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ABSTRACT:- The studies on the heritability estimates were conducted during 2013-14 to examine the performance of four F3
segregating generations originated from five parental lines of bread wheat Triticum aestivum. The experiment was conducted
in a 3 replicated Randomized Complete Block Design. Five parental genotypes (Marvi, CM-24/87, Bhittai, NIA-Amber and
NIA-Sunahri) and their four F3 hybrids (Marvi x CM-2487, CM-2487 x Bhittai, NIA-Amber x Marvi, NIA-Sunahri x Marvi)
were evaluated. Environmental variance (8°e), genetic variance (5°g), heritability [b.s] (h?%), genetic advance (GA) and
phenotypic variance (5°p) were analyzed for days to heading, days to maturity, plant height, spike length, spikelet’s spike™,
grains spike™ and grain yield per plant. The results revealed that the parents and the segregating progenies were significantly
(P<0.05) different with each other for all the traits investigated. The ANOVA of F3 segregating populations and their parental
lines for the traits days to heading, days to maturity, plant height, spike length, spikelet’s spike™, grains spikeand grain yield
per plant were highly significant (P<0.01). However, differences for days to heading, days to maturity, plant height, spike
length, grains spike™and grain yield per plant were non-significant (P>0.05) among F segregating populations and significant
(P<0.01) for spikelet’s spike™. F5progenies showed varied response for different traits and progeny NIA-Sunhari x Marvi took
maximum days to heading (94.1), NIA-Amber x Marvi took maximum days to maturity (137.3); progeny CM x Bhittai
produced plants of maximum height (99.00 cm); NIA-Sunhari x Marvi resulted in maximum spike length (by F3 progeny Marvi
x CM. Maximum plant height (99.00 cm) was observed in F3 progenyCM x Bhittai and minimum plant height (72.6 cm); while
the maximum spike length (11.4 cm) and progeny Marvi x CM produced highest number of spikelet’s spike™ (22.3) and
subsequently maximum grains (40.2) spike™. The maximum grains yield (16.89 g) was noted in Marvi x CM, followed by Fs
progeny NIA-Sunahri x Marvi (15.58 g) and minimum grains yield (15.01 g) was observed in F3 progeny NIA-Amber x Marvi
However, in most cases the F3 progenies could surpass their parental lines. The genetic studies revealed that Fs progeny Marvi
x CM manifested highest heritability estimates for days to heading (h?=84.57) and days to maturity (h*=69.56%); while NIA-
Sunhari x Marvi manifested highest heritability estimates for plant height (h’*=80.53%), and spikelet’s spike™ (h?=82.26%).
However, CM x Bhittai resulted in maximum heritability estimates for spike length (75.35%) and grains spike™ (81.48%).
Maximum genetic advance was noted for F5; progenies NIA-Sunhari x Marvi for days to heading (9.55), plant height (20.39)
and spikelet’s spike™ (4.83) and NIA-Amber x Marvi for spike length (4.58); while CM x Bhittai for days to maturity (5.24)
and grains spike® (6.36). For grain yield per plant, the high heritability estimates were exhibited by NIA-Amber x
Marvi(77.88%) followed by NIA-Sunahri x Marvi and CM x Bhittai (67.83%).
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INTRODUCTION

Wheat (Triticum aestivum L.) is one of the most important
cereal crops in the world and belongs to Poaceae or
Gramineae family and originated in the Ethiopian highlands
[1]. Triticum durum, Triticum monococcum, Triticum
dicoccum and Triticum spelta are the other cultivated species,
but Triticum aestivum is a hexaploid species that is the most
widely cultivated in the world [2;3;4]. It is grown across a
wide range of environments and has the highest adaptation
among all the crop species. Worldwide more land is devoted
to the production of wheat than any other crop. Wheat is a
source of staple food of masses and feed for animals [5].
Pakistan is among top ten wheat producing countries of the
world [6]. Its adaptation and diverse consumption in the
human nutrition lead to present as the most important cereal
in Pakistan and averagely used for about 60 percent of daily
human diet with per capita consumption of 125 kg [7]. The
area under wheat cultivation was 9039 thousand hectares
during 2013-14, showing 4.4 percent increase over 2012-13.
The wheat grain production during 2013-14 was 25.286
million tons showing 4.4 percent increase over last year
showing; while the yield per hectare in 2013-14 remained
2797 kg, showing no change almost over the last year yield of

