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ABSTRACT

Using the NC 1 design crossing system, full-sib and half-sib families were developed in the
original and selected populations of the maize composite Vijay. The progenies from each
population were grown under low and high plant densities (53,200 and 88,850 plants/ha,
respectively) and the genetic parameters for grain yield and its components estimated
separately as well as pooled under two densities. The selected population of Vijay
registered 16.3% gain in the grain yield over the original one in the pooled analysis.
Nonsignificant differences between the estimates of ok in original and selected
populations for grain yield indicated that selection had not brought about any change in
additive genetic variability for this trait. In general, the estimates of ok were relatively
lower under high plant density for majority of characters, thus showing that genetic
advance selection would be lower under high plant density than under low density. The
expected genetic gain in the selected population, but as there was no significant change in
the components of genetic variance, therefore, continued response to selection can be
expected. Selection under normal plant population is expected to be more efficient as high
plant density led reduction of additive variance. ’
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In random mating populations, genetic advance under selection is proportional to the
proportion of additive genetic variance to the total variance as well as population mean.
Improvement in mean performance results from change in frequency of desirable alleles
which may also effect the magnitude of genetic variances. It is, therefore, important to know
how genetic variance changes under selection. It is possible that genetic variance may
increase in early selection cycles if initial frequencies of favourable alleles are low. However,
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it is more likely that genetic variance would decrease in the later generation and, thus, limit
the rate of response [1]. It may also change very slowly for characters like yield which are
controlled by many loci, each with small effect. '

Plant population has been reported to increase grain yield to a certain level by several
workers in maize. Poor response at very high plant densities has been reported [2].
Information on the estimates of genetic parameters under various population densities may
help the breeder to develop breeding strategies for evolving varieties suitable for high plant
population. The information on the influence of plant densities on the components of genetic
variance is rather scanty. The present investigation, therefore, aims to know how genetic
parameters are influenced after selection and by varying plant population levels.

MATERIALS AND METHODS

The basic material for present investigation comprised the original composite Vijay
released in 1967 and its improved version obtained after three cycles of full-sib selection.
The improved version of Vijay passed through three cycles of selection with the selection
intensity of 22, 22 and 4% in the first, second and third years, respectivelv. Selection was
mainly for grain yield, earliness and plant height. From this base material, full-sib and
half-sib families were developed following design I of [3], both in the original and selected
populations of Vijay. In each population, 90 plants were taken at random and each of these
males was crossed with five randomly selected females or seed parents. At harvest, four
cobs on the female parent with adequate seed set were selected to constitute a single male
group (half-sib family). Out of 90 male groups, 64 complete sets were used in the
investigation. The resulting 64 half-sib and 256 full-sib families in each of the populations
were grown in two environiments of low (53,200 plants/ha) and high (88,885 plants/ha)
plant densities. The experiments under low and high plant densities were conducted in the
two adjoining blocks in the same field. The experimental area under each environment was
divided into 32 blocks. Sixteen of these blocks were randomly assigned to 64 male groups
of the original population of Vijay and the remaining 16 blocks to 64 male groups of the
selected population of Vijay. Each progeny was replicated twice in the blocks and progenies
within the replication were randomized. Each progeny had a 4 m long single-row plot. The
data were recorded on 8 randomly taken competitive plants in each plot for grain yield, ear
length, ear diameter and number of kernel rows per ear. The analysis of the design was
carried out following [3, 4]. :

RESULTS AND DISCUSSION

The population mean along with standard errors of the original and selected
populations of Vijay are presented in Table 1 separately for low and high plant densities,
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Table 1. Population means (X) and their standard errors in individual and pooled over environments for the
original and selected populations of maize composite Vijay under low and high plant densities

Character Population Low density High density Pooled
X SE. X SE. X SE.
Grain yield /plant (g) Original 78.33 0.78 54.92 0.60 66.62 0.74
Selected 91.32 0.56 63.71 0.34 77.51 0.34
Ear length (cm) Original 15.04 0.04 12.78 0.05 1391 0.03
Selected 16.32 0.05 15.92 0.05 16.12 0.03
Ear girth (cm) Original 12.53 0.04 11.81 0.04 12.17 0.03
Selected 13.76 0.03 12.65 0.03 13.20 0.02
Kernel rows/ear Original 13.36 0.04 12.68 0.04 13.02 0.02

Selected 13.55 0.03 12.98 0.03 13.26, 0.02

and pooled over the two densities. The selected population showed 16.6 and 16.0% gain in
grain yield over the original one under low and high plant densities, respectively. In the
pooled analysis, the selected population had superiority of 16.3%. Significant (12%)
improvement of Vijay selected over the original component Vijay for grain yield has been
reported [5]. The selected population was also superior to the original one for various yield
components. In general, the mean performance for yield and its components was lower
under high plant density in both populations. Decrease in plant yield as a result of increase
in population density has also been reported earlier [6, 7].

