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ABSTRACT - Relationships between agronomic traits of
maize (Zea mays L.) parental lines and traits of hybrid pro-
genies are important for breeders. If significant improve-
ments in source populations are made by such procedures
as recurrent selection, a breeder should know how such
changes affect relationships between traits of parental lines
and hybrid progenies. Correlations between  agronomic
traits and grain yield among random S| lines and 8, line
testerosses from the original Towa Stift Stalk Synthetic (BSS-
SCO) maize (Zea mays L..) population, two improved strains
of BSSS [IBS13(S)C3 and BSSS(R)CY], and the intermated
cross between the two improved populations [BS13(S)C3 x
BSSS(R)CII, were calculated to determine changes that oc-
curred with recurrent selection in BSSS. Previous evalua-
tions of these populations showed significant changes for
agronomic traits and for genetic variances among S; lines
and hybrid progenies. Both S, lines and S;-line testcrosses
showed significant correlations between agronomic traits
and grain yield in each population. No consistent trend in
phenotypic correlations between the unimproved and im-
proved populations were observed. Phenotypic correla-
tions between Sy-line traits and testcross yield were too
small to be of predictive value in a selection program.

KEY WORDS: Corn; Recurrent selection; Maize synthetics.

INTRODUCTION

Correlations between parental line traits of maize
(Zea mays L.) and their testeross yield have been of
interest to plant breeders for many years. Studies ha-
ve been conducted to determine correlations
between line performance and combining ability, but
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most researchers have found this relationship to be
too small for predictive value (HaLLAUER and MIRAN-
DA, 1988). Gama and Haulaver (1977) reported the
correlation for grain yield between unselected lines
and their single-cross hybrids developed from lowa
Stiff Stalk Synthetic (BSSS) was only 0.11. Multiple
correlations of plant and ear traits of inbred lines
with yield of their crosses were also small.

Previous evaluations (WALTERS ¢ al., 19914, b) of
BSSSCO, BS13(S)C3, BSSS(R)CY, and BS13(S)C3 x BS-
SS(R)C9 showed significant changes for several agro-
nomic traits of the improved populations compared
with the original. Yields of S; populations were im-
proved significantly and cross of the two improved
populations showed significant high-parent heterosis.
Average vyields of testcrosses of §; lines from the
improved populations were significantly higher than
testcrosses of §; lines from BSSSCO. Also, estimated
genetic variances among S; lines and among testcros-
ses showed significant changes for many traits. How
such changes in performance and genetic variability
affect relationships between parental lines and hybrid
progenies probably is determined primarily by chan-
ges in gene frequencies and relative importance of
additive and nonadditive genetic effects; however, for
the breeder it is important to know if such changes
affect the relationship between agronomic traits of
parental inbred lines and hybrid progenies.

Objectives of this study were to compare phe-
notypic correlations of agronomic traits with yield
among random $; lines, among testcrosses of the
random $; lines, and between §; lines and their test-
crosses from the original BSSSCO, two improved BS-
SS populations [BS13(S)C3 and BSSS(R)CI], and the
intermated cross of the improved BSSS populations
[BS13(S)C3 x BSSS(R)CY]. The evaluation would per-
mit an opportunity to observe changes in correlation
values from unimproved to improved populations.
Crosses of earlier cycles for BS13(S) and BSSS(R) had
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shown significant heterotic expression for yield (Rus-
SELL and EBERHART, 1975; SMITH, 1983; STANGLAND et
al., 1983), but detailed evaluations on correlations
from such crosses, compared with correlations from
the parents and the C0, have not been reported.

MATERIALS AND METHODS

The reference population used in this study was the original
Towa Stiff Stalk Synthetic, BSSSCO (C0). Three other populations
studied were BS13(S)C3 (C3), BSSS(R)CO (C9), and BS13(S)C3 x
BSSS(RICY (C3 x €9). C9 was developed from BSSSCO by using ni-
ne cycles of reciprocal recurrent selection (RRS) with BSCBL(R)
(PeNNY and EBERHART, 1971). C3 was developed from BSSSCO after
seven cycles of half-sib recurrent selection with tester lowa 13
[(L317 x BL349) x (BL345 x MC401)], followed by three cycles of S,
progeny recurrent sclection (EBERUART et al., 1973). C3 and C9 we-
re random-mated per se and then crossed to create C3 x C9 (F)).
The C3 x C9 cross was then intermated once to create the C3 x C9
(Syn.-2) population.

