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Assessment of Genetic Variability in Ashwagandha
[Withania somnifera Dunal]
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ABSTRACT The present paper makes an assessment of genetic variability i1‘1 nfhwnlg,(,]l;(-l‘-l;:‘ir\:”llj:f:.’x
somnifera (L.) Dunal] based on morphological traits related to plant 31‘0wlh habit, 1<_\~ol, eaf, ’ f e
and seed. Mahalanobis D statistics was used to classify the 20 accessions collected from ‘dlllw(nt hf)llw,(l S.
The accessions investigated were grouped into 5 distinct clusters using Tocher’s method. L.lustcr I‘b(‘,'m.g l Iw
largest comprised 6 genotypes, whereas cluster II, I1I, IV and V had 1, 3, 5 and 5 accessions, respectively.
Clusters II and III were distantly located (13.387), whereas cluster 1 and IIT were closet (3.176).
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Ashwagandha is a multipurpose plant of
immense therapeutic value and has a wide
geographic distribution in India. It is among one
of the ten most important medicinal crop plants
designated by National Medicinal Plants Board.
It is easy to cultivate and is ready for harvest
within one year of growth. The plant contains
the alkaloids withanine and somniferine, which
are used to treat nervous disorders [1], intestinal
infections and leprosy. All plant parts are used
including the roots, bark, leaves [2], fruit and
seed. Now a days leaves are being widely used
to control obesity. Drug obtained from root is
regarded as tonic and aphrodisiac. It has narcotic,
anti-stress [3], anti-oxidant [4], immuno-
modulatory [4] and diuretic properties. The fruit
is diuretic; it is useful in curing hiccup,
reproductive disorders, rheumatism and dropsy.

The first and foremost step for improvement
in any crop is to study the genetic diversity in
its available germplasm. Ashwagandha displays
an appreciable spectrum of variability in its
morphological traits. Atal and Schwarting [5]
documented five different morphological forms of
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Withania somnifera in varied ecological regions of
India. Khanna et al. [6] based on seed protein
for morphometric characterization, identified five
ashwagandha accessions. Kumar et al. [7] studied
morphological and chemical variation in 25 elite
accessions of wild and cultivated ashwagandha
populations in India. Seven morphometric
characters namely, plant height, number of
branches/plant, number of seeds/berry, root
yield, root length, root diameter and berry colour
were investigated. They suggested that height of
the plant, colour of the berry are closely
associated with root yield and withanolide
content. The cultivated plant type (cv. JA-20) was
shorter in height [8]. The present study was an
attempt to assess the detailed morphological

variability among 20 accessions collected from
different sources.

MATERIALS AND METHODS

Twenty genotypes of ashwagandha were collected
from varied ecological regions of the country
from different sources (Table 1).

These were
evaluated for assessing the

morphometric
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Tocher's {12} method was used to classity the

genotypes into distinct clusters.

RESULTS AND DISCUSSION

ANOVA for different morphometric traits showed
that there were significant differences among the
accessions for all quantitative traits studied except
number of secondary roots/plants (Table 2).
Below we describe the salient features in the
variability for different traits.

Plant growth habit

All the genotypes including three aswagandha
varieties planted in the field showed semi-erect
nature of plant growth. In the early stages of
growth it showed erect nature but at maturity it
turns into semi-erect plant. There was wide
variation in plant height of different accessions
and varieties. The maximum value of plant height
(116.0 cm) was registered for variety Poshita,
whereas a minimum value (22.55 cm) was
registered for variety JA-134 (Table 2). Two
genotypes namely, JA-20 (74.10 cm), variety from
INKVV, Jabalpur and wild species (76.65 cm)
were statistically at par. The maximum number
of branches (6.8) was observed in Poshita,
whereas minimum number of branches (2.5) was
observed in genotype No. 10 and 12, i.. genotype

and a variety JA-20 from Directorate of Medicinal
and Aromatic Plants, Anand.

