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ABSTRACT: Ashwagandha (Withania somnifera) is a medicinal plant rich with medicinal properties but
due to less research work on ashwagandha there is less information available about the diversity present
among the ashwagandha genotypes and without this information a breeder cannot start a breeding
program. To study the diversity among the ashwagandha genotypes an experiment was conducted at
Agricultural Research Farm of Medicinal, Aromatic and Potential Crops Section of Chaudhary Charan
Singh Haryana Agricultural University, Hisar, Haryana, India during kharif season 2019 and evaluated for
fourteen quantitative characters using D? statistics of Mahalanobis. The genotypes were grouped into 3
clusters. Maximum number of genotypes (11) were grouped under cluster 111 followed by cluster | and 11
with 2 genotypesin each cluster. The maximum inter-cluster distance was recorded between | and 11 (6.73)
followed by clusters| and |11 (6.49). Hence, the genotypes in cluster 11 had wider diversity with genotypes
of cluster | and genotypes of cluster | had wider diversity with genotypes of cluster |11 and these lines may
be utilized in further ashwagandha breeding program for the production of hybrids. The intra-cluster
distance was maximum in cluster 111 (4.31) followed by cluster Il (3.75) indicating hybridization involving
genotypes of same clusters may provide a good cross combinations. The genotypes of cluster | were unique
as cluster | having highest mean values for days of 50% flowering, test weight, number of seeds per berry,
root length, average diameter of root, harvesting index, biological yield, number of roots and dry root
yield. The cluster Il was desirable in respect of plant height, number of primary branches, number of
secondary branches, number of berries per plant and seed yield per plant. Thus, hybridization among
these genotypes can generate desir able transgr essive ser geants.
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INTRODUCTION

India is rich in natural biodiversity and it is home of
various types of medicinal plans. Western Ghats are
famous for naturally grown medicinal plants. Medicinal
plants are also grown commercialy in Indiain different
states. Among different-different medicinal plants
ashwagandha is one the important medicina plant
cultivated at commercial level. It is a well-known herb
from ancient time and it is an important part of
Ayurveda and Unani health care system. Ashwagandha
means “odor of the horse”, probably originating from
the odor of its root which resembles that of a sweaty
horse (Ven Murthy et al., 2010). The scientific name of
ashwagandha is Withania somnifera (L) and it is
belongs to the Solanceae family. Ashwagandha belongs
to the genus withania and withania is a group of 23
species. From genus withania only two species are
grown in India (Withania somnifera and Withania
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coagulans). Ashwagandha is cross-pollinated crop
having chromosome number 48 (2n=48) (Nigam and
Kandalkar, 1995). In India, major ashwagandha
producing states are Madhya Pradesh, Rajasthan,
Punjab, Himachal Pradesh and Uttar Pradesh (Parita et
al., 2018). Winter cherry and Indian ginseng are the
other name of ashwagandha (Deshpande, 2005). Roots
are medicinally important part of ashwagandha contain
total withanolides from 0.16 t0.66 per cent [Biennia
Progress Report (2006-2008)]. Roots of ashwagandha
are important source of different withanolides like
withasomnine, withaferine, sominiferine,
sominiferinine, somnine and withananine (Covello and
Ciampa, 1960; Bharti et al., 2016). Ashwagandha can
survive in adverse climatic conditions that’s why it is a
hardy and drought tolerant. Ashwagandha roots have
different medicinal properties like memory enhancer,
combating infectious agents, anti-cancer, anti-epileptic,
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hypoglycemic, immunomodulation, antioxidant and
hypocholesterolemic activities (Jadhav, 2003; Verma
and Kumar, 2011; Giri, 2016; Koli et al., 2021). It was
also found useful in neurodegenerative diseases such as
Parkinson’s, Huntington’s and Alzeimer’s diseases
(Singh et al., 2011; Patnaik, 2016). The root powder of
ashwagandha also helpful in boosting immunity to fight
with COVID-19 disease (Shree et al., 2020). The
medicinal plants have lesser side effects as compared to
allopathic medicine (Kala et al., 2006). The demand of
medicinal plants are increasing day by day but the
production of medicina plantsis till at constant stage.
To increase the production of ashwagandha plants,
improved verities are needed. To develop an improved
variety breeding program is completely depends upon
the diversity present among genotypes and traits of
interest. To develop an improved verity, breeder have to
select diverse genotypes for crossing. Therefore
knowledge of genetic diversity present in genotypes is
very necessary for a breeder. Plant breeders are
interested in evaluating genetic diversity using
morphological features since they are inexpensive,
rapid and simple to score. D? analysis is one of the
important tool to study the degree of genetic divergence
present among the genotypes and traits. This method
was developed by Mahalanobis (1936). D? analysis
provides the information about inter and intra cluster
distance that provide information of diversity at cluster
level. Crossing between germplasm belongs to diverse
cluster may give heterotic progeny (Meena and
Bahadur, 2015). So this study can be useful for future
breeding program in ashwagandha breeding.