Sy lines used in Experiment | were produced in 1985 from C0,
C3, €9, and Syn.-2 of C3 x C9 and increased by sib-mating cach li-
ne in 1986. All S, lines were random, with the only constraint being
that there was enough seed for line increases and for testcross seed
production. One hundred 8 lines from each source were planted
on an ear-to-row basis in a breeding nursery and approximately fi-
ve sib-matings (10 plants sampled) were made. A total of 200 unse-
lected Sy lines (50 from each source) was used as entries in Experi-
ment I in a randomized incomplete block design with replications
in sets as described by Haniatver and Miranna (1988). There were
two replications within cach of five sets; each set consisted of 10 li-
nes from CO, C3, €9, and C3 x C9 for a total of 40 lines per set. Ex-
periment I was duplicated in (Experiments Ta and 1b) 1987 and
1988. Experiment Ia contained single-row, hand-harvested plots,
and Experiment [b contained two-row, machine-harvested plots.
Ear data were collected on the hand-harvested, single-row plots.

Experiment II included the same entries as Experiment [ in te-
sterosses with B73 and Mol7. Inbred line B73 was derived from
BSSS(HT)C5 maize synthetic variety (Russelr, 1972) and is a Reid
Yellow Dent-type line. The populationns used in this study are re-
lated to B73, with the closest relationship being with BS13(S)C3,
which descended from BSSS(HT) via recurrent selection. Inbred li-
ne Mol7 was selected via pedigree selection from the cross C1187-
2 x C103 (Zuseg, 1973) and is a Lancaster Sure Crop-type line.

In 19806, 100 S, lines from cach of the four sources were planted
in separate isolation blocks for making testcross sced with 373 and
Mol7. The S; lines were detasseled, and, at harvest, approximately
15 ears from each line were bulked to make testcross seed. Fifty li-
nes from each of the eight source-by-tester combinations were used
as entries in Experiment 1L These 400 testerosses were included in a
randomized incomplete-block design with replications in sets. The-
re were two replications within cach of 10 sets; each set consisted
of five lines from CO x B73, C3 x B73, CY x B73, (C3 x C9) x B73, CO
X Mo17, C3 x Mo17, C9 x Mo17, and (C3 x €9) x Mo17 for a total of
40 testeross entries per set. As with Experiment 1, Experiment [1 also
was duplicated to obtain data for ear traits.

Single-row (hand-harvested) plots were 0.76 m wide by 5.09
m long, planted with 32 seeds, and later hand-thinned at the four-
to six-leaf stage to 21 plants plot-!. Plant density was approxima-
tely 54,140 plants ha-!. Field husbandry practices were used that

promoted good plant growth and best yields for the climatic con-
ditions that prevailed.

Before harvest, the following plant traits were measured on
single-row plots: days to anthesis (number of days after June 30
until 50% of the plants in a plot had shed pollen), days to silk
emergence (number of days after June 30 until 50% of the plants
in a plot showed silk emergence), pollen-silk interval (difference
between days to anthesis and days to silk), plant height (measured
from the soil surface (o the flag leaf node on five similarly spaced
plants plot=1); car height ¢measured from the soil surface to the
primary-ear node of five similarly spaced plants plot!), and stay-
green. A rating of 110 9 was used for stay-green, 1 = < 10% dead
leat tissue and 9 = > 90% dead tissue. This measurement was
taken the first week of September 1987, approximately 50 days af-
ter the mid-silk date. On hand-harvested plots, ears from 10 com-
petitive plants plot! were harvested. The number of primary and
secondary ears and the number of barren plants were recorded for
each plot. Harvested cars were dried to a uniform moisture, and
data were obtained for the following yield components: average
number of kernel rows (for primary ears) plot-l, average ear
length (primary and secondary) plot=), average car diameter for all
primary cars, average kernel depth for the primary cars, total grain
yicld per plot expressed in tonnes hectare=!, and weight of 300
kernels plot=!. Hand-harvested experiments were conducted in six
environments (Ames, IA; Ankeny, T1A; and another research center
located near Ames in 1987 and 1988). Hand-harvested grain yield
will be abbreviated us HYIELD.

Two-row plots, 1.52 m wide by 5.09 m long, were overplanted
by machine, thinned to 59,300 plants ha-!, and were harvested by
combine (MYIELD). Five traits were measured on these plots, but
only grain yield (¢ ha=!) adjusted 1o 15.5% moisture will be inclu-
ded. Machine-harvested experiments were conducted in six envi-
ronments (Ames, Ankeny, and Martinsburg, 1A, in 1987 and 1988).

