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The present investigation was aimed to investigate the gene action in early maturing maize (Zea
mays L.) inbred lines. The experimental material comprised of 30 crosses generated by crossing six
maize inbred lines in a diallel mating design during Kharif 2013. These 30 crosses along with
standard checks viz., SMH-2 and VMH-45 were evaluated in randomized block design in three
replications during Kharif 2014 and Kharif 2015. Significant variation was observed for all studied
traits during both the seasons. Both additive (D) and dominance (H; and H,) components of genetic
variance were found significant under the study. Preponderance of non-additive gene action was
observed for all traits under study. Average degree of dominance was in over dominance range for
all characters. The gene distribution was asymmetrical for all traits. The value of KD / KR indicated
presence of excess of dominant genes for all traits except 100-grain weight and ear girth.
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INTRODUCTION

Maize (Zea mays L.) is a cereal crop, grown widely
throughout the world in a range of agro-ecological
environments that include tropics, sub-tropics and temper-
ate regions; from sea level to 3000 m above (Morris, 2002)
both under irrigated to semi-arid conditions. Having origi-
nated in Mexico, maize is now grown at least in 164 coun-
tries around the world and a tremendous choice is availa-
ble as regards varieties maturing in 85 days to more than
200 days (Brink and Belay, 2006) with variability in grain
colour, size and texture. Maize has a worldwide signifi-
cance as food, feed and as a good source of starch, protein
and oil. Many countries rely on maize as a primary staple
as it meets the protein and calorie requirements of the
human beings (Vasal, 2002). Hayman’s approach of diallel
analysis (Hayman, 1954) is most suited to determine the
type of gene action, controlling the expression of plant in
early generations, which is a prerequisite for genetic
improvement of any crop. Knowing the gene actions
governing the traits of interest, plant breeders can devise
suitable strategies to develop novel germplasm (Kearsey

and Pooni, 1998). Thus, the present study was conducted
over two environments, to have reliable estimates of the
various components of genetic variation for traits related to
in a set of elite maize lines.

MATERIALS AND METHODS

Six early maturing maize inbred lines viz. V-351, V-335,
KDM-332A, KDM-347, KDM-913A and KDM-445A
were crossed in a diallel mating design during Kharif sea-
son of 2013 and all 30 possible single crosses, along with
two standard checks viz., SMH-2 and VMH-45 were eval-
uated in a randomized block design (RBD) with three
replications during Kharif season of 2014 and Kharif sea-
son of 2015 at Dryland (Karewa) Agricultural Research
Station, Budgam, Jammu and Kashmir, India. Observa-
tions were recorded on morphological traits viz., days to
50 % tasseling, 50 % silking, plant height, ear length (cm),
ear girth (cm), number of kernel rows per ear, number of
kernels per row, hundred grain weight and grain yield per
plant (in grams). Diallel component analysis (Hayman,
1954) was performed with the help of statistical software
Windostat version 9.1.
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RESULTS AND DISCUSSION

Analysis of variance (ANOVA) for all the characters, over
the environments, showed significant differences among
environments (Kharif seasons of 2015 and 2016), geno-
types and genotype x environment interaction (Table 1).
Significant genotype X environment interaction suggested
the differential response of genotypes over the environ-
ments. Analysis of variance for all the characters under
study in two different environments indicated significant
differences among the treatments, i.e. six parents and 30
diallel set of crosses. Significant variation among the yield
traits in maize was earlier reported by Hussain ef al. (2009),
Hagq et al. (2009), Kumar et al. (2012), Dawod et al. (2012)
and Sarac and Nedelea (2013a) and Dar et al. (2017).

The components of genetic variation were estimated for all
the characters and pooled results are presented in Table 2.
Analysis of the components of genetic variance revealed
that both additive (D) and dominance components (H; and
H,) were significant for all the traits. This finding suggest-
ed the involvement of both these dominance components
(H; and H,) in the inheritance of these traits, however
greater magnitude of dominance component demonstrated
greater role of dominance component in the inheritance of
these traits. The distribution of alleles in the parents
revealed that positive and negative alleles at these loci are
not in equal proportion in parents as H; exceeds H, and
dominance gene action resulted mainly from positive gene
action. Dawod et al. (2012) reported relatively higher
estimates of dominance components than additive compo-
nent for kernel rows ear”, kernels row™” and grain yield
which are in line with the present findings. Estimation of

