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Genetic evaluation of newly synthesized CMS based wheat hybrids for agro-
morphological traits
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ABSTRACT: A set of thirty national pool hybrids along with six checks were evaluated during Rabi 2016-17 at Seed Breeding
Farm, INKVYV, Jabalpur to study the genetic variability and association analyses for fifteen traits. Wide range of variation for all the
traits was observed, indicating the presence of adequate genetic variability in the material. High phenotypic and genotypic coefficient
of variation was observed for harvest index and grain yield/plant, while moderate for ear weight, number of ears/plant, number of
tillers/plant, peduncle length, 1000 grain weight, biological yield/plant and number of spikelets/ear. High heritability coupled with
high genetic advance as percent of mean was exhibited by harvest index, grain yield/plant, number of ears/plant, number of
tillers/plant, peduncle length, ear weight, 1000 grain weight, biological yield/plant, number of spikelets/spike and canopy
temperature. Grain yield/plant revealed significant positive association with ear weight, number of ears/plant, number of
spikelets/spike, harvest index and 1000 grain weight. Harvest index imposed highest direct positive effect on grain yield/plant,
followed by biological yield/plant, days to heading and plant height. Hybrids PHW 16-6, PHW 16-29, PHW 16-1, PHW 16-26 and
PHW 16-10 were found superior over the best check HD 2967 on the basis of grain yield/plant. The result of present study could be

exploited in planning and execution of future breeding programme in hybrid wheat.
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Wheat (Triticum aestivum L.) is the world’s second most
important staple food crop next to the rice for more than 35
percent of world’s population. It produces about 20% food
resources of the world with high productivity and
occupying a prominent position. India is the second
largest wheat producer in the world with a production
level of 107.18 million tonnes. Madhya Pradesh is the
second largest producer state of wheat with area,
production and productivity of 6.03 million hectare, 18.58
million tonnes and 3083 kg/ha, respectively (Anonymous,
2019-20).

High yield and better quality are the prime object of the
breeder. To meet out the demand of wheat by 2020 AD,
hybrid development is an innovative alternative approach.
Serious interest in hybrid wheat was started in the 1960s
accompanied by public research, but these efforts were
not crowned with the successful establishment of wheat
hybrids in the global wheat market (Longin et al., 2012).
The exploitation of heterosis in wheat appears more
promising in view of an ever-growing world population
and climate change. Consequently, hybrid wheat is again
attracting strong attention in the wheat breeding
community as it has great potential to boost grain yield.

For improvement of yield, the knowledge of genetic
variability and heritability is of great importance for the
breeders. However, these traits are influenced by the
genotype and environment because of the polygenic
nature of the characteristics involved (Gaines ef al., 1996;

Novoselovic et al., 2004). For the establishment of
breeding programs and formation of selection indexes,
heritability is widely used. The most effective condition
for selection is high heritability coupled with high
estimates of genetic advance. The utility of heritability
therefore increases when it is used to calculate genetic
advance, which indicates the degree of gain in a character
obtained under a particular selection pressure. Thus,
genetic advance is yet another important selection
parameter that aids breeder in a selection program.
Phenotypic and genotypic coefficients of variations,
heritability and genetic advance have been used to assess
the magnitude of variance in hybrid wheat genotypes.
Similarly, an attempt was also made to analyze grain yield
and its attributing traits of wheat by correlation and path
coefficient analyses. The present study is therefore, aimed
at assessing genetic variation, heritability, genetic
advance and association of yield attributing traits in
recently developed bread wheat hybrids.

MATERIALSAND METHODS

Experimental material comprising 30 cytoplasmic male
sterility (CMS) based wheat hybrids (received from
Genetics Division, IARI, New Delhi) along with six
checks were planted in randomized completely block
design with three replications at Seed Breeding Farm,
Department of Plant Breeding and Genetics, JNKVYV,
Jabalpur during Rabi season, 2016-17. The recommended
agronomic practices were followed to raise the healthy
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crop. Five plants were randomly selected from each genotype per replication
for recording the agronomic data. Observations were recorded on days to 50%
heading, days to maturity, plant height (cm), peduncle length (cm), ear length
(cm), ear weight, number of tillers/plant, number of ear/plant, number of
spikelet/ear, biological yield/plant (g), harvest index (%), 1000-grain weight
(g) chlorophyll content (SPAD Units), canopy temperature (°C) and grain
yield/plant (g). The data obtained were subjected to the biometrical analysis.
The genotypic coefficient of variation (GCV %), phenotypic coefficient of
variation (PCV %), broad sense heritability (h? (bs) %) and genetic advance in
percent mean (GAPM) were estimated by the formula suggested by Singh and
Chaudhary (1985). The estimate of GCV and PCV were classified as low,
medium and high (Sivasubramanian and Madhavamenon, 1973). The
heritability was categorized as suggested by Robinson et al. (1949) and
genetic advance by adopting the method of Johnson ef al. (1955). Correlation
coefficient and path coefficient was worked out as method suggested by
Milleret al. (1958) andDewey and Lu (1959), respectively.

