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ABSTRACT

The path-coefficient analysis provides information about direct and indirect effect of other morphological
characteristics on flower yield per plant, hence this investigation was undertaken to study the effects of various
quantitative traits among marigold (7agetes sp.) genotypes. The genetic variability and heritability in 21 genotypes of
marigold confirmed that there is a colossal difference between the genotypes for yield and other 17 traits. The number
of ray florets/ flower showed high heritability (99.95) together with high genetic advance (255.77) followed by fresh
weight of flower and yield per plant. The study revealed that the PCV is more in comparison with GCV for all the
traits which indicates, the contribution of the environment in the expression of traits. Correlation analysis between
yield and yield attributing traits in marigold genotypes revealed high positive correlation of flower yield per plant at
both phenotypic and genotypic levels with traits like plant height, plant spread, number of primary branches per plant,
stem diameter, number of leaves per plant, fresh weight of flower, flower diameter, number of ray florets per flower
and flowering duration. Path analysis revealed that the characters like fresh weight of flower and number of flowers
per plant are important characters affecting flower yield since they had high direct positive effect. The magnitude
of genetic divergence of marigold collected from four different states of India showed the presence of wide genetic
diversity. Characters of maximum association with yield have been identified and a selection programme based on
the above traits shall be highly effective in improving flower yield of marigold.
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Marigold (Tagetes sp.), a native of South America, is
one of the most important ornamental crops grown in India,
which belongs to the family Asteraceae (Kaplan 1960).
In India, marigold ranks first in the production of loose
flowers, followed by chrysanthemum, jasmine, tuberose and
crossandra (Anonymous 2014). Among 33 species of the
genus Tagetes, T. erecta (African marigold) and 7. patula
(French marigold) are grown commercially for loose flower
production. 7. erecta is about 90 cm tall hardy annual, flower
colour varies from lemon yellow to yellow, golden yellow or
orange. Whereas, T patula is compact and about 30 cm tall,
flower colour varies from yellow to mahogany-red. Marigold
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gained popularity among growers due to its easy culture,
wider adaptability, short duration nature, free blooming
habit and longer flowering period. It is commonly grown
as loose flowers and highly suitable for cultivation under
different agro-climatic conditions. Marigold is commonly
used for bedding purpose, herbaceous border, decoration and
in landscaping owing to its wide range of attractive colors,
shape, size and having good keeping quality. Besides this,
its leaves and flowers are important for their medicinal value
(Tripathy and Gupta 1991), used as a source of pigment
for poultry feed and food colourant (Sreekala et al. 2002).

Knowledge regarding variability, heritability, genetic
advances, genotypic and phenotypic coefficient of variations
is essential in a good breeding programme. Coefficient
of variation enables a valuable comparison of variation
of several characteristics of plants belonging to the same
population as well as comparison of the same trait as
expressed in different populations (Namita et al. 2008).
Heritability estimates give information about transmission of
characters from one generation to other as the efficiency in
selection depends on the heritable portion of the variability,
helps the plant breeders in separating the elite selection in the
crop. In any crop improvement programme, an understanding
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of the association between yield and its component traits is
imperative. Thus, correlation coefficient based on heritable
part of the value provides an efficient basis for selection
(Karuppaiah and Kumar 2010). Information on genetic
association of characters of marigold is helpful in selection
process of breeding. Correlation coefficient helps in selection
of a particular trait in breeding programme. Correlation
studies alone will not be able to give the exact direct and
indirect effects of each of the traits in the yield. In such
case the path co-efficient analysis is useful tool for the
separation of direct and indirect effects of the component
characters in the yield.

MATERIALS AND METHODS

The present investigation was carried out in Department
of Floriculture and Landscape Architecture, College of
Horticulture, Veer Chandra Singh Garhwali Uttarakhand
University of Horticulture and Forestry, Bharsar during
2015-17. Twelve genotypes of African marigold and eight
genotypes of French marigold were collected from four
different states of India namely, Kerala, Tamil Nadu,
Karnataka and Uttarakhand and used as experimental
material. The salient features of different genotypes are given
in Table 1. The genotypes of marigold were categorized
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as per Namita ef al. (2011). This experiment was laid out
in Randomized Block Design with three replications. The
seedlings were transplanted at three to four leaf stages
during the month of March in raised beds of size 1.1 x 1
m? at spacing of 40 cm x 30 cm. Five plants were randomly
selected and tagged for recording the observations. The
vegetative traits such as plant height (cm), plant spread
(cm?), number of primary branches per plant, number
of leaves per plant, leaf area (cm?), stem diameter (cm);
flowering parameters such as, number of days to first flower
bud initiation, number of days to first flower bud opening,
number of days for 50 % flowering, flowering duration
(days), flower diameter (cm), number of flowers per plant,
number of ray florets per flower, fresh weight of the flower
(g), number of flowers for 2 meter garland, yield per plant
(g) as well as quality parameters such as vase life (days) and
shelf life (days) were studied and the data were subjected to
statistical analysis as per the procedure described by Gomez
and Gomez (1983) for Randomized Complete Block Design.
The coefficients of variation were calculated by the formula
given by Burton (1952). Heritability in ‘broad sense’ was
calculated by the ratio between genotypic variance to whole
phenotypic variance and expressed in percentage (Allard
1960). The expected genetic advance was obtained by