The estimates of the components of genetic variance in the original and selected
populations of the composite Vijay are given in Table 2 (individual plant population
densities) and Table 3 (pooled analysis over two population densities). Additive variance
(o4 ) decreased in the selected population for most of the characters. However, significant
reduction was observed in the selected population for ear length under low (8.93) and high
(2.75) plant populations, and for kernel rows only under high plant density (0.84). The
pooled analysis (Table 3) also showed significant reduction in additive variance in the
selected versus the original population for ear length (4.33) and kernel rows (0.58).
Nonsignificant differences between the estimates of ¢4 in the selected and original
populations for grain yield indicated that selection did not cause any change in the additive
genetic variability for this trait. These findings are in conformity with the results of many
workers. For example, no apparent reduction in genetic variability from recurrent selection
had been reported [8, 9]. The magnitude of nonadditive variance (op ) increased in the
selected population over the original one for all the characters studied, however, it was
significantly higher only for kernel rows. Increased nonadditive effects after two cycles of
reciprocal recurrent selection had also been reported earlier [10]. Some of the variance
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components had negative
signs. However, since
variance is always positive,
the true value of Lindsey et al.
[11] reported that negative
estimates may result from
sampling error or lack of
random mating while making
the half-sib groups. The study
of interaction of genetic
variance with environment
revealed that both 64 and op
were influenced by the test
environments. The value of
ch: was significant for ear
length and ear girth in both
populations, whereas obr was
significant for grain yield and
ear length in the selected and
the original populations,
respectively. The differences
in the magnitude of obs
interaction between the
original and the selected
populations were significant
for ear length and ear girth.
No significant differences
for obg, however, were
observed between the two
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Table 2. Estimates of 0 and ob variances in the original and the
selected populations of maize composite Vijay under low
and high plant densities and differences between the esti-

mates of the two populations

Character Plant Population o4 +SE ob +SE
density
Grainyield Low  Original 1083+53.2  164.7+80.2°
Selected 1873+643  279+842
Difference 79.0 +83.5 136.8 + 116.4
High  Original 1100 +504  519.0+116.0"
Selected 19.8+16.3 426+293
Difference 902+530 4764+1197"
Earlength  Low  Original 9314202  -809+205
Selected 0.38 +0.28 112 +0.49"
Difference 893 + 204" —
High  Original 282+074"  -145+0.83
Selected 0.07 +0.19 119 + 041
Difference 275+075" —
Ear girth Low  Original 129+035°  -0.75+041
Selected 1.03+0317  0.01+127
Difference 0.26 + 0.46 —
High  Original 099+028"  -054+034
Selected 085+026"  -011+033
Difference 0.14+0.38 —
Kernelrows Low  Original 0.65+0.25 0.40 +0.35
Selected 0.12+0.15 1274029
Difference- 0.53+0.29 0.87 +0.45
High  Original 090+020"  -0.01+037
Selected 0.06 +0.12 1124026
Difference 0.84+031 —

populations. Greater interaction of environment with additive than that with nonadditive
effects were reported from some previous studies [12].