RESULTS AND DISCUSSION

Highly significant mean squares, due to genotypes for all the traits under
study in thirty six wheat hybrids revealed the presence of enough genetic
variability in the material was presented in (Table 1). The present result
implied that this population of wheat genotypes would respond positively to
selection. The wide range of variation observed in all the characters offer
scope of selection for development of desirable type of wheat hybrids. The
presence of large amount of variability might be due to diverse source of
material as well as environmental influence affecting the phenotypes. Similar
findings in wheat were also reported by Tiwari et al. (2017), Sharaan et al.
(2017), Neeruetal. (2017) and Getachew et al. (2017).

The results pertaining to mean, range, phenotypic coefficient of variation
(PCV), genotypic coefficient of variation (GCV), heritability in broad sense
(h”) and expected genetic advance as percent of mean (GAM) for all the traits
studied are furnished in (Table 2).

There will be better scope of improvement through selection for traits having
high value of genotypic coefficient of variation (GCV). The GCV and PCV
provide information about relative amount of variation in different traits. A
perusal of coefficient of variation revealed that the higher estimate of GCV
and PCV was observed in case of harvest index (24.88% and 24.98 %) and
grain yield/plant (21.18% and 21.28%). Similar findings have been also
reported by Phougat ez al. (2017). Moderate estimate of GCV and PCV were
recorded for number of ears/plant (18.73% & 18.97 %), ear weight (18.27% &
19.25), number of tillers/plant (17.84 % & 18.08 %), peduncle length
(17.64% & 17.79), 1000 grain weight (14.85 % & 14.87 %), biological
yield/plant (14.23 % & 14.24 %) and number of spikelets/spike (11.08 % &
11.16 %). Report of Tiwari ez al. (2017) for peduncle length, grain yield/plant,
ear weight and Mecha et al. (2016) for test weight support our results for GCV
and PCV in wheat population. While, other traits viz., plant height (4.21 % and
4.23 %), days to maturity (6.26 % and 6.39%) and days to 50 % heading (6.50
% and 7.02 %) exhibited low phenotypic and genotypic coefficient of
variation. This indicated low variability for such traits among genotypes.
Kumar et al. (2003) revealed low PCV and GCV for days to 50% heading and
days to maturity.

The proportion of genetic variability which is transmitted from parents to
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Table 1: Mean squares of yield traits from the analysis of variance in wheat hybrids
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offspring is reflected by heritability. In this context, the
high estimates of heritability were recorded for biological
yield per plant (99.8%), 1000 grain weight (99.8%),
chlorophyll content (99.4%), harvest index (99.2%), plant
height (99.1%), grain yield/plant (99.0%), number of
spikelets/spike (98.6%), peduncle length (98.4%), canopy
temperature (97.9%), number of tillers/plant, number of
ears/plant (97.4%), days to maturity (95.9 %), ear length
(91.8%), ear weight (90.1%) and days to 50% heading
(86.0%). Rahman et al. (2016) and Rajshree and Singh
(2018) also reported high heritability values for canopy
temperature, spike length, 1000 grain weight, grain
yield/plot and harvest index which in fact demonstrated
the presence of additive genes effect indicating
effectiveness of selection for the improvement of these
traits. Selection will be more effective for those traits
having high heritability, because these traits are governed
predominantly by additive gene action and could be
improved through individual plant selection.

High heritability coupled with high genetic advance as
percent mean were observed for harvest index, grain
yield/plant, number of ears/plant, number of tillers/plant,
peduncle length, ear weight, 1000 grain weight, biological
yield/plant, number of spikelets/spike and canopy
temperature. Similar results were also reported by
Ghallab et al. (2016) for 1000 grain weight and Rajshree
and Singh (2018) for number of tillers/plant and harvest
index. Itindicated predominance of additive gene action.
Therefore, direct selection for such trait would be
effective. The high heritability coupled with moderate
genetic advance was recorded for chlorophyll content, ear
length, days to maturity and days to 50% heading.
Whereas, high heritability coupled with low genetic
advance was observed for plant height. High heritability
with high or moderate genetic advance indicated
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predominance of additive gene action for controlling
these characters. Thus, simple selection can be practiced
to improve these traits.

