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In the present investigation, thirty-eight diverse genotypes were utilized to understand the correlation and
path analysis among seed yield and related yield attributing characteristics in fennel. The experiment was
conducted following a randomized complete block design at the College of Horticulture, Bagalkot, during
the year 2020-21. Data pertaining to 17 agronomic and quality traits were recorded in three replicates and
subjected to statistical analysis. A majority of the traits exhibited high correlation coefficients at both
genotypic and phenotypic levels, indicating inherent associations among them. Parameters such as plant
height, days to initial flowering, days to maturity, number of umbels per plant, number of seeds per umbellet,
and harvest index displayed significant positive correlations with seed yield per plant at both phenotypic
and genotypic levels. Conversely, traits like dry umbel weight, test weight and aphid incidence showed
negative associations with most of the studied traits. Based on path analysis, the number of branches per
plant, days to 50 per cent flowering, number of seeds per umbellet, and oil content exerted a higher positive
direct effect on seed yield per plant, revealing the need to emphasize on these characters for the genetic
enhancement of fennel to augment seed yield.
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ABSTRACT

Introduction
Fennel (Foeniculum vulgare Mill), an essential seed

spice, belongs to the Apiaceae family and is predominantly
cultivated in temperate and subtropical regions for its
seeds. With a rich history as one of the oldest seed spices,
fennel offers a distinctive flavor utilized in various
applications within the food, cosmetic and pharmaceutical
industries due to its beneficial medicinal effects (Rather
et al., 2016). Research has highlighted the potential uses
of the essential oil derived from fennel as a valuable
antioxidant, antispasmodic, with antibacterial, anticancer
and antifungal properties (El-Awadi and Hassan, 2010;

Badgujar et al., 2014; Lucinewton et al., 2005; Olle and
Bender, 2010). The increasing commercial demand for
fennel underscores the necessity to develop superior
genotypes with enhanced yield and quality standards
(Spice Board & Ministry of Agriculture and Farmers
Welfare, Govt. of India, 2022-23).

Fennel originated from the Mediterranean region,
where it exhibits a high level of genetic variability (Miranldi,
1999). Fennel breeding program plays a crucial role in its
enhancement for cultivation and utilization. Commencing
a breeding program, for any crop with genetic diversity
necessitates acquiring information about agronomically
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important traits to facilitate the selection and breeding of
improved varieties effectively (Singh et al., 2020).

The relationships between various traits and their
effects on yield, both direct and indirect effects, lay the
foundation for a successful breeding initiative (Kushwah
et al., 2021). As a quantitative trait, yield involves
complex inheritance influenced by environmental
fluctuations, thus demanding the indirect selection of highly
heritable traits for yield enhancement (Terfa et al., 2020).
Additionally, understanding the associations and
interactions of different traits with yield aids breeders in
selection processes with enhanced precision and accuracy
(Hassani et al., 2023). The magnitude and direction of
these trait associations with yield were assessed through
genotypic and phenotypic correlation coefficients (Baye
et al., 2020). The determination of the relative importance
of direct and indirect influences of the component
characters towards seed yield is established through path
analysis (Bhuva et al., 2020). Breeding studies in various
seed spices have utilized correlation and path analysis
techniques (Kumar et al., 2022). Therefore, detailed
insights into significant characters for improvement
programs can be obtained through correlation studies and
path analysis. The primary objective of this study was to
examine the direct and indirect influences of the
component traits on seed yield and to identify key traits
for consideration in fennel enhancement initiatives.

Materials and Methods
The research was conducted at Udyanagiri Campus,

College of Horticulture, Bagalkot, Karnataka, India.
Bagalkot situated in the northern dry zone of Karnataka,
has co-ordinates of 16°12 N, 75°45 E, with an average
elevation of around 610 m. The region experiences a
warm and arid climate with minimal rainfall, averaging
318 mm annually, and is characterized by laterite soil.

