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ABSTRACT

Thirty nine experimental hybrids were evaluated along with thirteen advance inbred parental
lines and three testers in quality protein maize during Kharif 2008. Analysis of variance
revealed significant deference among the parents and experimental hybrids for all the character
studied. Mean square due to parents vs hybrids were also observed significant for all the traits.
The inbreds HKI-164-3(2-1), CML 451 (P2) and HUZQPM-1 were good general combiner for
yield and many of the yield attributing traits. Taking in to consideration of the per se
performance, sca effect and standard heterosis, the HKI-164-3 (2-1) X CML-169-5-4 was the
best QPM hybrid yielding 35 per cent more grain yield per plot followed by CML451 (P2) X
CML - 169-5-4 (29%) over the superior check single cross hybrid Shaktiman-2. Crosses
between high X high and high X low gca parents exhibited greater heterosis. Heterosis for yield
was generally accompanied by heterosis for yield components.

Key words : Combining ability, Grain yield, Heterosis and QPM.

INTRODUCTION

The single cross quality protein maize hybrids
have become popular among Indian farmers due
to their high vyield potential and excellent
uniformity. The success depends on the
availability of productive diverse quality protein
maize inbred lines and clear knowledge of gene
action for specific traits to develop QPM
hybrids. Combining ability is a powerful tool in
identifying the best combiners for hybridization
especially, when a large number of advance
inbred lines are available and most promising
once are to be selected on the basis of their
ability to give superior quality protein maize
hybrids. The present investigation was therefore,
planned to estimate the extent of heterosis and
combining ability of parents and crosses in QPM

hybrid breeding programme using Line X Tester
approach (Kampthorne, 1957).

MATERIALS & METHODS

The experimental material consisted of thirteen
diverse QPM inbred lines viz. HUZQPM-1,
HUZQPM-2, HUZQPM-3, HUZQPM-4, CML-
172, (CML-161, CML-451)-3, HKI-164-4-(1-3)-
2, (CL-G2501 CML170)-E, HKI-164-3-(2-1)-1,
HKI-170(1+2), CML 451 (P2), (CML 15 X CL-
CO 3618)-8, CML-171 and three testers namely
CML-193-2-1, HUZQPM-467, CML-169-5-4
planted during Rabi 2007-08 at Agricultural
research Farm, Institute of Agricultural Sciences,
Banaras Hindu University Varanasi. The crosses
were made in the same season in Line X Tester
mating design. The resultant thirty nine single
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cross hybrids along with their parents and two
check hybrids were evaluated in the randomized
block design with three replications during
Kharif 2008. Each entry was raised in a plot
consisting of two rows of three meter length with
a spacing of 70 x 20 cm. Observation on 20
competitive randomly selected plant from each
replication were recorded for days to 50 per cent
tasselling, days to 50 per cent silking, days to 50
per cent brown husk, plant height, ear height, ear
length, ear diameter, number of kernel per row,
number of kernel row per ear and yield per plot.
The data were subjected to analysis of variance,
computation of heterosis and combining ability
adopting standard procedure.

RESULTS & DISCUSSION

The analysis of variance revealed highly
significant difference for all the characters
studied (Table 1). The mean square due to
parents also differed significantly indicating that
the parents involved in the study were diverse
for all the characters except ear diameter. The
variance due to parents' vs crosses differs
significantly indicating the presence of high
heterosis response in the material studied.
Significant differences were also observed
among the crosses for all the characters except
ear diameter. Among the lines, significant
differences were observed for days to 50 per cent
tassel, days to 50 per cent silk, days to 50 per
cent brown husk, plant height, kernel row per
ear, kernel per row, ear diameter, ear length and
yield per plot while the difference for tester was
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non-significant for all the traits studied except
kernel row per ear. The variance due to SCA was
more pronounced than variance due to GCA for
all the characters indicating the importance of
non-additive genetic variance in the material
studied which favour the production of hybrid
cultivars. These results are in agreement with
earlier reports of Singh et al. (2012).

