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( ABSTRACT ) Grain yield is the primary factor affecting the economic value in wheat. For this reason, continuous agronomical and

breeding studies are being conducted on increasing grain yield. Genetic variability among wheat genotypes can be
estimated based on quantitative traits. Parameters such as genotypic and phenotypic coefficient of variability are useful in detecting the amount of
variability present in the germplasm. High genetic advance coupled with high heritability estimates offers the most effective condition for
selection. Correlation studies along with path analysis provide a better understanding of the association of different characters with grain yield.
Genetic variability, correlation and path coefficient analysis of grain yield in wheat is reviewed in the paper.
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INTRODUCTION

Wheat (Triticum aestivum L.) belongs to family Gramineae which is a
self-pollinated crop and can be grown successfully in both tropical and
subtropical areas. Wheat attains unique prominent position in
agriculture and economic perspective of our country because of being
second most important food crop after rice. The genus Triticum is
characterized as mid tall to tall annual grass and consists of several
species. Triticum aestivum and Triticum durum are most important
agricultural species (Deoraj et al., 2016). A great deal of research work
has been done in the domain of wheat breeding through genetic
manipulation. However, increasing population and changing
circumstances in the country necessitate the breeders for further
breakthrough in this food crop (Rajpoot et al., 2015). The success of a
breeding program depends largely upon the amount of genetic
variability present in the population and the extent to which the desired
traits are heritable (Majumder et al., 2008). Genetic variability in a
population can be partitioned into heritable and non-heritable variation
with aid of genetic parameters such as variance, genotypic coefficient
of variation, heritability and genetic advance which serves as basis for
selection of some outstanding genotypes from existing ones. Choice of
parents is not only based on desirable agronomic traits, components of
yield and extent of variability but also on heritability of yield
contributing traits. The environment, in which selection is made, is
also important because heritability and genetic advance vary with
change in environment (Kumar et al., 2013). These components in
turn, are also complex and their expression is again dependent on
several morphological and developmental traits, which are interrelated
with each other. Thus for the improvement of grain yield, knowledge
of genetic variability for characters of economic importance and cause
and effect relationship of yield and yield components for the available
genotypes are of utmost importance which helps in planning of the
future breeding programme. (Kumar et al., 2014). Therefore, the
efforts were made to study the extent of variability, heritability and
possible amount of genetic gain expected to occur during the selection
for yield improvement (Nukasani et al., 2013). Keeping in view the
above facts, the aim of this paper is to review the works done so far to
know genetic variability and its impact on different characters in
Wheat from different literature.

Literature Review

Genetic Variability

Most of the germplasm collections are in adequately evaluated or
screened. In the absence of this knowledge, the breeder has no way of
knowing which few among several hundred accessions will most
likely provide the particular traits needed in the breeding programme.
Therefore, more work of this nature is essential if the enormous wealth
of genetic resources now flowing in to gene blanks is to be evaluated
and utilized. Majumder et al. (2008) found that both genotypic and
phenotypic variances were highly significant in all the traits studied
with little higher phenotypic variations as usual. The characters; such
as spikes per plant (GCV=09.63, PCV= 14.33), spike length
(GCV=09.54, PCV= 12.26), grains per spike (GCV=20.68,
PCV=22.54) and grain yield (GCV=19.34, PCV=23.50) showed

