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ABSTRACT
Background: Perilla [Perilla frutescens (L.) Britton] commonly known as Bhangjeera, belongs to family Lamiaceae, is an annual
plant contains significant phyto-constituents. This is traditionally used as an herbal medicine to treat various disorders. Despite the
Perilla’s huge potential, no concerted attempts have been undertaken to diversify for selection of parents in genetic improvement
programme both globally and in our country.
Methods: The experiment was arranged in a Latin square design with three replications on the experimental farm. Data were
collected from five randomly selected plants in each plot, excluding border plants. The mean values were analyzed statistically to
determine the analysis of variance for all the traits to decipher the nature and magnitude of genetic variability and other genetic
parameters in Perilla.
Result: The studies shows significant variation among the studied genotypes for all characters. Among the studied germplasm, PF 7
was found to be superior for most of oil yielding related traits followed by PF4 and PF2. All characters showed high heritability
accompanied by low to high genetic advance as percent of mean. These characters showed medium to high GCV and PCV.
Genotypic correlation co-efficient were found to be higher than their corresponding phenotypic ones. Path coefficient analysis
revealed positive direct effect of plant height, length of petiole, leaf breath, stem girth, length of inflorescence and total phenolic
content on seed oil yield. The direct selection for these traits will be beneficial in yield improvement program. Therefore, it was
suggested that tall and bushy plants with thick stem with long inflorescence are likely to produce high seed oil yield with unsaturated
fatty acids, beneficial for human health.
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INTRODUCTION
Perilla [Perilla frutescens (L.) Britton] commonly known as
Bhangjeera, family Lamiaceae is an annual plant, found in
China, Korea, Japan, the Himalayan regions of India and
Nepal (Bachheti et al., 2014). The plant contains significant
phytochemicals, including rosmarinic acid, luteolin,
quercetin, catechin, caffeic acid and ferulic acid. Perilla
has been traditionally used as an herbal medicine to treat
various conditions, such as depression, anxiety, tumors,
cough, oxidative stress, allergies, intoxication,  intestinal
disorders with several biological potential (Saklani et al.,
2011; Ueda et al., 2002; Takano et al., 2004; Khanduri et al.,
2024; Singh et al., 2021; Rongsensusang et al., 2020). In
modern days, this plant finds importance for its nutritious
cooking seed oil as it contains about 64% linolenic acid,
an omega-3 fatty acid (Shin et al., 1994; Gwari et al., 2015;
Engtipi and Raju (2022). Despite the Perilla’s  huge
potential, no concerted attempts have been undertaken to
diversify it and boost its growth and yield both globally and
in our country.

Success in any breeding program relies on the effective
management and utilization of the population. It is pertinent
to decipher the nature and magnitude of genetic variability
and other genetic parameters in the indigenous landraces.
Estimation of genetic divergence among available
landraces of Perilla could provide a rational basis for

selection of parents in genetic improvement programme
stressed that correlations among progenies should be
good indicators of linkage or, pleiotropism within an elite
gene pool (Ansari et al., 2019 and Sampson 1971).
Association analysis is necessary to understand the
relationship between traits and the potential for indirect
selection. Path coefficient analysis can provide information
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on the direct and indirect effects of specific traits on others
and ultimately on yield (Bhakal et al., 2017; Bhor et al.,
2020). This study was conducted to gather information on
variability, heritability, genetic advance, trait associations
and path coefficients in promising Perilla genotypes
collected from different region of Uttarakhand, India.

MATERIALS AND METHODS
Material
This study was conducted during the Kharif season in 2021-
2023 using 10 germplasm collected from Garhwal and
Kumaun regions of Uttarakhand.

Methodology
The experiment was conducted in a Latin square design
with three replications on the experimental farm of Shri
Guru Ram Rai University, Dehradun. Seeds were sown in
June at a depth of 1-1.5 cm using line sowing. All standard
cultural practices were followed to ensure a good crop.
Data were collected from five randomly selected plants in
each plot, excluding border plants.