2796 kg per hectare [8]. Efforts on various aspects of wheat
crop have been under way to increase its production. The
most important factor in the process of crop production has
always been a good variety in any crop. Cotton breeders
managed to produce high yielding varieties through various
genetic manipulations and breeding approaches and
consequently a significant progress was achieved in this
connection. The environmental change affects grain yield of
wheat because the varieties of diversified origin are under
cultivation at commercial level with the farmers. The yields
fluctuate widely as a result of its interaction with various
environmental factors because yield is a complicated
quantitative parameter and is the product of several
contributing factors affecting grain yield directly or
indirectly. Wheat production can be increased through the
development of productive cultivars which better adapt
various agro-climatic conditions and also resist all types of
biotic and a-biotic stresses. Selection for grain yield
improvement can only be effective if sufficient genetic
variability is present in the breeding material [9].
The heritability of a trait within a population is the proportion
of observable differences in a trait between individuals within
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a population that is due to genetic differences. Factors
including genetics, environment and random chance can all
contribute to the variation between individuals in their
observable characteristics. Heritability measures the fraction
of  phenotype variability that can be attributed to
genetic variation [10]. High heritability values indicate the
genetic relationship between parents and progeny. The
heritability of a character describes the extent to which it is
transmitted from one generation to the other generation.
Information on heritability parameters and the evaluation of
the relationship between important quantitative traits is very
useful in any effective wheat breeding program [11]. It is
well known fact that quantitative characters depending on the
nature of gene action are differently influenced by
environmental variation. Moreover, the extents of heritability
of quantitative traits are negatively correlated with
environment. Low heritability of trait indicates greater
influence of environmental factors over genetic makeup of
traits [12]. The evaluation of elite wheat varieties and
advanced lines is essential for the further improvement of
wheat. Most of the previous studies were carried out by using
a single method and usually described the validity of methods
and performance of trials, whereas the performances of
genotypes in given environments were reported seldom.
However, the performance of a genotype under the influence
of yield components on yield is more important for wheat
cultivation and improvement [13]. Increase in one component
usually causes the decreasing of other components. Although
a number of morpho-physiological traits have proved
associated with yield of wheat under semi-arid conditions;
their contribution to selection can be adversely affected by
the fact that this association may be environment-specific
[14].

MATERIALS AND METHODS

The experiment was conducted during rabi season 2013-14 to
carryout genetic studies of some yield and yield associated
traits in Fssegregating generations of wheat, at the
experimental fields of Nuclear Institute of Agriculture (NIA),
Tandojam. The wheat breeding material for research work
consisted of four F; populations of bread wheat (Triticum
aestivum L.) along with their five parental lines which were
evaluated under field conditions. The details of the
experiment are given as follows:

Experimental design

The experiment was laid out in a three replicated
Randomized Complete Block Design (RCBD) in a plot size
of 13.5m? and plot size for the single progeny was 0.45 m?
(1.35m?, single spike progeny row) each 1.5 meter long.
Cultural operations

All the necessary cultural operations were performed in all
the plots uniformly and the plots were kept free of weeds
throughout the growing period of the crop.

Time and method of sowing

Every three single spikes selected from F, progeny was
grown as Fsin 1.5m long. The row to row and plant to plant
space of 30 cm and 15 cm was kept, respectively. Drilling
method was used for sowing and after four weeks of sowing,
thinning was done to maintain 15 cm plant to plant space.
The plot size was 13.5m?, and plot size for the single progeny
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was 0.45 m? (1.35m?/5 single spike progeny row). The sowing
was done on 21 November 2013.

Irrigations

Canal water as well as tube well water was used to irrigate
the experimental crop. The experimental crop was irrigated
four times throughout the growing season.

Breeding material
Parental lines:

Marvi

CM-24/87

Bhittai

NIA-Amber
NIA-Sunahri

F; cross combinations
Marvi x CM-2487
CM-2487 x Bhittai
NIA-Amber x Marvi
NIA-Sunahri x Marvi
Observations recorded
Days to heading

Days to maturity

Plant height (cm)

Spike length (cm)
Spikelet’s spike™
Grains spike™

Grain yield plant™ (g)
The experimental crop was harvested at maturity and the
above observations were recorded by the following
procedures:

Days to heading: The date of sowing was recorded and the
time period taken by the crop from the sowing date till the
heading was recorded in days and average was calculated.
Days to maturity: From the sowing date till the crop reached
to its physiological maturity, the period was recorded in days
in all the plots and average was worked out.

Plant height: Plant height (cm) was measured at
physiological maturity. Five representative plants were
selected in each experimental unit and the height measured
from ground level to the tip of the spike.

Spike length (cm): Length of the spike of main tiller was
measured in centimeters from the base of spike to the upper
most spikelet’s excluding awns.

Number of spikelet’s per spike: The number of spikelets in
the primary tiller of each selected plants were counted and the
data were recorded as spikelets per spike.

Number of grains per spike: The main spike or primary
tiller of each selected plant was threshed separately and
number of grains was counted replication wise.

Grain yield per plant (g): After harvesting, each selected
plant was threshed separately with single plant wheat thresher
and cleaned in the laboratory. The grains were weighed on
electric balance and yield per plant was recorded in grams.
Statistical analysis

The data recorded were subjected to analysis of variance
technique for a Randomized Complete Block Design as
outlined by Steel and Torrie (1980) through Statix 8.1
computer program for all the traits. The genotype means for
each parameter were further separated and compared by using
the least significant difference (LSD) test at 5% level of
probability. For each trait the genetic, environmental and

Five (05)
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phenotypic variations, broad sense heritability (h? and
expected response to selection was further estimated from the
ANOVA mean squares according to Burton (1952).
Genotypic variance (VQ)

SS
Vg = 52 = —
n-1
(Xx)?
vy ———
SS=3 x N
Environmental variance (Ve) Ve VFEi/E_
2
Phenotypic variance (Vp) = Vg+ Ve
Genetic advance (GA) = kx h? sd

