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Abstract | Heterosis is one of the greatest practical contributions of genetics to the agricultural world
and has its most significant expression in maize than other cereal crops. Exploitation of this phenom-
enon of superior performance of I, progeny over their parents not only transfigured maize breeding
schemes but also constituted the foundation of maize seed industry. Evaluation of per se performance
of parental lines and estimation of heterosis and inbreeding depression are prerequisites to start
hybrid development program. In this context, we explored heterosis and inbreeding depression in
indigenous maize germplasm comprising inbred lines NCMLQ,, NCMLQ,, NCMLD,, NCMLD,,
NCMLD,, and NCMLD, These genotypes were crossed to get ten F, hybrid combinations, which
were used to develop three generations F,, BC, and BC,. Heterosis (in F,) and inbreeding depres-
sion (in F, BC, and BC)) were quantified for traits including shelling percentage, kernels per row,
kernel rows per ear, and 100-grain weight and grain yield. Non-additive gene action was evident for
shelling percentage, kernels per row and 100-grain weight and grain yield for which both heterosis
and inbreeding depression were expressed by crosses like NCMLQ, x NCMLD, and NCMLQ, x
NCMLD,. The parental lines used in above F, hybrids could prove useful in exploitation of heterosis

and development of hybrids.
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Introduction

Maize is undeniably the most completely domes-
ticated of field crops and since its domestica-
tion, purposeful attempts have been made to enhance
its yield. Consequently, open-pollinated varieties hav-
ing distinct characters were developed and can still
be seen under cultivation in developing countries.
However, the discovery of hybrid vigor or “hetero-
sis” in maize has revolutionized the breeding work
being carried out. Exploitation of this phenomena of
superior performance of progeny (F, generally) with

respect to their parents not only transfigured maize
breeding schemes but also constituted the foundation
of maize seed industry (Acquaah, 2007). The hybrid
vigor is one of the greatest practical contributions of
genetics to the agricultural world and has its most
significant expression in maize, as compared to other
cereal crops, which is being explored intensively by
maize breeders and seed production companies (Pa-
terniani, 2001).

G.H. Shull’s publication in early 1908 “the composi-
tion of a field of maize” marked the beginning of the

December 2015 | Volume 31 | Issue 4 | Page 217

::: Smith & Franklin

| cadesc Publidsing Corpacation
= L


http://dx.doi.org/10.17582/journal.sja/2015/31.4.217.223
crossmark.crossref.org/dialog/?doi=10.17582/journal.sja/2015/31.4.217.223&domain=pdf&date_stamp=2008-08-14

OPEN 8ACCESS

Sarhad Journal of Agriculture

exploitation of heterosis in plant breeding. He report-
ed that inbred lines of maize showed general dete-
rioration in yield and vigor (inbreeding depression),
but when crossed, the yield of hybrids exceeded that
of the varieties from which the inbreds were derived.
Furthermore, they not only had vigor restored great-
ly but also possessed an increased level of uniformity

(Shull, 1908; Crow, 1998).

Shull in 1909 drew the pure-line method in maize
breeding proposing the use of continuous selfing to
develop homozygous lines that would be of use in hy-
brid production. This combination of inbreeding and
hybridization created the basis of maize improvement
and became standard in maize breeding programs
(Shull, 1909; Acquaah, 2007). Due to higher yields,
uniformity of hybrids, ability to incorporate favoura-
ble qualitative traits and be adapted to different hab-
itats, especially length of growing season, the change
from open-pollinated to hybrid maize was amazingly
rapid (Crow, 1998). The impact of this paradigm shift
is clearly evident from global maize yield and produc-
tion statistics.

