0 Far g 3.8 14.0 0.0 10.6 122.4
B fosy spersntnsy 227 306 26.7 30.1 320 1.9 27.7 57 14.8 10.0 145.5
B s sassissmin 128 153 14.1 30.7 34.0 33 0.2 4.4 19.4 268 125.4
Bl cms s wamsviyb 239 353 29.6 29.1  30.0 0.9 8.6 3.4 1.9 87 125.0
Blus s alas sy aihdd 23.8 289 26.4 320 329 0.9 31.8 8.3 1.4 7.5 140.7
24 .. 257 32.] 28.9 347 365 1.8 16 07 00 64 1321
s AP T Ty 275 36.1 31.8 304 317 1.3 4.3 18.1 4.4 159 156.8
25 s s s 15.3 12.4 8.9 349 373 2.4 2.9 184 10.3 443 134.6
s omaesim ganan 20.8 31.0 25.9 298 32.) 23 12.6 6.9 8.4 233 140.1
L 57. 125 9.1 31.9 368 4.9 127 1.2 283 323 152.2
2O i v v e s e s 18.9 19.7 19.3 34.0 36.1 21 1.0 3.7 7.6 36.0 139.7
Group 2 Mean .. ..... 20.3 25.8 23.1 320 337 1 10.8 7.0 8.2 19.4 137.3
B 2 45 b 3 e e i 19.1 24.7 21.9 30.9 326 N7 4.5 14.7 3.3 10.9 136.1
B 2 Ao s D R B0 18.1 25.5 21.8 309 321 1.2 0.7 15.6 14.1 7.8 114.0
82 o s e B 68 2w 23.7 229 233 31.7 320 0.3 06 212 5.2 19.0 120.5
B84 dw 8B g dm 4Pyt 20.4 26.5 235 29.0 30.7 1.7 3.2 245 4.8 159 117.4
Bl amew s i bns mmuy 16.9 16.4 16.7 294 319 2.5 1.2 19.2 47 282 100.6
T 25.9 34.6 30.3 31.1 347 3.6 1l 6.1 1.1 6.5 136.7
86 v s s i e 23.2 34.6 28.9 309 31.9 1.0 1.3 13.1 1.5 4.9 146.3
£ 7 e 222 30.7 26.5 279 319 4.0 0.7 1.3 3.9 79 128.8
BBl b 5 13 i3 SR w PAE 233 178 20.6 329 36.0 3.1 8.2 6.0 60 296 140.1
< SR Y 25.0 31.2 28.1 34.1 352 1.1 0.1 7.2 1.4 8.2 128.2
B0 5o i v 2 Wi e d 217 20.2 21.0 69 377 0.8 296 297 33 15.1 136.3
A 5 230 mreamamTES 223 2).7 22.0 33.5 358 2.3 252 7.l 59 203 133.8
BE 5o hm vy e B e A 27.4 329 30.2 337 36. 2.4 1.6 31.8 0.7 14.7 136.2
BB s s 26.1 36.1 314 29.9 33.2 3.3 163 269 0.7 5.0 142.2
Bl 55 & o am s LY wd 27.1 377 32.4 302 317 15 7.3 5.6 33 9.4 127.9
BS 5 556 waBE B B EE 26.9 387 32.8 30.0 31.8 1.8 43 4.0 0.7 6.5 129.0
Group3 Mean . ....... 225 28.3 257 34 33.5 2.1 6.6 14.6 4.6 13.4 129.6
L P P PR 24.4 322 28.3 290 8l.5 2.4 97 269 10.8 8.3 146.8
A ss s peR TR oE 16.0 219 19.0 31.5 326 1.3 12.5 6.5 33 16.2 1199
A8 . 5 55w da BEES 279 41.8 349 30.2 308 0.6 17 6.2 0.0 6.3 121.0
B (' a1 0 ol s e a5 17.8 18.4 18.1 343 372 2.9 0.9 10.2 M7 28.8 141.5
B0 2o 25t P B 98 I 4 27.8 36.9 32.4 348 36.0 1.2 184 231 0.0 4.5 136.2
3 [ A 1Z.7 20.0 18.9 36.1 382 2 17 6.4 17.1 23.8 144.4
52 vatenn aua  tR s 23.8 33.4 28.6 27.4 291 1.7 5.9 14.7 11.6 6.8 140.1
08 4 iy e s snt bt S 20.9 26.1 235 30.3 338 3.5 55 12.0 5:1 8.1 146.7
B ¢ 0% 0 0 m A ek 2B 279 39.5 33.7 290 302 1.2 9.9 10.6 2.8 4.2 126.4
885 v b wman 8 b @3 22,9 324 277 277 303 26 1.2 1.6 1.9 3.8 126.3
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Table 13. (Continued)