Heritability
The heritability (b.s) was calculated for variance components
followed bzy Gardener (1961) as under:

g P
H? = —_— Or
g+ae ap
o’g
Coefficient of H? = x 100
o’p

RESULTS
In order to determine the heritability of various traits in F;
segregating generations of bread wheat Triticum aestivum L.,

ISSN 1013-5316;CODEN: SINTE 8

739

the experiment was conducted at the experimental farm of
Nuclear Institute of Agriculture (NIA), Tandojam during
2013-14. Five parental wheat genotypes (Marvi, CM-24/87,
Bhittai, NIA-Amber and NIA-Sunahri) and four Fs hybrids
(Marvi x CM-2487, CM-2487 x Bhittai, NIA-Amber x
Marvi, NIA-Sunahri x Marvi) were included in the
experiment. Environmental variance (8%), genetic variance
(8°g), Heritability [b.s] (h’%), genetic advance (GA) and
phenotypic variance (8°p) were analyzed for days to heading,
days to maturity, plant height, spike length, spikelet’s spike™,
grains spike™ and grain yield per plant.

Analysis of variance

The collected data were subjected to analysis of variance
(ANOVA) using Statics (ver. 8.1) computer software. The
ANOVA was conducted for seven traits of economic
importance recorded from four cross combinations and their
five parental lines of bread wheat. The ANOVA for all the
traits studied for four F3; segregating populations are
summarized in Table 1. The results revealed that the parents
and the segregating progenies were significantly (P<0.05)
different with each other for all the traits investigated in this
experiment. The mean squares from ANOVA of four F;
segregating populations and their parental lines for the days
to heading, days to maturity, plant height, spike length,
spikelet’s spike™, grains spike™ and grain yield per plant were
highly significant (P<0.01). However, differences for days to
heading, days to maturity, plant height, spike length, grains
spike™and grain yield per plant were non-significant (P>0.05)
among F3 segregating populations and significant (P<0.01)
for spikelet’s spike™ between F; segregating populations.

Table 1. Analysis of variance showing mean squares for various morphological traits of four Fz population and five parental varieties
of bread wheat

s Days to Days to . . . .1 | Spikelet’s Grain yield
ource DF headi . Plant height | Spike length Grains spike L per plant
eading maturity spike @

Replications 2 0.0744 59.378 111.634 0.2681 24.573 0.6781 2.1015
Entries 8 94.6542** 202.529** 229.250** 20.2523** 121.959** 20.0979** 12.3094*
Parents 4 133.808** 35.6417** 325.433** 36.8917** 183.817** 28.1993** 18.9729**
Hybrids 3 18.9986™° 111.683" 164.083" 4.4000™ 47.6201" 15.9853** | 2.08873™
Error 16 5.3015 14.681 35.562 1.6202 13.303 1.3552 1.88972
Total 33

faled = Highly significant

* = Significant

NS = Non-Significant

Mean performance

Number of days to heading

The data in Table 2 showed the mean performance of
Fspopulations and their parental lines. There was a significant
difference in the number of days taken to heading between F3
progenies and their parental varieties (P<0.05). The data
showed that parental line NIA-Sunahri took maximum
number of days to heading (94.1), followed by NIA-Amber
(83.0), CM (79.8), Bhittai (78.6) and Marvi (78.0). Among F3
progenies, NIA-Sunahri x Marvi took maximum days (81.1)
to heading as compared to CM x Bhittai (77.3), NIA-Amber
x Marvi (76.7) and lowest number of days taken to heading

(75.7) was recorded in F; progeny Marvi x CM. It was
observed that mostly the F; progenies took lesser days to
heading as compared to their parental lines.

Number of days to maturity

There was significant (P<0.05) difference in the number of
days taken to maturity amongFs; progenies and their parental
lines. The data indicated that delayed maturity was observed
in parental lines, while the F; progenies showed earliness in
maturity. The maximum days to maturity were recorded in
parental lines Bhittai (145.6), NIA-Sunahri (144.5), NIA-
Amber (143.5) and CM (140.00); while the reduced number
of days to maturity was observed by the F3 progenies Marvi x
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CM (83.4), CM x Bhittai (122.6), NIA.Sunhari x Marvi
(128.5) and NIA. Amber x Marvi (76.7). It was observed that
F; progeny Marvi x CM showed remarkable earliness in
maturity when compared with their parental varieties.

Plant height

The plant height of F; progenies and their parental lines
differed significantly (P<0.05). The data in Table 2, showed
that among the parental lines, the maximum plant height was
noted in CM (98.6 cm), followed by Bhittai (96.5 cm) and
lowest by parental line NIA-Sunahri (72.6 cm). Among F;
progenies, the maximum plant height (99 cm) was observed
in CM x Bhittai, followed by NIA-Amber x Marvi (94.00
cm) and minimum plant height (93.00 cm). The experimental
results showed a marked change in plant height in F;
progenies when compared with their parental lines.