Inbreeding depression, however, is the conceptual op-
posite of heterosis and it is the loss of vigor following
related mating. Inbreeding depression is due to reduc-
tion in heterozygosity in contrast to heterosis which is
often viewed as maximizing heterozygosity (Kaeppler,
2012). The extent of inbreeding depression and ho-
mozygosity achieved through self-pollination to de-
velop maize inbred lines and exploitation of heterosis
by crossing those lines are two main steps that lead
to the development of desired hybrids. In the light
of above, the present study aimed at quantifying het-
erosis and inbreeding depression in indigenous maize
germplasm and also to identify parental lines to be
used for hybrid development in future maize breeding
programs.

Materials and Methods

For heterosis estimates, maize inbred lines NCMLQ,,
NCMLQ,, NCMLD,, NCMLD,, NCMLD,, and
NCMLD, were inter crossed to have ten F, combi-
nations viz:
NCMLQ,
NCMLQ,

x NCMLQ, , NCMLQ, x NCMLD,,
x NCMLD,, NCMLQ, x NCMLD,,
NCMLQ, x NCMLD,, NCMLQ, x NCMLD,,
NCMLQ, x NCMLD,, NCMLQ, x NCMLD,,
NCMLQ, x NCMLD,, NCMLD, x NCMLD,. For

inbreeding estimates, we developed three generations

of each cross viz; F, (by selfing of F, plants), BC, (by
backerossing F, with parent-1) and BC, (by back-
crossing F, with parent-2). All six parents with their
four generations i.e. F,, F,, BC and BC,were planted
in randomized complete block design having three
replications following optimum agronomic practic-
es. Data for grain yield and ear traits like shelling
percentage, kernels per row, kernel rows per ear, and
100-grain weight were recorded. Thirty guarded plants
were used to take data of parents and F's, 210 plants
of F,and 45 plants of back-crosses. The study was
carried out during spring 2009 at National Agricul-
tural Research Centre (NARC), Islamabad, Pakistan

Statistical analysis

Analysis of variance was conducted to check signifi-
cant differences among generations used for estima-
tion of heterosis and inbreeding depression. Mid-par-
ent (MP) and better parent (BP) heterosis were
calculated by using the following formulae (Nadara-
jan and Gunasekaran, 2008):

F, — Midparent value

Mid — parent heterosis%h = ( Midparent value 7} » 100

F, — Betterparent value

Better — parent heterosis % = ( 1 = 100

EBetterparent value

Standard errors for both these estimates were calcu-
lated as (Nadarajan and Gunasekaran, 2008):

'3
5.E, for mid — parent heterosis = !(; X error mean SqUarTe)
W
3
5.E. for better — porent heterosis = !(?— X @rror mear square )
| 2r
N

where 7 is number of replications. #-zest was used to
check significance of heterosis estimates where ‘#’ val-
ues were calculated as (Nadarajan and Gunasekaran,

2008):

Mid-parent heterosis:

F —MP
Ergic = T
Better-parent heterosis:
F, — EF
Ergic = ?

Estimates were found significant when these # , val-
ues were greater than ¢ values at 5% probability.
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Inbreeding estimates for each generation were com-

puted as under (Talebi et al., 2010):

ID % (Fl _F:] 100 (Fl — Bcl] 100 (Fl — BE:] 100
= = N = N =
F F F

Similarly z‘mkﬁé

Estimated D% Estimated 10U Estimated [D%
S.EMF)+5EME) 5.EME)+5EMBC,) S.EMF)+S5EM(BC)

‘These were compared with 7, at 5% to determine
the significance of inbreeding depression estimates in
each of three generations where S.E.M = Standard