Yield Days after Percentage barren
cwt/acre at July 1 o Percenfage stalks at Plant
Selection stand (x1000) Pollen Silks Differ- lodged® stand (x 1000 height®
number 12 24 Mean shed emerged ence Root  Stalk 12 24 cm
865 s i e £ 8 19.4 26.1 22.8 285 31.6 3.1 2.2 47 3.2 12.7 127.5
8 ssiossdsaswrws 26.3 32.4 29.4 30.9 31.7 0.8 11.6 9.1 0.0 5.2 147.8
. S 3T 477 39.4 323 325 0.2 213 182 0.0 46 169.2
L R R 26.8 334 30.1 32.1 326 0.5 136 199 5.2 9.2 140.0
(o Y T I L 30.1 358 33.0 302 3146 1.4 7.0 12.6 0.0 3.9 145.5
N 4% 45 ol i 8 oot e 27 .6 40.0 33.8 279 305 2.6 11.9 33 14.2 8.3 148.5
Group 4 Mean . .. ..... 243 324 28.4 30.8 325 17 84 116 5.4 9.7 139.2
All selections
BABGR o s vusmsw o 223 28.5 25.4 31.2 332 2.0 83 11.8 54 141 131.1
M s 55 5 0 50 50w 22.8 28.8 258 30.9 320 1.1 14.6 122 2.6 12.3 121.6
€103 4 nissnsnanime 11.4 92 103 33.0 39.1 6.1 2.4 0.6 39.2 646 148.9
Checks Mean . . .. ..... 17.1 19.0 18.1 320 356 3.6 8.5 6.4 20.9 385 135.3
Experiment
Mean . ¢ 5 v oo mew s me 22.1 28.2 25.2 31.2 333 2.} 8.3 11.6 5.9 14.9 136.1

@ Data averaged for 12,000 and 24,000 stand levels.

in group 4. Selection 35, which had low testcross per-
formance, had relatively high inbred yields and was
8.7 cwt better at rate 24,000 than at rate 12,000.

The difference between groups 1 and 2 vs. groups
3 and 4 was significantly greaterin 1964 than in 1965
(p=0.01). By contrast, the difference between groups
3 and 4 was greater in 1965 than in 1964. The
relative performances among lines within each of the
five groups were significantly different (p<0.01) in
the two years.

The 24,000 population level in the inbred experi-
ments caused a delay in dates of pollen shedding and
silk emergence in each of the five groups and the
checks. In all except group 3, the delay was greater
for silk emergence. Differences among the groups for
dates of pollen shedding and silk emergence were
small; group 0, the earliest, was slightly earlier than
M14. The data of most interest pertain to the delay in
silk emergence after pollen shedding. The delay for M 14
was only 1.1 days, but for C103, it was 6.1 days
(table 13). Groups 2 and 4, developed under high
stand levels, had a smaller delay of silk emergence
than groups 1 and 3, developed under low stand
levels. Two of the three lines in group 0 had only a
short delay in silk emergence. The selection criterion
of simultaneous silk emergence and pollen shedding
in groups 3 and 4 was more successful in group 4.
This was expected because the selection pressure was
greater in group 4. There are lines in all groups that
were similar to M 14 for simultaneous silk emergence
and pollen shedding, but group 1 has five lines that
had more than 3 daysdelay, and oneline had a delay
equal to C103. Some lines were as late as C103 in
pollen shedding, but none silked as late.

The incidence of barren stalks was partially caused
by the delay in silk emergence. Group differences were
not large, but it is evident that groups 0, 3 and 4 had
less barrenness than groups 1 and 2. If the lines in
group 0 are included in groups 1 and 2, then group
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4 had the lowest percentage of barren stalks. This
result is a reflection of the strong selection pressure for
simultaneous silk emergence and pollen shedding dur-
ing the development of the lines in group 4. None of
the selections was as barren as C103, and many were
less barren than M14. If barrenness is mainly an ex-
pression of a delay in silk emergence, then the ob-
served barrenness was less than would be observed
if each plot were isolated. In plantings of pure stands,
some selections, such as 6, 12, 28and 37, would have
more barren stalks and, thus, lower yields than ob-
tained in these tests.

Plant height was similar among the groups except
for group 3, which was considerably shorter (table 13).
Plant height per se was not a selection criterion in
groups 1 and 2. If selection for silk emergence under
high-stand density resulted in increased plant height
as an associated response, then there would be selec-
tion for taller genotypesingroup4. Thedata for delay
of silk emergence, barren stalks and plant height in
table 13 show several inbreds, including M 14 and
C103, that refute the positive correlation. Selection 58,
which was the highest yielding inbred, had the great-
est plant height.

We had expected thatthe inbred selections developed
at high-stand densities would have better resistance to
root and stalk lodging than selections developed at
low-stand levels. The data in table 13, do not support
this expectation. Group differences in root and stalk
lodging probably were not great enough to be signili-
cant. There was a wide range among the selections
for percentage of plants with root lodging or broken
stalks; several lines appeared equal to C103, which
contributes good strength to hybrid combinations.