H, effects was found to be significant and positive for all
traits studied revealing that net dominance effect over all
the loci in heterozygote was more and that too it exhibited
dominance in positive direction. Value of F estimate was
positive and non significant for all traits studied except
kernels row! thus revealing contribution of more recessive
alleles towards dominance deviation. On the contrary, the
value of F estimate was significant and positive for kernels
row” revealing higher frequency of dominant alleles in the
parents for these traits. Proportions of components of
genetic variations were calculated and results are presented
in Table 3. The average degree of dominance indicated
over-dominance for all the traits, over the environments
which suggested the importance of non-additive type of
gene action for all the traits. Over-dominance for ear traits
and grain yield, similar to present findings was also
reported by Kumar et al. (2012), Dawod et al. (2012) and
Sarac and Nedelea (2013a, 2013b). The study of propor-
tions of various genetic components of variance revealed
that the proportion of (H,/4H,) was less then 0.25 for all
the studied traits indicating asymmetrical gene distribution
in the parents. Asymmetric distribution of genes for
kernels rows ear’ was reported by Khodarahmpour (2011)
which supports the present findings. Also Zare et al
(2011) observed values of H,/4H; away from 0.25, show-
ing asymmetric distribution of positive and negative domi-
nant genes for kernel rows ear and kernels row™ in their
study. The genetic ratio KD/KR which gives the propor-
tion of dominant and recessive alleles in the parent was
found to be greater than unity for all traits studied except
for ear girth and 100-grain weight where it was less than
unity. This suggested that barring ear girth and 100-grain
weight there was higher proportion of dominant alleles in
the parents for traits studied and the recessive and domi-

Table 1. Pooled analysis of variance for different characters in maize.

Source of Daysto  Days to Plant Ear Ear Kernel Kernels llf)a(;;l Grain yield
S.N. Variation d.f 50% 50% height  length girth row row”! v%ei ht lant'ly()
anthesis  silking (cm) (cm) (cm) ear’! (gg) p g
L Emowmems 1 AI06 T2 S0 BSETSGE (o T IO 199 oo,
* * * * *
2 Treatments 35 62.(;57 60.189 526(())3*5 16:162 4.4§7 10.158 86.145 60:130 3576.86] %
* * % * * *
3 Parents 5 22.164 23.194 43?3.)’)3*7 8.053 2.737 15.2*33 55235 41’;163 919 779%*
* * % * *
4 Hybrids 29 28.2109 30.(;70 275§;1*5 6.9:9 2.4:6 9 485%* 56.125 42’.;60 1468 .898**
Parents V.8 2737.60 241039 6301.4 799.40 149.16 43.851* 3652.50 1565.9 169621.302*
5. Hybrids 1 g% §kx 00%** Q% gk * ok 38** *
% * *
o Treatment X oo g ooue 63731 SAT8Y Lo ol 19.873% 5283 380,465+
Environments 6** * * *
*
7, Parent x sagser 32520 0100y ges o571 0315 7.990%¢ 238 39.916
Environments 4% *
. 3 E * *
8. gg’j{r‘g;memsx 29 4.089%*%  2.860%* 6383;*68 SO61F LSI6% g ppges 188927 5791 385.51 %
Parent v. s * % *
9. Hybrids x 1 15199%x 14467 2293;;5 39126 TA33T ) gagee 210735 9763 53778.4%*
Environments
10. Error 70 1.143 1.314 31.848 0.494 0.247 0.364 1.918 0911 27.199

*, ** significant at 5 and 1 per cent level, respectively.
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Table 2. Estimates of genetic parameters for grain yield and other attributes in maize.

Days to Days to Plant Ear Ear Kernel Kernels lroaoi;l Grain
50% 50% height length girth row row'! v%ei ht yield
S.N. Components  apthesis silking (cm) (cm) (cm) ear ! (gg) plant™ (g)

