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Abstract

Studies on heritability estimates were carried out in 30 F, segregating population originated through cross combinations
of six different parental lines/varieties of bread wheat. Genetic parameters such as environmental variance (Ve), genetic
variance (Vg), heritability percentage in broad sense (h” b.s.) and genetic advance (G.A) were calculated for two important
yield contributing traits viz., number of grains per spike and grain yield per spike. The highest mean number of grains per
spike (80-100.8) and main spike yield (4.0 to 4.58 g) were recorded in 23 progenies. Eighteen progenies showed the highest
heritability (81.2 to 94.3%) in broad sense (h%) coupled with higher genetic advance (1.69-30.58%) for number of grains per
spike; indicating more effective selection which could be possible from segregating progenies for this particular trait.
Twenty six progenies showed the highest heritability (59.4 to 97.1%) for main spike grain yield character. The results
depicted that most of the segregating progenies showed genetic improvement in both quantitative traits in terms of more
heritability (h* b.s.) and genetic advance. Identification of superior plants possesses desirable traits with high heritability
estimates provide basic understanding of breeding material in early segregating generations. The better progenies could be

effectively used to select the superior hybrid plants with desirable genes in successive generations.

Introduction

World cereal production recorded during 2007 was
2146.4 million tones which estimated to reach 2283.2 million
tones in 2008, while world wheat production recorded was
625.6 million tones in 2007 which estimated 681.4 million
tones in 2008 (Anonymous, 2010). Asia contributes major
share in world cereal production including wheat. Wheat
provides food for 36% of world population, about 40% (278.6
million tones) of the total world wheat production (681.4
million tones) has been produced from the Asia (Anon., 2010).
Wheat is a major staple food crop of Pakistan grown over
9.046 million hectares with annual production of 24.032
million tones (Anon., 2009). The area and production of wheat
crop during 2008-09 has increased by 5.8 and 14.7%
respectively as compared to 2007-08. The possible reason for
substantial increase in wheat yield could be the better
management practices adapted by the growers and the
introduction of new high yielding varieties which possesses
tolerance to biotic and abiotic stresses (Aycicek & Yildirim,
2006; Sial et al., 2009; Bux et al., 2013; Sial et al., 2012a).

Wheat grain yield is determined by the environmental
factors and the several yield components such as productive
tillers per unit area, number of grains per spike, grain weight
per spike, semi-dwarf type plant height and the high 1000-
grain weight (Ahmedi & Bajelan, 2008; Mohsin et al., 2009;
Sial et al., 2010). Heritability and combining ability play a
major role in predicting the performance of further
generations (Cooper et al., 2013). The increase in yield is
attributed to increase in any one of these major factors, while
understanding the mechanism of genetic control of these
economic traits allows effective selection for improved traits
(Mangi et al., 2008). The studies have shown that there is a
strong correlation between grain yield and the number of
grains per spike (Sayre et al., 1997; Savin & Slafer, 1991;
Fischer, 1993). Therefore, increase in number of grains per

spike which lead to increase in final yield is a new breeding
strategy to enhance the wheat crop productivity (Reynolds et
al., 2004). Heritability studies provide valuable genetic
information to the breeders to predict the interaction of genes
in segregating generations (Ansari et al., 1991; Korkut et al.,
2001; Sial et al., 2012b; Degewione et al., 2013). It has
been observed that in breeding programs, magnitude of
genetic inheritance and expected genetic gains are very
essential to predict response to selection in diverse
environments and provide the basis for effective selection for
particular traits in segregating populations. Khan et al.,
(2008) suggested that the higher the heritability and genetic
advance, simple the selection procedure. The present studies
were therefore undertaken to investigate the heritability of
two important yield components (number of grains per spike
and main spike yield) in F, cross progenies and to know that
how much of the phenotype has been passed on to the
successive generation. The information generated will be
helpful for the breeders while making selection of the
appropriate parental lines for effective cross combinations to
get more yields from wheat.

