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ABSTRACT

Understanding the association among yield and its component traits is essential for developing efficient
selection strategies in wheat breeding programmes. The present investigation was conducted during the
Rabi season of 2023-24 at the Crop Research Centre, Jigyasa University, Dehradun, Uttarakhand, to study
character association and path coefficient analysis in thirty wheat (Triticum aestivum L.) genotypes. The
experiment was laid out in a Randomized Block Design with three replications. Observations were recorded
on fifteen quantitative traits, including phenological, morphological and yield-related characters. Genotypic
and phenotypic correlation coefficients were estimated following the method of Al-Jibouri et al. (1958),
while path coefficient analysis was performed according to Dewey and Lu (1959) using Grain yield per plant
as the dependent variable. Correlation analysis revealed that Grain yield per plant exhibited significant
positive association with flag leaf area, spike length per plant and 1000-Grain weight, indicating the importance
of these traits in determining grain productivity. Genotypic correlations were generally higher than phenotypic
correlations, suggesting a strong inherent genetic association among the characters studied. Path coefficient
analysis indicated that 1000-Grain weight (0.654), flag leaf area (0.401) and plant height (0.319) exerted
substantial positive direct effects on Grain yield at the genotypic level, whereas grain filling period (1.775),
days to 50% flowering (1.035) and 1000-Grain weight (0.671) showed the highest positive direct effects at the
phenotypic level. The findings suggest that flag leaf area, spike length per plant and 1000-Grain weight are
the most important traits influencing grain yield and should be considered as reliable selection criteria for
the development of high-yielding wheat cultivars.

Key words : Bread wheat, Character association, Path coefficient analysis, Grain yield, Yield components,
Triticum aestivum L.

Wheat (Triticum aestivum L.) is one of the most

Introduction national food security and agricultural economy (FAO,

2024; Shewry and Hey, 2015).

important cereal crops worldwide and serves as a staple
food for nearly 35% of the global population. It contributes
substantially to global food and nutritional security by
providing carbohydrates, proteins, vitamins, minerals and
dietary fibre. Globally, wheat is cultivated on more than
220 million hectares with an annual production exceeding
780 million tonnes. In India, wheat occupies a pivotal
position among food grain crops and is the second most
important cereal after rice, contributing significantly to

The increasing demand for wheat due to rapid
population growth, urbanization and changing dietary
preferences necessitates continuous improvement in grain
productivity. However, wheat production is increasingly
challenged by climate change, shrinking arable land,
emerging pests and diseases, and degradation of natural
resources. Under such circumstances, the development
of high-yielding and climate-resilient wheat cultivars
remains one of the major objectives of contemporary
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breeding programmes (Zhang et al., 2023; Wang et al.,
2023).

Grain yield is a highly complex guantitative trait
controlled by numerous genes and strongly influenced by
environmental factors. Consequently, direct selection for
grain yield is often less effective because the observed
phenotype represents the combined effects of genotype,
environment and genotype x environment interactions.
Therefore, breeders frequently rely on yield-contributing
traits and their interrelationships to formulate efficient
selection strategies (Falconer and Mackay, 1996).
Understanding the association among various agronomic
traits and grain yield is essential for identifying characters
that can be used as indirect selection criteria in breeding
programmes.

Correlation analysis is an important biometrical tool
that measures the magnitude and direction of association
among traits. It provides valuable information regarding
the extent to which changes in one trait are accompanied
by changes in another and helps breeders identify
characters that are positively associated with grain yield.
Positive associations among yield components facilitate
simultaneous improvement of multiple traits, whereas
negative associations may limit breeding progress due to
antagonistic relationships (Al-Jibouri et al., 1958). Several
investigators have reported significant positive correlations
of grain yield with productive tillers per plant, grains per
spike, spike length, thousand-grain weight, biological yield
and harvest index in bread wheat (Bhushan et al., 2013;
Kumar et al., 2020; Poudel et al., 2021).