Pooled Pooled Pooled Pooled Pooled  Pooled Pooled Pooled Pooled

. A sssee osepee 072 eggeee 372 13eger 10040 22240
D +1.87 +1.80  +8643  +£070  +0.12  +042  +217  +1I12  +9555
) A 4168 3084rs  CHAMT L ape 030 405 s3eert 30.12%% 220073+
. o +3.73 +359  +15290 +140  +024 +084  +434  +224  +19116
N N 36,074 34060 2P38Tjoqge 20w 330w 4731%% 2666%F  2077.34%
Hz +3.11 +299  +12719  +116  +020 +070  +361  +186  +159.01
. ﬁz\ 225640 199.12%% 1878 gz ppogrx 350wk 0195w 128697 14034067
+2.08 +200  +8204  +078  +1.13  +047  +241  +125  +10632
5 VAN 2.87 2.36 124.16 137 0.03*%*  0.70%* 8.68 1.17 25.39
f +4.23 +407  +17323  +159  +027 +095  +492  +254  +21657
. 1/3\ 0.29 0.33 7.96 0.12 0.06  0.09% 0.48 0.23 6.80

+0.52 +0.50 +21.20 +0.19 +0.3 +0.12 +0.60 +0.31 +26.50

* ** significant at 5 and 1 per cent level, respectively. D — variance component due to additive genetic effects; H 1- variance
component due to dominance deviations; H 2 — estimate of dominance genetic variance due to proportion of positive and negative
genes; & 2 — net dominance effect; /' — mean of covariance of additive and dominance effects over all the arrays; £ — environmental
component of variation.

Table 3. Proportion of components of genetic variation for different characters in maize.

Days Days to Plant Ear Ear Kernel 109- G.”'i“
50% 50% height  length  girth  rows lcornels - grain - yield
S.N. Components anthesis silking (cm) (cm) (cm) ear’! row we(:lg)ht plzm)t
t g

Pooled Pooled Pooled Pooled Pooled Pooled Pooled Pooled Pooled

2. (ﬁ\ /6;“2 2.74 2.66 1.45 2.46 1.92 1.04 1.98 1.72 321
1
3. ’H\ ) 4/12 0.22 0.21 0.23 0.22 0.24 0.21 0.22 0.22 0.23
2 1
NN 1/2/\
4, (‘,‘\D—fﬂ% =KD 1.20 1.17 1.08 1.35 0.97 1.20 1.38 0.94 1.04
(4DH)"-F KR
/} VAN
5. h/H, 6.24 5.87 7.94 6.49 5.60 1.06 6.38 4.83 6.76
6. Hirzlt?f‘;)‘ty 12.16 12.65 33.13 1519 1945  50.07 22.58 23.95 18.84

(H,/D)" - average degree of dominance; Hy/4H | - proportion of dominant genes with positive and negative effects; KD/KR -
proportion of dominant and recessive genes; %L ; - proportion of gene(s)/gene(s) blocks exhibiting dominance; /? (1s) - narrow sense
heritability estimate.
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nant genes where nearly equal for traits viz., 100-grain
weight and ear girth. Similar to the present findings the
prevalence of dominant genes for ear related traits and
grain yield was reported by Zare ef al. (2011) and Kumar
et al. (2012). The proportion of average degree of
dominance measured form genetic components of variance
(H,/D)** was more than unity thus revealing over domi-
nance for the traits studied.

The narrow sense heritability was highest for kernel rows
ear’ (50.07%) followed by plant height (33.13%), 100
grain weight (23.95%) and kernels row™ (22.58%) (Table
3). The moderate heritability for kernel rows ear” suggest-
ed effectiveness of selection for improvement of this trait.
Ear length, ear girth and grain yield plant” exhibited low
heritabilities (15.19 % 19.45 % and 18.84 %) over the
seasons suggesting lower selection efficiency for these traits.
Low narrow sense heritability for grain yield (~10%) was
reported by Khodarahmpour (2011), and Sarac and Nedelea
(2013b), which also reported relatively less genetic variation
for yield in their material. Similarly, moderate narrow sense
heritability estimates for kernel rows ear’ (48.4%) and
kernels row™ (43.7%) were reported by Zare et al. (2011).

Conclusions

In conclusion, in this study the prevalence of greater
magnitude of non additive genetic component of variance
than additive component suggesting that heterosis breeding
would be beneficial to utilize the dominance gene effects
of these traits. The low narrow sense heritability of few
traits viz., ear length, ear girth and gain yield plant™
suggested that selection for these traits may not be effec-
tive and reliable. However, owing to the high heritabilities
of traits viz., kernel rows ear”, 100 grain weight and
kernels row™ selection may be more reliable.

Open Access: This is open access article distributed under
the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduc-
tion in any medium, provided the original author(s) and the
source are credited.
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