Table 1 Salient features of the genotypes
Genotype Source/Place of Collection Plant height Maturity Flower form Flower Flower colour
(Flowering) diameter
Palani Local-1 (AM) Palani (Tamil Nadu) Tall Late Double Medium Light yellow
Palani Local-2 (AM) Palani (Tamil Nadu) Tall Mid season Double Medium Orange
Coimbatore Local (AM) TNAU, Coimbatore (Tamil Tall Early Double Medium Yellow orange
Nadu)
Theni Local -1 (AM) Theni (Tamil Nadu) Tall Early Semi double Medium Yellow orange
Theni Local 2 (AM) Theni (Tamil Nadu) Tall Mid season Single Medium orange
Nilgiri Local (AM) Nilgiri (Tamil Nadu) Tall Mid season Semi double Medium Orange
Kotdwara Local-1 (AM) Kotdwara (Uttarakhand) Tall Late Semi double Medium Yellow green
Kotdwara Local-2 (FM) Kotdwara (Uttarakhand) Small Mid season Single Small Dark purple red
Srinagar Local (AM) Srinagar (Uttarakhand) Tall Early Double Medium Orange red
BC-1 (FM) Bharsar (Uttarakhand) Tall Mid season Single Small Red
BC-2 (FM) Bharsar (Uttarakhand) Medium  Late Single Small Yellow orange
BC-3 (FM) Bharsar (Uttarakhand) Small Late Single Small Dark purple red
BC-4 (FM) Bharsar (Uttarakhand) Medium Late Single Small Orange red
BC-5 (FM) Bharsar (Uttarakhand) Small Late Single Small Dark purple red
BC-6 (FM) Bharsar (Uttarakhand) Medium Mid season Single Small Red
Haridwar Local (FM) Haridwar (Uttarakhand) Tall Late Single Small Yellow
Pusa Basanti Gainda (AM) ITARI, New Delhi Tall Mid season Semi double Medium Yellow
Pusa Narangi Gainda (AM) IARI, New Delhi Tall Early Semi double Medium Orange red
Pusa Arpita (FM) IARI, New Delhi Tall Mid season Semi double Medium Orange red
Wayanad Local (AM) Wayanad (Kerala) Tall Mid season Semi double Medium Yellow orange
Mysore Local (AM) Mysore (Karnataka) Tall Late Semi double Medium Orange

AM-African Marigold ; FM-French Marigold. Plant height (dwarf, 0-50 cm; medium: 51-65 cm; tall, >65 cm); Maturity (early
flowering, 0-60 days; mid season flowering, 61-80 days; late flowering, >80 days); Flower diameter (small: 0—5.00 cm; medium, 6-9
cm; large, >9 cm), (Namita et al. 2011)
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using the method of Johnson ef al. (1955). Genotypic and
phenotypic correlations are calculated as per the formulae
given by Al-Jibouri et al. (1958). The direct and indirect
paths were obtained by following Dewey and Lu (1959).