The inbred tests of 1964 and 1965 were split-plot
designs with population levels or rates being the main
plots. Some comparisons among groups 1, 2, 3 and
4 (group O selections were included in groups 1 and
2) were made by analyzing the yield by groups for



Table 14. Analysis of variance for grain yields of 61 selections, M14 and
C103 for data combined over two years.

Table 15. Estimates of components of variance and heritability values for
yield of four groups of selections compared at two rates of plant
density in 1964 and 1965.

Source DiF, Mean squares

Years (Y) 1 13,759.70

Replications in years 8 130.80

Rates (R) 1 11,084.64

Rates x Years 1 1,522.41*

Error (b) 8 184.18

Entries 62 850.70%*
0,1,23,4vs.5,6 1 2,136:63%*
Ovs. 1,234 1 582.87**
1,2vs. 3,4 1 4,149.08**
Tvs.2 1 14.39
3vs. 4 1 1,138 29w
Among 0 2 89.42
Among 1 12 730.61%*
Among 2 12 1,167.49%*
Among 3 15 487.88**
Among 4 15 804.32%*
5vs. 6 1 2,387.02%*

Entries x Rates 62 112,45%*
0,1,2,3,4vs. 56 xR 1 172.20**
Ovs.1,234xR 1 10.51
1,2vs.3,4xR 1 140.82*
Tws. 2xR 1 9.56
3vs.4xR 1 337.85%*
Among 0 x R 2 49.05
Among 1 xR 12 102,99**
Among 2 xR 12 116.32%*
Among 3 xR 15 140.68**
Among 4 x R 15 85.92»x
5vs.6xR 1 172.23**

Entries x Years 62 76.69**
0,1;2,3,4 vs. 5,6 x Y 1 1.08
0 vs.1,23.4%xY 1 0.21
1,2vs. 34xY 1 512.50**
1vs.2xY 1 0.35
3vs.4xY 1 339.30%*
Among 0x Y 2 406.62**
Among 1xY 12 70.63**
Among 2x Y 12 61.66%*
Among 3 xY 15 44.79%*
Among 4 x Y 15 51.10%*
5vs.6xY 1 62.50%*

Entries x Rates x Years 62 22.67*

Pooled error (c) 992 14.99

*Significant at the 5% level.
**Significant at the 1% level.

each rate. Estimates of the variance components for
among lines, lines x years, and error are shown in
table 15.

The error component estimates were larger at the
24,000 population level than at the 12,000 population
level for all groups of lines. The among-lines compo-
nent, also, was larger at rate 24,000 for all groups;
the increases were relatively greater for the among-
line component than for the error component in all
except group 2 where the relative increases were es-
sentially equal. The line x year component increased
from rate 12,000 to rate 24,000 in allexcept group 3.
An increase of the line x year component was not an
important consideration in these experiments because
of large differences among lines, but it may be an im-
portant consideration where line differences are smaller.

12,000 24,000
Ao Ao i H 2 A2 A H
Or 9y o oy o?
Group 1. .. ... 18.04 242 1374 0.87 5444 8.48 21.51 0.89
Group 2. ... .. 3566 1.68 990 0.95 7425 9.12 20.09 0.92
Group3...... 7.47 4.68 974 0.9 4871 326 17.65 0.93
Group 4. ... .. 19.63 3.48 676 089 6026 953 1874 090

Heritability values are more significant than indi-
vidual component estimates in evaluating testing pro-
cedures. Our heritability values (table 15)indicatethat
evaluations of the lines were equally effective at the
two stand levels, except for group 3 in which evalua-
tion was more effective at the higher stand level. Group
3 lines were developed by selection in successive gen-
erations at a low-stand level. Yield data in table 13
show that several lines in group 3 had a yield poten-
tial that was not revealed under the 12,000 population
level. Line component estimates indicate similar situa-
tions in groups 1, 2 and 4, but to a lesser extent than
in group 3.

Ear Shoot Development of the Inbred Lines

Ear shoot development of the inbred lines was
studied to determine if selections developed by different
breeding procedures may be characterized by dif-
ferences in rate of cob elongation, particularly in the
case of the second cob.

The data obtained in the measurements of cob
elongation in the period of 15 to 18 days before silk
emergence closely approximated a semilogarithmic
curve, log ear length versus time. Since over 90
percent of the cob growth could be explained by the
semilogarithmic relationship, the raw data were con-
verted to the semilog form for presentation and anal-
ysis. The single major exception to the otherwise con-
sistent pattern was the second ear of C103 that failed
to develop in 1964 as it did in 1963.