Spike length

The data in Table 2 indicated that the highest spike length
(15.6 cm) was observed in parental line Bhittai, followed by
Marvi (11.0 cm) and minimum spike length (6.5 cm) was
observed by parental line CM. Among F; progenies, the
maximum spike length (11.4 cm) was noted in NIA-Sunahri
x Marvi, followed by F; progeny Marvi x CM (11.2 cm) and
minimum spike length (8.8 cm) was observed in F; progeny
NIA-Amber x Marvi. There was a mixed trend of
effectiveness in F3 progenies over their parental lines.
Spikelet’s spike™

The data regarding the spikelet’s spike™ in wheat (Table 2)
indicated that among the parental lines the more spikelet’s
spike™ (23.3 and 22.0) were noted in parental lines CM and
Bhittai, respectively; followed by Marviand NIA-Sunahri
with 17.8 and 17.00 spikelet’s spike™, respectively while
minimum spikelet’s spike™ (16.6) was noted in parental line
NIA-Amber. Among F; progenies, the maximum spikelet’s
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spike™(22.3) was noted in Marvi x CM, followed by F;
progeny NIA-Sunahri x Marvi (20.1) and minimum spikelet’s
spike™(17.0) was observed in F; progeny CM x Bhittai.
Apparently the spikelet’s spike™ in the F; progenies was
decreased slightly when compared with their parental lines.
Grains spike™

The grains spike™ varied significantly (P<0.05) between F
progenies and their parental lines. The data in Table 2
showed that among the parental lines the more grains spike™
(49.3 and 44.3) were achieved in parental lines Bhittai and
CM, respectively; followed by NIA-Sunahri (39.3); while
minimum grains spike™ (31.6 and 31.5) was noted in parental
lines NIA-Amber and CM, respectively. Among F;
progenies, the maximum grains spike™ (40.2) was noted in
Marvi x CM, followed by F; progeny NIA-Sunahri x Marvi
(37.1) and minimum grains spike™ (31.8) was observed in F;
progeny NIA-Amberx Marvi. Apparently the grains spike™ in
the parental lines was higher than their F; progenies.

Grains yield per plant

The grain yield per plant varied significantly (P<0.05)
between F; progenies and their parental lines. The data in
Table 2 showed that among the parental lines the more grain
yield (20.72 and 18.62 g) were achieved in parental lines
Bhittai and Marvi, respectively; followed by NIA-Sunahri
(16.52 g); while minimum grains yield (16.35 and 14.08 g)
was noted in parental lines NIA-Amber and CM,
respectively. Among F; progenies, the maximum grains yield
(16.89 g) was noted in Marvi x CM, followed by F; progeny
NIA-Sunahri x Marvi (15.58 g) and minimum grains yield
(15.01 g) was observed in F; progeny NIA-Amber x Marvi.
Apparently the grains yield in the parental lines was higher
than their F3 progenies.

Table 2.Comparative mean performance of various traits of four F; populations and their five parental lines of bread wheat

. Spike . , - Grain yield
Days to Daysto |Plant height Spikelet’s Grains
Genotypes hea)éiing mat)l/Jrity (cm) ? I?Q%gh ‘s’pike'1 spike™ per plant
Marvi 78.0C 137.3B 86.1 B 11.0B 178C 443 A 18.62 AB
CM 79.8C 140.0 A 98.6 A 6.5D 23.3A 315C 14.08 D
Bhittai 78.6 C 145.6 A 96.5 A 15.6 A 220A 493 A 20.72 A
NIA.Amber 83.0B 1435 A 905 A 9.8C 16.6 C 316 C 16.35 BCD
NIA.Sunhari 941A 1445 A 726C 8.0C 17.0C 39.3B 16.52 BCD
Marvi x CM 75.7D 83.4E 93.0A 112B 223 A 40.2 B 16.89 BC
CM x Bhittai 773D 122.6 D 99.0 A 11.0B 17.0C 325C 15.28 CD
NIA-Amber x Marvi 76.7D 137.3B 94.0 A 8.8C 18.3C 31.8C 15.01 CD
NIA-Sunhari x Marvi 81.1B 1285C 81.3B 114B 20.1B 37.1B 15.58 CD
SE+ 1.88 3.12 4.86 1.04 0.95 2.97 1.17
LSD 0.05 3.98 6.63 10.32 2.20 2.02 6.31 2.49
Days to heading while F; progenyCM x Marvi and Bhittai expressed

The environmental variance (3%), genetic variance (3°g),
phenotypic variance (Vp), broad sense heritability (h? and
genetic advance (GA) for days to heading are presented in
Table-3. The data showed that low moderate amount of
genetic variability was present in F; populations. Low,
moderate and high heritability (h?) estimates that ranged from
68.11 to 84.57%, coupled with fair amount of genetic
advance from 0.65 to 23.45. Among the F; progenies, Marvi
x CM, NIA-Amber x Marvi and NIA. Sunhari x Marvi
manifested high heritability percentages, i.e. h*=84.57, 79.22
and 75.84% that were associated with low to moderate
genetic advance (GA=2.29, 2.44 and 9.55), respectively;

heritability estimates of h?=68.11% with genetic advance of
1.43. All the F; progenies manifested high heritability
estimates with lower genetic advance for this trait. However,
the progeny NIA-Sunhari x Marvi showed most promising
results with higher heritability estimates (75.84% b.s) with
moderate genetic advance (9.55). The days to heading was
mainly controlled by additive genetic factors and the
progenies which expressed high heritability estimates with
fair genetic advance may be valuable segregating populations
in order to select the desirable plants for days to heading in
consequent segregating generations.
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Table 3. Genetic parameters viz. environmental variance (5°), genetic variance (5°g), phenotypic variance (6°p) heritability [b.s]