Materials and Methods

F, segregating population consisting of six parental
lines (Sarsabz, Bhittai, NR-234, Nesser, PFAU/VEE
#9//URES and Sitta) and thirty cross combinations of
bread wheat (Triticum aestivum L.) viz., C-31 (NR-234 x
Nesser), C-32 (NR-234 x Sarsabz), C-33 (NR-234 x
Bhittai), C-34 (NR-234 x PFAU/VEE #9//URES), C-35
(NR-234 x Sitta), C-36 (Nesser x NR-234), C-37 (Nesser
x Sarsabz), C-38 (Nesser X Bhittai), C-39 (Nesser x
PFAU/VEE #9//URES), C-40 (Nesser x Sitta), C-41
(Sarsabz x NR-234), C-42 (Sarsabz x Nesser), C-43
(Sarsabz x Bhittai), C-44 (Sarsabz x PFAU/VEE
#9//URES), C-45 (Sarsabz x Sitta), C-46 (Bhittai x NR-
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234), C-47 (Bhittai x Nesser), C-48 (Bhittai x Sarsabz),
C-49 (Bhittai x PFAU/VEE #9//URES), C-50 (Bhittai x
Sitta), C-51 (PFAU/VEE #9//URES x NR-234), C-52
(PFAU/VEE #9//URES x Nesser), C-53 (PFAU/ VEE
#9//URES x Sarsabz), C-54 (PFAU/VEE #9//URES x
BHITTAI), C-55 (PFAU/VEE#9//URES x sitta), C-56
(Sitta x NR-234), C-57 (Sitta x Nesser), C-58 (Sitta x
Sarsabz), C-59 (Sitta x Bhittai) and C-60 (Sitta x
PFAU/VEE#9//URES) were evaluated under field
conditions at Nuclear Institute of Agriculture and Biology
(NIAB), Faisalabad during rabi season 2008-09. The
experiment was laid out in RCBD with 3 replications. The
parental lines and F, progeny were sown through single
seed dibbling method at the distance of 20 cm between
plants and 30 cm between rows. The soil where the
experiment was sown had highly fertile and clay loam in
nature having pH. 7.5. The fertilizer dose applied to the
experiment was (100N: 50 P,Os kg/ha). Five irrigations
were applied to the experiment during various growth
stages. All other related practices such as removal of
weeds and any mixture were performed manually. At
maturity, single spike selection was made from each five
randomly selected plants of each parental line and
segregating hybrid progeny. Two important yield
contributing traits viz., number of grains per spike and
main spike yield were studied. Genetic parameters viz.,
heritability ~percentage in broad sense (h* b.s),
environmental variance (Ve), genetic variance (Vg) and
genetic advance (G.A) were calculated as suggested by
Falconer (1977) and Singh & Chaudhry (1985). Means
were compared using standard error of each hybrid
progeny with its each respective parent.