Correlation coefficient analysis

Yield is a complex quantitative trait governed by large
number of genes and highly influenced by environment.
Hence, the selection of superior genotypes based on yield,
as such is not effective. For a rational approach towards
improvement of yield, selection has to be made for the
components of yield. Association of yield components
and yield thus assumes special importance on the basis of
indirect selection. Correlation coefficient at phenotypic
level is presented in the (Table 3). Significant and positive
correlations were observed between days to 50% heading
and days to maturity. Similar, findings were observed by
Dharmendra and Singh (2015) for days to maturity. Days
to maturity showed highly significant positive correlation
with number of tillers/ plant and plant height and
significant positive with ear length.

Plant height showed highly significant positive
correlation with days to maturity and significant positive
with number of ears/plant, whereas, number of
spikelets/spike had negative significant correlation with
plant height. Number of tillers/plant showed highly
significant positive association with days to maturity and
days to 50% heading, while significant negative with 1000
grain weight. Similar findings were found by Chhibber
and Jain (2014) and Dharmendra and Singh (2015).
Number of spikelets/spike revealed highly significant
positive association with grain yield/plant and ear length,
whereas, negative significant with plant height. These
findings corroborated the earlier findings of Baloch ef al.
(2013) and Dharmendra and Singh (2015). Number of

Table 2: Estimates of genetic parameters for 15 quantitative traits of 36 CMS based wheat hybrids

Traits Range Mean GCV(%) PCV(%) h(b)(%) Geneticadvance
(% of mean)

Daysto 50 % heading 58.7-75.7 66.45 6.50 7.02 86.00 12.43
Days to Maturity 102.3-129.7 115.65 6.26 6.39 95.9 12.63
Plant height (cm) 92.1-108.6 98.81 4.21 4.23 99.1 8.64
Peduncle length (cm) 9.2-20.6 15.56 17.64 17.79 98.4 36.06
Earlength (cm) 9.0-12.0 10.45 7.25 7.57 91.8 14.32
Ear weight (cm) 2.27-4.27 3.31 18.27 19.25 90.1 35.72
Number of'tillers/plant 4.70-9.56 6.85 17.84 18.08 97.4 36.27
Number of ears /plant 4.46-9.33 6.56 18.73 18.97 97.4 38.08
Number of spikelets/ spike 12.93-19.16 15.99 11.08 11.16 98.6 22.66
1000 grain weight 36.72-65.40 46.48 14.85 14.87 99.8 30.57
Biological yield/plant (g) 37.27-63.25 50.11 14.23 14.24 99.8 29.28
Harvest Index (%) 24.76-82.79 48.46 24.88 24.98 99.2 51.05
Grain yield/plant (g) 12.96-32.94 23.89 21.18 21.28 99.0 43.41
Chlorophyll content (SPAD Units) 37.36-47.45 42.02 7.05 7.07 99.4 14.49
Canopy temperature (°C) 16.60-23.13 20.03 8.38 8.47 97.9 17.08
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Table 5: Promising accessions for various traits in 36 hybrid wheat

Trait Selection criteria

Number of superior

Name of the superior accession
accession

Days to maturity <105 days

Plant height (cm) <95cm

Number oftillers/ plant >8

Number of spikelets/spike >18

Earlength (cm) >11.5cm

Ear weight (cm) >4¢g

Number of ears/plant >8

1000-grain weight (g) >55g

Biological yield/plant (g) >60g

Harvestindex (%)

>60 %

Grain yield/plant (g) >30g

3 PHW 16-30,PHW 16-7,
PHW 16-29

6 HD 3086, PHW16-26,
PHW 16-23, PHW 16-29,
PHW 16-12,PHW 16-6

5 PHW 16-30, GW 366,
PHW 16-18, PHW 16-28,
HD 2932

5 PHW 16-13, PHW 16-23,
PHW 16-4, PHW 16-10,
PHW 16-6

4 PHW 16-8, HD 2967,
PHW 16-22,PHW 16-13

5 PHW 16-26, PHW 16-13,
PHW 16-7, PHW 16-15,
PHW 16-1

5 HD2967,PHW 16-15,
PHW 16-18, PHW 16-9,
HD 2932

4 PHW 16-21,PHW 16-23,
PHW 16-25,PHW 16-9

5 HD 2932, GW 366, PHW
16-16, PHW 16-8, PHW
16-26

6 PHW 16-29, PHW 16-18,
PHW 16-1, PHW 16-17,
PHW 16-6, PHW 16-10

5 PHW 16-26, PHW 16-29,
PHW 16-1, PHW 16-6,
PHW 16-10

ears/plant showed significant positive association with
biological yield/plant, plant height and grain yield/plant.