Statistical data analysis
All measured parameters of yield and yield-related traits
were submitted to analysis of variance (ANOVA) following
the standard procedures of the commands using the R
software program version 4.2 to estimate the variation
among genotypes (Core Team, 2020 and Abdurezake et al.,
2024).

The mean values were analyzed, statistically to
determine the analysis of variance for all the traits as
suggested by Panse and Sukhatme (1954). The phenotypic,
genotypic and environmental coefficients of variation were
calculated following the method of Burton and De Vane
(1953). Heritability and genetic advance was estimated
using the method described by Allard (1960), Falconer and

Douglas (1996) and Johanson et al. (1955). Phenotypic
and genotypic correlations were estimated using the
standard procedure suggested by Singh (1985) to study
positively and negatively correlated characters with yield
and among themselves. Path coefficient analysis was
performed using the formula applied by Dewey et al. (1959).

RESULTS AND DISCUSSION
Mean performance and analysis of variance of
germplasm
The result on analysis of variance (ANOVA) for yield
component traits revealed significant mean sum of square
for studied genotypes for all traits, indicating the existence
of sufficient variation among the genotypes and therefore
ample scope for effective selection (Table 1).

Mean performance of morphological and essential oil
related traits of all the studied germplasm was presented

Table 2: Mean value of ten (10) genotypes of Perilla for nine studied characters.

Plant Length of Leaf Leaf Stem Length of
Total Total Oil

Parents
height petiole  length  breadth  girth  inflorescence

 phenolic f lavonoid  yield
content    content %

PF1 151.00 8.06 17 9.66 2.43 21 0.12 0.24 24.86
PF2 175.33 7.93 13.66 9.43 2.16 12.33 0.11 0.18 20.00
PF3 161.00 7.7 12.33 8.06 2.16 20.33 0.25 0.20 20.80
PF4 164.00 9.76 14.5 8.5 2.23 22 0.12 0.18 27.73
PF5 151.33 6.73 12.83 7.23 2.5 20.66 0.23 0.22 24.73
PF6 161.00 6.7 12.83 7.9 2.3 32 0.17 0.19 21.33
PF7 192.00 7.6 15.76 9.2 2.7 22.33 0.12 0.15 32.00
PF8 165.00 8.3 13.33 8.2 2.6 20.3 0.12 0.32 21.86
PF9 161.66 7.2 12.5 7.6 1.8 20.6 0.28 0.20 20.53
PF10 161.33 7.4 12 7.2 2.0 22.66 0.32 0.38 25.00
Parental range 151-192 6-10 12-17 7-10 1.8-2.7 12-32 0.11-0.32 0.15-0.38 20-32
Mean 165.46 7.80 13.67 8.32 2.30 21.50 0.18 0.22 24.07
SEM 0.48 0.09 0.40 0.20 0.08 0.34 0.0008 0.0012 0.11
CD at 5% 1.42 0.28 1.20 0.60 0.25 1.02 0.0025 0.0037 0.33

Table 1: Analysis of variance (ANOVA) of Perilla germplasm.

Mean sum of square

Characters   Replication Genotypes Errors

Df=2 Df=9 Df=18

Plant height 0.43 388.24 *** 0.69
Length of petiole 0.07 2.30*** 0.02
Leaf length 0.13 7.87*** 0.49
Leaf breath 0.11 2.32*** 0.12
Stem girth 0.02 0.14*** 0.02
Length of 0.10 62.53*** 0.35
 inflorescence
Total phenolic 0.0000017 0.018*** 0.0000021
 content (µg/ml)
Total flavonoid 0.0000009 0.014*** 0.0000046
 content (µg/ml)
Oil yield (%) 1.25*** 38.29*** 0.03
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in Table 2. On the basis of morphological, biochemical
and oil yield%, PF7 germplasm is superior for most of
studied characters followed by PF4 and PF2.

