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Abstract: The present investigation was carried out with fifty six genotypes involving 10 parents, their 45 F;5 hybrids
and one check hybrid in tarai region of Uttarakhand. The presence of more amount of variance due to SCA effects
than GCA effects in our experimental material indicated that heterosis breeding is better choice. The good general
combiners were P; Psand P4for ear length; Pgfor ear diameter; Psand Pgfor number of kernel rows per ear; P;and
P, for number of kernels per row, Pgand Py for100-kernel weight and Psfor grain yield, which can be utilized directly
or indirectly in breeding programme. The best eight specific combiners for grain yield were P;xPg, P4xP1, P7xPg,
PsxPs, PsxPo, P4xPy, P1xXP, and PsxPyginvolving average x average, good x average, good x poor and average X
poor parental combinations of generalcombining ability indicating the presence of non-additive gene action. The nine
crosses, PixP; P1xPs PixPg PsxPg P4xP1g PsXPg PsxPg PsxPigand P:xPg had positive significant per cent heterosis
for grain yield, and crosses namely P;xP, P;xPsand P;xPg for ear length; P.xP;and P1xPs for number of kernels per
row and P1xPgand Pgx P, for 100-kernel weight were having positive significant per cent heterosis at 1% and/or 5%
level of significance for respective traits. The crosses, PixP2, P1xPs P4xPgandP;xPg manifested high SCA effects
along with excellent standard heterosis and per se performance for grain yield and also for most of the studied char-
acters, therefore, classified as potential hybrids.
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INTRODUCTION

Maize ¢ea maysL.) has emerged as world’s leading crop
among the cereals with highest production and mtdu
ity (Kumaret al., 2015). In India, maize is third important
food crop after wheat and rice and its productias theen
recorded about 24.35 MT from 9.4 mha area withagyer
productivity of 2.5 t hd in 2013-14, which is almost half

to the world average (AICRP on Maize, 2015).Due to
maize being allogamous crop species, maintenance 04{

heterozygosity is utmost important to suppressutige-
sirable effect of recessive alleles, thereforeingseoduc-
tivity enhancement needs better exploitation oéfusis
utilizing additive and non-additive gene actions. de-
velop good economically viable maize hybrid, infarm
tion on the heterotic patterns and combining abilit
among maize germplasm is essential to maximize th
effectiveness of hybrid development (Amiruzzanein
al., 2010). Combining ability analysis elucidates tbene
bining ability of parents and their crosses and aksture
and magnitude of various types of gene actionsiiedo

in the expression of quantitative characters. Toereit

is a powerful tool in the identification of bestncbiners
and breeding strategies to be adopted either ketero
breeding or recombinant breeding for the accunmuraif
desirable genes. Thus study was performed witlolthe

jective of identification of desirable parents, sses and
breeding strategies to be adopted on the basiarifus
types of gene actions and combining ability of ptre
and crosses.

MATERIALS AND METHODS

The present investigation was undertaken with teerp
tal lines namely CML 226 (p POP31 (B, YHP-B (R),
ROP 31 (B, Pob 446 (B, POB 45 (B), Tarun (), POB
5 (R), PHPA (R), Pob 445 (), which were crossed in
half diallel fashion(excluding reciprocals) to diege
forty five Fs hybrids duringabi 2012-13, at N. E. Bor-

laug Crop Research Center, Pantnagar, Uttarakhand.

These parental lines along with 4% Fhybrids and one
commercial check hybrid, (PSM 1) were evaluated in
éandomized block design with three replicationgliot
size of 6.00 rin the following kharif 2013, at same re-
search farm. The data was recorded on grain Y\ (
and important yield attributing traits namely eandth
(EL), ear diameter (ED), number of kernel rows/ear
(NKR/E), number of kernels/row (NK/R) and 100-kdrne
weight (100-SW). Standard heterosis against therem
cial check hybrid was calculated and tested asryath-
ods given by Singh and Singh (1994), and signitieaof
heterosis was tested using t- test at 1% and 5&b tdv
significance. The combining ability analysis was-pe
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formed with method 2 and Model | of Griffing (1956) tive and non-additive gene actions for yield aneldyi
using AGD-R software, CIMMYT. attributing traits. The present experimental mated

RESULTS AND DISCUSSION also having the significant levels of both typegiefie

action which might be utilized for crop improvement
The analysis of variance for combining ability relesl ~ programme.  The ratio’GCA to 0°SCA lesser than
that variance due to GCA and SCA were significantunity for all the studied characters were recorded
for all above mentioned characters indicating hwth ~ which indicated the presence of more amount of non-
type of gene actions namely additive and non- addit additive than additive type of gene action (Tabje 1
gene actions are important for expression of charac Therefore, idea of opting for maintaining heterazyg
(Table 1). In which GCA can be exploited for the-im ity i.e. heterosis breeding for grain yield andigieon-
provement of parental inbred lines through fixatiwfn  tributing characters is recommended. Alamateal.
deesirable genes acting in additive fashion, wgiA  (2003); Kambeet al. (2013) and Amintet al. (2014)
based on non-additive gene actions through developalso observed the less than unity ratio betwe&CA
ment of effective hybrids. Rokadia and Kaushik to 0”SCA for yield and yield attributing traits, and @ls
(2005); Amiruzzamaret al.(2010) and Aminuet al. recommended the heterosis breeding for crop improve
(2014) also observed the significant values of bothment programme, but Alat al. (2008) reported the
GCA and SCA effects showing the presence of addi-significant role of additive gene action for numiwgr

Table 1.Analysis of variance for combining ability and \&ante effects with respect to yield and yield attiiiy traits of maize .