Results and Discussion

Overall performance of F, hybrid progenies was
outstanding as compared to their respective parents. Hybrid
progenies indicated different response for the number of
grains per spike and main spike grain yield (Table 1).
Twenty two segregating progenies (viz., C-33, C-35, C-39,
C-40, C-42, C-43, C-44, C-46, C-47, C-48, C-49, C-50, C-
51, C-52, C-53, C-54, C-55, C-56, C-57, C-58, C-59, C-60)
originated from different cross combinations revealed the
highest average number of grains per spike ranged from 80-
100.8 as compared to their parental lines. Standard error
for the mean number of grains per spike of hybrid
progenies was also higher as compared to their both female
and male parents. Hybrid progenies C-56 (Sitta x NR-234)
and C-54 (PFAU/VEE#9//URES x Bhittai) produced the
highest average number of grains per spike (100.8 and 98.2
grains respectively) with high standard error (4.25 and 6.51
respectively) than their respective parental lines and other
cross combinations. The cross progeny C-34 (NR-234 x
Bhittai) produced less number of grains per spike (70.2)
than other cross progenies. The parental lines Nesser could
produce minimum number of grains (52.0), while Sitta and
Bhittai produced the highest number of grains (82.4 and
79.6 respectively). It was also observed that the nine hybrid
progenies viz., C-56, C-57, C-58, C-59, C-60, C-46, C-47,
C-48 and C-49 originated from cross combination where
the Sitta and Bhittai were used as female parents gave the
highest number of grains per spike (>80 grains per spike).
These findings suggested that these parental lines could be
used to produce hybrid plants with more number of grains
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per spike. The observed variability is a combined estimate
of genetic and environmental causes, of which only the
former one is heritable. However, estimates of heritability
alone do not provide an idea about the expected gain in the
next generation, but have to be considered in conjunction
with estimates of genetic advance, the change in mean
value between generations (Shukla et al., 2006; Laghari et
al., 2010; Al-Tabbal et al., 2012; Zaazaa et al., 2012).
Eight hybrid progenies viz., C-31, C-34, C-35, C-59, C-
38, C-41, C-45 and C-50 did not show any genetic
improvement in mean number of grains per spike as
compared to their respective parental lines. Seventeen
hybrid progenies (C-33, C-37, C-39, C-42, C-43, C-44, C-
46, C-47, C-48, C-49, C-52, C-53, C-54, C-56, C-58, C-
59 and C-60) revealed improvement in main spike grain
yield than their parents. The highest grain yield per spike
was recorded from these progenies. Their average main
spike grain yield ranged from 3.08 to 4.58 g, which
showed significant increase over both parental lines.
Parental lines NR-234, Bhittai & Sitta gave higher grain
yield per spike (4.17, 3.83 and 3.72 g respectively), while
Nesser parent could produce low main spike yield (1.73
g) as compared to other parental lines (Table 1).

Genetic parameters viz., genetic variance (V.g),
phenotypic variance (V.p), heritability percentage (h?) in
broad sense and genetic advance (G.A) for number of grains
per spike and main spike yield calculated from each F, cross
combination are presented in Table 2. Wide variations in
genetic parameters were estimated in hybrid progenies for
both characters; indicating the transfer of desirable genes
from the parents to their offspring. The heritability
percentage (h?) in broad sense for the number of grains per
spike ranged from the lowest (-891%) in C-34 to the highest
(94.28%) in C-43, indicated that the genetic variability has
been successfully created in F, progenies (Table 2). Eighteen
F, progenies (C-31, C-32, C-33, C-36, C-37, C-43, C-44, C-
45, C-49, C-50, C-52, C-53, C-54, C-55, C-56, C-57, C-58
and C-60) showed the highest (81.2 to 94.38%) heritability
percentage in broad sense (h?) coupled with higher genetic
advance (G.A.). These findings suggested the more effective
selection chances from these segregating progenies for the
particular trait originated from these combinations. These
parental lines could be use more effectively to transfer the
desirable important trait to hybrid progenies to achieve
genetic improvement. Riaz-Ud-Din et al., (2010) have also
reported the high heritability estimates for grain yield and
various yield components such as plant height, tillers per
plant, seeds/spike, spikelets/ spike and the 100-seed weight.
It has been well-documented that higher the heritability,
more effective would be the selection, whereas the high
estimates are attributed to fixable component of genetic
variation (Larik, 1999). The variation in genetic advance was
also estimated for number of grains per spike ranged from -
5.39 to 30.63 in F, segregating population. Twenty six cross
progenies except C-34 and C-35, C-37 and C-41 showed the
highest heritability % in broad sense for grain yield per spike
ranged from 59.4 to 97.1% and the high genetic advance.
Rajper et al., (1998) have also reported the high heritability
for different characters in hybrids offers the scope of
selection in segregating generations, however, high
coefficient of variability and genetic variance reflects the
amount of variation. The high heritability associated with
low genetic advance is probably due to non additive gene
(dominance and epistasis) effects (Sharma & Tyagi, 1991).
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Table 1. Mean and standard error (s.e) of number of grains per spike and main spike yield (g) of F,
segregating population and their parental lines of wheat genotypes.