MATERIALSAND METHODS

Fifteen genotypes of ashwagandha (Withania
somnifera) were used in this study (Table 1). The
genotypes were cultivated in randomized block design
(RBD) design with three replications at Agricultural
Research Farm of Medicinal, Aromatic and Potential
Crops Section of Chaudhary Charan Singh Haryana
Agricultural University, Hisar, Haryana, India during
kharif season, 2019. Each ashwagandha genotype was
sown with recommended 60x30 cm spacing between
rows and plants, respectively. The fourteen
morphological traits used in present study viz. dry root
yield per plant (DRY) (gm), numbers of roots (NR),
plant height (PH) (cm), days to 50% flowering (DF),
numbers of primary branches (NPB), numbers of
secondary branches (NSB), numbers of berries (TW),
Test weight (TW) (gm), seed yield per plant (SYPP)
(gm), biologica yield (BY) (gm), harvesting index (HI)
(%), number of seeds per berry (NSPB), root length
(RL) (cm) and average diameter of root (ADR) (cm).
Five randomly selected plants from each genotype were
used for datistica analyses. Genetic divergence
amongst different genotypes is assessed based on the
estimated inter-se genetic distances amongst the
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genotypes. D? statistics of Mahalanobis (1928) is one of
the most effective tools to measure the genetic distance
between genotypes as measured by allelic frequencies
at a sample of loci. Genetic similarity is defined as the
converse of the genetic divergence i.e. the extent of
gene similarity among the genotypes. The genotypes of
ashwagandha were grouped into a number of clusters
by Tocher’s method described by Rao (1952).

RESULTSAND DISCUSSION

The results of analysis of variance showed that there is
significance differences for al the fourteen quantitative
traits under study. Under this study on the bases of D?
value fifteen genotypes of ashwagandha were grouped
into three clusters (Table 2). Clustering pattern
indicated that eleven out of fifteen germplasms belong
to the same cluster i.e. cluster I11. On the other hand,
two-two genotypes belong to cluster | and I1. This study
aso supported by numerous researchers earlier
(Bahadur and Choubey 2007; Mut, 2015; Jaipal and
Shekhawat 2016; Kaur and Kapoor 2017). Intra and
inter-cluster distances among the genotype i.e. D?
values have been presented in the Table 3. Inter cluster
distance was higher than intra cluster distance
indicating wider genetic diversity among the genotypes
(Singh et al., 2017). The highest inter cluster distance
was observed between cluster | and Cluster Il which is
about 6.73. The second largest inter cluster distance
observed between cluster | and cluster 11l which is
around 6.49 and lowest inter cluster distance observed
between cluster Il and cluster 111 (5.97). Its mean the
genotypes in cluster Il viz, HWS-106 and HWS-116
had wider diversity with RAS-16 and HWS-04-3
genotypes of cluster | and RAS-16 and HWS-04-3
genotypes of cluster | had wider diversity with HWS-
04-2, HWS-08-4, HWS-08-6, HWS-110, HWS-100,
HWS-101, HWS-105, HWS-08-18, HWS-104, HWS-
108 and HWS-109 genotypes of cluster 111. The highest
intra-cluster distance was observed in the cluster il
(4.31) which comprised of eleven germplasms followed
by cluster Il (3.75). Hence the selection of genotypes
based on inter and intra cluster distance can be helpful
for selection of diverse genotypes for ashwagandha
breeding program. Similar results were observed by
Singh et al. 2021); Chaudhary et al. (2021). Mean
values for different quantitative traits for different
clusters have been presented in Table 4. The extreme
mean values of the traits under study were observed to
fall in different clusters. The cluster | showed highest
values for days of 50% flowering (80.50), test weight
(1.82), number of seeds per berry (20.73), root length
(27.98), average diameter of root (1.25), harvesting
index (30.94), biologica yield (113.83), number of
roots (2.83) and dry root yield (31.66). The cluster 11
showed highest mean value for the plant height (73.66),
number of primary branches (5.28), number of
secondary branches (21.91), number of berries per plant
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(13383) and seed vyield per plant (7.65). The
divergence in quantitative characters were also reported
by Alam et al. (2007); Haydar et al. (2009); Kumar et
al. (2017); Kasana et al. (2018); Haralayya et al.
(2017). Thus, the germplasms in cluster | and Il seems
to be quiet promising for many of the characters under
study (Kar et a., 2013; Kasana et al., 2018; Gadi et al.,
2020; Priyanka et al., 2021). The highest average D?
distance was observed in genotype RAS-16 (47.93)
followed by HWS-116 (41.53), HWS-102 (37.63),
HWS-100 (33.08) and HWS-04-3 (32.85) while lowest
average D? distance was observed in genotypes HWS-
08-18 (18.57) followed by HWS-110 (19.93) (Table 5).
The genotypes present in cluster | and |1 havening high
inter cluster distance, are divers genotypes and
selection of these genotypes can be helpful for future
breeding program in ashwagandha.