RESULTS AND DISCUSSION

Variability analysis

Mean performance of the genotypes and variability are
the most important factors which influence the selection in
a good breeding programme. Variability helps in the process
of selection (Vishnupriya et al. 2015). The variation is a
result of both environmental as well as genetic variation.
Table 2 shows mean, range, PCV, GCV, heritability and
genetic advance analyzed for 15 traits. The trait yield per
plant shows the highest mean value (412.55) with the
range of 94.10 to 731.00 followed by number of leaves per
plant, number of ray florets per flower and plant height.
The lowest mean value was exhibited by the trait stem
diameter (1.53) with the range of 0.96 to 2.1 followed by
flower diameter and fresh weight of flower. The estimate of
phenotypic coefficient of variation for the characters was
higher than that of the genotypic coefficient of variation.
This effect is in line with Singh and Singh (2010). The
value of genotypic coefficients of variation ranged between
7.58 (Leaf area) and 124.21 (Number of ray florets/flower).
The study revealed that phenotypic coefficient of variation
ranged between 8.47 (Leaf area) and 124.26 (Number of ray
florets/flower). The heritability exhibited was high in case
of the entire characters studied which is in confirmation
with findings of Namita et al. (2008). Heritability ranged
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from 73.16 (flowering duration) to 99.95 (plant height). The
highest heritability was observed in case of plant height
(99.95) followed by number of ray floret/flower (99.94)
and number of days for first flower bud initiation (99.73)
whereas the lowest value was obtained for flowering duration
(73.16). Johnson et al. (1955) reported that the heritability
values together with estimates of the genetic advance can
be extra useful and secure than heritability values alone.
Among the many characters studied, flower yield/plant
and stem diameter (cm) confirmed high (416.96) and low
(0.62) genetic advance, respectively. Genetic advance in
percentage (genetic gain) is high in case of the number of
ray florets per flower (255.77) followed by fresh weight of
flower (146.96) and flower yield/plant (110.10), whereas
lowest in the case of leaf area (cm?) with the value of
(13.99). Highest GCV and PCV values was exhibited by
number of ray floret/flower (124.21, 124.26) followed by
fresh weight of flower (71.67, 72.00) and number of flowers/
plant (40.66, 41.85) respectively.

Heritability together with genetic advance is useful
standards in predicting the resultant effects for selection
of superior genotypes (Johnson et al. 1995). In this study,
high heritability (99.95) together with high genetic advance
(255.77) is exhibited by number of ray florets/flower
followed by fresh weight of flower and yield per plant.
These outcomes are in line with Singh and Singh (2010);
Karuppaiah and Kumar (2011) and Anuja and Jahnavi
(2012b) in marigold. Similar results of high heritability
along with high genetic advance on fresh weight of flower
were also reported by Singh et al. (2014) and Panwar e?
al. (2013) in African marigold.

Table 2 Variability, heritability and genetic advance of the quantitative traits

Character Mean Range Coefficient of variation Heritability ~ Genetic Genetic advance
GCV (%) PCV (%) advance % means

Plant height (cm) 102.04 34.37-169.71 39.69 39.70 99.94 85.40 81.73

Plant spread(cm) 51.21 34.33-68.10 16.37 16.89 94.00 17.28 32.70

Number of leaves/plant 377.03  197.92-556.14 23.96 24.23 97.83 182.66 48.82

Number of primary branches/ 18.19 9.15-27.23 25.85 26.62 94.01 8.13 51.73
plant

Stem diameter(cm) 1.53 0.96-2.1 20.94 21.59 94.01 0.62 41.82

Leaf area (cm?) 29.46 28.71-30.21 7.58 8.47 80.15 3.55 13.99

Number of days for first flower 59.90 28.71-91.10 33.31 33.36 99.73 42.83 68.55
bud initiation

Number of days for first flower 72.00 43.00-101.00 25.03 25.21 98.55 38.00 51.18
bud opening

Number of days for 50% 88.1 61.00-115.2 18.74 19.27 94.66 34.25 37.56
flowering

Number of flowers/plant 89.00 36.30-141.70 40.66 41.85 94.39 56.73 81.37

Flower diameter (cm) 5.79 2.78-8.81 28.75 29.01 98.27 3.22 58.71

Fresh weight of flower (g) 9.15 1.80-16.50 71.67 72.00 99.10 9.73 146.96

Flowering duration (days) 48.16 37.82-58.50 14.35 16.75 73.16 11.52 25.29

Number of ray florets/flower 208.23 5.00-411.46 124.21 124.26 99.95 279.10 255.77

Yield/plant (g) 412.55 94.10-731.00 53.86 54.27 98.50 416.97 110.10
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Character association of quantitative traits

The genotypic and phenotypic correlation for different
characters and their inter relation between each other is
presented in the Table 3. Flower yield is a quantitative
character and the expression of which depends upon the
interaction of various characters. Yield per plant showed
significant and positive correlation at both phenotypic and
genotypic levels with plant height (0.670,0.675), plant
spread (0.512, 0.529), number of primary branches per plant
(0.771, 0.792), number of leaves per plant (0.645, 0.656),
stem diameter (0.339, 0.353), fresh weight of flower (0.788,
0.794), flower diameter (0.707, 0.715), number of ray florets
per flower (0.447, 0.450) and flowering duration (0.504,
0.592), respectively. Yield per plant showed significant
negative correlation between number of days for 50%
flowering (-0.509, -0.525), number of days for first flower
bud initiation (-0.650, -0.654) and number of days for first
flower bud opening (-0.573, -0.576) at both phenotypic and
genotypic level respectively. The phenotypic and genotypic
correlation (Table 3 and 4) revealed that the genotypic
correlations for all the traits are higher than the phenotypic
correlation. Similar results were obtained by Namita et al.
(2009). This is due to the strong association between the
characters and the phenotypic expression which is, minimum
under the environment. The results obtained indicate that
there is strong association between the morphological
traits and the yield. A positive relationship between the
favourable characters will help the breeder in simultaneous
improvement of both the characters.