(h°%), genetic advance (GA), for number of days taken to

heading by F; segregating populations of bread wheat

Environmental Genetic Phenotypic — Genetic
. - - - Heritability

F3 progenies Variance Variance Variance [b.s] H*% advance
%) ©’9) ©’p) ' (GA)
Marvi x CM 0.17 0.91 1.08 84.57 2.29
CM x Bhittai 0.21 0.44 0.65 68.11 1.43
NIA-Amber x Marvi 0.29 111 1.40 79.22 2.44
NIA-Sunhari x Marvi 5.67 17.79 23.45 75.84 9.55

Days to maturity

The data in regards to environmental variance (8%), genetic
variance (8%g), phenotypic variance (Vp), broad sense
heritability (h’) and genetic advance (GA) for days to
maturity are presented in Table-4. The data showed that
lower genetic variability was present in F3; populations.
Moderately higher heritability (h?) estimates were recorded
that ranged from 55.17 to 69.56% with genetic advance from
198 to 5.24. Among the F3 progenies, Marvi x CM
manifested higher heritability percentages (h*=69.56%)

Table 4. Genetic parameters viz. environmental variance (5%), ge

associated with low genetic advance (GA=3.90); while F;
progenies CM x Bhittai, NIA. Sunhari x Marvi and NIA-
Amber x Marvi expressed heritability estimates of h?=58.52,
58.41 and 55.17% with genetic advance of 5.24. 1.98 and
2.55, respectively. The F; progenies manifested moderately
higher heritability estimates with lower genetic advance for
the days to maturity. However, the Fsprogeny Marvi xCM
showed most encouraging results with moderately higher
heritability estimates (69.90% b.s) with genetic advance of
3.90.

netic variance (5°g), phenotypic variance (6°p) heritability [b.s]

(h?%), genetic advance (GA), for number of days taken to maturity by F segregating populations of bread wheat

Environmental Genetic Phenotypic Heritabilit Genetic

Fapopulation Variance Variance Variance [b.s] h2% Y advance
’ (3%) ©0) ©°p) ' (GA)
Marvi x CM 1.42 3.24 4.65 69.56 3.90
CM x Bhittai 4.92 6.94 11.85 58.52 5.24
NIA-Amber x Marvi 1.42 1.74 3.16 55.17 2.55
NIA-Sunhari x Marvi 0.71 1.00 1.70 58.41 1.98

Plant height

Plant height trait in wheat has linear influence on the
production of number tillers, effective tillers and spikelet’s
spike® and hence grain number spike™ is influenced
accordingly that leads to influence the grain yields plant™.
From breeding point of view, in wheat, dwarf varieties may
produce longer spikes with more spikelet’s spike® as
compared to tall growing varieties. The data analyzed for
environmental variance (8%), genetic variance (8°Q),
phenotypic variance (Vp), broad sense heritability (h?) and
genetic advance (GA) for plant height are presented in Table-
5. The results indicated that substantial amount of genetic
variability was present in F; populations. Low, moderate and
high heritability (h?) estimates that ranged from 47.75 to
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80.53%, coupled with fair amount of genetic advance from
4.36 to 20.39. Among the F; progenies, NIA-Sunhari x Marvi
manifested highest heritability percentage (h?=80.53%) that
was associated with fair genetic advance (GA=20.39); while
Fs progeny NIA. Amber x Marvi expressed lowest heritability
estimates (h’=47.75%) and genetic advance of 4.36. Most of
the progenies however, manifested high heritability estimates
coupled with moderately higher genetic advance for this trait.
The results of study in regards to plant height indicated that
the plant height is mainly controlled by additive genetic
factors and the progenies which expressed high heritability
estimates and consequently more genetic advance may be
valuable segregating populations in order to select the
desirable plants for plant height in consequent segregating
generations

une




742

ISSN 1013-5316;CODEN: SINTE 8

Sci.Int.(Lahore),29(3),737-746 2017

Table 5. Genetic parameters viz. environmental variance (5°), genetic variance (5°g), phenotypic variance (6°p) heritability [b.s]
(h’%) and genetic advance (GA), for plant height of F3segregating populations of bread wheat

Environmental Genetic Phenotypic I Genetic
. - . - Heritability
F3 population Variance Variance Variance [b.s] h2% advance
(%) (%) 6°p) ' (GA)
Marvi x CM 11.08 19.92 31.00 64.25 9.30
CM x Bhittai 18.33 24.67 43.00 57.36 9.78
NIA-Sunhari x Marvi 18.46 76.36 94.81 80.53 20.39