considerably higher PCV than GCV which indicated marked influence
of environment on the expression of these characters Similarly, the low
differences between the phenotypic and genotypic coefficients of
variations indicated low environmental influences on the expression of
these characters. Abinasa et al. (2011) revealed that highly significant
differences were found among durum wheat genotypes for all traits
studied which suggested that there is a possibility of improving durum
wheat for these traits. Plant height (PCV=15.52% and GCV=15.38%)
and number of kernels per spike (PCV=12.75% and GCV=10.91%)
showed the highest phenotypic and genotypic coefficients of
variations. They observe that the PCV values were greater than GCV
values although the differences were small which indicated that the
environmental effect was small for the expression of most characters.
Bhushan et al. (2013) studied with the analysis of variance which
concluded that the treatments were highly significant for all the
characters. They recorded higher magnitudes of GCV and PCV for
grain yield (13.69 and 15.29), biological yield (12.48 and 13.17),
productive tillers per plant (11.28 and 13.01) and plant height (8.39 and
10.23), respectively and suggested that the genotypes selected were
genetically variable and considerable amount of variability existed
among them and thus exhibited scope for genetic improvement
through selection for all these traits. Rahman et al. (2014) found that
genotypic variance was much higher than their corresponding
environmental variances which suggested that the traits were less
influenced by the growing environments. They observed that days to
booting (6.57% and 6.20%), days to heading (6.02% and 5.68%) and
days to anthesis (5.00% and 4.65%) showed almost equal phenotypic
and genotypic coefficient of variation. They concluded that the small
difference between PCV and GCV of these traits showed that there is
an existence of genetic variabilities. Further comparatively high
genotypic coefficients of variation were found in days to booting and
days to heading. Further, Rajpoot et al. (2015) estimated genetic
variability and found higher GCV and PCV comparatively for days to
50% flowering (12.713 and 12.760), number of spikelets per spike
(3.023 and 2.969), days to maturity (4.420 and 1.017) and number of
seed per year (1.224 and 1.605). The phenotypic coefficient of
variation was slightly higher than the genotypic coefficient of variation
for all selection of parameters indicating presence of environmental
influence on the expression of characters. Deoraj et al. (2016)
investigated for variability in wheat genotypes. They recorded higher
genotypic and phenotypic coefficient of variation for length of spike
(13.99%, 14.00%), 1000-grain weight (13.03%, 13.75%), grain yield
per plant (11.89%, 12.37%), dry gluten content (10.59%, 11.62%),
productive tillers per running meters (10.41%, 10.48%) and spikelets
per spike (9.16%, 11.28%). Malbhage et al. (2020) revealed that for all
of the traits studied, the phenotypic coefficient of variation was slightly
higher than the genotypic coefficient of variation, indicating that
environment had less of an effect on the expression of the characters
studied. Grain yield/plant showed the highest GCV and PCV, followed
by test weight, tillers/plant, and biological yield/plant.

Heritability And Genetic Advance
Ali et al. (2008) observed moderate heritability for number of
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productive tillers per plant and fertility percent. They also recorded
high estimates of heritability for plant height (84.8%), number of
spikelets per spike (77.5%), spike length (76.2%), number of grains
per spike (69.0%), 1000 grain weight (99.5%) and yield per plant
(64.5%). These traits also indicated high genetic advance (except
fertility percent). From these findings they revealed that high
heritability accompanied with high genetic advance in case of plant
height, number of productive tillers per plant, number of spikelets per
spike, spike length, number of grains per spike, 1000 grain weight and
yield per plant is due to additive gene effects and selection may be
effective in early generations for these traits. Kotal et al. (2010) found
high values of heritability coupled with high values of genetic advance
as the percentage of mean for pant height, no. of effective tillers per
plant, 1000 grain weight, harvest index and grain yield per plant which
concluded that these characters are expected to be controlled by
additive gene action and selection would be effective for these
characters. Whereas the characters like panicle length, plant height,
number of grains per panicle, 1000 grain weight, day to flower having
high heritability values, had low estimates of genetic advance.
Therefore, these characters are controlled by non-additive genes and
hence, selection is effective for such characters would not be effective.
Degewione et al. (2013) observed that high genetic coefficient of
variation along with high heritability and genetic advance in grain
yield per plot and days to heading. On the basis of their findings they
concluded that these characters could be useful basis of selection. They
found that heritability estimates were very high for days to heading
(89.08%) and grain yield per plot (84.64%), indicating the possibility
of success in selection. Also Genetic advance as percentage of mean
was maximum for percentage of grain yield per plot(72.49%) followed
by number of tillers per plant(44.52%), days to heading (35.65%),
grain filling period (33.02%). Rahman et al. (2014) carried an
experiment on 24 diverge genotypes of wheat to study genetic
variability, correlation and path coefficient for four physiological traits
and grain yield per plant. They found that the traits i.e. days to booting
(89.01%, 12.04%) and days to heading (88.99%, 11.04%) exhibited
high heritability accompanied by high genetic advance as percent of
mean. Rajpoot et al. (2015) found high heritability coupled with high
genetic advance in percent of mean for days to 50% flowering
(h2b=99.4%, GA=26.12%) and suggested that this traits were under
additive gene control and selection for genetic improvement for this
traits would be effective. Deoraj et al. (2016) revealed that the
characters were less influenced by environmental effects and selection
would be effective for those traits which showed high heritability
along with high genetic advance. They recorded high heritability
coupled with high genetic advance for traits viz., length per spike
(h2b=99.83%, GA=28.80%), productive tillers per running meter
(h2b=98.68%, GA=21.31%), 1000-grain weight (h2b=89.75%,
GA=25.42%), and grain yield per plant (h2b=92.47%, GA=23.56%)
which indicated additive genetic control in the expression of these
characters. Seyoum and Sisay (2021) results revealed that very high
estimates of heritability across locations were obtained in the case of
days to heading (95.66%), plant height (90.74%) and grain filling
period (85.21%). High heritability coupled with moderate genetic
advance as a percent of means were noted for days to heading.