Table 1: List of germplasm of ashwagandha.

Sr. No. Name of ger mplasm
1. RAS-16
2. HWS-04-2
3. HWS-04-3
4. HWS-08-4
5. HWS-08-6
6. HWS-08-18
7. HWS-100
8. HWS-101
9. HWS-102
10. HWS-104
11. HWS-105
12. HWS-106
13. HWS-108
14. HWS-110
15. HWS-116

Table 2: Cluster information.

Cluster Germplasm Number
| RAS-16, HWS-04-3 2
1 HWS-106,HWS-116 2
i HWS-04-2, HWS-08-4, HWS-08-6, HWS-110, HWS-100, HWS- 11
101, HWS-105, HWS-08-18, HWS-104, HWS-108, HWS-109
Table 3: Inter and Intracluster distance.
Cluster | Cluster 11 Cluster 111
Cluster | 3.438 6.726 6.489
Cluster 11 3.751 5.975
Cluster 11 4.310
Table 4: Cluster mean.
PH DF NPB | NSB | NB TW | SPP | NSB | RL ADR | HI BY NR DRY
Cluster | 62.77 | 8050 | 3.55 | 7.93 79.50 182|221 | 2073|2798 | 1.25 | 30.94 | 113.83 | 2.83 | 31.66
Cluster 11 7366 | 7650 | 5,28 | 21.91 | 133.83 | 1.80 | 7.65 | 19.03 | 26,55 | 1.05 | 23.22 | 87.83 1.08 | 22.33
Cluster I11 59.33 | 79.27 | 4.28 | 13.10 | 54.78 181 | 214 | 16.88 | 23.21 | 0.92 18.24 | 62.43 1.07 | 18.01

Where dry root yield per plant (DRY) (gm), numbers of roots (NR), plant height (PH) (cm), days to 50% flowering (DF),
numbers of primary branches (NPB), numbers of secondary branches (NSB), numbers of berries (TW), Test weight (TW) (gm),
seed yield per plant (SYPP) (gm), biologica yield (BY) (gm), harvesting index (HI) (%), number of seeds per berry (NSPB), root

length (RL) (cm) and average diameter of root (ADR) (cm).
Table5: Distance Matr

ix Euclidean? Distance.

Sr. No. Name of ger mplasm Average D?
1. RAS-16 47.935
2. HWS-04-2 23.829
3. HWS-04-3 32.850
4. HWS-08-4 23.807
5. HWS-08-6 25.908
6. HWS-08-18 18.570
7. HWS-100 33.086
8. HWS-101 19.865
9. HWS-102 37.637

10. HWS-104 22.207
11. HWS-105 20.124
12. HWS-106 29.498
13. HWS-108 23.227
14. HWS-110 19.937
15. HWS-116 41.532
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CONCLUSION

Genetic diversity analysis was carried out through D?
analysis in order to assess the genetic divergence
among genotype under study. Based on D? analysis
fifteen genotypes of ashwagandha were grouped in
three clusters. Maximum genotypes were found in
cluster 111 while highest mean values for days of 50%
flowering, test weight, number of seeds per berry, root
length, average diameter of root, harvesting index,
biologica yield, number of roots and dry root yield
were found in cluster 1. The maximum inter-cluster
distance was observed between | and Il followed by
clusters | and Il1. The maximum intra-cluster distance
was recorded in cluster |11 followed by cluster Il. The
genotypes belongs to these clusters can be utilized in
further ashwagandha breeding programme for the
production of hybrid. This diversity study will provide
the knowledge about variation present among the
genotypes under study and this knowledge about
variation is basis requirement to start a breeding
program. This study also provides information about
different traits under study and their contribution in
divergence. It will helpful for a breeder to select
suitable breeding program for genetic improvement of
ashwagandha.