Root characters

As mentioned earlier, ANOVA showed significant
variations among all 20 accessions studied for
root characteristics namely, root length, root
diameter, fresh weight and dry weight (Table 2),
except for number of secondary branches.
However, all the 20 accessions were alike for its
fhree qualitative characters, namely root colour
internal root colour and texture. Root lengt}{
me?sured at the time of crop harvesting
regls.tered a maximum value (22.65 cm) for
Posh'xté, a variety from CIMAP, Lucknow, whereas
3 munimum value (10,35 cm) for 2 strain from

registered maximum values (74.0 g_and 2513 g)
for Poshita and minimum values (7.50 g and 3.00
g). respectively for variety ]A-13-’l.. Re‘SU“S.S‘uggest
that Poshita variety can be easily identified on
the basis of root characters only.

Leaf characters

ANOVA also showed significant variations among
all 20 accessions studied for its three quantitative
characters, namely leaf length, leaf width and leaf
area. They also differed in leaf shape. The
maximum ‘registered values for leaf length, leaf
width and leaf area were 9.425 cm, 4.400 cm and
22.575 cm?, respectively, for variety Poshita,
whereas minimum values (4.450 cm, 1.300 cm and
4.675 cm?) were recorded for genotype No. 3
(from Kharibaoli, Delhi) (Table 2). Observation on
leaf shape from 90 days old plant registered, in
general, ovate shape, whereas accession No. 9,
16 and 18 registered ovate-round shape (Fig. 1).
Visual scoring of leaf colour at flowering stage
in general, registered light green except for wild
species, whereas Poshita variety depicted dark
green.

Flower characters

ANOVA also showed significant variation among
20 genotypes for days to flower initiation from
seed sowing. The seeds registered a mean value
of 93 days for flowering. Poshita variety took
maximum number of days for flower initiation
(102 days), followed by genotypes (100 days)
either procured from JNKVV, Jabalpur, or seed
traders from Delhi (the seed stocks either from
Madhya Pradesh or Maharashtra). Rest of the
strains including varieties of JNKVV, ie. JA-20
and JA-134 registered 90 days for flower initiation
I.from seed planting (Table 2). Inflorescence type,
l.e. auxillary inflorescence was similar among all
the accessions studied. Flower colour was dull
yellow among most of the genotypes and yellow
In genotypes Nos. 18, 19 and 20 (procured from
seed traders Kharibaoli, Delhi).

Berry characters

ANOVA also registered significant variation
among all the 20 genotypes for berry characters
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Je 2. Plant characters in ashwagandha genotypes

Tab

: Genotype Mnrphmnc(ric character in ashwagandha

R T T T e B

; 1 6.8 116.00 250 22.65 2.83 74.00 25.13 9.425 4.40022.575102 46 5900 0.750 0.640 356.25
% 2 45 7410 200 14.95 210 2151 8.60 5.850 2.250 7.150 90 40 6.050 1.310 0.730 262.50
é 3 31 2255 175 1090 135 750 3.00 5.650 2.250 6.825 90 40 6.275 1.000 0.710 268.75
i 4 35 41.15 150 11.75 1.85 13.16 526 5.225 2.60011.003 100 45 7.713 1.165 0.823 45.00
| 5 33 2660 1.75 1055 170 11.11 4.45 5250 2.400 8.400 90 40 5850 1.560 0.780 88.75
i 6 36 2670 1.75 1125 1.65 1032 4.13 6.525 1.375 7.175 90 40 6.175 1.743 0.740 117.50
Ei 7 35 33.80 125 11.50 1.95 2533 10.63 5.400 1.350 5500 90 40 6.300 1.870 0.952 131.25
8 65 43.00 1.00 11.65 2.07 27.59 12.23 5.100 2.175 7.050 90 40 6.225 1475 0.835 126.25
9 33 76.65 2.75 11.75 2.15 1531 6.13 6.050 2.300 7.825 90 40 6.275 1.000 0.710 268.75
ll 10 25 2470 1.75 1095 1.39 7.89 3.16 6.125 2300 7.175 90 40 5975 1.673 0.830 63.75
| 11 3.0 4220 250 11.48 205 1398 5.60 6.100 2.025 7.700 90 40 5850 1.653 0.720 180.00

12 25 41.40 225 11.68 2.08 1455 5.09 7.250 3.500 6.600 90 40 6.925 1415 0.825 80.00