The growth rates of the entries (selections by groups)
in terms of their regression coefficients are presented
in table 16. An analysis of variance of group and
parent regression coefficients indicated that the dif-
ferences among b values in 1963 were not significant
but that, in 1964, the differences among b values for
both top and second cobs were significant (p<0.01).

Comparing b values for the five highest and five
lowest combining lines, the growth rates were greater
for both cobs of the high-combining lines; however,
the difference was greater for the second cob. The data
suggest a relationship between combining ability and
growth rate of the second cob. Group 3 lines had
higher b values than group 4 lines for both top and
second cobs; the testcross mean yield was higher in
group 4 than in group 3. Group 0, which had the
highest combining ability among the groups, had
high b values that were nearly equal. Except for the
parent lines, b values for individual lines were not
computed because inadequate sampling resulted in
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imprecise estimates. The hybrid vigor of the single
cross, M14xC103, was not expressed in a faster
growth rate of either cob. Its greater cob length at
date of silking was probably caused by an earlier
commencement of cob development.

Table 16. Regression coefficients, b, of log cob length with time for the
two top ears during the two weeks preceeding silking and cob
length at date of silking.

1963 1964
Top cob Second cob  Top cob Second cob
b length b length b length b length
Entry cm cm cm cm
Group 0 0.071 129 0.073 102
Group 1 0.063 135 0.052 6.8
Group 2 0.062 13.3 0.051 6.9
Group 3 0.078 12.8 0.072 85 0076 13.4 0.068 8.0
Group 4 0.074 13.5 0.071 9.4 0.068 136 0.064 7.9
M14 0.066 12.2 0.057 8.1 0.082 125 0.075 8.4
C103 0.085 12,5 0.055 25 0.059 10.4 0.025 1.5
M14xC103 0.066 16.4 0.058 8.7
All selections 0.076 0.065 0.070 13.4 0.060 76
5 highest
combiners 0.072 146 0.068 95
5 lowest
combiners 0.066 13.7 0.057 6.8
Standard
error Sy 0.004 0.005 0.008 0.022

Correlation Studies

If ear development of an inbred line is associated
with vigor, the rate of cob development, cob length at
silking and seed yield should be associated with com-
bining ability. In this study, sampling was not ade-
quate for growth rate studies on an individual line
basis, but final measurements of cob length at date
of silking used larger samples; each linehad 10 plants
per replication, for a total of 30 measurements. The
final length of the second cob was a close approxima-
tion, relatively, to the b value for rate of cob develop-
ment. Also, the ratio of the second cob length to the
top cob length at silking would be indicative of the
growth rate of the Ssecond cob and the total vigor of
the line insofar as the female inflorescence is con-
cerned. These data made practical a number of pheno-
typic correlations with hybrid yield. In addition,
plant height and date of silk emergence of the inbreds
were correlated with their yield performance in test-
crosses.

The correlation coefficients calculated for the re-
lationship of six inbred attributes with hybrid yield
are presented in table 17. Four r values are positive
and highly significant; two are not significant. The
significant r values are too low to be of predictive
value, but they do show positive relationships. The
length of the second cob had a highly significant cor-
relation with hybrid yield, but the first cob length had
no relationship. There was a tendency for the taller
lines to give greater hybrid yields, although this was
not an exclusive situation. It is expected that climatic
conditions for at least four of the hybrid tests would
favor the earlier hybrids, thus resulting in a negative
correlation of date silked with hybrid yield.
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Table 17. Phenotypic correlation coefficients between agronomic characters
of the inbred selections and their average yields in hybrid com-
binations.

Inbred character r-value with hybrid yield

Top cob length® 0.09
2nd cob length® 0.34**
Ratio of cob |engthsb 0.32*
Yield 0.35**
Plant height 0.37%
Date silked -0.10

9at date of silk emergence.
b ratio = 2nd cob length/top cob length.
**Significant at the 1% level.

DISCUSSION

When these evaluation experiments were planned, we
hoped that variation among the environments would
exist such that in at least some environments the high-
est grain yields would be obtained at the highest pop-
ulation levels. Such environments did not exist among
the 10 sampled, although individual testcrosses did
produce more grain atthe 24,000 population level than
at either the 12,000 or 18,000 population level at
Ankeny in 1965. Differences among the testcrosses in
performance across population levels suggest that the
yield potential of the genotypes studied, which includes
the testers, could have been a limiting factor. The lower
yields at 24,000 may have been caused by insufficient
nutrients in some locations, but in all cases, it is be-
lieved that moisture stress at some period during grain
development was the more important factor. Variation
among environments was great, however, as was ex-
pressed by the differential depression of grain yields
at the higher rates. Consequently, the comparisons ob-
tained may be reasonably applicable to situations
where higher yields are obtained at high plant densi-
ties.