Dev/no. of observations.
Results and Discussion

Analysis of variance showed significant differences
among generations for traits under study viz; shelling
percentage, kernels per row, kernel rows per ear and
100-grain weight and grain yield thereby data was
pursued for further analysis (Table 1). Mid-parent
and better parent heterosis estimates were computed
for all traits which sowed varied level of significance
corresponding to each cross (Table 2). Inbreeding de-
pression estimates were determined as expressed by
three generations F,, BC and BC, of all crosses and
results are appended in Table 3. The inconsistent dis-
play of inbreeding depression along with the varied
expression of heterosis by different crosses gave a hint
towards selection of the parental lines for develop-
ment of hybrids. The point of emphasis here is that the
measures of heterosis are phenotype-dependent or, in
other words, trait specific. It is therefore, recommend-
ed that studies to understand mechanisms of heterosis
must be conducted and inferred with respect to spe-
cific traits (Kaeppler,2012). In early 1900s, E. M. East
recognized the deleterious effects of inbreeding but
was not convinced of the idea of exploitation of het-
erosis and development of hybrids because the inbred
lines were generally very weak, producing little seed
and hence the increased cost of seed production ne-
gated any increments in yield (Crow, 1998). However,
modern day breeders emphasis more on development
of parental inbred lines that have greater vigor, greater
seed yields and, thus, commercially viable. Hence, our
efforts for development of superior inbred lines and
exploitation of heterosis for larger commercial gains
are more focused now on understanding of underly-
ing genetic make-up of these germplasm resources.

Results of heterosis estimates showed that besides
positive heterosis, i.e. heterosis in desired direction,
many crosses showed significant negative heterosis
over mid-parent and better parent for grain yield,
shelling percentage, kernels per row, kernel rows per
ear and 100-grain weight. For grain yield, although
heterosis was expressed as high as 20.62 percent by
hybrid NCMLQ, x NCMLD,, 15.33 percent by
NCMLD, x NCMLD, and 10.89 percent by NCM-
LQ, x NCMLQ, over mid-parental values however,
remained non-significant statistically. Positive hetero-
sis for this trait have also been reported by Geeta et al.
(2001), Bajaj et al. (2007), Amiruzzaman et al. (2011),
Ikramullah et al. (2011), Jain and Bharadwaj (2014),
whereas Rozende and Souza (2000) reported low het-
erosis for grain yield.

For shelling percentage, cross combination NCM-
LQ, x NCMLD, expressed significant heterosis over
mid-parent (11.09%) and NCMLQ, x NCMLD,
over both mid-parent (21.30%) and better parent
(18.69%). Heterosis for this trait was also found in
studies by Ravikant et al. (2006) and Jain and Bharad-
waj (2014). For kernels per row, NCMLQ, x NCM-
LD, showed high level of heterosis (13.60%) but re-
mained nonsignificant. On the contrary, studies by
Jain and Bharadwaj (2014), Geeta et al. (2001) and
Malik et al. (2004) reported heterosis for this char-
acter. No hybrid combination displayed positive het-
erosis for kernel rows per ear in contrast to Jain and
Bharadwaj (2014) who reported heterosis for grain
rows per cob as did Geeta et al. (2001) and Kara et
al. (2001).

However, for 100-grain weight, significant positive
heterosis was shown by NCMLQ, x NCMLD, over
mid-parent (16.42%) and by NCMLQ, x NCM-
LD,, NCMLQ, x NCMLD, over both mid-parent
(40.01%, 37.10%, respectively) and better-parent
(17.84%, 35.25%, respectively). Significant heterosis
was also found for this trait by Bajaj et al. (2007), Jain
and Bharadwaj (2014),, Kara et al. (2001), Dickert
and Tracy (2002) and Malik et al. (2004).

It is to be considered here that yield is a complex
trait that manifests itself through interaction of the
plant with the environment from planting until har-
vest. Moreover, being quantitative in nature, yield is
determined by a large number of genes each individ-
ually having a small incremental effect on its total ex-
pression. Furthermore, heterosis expressed by hybrids
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Source of vari-  d.f.
ation

Replications 2
Generations 25
Error 50

* Significant at 5%

Mean square values

Grain yield

F, BC,
318.63 207.2
277.94* 349.71*
105.41 66.116

Table 1: Mean squares \3 various traits in maize

BC,
139.68
426.26"