Pronounced heterosis was observed in most of
the characters. The expression and magnitude of
heterosis however, varied for different traits in
the same cross and even for same traits among
the crosses. The two experimental hybrids
namely, HKI-164-3 (2-1)-1 X CML-169-5-4 and
CML-451 (P;) X CML-169-5-4 were identified
as superior hybrids and they yielded 35.0 and
29.0 per cent more grain yield, respectively ever
best check hybrid Shaktiman-2. On the other
hand, lowest heterosis over the best check was
observed in the cross (CML-161, CML-451)-3 X
CML-169-5-4 (-42.20%). This may be attributed
to presence of non additive gene effect for grain
yield. These results were supported by the work
of lkramullah et al. (2011) in quality protein
maize.

The gca effects of the parents for different traits
under study are presented in table 2. The parents
HKI-164-3 (2-1)-1, CML-451 (P,) and
HUZQPM-1 were observed as good general
combiners for grain yield. Besides grain yield for
earliness and yield attributing traits. Similar
pattern was reported by Singh and Kumar
(2008).

Table-1: Analysis of Variance for Line x Tester mating design in QPM maize.

L Dayste  Daysto  Daysto 30 Plant height  Ear height e Kemel per . Ear Earlength Yield per

Source of variation d.f. 50 per 50 per per cent fOW per diameter
centtassel cent silk  brown husk ey = ear ow (cm) (om) plot (Kg)
Replicates 2 0.51 15.01 31.02 1.84 10.17 0.21 0.28 0.68 3.19 0.32
Treatments 54 58.54%*  58.07*F  64.04%%  4405.96%*  1332.30%*  25.01**  201.09** 1.43 40.76** 12.27
Parents 15 48.87%*  50.50%*  40.57**  2750.71%* 409.02%* AN 108.29%* 0.88 22.19%%  11.21%*
Parents VsCrosses 1  113.27%%  59.98%*  251.63%*  140616.84%* 47617.13*%* 876.05%* 7966.90%*  52.49%* 1570.97*++ 328.23**
Crosses 38 60.93%  61.00** 68.37*+* 1234.45%* 478.86%** 9.45%* S 0.30 7.83%* 4.37%*
Line effect 12 118.58** 115.45%*  138.97+* 1965.43%* 1215.55%* 12.97*+* 31.47+* 0.40 18.54%*  10.99%*
Tester effect 2 19.11 48.88 41.32 238.65 252.16 26.31%* 8.4749 0.61 7.08 0.03
Linextestereffect 24  35.58%%  34.79%%  3523%* 951.55%* 129.41%* 6.28*+* 36.26%* 0B3EE A 1.42%*
Error 108 2.95 2.96 2.76 5.96 2.09 0.25 0.89 0.21 0.25 0.08
6lgea 2.75 3.30 3.66 45.67 30.49 0.81 0.79 0.01 0.52 0.23
6’sca 10.88 10.61 10.82 315.33 42.44 2.00 11.82 0.62 0.76 0.45
* Significant at 5% level of significance and ** Significant at 1% level of significance.
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Table-2: Estimation of general combining ability effect (GCA) of inbred lines and tester for ten gquantitative traits in QPM maize.