Acknowledgement. We are thankful to the Department of
Genetics and Plant Breeding, College of Agriculture,
Chaudhary Charan Singh Haryana Agricultural University,
Hisar, Haryana for providing the facilities to carry out this
study.

Conflict of Interest. None.

REFERENCES

Alam, A. K. M. M., Begum, M., Chaudhury, M. J. A., Naher,
N., and Gomes, R. (2007). D? andysis in early
maturity  hull-less barley (Hordeum wulgare
L.). International Journal of Sustainable Crop
Production, 2(1): 15-17.

Bahadur, R. and Choubey, R. N. (2007). Correlation and path
coefficient analysis of fodder yield traits in oat (Avena
sativa L.). Haryana Journal of Agronomy, 23: 24-27.

Bhadru, D., Reo, V. T., Mohan, Y. C. and Bharathi, D.
(2012). Genetic variability and diversity studies in
yield and its component traits in rice (Oryza sativa
L.). SABRAO Journal of Breeding and
Genetics, 44(1).

Bharti, V. K., Mdik, J K. and Gupta, R. C. (2016).
Ashwagandha: multiple health benefits.
In Nutraceuticals (pp. 717-733). Academic Press.

Biennia Progress Report (2006-08). Proceeding of
Seventeenth Group Meeting of All India Networking
Research Project on Medicina and Aromatic Plants.
NRC on Medicinal and Aromatic plant, held at KAU
Trichur (pp. 15-18).

Chaudhary, A. R., Solanki, S. D., and Rahevar, P. M. (2021).
Comparative diversity analysis of cowpea genotypes
using multivariate approaches. Electronic Journal of
Plant Breeding, 12(4): 1142-1147.

Koli etal.,

Biological Forum — An International Journal

Covello, M. and Ciampa, G. (1960). Paper chromotatography
of Withania somnifera akaoid. Journal of
Chromatography, 3: 591-92.

Deshpande, D. J. (2005). Commercial cultivation of medicina
and aromatic plants. Himalaya Publishing house, 203-
206.

Gadi, J., Chakraborty, N. R., and Imam, Z. (2020). Genetic
diversity anaysis in Indian mustard (Brassica
juncea). Journal of Pharmacognosy and
Phytochemistry, 9(1): 952-955.

Giri, K. R. (2016). Comparative study of anti-inflammatory
activity of Withania somnifera (Ashwagandha) with
hydrocortisone in experimental animals (Albino
rats). Journal of Medicinal Plants Sudies, 4: 78-83.

Haralayya, D., Salimath, P. M., Aghora, T. S, Adivappar, N.,
and Ganga, P. S. (2017). Genetic diversity analysis by
D? clustering of yield and yield attributing traits in
French bean (Phaseolus wulgaris L.).Journal
of Pharmacognosy and Phytochemistry, 6(6):  1331-
1335.

Haydar, A., UDDIN, M. S, Khokan, E. H., Ara, T.,
Khalequzzaman, K. M., and Hoque, A. (2009). D2-
analysis and selection criteria in potato. International
Journal of Sustainable Crop Production, 4(1): 91-93.

Jadhav, A. (2003). Maha Aushadhi Ashwagandha. 2nd
Edition Manovikas Prakashan, Mumbi, 11-13.

Jaipa, P. S. and Shekhawat, S. S. (2016). Genetic variability
and divergence studies in oats (Avena sativa L.) for
green fodder and grain yield. Forage Research, 42:
51-55.

Kaa, C. P.,, Dhyani, P. P, and Sgwan, B. S. (2006).
Developing the medicinal plants sector in northern
India: challenges and opportunities. Journal  of
Ethnobiology and Ethnomedicine, 2(1): 1-15.

Kar, A. K, Das, S. R, and Bastia, D. (2013). Genetic
divergence in selected indigenous aromatic rice of
Odisha. ORYZA-An  International ~ Journal ~ on
Rice, 50(2): 185-188.

Kasana, R. K., Singh, P. K., Tomar, A., Mohan, S., and
Kumar, S. (2018). Genetic diversity (D2) anaysis in
linseed (Linum usitatissmum L.). Journal of
Pharmacognosy and Phytochemistry, 7(3): 2148-2152.

Kaur, R. and Kapoor, R. (2017). Accessing genetic diversity
in oats based on morpho-agronomic traits. Forage
Research, 42: 271-273.