66.86

Generations Grain yield Shelling %
Mean MP Het- BP Het- Mean MP Het- BP Het-
erosis % erosis % erosis %  erosis %

NCMLQ, 68.59 66.98

W NCMLQ, 64.19 67.23

wm NCMLD, 53.18 71.12

m NCMLD, 51.71 76.91

" NCMLD, 51.75 78.63
NCMLD, 80.91 64.33
Q,XQ, 7361 10.89 7.33 68.28 1.75 1.57
Q. XD, 6289 3.30 -8.30 69.48 0.62 -2.30
Q, XD, 4671 -2235 -31.9* 79.93 11.09* 3.92

= QXD, 6350 553 -7.42 69.91 -3.98 -11.09*

M Q. XD, 7490 0.21 -7.42 64.43 -1.87 -3.81

2 QXD, 6129 444 -4.51 67.49 -2.43 -5.10

m Q, XD, 6990 20.62 8.90 62.84 -12.81*  -18.30*
QXD, 61.05 5.32 -4.88 69.61 -4.55 -11.48*
QXD, 4948 -31.79 -38.84*  79.79 21.30* 18.69*
D, XD, 7650 1533 -5.45 65.54 -8.31* -16.65*

*Significant against t,, . at 5% probability.

Shelling %

F, BC, BC
91.56* 80.04* 89.97*
62.23* 99.25* 104.07*
17.37 17.04 19.12

Kernels per rows

Mean MP Het-
erosis %

39.92

34.18

40.81

32.84

38.39

47.96

35.63 -3.85

39.88 -1.21

35.65 -2.02

42.74 9.14

45.03 2.48

38.80 3.47

38.07 13.60

37.47 3.25

37.82 -7.92

47.36  9.69

Kernels per row

TJN
11.29
188.74*

12.07

BC
19.98
43.85*
9.70

Kernel rows

. BC, F, BC
32.12* 3.57* 1.70°
60.13* 1.22* 1.70*
477 032 040

Table 2: Mid and better parent heterosis estimates \,E\ grain p:.m\m\ and other pk.m\m\ attributes in maize

BP Het-

erosis %

-10.76
-2.29
-10.71
7.05
-6.11
-4.93
11.37
-2.41
-21.15*
-1.25

Kernel rows per ear

Mean MP Het-
erosis %

12.71

12.67

15.14

13.72

14.84

14.09

12.51 -1.44

13.66 -1.89

12.69 -4.00

13.11 -4.84

13.10 -2.21

13.59 -2.29

12.50 -5.30

13.60 -1.15

13.14 -1.79

12.78 -11.69*

BC
2.05*
1.93*
0.36

BP Het-

erosis %

-1.58
-9.77*
-7.54*
-11.68*
-7.02*
-10.25*
-8.92*
-8.37*
-6.74*
-13.92*

100 grain weight
F, BC,
4.41* 30.42
25.74* 340.03*
15.4 19.02
100 Grain Weight
Mean MP Het-
erosis %
37.30
41.25
39.04
54.59
62.47
40.14
32.02 -18.47*
44.44  16.42*
64.32 40.01*
38.27 -23.28*
35.65 -7.91
3546 -11.68
31.72  -33.80*
36.44  -29.74*
55.79  37.10*
41.02 -20.04*

BC,
21.93
396.26*

15.78

BP Het-

erosis %

-22.38*
13.82
17.84*
-38.74*
-11.16
-14.04
-41.88*
-41.68*
35.25%
-34.33*

Smith & Franklin
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Table 3: Inbreedin ¢ depression estimates for various traits as manifested in Fg, BC , and BC |, generations

Generations Grain Yield
Means ID %

; NCMLQ, 68.59

& NCMLQ, 64.19

Z NCMLD, 53.18

%)