From October 2020 to March 2021, the experiment
took place to coincide with the cold and dry weather
required by the fennel crop for flowering. A total of thirty-
eight fennel genotypes were sourced from various
institutions across India, showcasing a wide range of
variability in 17 traits related to yield, including days to
germination, plant height, number of branches per plant,
days to first flowering, days to 50% flowering, days to
maturity, number of umbels per plant, number of umbellets
per umbel, number of seeds per umbellet, fresh umbel
weight (g), dry umbel weight (g), test weight (g), biomass
yield per plant (g), harvest index, oil content (%), aphid
incidence and seed yield per plant (g). The experiment
followed a Randomized Complete Block Design (RCBD)
with two replications, with genotypes randomly assigned

within each replication.
The soil underwent two rounds of ploughing,

harrowing, and was brought to a fine tilth prior to being
divided into sections measuring 2.5 m × 2.2 m. In the
process of land preparation, farmyard manure was
administered as a basal dose at a rate of 15 tonnes per
hectare, in conjunction with a complete dose of phosphorus
and potassium, as well as a half dose of nitrogen
(100:120:60 kg NPK/ ha). At 30 days after sowing (DAS),
the remaining half dose of nitrogen was applied as a top
dressing. The crop was sown in lines in November 2020,
with row spacing set at 50 cm. Thinning was carried out
post emergence of seedlings by maintaining 20 cm
between plants. Observations were recorded from five
randomly selected plants in each treatment. Aphid
incidence was documented during the flowering stage,
as it was at its peak during this period. Upon reaching
full maturity, the crop was harvested. Following the
threshing process, the seeds underwent manual sorting
and cleaning. Post field sampling from the seeds and
subsequent drying of samples at 40°C, the essential oil
was extracted through hydro-distillation in a Clevenger
apparatus for approximately 3 hours. Each treatment
involved the use of 100 g of dried seed powder and 1000
cc of water. The essential oils extracted from fennel seeds
were obtained from dried green seeds (pasty stage) due
to data indicating that fennel seeds at this stage possess
the highest concentration of essential oil (Stefanini et al.,
2006).

Pearson’s phenotypic and genotypic correlation
coefficients were calculated for the 16 quantitative traits
pairwise among the various cultivars as per the
methodologies of Johanson et al. (1955), Miller et al.
(1958), Singh and Chaudhury (1985). The statistical
significance of the correlation coefficients was evaluated
utilizing the table of “t” values by Fisher and Yates (1963)
at (n-2) degrees of freedom. Among the seventeen
phenotypic traits, seed yield was considered the dependent
variable, while the remaining variables were viewed as
independent. The standard genotypic path coefficients,
equivalent to standard partial regression coefficients, were
computed by solving a set of ‘p’ simultaneous equations
using the “DOLITTLE TECHNIQUE” with the spar 1
computer software proposed by Goulden (1959).

The correlation coefficient may not always be
sufficient to explain causal relationships between
variables, as the association between two variables could
be influenced by a third variable. Path analysis offers a
rational interpretation of observed correlations by
modelling the cause-and-effect relationships among
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variables. Consequently, it becomes
feasible to scrutinize the correlation
coefficient of variables in terms of
variance and covariance using path
analysis (Gu et al., 2019).

Path analysis has been
developed as a statistical tool for
analysing cause-and-effect
relationships within a system of
interconnected variables. A path
coefficient, serving as a
standardized partial regression
coefficient, gauges the direct impact
of a predictor variable on the
dependent variable (Mohammadi et
al., 2003; Steel and Torrie, 1980).
This facilitates the breakdown of the
correlation coefficient into direct and
indirect effects (Gu et al., 2019),
with unexplained effects being
treated as residual effects. Plant
breeders have utilized path analysis
to comprehend the association
between productivity and its
constituents in different crops. In
this study, the direct and indirect
effects of path analysis were
categorized using the Lenka and
Misra (1973) scale.