Although, correlation analysis is useful for identifying
associated traits, it does not reveal the actual contribution
of individual characters toward grain yield because the
observed correlation may result from indirect effects
through other related traits. Consequently, selection
decisions based solely on correlation coefficients may be
misleading. To overcome this limitation, Wright (1921)
developed path coefficient analysis, which was
subsequently adapted to plant breeding by Dewey and
Lu (1959). Path analysis partitions correlation coefficients
into direct and indirect effects and provides a more
precise understanding of cause-and-effect relationships
among traits. This approach enables breeders to identify
those characters that exert the greatest direct influence
on grain yield and therefore should receive priority during
selection.

Numerous studies have demonstrated the
effectiveness of path coefficient analysis in wheat
improvement programmes. Chaudhary et al. (2022)
reported that test weight, productive tillers per plant and

spike length exhibited substantial direct effects on grain
yield and could be effectively utilized in selection
programmes. Similarly, Chauhan et al. (2023) observed
that grains per spike, test weight and biological yield
contributed significantly toward grain yield through direct
and indirect effects. Saini et al. (2024) also reported
positive associations between grain yield and spike length,
flag leaf area and thousand-grain weight and emphasized
the usefulness of path coefficient analysis in identifying
superior selection criteria.

Recent investigations have highlighted the importance
of flag leaf area, spike architecture and grain weight traits
in determining wheat productivity under diverse agro-
climatic conditions. Poudel et al. (2021) demonstrated
that grain weight and spike-related traits were among
the most reliable indicators of yield performance across
multiple environments. Likewise, Patil et al. (2024)
emphasized that association studies combined with path
coefficient analysis provide a powerful approach for
identifying key yield determinants and improving selection
efficiency in wheat breeding programmes.

Despite substantial progress in wheat breeding, the
magnitude and direction of trait associations often vary
with genetic background and environmental conditions.
Therefore, evaluation of locally adapted wheat germplasm
remains essential for identifying stable and effective
selection criteria. Information regarding direct and indirect
effects of yield-related traits under the agro-climatic
conditions of Uttarakhand is limited. Consequently, the
present investigation was undertaken to study character
association and path coefficient analysis among yield and
yield-contributing traits in thirty wheat genotypes. The
findings are expected to provide useful information for
identifying key selection parameters and accelerating
genetic improvement for grain yield in bread wheat.

Materials and Methods

The present investigation was conducted during the
Rabi season of 2023-24 at the Crop Research Centre,
Department of Agriculture, Jigyasa University (formerly
Himgiri Zee University), Dehradun, Uttarakhand, India.
The experimental farm is situated at approximately 30.31°
N latitude and 78.03° E longitude with an altitude of about
650 m above mean sea level. The region is characterized
by a subtropical climate with cool winters and moderate
temperatures during the wheat growing season, which
are conducive for wheat cultivation. The experimental
material comprised thirty diverse wheat (Triticum
aestivum L.) genotypes obtained from different breeding
programmes and germplasm collections. The genotypes
included CML-104, CML-108, CML-111, CML-112,
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CML-113, CML-134, CML-135, CML-136, CML-137,
CML-138, CML-139, CML-140, CML-144, CML-198,
CML-133, HP-333, HP-2002, PBW-173, PBW-502,
PBW-1-Zn, PBW-550, W-75, W-2967, WH-711, HUW-
468, GW-322, HI-8759, LOK-1, DBW-303 and RAJ-
4238.