NCMLD, 51.71
NCMLD, 51.75
NCMLD, 80.91
Q,XQ, 7361
Q XD, 6289
Q,XD, 4671
Q, XD, 6350
Q, XD, 7490
QXD, 6129
Q,XD,  69.90
Q,XD, 6105
QXD, 49.48
D,XD, 7650

SATIFAH A

A QXQ, 4966
£ QXD, 6845
Z Q XD, 5836
E QXD, 5621
S QXD, 5165
2 QXD, 6518

QXD, 49.87

QXD, 5335

QXD, 67.49
D,XD,  68.99
Q,XQ, 5821
Q XD, 549
Q, XD, 4566
Q, XD, 6530
Q, XD, 79.87
Q,XD, 5795
Q,XD, 7341
Q,XD, 67.10
QXD, 4838
D,XD, 78.12
Q,XQ, 5927
Q,XD, 5492
Q,XD,  46.70
Q,XD,  72.09
Q,XD, 8580
QXD, 5853
QXD,  80.02
QXD, 6872
Q,XD, 4730
D, XD, 83.10

NOLLVIANAD "0d

NOLLVIANAD Od

32.54*
-8.84*
-24.9*
11.47*
31.05*
-6.35
28.66*
12.62*
-36.4*
9.82*
20.92*
12.61*
2.24
-2.84
-6.64
5.44
-5.02*
-9.91*
2.23
-2.12
19.49*
12.68*
0.02
-13.53*
-14.55*
451
-14.49*
-12.56*
4.41
-8.63"

Shelling %
Means ID %
66.98

67.23

71.12

76.91

78.63

64.33

68.28

69.48

79.93

69.91

64.43

67.49

62.84

69.61

79.79

65.54

69.71 -2.10
66.45 4.36*
7215  9.72*
7229  -3.40*
71.00 -10.20*
69.34 -2.74
68.67 -9.28*
71.03 -2.04
66.96  16.08"
7197 -9.81*
66.31  2.89
61.16 11.98*
69.88  12.57*
61.62 11.86*
61.98 3.79
68.99 -2.22
70.05 -11.48*
65.87 5.38"
71.85  9.95*
80.70  -23.13*
69.67 -2.03
65.88 5.19*
79.15  0.97
70.62 -1.01
62.47  3.04
7147  -5.90*
82.28  -30.94*
64.73  7.01*
63.38  20.56*
72.60 -10.76*

*Significant against ¢, ,  at 5% probability.

No of Kernels per Row
Means ID %
39.92

34.18

40.81

32.84

38.39

47.96

35.63

39.88

35.65

42.74

45.03

38.80

38.07

37.47

37.82

47.36

27.55  22.66
26.46  33.65*
25.49  28.50*
20.30  52.49*
24.63  45.31*
27.34  29.53*
2532 33.48*
23.72  36.68*
24.60  34.95*
2821  40.43*
40.41  -13.43*
4196  -5.23*
3592 -0.77
38.47  9.98
4399 2.30
4225 -891*
38.47  -1.04
39.65  -5.82¢
3896  -3.03*
45.00  4.99*
36.21  -1.63
3494 12.38*
36.05 -1.13
42.50  0.55
4510 -0.16
35.42  8.70*
39.73  -4.35*
39.64  -5.79*
3896  -3.02%
50.04 -5.66

No. of Kernel Rows per ear

Means
12.71
12.67
15.14
13.72
14.84
14.09
12.51
13.66
12.69
13.11
13.10
13.59
12.50
13.60
13.14
12.78
13.20
12.85
13.19
13.63
13.59
13.29
13.22
13.03
13.41
13.27
13.20
12.75
13.22
13.95
15.18
13.47
13.36
12.80
13.60
13.88
12.32
12.51
13.71
14.87
14.68
13.50
12.76
13.45
13.60
13.88