Kali, G. K., Arya, R. K., Nimbal, S. and Kumar, D. (2021).
Chapter-4 Genetic Improvement for Immunity
Boosting Traitsin Medicina Plants. MEDICINAL, 59.

Kumar, A., Kerkhi, S. A., and Kumar, R. (2017). Genetic
diversity (D? anaysis in Linseed (Linum
usitatissmum L.). Journal of Pharmacognosy and
Phytochemistry, 6(4): 886-888.

Mahalanobis, P. C. (1936). On the generalized distance in
statistics. National Institute of Science of India.

Meena, O. P., and Bahadur, V. (2015). Breeding potential of
indeterminate tomato (Solanum lycopersicum L.)
accessions using D? analysis. SABRAO journal of
breeding and genetics, 47(1): 49-59.

Mut, Z., Akay, H. and Erbasa, O. D. (2015). Hay yield and
quality of oat (Avena sativa L.) genotypes of
worldwide origin. International Journal of Plant
Production, 9: 1735-6814.

14(1): 730-734(2022) 733



Nigam, K. B. and Kandalkar, V. S. (1995). Ashwagandha —
Advances in Horticulture, Vol. 11. Medicina and
Aromatic plants. Malhorta Publishing House, New
Delhi, India, 337-344.

Parita, B., Kumar, S. N., Darshan, D., and Karen, P. (2018).
Elucidation of genetic diversity among ashwagandha
[Withania somnifera (L.) Dunal] genotypes using
EST-SSR markers. Research Journal of
Biotechnology, 13(10): 52-59.

Patnaik, N. (2016). Role of medicinal plants (brahmi and
ashwagandha) in the treatment of
Alzheimer’s. International Journal of Life-Sciences
Scientific Research, 2(1): 15-7.

Priyanka, Sood, V. K.; Rana, A. and Kumar, S. (2021).
Genetic Divergence Among Oat (Avena sativa L.)
Genotypes under Dua Purpose and Seed Yield
Related Systems. Biological Forum— An International
Journal, 13(4): 1163-11609.

Rao, C. R. (1952). Advanced statistical methods in biometric
research.

Shree, P., Mishra, P., Selvargj, C., Singh, S. K., Chaube, R.,
Garg, N., and Tripathi, Y. B. (2020). Targeting
COVID-19 (SARS-CoV-2) main protease through
active phytochemicals of ayurvedic medicinal plants-
Withania somnifera (Ashwagandha), Tinospora
cordifolia (Giloy) and Ocimum sanctum (Tulsi)-a
molecular docking study. Journal of Biomolecular
Structure and Dynamics, 40(1): 190-203.

Singh, N., Bhalla, M., de Jager, P., and Gilca, M. (2011). An
overview on ashwagandha: a Rasayana (rejuvenator)
of Ayurveda African Journal of Traditional,
Complementary and Alter native Medicines, 8: (5S).

Singh, S. K., Kumar S. C. M., Korada, M., Khaire, A., Mghi,
P.K., Singh, D. K. and Jayasudha, S. (2021). Genetic
Variability and Divergence Studies for Yidd and its
related traits in Rice (Oryza sativa L.). Biological
Forum— An International Journal, 13(4): 687-695.

Singh, T., Singh, V., Singh, K. P., Verma, O. P., Mishra, S,,
Srivastava, A., and Ahmad, R. (2017). D2 analysisin
certain promising genotypes of wheat (Triticum
aestivum L. em. Thell). Journal of Pharmacognosy
and Phytochemistry, 6(5): 2714-2717.

Ven Murthy, M. R., K Ranjekar, P., Ramassamy, C., and
Deshpande, M. (2010). Scientific basis for the use of
Indian ayurvedic medicinal plants in the treatment of
neurodegenerative disorders: 1
Ashwagandha. Central Nervous System Agents in
Medicinal Chemistry (Formerly Current Medicinal
Chemistry-Central Nervous System Agents), 10(3):
238-246.

Verma, S. K., and Kumar, A. (2011). Therapeutic uses of
Withania somnifera (Ashwagandha) with a note on
withanolides and its pharmacological actions. Asian
Journal of Pharmaceutical and Clinical Research,
4(1): 1-4.

How to cite this article: Ganesh Kumar Koli, Rajesh Kumar Arya, Somveer Nimbal, Deepak Kumar, Kiran and Sonu Langaya
(2022). Study on Genetic Divergence for Yield and Yield Attributing Traits in Ashwagandha (Withania somnifera). Biological

Forum— An International Journal, 14(1): 730-734.

Koli etal.,

Biological Forum — An International Journal

14(1): 730-734(2022) 734