The experiment was laid out in a Randomized Block
Design (RBD) with three replications following the
standard procedure described by Gomez and Gomez
(1984). Each genotype was grown in a separate plot with
a row-to-row spacing of 23 cm and plant-to-plant spacing
of 10 cm. The crop was sown on 13 December 2023
following the recommended package of practices for
wheat cultivation in the region. A fertilizer dose of
120:60:40 kg N:P,O,:K,O ha* was applied. Nitrogen was
supplied in split applications, whereas phosphorus and
potassium were applied as basal doses at sowing.
Standard agronomic practices including irrigation, weed
management and plant protection measures were adopted
uniformly throughout the crop growth period to minimize
environmental variation among treatments. Observations
were recorded on five randomly selected competitive
plants from each genotype in each replication for fifteen
quantitative traits, namely days to emergence, days to
50% booting, days to 50% heading, days to 50% flowering,
days to maturity, grain filling period, productive tillers per
plant, plant height (cm), flag leaf area (cm?), peduncle
length (cm), spike weight per plant (g), spike length per
plant (cm), number of grains per spike, 1000-Grain weight
(9) and Grain yield per plant (g). Phenological observations
were recorded on a plot basis, whereas morphological
and yield-related observations were recorded from
selected plants and averaged for statistical analysis.
Analysis of variance (ANOVA) was performed
according to the procedure outlined by Gomez and Gomez
(1984) to determine the significance of differences among
genotypes. Genotypic and phenotypic correlation
coefficients among different traits were estimated
following the method proposed by Al-Jibouri et al. (1958).
Correlation analysis was used to assess the magnitude
and direction of association among grain yield and its
component characters.

The genotypic correlation coefficient was estimated
as:

Covg(xy)

2

R(gxy)= -
G gX X 6°gy

where, Covg(xy) is the genotypic covariance between
traits x and y, and o2gx and c?gy represent the genotypic
variances of the respective traits.

Similarly, phenotypic correlation coefficients were
estimated using phenotypic variance and covariance
components.

Path coefficient analysis was carried out according
to the method developed by Wright (1921) and later
adapted for plant breeding studies by Dewey and Lu
(1959). Grain yield per plant was considered the dependent
variable, while all other characters were treated as
independent variables. The correlation coefficients were
partitioned into direct and indirect effects to determine
the relative contribution of individual traits toward grain
yield. Traits exhibiting high positive direct effects along
with significant positive correlations with grain yield were
considered important selection criteria. The residual effect
was also estimated to determine the proportion of
variability in grain yield not explained by the characters
included in the path coefficient analysis. All statistical
analyses were performed using standard biometrical
procedures for quantitative genetic studies. Genotypic
and phenotypic variance-covariance matrices were used
for the estimation of correlation coefficients and path
coefficients.

Results and Discussion
Genotypic Correlation analysis

Correlation analysis provides valuable information
regarding the degree and direction of association among
different traits and helps breeders identify suitable
selection criteria for crop improvement. In the present
investigation, genotypic correlation coefficients were
generally higher than the corresponding phenotypic
correlation coefficients, indicating that the associations
among characters were predominantly governed by
genetic factors and were less influenced by environmental
conditions. Similar observations were reported by Kumar
et al. (2020), Poudel et al. (2021), Chauhan et al. (2023)
and Saini et al. (2024) in bread wheat.

Grain yield per plant exhibited significant and positive
genotypic association with flag leaf area (0.419), 1000-
Grain weight (0.395) and spike length per plant (0.358).
The positive association of flag leaf area with grain yield
may be attributed to its role in photosynthetic assimilation
and translocation of assimilates towards developing
grains. Likewise, the positive relationship between
thousand-Grain weight and grain yield indicates the
importance of grain size and grain filling efficiency in
determining final productivity. Similar positive associations
of grain yield with test weight, spike length and flag leaf
area have been reported by Bhushan et al. (2013), Kumar
etal. (2020), Poudel et al. (2021) and Saini et al. (2024).
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Among the inter-character associations, thousand-
Grain weight showed significant positive correlation with
spike length per plant (0.514), days to 50% heading
(0.429), grain filling period (0.408), days to 50% flowering
(0.329) and productive tillers per plant (0.327). These
relationships suggest that improvement in spike
architecture and grain filling duration may indirectly
contribute to enhancement of grain weight. Similar findings
were reported by Chaudhary et al. (2022) and Patil et
al. (2024), who observed positive associations among
grain weight, spike traits and grain yield in wheat. The
number of grains per spike exhibited significant positive
correlations with spike length per plant (0.707), days to
emergence (0.674), days to 50% booting (0.461), days to
50% flowering (0.328) and grain filling period (0.317).
The strong positive association between grains per spike
and spike length indicates that longer spikes tend to
accommodate more grains, ultimately contributing to yield
improvement. Similar results were reported by Bhushan
et al. (2013), Chauhan et al. (2023) and Saini et al.
(2024).