ID %

-5.53*
5.95*
-3.98*
-3.98*
-3.71*
2.22*
-5.78*
4.20*
-2.03*
-3.84*
-5.53*
6.70*
-4.25*
-6.43*
-15.85*
0.85*
-6.91*
5.91%
-3.48*
-8.68*
1.50*
8.39*
-8.08
-13.44
-12.06
0.63*
-2.11
1.11*
-3.48
-8.62

100 Grain Weight
Means 1D %
37.30

41.25

39.04

54.59

62.47

40.14

32.02

44.44

64.32

38.27

35.65

35.46

31.72

36.44

55.79

41.02

27.32  14.66*
25.37  42.92*
27.38  57.43*
26.97  29.54*
27.23  23.62*
25.52  28.02*
2524  20.44*
26.68  26.77*
26.67  52.20*
27.81  32.21%
2993  6.53*
44.17  0.61
6333 1.54
40.61  -6.12%
3524 1.18
3621  -2.13
28.42  10.41*
36.49 -0.15
58.87 -5.53
38.82 5.37*
30.73  4.02
4559  -2.59
68.92  -7.15*
36.14  5.57*
36.53  -2.47
36.64  -3.34*
2723  1417*
39.84  -9.35*
64.44  -15.50*
40.97 0.14
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largely depends on the genetic divergence of the pa-
rental lines (Telebi, 2010). Therefore, we can deduce
that low values of heterosis for these traits are a con-
sequent of close relatedness of inbred lines used in
this study.

Significant positive values of inbreeding depres-
sion were found for grain yield in F, generation of
crosses NCMLQ, x NCMLQ, (32.54 %), NCM-
LQ, x NCMLD, (11.47%), NCMLQ, x NCM-
LD, (31.05%), NCMLQ, x NCMLD, (28.66%),
NCMLQ, x NCMLD, (12.62%) and NCMLD, x
NCMLD, (9.82%). Similarly, both backcross gener-
ations (BC, and BC,) of NCMLQ, x NCMLQ, and
NCMLQ, x NCMLD, also expressed significant in-
breeding depression for this trait. Similarly, Jain and
Bharadwaj (2014) and Ahmad et al. (2010) stated in-

breeding depression for grain yield.

The cross NCMLQ, x NCMLD, showed maximum
significant inbreeding depression (16.08%) in F, for
shelling percentage followed by NCMLQ, x NCM-
LD, (9.72%) and NCMLQ, x NCMLD, (4.36%).
In addition to these crosses, NCMLQ, x NCMLD,
(11.86%) and NCMLQ, x NCMLD, (5.38%) dis-
played decreased performance for this trait in BC,,
whereas in BC,, the cross NCMLQ, x NCMLD,
again expressed highest percentage loss in perfor-
mance (20.56%) as compared to other crosses. Ra-
vikant et al. (2006) and Jain and Bharadwaj (2014)
also reported inbreeding depression for shelling per-
centage.

All crosses exhibit significant inbreeding depression
for kernels per row in F, ranging from 52.49% by
NCMLQ, x NCMLD, to 22.66 % by NCMLQ, x
NCMLQ,. Only NCMLQ, x NCMLD, (9.98%)
and NCMLD, x NCMLD, (4.99%) replicated this
decline in BC,, NCMLQ, x NCMLD, (12.38%) and
NCMLQ, x NCMLD, (8.70%) in BC,. Inbreeding
depression with respect to this trait was also noted in
crosses studied by Jain and Bharadwaj (2014)).

Three crosses demonstrated significant inbreeding
for no. of kernel rows per ear across all segregating
generations under study viz; NCMLQ, x NCMLD,
(5.95% in F,, 6.70% in BC,, 8.39% in BC ), NCM-
LQ, x NCMLD, (2.22% in F,, 0.85% in BC,, 0.63%
in BC,) and NCMLQ, x NCMLD, (4.20% in F,
,5.91% in BC,, 1.11% in BC, ). These results are in
agreement with those reported by Jain and Bharadwaj

(2014) and Ahmad et al. (2010).