Perhaps we need to consider first if the lines eval-
uated represent only a random sample from the Fy of
M14xC103, or if some positive gain has been achieved.
Since the source was M 14xC103, it seems logical that
the testcross of M14xC103 is the proper check with
which to make comparisons. Group mean yields indi-
cated that positive gains were made in groups 0, 1, 2
and 4 but not in group 3. If the L.S.D. at the 5-per-
cent probability level is used as a criterion, the num-
ber of lines whose testcrosses exceeded the testcross of
M14xC103 were three, four, five, five and four in
groups 0, 1, 2, 3 and 4, respectively; and the number
of lines with testcrosses less than the testcross of
M14xC103 were zero for groups 0, 1 and 2, three
for group 3, and one for group 4. The number of
testcrosses exceeding the check was 34 percent, which
is considerably greater than expected on the basis of
random sampling. If these comparisons are accepted,
progress was achieved in all groups, but visual selec-
tion at a low-stand density was less effective in elimi-
nating genotypes with low combining ability. The
progress was greater ingroups 1and 2than in groups
3 and 4, which should have been expected if there had
been some selection for specific combining ability with
tester WF9x1205. The composite tests with the unrelated
tester indicated that the greatest gain was in group 4,



with no gains in groups 1 and 3. Variation in yields
among the groups with the unrelated tester would be
a reflection of difference in selection for additive gene
effects, and the data show more effective selection in
group 4.

Jenkins (1935) proposed early testing as a means
of identifying superior genotypes in the early genera-
tions of inbred development. Sprague (1946) and
Lonnquist (1950) showed that early testing was effec-
tive in identifying the superior genotypes, and Lonn-
quist (1950) showed that further selection for yield
improvement was possible for three generations after
the first. The data obtained in the present study have
shown that the testcross procedure produced lines that
yielded more than the testcross of M14xC103; 12 of
29 lines in testcrosses yielded more than the source
testcross by a margin exceeding the L.S.D. at the
5-percent level of probability, and none yielded less.
Sprague and Miller (1952) found no positive gain in
combining ability for successive generations where
visual selection was practiced among and within in-
bred progenies. Our evaluations of the lines in groups
3 and 4 did indicate that visual selections among
and within inbred progenies resulted in a positive
gain for combining ability. We cannot determine
from these studies whether the gain in performance
was mostly in the earlier generations of selection,
or if it was a gradual process over the generations
in which selection was practiced.

The original hypothesis, the basis for this extended
study, was that inbred lines selected on the basis of
their performance in dense populations will be supe-
rior in both high- and low-population densities, but
that lines selected on the basis of their performance
in low populations may not necessarily be superior
at high-population densities. The testcross performance
of M14 and C103 in the present study indicate that
they are typical of the two types of lines suggested in
the hypothesis, although we do not know the selec-
tion methods used in the development of M14 and
C103. The data presented here comparing the per-
formance of M14 and C103 testcrosses at different
population densities confirm earlier data, which was
the main reason for selecting M 14xC103 as thesource
from which to develop materials to test the hypothesis.

If the procedures used to develop the inbred mate-
rials resulted in genotypes whose performances would
support the hypothesis, then the evidence should be
available in group comparisons. In table 18, we show
the composite yields at population levels 12,000 and
16,000 versus 24,000 and 28,000, averaged over
10 environments and two testers. The yields of groups
1 and 2 were equal at the lower stand densities, but
at the higher stand densities group 2 yielded more
than group 1. Comparing groups 3 and 4, the yield
data support the hypothesis more strongly because
group 4 yielded more at both stand densities. Similar
group comparisons at the 12,000 and 24,000 pop-
ulation levels where individual testcrosses were evalu-
ated give some support of the hypothesis, but more
strongly for groups 3 and 4 than for groups 1 and
2. The data suggest that selection at high-stand levels
will result in better combining ability regardless of
the rate used in subsequent testing.

Table 18. Mean yields for four composites averaged over two testers and
10 environments at the two lowest- and two highest-population
levels.

Mean yields at population levels

Composite 12,000 and 16,000 24,000 and 28,000 RI

Groupil. ws ws v as 57.2 46.0 =3.55
Group2. . ....... 57.4 48.0 =3.00
GroUp i w s s w8 54.6 43.6 -3.63
Orogpd, v« ccwxwas 56.9 46.5 -3.15

Another comparison would be to select the top
five yielding testcrosses in each group as follows:
groups 1 and 3 tested at 12,000 plants per acre and
groups 2 and 4 tested at 24,000 plants per acre, and
compare the mean yields for these population levels.
These data, table 19, give evidence to support the
development of inbred lines under the population
levels at which they will be used, rather than sup-
porting the hypothesis. Furthermore, the group com-
parisons over population rates, in the tests of com-
posites and tests of individual testcrosses, such as
group 1 vs. group 2 x rates linear, did not give
significant F values. However, the groups selected at
high-stand levels had lower negative linear regression
values than did the groups selected at low-stand
levels.