Association of plant height (cm), plant spread (cm),
number of primary branches per plant, number of leaves per
plant, stem diameter (cm), fresh weight of the flower (g),
flower diameter (cm), number of ray florets per flower and
flower yield per plant are in positive direction with flower
yield and the selection of these characters will be helpful
in improvement of yield. Similar results were obtained by
Panwar et al. (2014); Singh et al. (2014) and; Bharathi and
Jawaharlal (2014) in African marigold, Namita ez a/. (2009)
in African and French marigold. Yield per plant showed
negative and significant correlation with number of days for
50% flowering, number of days for first flower bud initiation
and number of days for first flower bud opening. Similar
results were obtained by Karuppaiah and Kumar (2010)
in African marigold. Similar results were also obtained by
Anuja and Jahnavi (2012a).

It is evident from the correlation studies that the
characters, viz. plant height, plant spread, number of
primary branches per plant, number of leaves per plant, stem
diameter, flower diameter, fresh weight of flower, flowering
duration and number of ray florets per flower need to be
given more importance for selection during breeding for
higher flower yield in African marigold.

Path analysis

Path analysis is used in partitioning the total correlation
coefficient into direct and indirect effects, which helps
us in measuring the relative importance of casual factors

CHARACTER ASSOCIATION AND PATH ANALYSIS IN MARIGOLD

2365

individually (Namita et al. 2009). In the present study the
total yield per plant is a dependent variable and the rest of
the 14 characters are independent variables. Table 4 showed
the direct and indirect effects of the characters on yield per
plant. Table 4 revealed that the maximum direct positive
effect on the yield per plant was contributed by fresh weight
of the flower (1.220, 0.644) followed by number of flowers
per plant (0.282, 0.538) at both genotypic and phenotypic
levels, respectively. Traits which contributes to the direct
positive effects also includes number of primary branches per
plant (0.207, 0.181), followed by plant height (0.140, 0.059).
Fresh weight of the flower contributed very high positive and
indirect effect towards flower yield per plant at genotypic
level through flower diameter (1.147), number of ray florets
per flower (0.937), number of primary branches per plant
(0.868), plant height (0.860), flowering duration (0.703),
number of leaves per plant (0.671), plant spread (0.586),
and stem diameter (0.482); low positive and indirect effect
through leaf area (0.149). Its high negative indirect effect
on flower yield per plant through number of days for first
flower bud initiation (-0.905) followed by number of days for
50% flowering (-0.793), number of flowers per plant (-0.620)
and number of days for first flower bud opening (-0.442).
Regarding indirect effects at phenotypic level (Table 4), it
was observed that the fresh weight of the flower had the
highest positive indirect effect via flower diameter (0.601)
followed by the number of ray floret (0.492), plant height
(0.451), number of primary branches per plant (0.443),
number of leaves per plant (0.348), flowering duration
(0.320), plant spread (0.300) and moderate positive and
indirect effect via stem diameter (0.246).

Fresh weight of flower contributed negligible
positive and indirect effect via stem diameter (0.079). The
classification of direct and indirect effect is carried out based
on Bharathi ez al. (2014). Both weight per flower and number
of flower per plant showed a very high direct effect on
yield at both phenotypic and genotypic levels (Table 4) and
their correlation was also positive with yield. This indicates
that these traits were important yield components and the
effective improvement in yield could be achieved through
selection based on these characters. These findings were
in accordance with Anuja and Jahnavi (2012a) in French
marigold, Bharathi ez al. (2014) in African marigold, Kanwar
and Saha (2009) in French marigold, Karuppaiah and Kumar
(2010) in African marigold. Significant association and
direct effects were observed for various yield attributing
traits that provide the opportunity to maximally improve
the yield through its contributing traits in a sustainable
way. On the basis of path analysis it may be concluded that
the characters like fresh weight of flower and number of
flowers per plant are important characters affecting flower
yield since they have high direct positive effect and these
characters should be given more importance in the further
crop improvement programme.