Reduction in 100-grain weight was recorded for all
crosses in F.. This reduction was apparent in BC, for
only three crosses; NCMLQ, x NCMLQ, (6.53%),
NCMLQ, x NCMLD, (10.41%) and NCMLD, x
NCMLD, (5.37%). NCMLQ, x NCMLD, expe-
rienced consistent depression for 100 grain weight
having being estimated significantly in BC, (14.17%)
also. Ahmad et al. (2010) and Jain and Bharadwaj
(2014) also illustrated inbreeding depression for this
plant attribute. Apart from these estimates, significant
negative estimates were also demonstrated for crosses
in generations studied.

Non-additive gene action can be assumed responsible
for the traits when the hybrid combinations exhibit
high heterosis followed by a high inbreeding depres-
sion in F, generation (Jain and Bharadwaj (2014)). So
it can be inferred that the parents of such crosses pos-
sess dominant genes responsible for traits under study,
as evident by high heterosis (although non-significant
in some cases), followed by high inbreeding depres-
sion. This also authenticates our earlier diallel study
involving these line where we reported non-additive
(dominance) gene action for grain yield, shelling per-
centage and 100 grain weight (Hussain et al., 2014).
'This gene action will prove fruitful in exploiting het-
erosis and developing hybrid cultivars using these
particular inbred lines.

However, those hybrid combinations which showed
high heterosis coupled with low inbreeding depres-
sion could be used to develop superior inbred lines
which could be further exploited in hybridization
programs. This has also been suggested by Banerjee
and Kole (2011) and Jain and Bharadwaj (2014).

Conclusion

As discussed earlier, heterosis should be considered in
the context of a specific trait. Furthermore, non-ad-
ditive gene action becomes evident when a cross ex-
presses high heterosis in I, and inbreeding depression
in F,.'This type of gene action is of particular interest
for breeders to take advantage of heterosis and develop
hybrids. Hence, we also focused our attention under
the light of these two factors i.e. trait specific hetero-
sis and non-additive gene action. The crosses NCM-
LQ, x NCMLD, expressed heterosis and inbreeding

depression for grain yield and kernels per row. Thus,
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these parents could be used in hybrid development.

On the other hand, cross NCMLQ,

x NCMLD,

demonstrated heterosis and inbreeding depression for
shelling percentage and 100-grain weight. Therefore,
these parental lines could prove useful in exploitation
of heterosis for these traits.

Authors’ Contribution

Tauseef Taj Kiani analysed the data and made a rough
draft of the manuscript while Mozammil Hussain
conducted research conduct, recorded and compiled
data. Hidayat ur Rahman made final draft of the
manuscript and reviewed it.

References

Acquaah, G. 2007. Principles of Plant Genetics
and Breeding. Blackwell Publishing, USA.
Ahmad, M., S. Khan, F. Ahmad, N.H. Shah and
N. Akhtar. 2010. Evaluation of 99 S, lines of
maize for inbreeding depression. Pak. J. Agri. Sci.
47(3): 209 — 213.

Amiruzzaman, M., ML.A. Islam, K.V. Pixel and
M.M. Rohman. 2011. Heterosis and combin-
ing ability of CIMMYT's tropical x sub-tropical
quality protein maize germplasm. Int. J. Sust. Ag-
ric. 3(3): 76 — 81.

Bajaj, M., S.S. Verma, A. Kumar, M.K. Kabdal, J.
P. Aditya and A. Narayan. 2007. Combining abil-
ity analysis and heterosis estimates in high quality
protein maize inbred lines. Indian J. Agric. Res.
41(1): 49 — 53. http://dx.doi.org/10.1080/154275
28.2011.521468

Banerjee, P.P and P.C. Kole. 2011. Heterosis, in-
breeding depression and genotypic divergence for
some physiological parameters in sesame (Sesam-
un indicum L.).]. Crop Imp. 25: 11 - 25.