Statistical analyses were performed according to the randomi-
zed incomplete block design with replications in sets (HALLAUER
and MiraNDa, 1988) for data combined over six environments. An
analysis of variance was caleulated on plot values for cach trait. A
mixed model was used where environments and S; progenies
within cach population were considered as random effects in Ex-
periment . Environments and testeross lines within each source
were considered random and sources and testers were considered
fixed effects in Experiment I Phenotypic (Pearson product-mo-
ment) correlation coefficients were caleulated for traits of 8y Jines
with 8 line HYIELD, for traits of testcrosses with testeross HYTELD.
and between Sy line agronomic traits and testcross MYIELD. An
analysis of covariance was not used to calculate phenotypic corre-
lations between Sy lines and testerosses. These correlations were
based on trait means for S lines (from various numbers of environ-
ments) and testeross grain yield over six environments after adjust-
ment for set effects (Schvrz and Cockertiam, 1962). Multiple corre-
lations were caleulated between testeross yield and Sy line traits.
These plot data were adjusted for set effects, and a regression was
caleulated for Sy line traits on testeross yield.

RESULTS AND DISCUSSION

Differences among Sy lines and the interactions of
Sy lines % environment were highly significant (P <
0.01) for all traits in Experiment 1. In Experiment 11,
differences among testerosses were highly significant
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TABLE 1 - Phenotypic correlation of 12 dgronomic traits with hand-barvested yields among S, lines (by population and overall) from data

combined over five environments.«

HYIELD

Trait Co ] C9 C3xC9 Overall
Days to anthesis -0.22 0.15 0.00 -0.16 -0.15*
Days to silk emergence —0.35* -0.01 -0.01 —0.31* —0.37**
Pollen-silk interval -0.21 ~0.35* -0.01 —0.34* —0.42%*
Plant height 0.31* 0.45% 0.25 0.36* 0.22%*
Ear height 0.31* 0.62* 0.28 0.30* 0.19**
Stay-grecn 0.18 —0.37™ =0,29* -0.16 =} 30**
Ear length 0.75** 0.73* 052 0.47* 0.75*
Ear diameter 0.32* .19 0.27 0.47* 0.55™
Kernel depth 0.48* 0.11 0.33* 0.47* T
Kernel row number -0.20 —0.02 —0.19 0.15 -0.10
Ears per plant 0.70** Q59 0.44** 0.11 0.06*
Weight per 300 kernels -0.01 0.44* 0.39** 0.47* 0.27*

*, ** Significant correlation at the 0.05 and 0.01 probability levels, respectively.

4 Days to anthesis, silk emergence, and pollen-silk interval were combined over four environments; stay-green and kernel row number were

combined over three environments.

TABLE 2 - Phenotypic correlation of 12 agronomic traits with hand-barvested yields among B73 testcrosses (Mol7 testcrosses in parenthe-
sis), by poputlation and overall, combined over six environments. ¢

HYIFLD

Co €3 <9 C3xC9 Overall

Days to anthesis =0:12 —0.23 0.10 0.11 —0.45*

(—0.10) (+0.30%) (0.12) (0.04) (=0.04)

Days to silk emergence —0.22 -0.17 -0.15 0.07 0BT
(=0.18) (0.06) (0.03) (=0.19) (=0.28")

Pollen-sitk interval —0.25 0.06 -0.48* —0.33** ~0.43**
(=0.19) (=0.35%) (~0.16) (=0.38%) (=0.37**)

Plant height 0.29 0.42* 0.41** 0.52** 0.57*
(0:32) (0.37*) (0.38%) (0,51%) (0.42*)

Ear height 0.11 051" 0.44** 0.44* 0.26*
(0.24) (0.50") 0.31%) (0.34%) 0.25")

" Stay-green —0.33* —0.31* —0.26 98 —0.40%
(—0.49**) (-0.51*) (—0.49**) (-0.37%) (=0.46**)

Ear length 0.62* 0.08 0.59** 0.65* 0.62**
(0.306*) (0.08) (0.41**) (0.50*) (0.57*)

Ear diameter 0.20 0.41% 0.62%* 0.45* 0.50"*
0.31%) (0.59**) (0.44*) (0.15) (0.39")

Kernel depth 0.24 0.28 0.47** 0.51* 0.82*
(0.46™) (0.13) (0.59%%) (0.0D 0.31")

Kernel row number -0.16 —0.14 —0.01 0.27 0.23*

(=0.12) (0.10) (0.05) (=0.11) (—0.14%)

Ears per plant 0.58* 0.14 0.44% 0.60* 0.51**
(0.27) (0.27) (0.24) (0.19) (0.38*)

Weight per 300 kernels 0.41** 0.36* 0.48* 0.29 0.24*
(0.63%) (0.67*) (0.45*) (0.43*) (0.61*)

*, * Significant correlation at the 0.05 and 0.01 probability levels, respectively.