Genetic variability
Genotypic variance (GV), phenotypic variance (PV), genetic
coefficient of variation (GCV), phenotypic coefficient of
variation (PCV), environment variance (EV), environment
coefficient of variation (ECV), heritability (HT) and genetic
advance (GV) for the oil yield and yield component traits
were furnished in Table 3. These findings revealed
maximum range of variability for the plant height (151-191)
while minimum range (0.15-0.38) was recorded for the
total phenolic content. In the present study, heritability
estimates for the studied traits range from (0.649) in stem
girth to (1.00) in total phenolic content and total flavonoid
content. High estimates of heritability were recorded for all
traits excepts stem girth (0.649) which indicate that these
characters were less influenced by environment conditions
and phenotypic selection would be effective. Similar results
were reported by Zhimoni et al. (2019).Higher estimates of
heritability coupled with high to moderate estimates of
genetic advance as percentage of mean were observed
for different traits in Perilla by Hussain et al. (2014).

Generally the value of PV and PCV was generally higher
than that of GV and GCV for all studies traits indicating the
role of environmental variance in controlling the characters
along with genetic variability. Similar studies was conducted
by Zhimomi and his co-workers in 2019 in landraces
collected from Nagaland, India  indicating the expression
of characters were influenced by the environment factors.
The phenotypic variance was partitioned into heritable
(genotypic variance and non-heritable- environment
variance) components (Table 3). The estimate of  genotypic
and phenotypic variances in case of plant height were
129.18 and 129.87, respectively and the GCV and PCV
were 6.86 and 6.88, respectively (Table 4). The differences
between the variances and coefficient  of variation quite
close indicated that there was a negligible environment
influence on plant height of the genotypes. Phenotypic

variance and phenotypic coefficient variance was higher
than genotypic variance and genotypic coefficient variance
in case of length of petiole, stem girth indicating
environmental influence (Table 3). In case of leaf length
and length of inflorescence, the genotypic and phenotypic
variance were 2.46 and 2.95, respectively and the genotypic
and phenotypic coefficient of variations were 11.47 and
12.56, respectively. This indicated that a considerable
degree of genetic variability prevailed in this character and
there was a negligible influence of environment. Estimates
of genotypic, phenotypic variance, genotypic coefficient
variance and phenotypic coefficient variance indicated that
there was moderate environmental influence on leaf breath.
For the study of variability in case of total phenolic content
and total flavonoid content, the values of genotypic and
phenotypic variance (0.006 and 0.006) and genotypic
coefficient variance and phenotypic coefficient variance
(0.004 and 0.004). These findings indicated that there was
no environmental influence on both traits. The genotypic
and phenotypic variance of oil yield (%) trait was 12.75 and
12.79, respectively and the genotypic coefficient variance
was14.83 and phenotypic coefficient variance was14.85,
respectively. These variability values were quite close
indicating negligible influence of environment for this trait.
Similar results were reported by Hussain et al. (2013) and
Manggoel et al. (2012).

Heritability, genetic advance and genetic advance as %
of mean
High value of Heritability in broad sense are helpful in
identify the appropriate characters for selection and
enabling the breeder to select superior genotypes on the
basis of phenotypic expression of quantitative traits.
Heritability is considered low if it is less than 30%, moderate
between (30-60%) and high if it is more than 60% (Johnson
et al. 1955).The maximum heritability (broad sense) was
observed for oil yield % followed by value of total phenolic
content, total flavonoid content, plant height, length of petiole,
leaf length, leaf breath, stem girth and length of
inflorescence (Table 3). Thus selection for these traits is

Table 3: Estimation of component of variation for nine traits in Perilla.

Character GV PV GCV PCV EV ECV H2 (%) GA
GA as %
of mean

Plant height 129.18 129.87 6.86 6.88 0.69 0.50 99 23.35 14.11
Length of petiole 0.76 0.78 11.16 11.35 0.02 2.09 96 1.76 22.54
Leaf length 2.46 2.95 11.47 12.56 0.49 5.13 83 2.95 21.57
Leaf breath 0.73 0.85 10.29 11.12 0.12 4.23 85 1.63 19.60
Stem girth 0.04 0.06 8.86 11.00 0.02 6.51 64 0.33 14.70
Length of inflorescence 20.73 21.08 21.17 21.35 0.35 2.78 98 9.28 43.24
Total phenolic content 0.006 0.006 41.63 41.63 0.0000 0.78 100 0.16 85.78
Total flavonoid content 0.004 0.004 30.50 30.50 0.0000 0.93 100 0.14 62.83
Oil yield (%) 12.76 12.79 14.83 14.85 0.03 0.80 99 7.34 30.52