Table 19. Mean yield at the 12,000 and 24,000 population levels for the
five highest-yielding testcrosses in groups 1 and 3 selected at
the lowest-stand level and the five highest-yielding testcrosses in
groups 2 and 4 selected at the highest-stand level.

Mean yields at population levels

Composite 12,000 24,000 Rl

Broup Ve w s n gnwwn 63.4 57.9 -2.75
Group2......... 61.8 61.6 —-0.10
Group3......... 63.6 61.1 -1.25
P v v 55 99 61.7 62.0 +0.15

We did not obtain results that support the hypoth-
esis to the extent of the contrast between the perform-
ances of M14 and C103. Perhaps this should have
been expected because of the extensive testing involved
in developing the inbred lines. The inbreds of groups
1 and 2 were selected in three successive generations
on the basis of testcross performance. Except for the
first generation, the testcrosses were grown in four
environments in each generation. Climatic conditions
would be different among the environments such that
in some locations stress conditions at a 16,000 stand
level would be equivalent to a 24,000 stand level in
some other locations. Thus, the variation in environ-
mental conditions during the development of inbreds
in groups 1 and 2 may have induced the stress
effects that we attempted to introduce by using low- and
high-stand levels. Consequently, the genotypes selected
at 16,000 population may not be greatly differentfrom
the genotypes selected at 24,000. We have no evi-
dence, either in the phenotypic appearance of the lines
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or in the performance of the inbreds per se, to suggest
that group 1 selections should resemble C103 in per-
formance and group 2 selections should resemble M 14.

The inbreds of groups 3 and 4 have a distinct
difference in plant height, except for a few selections,
presumably because of some difference in selection
pressure at low- and high-stand densities. Group means
for testcross performance showed more progress in
group 4 than in group 3 because ol'a difference in the
number of low-yielding genotypes in the two groups.
The data obtained for these groups supported the
hypothesis in the tests of composite testcrosses, but
the support was less definite in individual testcrosses.
Phenotypic selection was rigid in both groups, and
over several generations most of the unfavorable
genotypes were eliminated. For example, the percent-
age of barren stalks in groups 3 and 4 did not differ
although selection for this character was greater in
group 4 than in group 3. The frequency of genes
reponsible for barrenness may have been reduced
significantly in group 4 after only one or two gen-
erations, whereas the same success may have been
accomplished in group 3 in the four generations of
selection.

We did not have a superior yield environment
during the evaluation of these materials. If selection
at high-stand levels is successful in isolating genotypes
that have greater yield potential than possessed by
genotypes selected at low-stand levels, then we should
expect the greater yield potential to be demonstrated
in the superior yield environment. In a low-yield en-
vironment, environmental factors limit grainyield, but
in a superior-yield environment, grain yield is limited
by the genotype of the plant. The best yield environ-
ment for our experiments was at Ankeny in 1965.
However, the data obtained at this site did not sup-
port the hypothesis any better than the results already
presented considering all environments. Similar com-
parisons under irrigation where soil moisture would
not be a limiting factor at any time during the grow-
ing season could provide useful information.

The three lines of group 0 were selected on the
basis of superior performance at both high- and low-
stand levels, and these lines exhibited above-average
yield performance in the present evaluations. This is
evidence for the advantage of extensive testing; how-
ever, if a program cannot permit the luxury of de-
veloping and testing materials at several population
levels, the data support the use of a high- rather than
a low-stand level.

This study provides an excellent opportunity to
compare two methods of inbred development: selection
based on testcross performance versus selection based
on inbred phenotype. The lines of groups 1 and 2
have an advantage in this comparison in the tests
of individual testcrosses because the tester parent was
the same as used in the development of these lines. In
spite of this advantage, however, the phenotypic selec-
tion of inbred lines resulted in genotypes that were
equal in combining ability to the best genotypes se-
lected on the basis of testcross performance. The high-
est-yielding line was in group 4; selection 58 yielded
3.2 cwt more than the best testcross, 18, in the test-
cross groups, and in inbred yields 58 exceeded 18
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by 7.8 cwt. When the comparison is made for the un-
related tester in the composite data, group 4 was better
than either groups 1 or 2. Thus, for the genotypes
investigated here, phenotypic selection of the inbreds
in a stress environment has been as effective as selec-
tion by testcross performance. Furthermore, the prog-
ress in group 4 has been accomplished at much less
cost and in a shorter time. If phenotypic selection at a
high-stand density were used, the initial sample would
be larger than available here, and one could expect
even greater progress.