4 Days to anthesis, sitk emergence, and pollen-silk interval were combined over four environments; stay-green and kernel row number were

combined over three environments.
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for all traits, and testcrosses x environments were hi-
ghly significant for most traits. In both experiments,
the F values for the main effects were much greater
than for the interactions in most instances.
Phenotypic correlations for plant and ear traits vs.
HYIELD for hand-harvested S lines are presented in
Table 1. Over all populations, significant correlations
were observed for all traits vs. HYIELD except for
kernel row number. Similar significant correlations
have been observed in previous studies (HALLAUER
and MIrRanNDA, 1988). Ear length (0.75*) and ears per
plant (0.66*) showed the highest correlations of sin-
gle traits with Sy yield across all populations. The hi-
ghly significant negative correlation between pollen-
silk interval and yield (r = =0.42**) shows the impor-
tance of close synchronization for anthesis and silk
emergence. Changes are evident in the magnitude
and significance of correlations from CO to the im-
proved populations and their cross (C3 x C9). Ear
length vs. HYTELD and ears per plant vs. HYIELD
showed decreasing correlation coefficients from CO
to the improved populations, although the opposite
trend was observed for weight of 300 kernels vs.
HYTELD. The decreasing correlation trend from BSS-
SCO to the improved populations was not always ob-
served because the improved populations did not
always show decreases in genetic variance from BSS-
SCO for the traits measured (WaLTERS ¢f al., 1991b).
Phenotypic correlations of agronomic plant and
ear traits of B73 and Mo17 testcrosses with B73 and
Mo17 testcross HYIELD are shown in Table 2 (Mol7
r-values in parentheses). Similar correlations were
obscrved over all B73 and Mol7 testcrosses for all
pairs of traits except days to anthesis vs. HYIELD and
kernel row number vs. HYIELD, for which opposite
trends occurred. For both sets of testcrosses across
all populations, ear length showed good predictive
predictive value for vield of the B73 testcrosses
(0.82*) and weight per 300 kernels for yield of the
Mo17 testcrosses (r = 0.61**). For individual popula-
tion sources, however, there were nonsignificant
correlations of car length with yield for C3 and of
kernel depth with yield for C3 and C9. The importan-
ce of a short pollen-silk interval and good stay-green
also is evident. Comparisons among sources of lines
were made to determine if there were any trends for
changes in magnitude of correlations. Ear height vs.
HYIELD and pollen-silk interval vs. HYIELD showed
similar increases in correlations from CO to the im-
proved populations for B73 and Mol7 testcrosses.
Stay-green vs. HYIELD showed decreasing correla-

tions from CO to the improved B73 testcrosses, whe-
reas Mol7 testcrosses showed little change in corre-
lations. Kernel row number vs. HYIELD showed no
correlation for either set of testcrosses, although over
all testcrosses B73 had a highly significant, but small,
positive correlation (0.23*), and Mo17 had a small,
negative correlation (-0.14*) over all populations.
Correlations of car length vs. HYIELD were similar
for both sets of testerosses. Generally, there was no
consistent trend between CO testcrosses and the im-
proved B73 or Mo17 testerosses. Some pairs of traits
showed increases in  correlations  while  others
showed decreases or no change among the four po-
pulation testcrosses.

Plant breeders are interested in correlations of pa-
rental line traits with testcross yield. For the subdivi-
sion by population, there were only three significant
correlations between plant and ear traits for hand-
harvested S, lines and testeross MYIELD, which is
only one more than expected for random variation
(data not shown). Because there were so few signifi-
cant correlations, comparisons among populations
and between B73 and Mol7 have no value. Over all
entries, B73 and Mol7 showed similar correlations
for each trait. The correlations across all populations
(data not shown) ranged from 0.00 for §; line stay-
green vs. B73 MYIELD to 0.35* for Sy line HYIELD
vs. B73 MYIELD. Most correlations were too small to
be of predictive value in a breeding program, which
is in agreement with previous studies in maize (Hat-
LAUER and MIRANDA, 1988).