The estimates of genetic components of variance under low and high plant densities in
both the original and selected populations are presented in Table 4. The estimates of o4
significantly decreased in high plant density than in low plant density for ear length (6.49)
in the original and for grain yield (167.48) in the selected populations. The magnitude of
ob increased significantly under high plant density for grain yield in the original population,
but there was no significant shift in the selected population. Reduction in genetic variance
athigh plant population levels has also been reported [13-15]. Reduction in additive genetic
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Table 3. Pooled estimates of components of variance (czA and cf) ) and their interactions with density

environments (o g and ob ) for the original and selected populations of
composite Vijay of maize

Character Population oh +SE ob +SE A g+SE obE+SE

Grain yield Original 79.4 +53.5 -131.1+245 50+852 -4458 + 46.0
Selected 64.0+214 -450+570 -103.8 +40.8 6724 +106.5"
Difference 15.4 +57.6 — — —

Ear length Original 438+1.19"7 -270+027 1.68 + 0.42 1.72+048"
Selected 0.05+0.23 338+043" 0.17 +0.05 -1.87+017
Difference 433+1217 — 151 +042" -

Ear girth Original 0.35+0.24 0.20 +0.28 0.79 +0.22" -0.86+027
Selected 0.85+027" 0.84+033’ 0.09+0.03" ~0.89 +0.08
Difference 0.50 + 0.35 0.64 +0.43 0.69 +0.22° -

Kernel rows Original 063+023" 045+030 0.14+0.09 -0.25+0.18
Selected 0.05+0.13 1.98 +0.26 0.01 +0.02 -0.19 + 0.08
Difference 0.58 + 0.26' 153+039" 0.13 +0.09 —

variability and increase in the estimates of op under high plant density suggest that genetic
advance through selection may be lower under high plant density than under low plant
density. Hence, selection should be made under low /normal plant density for evolving high

yielding genotypes. Lack Table 4. Estimates ofadditivegenetic (6% ) and dominance (ob ) variances

of response to selection at under low and high plant densities of the original and selected
high plant density may be populations of composite Vijay of maize
primarily due to the long
history of selection of Character Population  Plant density oA +SE ob +SE
varietiesundermediumto . LG Low 1083+532°  164.7+80.2"
low plant d_ens1t1es and High 110.0+504°  519.0+1159"
yield per unit area could Difference 17+733 3543+ 141.0°
be raised by increasing Selected Low 1873+643"  279+843
plant population to a High 19.8+16.3 42,6 +30.0
certain level only. Fur- Difference 167.5+663"  14.6+89.5
thermore, increased pOpu-  Ear length Original  Low 931+202" -8.09+205
lation densities result in High 282+074" -1.45+0.83
several morphological Difference 6.50 +2.02" —
Changes which tend to Selected Low 0.38 +0.28 1.12 +0.49
limit the use of high High 0.07+0.19  0.19+047
Difference 0.31+0.33 —

population densities.

(Contd.)
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Almostsimilarmagni- Table 4 (contd.)
tude of heritability in the
orig inal (21.6%) and Character Population Plant density o4 +SE cyf) +SE
selected (21.7%) popu- P
lations for grain yield Ear girth Original Lc.)w 1294035 -0.75+041
(Table 5) indicated that High 099+028  -034+034
K Difference 020 +0.44 —
three cycles of selection Selected  Low 10340317 001+127
did not change additive High 0.85+0.26" -0.11+0.33
genetic variability for this Difference 0.18 + 0.40 —
trait. The expected genetic .

K R Kernel rows Original Low 0.65+0.25 0.40 +0.35
advance for grain yield : High 090+029  -001+037
was 7.76% in the original Difference 0.25 +0.28 —
and 5.98% in the selected Selected  Low 0124015  127+029"
populations. This com- High 006+012  112+026
pares well with the Difference 0.06 +0.19 0.15+0.38

realized gain of 5.43%,

Table 5. Estimates of heritability and expected
genetic advances for full-sib selection in
the original and selected populations of

. composite Vijay of maize

showing that the prediction was reasonably
reliable. The expected gain, however, in the
selected population of the composite Vijay
was slightly lower than in the original
composite Vijay. As there is no significant

Character Fopulation I_::lr.“— EXP:::Cd change in genetic variance, continued
a(;: )ty f;vame response to selection can be expected. In
(%) general, the data show that increase in plant
- population per unit area results in the
Grainyield Original 216 78 decrease the magnitude of ¢4 and increase
Selected 21.7 6.0 2 T . 2
ob . No significant change in ca from the
Ear length Original 709 158 original to the selected populations was
Selected 23 02 reflected by the similar heritability values in
Ear girth Original 224 28 the two cases. Positive improvement inmean
‘ Selected 368 52 value of the selected population over the
Kernel rows Original 297 48 original one suggests that continuously
Selected 37 0.4 effective selection canbe made under normal
population densities.
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