






proved because of selection among full-sib 
progenies and the implementation, after the 
first cycle of selection, of machine harvesting 
of yield trials. Population means for percent
age of stalk lodging in BS 10 and BS 11 

seemed higher than in many single-eared 
populations, which is consistent with the pho
tosynthetic stress-translocation balance hy
pothesis proposed by Dodd2. 

Days-to-silk of the full-sib families and S 1 

lines were unchanged in response to recipro
cal full-sib selection in BS I 0. Significant de
creases in number of days-to-silk were ob
served among progeny types from BS 11 CO to 
BS 11 (FR)C6, with full-sib families decreas
ing by 6.3 percent and S 1 lines decreasing by 
7 .5 percent. The reduction in number of 
days-to-silk from BS 11 CO to BS 11 (FR)C6 
resulted from nicking between the earliest 
plants in BSl 1 and a more representative 
sample of plants from BS I 0 when reciprocal 
full-sib progenies were developed for testing. 

Observed inbreeding depression after one 
generation of self-pollination was less for the 
C6 populations than for the CO populations 
(Table II). The values are the reduction in 
the mean of the S 1 generation expressed as a 
percentage of the S0 (full-sib) generation 
mean. A highly significant reduction in in
breeding depression for grain yield was found 
between BS 11 CO and BS 11 (FR)C6. The C6 
population of BS 11 showed 29.8 percent less 
inbreeding depression that the CO popula
tion. An 11. 7 percent reduction in inbreeding 
depression for grain yield was detected be

BSIOCO and BSIO(FR)C6. However, 

the difference between inbreeding depression 
in the CO and C6 populations of BSIO was 
not significant for grain yield. Reciprocal 
full-sib selection was effective for increasing 
the frequency of favorable alleles for the 
traits evaluated. Negative values of inbreed
ing depression were obtained for ears per 
plant and date of silking because S 1 line 
means were greater than means of full-sib 
families. Greater prolificacy after inbreeding 
also has been reported in the CO and C4 
populations ofBSlO and BSI 113 and in Iowa 
Stiff Stalk Synthetic3. Harris et at •0 con
cluded that the potential for prolificacy was 
conditioned by recessive alleles. Hallauer6 

indicated that prolificacy fit the description 
of a threshold trait because environmental 
and genetic effects seem to be continuous, 
whereas phenotypic expression was discrete. 

Estimates of were significantly greater 
than zero (exceeding twice the standard er
ror) in all populations for all traits (Table 
III) . No estimate of u1 was greater than 
twice its standard error, and these estimates 
were generally substantially smaller than es
timates of However, estimates of u1 were 
greater than estimates of for grain yield in 
BSIOCO and BS10(FR)C6. The estimate of 

was significantly greater than zero for 
percentage of stalk lodging, and the estimate 
of u1£ was significantly greater than zero for 
silk date in BS 1 OCO. The estimate of UbE for 
ears per plant was significantly less than zero 
for ears per plant in BS I OCO. The magnitude 
of the estimates of was similar to those 
reported for other populations adapted to the 

U.S. Corn Belt, but the estimates of u1 tend
ed to be greater9. 

Nearly 21 percent of the estimates of ub, 
and ubE were negative, and one negative 

estimate was significantly different from 
zero. By definition, a variance component is 
always positive. However, Searle17 indicated 
that there is nothing intrinsic to the analysis 
of variance to prevent negative estimates of 
variance components from occurring. Nega
tive estimates of variance components can 
arise because of several factors, including in
adequate genetic or statistical models, inade
quate sampling of reference populations, 
sampling errors in estimation, and poor ex
perimental techniques. Assortative mating 
may have occurred during the development 
of experimental progenies relative to time of 
flowering. High frequencies of negative esti
mates of u1 in two maize populations were 
reported by Lindsey et al. 14 . They attributed 
the occurrence of negative estimates to assor
tative mating during the development of ex
perimental progenies and obtained evidence 
supporting this hypothesis. 

Inadequate sampling of the reference pop
ulations may have played a role in negative 
estimates of variance components obtained 
in this study. Kearsey 12 studied the size of 
experiments necessary to detect dominance 
variance and concluded that, in most situa
tions, the minimum experimental size re
quired was too large to make comparisons 
among populations practical. 

Means and coefficients of variation indi
cated that experimental techniques used in 

Table III. Weighted least squares estimates of dominance (cJ1), additive X environments (.r2AE), and dominance X environments (cJ1E) 
components of variance and their standard errors in the CO and C6 populations of BS10 and BS11 

Trait 
Populations yield no. ears ear no.days to no. tassel 

Component and cycles t ha-I per plant height (cm) % stalk lodging 50%silking branches 

BSIOCO 23.7 ± 11.5 0.75 ± 0.18 .132.2 ± 29.4 120.8 ± 42.4 4.2 ± 1.2 11.1 ± 2.8 
BSIO(FR)C6 17.7±8.8 2.88 ± 0.68 102.6 ± 29.4 91.3 ± 38 .0 3.9 ± 0.9 9.7 ± 2.4 
BSllCO 45.8 ± 14.2 2.53 ± 0.61 185.6 ± 55.7 104.6 ± 38.5 6.0 ± 1.7 12.3 ± 3.3 
BSll(FR)C6 29.8 ± 9.7 1.88 ± 0.52 112.5 ± 39.8 81.7 ± 28.9 6.6 ± 1.6 4.0 ± 1.8 