The above study unambiguously revealed that
the selection of characters based on correlation, path
analysis may helpful in increasing the success of breeding
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programme. An exploitable amount divergence among the
genotypes which when grouped in to heterotic pools with
the help of cluster analysis can save time, effort and money
of breeders working for the improvement of marigold as
more genetic divergence is positively associated with the
increased amount of heterosis

REFERENCES

Al-Jabouri R A, Miller P A and Robinson H F. 1958. Genotypic and
environmental variance in upland cotton cross of interspecific
origin. Agronomy Journal 50: 633-7.

Allard R W. 1960. Principles of Plant Breeding. John Wiley and
Sons Inc., New York. USA, pp 82-98.

Anonymous. 2014. Indian Horticulture Database-2014, Ministry
of Agriculture, Government of India.

Anuja S and Jahnavi K. 2012. Correlation and path co-efficient
analysis in French marigold. Asian Journal of Horticulture
7(2): 269-71.

Anuja S and Jahnavi K. 2012. Variability, heritability and genetic
advance studies in French marigold (7Tagetes spatula L.). Asian
Journal of Horticulture T: 362—4.

Bharathi U T and Jawaharlal M. 2014. Correlation and path analysis
in African marigold (7Tagetes erecta L.). Bioscan 9(4): 1673-6.

Burton G W. 1952. Quantitative inheritance in grasses. Proceedings
of 6™ International. Grassland Congress 1: 277-83.

Dewey D R and Lu K G. 1959. A correlation and path analysis
of yield components of crested wheat grass seed production.
Agronomy Journal 15: 513-8.

Gomez K A and Gomez A A. 1983. Statistical Procedures for
Agricultural Research, pp 357-427. John Wiley and Sons
Inc., New York.

Johnson H W, Robinson H F and Comstock R L. 1995. Estimates
of genetic and environmental variability in soybean. Agronomy
Journal 47: 314-28.

Kanwar P and Saha T N. 2009. Character association and path
analysis studies in French marigold. Annals of Horticulture
2(1): 39-42.

Kaplan L. 1960. Historical and ethanobotanical aspects of

POULOSE ET AL.

[Indian Journal of Agricultural Sciences 90 (12)

domestication of tagetes. Economic Botany 11: 200-2.

Karuppaiah P and Kumar P S. 2010. Correlation and path analysis
in African marigold (7Tagetes erecta L.). Electronic Journal of
Plant Breeding. 1(2): 217-20

Karuppaiah P and Kumar P S. 2011. Variability, heritability and
genetic advance for yield, yield attributes and xanthophylls
content in African marigold (Tagetes erecta L.). Crop Research
41(1,2& 3): 117-9.

Namita, Kanwar P S, Raju D V S and Prasad K V. 2008. Studies
on genetic variability, heritability and genetic advance in French
marigold (Tagetes patula) genotypes. Journal of Ornamental
Horticulture 12: 30-4.

Namita, Kanwar P S, Bharadwaj C, Prasad K V and Raju D V
S. 2009. Studies on character association and path analysis of
quantitative traits among parental lines of marigold (7agetes
erecta and T. patula) and their interspecific F, hybrids. Indian
Journal of Horiculture 66(3): 348-52.

Panwar S, Singh K P, Janakiram T and Namita. 2013. Genetic
variability, heritability and genetic advance in African marigold
(Tagetes erecta L.) genotypes. Progressive Horticulture 45:
135-40.

Panwar S, Singh K P, Namita, Janakiram T and Bharadwaj C.
2014. Character association and path coefficient analysis in
African marigold (Tagetes erecta L.). Vegetos 27(1): 26-32.

Singh K P, Raju D V S, Namita, Janakiram T. 2014. Determination
of genetic variation for vegetative and floral traits in African
marigold (7agetes erecta). Indian Journal of Agricultural
Sciences 84(9): 1057-62.

Singh A K and Singh D. 2010. Genetic variability, heritability and
genetic advance in marigold. Indian Journal of Horticulture
67: 132-6.

Sreekala C, Raghava S P S, Misra R L and Maini S B. 2002. Path
analysis for total carotenoid yield in African marigold. Journal
of Ornamental Horticulture 5(2) : 8-10.

Tripathy A K and Gupta K K. 1991. Plant phenolics of Tagetes
erecta. Fitoterapea. 62(1): 91-2.

Vishnupriya A K, Jawaharlal M and Manivannan N. 2015.
Variability studies in African marigold (7agetes erecta L.).
Bioscan 10: 407-9.