Lines & Testers I;;};etro D;;: ;Z.;U D;;: ;an[] _Plant Ear height Kernel row Kemnel per diaf:na;tm' Ear length Yield per
cent tassel silk brown husk g o) per ear row (cm) ) plot (Kg)
‘GCA of Lines
HUZQPM-1 4. 86%* 5.4 E 315 -4 TG+ 0.30%* 1.20%* 034 1.25%* 1.42%*
HUZQPM-2 3.64=* 351w 401 %= -10.07** 5. 42== -1.40%=* 1.54%=* 0.15* 0.25%* 0. 14%=
HUZQPM-3 3.64* 4. 20%* 5.68%* -10.52%* -2.24%* -0.62** -0.07 0.06 0.88** -0.05%*
HUZQPM-4 -1.69%* -2.04%* —1 54*= 16.95%* 14.70%* 134> -1.84%* -0.09** 0.45** 0.19%*
CMIL-172 -2.60%* -2.93%=* -2.21** 7.82%* 0.09 -0.37%* 1.09==* 0.01 1.04%== -0.61**
(CML-161, CMIL- -0.58** 0.07 1.91%* —25.13** -12.51** 0. 74=* -3.50** 0.00 -3.16%* -1.98**
4513-3
HEI-164-4-(1-3)- 3.20*%* 0.29 -0.65%* 2.65* -27.69%* -2 34%* -0.11%* -0 17** 1.88** -0.79%*
2
(CL-G2501 -8 25%= -804 -8 G5 -17.57** -0 g3+ -0.17%* -1.15%* -0.19%* -1.60%* -1.72%
CML170)-E
HEI-164-3-(2-1)- 1.42% 1.51* 3.02%* -T.15%= 8 76%* 1.51** -1.10%* -0.26%* 1.00%* 0.23%*
1
HEI-170(1+2) 1.31* 2.07* -0.9g** 12.20** 2.00** -0.75%* 1.50%* -0.12* -0.77** 0.15%*
CML 451 (P2) 0.64 0.29 —1.32*>= 2.42 4.65%* -0.64=* 0.64* 0.13* 050 1.87%=
(CML 15 X CL- -2.69** -2.04%* -2.76%* 12.57%* 11.98** 1.82%* 3. 50%* 0.39* 0.00 1.07*®*
CO 3618)-8
CMIL-171 -2.80%* -2.38** -1.87%* 2]1.59*%* 9.26%* 0.58%* -1.80%* -0.25* -1.75%* 0.08*®*
GCA of Testers

CMIL-193-2-1 0.12 011 -0.09** 2.22%* —2.03** -0.g5%* -0.53%* 0.03* 0. 4q%* 0.03%*
HUZQPMN-467 0.63*+* 1.17%=* 1,09 044 1.27%* 0.07*+* 0. 17*+* 0.11%* -0 42 -0.02%*
CMWI-169-5-4 -0 75** -1.06%* —0.9g** -2.66%* 1.66%* 0. Fg** 0. 35%* -0 14** -0.02%* -0.01**

* Significant at 5% level of significance and ** Significant at 1%% level of significance.

Table-3: Elite five specific combination for grain yield and its components in QPM maize

Character Cross Sff(ég Heterosis Cross SCA
Daysto50 |  (CL-G2501 CML170)-E X “oaoaes | (CML-161, CML-451)-3X -
per cent CML-169-5-4 i s CML-193-2-1 S
tassel (C'—'Géiz)i_(lzg"s'jzl_io)"fx HXL | 2275% | HKI-170(1+2) X CML-169-5-4 | 4.64**
(CML'Clﬁ/Il’Li'g"gL_;_‘i’l)G X | HXH | -2169** | HUZQPM-1X CML-169-5-4 | 4.42%*
CML-172X CML-193-2-1 | HX L | -16.40** | CML 451 (P2) X CML-193-2-1 | 3.77**
HUZQPM-4 X CML-169-5-4 | HXH | -15.87** HK"164'3'(2'2;11 XEMLABS- | 5 170
Daysto50 |  (CL-G2501 CML170)-E X e | (CML-161, CML-451)-3X o
per cent CML-169-5-4 HXH | -2030 CML-193-2-1 0.78
silk (C'—'Gé?\fl’i_cl:g"g'jzllo)"zx HXH | -19.80%* | HUZQPM-1X CML-169-5-4 | 5.06**
(CML'éﬁ/Ill’__cl'g'gL_;_‘i’l)G X | LXH | -1980** | HUZQPM-4X CML-193-2-1 | 3.89**
(CL-G2501 CML170)-E X o oaex | HKI-164-4-(1-3)-2 X HUZQPM- -
UZOFMtT HXL | -15.23 s 3.61
HUZQPM-4 X CML-169-5-4 | HX H | -14.21** | HKI-170(1+2) X CML-169-5-4 | 3.06**
D;g'rsggnfo (CL'Gjaole(F:,'R/'A'_‘jg?)'EX HXL | -1357** | HKI-170(1+2) X CML-169-5-4 | 4.21%*
b;ﬁ‘s"l’(” (CL'Géﬁi_fg_Lzl_io)'Ex HXH | -11.07%* | HKI-170(1+2) X CML-169-5-4 | 4.21%**
(CL'G(%?\;)&_E%'_‘S{ZO)'EX HXH | -10.36** | HUZQPM-4X CML-193-2-1 | 4.20**
HK"164'4'(1'§£2 XCMLA93- | s 1 | -10.00%* | cML 451 (P2) X CML-193-2-1 | 3.98**
(CML-161, CML-451)-3 X
o o -5- - * % *%
HUZQPM-4 X CML-169-5-4 | HXH | -7.29 CML103.2.1 3.09
Plant (CL-G2501 CML170)-E X o aawes | HKI-164-3-(2-1)-1 X CML-169- o
height CML-193-2-1 HXL | 2593 5-4 24.38
(cm) | HKI-164-3-(2-1)-1X CML-193- acars | (CL-G2501 CML170)-E X -
o HXL | -2358 CMIL1605.4 22.49
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(CML-161, CML-451)-3 X