Grain yields and percentage barren stalks of the
five highest- and five lowest-yielding testcrosses are
shown in table 20. These lines were selected on the
basis of their mean testcross yields over all rates and
environments. Sources of the five high lines were as
follows: group 1, one; group 2, one; group 3, two;
group 4, one; and for the five low lines, group 3,
four and group 4, one. The high group had its
greatest yield at the 18,000 population level and the
low group, at the 12,000 population level. The low
group did not have the genetic potential to take ad-
vantage of more plants per acre, even at the moderate
rate of 18,000 plants per acre. Yield difference between
the high and low groups was 8.9 cwt at rate 12,000,
but this increased to 19.5 cwt at rate 24,000. The low
group had almost fourfold more barren stalks at the
high-stand level than was shown for the high group.
Since barren stalks were negligible in both groups at
the lowest-stand level, the low group musthaveyielded
less because of smaller ear size, or smaller seed size,
or both.

Table 20. Grain yields and percentage barren stalks for the five highest-
and five lowest-combining selections for two years.

Yield, cwt per acre
at population

density (x1000) Pencsnieie

Selection e barren
number 12 18 24 Mean R| stalks
. (A 644 717 699 68.6 +2.75 3.2
- 628 73.9 66.0 67.6 +1.60 39
Wevacasaas 64.0 68.1 642 65.4 +0.10 4.8
. 654 692 614 653 -2.00 6.8
15 .. .. .. 65.4 698 60.6 653 —2.40 4.5
Mean. . .. ...... 644 705 644 66.4 0.00 4.6
K 583 553 503 54.6 —4.00 15.8
AT . i i 547 569 468 528 -3.95 16.4
s eaninzmas 55:8 56,5 467 53.0 —4.55 15.8
A 538 3539 451 50.9 —4.35 143
;. TR 550 477 358 46.1 —9.60 227
Mean. ... ...... 55.5 54. 44.9 51.5 -5.30 17.0

As an adjunct to the testcross data, agronomic
data for the inbred progenies of the same lines are
shown in table 21. The high grouphada mean inbred
yield of 33.7 cwt as compared with 22.3 cwt for the
low group. A part of this yield difference can be ac-
counted for by the greater incidence of barrenness in
the low group. Yields of the inbreds and testcrosses
in the two groups suggest that the correlation between
inbred and testcross yields should be higher than the



value of 0.35 obtained when all lines were considered.
The difference in plant height between the two groups
was large and indicated a definite advantage for the
taller types. The low group was later than the high
group in days to silk.

Table 21. Agronomic data® for the inbred lines per se that were the five
highest and five lowest in combining ability.

Plant Percentage

Selection Yield, height, Dcysb barren
number cwt/acre cm to silk stalks
8o s 40w 39.4 169 325 23

BB i 5 viw w s 311 142 33.2 2.8

V8 oo e prwia 31.6 140 31.4 0.7
Alsnssosones 32.4 128 31.7 6.4

B v nm aon s 33.9 137 82.5 4.6
MG = g5 53550 337 143 32.3 3.4
M ¢ s ye e 16.7 101 319 14.0

Ay wvvnszns 19.0 120 32.6 9.8
0 [PPSR 22.0 134 35.8 13;]
32 csxwsmana 233 120 32.0 12.1

35 rasmswewa 303 137 347 8.8
[T RPN 22.3 122 33.4 11.6

%Data averaged for 12,000 and 24,000 population levels.
Days after July 1.

Our evaluations were for 61 inbred selections de-
veloped from an original sample of 95 F, plants.
There were 29 lines in groups 1 and 2, and three of
these lines belong to both groups. Among the remain-
ing 13 lines in each group, six lines of group 1 had
common F , origins with six lines of group 2; thus
23 descendants of the original F, plants were rep-
resented in these two groups. This supports a sugges-
tion made earlier that the genotypes selected on the
basis of testcross performance at 16,000 population
may not be greatly different from the genotypes se-
lected at 24,000 population. Among the 16 lines in
each of groups 3 and 4, three lines from each group
had common F, origins; or 29 of the original F,
plants were represented in those two groups. Genetic
relationships, based on F, origin, are less between
groups 3 and 4 than between groups 1 and 2, as
was suggested previously. Six lines of the testcross
groups and six lines of the visually selected groups
descended from six F, plants; one F, plant was the
origin of one group O selection and selection 58 in
group 4. Since all lines in all groups were selected
without reference to what was being selected in the
other groups, it appears that visual selection and test-
cross selection were based on some of the same attri-
butes. Forty-six of the original F, plants were rep-
resented in our evaluations, 29 in the visually selected
groups and 23 in the testcross groups with six lines
of each group descended from six F, plants.

Probably the most significant information obtained
from these studies was in the results of the inbreds
per se. Visual selection among and within progenies
was very effective in improving seed yield in group
4. Group 4 lines had ameanyield of 28.4 cwt as com-
pared with 25.8 cwt for M14 and 10.3 cwt for C103.