Cross/parents

Parents/
Crosses

Number of grains/spike

Main spike yield (g)

Mean & standard error (s.e)

Mean & standard error (s.e)

C-31 (NR-234 x NESSER)

C-32 (NR-234 x SARSABZ)

C-33 (NR-234 x BHITTAI)

C-34(NR-234x PFAU/VEE#9//URES)

C-35 (NR-234 x SITTA)

C-36 (NESSER x NR-234)

C-37 (NESSER x SARSABZ)

C-38 (NESSER x BHITTAI)

C-39 (NESSER x PFAU/VEE#9//URES)

C-40 (NESSER x SITTA)

C-41 (SARSABZ x NR-234)

C-42 (SARSABZ x NESSER)

C-43 (SARSABZ x BHITTAI)

C-44 (SARSABZ x

PFAU/VEE#9//URES)

C-45 (SARSABZ x SITTA)

H O HO % O 40 X O +0 ¥ Ou 40 ™ O 40 ¥ Ou 40 % Oa 40 ™ O +0 % O 40 ™ O 40 ¥ Oy +0 ™ O 40 ¥ O +O ® Ou 40 ® Oy +O

77.0 +£2.03
52.0 +2.00
75.0+7.22
77.0 +2.03
59.8+1.72
77.6 +5.32
77.0 +2.03
79.6 + 1.51
83.2 + 17.06
77.0 +2.03
59.0 + 2.17
70.2 +£2.01
77.0 £2.03
82.4 +£0.93
71.8 +1.86
52.0 +2.00
77.0 +2.02
77.8 £+ 6.14
52.0 +2.00
59.8 +1.72
79.4 + 4.30
52.0 +2.00
79.6 + 1.51
72.0 + 4.65
52.0 £ 2.00
59.0 +2.17
85.0 £ 1.58
52.0 +2.00
82.4 £0.93
84.6 + 2.70
598+ 1.72
77.0 £2.03
76.0 + 2.33
59.8+1.72
52.0 +2.00
83.2 £2.58
59.8 +1.72
79.6 + 1.51
83.0 £ 6.74
59.8 +1.72
59.0 +2.17
82.2 +6.32
598+ 1.72
82.4 +0.93
79.4 +4.11

4.17 £ 0.121
1.73 + 0.063
3.33+0.295
4.17 £ 0.121
2.43 £ 0.093
3.84 + 0.210
4.17 + 0.121
3.83 £0.125
4.42 + 0.456
417 £ 0.121
2.67 + 0.071
3.65 + 0.098
4.17 £ 0.121
3.72 £ 0.076
3.44 £ 0.049
1.73 + 0.063
4.17 £ 0.121
3.63 +0.183
1.73 + 0.063
2.43 + 0.094
3.08 + 0.098
1.73 £ 0.063
3.83 +£0.125
3.32 £ 0.161
1.73 £ 0.063
2.67 +0.072
3.66 + 0.148
1.73 £ 0.063
3.72 £ 0.076
3.44 + 0.206
2.43 +0.094
4.17 £ 0.121
3.43 +£0.103
2.43 +0.094
1.73 + 0.063
3.75 £ 0.165
2.43 + 0.094
3.83 +0.125
4.02 + 0.349
2.4 +0.094
2.67 +0.072
3.42 +0.483
2.43 + 0.094
3.72 £ 0.076
3.57 + 0.385
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Table 1. (Cont’d.).