- **x _ _ I *%
HUZOPMA67 HXL | -21.14 HUZQPM-3 X CML-193-2-1 | 20.89
CML-161, CML-451)-3 X CML-161, CML-451)-3 X
O L HxH | ssee | OV 19.99%
HUZQPM-3 X HUZQPM-467 | HXL | -17.84** | CML-172X CML-193-2-1 | 18.72%*
Ear(g'rfl')ght HK"164'4'(1'2%'72 KHUZQPM- 1| | 235.73%% | CML-171X HUZQPM-467 | 10.84**
HKI—164—4—(1—§?i2 XCML193- | s iy | a0 00 HKI—164—3—(2—2L—11 X CML-169- | ;0 2gu
HKI-164-4-(1-§1—12 XCML169- | o | opqaer | (CM L-Clle\s/ll,szlg/l;;}in)-:«, X | gape
(CML-161, CML-451)-3 X PPy _ ] m
CML160.5.4 HXL | -13.87 CML-172 X HUZQPM-467 | 7.18
(CML-161, CML-451)-3 X P ] o —
HUZOPMA6T HXL | -8.75 HUZQPM-2 X CML-169-5-4 | 5.79
Kernel | (CML 15X CL-CO 3618)-8 X " ] Comn. -
row per ML 16954 HXL | 49.86 HUZQPM-3X CML-193-2-1 | 2.72
ear HK|-164-3-(2-2L-11 XCML169- | o) | 47.09% HKI-164-3-(2-é£1 X CML-169- | | s
HUZQPM-4X CML-169-5-4 | HX L | 4155+ | (CML 15C>§/| I_C_'Iécggfm)'g X1 170w
CHCTTCLRTX | | s | OVEISLHLETST |
CML-171 X CML-169-5-4 HXL | 27.93** | HKI-170(1+2) X CML-193-2-1 | 1.21**
Kerrr(‘)ev'vper HUZQPM-2X CML-193-2-1 | HX L | 14.10%* HK"164'3'(2'£;11 X CMLABS- | g5 g
HKI-164-3-(2-§?‘11 XCML169- | sy | 1377% HK|-164-4-(1-21-12 X CML-169- | 4 oo
CML 451 (P2) X HUZQPM-467 | HX H | 13.66** CML-171 X CML-1932-1 | 3.95%*
CML-172 X CML-193-2-1 HXL | 1355** | HUZQPM-4X HUZQPM-467 | 3.85**
HK"164'4'(1'§’?;12 XCML-169- | | w1 | 13.44% | CML 451 (P2) X HUZQPM-467 | 3.75**
Ear (CML 15 X CL-CO 3618)-8 X n ] omn. -
diameter HUZOPM67 HXH | 2807 HKI-170(1+2) X CML-193-2-1 | 0.56
(cm) HKI-170(1+2) X CML-193-2-1 | LXH | 27.16* | HUZQPM-4X CML-169-5-4 | 0.41**
HUZQPM-1X CML-193-2-1 | HXH | 26.61* (CM"'éfAll’__Cl'Z'g'j;_‘il)'S X 0.35%*
HUZQPM-4X HUZQPM-467 | LXH | 26.24* | HUZQPM-3 X HUZQPM-467 | 0.31%*
HUZQPM-2X HUZQPM-467 | HX H | 25.69* | HUZQPM-3X CML-193-2-1 | 0.26%
Ear( (!ﬁr:)gth HKI-164-4-(1-§;?‘12 XCML169- | o | 03080 (CM L:Sé’ QCP'\|<I/| L_Zégl)e X | L agm
HUZQPM-2X CML-193-2-1 | HXH | 19.45** | HUZQPM-2X CML-193-2-1 | 123**
HUZQPM-1X CML-169-54 | HXL | 19.03** | HKI-170(1+2) X CML-193-2-1 | 1.19**
HKI-164-3-(2-2‘11 XCML169- | v\ | 1g1g%s | (CML 150 >'\</I Lc_;gg_eiﬁls)-s X | 1qes
HKI-164-4-(1-223—72 XHUZQPM- | 3| | 17 g7ee HKI-164-3-(2-2L-11 X CML-169- | o 70
;)(Iugtlcg lgg)r HKI-164-3-(2-él11 XCML169- | | o | ag70m HKI-164-3-(2-é?A-rl X CML-169- | , g