Biological yield showed significant positive association
with number of ears/plant, canopy temperature, ear
weight, whereas, significant negative with harvest index
and peduncle length. Similar findings were found by
Chhibber and Jain (2014) and Khan et al. (2015) for
biological yield. Harvest index reported highly significant
negative association with number of grains/plant,
biological yield/plant and 1000 grain weight. Grain
yield/plant revealed significant positive association with
ear weight, number of ears/plant, number of
spikelets/spike, harvest index and 1000 grain weight.
Significant positive correlation of different traits with
grain yield/plant have also been reported by Dharmendra
and Singh (2015) and Khan et al.(2015). Selection for
these characters can directly be followed for immediate
yield improvement.

Path coefficient analysis is also known as standardized
partial regression coefficient which is unit less. The

correlation coefficient between traits exhibits the
relationship existing between pairs of traits. But, a
dependent character is an interaction of product of many
mutually associated component characters and change in
any one component will disturb whole network of cause
and effect system. Path coefficient analysis was carried
out using coefficient of all the traits with grain yield per
plant and represented in (Table 4).

Maximum positive direct effect on grain yield/-plant was
contributed by harvest index (1.0996), followed by
biological yield/plant (0.6507), days to 50% heading
(0.2132) and plant height (0.0680). This means that a
slight increase in one of the above traits may directly
contribute to grain yield. Similar results were observed by
Phougat et al. (2017), Singh et al. (2012) for harvest
index and biological yield/plant; Majumder et al. (2008)
for harvest index; Ali and Abdulla (2016) for biological
yield/plant and Zare et al. (2017) for harvestindex.

On the other hand, the maximum negative direct effect
was exhibited by days to maturity (-0.2420), followed by
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number of tillers/plant (-0.0596) and ear weight (-0.0440)
The rest of the traits showed moderate to low positive or
negative direct effect on grain yield per plant. Majority of
indirect effects of various independent traits via. other
traits were extremely low of either signs. There were only
few characters had higher to moderate positive indirect
effects. Harvest index exerted high indirect effect on grain
yield/plant via. plant height, peduncle length, ear weight
and biological yield/plant via. number of ear/plant; ear
weight, plant height, canopy temperature. Hence these
indirect effects should also be kept in the mind while
selection for better yield.

On the basis of per se performance promising wheat
hybrids were identified for phenological and yield
attributing traits and are presented in (Table 5). The
selection criterion was made in such a way that minimum
numbers of genotypes were identified/ selected for each of
the studied traits.

For days to maturity (<105 days) three hybrids were
identified (PHW 16- 30, PHW 16-7, PHW 16-29); for
plant height (< 95 c¢cm) six hybrids (HD 3086, PHW 16-
26, PHW 16-23, PHW 16-29, PHW 16-12, PHW 16-
6); for number of tillers/plant (> 8) five hybrids (PHW 16-
30, GW 366, PHW 16-18, PHW 16-28, HD 2932); for
number of spikelets/ear (>18) five hybrids (PHW 16-13,
PHW 16-23, PHW 16-4, PHW 16-10, PHW 16-6); for ear
length (>11.5 cm) four hybrids (PHW 16-8, HD 2967,
PHW 16-22, PHW 16-13); for ear weight (>4) five
hybrids (PHW 16-26, PHW 16-13, PHW 16-7, PHW
16-15, PHW 16-1); for number of ears/ plant (>8) five
hybrids (HD 2967, PHW 16-15, PHW 16- 18, PHW 16-
9, HD 2932); for 1000-grain weight (>55 g) four
hybrids (PHW 16-21, PHW 16-23, PHW 16-25, PHW 16-
9); for biological yield/ plant (>60) five hybrids (HD
2932, GW 366, PHW 16-16, PHW 16-8, PHW 16-26); for
harvest index (>60 %) six hybrids (PHW 16-29, PHW 16-
18, PHW 16-1, PHW 16-17, PHW 16-6, PHW 16-10)
and for grain yield/ plant (>30 g) five hybrids were
identified (PHW 16-26, PHW 16-29, PHW 16-1, PHW
16-6, PHW 16-10). These hybrids may be utilized further
in wheat breeding programmes to achieve better hybrids.
Out of six checks, hybrids PHW 16-6, PHW 16-29, PHW
16-1, PHW 16-26 and PHW 16-10 were found as most
promising over best check HD 2967 (29.0g) in terms of
grain yield/ plant. The promising hybrids from this
investigation may be used as a donor in hybrid wheat
programme for the transfer of genes.
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