Parents/ Number of grains/spike Main spike yield (g)
Cross/parents
crosses | Mean + standard error (s.e) | Mean + standard error (s.e)
C-46 (BHITTAI x NR-234) Q 79.6 + 1.51 3.83 £ 0.125
a8 77.0 +2.03 4.17 + 0.121
X 85.6 + 2.54 4.43 + 0.237
C-47 (BHITTAI x NESSER) Q 79.6 + 1.51 3.83 +0.125
g 52.0 +2.00 1.73 + 0.063
X 87.8 +3.26 3.88 +0.215
C-48 (BHITTAI x SARSABZ) Q 79.6 + 1.51 3.83 +0.125
g 59.8 + 1.72 2.43 + 0.094
X 87.8 +2.35 4.02 +0.219
C-49 (BHITTAI x PEAU/VEE#9//URES) Q 79.6 + 1.51 3.83 +0.125
a8 59.0 +2.17 2.67 +0.072
X 81.4 +7.14 4.10 + 0.380
C-50 (BHITTAI x SITTA) Q 79.6 + 1.51 3.83 +0.125
g 82.4 + 0.93 3.72 + 0.076
X 78.2 +4.33 3.42 + 0.264
C-51(PFAU/VEE#9//URES x NR-234) Q 59.0 +2.17 2.67 + 0.072
g 77.0 +2.03 4.17 + 0.121
X 82.8 +2.34 3.76 + 0.246
C-52 (PFAU/VEE#9//URES x NESSER) Q 59.0 +2.17 2.67 + 0.072
a8 52.0 +£2.00 1.73 + 0.063
X 86.4 + 6.30 3.29 + 0.363
C-53 (PFAU/VEE#9//URES x Q 59.0 £2.17 2.67 +0.072
SARSABZ) 3 59.8 + 1.72 243 1+ 0.094
X 88.6 + 6.75 3.33 +0.264
C-54 (PFAU/VEE#9//URES x BHITTAI) Q 59.0 +2.17 2.67 +0.072
3 79.6 + 1.51 3.83 +0.126
X 98.2 + 6.51 4.19 + 0.260
C-55 (PFAU/VEE#9//URES x SITTA) Q 59.0 +2.17 2.67 + 0.072
a8 82.4+0.93 3.72 + 0.076
X 87.4 +4.79 3.47 + 0.206
C-56 (SITTA x NR-234) Q 82.4 + 0.93 3.72 + 0.076
a8 77.0 +2.03 4.17 + 0.121
X 100.8 + 4.25 4.58 + 0.367
C-57 (SITTA x NESSER) Q 82.4 +0.93 3.72 + 0.076
g 52.0 +2.00 1.73 + 0.063
X 83.0 +4.78 3.71 + 0.184
C-58 (SITTA x SARSABZ) Q 82.4 + 0.93 3.72 + 0.076
a8 60.2 + 1.91 2.43 + 0.094
X 90.4 + 5.94 3.87 +0.282
C-59 (SITTA x BHITTAI) Q 82.4 + 0.93 3.72 £ 0.076
g 79.6 + 1.51 3.83 +0.126
X 86.4 + 4.28 4.05 + 0.309
C-60 (SITTA x PFAU/VEE#9//URES) Q 82.4 + 0.93 3.72 + 0.076
g 59.0 +2.17 2.67 +0.072
X 87.2 +2.54 3.86 + 0.174

Table 2. Values of genetic variance (Vg), heritability percentage in broad sense (h? b.s), and genetic advance (G.A)
for grains per spike and main spike yield of F, hybrids of wheat.

Grains per spike Main spike yield (g)
Genetic | Heritability | Genetic | Genetic | Heritability | Genetic

Crosses
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variance | percentin | advance | variance | percentin | advance
(V.9) broad (G.A) (V.9) broad (G.A)
sense sense
(h*b.s) (h*b.s)