The mean yield for group 3 was equal to M14 but
superior to the mean of the parents. There were five
lines in group 3 and seven lines in group 4 that
yielded greater than M14 by at least one L.S.D. at
the 5-percent level of probability. The mean yield for
selection 58 exceeded M 14 by more than 50 percent,
a phenomenal increase in only one cycle of breeding.
Selection under stress conditions of high population
density was effective in combining vigor genes from
C103 with genes for high seed yield in M 14 to give
new selections that were much superior for seed yield.
In contrast, the mean yields of groups 1 and 2 were
less than M 14 but were above the mean of M 14 and
C103. Only two lines in group 1 and three lines in
group 2 yielded significantly greater than M 14. High
seed yields of inbred lines are necessary for single-
cross seed production to be profitable. The results of
this study have shown that inbred seed yields can be
improved significantly if proper selection pressures are
used during the developmental generations.

Progress reported in this study for improved seed
yield of inbred lines has been much greater than re-
ported in some self-pollinated crops (Atkins, 1964;
Frey, 1962, 1964). Since selection in the self-polli-
nated crop has always been for yield at the inbred
level, the production realized may be approaching the
limit permitted by the genes available in the sources
used for parental material. Consequently, even small
additional increments are very difficult to obtain.
By contrast, corn breeders have emphasized perform-
ance in hybrid combinations. High-combining inbreds
have been acceptable if they could be maintained and
used with little difficulty to produce single crosses
that were used to produce double crosses. The ceiling
for maize inbred seed yield may be considerably high-
er than any lines yet available. If overdominance and
dominance types of epistasis are not of any signifi-
cance in controlling grain yield in corn hybrids, it will
be possible to develop a corn inbred line whose yield
would approach the better hybrid yields.

Gotoh and Osanai (1959b) obtained more progress
in wheat when selection was doneatalow soil fertility.
This could be considered better selection under nutri-
ent stress, and the results of the present study would
be similar because available nutirents per plant would
be less at the high-stand level than the low-stand
level. By contrast, however, Gotoh and Osanai (1959a)
reported more efticient selection of wheat under a low-
plant density because of increased phenotypic varia-
tion. In our study, the variance among lines increased
at the higher stand level in the replicated experiments.
If the same situation existed in the selection nurseries,
greater progress could be expected at the higher stand
levels. It was explained in the introduction that stress
to maize may be considered from two aspects: yield
per plant and yield per unit area. Inbred selection at
a density of 12,000 plants per acre would permit al-
most maximum expression of the yield potential per
plant. By contrast, inbred selection at 24,000 plants
per acre would be giving strong consideration to the
maximum yield per unit area. Our data show that it
is more desirable to select for maximum yield per unit
area, especially in the improvement of inbred yield
per se.
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Inbred selection at the high-stand density had one
important disadvantage in this study: Lines selected at
the high-stand level have greater plant height than lines
selected at the low-stand level. The reason for this dif-
ference is not readily evident unless there is a positive
association between plant height and the ability of a
plant to produce silks concurrently with pollen dehis-
cence when grown in dense stands. This may not be
the reason, however, because M 14 is short and has
good silk emergence, whereas C103 is tall and has
poor silk emergence. In the higher population nurs-
ery, the short plants may have been at a competitive
disadvantage and unable to show a good plant devel-
opment and seed yield. Consequently, they would have
been eliminated in the early segregating generations.
If the corn breeder develops inbred lines under condi-
tions of high plant population, he must emphasize selec-
tion for short stature. The greatest difficulty in selection
for short stature would be in the first two segregating
generations when there would be segregation for plant
height in the progeny row, and plant-to-plant competi-
tion would be at a maximum. If the first two segre-
gating generations were grown at a low-plant density
where competition between plants would be small,
shorter genotypes would develop better and could be
selected. Then selection in subsequent generations
could be done at higher population levels, using mul-

tiple row plots it necessary to eliminate competition be-
tween progenies with different plant heights.

The results of this study did not give indubitable
support to the hypothesis that was the original basis
for the research. The data do suggest that it would be
desirable to develop the inbred lines at a higher plant
population density. We do not know what variations
may be obtained if narrower row spacings should be in-
troduced. Extensive studies involving genotypes, row
spacings and population densities are needed. The in-
bred materials were developed from a specific source,
single-cross M 14xC103, the parents having been cho-
sen because of their contrast in performance at dif-
ferent population levels. Perhaps different results would
be expected if materials were developed similarly
from a synthetic variety. The data indicate thata corn
inbred used in high populations must have silks
emerge concurrently with pollen dehiscence to prevent
barrenness under stress conditions. Cob-development
data suggest that selection toward an inbred type
with strong second-ear growth would be desirable.
Consequently, the question arises: Should inbred se-
lection be at a high-stand level where second ears will
not be produced, or should selection be at a low-
stand level and preference given to the two-car type?
Research to answer this question is now in progress.
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