Spike length

The spike length in wheat is a trait of great economic
significance affecting the grain yield directly. Longer spikes
result in more spikelet’s and in result more grains spike™
result in higher grain yield plant™. The larger spikes may be
more important for higher yields; however, in wheat, varieties
bearing longer spikes produce higher grain yields. Table-6
exhibited the genetic parameters such as environmental
variance (&%), genetic variance (&°g), phenotypic variance
(Vp), broad sense heritability (h?) and genetic advance (GA)
for the spike length for all the four F5; progenies. The results
showed that all the four F; progenies showed considerably

resulting in higher heritability estimates ranging from 56.14

higher genetic variability than environmental variability and

to 75.35%. The F; progenies indicated low genetic advance
which varied from 1.10 to 4.58. Among the progenies, the
high heritability estimates were exhibited by CM x Bhittai
(75.35%), NIA-Amber x Marvi (74.63%) and NIA-Sunahri x
Marvi (62.27%) with genetic advance of 2.55, 4.58 and 1.82,
respectively; while the lowest heritability estimates (56.14%)
were manifested by the F; progeny Marvi x CM with genetic
advance of 1.10. F3 progenies CM x Bhittai and NIA-Amber
x Marvi exhibited higher heritability estimates, but did not
give appreciable genetic advances need to select subsequent
segregating progenies.

Table 6. Genetic parameters viz. environmental variance (5%), genetic variance (5°g), phenotypic variance (6°p) heritability [b.s]
(h?%) and genetic advance (GA), for spike length of F3segregating populations of bread wheat

Environmental Genetic Phenotypic Heritabilit Genetic

F3 population Variance Variance Variance [b.s] h2% Y advance
(%) (3°9) @) ' (GA)
Marvi x CM 0.25 0.32 0.57 56.14 1.10
CM x Bhittai 0.42 1.27 1.69 75.35 2.55
NIA-Amber x Marvi 1.42 4.17 5.58 74.63 4.58
NIA-Sunhari x Marvi 0.48 0.79 1.26 62.27 1.82

Spikelet’s spike™ progenies, NIA-Sunhari x Marvi manifested highest

Spikelet’s spike™ trait in wheat has great influence on the
number of grains spike™ that leads to influence the grain

yields plant®. From breeding point of view, in wheat, the CM x

varieties with longer spikes produce more spikelet’s spike™ as
compared to those with shorter spikes. The data analyzed for
environmental variance (5%), genetic variance (8°Q),
phenotypic variance (Vp), broad sense heritability (h? and
genetic advance (GA) for spikelet’s spike™ are shown in
Table-7. The results indicated that substantial amount of
genetic variability was present in F; populations which
resulted in moderate to high heritability (h?) estimates ranged
from 50.66 to 82.26%. However, the lower amount of genetic

advance was noted ranged from 1.33 to 4.83. Among the F;

Bhittai expressed

heritability percentage (h*=82.26%) that was associated with
relatively fair genetic advance (GA=4.83); while F; progeny
lowest heritability estimates
(h*=50.66%) with similar genetic advance of 1.33. The
Fsprogenies however, manifested high heritability estimates
but the genetic advance for this trait was lower. The results
for spikelet’s spike’showed that the spikelet’s spike™ is
mainly controlled by additive genetic factors and the
progenies which expressed high heritability estimates and
more genetic advance may be valuable segregating
populations in order to select the desirable plants for this trait
in consequent segregating generations.

Table 7. Genetic parameters viz. environmental variance (5%), genetic variance (5°g), phenotypic variance (5°p) heritability [b.s]
(h?%) and genetic advance (GA), for number of spikelet’s spike™ of F3segregating populations of bread wheat

Environmental Genetic Phenotypic Heritabilit Genetic

Fspopulation Variance Variance Variance [b.s] h20/y advance
(3) (3°g) @°p) bl (GA)
Marvi x CM 0.88 1.94 2.81 68.90 3.00
CM x Bhittai 0.50 0.51 1.01 50.66 1.33
NIA-Amber x Marvi 0.79 0.87 1.66 52.40 1.76
NIA-Sunhari x Marvi 0.91 4.20 511 82.26 4.83
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Number of grains spike™

The number of grains plant™ has direct influence on the grain
yield; as this is a major yield component having deep
relationship with grain yield. Increasing the grain yield which
is the main goal of wheat breeders may be achieved by
improving this trait. The results in relation to various genetic
traits such as environmental variance (&%), genetic variance
(8%g), phenotypic variance (Vp), broad sense heritability (h?)
and genetic advance (GA) for the number of grains plant™ are
displayed in Table-8 for all the four F; progenies. Results
revealed that all the F3 progenies showed considerably higher
genetic variability than the environmental variability,
resulting in high heritability estimates ranging from 65.48 to
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81.48%. The F, progenies indicated lower genetic advance
which varied from 3.45 to 6.36. Among the progenies, the
high heritability estimates were exhibited by CM x Bhittai
(81.48%), NIA-Sunahri x Marvi (78.69%) and NIA-Amber x
Marvi (75.17%) with genetic advance of 6.36, 4.61 and 5.13,
respectively. The genetic advance was highest (6.36) in CM x
Bhittai; while the lowest genetic advance (3.45) was observed
in Fgprogeny Marvi x CM.F; progeny CM x Bhittai
manifested higher values for all the genetic parameters, thus
could be potential breeding population for selection from
subsequent segregating generations to improve number of
grains plant™.