C-31 (NR-234 x NESSER) 240.25 92.22 30.58 0.391 89.6 1.21
C-32 (NR-234 x SARSABZ) 123.7 87.54 21.42 0.1656 74.51 0.723
C-33 (NR-234 x BHITTAI) 2333 93.61 30.43 0.963 92.82 1.947
C-34 (NR-234 x PFAU/VEE#9//URES) -1.8 -891 -0.824 -0.033 -65.95 -0.305
C-35 (NR-234 x SITTA) 5.875 34.15 2917 -0.036 -297.5 -0.682
C-36 (NESSER x NR-234) 167.95 89.24 25.208 0.1125 67.34 0.564
C-37 (NESSER x SARSABZ) 74.95 81.202 16.07 -0.172 -352.6 -0.016
C-38 (NESSER x BHITTAI) 48.53 75.54 12.449 0.0831 63.13 0.472
C-39 (NESSER x PFAU/VEE#9//URES) -9.25 -74.0 -5.389 0.084 79.039 0.531
C-40 (NESSER x SITTA) 23.8 65.56 8.137 0.184 88.75 0.833
C-41(SARSABZ x NR-234) 9.4 34.81 3.725 -0.028 -54.48 -0.257
C-42 (SARSABZ x NESSER) 15.85 47.74 5.66 0.0851 62.14 0.047
C-43 (SARSABZ x BHITTAI) 214.5 94.28 29.29 0.549 90.13 1.45
C-44 (SARSABZ x 180.6 90.43 26.32 1.137 97.102 2.165
PFAU/VEE#9//URES)
C-45 (SARSABZ x SITTA) 74.8 88.73 16.78 0.703 95.26 1.685
C-46 (BHITTAI x NR-234) 16.55 51.23 0.599 0.166 59.48 0.648
C-47 (BHITTAI x NESSER) 37.58 70.64 1.062 0.1783 78.59 0.077
C-48 (BHITTAI x SARSABZ) 14.7 53.068 0.575 0.1832 75.284 0.0765
C-49 (BHITTAI x 237.4 93.171 30.63 0.676 92.88 1.633
PFAU/VEE#9//URES)
C-50 (BHITTAI x SITTA) 85.9 91.67 18.28 0.314 91.93 1.108
C-51 (PFAU/VEE#9//URES x NR-234) 5.2 19.11 0.205 0.242 79.88 0.0905
C-52 (PFAU/VEE#9//URES x NESSER)  176.55 89.03 2.58 0.6380 96.59 0.161
C-53 (PFAU/VEE#9//URES x 208.7 91.62 2.849 0.310 90.15 0.109
SARSABZ)
C-54 (PFAU/VEE#9//URES x 194.3 91.78 2.75 0.2813 84.45 0.1004
BHITTAI)
C-55 (PFAU/VEE#9//URES x SITTA) 100.9 87.89 12.52 0.182 87.26 0.821
C-56 (SITTA x NR-234) 77.8 86.25 1.694 0.617 92.68 0.1557
C-57 (SITTA x NESSER) 101.85 89.34 1.966 0.1425 85.91 0.0720
C-58 (SITTA x SARSABZ) 165.02 93.61 2.561 0.3637 91.228 0.1156
C-59 (SITTA x BHITTAI) 83.5 91.45 3.77 0.4232 88.91 0.1263
C-60 (SITTA x PFAU/VEE#9//URES) 18.6 56.83 0.664 0.1262 82.59 0.0665

Taking both yield parameters (grains per spike and
main spike grain yield) in to consideration, it was
observed that 17 progenies (C-31, C-32, C-33, C-36, C-
43, C-44, C-45, C-49, C-50, C-52, C-53, C-54, C-55, C-
56, C-57, C-58 and C-60) had high heritability percentage
in broad sense (h?) and high genetic advance (G.A) for
both important yield contributing traits. These results
depicted that these progenies showed genetic
improvement in terms of more heritability percentage in

broad sense (h?) and genetic advance possess better
potential to transfer the heritable traits; therefore could be
effectively used to select the superior hybrid plants with
desirable genes in successive generations. The
information generated through this study will be
obviously useful to breeders for future breeding keeping
in view the selection of promising lines endowed with
better yield potential, good quality and tolerance/
resistance to biotic and abiotic stresses.
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