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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 S1 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 obse1ved in previous studies (HALLAtEli 
and MmANDA , 1988). Ear length (0.75**) and ears per 
plant (0.66**) showed the highest correlations of sin
gle traits with S 1 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. HYlELD and ears per plant vs. HYIELO 
showed decreasing correlation coeffici ents from CO 
to the improved populations, although the opposite 
trend was obse1ved for weight of 300 kernels vs. 
HYIELD. The decreasing correlation trend from BSS
SCO to the improved populations was not always oh
se1vec.I because the improved populations die.I not 
always show decreases in genetic variance from BSS
SCO for the traits measured (WAi:rrns et al., 1991h). 

Phenotypic correlations of agronomic plant and 
ear traits of B73 and Mol 7 testcrosses with 1373 and 
Mo17 testcross HYlELO arc shown in Table 2 (Mo17 
r-values in parentheses). Similar correlations were 
obse1ved over all B73 and Mol 7 testcrosses for all 
pairs of traits except clays 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 
value for yield (r = 0.62**); kernel depth had good 
predictive value for yield of the B73 testcrosses 
(0.82**) and weight per 300 kernels for yield of the 
Mol 7 testcrosses (r = 0.61 ** ). For individual popula
tion sources, however, there were nonsignificant 
correlations of ear length with yield for C3 and of 
kernel depth with yield for C3 and C9. The importan
ce of a short pollen-silk inte1val 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 interv al vs. HYIELO showed 
similar increases in correlations from CO to the im
proved populations for B73 and Mol 7 testcrosses. 
Stay-green vs. HYIELD showed decreasing correla-

tions from CO to the improved B73 testcrosses, whe
reas Mol 7 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 correbtion <0.23**), and Mo17 had a small. 
negative correlation (- 0.14*) over all populations. 
Correlations of ear length vs. HYIELD were similar 
for both sets of testcrosses. Generally, there was no 
consistent trend between CO testcrosses and the im
proved B73 or Mo17 testcrosses. 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 car traits for hand
harvested S 1 lines and testcross MYI ELD , 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 Mol 7 have no value. Over all 
entries, B73 and MoJ 7 showed similar correlations 
for each trait. The correlations across all populations 
(dat;r not shown) ranged from 0.00 for S1 line stay
green vs. B73 MYIELD to 0.3"i ** for S 1 line HYIELD 
vs. B73 MYIELD. Most correbtions were too small to 
he of predictive value in a breeding program, which 
is in agreement with previous studies in maize (HAL-
1.AtJEJi and M11iA:\DA , 1988). 

Generally, the improved populations showed 
smaller genetic variances than did the unselected po
pulation (WAl.TFRS, 1989 ); therefore, compared with 
the unselected population, the improved popula
tions would he expected to have smaller and fewer 
significant correlations among traits. A base popula
tion that has undergone many random-matings 
would he 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 he caused by pleiotropic 
effects and would he less affected by linkage compa
red with populations in linkage disequilibrium. The
re seem to he 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 - M11/li/1!e umvk1lio11 coe/Jicie111s r NJ he/111een frails 1!fha11d-hames1ed S1 Iii/es and lestcross 1'vl'r1J:.'f.J) hv population and overall. 

Traits corn:bted" 

R14 VS. 1. 2. ::l, !1, s, 6, 7. 8, 9. 10. 11 , 12, I:\ 

HI) vs. 1. 2. :\. ·i. S, 6, 7. 8, 9. 10, 11 , 12, 15 

l{l ' i vs. 7. 8. 9. HJ, 11 , 12. l:S 
Hl'l vs. 7, 8, 9. 10. 11 , 12. U 

co 

O.SO 

0.60 

0.2') 
038 

Multiple correlation coefficients 

n C9 C5 x C9 Over;1ll 

0.48 0.17 0.46 0.51" 
0.62 O.'il 0.48 0.42" 
0 36 0.19 0.42 0.47*' 

0.56' 0.34 0.46 0.57** 

•. " Signifiunt correlation al the O.OS and tl.O I probability levels. respecrively. 

" Key to traits: l 4 = 117.) lest cross ,\1Y I ELD, l S = Mo 17 tes t cross MYIELD. I - da ys to anthesis, 2 = days 10 silk emergence, .3 = po llen-s ilk inter
\·a l. ·i = plant height, 5 = ear height . (1 = stay-green, 7 = ear length , 8 = car diameter, 9 = kernel depth, 10 = kernel row number, 11 = ca rs per 

plant, 12 =weight of 500 kernels, and 15 = S1 line' HYll'LD. 

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

Multiple correlation values(!{) between 13 S1 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 incli
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 Mol 7 test
crosses. The Mo17 !\-va lues, by popubtion, were ge
nerally larger than those involving B73 testcrosses, 
hut most were not significant. 

HAYES and Jrnrr\SO!\ 0939) reported an R-value of 
0.67 between yields of hybrids and 12 inbred traits. 
Rl:ssELL and MACllADO 0 978) reported significant R-va
lues of 0.64 and 0.66 for hybrid yields with all inbred 
traits. GNvtA and HAI.I.Al/EH ( 1977), however, obta ined 
R-values of only 0.23 and 0.21 for hybrid yields vs. six 
inbred traits for unse lected BSSS lines. Generally, the 
results from this study agree with the results by HAYES 
andJ011 NSO:\ 0939) and Russi:u. and MACllADO 0978). 

Over more than 'iO 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 genetic 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. lJsually , when multi-

pie correlations have been ontained, the magnitudes 
of the values have been considerably greater and ha
ve had predictive va lue. 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 (HALt.Al!Et( and MrnAr\DA, 1988). The evidence is 
clear that maize breeders develop parental inbred li
nes with desirable agronomic plant and ear traits per 
se, hut the real value of any line must be determined 
by extensive evaluation in hybrid combinations. 
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