Note: GV- Genotypic variance; PV- Phenotypic variance; GCV- Genotypic coefficient of variation; PCV- Phenotypic coeff icient of
variation; EV- Environment variance; ECV- Environment coefficient of variation; HT- Heritability; GA- Genetic advance.
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likely to accumulate more additive genes leading to further
improvement of their performance and might also use as
selection criteria in Perilla breeding program. Similar
results were reported by Hussain et al. (2013). Whereas,
Johnson et al. (1955) have showed that a character
exhibiting high heritability may not necessarily give high
genetic advance. Accordingly, the highest value of genetic
advance as per cent of mean was shown for total phenolic
content (85.78) and total flavonoid content (62.83), while
plant height had lowest value for this estimate. The
characters exhibiting moderate estimates of genetic
advance in percent of mean (>25% to <50%) were length

of inflorescence (43.24) and oil yield % (30.52). However,
the low estimates of genetic advance in percentage of mean
(<25%) was observed for plant height (14.11), length of
petiole (22.54), leaf length (21.54), leaf breath (19.60), stem
girth (14.70). On the basis of both variability parameters,
high heritability coupled with high genetic advance as
percentage of mean was exhibited for total phenolic content,
total flavonoid content, oil yield % and length of
inflorescence. Thus, this study revealed that these traits
can be improve through direct selection. High heritability
coupled with moderate genetic advance as per cent of mean
were recorded for plant height, length of petiole, leaf width,

Table 4: Estimation of correlation coefficient for nine traits in Perilla.

Plant Length Leaf Leaf Stem   Length Total Total Oil
Characters height  of length width girth of phenolic f lavonoid yield

petiole inflorescence   content   content   %

Plant height G 1** 0.3078 0.3511 0.5382 0.2101 -0.1939 -0.4942 -0.3933 0.5092
P 1** 0.3054 0.3332 0.4879** 0.1787 -0.1899 -0.4929** -0.3916* 0.5069**

Length of petiole G 1** 0.3606 0.3967 0.0438 -0.275 -0.4424 0.0817 0.352
P 1** 0.3422 0.3414 -0.0315 -0.2693 -0.4355* 0.0817 0.3472

Leaf length G 1** 0.8948** 0.5803 -0.085 0.7605* -0.3466 0.6228
P 1** 0.7418** 0.4298* -0.0778 -0.6963** -0.3134 0.565**

Leaf width G 1** 0.391 -0.366- -0.8557** -0.441 0.268
P 1** 0.2151 0.3542* -0.7901** -0.4075* 0.2491

Stem girth G 1** 0.1146 -0.653* -0.0865 0.5237
P 1** 0.0935 -0.5234** -0.0608 0.4191*

Length of G 1** 0.1895 0.0349 0.2197
 inflorescence P 1** 0.189 0.0353 0.2148
Total phenolic G 1** 0.4189 -0.3341
 content P 1** 0.4187* -0.3337
Total flavonoid G 1** -0.183
 content P 1** -0.183
Oil yield % G 1**

P 1**

*,** Significant at 5% and 1% level of probability.
G = Genotypic correlation; P = Phenotypic correlation.

Table 5: Path coefficient analysis of morphological, total phenolic and flavonoid content charterers in Perilla.