Correlation And Path Coefficient Analysis

Correlation and path coefficient analysis could be used as an important
tool to bring information about appropriate cause and effects
relationship between yield and some yield components. Correlation
coefficient analysis measures the mutual relationship between yield
and various yield components. Such information reveals the
possibility of simultaneous improvement of yield and yield attributes
and also helps in increasing the efficiency of selection of complex
inherited traits.

Abinasaetal. (2011) concluded that the genotypic correlations showed
positive association of grain yield with days for heading (r=0.50),
harvest index (r=0.69) and kernels number per spike (r=0.81). Also
from path analysis they observed that harvest index (1.13) and biomass
(0.81) exhibited the highest positive and significant direct effect on
grain yield. From their results they revealed that these traits could be
considered as suitable selection criteria for the development of high
yielding durum wheat varieties. Degewione et al. (2013) studied on
association of characters which suggested that number of tillers per
plant (rp=0.516, rg=0.83) and grains per spike (rp=0.416, rg=0.664)
were the most important characters with possessed positive
association with grain yield per plot. Based on their findings they
revealed that an intensive selection for these characters will
automatically improve grain yield in bread wheat advanced lines. Also

path coefficient analysis showed maximum positive direct effect on
grain yield per plot mostly by days to heading (15.872), grain filling
period (10.572), number ofttillers per plant (0.585) and grains per spike
(0.737) was major contributors of towards grain yield per plot. They
found that the two traits which showed significant contribution
towards grain yield per plot were number of tillers per plant and grains
per spike and these traits. Rajpoot et al. (2015) found yield per plant
had high positive and significant correlation with number of tillers per
plant (rg=0.579, rp= -0.006), number of seed per ear (rg=0.426,
rp=0.228) and test weight (rg=0.353, rp= 0.248). Genotypic
correlation coefficient is higher than phenotypic correlation
coefficient, which revealed that there was strong association between
these two characters genetically but the phenotypic value is lessened
by the significant interaction of environment. Path coefficient analysis
revealed maximum direct contribution towards yield per plant with
length of ear followed by test weight (g). Panday et al. (2021) Path
analysis showed that plant height, flag leaf area, days to flowering,
50% heading, days to maturity, peduncle length, spike length, spike per
meter, number of spikelets per spike, grain filling periods, grain weight
per spike, biological yield, and harvest index had positive direct effect
on grain yield. These traits could be considered as good contributors to
grain yield. Chauhan et al. (2022) reported that Correlation analysis
showed positive and highly significant association of grain yield with
biological yield/ plant (0.639) followed by 1000 grain weight (0.467),
while a negative and highly significant correlation with days to
heading and days to maturity at both phenotypic and genotypic level.
Also, phenotypic path analysis showed that biological yield/plant had
highest positive direct effect (0.9715) on grain yield/plant.

CONCLUSION

For effective selection and a successful breeding programme,
information on nature and magnitude of genetic variation in
population and the extent to which the desired traits are heritable,
association of character with yield and yield contributed traits and the
extent of environmental influence on the expression of various
characters are necessary. Grain yield in wheat as in other crops, is a
complex character and is dependent on its main components like as
spike number per plant and grain weight per spike. These components
in turn, are also complex and their expression is again dependent on
several morphological and developmental traits, which are interrelated
with each other. Thus, for the improvement of grain yield, knowledge
of genetic variability for characters of economic importance and cause
and eftect relationship of yield and yield components for the available
genotypes are of utmost importance which helps in planning of the
future breeding programme.
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