BSIOCO 47.8 ± 33.5 -0.74 ± 0.44 -82.5 ± 94.2 31.1±114.2 1.5 ± 4.3 0.4 ± 9.2 
BSIO(FR)C6 49.l ± 31.4 0.15 ± 2.09 20.3 ± 102.1 47.2 ± 137.7 -1.1 ± 2.9 -4.1±8.0 
BS! !CO 35.6 ± 48.9 -0.61±1.72 65 .0 ± 201.8 99 .2 ± 130.4 1.0 ± 5.9 -0.6 ± 11.0 
BSI l(FR)C6 17.6±31.9 0.27 ± 1.60 104.9 ± 148.5 25.4 ± 93 .0 0.5 ± 5.5 5.4 ± 6.6 

BSIOCO 5.2 ± 5.0 O.Q7 ± 0.11 1.7 ± 12.7 83.7 ± 29.8 -0.66 ± 0.43 -0.6 ± 0.8 
BSIO(FR)C6 -0.3 ± 5.0 0.24 ± 0.18 8.5 ± 11.6 53.9 ± 28.7 -0.34 ± 0.35 0.7 ± 1.1 
BSllCO 2.6 ± 5.7 0.41 ± 0.22 10.9 ± 12.2 39.2 ± 22.4 0.48 ± 0.50 -0.4 ± 1.3 
BSI l(FR)C6 2.1±5.6 0.28 ± 0.25 6.1±10.4 35 .9 ± 21.7 0.04 ± 0.27 0.3 ± 0.6 

BSIOCO 7.2± 19.3 -1.41±0.36 5.3±51.2 2.8 ± 109.3 3.56 ± 1.51 I.I ± 3.3 
BSIO(FR)C6 20.7 ± 20.0 O.Q7 ± 0.62 -15.6 ± 45 .8 74.5 ± 107.5 1.31 ± 1.32 0.6 ± 4.4 
BSIICO 29.8 ± 22.4 0.71±0.75 -8.5 ± 47.3 -10.4 ± 83.2 1.26 ± 1.65 7.9 ± 5.0 
BS! l(FR)C6 22.5 ± 22.6 1.61 ± 0.89 -28.0 ± 41.4 -19.1±81.3 -1.10 ± 0.99 -4.0 ± 2.2 
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this study were good. However, the restricted 
randomization used to avoid competition be
tween full-sib families and S 1 lines may have 
influenced the occurrence of negative esti
mates of variance components . Nelder16 in
dicated that, with split-plot designs, negative 
estimates of variance components could arise 
when the correlation between subplots in the 
same whole plot is less than the correlation 
between subplots in different whole plots. 

The magnitudes of total estimated genetic 
variance, il~ and 0-1, are functions of gene 
frequencies, and the magnitudes of genetic 
variances are expected to change in response 
to selection. Changes in genetic variability 
are influenced by several factors, including 
selection intensity, initial amounts of actual 
and potential variability, linkage disequilib
rium, and rates of recombination9. 

For most traits evaluated in this study, 
estimates of u~ showed some decrease in 
magnitude from the CO to C6 populations of 
BSlO and BSl 1. However, the magnitude of 
il~ for ears per plant increased from BS 1 OCO 
to BS10(FR)C6. Generally, estimates of u1 
tended to increase in magnitude from the CO 
to C6 of BS 10 and BS l I. Decreases in the 
magnitude of ub were observed for grain 
yield and percentage of stalk lodging from 
BS I l CO- to BS I l (FR)C6. Because the 95 
percent confidence intervals of estimates of 
variance components from the CO and C6 
overlapped in many instances, seeming 
changes in magnitudes of genetic compo
nents of variance may have been the results 
of sampling. If changes in genetic variances 
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have occurred, they were small. Although the 
response to reciprocal full-sib selection in 
BS I 0 and BS I I has been positive, the 
changes in gene frequency were not great 
enough to affect the relative magnitude of 
the genetic components of variance and the 
relative proportions of il~ and 0-1 in BS I 0 and 
BSll. 

Reciprocal full-sib selection was designed 
to improve the cross performance of BS I 0 
and BS 11 with emphasis on grain yield. Con
tinued improvement is dependent on the ge
netic variance within each of the populations. 
Response to reciprocal full-sib selection has 
been realized, both in the population crosses 
(direct response) and the populations them
selves (indirect response) 7• Although the dif
ferences in the estimates of u~ between CO 
and C6 of BS I 0 and BS 11 were not signifi
cantly different, ther& were trends that sug
gested that the genetic variability was less in 
the C6 than in the CO populations (Table 
III). The same trends were observed in the 
variation among full-sib ( 16 for CO vs. I 8 for 
C6 of BS I 0, and 30 for CO vs. I 4 for C6 of 
BSII) and S 1 (66 for CO vs. 33 for C6 of 
BS I 0, and 57 for CO vs. 42 for C6 of BS I I) 
progenies. The evidence suggests that genetic 
variability was reduced after six cycles of 
reciprocal full-sib selection. 
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