Significant negative genotypic associations were
observed between productive tillers per plant and peduncle
length (-0.487), productive tillers per plant and days to
50% flowering (-0.633) and days to 50% booting and
days to 50% flowering (-0.448). Such antagonistic
relationships indicate that simultaneous improvement of
these traits through direct selection may be difficult.
Similar negative associations among phenological and
yield-related traits have also been documented by Kumar
et al. (2020) and Patil et al. (2024). The positive
association of Grain yield with flag leaf area, spike length
and thousand-Grain weight suggests that these characters
may serve as reliable indirect selection criteria in wheat
breeding programmes. Therefore, greater emphasis should
be placed on these traits while selecting superior
genotypes for yield improvement.

Phenotypic Correlation analysis

Phenotypic correlation coefficients represent the
combined effects of genetic and environmental factors
on trait expression and therefore provide a practical
measure of association among characters under field
conditions. In the present investigation, the magnitude of
phenotypic correlations was generally lower than the
corresponding genotypic correlations, indicating that
environmental factors partially masked the inherent
genetic relationships among traits. Similar observations
were reported by Poudel et al. (2021), Chauhan et al.
(2023) and Saini et al. (2024), who observed stronger
genotypic associations than phenotypic associations in
bread wheat.

Grain yield per plant exhibited significant and positive
phenotypic correlation with flag leaf area (0.419) and
spike length per plant (0.358). The positive association
of flag leaf area with grain yield highlights the importance
of photosynthetic efficiency in determining productivity.
A larger flag leaf contributes significantly to assimilate
production during grain filling and thereby enhances grain
development. Similarly, longer spikes generally
accommodate a greater number of spikelet and grains,
resulting in improved yield potential. Comparable findings
have been reported by Bhushan et al. (2013), Kumar et
al. (2020), Chaudhary et al. (2022) and Saini et al. (2024).
Thousand-Grain weight exhibited significant positive
association with spike length per plant (0.417), grain filling
period (0.316) and days to 50% heading (0.307). These
relationships indicate that genotypes with longer grain
filling duration and well-developed spike architecture tend
to produce heavier grains. Similar positive correlations
between test weight and spike-related traits were
reported by Poudel et al. (2021) and Patil et al. (2024),
suggesting that these characters collectively contribute
to improved grain productivity.

Spike length per plant showed positive and significant
correlation with grains per spike (0.564), days to 50%
heading (0.400) and days to 50% flowering (0.345). The
strong association between spike length and grains per
spike indicates that spike morphology plays a crucial role
in determining sink capacity and grain production. Similar
observations have been documented by Bhushan et al.
(2013), Chauhan et al. (2023) and Saini et al. (2024). A
significant negative phenotypic correlation was observed
between days to emergence and spike length per plant (-
0.408), while flag leaf area exhibited a negative association
with peduncle length (-0.329). These negative
relationships suggest that improvement in one character
may adversely affect the other and therefore require
careful consideration during selection. Similar antagonistic
associations among morphological traits have been
reported by Kumar et al. (2020) and Chaudhary et al.
(2022). Overall, the phenotypic correlation analysis
revealed that flag leaf area, spike length per plant and
thousand-Grain weight are important yield-associated
traits. The consistency of positive associations observed
at both genotypic and phenotypic levels suggests that
these characters may be effectively utilized as indirect
selection criteria for grain yield improvement in bread
wheat breeding programmes.