Crow, J.F. 1998. 90 Years ago: the beginning of
hybrid maize. Genetics 148: 923 — 928.

Dickert, T.E. and W.F. Tracy. 2002. Heterosis for
flowering time and agronomic traits among early
open pollinated sweet corn cultivars. J. Am. Soc.
Hort. Sci. 127(5): 793 = 797.

Geetha, K. 2001. Heterosis in maize (Zea mays
L.). Agric. Sci. Digest (21)3: 202 — 203.
Ikramullah, I.H. Khalil, M. Noor and M.K.N.
Shah. 2011. Heterotic effects for yield and protein
content in white quality protein maize. Sarhad J.
Agric. 27(3): 403 — 409.

Jain, R. and D.N. Bharadwaj. 2014. Heterosis and

inbreeding depression for grain yield and yield
contributing characters in quality protein maize.
Agri. Commun. 2(1): 8 — 16.

Hussain, M., K.N. Shah, A. Ghafoor, T.T. Kiani
and T. Mahmood. 2014. Genetic analysis for grain
yield and various morphological traits in maize
(Zea mays L.) under normal and water stress en-
vironments. J. Anim. Plant Sci. 24(4): 1230-1240.
Kaeppler, S. 2012. Heterosis: many genes, many
mechanisms — end the search for an undiscov-
ered unifying theory. ISRN Botany (2012): 1-12.
http://dx.doi.org/10.5402/2012/682824

Kara, S.M. 2001. Evaluation of yield and yield
components in inbred maize lines. Heterosis and
line x tester analysis of combining ability. Turk. J.
Agric. For. 25: 383 — 391.

Malik, H.N., SI. Malik, S.R. Chughtai and
H.I. Javed. 2004. Estimates of heterosis among
temperate, sub-tropical and tropical maize ger-
mplasm. Asian J. Plant Sci. 3(1): 6 — 10. http://
dx.doi.org/10.3923/ajps.2004.6.10

Nadarajan, N. and L.M. Gunasekaran. 2008.
Quantitative genetics and biometrical techniques
in plant breeding. Kalyani publisher, New Dehli,
India.

Paterniani, M.E.A.G.Z. 2001. Use of heterosis in
maize breeding: history, methods and perspective
— a review. Crop Breed. Appl. Biotechnol. 1(2):
159 - 178. http://dx.doi.org/10.13082/1984-
7033.v01n02a07

Ravikant, R. Prasad and Chandrakant. 2006.
Gene effects for metric traits in quality protein
maize (QPM) (Zea mays L.). Crop Imp. 33(1): 94
-101.

Rozende, G.S.P. and C.L. Souza Jr. 2000. A re-
ciprocal recurrent selection procedure outlined to
integrate hybrid breeding programs in maize. J.
Genet. Breed. 54: 57 — 66.

Shull, G.H. 1908. The composition of field maize.
Am. Breeders Assoc. Rep. 4: 296-301.

Shull, G.H. 1909. A pure line method of corn
breeding. Am. Breeders Assoc. Rep. 5: 51-59.
Talebi, E., G. Subramanya and S. Bakkappa. 2010.
An investigation on heterosis and inbreeding de-
pression in the silkworm (Bombyx mori L.). ]. Ag-
ric. Biol. Sci. 5(3): 52-55.

December 2015 | Volume 31 | Issue 4 | Page 223

:ﬂﬂ Smith & Franklin
... Aathiie Publidseg E.cu.pw.\lmu


http://dx.doi.org/10.1080/15427528.2011.521468
http://dx.doi.org/10.1080/15427528.2011.521468
http://dx.doi.org/10.5402/2012/68282
http://4
http://dx.doi.org/10.3923/ajps.2004.6.10
http://dx.doi.org/10.3923/ajps.2004.6.10
http://dx.doi.org/10.13082/1984-7033.v01n02a07
http://dx.doi.org/10.13082/1984-7033.v01n02a07