Plant Length
Leaf Leaf Stem

Length Total Total
Characters height  of length breath girth of phenolic f lavonoid

petiole   inflorescence   content   content

Plant height 0.2663 0.0819 0.0935 0.1433 0.0559 -0.0516 -0.1316 -0.1047
Length of petiole 0.3794 1.2327 0.4445 0.4890 -0.0539 -0.3389 -0.5456 0.1007
Leaf length -0.1073 -0.1102 -0.3057 -0.2735 -0.1774 0.0259 0.2326 0.1059
Leaf breath 0.6313 0.4654 1.0497 1.1731 0.4596 -0.4294 -1.0042 -0.5173
Stem girth 0.3660 0.-0763 1.0111 0.6826 1.7422 0.1996 -1.1380 -0.1509
Length of inflorescence -0.0720 -0.1022 -0.3160 -0.1361 0.0426 0.3718 0.0705 0.0129
Total phenolic content -1.2125 -1.0857 -1.8662 -2.0998 -1.6021 0.4651 2.4568 1.0265
Total flavonoid content 0.2580 -0.0536 0.2274 0.2893 0.0568 -0.0228 -0.2746 -0.6561
Genotypic correlation 0.5092 0.352 0.6228 0.268 0.5237 0.2197 -0.3341 -0.183
 with oil yield %

Residual effect = 0.0121
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stem girth. This finding indicated the role of additive gene
action and hence selection to be effective for improvement
program.

Correlation coefficient
The correlation coefficient of the nine characters of Perilla
were presented in Table 5. In general, phenotypic
correlation showed lower values than the corresponding
estimate of the genotypic values. Morphological traits such
as plant height showed positive significant association
with length of petiole, leaf length, leaf width, stem girth and
oil yield at phenotypic level. But it showed non-significant
association with length of inflorescence, total phenolic
content and total flavonoid content. Length of petiole had
significant positive association with leaf length, leaf width,
total flavonoid content and oil yield. In contrast, it showed
negative significant association with stem girth, length of
inflorescence and total phenolic content. Leaf length had
significant positive association with leaf width, stem girth
and oil yield % at phenotypic level. But it showed non-
significant association with length of inflorescence, total
phenolic content and total flavonoid content. Leaf width
showed significant positive association with stem width
and oil yield % at phenotypic level and non-significant
correlation with length of inflorescence, total phenolic
content, total flavonoid content. Stem girth showed
significant positive correlation with length of inflorescence
and oil yield%. Length of inflorescence had significant
positive association with total phenolic content, total
flavonoid content and oil yield % at phenotypic level. Total
phenolic content showed significant positive correlation
with total flavonoid content and showed non-significant
correlation with oil yield%. Total flavonoid content showed
non- significant correlation with oil yield % at phenotypic
level. Ansari et al. (2019) studied that seed yield per plant
was positively correlated with all studied traits except days
to 50% flowering, leaf width, petiole length and seed oil
content in Perilla. Contrarily, seed oil content had negative
association with inflorescence length, number of
inflorescence per plant and 100 seed weight. Nam et al.
(2004) observed positive correlations of seed weight with
plant height, flower clusters and inflorescence length.

Path coefficient analysis
Path analysis uses standardized partial regression
coefficients to assess the direct and indirect impacts of
independent variables on a dependent variable. By
separating correlation coefficients into direct and indirect
effects, we can better understand the relationship between
observable characteristics (Ansari et al. (2019). In present
investigation, path analysis was done as the procedure
given by Dewey et al. (1959) to know the direct and indirect
effect of various characters on oil yield of Perilla. In present
study, the characters which has highest positive direct effect
on seed yield were due to length of petiole (0.741), leaf
width (1.32), stem girth (0.98), length of inflorescence
(0.35),total phenolic content (1.69). Similar result were

reported by Hussain et al. (2013) and Zhimomi et al.
(2019).Thus, direct selection for these traits will be
beneficial in yield improvement program. W hile, the
characters like plant height, leaf length, total flavonoid
content exhibited negative direct effect on seed yield per
plant. Similar result were reported by Rasheed et al. (2008).

CONCLUSION
The present studies revealed high heritability accompanied
by low to high genetic advance as percent of mean. In all
these cases significant genotypic correlation co-efficient
were found to be higher than their corresponding
phenotypic ones. Thus, based on the estimates of character
association and path coefficient analysis, it was suggested
that tall and bushy, thick stem with long inflorescence Perilla
plants are likely to produce high seed oil yield. Therefore,
the present study recommended to utilize high oil yielding
germplasm in breeding programme to enhance the seed
oil yield with linoleic acid, -linolenic acid and stearic acid.
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