Source of variation df EL ED NKR/E NK/R 100-sW YH
Due to GCA 9 9.77* 0.27* 3.73% 39.15%* 14.83** 321.43*
Due to SCA 45 13.03** 0.33** 2.28%* 76.80** 20.21** 727.13*
Error 108 0.96 0.09 0.49 8.50 2.25 82.09
6’GCA 0.240 0.010 0.090 0.851 0.350 6.648
6’SCA 4.020 0.080 0.595 22.767 5.985 215.014
6°GCA/6°SCA 0.060 0.060 0.151 0.037 0.058 0.031

* ** Sjgnificant at 5% and 1% probability levelsgspectively; GCA- General combining ability; SCAseBific combining
ability; 6?GCA- variance due to GCA>SCA- variance due to SCA; EL-Ear Length; ED-Ear DitemeNKR/E- No. of Kernel
Rows per Ear; NK/R- No. of Kernels per Ror; 100-SVW0-B&ed Weight; YH- Yield per Hectare

Table 2. General combining ability effects (GCA) aper se performance of parental lines with respect todyihd yield at-
tributing traits of maize.

EL ED NKR/E NK/R 100-SW YH
Per s Per s Per se Per se Per s Per se
S. N. Genotype GCA perform- GCA perform- GCA perform- GCA perform- GCA perform- perform-
ance ance ance ance ance GCA ance
1. P 0.95 ** 13.25 0.02 3.47 -0.10 12.56 1.81* 25.89.24 18.52 2.55 23.34
2. P -0.66 ** 10.08-0.12 * 343 -0.22* 11.47 -0.38 .26 -0.69 ** 21.72 -0.50 27.49
3. P 0.41 ** 11.67 -0.05 3.51-0.33 ** 11.27 041 22.43.10 25.07 -2.80 23.31
4, P 0.59 ** 15.73 0.04 3.97 0.15 13.90 1.82* 35.7388 ** 23.09 -0.69 34.22
5. R 0.01 12.47 -0.03 3.65 0.34 ** 12.30 -0.21 25.22.250 23.02 6.03 ** 23.77
6. R -0.44 ** 10.23 -0.07 3.67 -0.37 ** 12.29 -0.87 2p. -0.31 22.46 -2.27 26.89
7. P -0.46 ** 12.63 0.06 3.93 0.13 12.50 -0.43 30.67.330 21.96 -2.16 23.95
8. R 0.17 13.070.19 ** 3.67 0.61 ** 13.60 -0.24 28.086 ** 23.13 2.05 30.61
9. R -0.31* 11.43 0.01 3.27 0.10 12.67 -1.06 * 21.9731* 26.72 1.38 27.44
10. Ro -0.27 8.43 -0.06 3.07 -0.31 ** 10.20 -0.85 17.90320 20.64 -3.60 * 16.60
11. S.E.(9 0.16 13.25 0.05 347 011 1256 0.46 25.89 0.24 8.521 1.43 23.34
12. SE(gg) 0.23 10.08 0.07 343 0.17 11.47 0.69 25.80 0.35 1.72 2.14 27.49

* ** Sjgnificant at 5% and 1% probability levelsgspectively; GCA- General combining ability; SCAseBific combining
ability; 6?GCA- variance due to GCA>SCA- variance due to SCA; EL-Ear Length; ED-Ear DitemeNKR/E- No. of Kernel
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kernels per ear and 100-kernel weight. Therefaidi-a
tive gene action of both traits can be fixed thioug
improvement of inbred lines.

General combining ability (GCA) effects: The GCA
estimates ang@er se performance of parental lines are

poor parents and® Powith average x poor parents.
These parental combinations show the clear rofeoof
-additive gene action in SCA effects. The SCA dffec
of grain yield and yield attributing traits in maizvere
also reported by Amiruzzamaet al. (2010); Haddadi

presented in Table 2. In present study, parenth wit et al. (2012); Aminuet al. (2014) and Guerreret al.
significant positive GCA effects were classified as (2014), also had given the emphasis on heterosis
good general combiner; with non-significant GCA as breeding for exploitation of non-additive gene awti

average combiner and significant negative GCA ef-

for maize improvement program.