Generally, the improved populations  showed
smaller genetic variances than did the unselected po-
pulation (Warters, 1989); therefore, compared with
the unsclected population, the improved popula-
tions would be expected to have smaller and fewer
significant correlations among traits. A base popula-
tion that has undergone many random-matings
would be near linkage equilibrium, whereas advan-
ced populations that have undergone only a few ran-
dom-matings would remain in some level of linkage
disequilibrium. Thus, the correlations among traits in
the base population would be caused by pleiotropic
effects and would be less affected by linkage compa-
red with populations in linkage disequilibrium. The-
re seem to be two opposing forces; the small genetic
variance of the improved population contributes to
decreased significant correlations among traits, and
linkage disequilibrium in the improved populations
keeps favorable alleles linked and thus contributes to
increased significant correlations among traits. Chan-
ges in correlation from the unimproved to the impro-
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TABLE 3 - Multiple correlation coefficients (R) between traits of hand-harvested S, lines and testcross MYIELD by population and overall.

Traits correlated?

Multiple correlation coefficients

COo a3 9 G3xCY Overall
Rl4vs. 1,23, 4,5,6,7,89,10, k1,12, 13 0.50 0.48 047 0.46 e
RI5vs. 1.2,3,.4,5,06,7,8,9, 10, 11,12, 13 0.60 0.62 0.51 0.48 42
Rldvs. 7,8,9,10, 11,12, 13 0.29 0.36 0.19 0.42 0.47*
R1%5ws: 7£.8.9,10, 11, 12, 13 (.38 0.56* 0.34 0.46 037

*** Significant correlation at the 0.05 and 0.01 probability levels, respectively.
CKey to traits: 14 = B73 testcross MYIELD, 15 = Mol7 testcross MYIELD, 1 - days to anthesis, 2 = days to silk emergence, 3 = poilen-silk inter-
val. 4 = plant height, 5 = car height, 6 = stay-green, 7 = car length, 8 = car diameter, 9 = kernel depth, 10 = kernel row number, 11 = cars per

plant, 12 = weight of 300 kernels, and 13 = S, line HYIELD.
8 |

ved populations have shown no consistent trends for
either number or magnitude of correlation values.

Multiple correlation values (R) between 13 S, line
traits and testcross MYIELD in each of the four popu-
lations and averaged over all populations are presen-
ted in Table 3. Multiple correlations that use several
inbred line traits with hybrid yield probably are more
useful than individual traits with hybrid yield phe-
notypic correlations because breeders select for the
total ideotype of the inbred line rather than for indi-
vidual traits. Significant R-values were observed for
all four multiple correlations over all entries. Only
BS13(S)C3 x Mol7 showed a significant R-value with
C3 line ear and grain traits. The overall R-values were
greater for the B73 testcrosses than for the Mol7 test-
crosses. The Mo17 R-values, by population, were ge-
nerally larger than those involving B73 testerosses,
but most were not significant.

Haves and Jornson (1939) reported an R-value of
0.67 between yields of hybrids and 12 inbred traits.
RussiLL and Mactano (1978) reported significant R-va-
lues of 0.64 and 0.66 for hybrid yields with all inbred
traits. Gama and HaulAuer (1977), however, obtained
R-values of only 0.23 and 0.21 for hybrid yields vs. six
inbred traits for unselected BSSS lines. Generally, the
results from this study agree with the results by Haves
and Jornsox (1939) and RussiLL and MActiabo (1978).

Over more than 50 years of maize breeding, there
have been a number of studies to determine the rela-
tionships for parental inbred line agronomic plant
and car traits with hybrid yield. These studies have
included lines from various genctic sources and
grown under different environmental conditions, so-
me including treatments such as plant densities and
nitrogen levels. Generally, correlations for individual
traits of inbreds with yield of hybrids have been too
small to have predictive value. Usually, when multi-

ple correlations have been ontained, the magnitudes
of the values have been considerably greater and ha-
ve had predictive value. Phenotypic correlations ob-
tained in BSSS materials frequently have been lower
than for other source materials, which may be a re-
flection of the importance of dominance variance in
BSSS (HauLAUER and MIRANDA, 1988). The evidence is
clear that maize breeders develop parental inbred li-
nes with desirable agronomic plant and ear traits per
se, but the real value of any line must be determined
by extensive evaluation in hybrid combinations.
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