Path Coefficient analysis
Genotypic Path Coefficient analysis

Correlation alone does not reveal the true contribution
of individual traits towards yield. Therefore, path
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coefficient analysis was performed to partition the
correlation coefficients into direct and indirect effects
using Grain yield per plant as the dependent variable.

Among all characters, 1000-Grain weight exerted the
highest positive direct effect (0.654) on Grain yield per
plant, followed by flag leaf area (0.401), plant height
(0.319), days to maturity (0.250), days to 50% heading
(0.220), peduncle length (0.153) and days to emergence
(0.129). The positive direct effects of these traits indicate
that direct selection for these characters would be
effective in improving grain yield. In contrast, grain filling
period (-0.401), days to 50% flowering (-0.197), productive
tillers per plant (-0.149) and grains per spike (-0.080)
exhibited negative direct effects on Grain yield. Although
some of these traits showed positive correlations with
yield, their contribution was primarily through indirect
effects mediated via other characters. The residual effect
(0.6723) indicated that additional characters not included
in the present study also contributed to Grain yield
expression.

Genotypic Path Coefficient analysis

Correlation analysis provides information regarding
the degree of association among traits; however, it does
not distinguish between direct and indirect contributions
of individual characters towards grain yield. Therefore,
genotypic path coefficient analysis was performed to
partition the correlation coefficients into direct and indirect
effects and identify the most influential yield-contributing
traits. The method proposed by Dewey and Lu (1959) is
widely used in plant breeding programmes for
understanding cause-and-effect relationships among
guantitative traits.

In the present study, 1000-Grain weight exhibited the
highest positive direct effect (0.654) on Grain yield per
plant, followed by flag leaf area (0.401), plant height
(0.319), days to maturity (0.250), days to 50% heading
(0.220), peduncle length (0.153) and days to emergence
(0.129). The high positive direct effect of 1000-Grain
weight indicates that this trait contributes substantially
towards grain yield and may be considered one of the
most important selection criteria in wheat breeding
programmes. Similar findings have been reported by
Bhushan et al. (2013), Kumar et al. (2020), Chaudhary
et al. (2022) and Saini et al. (2024), who identified test
weight as a major determinant of grain yield in bread
wheat. Flag leaf area exerted the second highest positive
direct effect on Grain yield. The positive contribution of
flag leaf area may be attributed to its role as the principal
photosynthetic source during grain filling. Larger flag leaf
area enhances assimilate production and translocation to

developing grains, thereby improving grain yield. Similar
observations have been reported by Poudel et al. (2021),
Chauhan et al. (2023) and Patil et al. (2024), who
emphasized the importance of flag leaf characteristics in
wheat productivity.

Plant height also exhibited a substantial positive direct
effect on grain yield. The positive contribution of plant
height suggests that taller genotypes may possess greater
biomass production and improved assimilate partitioning
capacity. Similar positive direct effects of plant height on
grain yield have been reported by Kumar et al. (2020)
and Saini et al. (2024). In contrast, grain filling period (-
0.401), days to 50% flowering (-0.197), productive tillers
per plant (-0.149) and grains per spike (-0.080) exhibited
negative direct effects on Grain yield. Although, some of
these characters showed positive correlation with yield,
their contribution was primarily through indirect effects
via other traits. This observation highlights the importance
of path coefficient analysis because correlation alone may
sometimes provide misleading conclusions regarding the
actual contribution of a trait to yield. Similar findings were
reported by Dewey and Lu (1959), Chaudhary et al.
(2022) and Chauhan et al. (2023).