CML 451 (P2) X CML-1695-4 | HX L | 28.78** | HUZQPM-3X CML-193-2-1 | 0.85**
CML 451 (P2) X HUZQPM-467 | HX L | 28.55** CML-172X CML-193-2-1 | 0.81**
CML 451 (P2) X CML-1932-1 | HXH | 27.77%* | CML-172X HUZQPM-467 | 0.58**
HUZQPM-1 X HUZQPM-467 | HX L | 24.33** | HUZQPM-2X CML-169-5-4 | 0.41**
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The five most promising combinations selected
separately on the basis of heterotic effect over
best check viz. Shaktiman-2 and their gca and
sca effects are presented character wise in table
3. Most of these cross combinations were
uniformly superior for sca as well as heterosis.
The cross combinations HKI-164-3-(2-1)-1 X
CML-169-5-4, HUZQPM-3 X CML-193-2-1,
CML-172 X CML-193-2-1, CML-172 X
HUZQPM-467 and HUZQPM-2 X CML-169-5-
4 showed positive and significant response over
check hybrid for yield and these crosses had high
heterosis for yield components, in particular
kernel rows per ear, ear diameter and kernel per
row. This indicates that heterosis for yield was
through individual yield components. Similar
observation on high heterosis for grain yield was
reported by Wali et al. (2010) and Singh et al.
(2012).

CONCLUSION

A perusal of heterotic behaviour and magnitude
of heterosis in the superior experimental hybrids
revealed that heterosis for grain yield may be
because of the fact that atleast one parent
involved in these crosses had desirable and
significant gca effect suggesting besides genetic
diversity gca effect should also taken in to
account for heterosis breeding.
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The present studies, therefore, suggested that the
inbreds HKI-164-3-(2-1)-1, CML-451 (P;) and
HUZQPM-1 were promising parents giving high
heterosis for most of the traits has potential and
being exploited in breeding programme may
prove useful for improvement for yield and other
component traits. The experimental hybrids
HKI-164-3-(2-1)-1 X CML-169-5-4 and
HUZQPM-3 X CML-193-2-1 manifested high
sca as well as heterotic effect for grain yield and
other traits indicating such experimental hybrids
may be wused in QPM hybrid breeding

programmes.
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