Table 8. Genetic parameters viz. environmental variance (5%), genetic variance (5°g), phenotypic variance (6°p) heritability [b.s]
(h’%) and genetic advance (GA), for number of grains spike™ of F3segregating populations of bread wheat

Environmental Genetic Phenotypic Heritabilit Genetic

F3 population Variance Variance Variance [b.s] h2% Y advance
(%) (3°0) @°p) ' (GA)
Marvi x CM 1.42 2.69 4.10 65.48 3.45
CM x Bhittai 1.67 7.33 9.00 81.48 6.36
NIA-Amber x Marvi 171 5.17 6.88 75.17 5.13
NIA-Sunhari x Marvi 1.08 4.00 5.08 78.69 4.61

Grain yield per plant

The number of grains yield per plant has direct influence on
the grain yield; as this is a major yield component having
deep relationship with grain yield. Increasing the grain yield
which is the main goal of wheat breeders may be achieved by
improving this trait. The results in relation to various genetic
traits such as environmental variance (%), genetic variance
(8%g), phenotypic variance (Vp), broad sense heritability (h?)
and genetic advance (GA) for the grain yield per plant are
displayed in Table-9 for all the four F; progenies. Results
revealed that all the F3 progenies showed considerably higher
genetic variability than the environmental variability,
resulting in high heritability estimates ranging from 59.44 to

77.88%. The F, progenies indicated lower genetic advance
which varied from 0.01 to 0.22. Among the progenies, the
high heritability estimates were exhibited by NIA-Amber x
Marvi (77.88%), NIA-Sunahri x Marvi (69.14%) and CM X
Bhittai (67.83%) with genetic advance of 0.03, 0.01 and 0.03,
respectively. The genetic advance was highest (0.22) in
Marvi x CM; while the lowest genetic advance (0.01) was
observed in F3 progeny NIA-Sunhari x Marvi. F; progeny
NIA-Amber x Marvi manifested higher values for all the
genetic parameters, thus could be potential breeding
population for selection from subsequent segregating
generations to improve grain yield per plant.

Table 9. Genetic parameters viz. environmental variance (5%), genetic variance (5°g), phenotypic variance (5°p) heritability [b.s]
(h?%) and genetic advance (GA), for grain yield per plant of F5 segregating populations of bread wheat

Environmental Genetic Phenotypic Heritabilit Genetic

F3 population Variance Variance Variance [b.s] h20/y advance
(%) (3°g) 3°p) M (GA)
Marvi x CM 0.86 3.33 8.83 59.44 0.22
CM x Bhittai 0.77 1.67 6.50 67.83 0.08
NIA-Sunhari x Marvi 0.64 2.67 5.33 69.14 0.01

DISCUSSION

Heritability in wheat of a trait within a population is the
proportion of observable differences between individuals
caused by genetic differences and measures the fraction of
phenotype variability that can be attributed to
genetic variation [10]. High heritability values indicate the
genetic relationship between parents and progeny [11]. The
present study was conducted on the heritability estimates to
examine the performance of four F; segregating generations
originated from five parental lines of bread wheat. The study