fects were classified as poor general combiner. TheHeterosis: The per cent standard heterosis of crosses is

good general combiners for yield attributing traitsre
P1. Psand Rfor ear length; pfor ear diameter; fand
Psfor number of kernel rows per ear;dhd Rfor
number of kernels per row anddnd R for100-kernel
weight. The parent, fvas good general combiner for
yield along with good general combiner for numbgr o

presented in Table 4. Per cent standard heterasis w
ranged from -22.10 g P;) to 13.49 (Px Py) for ear
length; -18.38 (Fx Py) to 7.71 (Bx Py) for ear diame-
ter; -18.59 (Rx Ps) to 7.06 (Bx Pg) for number of
kernel rows per ear; -22.05gfPPy) to 27.69 (IPx Ps)

for number of kernels per row; -37.643;¢PP,) to

kernel rows per ear and average general combimer f015.48 (Rx Pg) for 100-kernel weight and -44.12 (P

remaining yield attributing traits, but could noe b
qualified as having potential directly for hybrideled-
ing programme because of its Iper se performance.
Some yield attributing traits namely ear lengthmber
of kernel rows per ear, number of kernels per roal a

Pig) to 66.93 (RPx Pg) for grain yield. None of the
crosses was having the positive significant pert cen
standard heterosis for ear diameter and numbeermf k
nel rows per ear. Elymyhum (2013) also reported the
non-significant genetic difference ultimately sifini

100-kernel weight had somewhat correlations betweertant standard heterosis for ear diameter and nuofber
high per se performance and good GCA effects.kernel rows per ear. While, three crossesx (P, P;x

Amiruzzamanet al. (2010) also identified the correla-
tion of good general combining ability of grain lge
and other yield attributing traits witber se perform-
ance of parental genotypes. Therefpes,se perform-
ance of parents could be used as useful indexdnr g
eral combining ability.

Specific combining ability (SCA) effects:The SCA
estimates of crosses are presented in Table 3SThe
effects ranged from -2.18 to 2.46 for ear length39
to 0.58 for ear diameter; -1.45 to 1.74 for numbgr
kernel rows per ear; -5.30 to 8.26 for number aof ke
nels per row; -6.20 to 5.74 for 100-kernel weighd a
17.71 to 29.59 for grain yield. The number of cesss
having significant positive SCA effects was 25 éar
length; 19 for ear diameter; 18 for number of kérne
rows per ear; 23 for number of kernels per rowf&0
100-kernel weight and 22 for grain yield. For grain
yield best eight specific combiners werex PPy
(25.59), Rx Py (24.70), Bx P3(23.16), Bx P; (20.28),
Psx Py (19.67), RBx Py (18.43), Rx P, (18.03) and &
P1o (17.69). The crosses namelyxHPsand Bx Pswere
also having the positive significant SCA effects &l
studied yield attributing traits while other remiam

Psand Rx Pg) for ear length; two crosses (PP;and
P1x Ps) for number of kernels per row; two crosses (P
x Pgand Rx Py for 100-kernel weight and nine
crosses (B( sz P x P5, P x ng Psx P9’P4X Plo,P5X ng
Psx Py, Psx Pypand Bx Pg) for grain yield had positive
significant per cent standard heterosis. The madait
of per cent standard heterosis for grain yield ifed
ent crosses were; R P; (66.93), B x B3 (54.83), B x

Py (52.17), R x Ps (44.64), B x P; (43.78), R x Py
(38.31), R x P, (37.61) and Px Py (35.63). Out of
these, cross, ;R Psalso showed the positive significant
per cent heterosis for ear length and 100-kern@yjhte
and goodper se performance of other remaining traits,
therefore, this cross, is classified as best froactizal
point of view. Viveket al. (2009) and Snezarg al.
(2012) also reported the significant standard bsieifor
grain yield, while Shetet al. (2011) and Aminet al.
(2014) also reported the significant standard bsieifor
grain yield along with ear length, no. of kernets ppw
and 100-kernel weight, and recommended the hegerosi
breeding for crop improvement programme

Conclusion

crosses were having the positive significant SCA ef Heterosis breeding is suggested for the developofent

fects for most of the yield attributing traits iddition
to good SCA effect. In contrast to GCA effect
(additive gene action), SCA effect are the restiian
-additive gene actions (dominance and epistatierint
action). Among these eight best significant positiv
crosses for grain yield, four {f P, P;x Ps P4x Pyand

effective cultivars of maize crop because of thespr
ence of more amount of variance due to SCA effects
than GCA effects. Good general combiner parents
along with high per se performance werafl RBfor

ear length; Pfor number of kernel rows per ear;fér
number of kernels per row andy Forl100-kernel

P7x Pg) were having parents with average x averageweight, which, can be utilized as donor as yietditat

general combiner; two (R P;and Rx Pg) with good x
average general combiner parents Pywith good x

uting traits in crop improvement programme. How-
ever, Bfor ear diameter andskor grain yield were
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having the good GCA effects along with low per se Guerrero, C.G., Miguel, A.G.R., Jose, G.L.O., IgnacC.,

value, therefore, could not be classified as goarep-
tal lines. The crosses,;® P, Pix Ps Pyx PsandRx Ps
manifested high SCA effects along with excelleanst

dard heterosis and per se performance for graid yie

and also for most of the studied characters, thezef
classified as potential hybrids for commercial mag.
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