The positive indirect contribution of 1000-Grain
weight through spike length, grain filling period and
productive tillers per plant further strengthened its overall
association with Grain yield. Likewise, flag leaf area
contributed positively through its association with plant
height and Grain weight, indicating the interconnected
nature of yield-related traits. Such indirect effects suggest
that simultaneous improvement of these characters may
result in greater genetic gains. The residual effect at the
genotypic level was estimated as 0.6723, indicating that
the characters included in the present investigation
explained a substantial proportion of the variability in Grain
yield. However, the residual value also suggests that
additional physiological, biochemical or environmental
factors not considered in the study may influence grain
yield expression. Similar residual effects have been
reported in wheat by Kumar et al. (2020), Poudel et al.
(2021) and Saini et al. (2024). Based on the magnitude
of direct effects and overall association with grain yield,
1000-Grain weight, flag leaf area, plant height and days
to maturity emerged as the most important characters
influencing grain yield at the genotypic level. Therefore,
these traits may be effectively utilized as selection criteria
for developing high-yielding wheat genotypes.

Phenotypic Path Coefficient analysis

Phenotypic path coefficient analysis was performed
to estimate the direct and indirect effects of various
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Fig. 1: Genotypic direct and indirect effects of different
characters on Grain yield per plant of Wheat (Triticum
aestivumL).

characters on Grain yield per plant under field conditions.
Unlike genotypic path analysis, phenotypic path
coefficients reflect the combined influence of genetic and
environmental factors on trait expression and therefore
provide a practical assessment of trait contribution under
actual growing conditions. Path analysis is particularly
useful in identifying traits that exert substantial direct
effects on yield and can therefore serve as reliable
selection criteria in breeding programmes (Dewey and
Lu, 1959).

In the present investigation, grain filling period
exhibited the highest positive direct effect (1.775) on Grain
yield per plant, followed by days to 50% flowering (1.035),
1000-Grain weight (0.671), plant height (0.353), days to
50% heading (0.304), productive tillers per plant (0.264),
days to emergence (0.184), spike length per plant (0.180),
flag leaf area (0.158), spike weight per plant (0.149) and
peduncle length (0.120). The substantial positive direct
effect of grain filling period suggests that a longer duration
for assimilate accumulation and translocation contributes
significantly towards grain development and final yield.
Similar findings have been reported by Kumar et al.
(2020), Poudel et al. (2021) and Saini et al. (2024), who
emphasized the importance of grain filling duration in
determining wheat productivity.

The positive direct effect of days to 50% flowering
indicates that genotypes with an optimum flowering
duration may achieve better synchronization between
vegetative growth and grain development, thereby
enhancing yield potential. Similar observations were
reported by Chauhan et al. (2023) and Patil et al. (2024),
who identified phenological traits as important contributors
to grain yield under specific environmental conditions.
Thousand-Grain weight exhibited a strong positive direct

effect (0.671) on grain yield, confirming its importance
as one of the major yield determinants. The consistency
of positive direct effects at both genotypic and phenotypic
levels indicates that this trait is relatively stable across
environments and can be effectively utilized as a selection
criterion. Similar results were reported by Bhushan et
al. (2013), Chaudhary et al. (2022), Chauhan et al. (2023)
and Saini et al. (2024).

Plant height and spike length per plant also exerted
positive direct effects on grain yield. These findings
suggest that genotypes possessing favourable plant
architecture and well-developed spikes have greater
potential for biomass accumulation and grain production.
Similar positive direct effects of plant height and spike-
related traits on grain yield have been documented by
Kumar et al. (2020), Poudel et al. (2021) and Patil et al.
(2024). Conversely, days to maturity (-2.242), grains per
spike (-0.118) and days to 50% booting (-0.051) exhibited
negative direct effects on Grain yield. Although, some of
these traits displayed positive correlations with grain yield,
their direct contribution was negative, indicating that their
positive association with yield was mainly mediated
through indirect effects via other characters. This
observation further highlights the importance of path
coefficient analysis in distinguishing true cause-and-effect
relationships from simple associations. Similar findings
were reported by Dewey and Lu (1959), Chaudhary et
al. (2022) and Chauhan et al. (2023).