showed that F; progenies showed varied response for
different traits and progeny NIA-Sunhari x Marvi took
maximum days to heading (94.1), NIA-Amber x Marvi took
maximum days to maturity (137.3); progeny CM x Bhittai
produced plants of maximum height (99.00 cm); NIA-
Sunhari x Marvi resulted in maximum spike length (by F3
progeny Marvi x CM. Maximum plant height (99.00 cm) was
observed in F; progeny CM x Bhittai and minimum plant
height (72.6 cm); while the maximum spike length (11.4 cm)
and progeny Marvi x CM produced highest number of
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spikelet’s spike™ (22.3) and subsequently maximum grains
(40.2) spike™. The maximum grains yield (16.89 g) was noted
in Marvi x CM, followed by F; progeny NIA-Sunahri x
Marvi (15.58 g) and minimum grains yield (15.01 g) was
observed in F; progeny NIA-Amber x Marvi. Apparently the
grains yield in the parental lines was higher than their Fj3
progenies. These results are further supported by those of
[15] who reported that outcomes of analysis of variance
depicted highly significant variation among wheat genotypes
for all studied attributes in both. The genetic studies revealed
that F; progeny Marvi x CM manifested highest heritability
estimates for days to heading (h’=84.57) and days to maturity
(h*=69.56%); while NIA-Sunhari x Marvi manifested highest
heritability estimates for plant height (h?=80.53%), and
spikelet’s spike? (h’=82.26%). However, CM x Bhittai
resulted in maximum heritability estimates for spike length
(75.35%) and grains spike™ (81.48%). Maximum genetic
advance was noted for F3 progenies NIA-Sunhari x Marvi for
days to heading (9.55), plant height (20.39) and spikelet’s
spike™ (4.83); and NIA-Amber x Marvi for spike length
(4.58); while CM x Bhittai for days to maturity (5.24) and
grains spike® (6.36). Highest heritability estimates
(h*=77.88%) were observed for NIA-Amber x Marvi
followed by (69.14, 67.83 and 59.44%) for NIA-Sunhari x
Marvi, CM x Bhittai and Marvi x CM. [16] concluded that
the broad-sense heritability value for plant height and number
of tillers per plant ranged from 49.83 to 88.83 and 52.25 to
88.82%, respectively. The broad sense heritability for grain
yield per plant ranged from 65.58 to 90.01%. The genetic
advance values for plant height 6.30 to 19.88, number of
tillers per plant 1.87 to 4.42, grain yield per plant 4.78 to
10.10 respectively. [17] Showed very high heritability and
moderate to high genetic advance were observed for number
of spikes per plant in different crosses. [18] (2004)
Heritability estimates for 1000-kernel weight, spikes per m?
and grains per spike 1 were 62, 74 and 77%, respectively.
The genotypic and phenotypic correlations of 1000 grains
weight with grains per spike plant, spikes plant and grain
yield were non-significant. Similarly, [19] reported moderate
to very high broad sense heritability for all the morphological
characters except number of fertile tillers per plant. Plant
height exhibited the greatest heritability (92.08%) while
number of fertile tillers per plant showed minimum value of
heritability (40.71%). [20] Found maximum heritability for
days to heading and days to maturity and value of genetic
advance ranged from a minimum of 0.06 for grain weight per
spike to a maximum of 9.79 for yield. [21] Reported that
heritability estimates were low for 100-grain weight, number
of tillers per plant. Grain yield per plant was moderately
correlated with ear length, number of tillers per plant and
number of grains per year. One-hundred seed weight was
negatively correlated with and number of grains per year.
[22] Found that heritability values were 9.07, 15.01, 2.97,
3.0, 9.22 and 5.61 % for plant height, spikelet’s spike™, seeds
spike™, seed weight spike™, 1000-kernel weight and seed
yield respectively. [23] Reported positive correlation of
number of spikelet’s per spike, number of grains per spike
and 1000 grain weight with grain yield at both genotypic and
phenotypic levels. However, number of tillers per m? and
spike length contributed negatively towards grain yield at
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both levels. Plant height was positively correlated with grain
yield at genotypic level, whereas negatively correlated at
phenotypic levels. [24] Reported that the magnitude of broad
sense heritability of plant height, tillers per plant and grains
per spike and grain yield was high with values 0.94, 0.98,
0.92 and 0.91 respectively and was low in case of number of
spikelets per spike (0.24). The values of genetic advance
ranged from 0.044 for 1000 grain weight to 25.289 for plant
height. Fairly high estimates of heritability and genetic
advance for plant height, number of tillers and grains per
spike suggested that selection for these traits could be
practiced more effectively. Some recent researches have also
supported the findings of the present study. [25] Found that
genotypic coefficient of variability (GCV) and Phenotypic
Coefficient of Variability (PCV) was relatively higher for
grain yield per plot (20.13, 23.27%), number of kernels per
spike (18.30, 20.70%) and spike weight (11.80, 15.20%)
across the locations. This implies the presence of more
additive gene effects for potential crop improvement. Beside
this, high genetic advance was also observed for spike length,
number of kernels per spike and thousand-kernel weight.
These indicate that there is good scope for crop improvement
through selection. [26] Reported that total variability
calculated through multiple correlation in the population for
yield improvement accounted by fertile tiller number and
kernel weight of main spike was 78.6% compared to 82.4%
accounted by the all characters. It is concluded that more
fertile tiller number and kernel weight of main spike are
major yield contributing factors in selecting high yielding
wheat cultivars. [27] Found that high heritability estimates
were observed for seed index, total biomass, grains per spike
and plant height, indicating that these traits were
predominantly controlled by additive gene effects and direct
selection may be effective for these traits. [28] Found that
maximum genotypic differences were observed for all the
studied parameters. Highest heritability estimates and
expected genetic advance were found for all the traits except
chlorophyll concentration index, spike length and number of
spikelet spike™ which exhibited moderate heritability. [15]
Reported that outcomes of analysis of variance depicted
highly significant variation among wheat genotypes for all
studied attributes in both. Heritability assessed the relative
significance of gene action in genetic variation and plays vital
role in selection process for yield improvement in
collaboration with genetic advance.

CONCLUSIONS

The parents and the segregating progenies were significantly
(P<0.05) different with each other for all the traits
investigated. Differences for days to heading, days to
maturity, plant height, spike length, grains spike™, and grain
yield were non-significant (P>0.05) among F; segregating
populations and significant (P<0.01) for spikelet’s spike™.
Among Fsprogenies, NIA-Sunhari x Marvi took maximum
days to heading, NIA-Amber x Marvi took maximum days to
maturity; CM x Bhittai produced plants of maximum height;
NIA-Sunhari x Marvi resulted in maximum spike length,
Marvi x CM produced highest number of spikelet’s spike™
and maximum grains spike®. F; progeny Marvi x CM
manifested highest heritability estimates for days to heading
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and days to maturity. F3 progeny NIA-Sunhari x Marvi
manifested highest heritability estimates for plant height and
spikelet’s spike™. F; progeny CM x Bhittai resulted in
maximum heritability estimates for spike length and grains
spike®. Maximum genetic advance was noted for Fs
progenies NIA-Sunhari x Marvi for days to heading, plant
height and spikelet’s spike™; NIA-Amber x Marvi for spike
length; CM x Bhittai for days to maturity and grains spike™.
NIA-Amber x Marvi exhibited highest heritability for grain
yield followed by NIA-Sunahri x Marvi and CM x Bhittai.
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