Results and Discussion
Correlation study

A study of correlation was
conducted to investigate the
relationship between traits using
Pearson’s correlation coefficient.
The correlation results are
presented in Tables 1 and 2. Upon
analysing genotypic and phenotypic
correlations, it was found that there
were positive and significant
correlations of seed yield per plant
with plant height (r = 0.378** and r
= 0.362*), days to first flowering (r
= 0.362* and r= 0.312*), number
of umbels per plant (r = 0.316* and
r = 0.312*), number of seeds per
umbellet (r=0.302* and r = 0.283*),
dry umbel weight (r= 0.325* and r
= 0.319*), and harvest index (r =
0.679** and r = 0.667**).
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Improvement in these traits could
lead to an enhancement in seed
yield, suggesting that positive
selection should be applied to these
traits for seed yield improvement.
These findings align with previous
studies by various researchers viz.,
Jindla et al. (1985), Bhandari and
Gupta (1991), Agnihotri et al.
(1997), Garg et al. (2003), Jain et
al. (2003), Singh and Sastry (2005),
Lal (2007), Cosge et al. (2009),
Idhol et al. (2009), Dashora and
Sastry (2011), Mangesha et al.
(2013), Yadav et al. (2013), Sefidan
et al. (2014), Singh et al. (2015b),
Mohan et al. (2016) and Ram et
al. (2017).

On the other hand, traits such
as days to maturity (r = -0.367* and
r = -0.296*), test weight (r = -
0.386** and r= -0.365*) and aphid
incidence (r = -0.278* and r = -
0.267*) exhibited significant
negative correlations with seed yield
per plant. Days to maturity can
serve as a selection criterion for
increasing seed yield if negative
selection is practiced, indicating that
a shorter period to 50 % flowering
results in higher seed yield per
hectare. Similar observations were
reported by previous researchers
Jindla et al. (1985), Bhandari and
Gupta (1991) and Yadav et al.
(2013).
Path coefficient analyses

Path coefficient analysis was
conducted in the current study to
explore the relationships among
fennel components. The analysis
focused on genotypic associations
and is presented in Table 3.

The path coefficient analysis at
the genotypic level unveiled that the
number of branches per plant (r =
2.7229) had the highest and
significant positive direct effect on
seed yield per plant, followed by
days to 50% flowering (r = 2.3168),
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number of seeds per umbellet (r = 2.0960), and oil content
(r = 2.0754). Conversely, harvest index (r = 0.5436) and
number of umbels per plant (r = 0.5336) showed non-
significant positive direct effects on seed yield per plant.
Although these traits had significant correlations with seed
yield per plant, indicating indirect cumulative effects on
seed yield through other characters. High indirect effects
of these characteristics were predominantly observed via
days required for maturity, seed weight, and biomass yield
per individual plant, underscoring the significance of these
traits as pivotal selection criteria for enhancing seed yield
in fennel. These findings align with prior studies by
Bhandari and Gupta (1991), Agnihotri et al. (1997), Jain
et al. (2003), Dashora and Sastry (2011), Yadav et al.
(2013), and Sefidan et al. (2014).

Meanwhile, days to maturity (r= -3.4354), weight of
fresh umbels (r = -2.7215), days to initial flowering (r= -
2.3153), number of umbellets per umbel (r = -1.7012),
test weight (r = -1.0002), plant height (r= -0.8931) and
aphid infestation (r = -0.2945), exhibited sequentially
declining negative direct impacts on seed yield per plant.
Similar outcomes were documented by Agnihotri et al.
(1997), Jain et al. (2003), Mangesha et al. (2013) and
Yadav et al. (2013).

The residual effects depicted the extent to which the
causal factors elucidated the variability in the dependent
factor. Minimal residual effects signified that the causal
factors adequately explicated the dependent variable. In
this investigation, the residual effect for seed yield was
computed to be 0.855. As the residual effects for seed

yield were relatively substantial, it is plausible that there
exist essential additional factors influencing seed yield
that were not accounted for in this study. The path diagram
illustrating seed yield ispresented in Fig. 1.

It is deduced that a substantial level of association
exists among 17 traits of fennel (Foeniculum vulgare
Mill.), as evidenced by the findings of the correlation and
path coefficient analysis. The genotypic and phenotypic
assessment demonstrated a significant and positive
correlation between seed yield and various traits such as
plant height, days to initial flowering, days to maturity,
number of umbels per plant, number of seeds per umbellet
and harvest index. The results of the path analysis
highlighted those key variables including the count of
seeds per umbellet, number of branches per plant, days
to reach 50 per cent flowering and oil content were the
major contributors to seed yield. Additionally, there was
an indication that the number of umbels per plant and
harvest index also played a role in influencing seed yield.
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