Several traits contributed indirectly to grain yield
through their influence on major yield determinants. For
instance, grain filling period and spike length enhanced
yield indirectly through their association with thousand-
Grain weight and flag leaf area. Likewise, productive
tillers per plant contributed indirectly through spike-related
traits and grain weight. Such interrelationships indicate
that simultaneous selection for multiple complementary
traits may result in greater improvement in grain yield
than selection based on a single character. The residual
effect at the phenotypic level was estimated as 0.7180,
suggesting that although the characters included in the
present investigation accounted for a substantial
proportion of yield variation, other physiological,
environmental and genetic factors also contributed to grain
yield expression. Similar residual effects have been
reported in several wheat studies, indicating the complex
nature of grain yield as a quantitative trait (Poudel et al.,
2021; Saini et al., 2024).

Overall, the phenotypic path coefficient analysis
identified grain filling period, days to 50% flowering,
thousand-Grain weight, plant height and spike length per
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Fig. 2 : Phenotypic direct and indirect effects of different
characters on Grain yield per plant of wheat (Triticum
aestivum L).

plant as the most influential traits contributing directly to
grain yield. Therefore, these characters should receive
due emphasis in breeding programmes aimed at improving
grain productivity in bread wheat.
Breeding implications

The results of the present investigation provide
valuable insights for wheat improvement programmes
aimed at enhancing grain yield through indirect selection.
Correlation analysis revealed that flag leaf area, spike
length per plant and 1000-Grain weight were positively
associated with Grain yield per plant, indicating their
potential utility as reliable selection criteria. Furthermore,
path coefficient analysis demonstrated that 1000-Grain
weight, flag leaf area and plant height exerted substantial
positive direct effects on grain yield at the genotypic level,
whereas grain filling period, days to 50% flowering and
1000-Grain weight contributed positively at the phenotypic
level. The consistency of positive associations and direct
effects observed for 1000-Grain weight and flag leaf area
suggests that these traits are comparatively stable and
less influenced by environmental fluctuations. Therefore,
selection strategies focusing on increased grain weight,
improved flag leaf development and favourable spike
architecture are likely to enhance grain productivity. The
identified traits may be effectively incorporated into
breeding programmes for the development of high-yielding
wheat cultivars adapted to the agro-climatic conditions
of Uttarakhand and similar wheat-growing regions. In
addition, genotypes possessing superior performance for
these traits may serve as valuable parental lines in future
hybridization and selection programmes.

Conclusion

The present study revealed significant associations
among yield and yield-related traits in wheat germplasm,
indicating the usefulness of correlation and path coefficient

analyses in identifying effective selection criteria for grain
yield improvement. Genotypic correlations were generally
higher than phenotypic correlations, suggesting that the
observed associations were primarily governed by genetic
factors with comparatively lower environmental
influence. Grain yield per plant exhibited significant and
positive associations with flag leaf area, 1000-Grain weight
and spike length per plant, indicating that these traits
contribute substantially to yield improvement and can be
effectively utilized in selection programmes. The positive
correlations observed among important yield-contributing
traits further suggest the possibility of simultaneous
improvement of multiple characters through selection.

Path coefficient analysis provided deeper insights into
the direct and indirect contributions of various traits
towards Grain yield. At the genotypic level, 1000-Grain
weight, flag leaf area, plant height, days to maturity and
days to 50% heading exerted substantial positive direct
effects on grain yield. Similarly, phenotypic path analysis
revealed strong positive direct effects of grain filling
period, days to 50% flowering, 1000-Grain weight, plant
height and spike length per plant on Grain yield. These
findings indicate that correlation alone may not adequately
explain the true contribution of individual traits and
highlight the importance of path coefficient analysis in
breeding programmes. Considering both correlation and
path coefficient analyses, flag leaf area, spike length per
plant and 1000-Grain weight emerged as the most
important yield-determining traits. Therefore, these
characters should be given due emphasis while
formulating selection strategies aimed at developing high-
yielding wheat cultivars. The results generated in the
present investigation provide valuable information for
wheat breeders and may serve as a useful basis for future
crop improvement programmes.
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