. 13 39 2610 125 10.42 155 9.640 3.85 5.250 2.300 8.825 90 40 5.750 0.955 0.700 9375
14 37 2670 1.75 10.35 1.70 10.85 4.34 6.725 3.525 9.900 100 42 5.750 1.528 0.690 100.00
” 15 39 3025 2.00 1123 1.60 9.85 3.94 5625 1925 6.250 90 40 6.125 1.678 0.800 127.50

16 29 4390 1.75 12.70 2.17 1896 7.58 5.675 2.800 9.550 96 41 6.750 1.611 0.770 90.00

17 31 3515 2.00 1143 170 1096 3.84 5275 2.050 7.250 100 45 6.625 1.528 0.690 126.25
18 29 2745 200 1125 157 9.65 3.38 5700 2.225 9.803 92 45 5950 1.225 0.740 103.75

19 58 2690 175 1125 149 9.01 3.16 4.450 1300 4.675 100 45 5.825 1770 0.930 195.00

2 36 3465 150 1143 173 1116 446 5450 25757200 90 40 6.650 1.690 0.880 118.75

| Mean 3.8 41.001.8625 12.021 1.833 16.6049 6.39795.905 2.406 8.572 93 41.5 6.2469 1.4300 0.7237 147.10

. CD 11 583 NS 0269 0.201 2.835 0.759 1.445 0.551 3.205 1.52 152 0.436 0.06 0.33 74.66

t height, 3: No. of secondary branches in root, 4: root length (cm), 5: root diameter
ength (cm), 9: leaf width (cm), 10: leaf area (cm®), 11: days to flower
(mm), 14: berry fresh weight (g), 15: berry dry weight (g), 16: No.

Where, 1: No. of branches/plant, 2: plan
(mm), 6: root fresh weight (g), 7: root dry weight (g), & leaf ]
Initiation, 12: days to berries formation, 13: berry diameter
of berries/plant,

*Mean value from four replicates of five plants in each replicate; _
area meter (five leaves/replicate) were selected at random from different upper,

*Mgan value from four replicates of five plants in each replicates showing over 5
replicates of 10 berries in each replicate, +++measured in mm., using SCrew gauge.

#*\ean value from five plants each, **Measured using leaf
middle and lower region

0% flowering, ++Mean value from four
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replicate. Poshita registered maximum seed yield
(29.03 g/plant), whereas JA-20 registered

minimum seed yield (15.28 g/plant).

Cluster analysis

The 20 accessions could be grouped into 5 distinct

Table 3. Seed characters in ashwagandha

Genotype DSH Yield/plant* 1000-seed

No. (g) weight (g)

1 185 29.03 1.95

2 180 15.28 2.05
Fig. 1. Variation in leaf shape 3 180 94.83 i

4 185 19.70 1.86

(Table 2). Variety Poshita recorded maximum
number of days (46 days). Genotypes Nos. 17, 5 180 18.50 1.96
18 and 19 procured from seed traders (Kharibaoli,

: of 2.13

Delhi) and one genotypc No. 4 procured from 6 el s
JNKVYV, Jabalpur, recorded 45 days to berry 7 180 18.68 1.87
formation. Rest of the genotypes, in general
required 40 days for berry formation. Berry 8 180 20.28 2.02
diameter ranged between 5.750 mm (genotype

. 16.1 2.37
Nos. 13 and 14) to 7.713 mm (genotype No. 4). 2 180 &:13
Fresh weight ranged between 0.750 g (genotype 10 180 20.78 2.25
No. 1: Poshita) to 1.870 g (genotype No. 7: Red
berries purified and multiplied at IARI, New 11 180 18.95 2.20

- 1 1 oyl ) - 1 51 i
Delhi, during 2007-08). Dry weight of s.lmllar 12 180 20.25 232
genotypes ranged between 0.640 g (Poshita) to
0.952 g (genotype No. 7). Poshita variety 13 180 17.17 231
registered the maximum number of berries
(356.25/plant), whereas genotype L-1 (No. 4) L 185 18.50 1.80
registered the minimum number of berries (45.00/ 15 180 16.18 2,50
plant). Visual scoring of berry colour at maturity, : ‘
registered either yellow or red berries. 16 180 21.00 2.08
Seed characters k4 186 19.40 2.28
All the 20 accessions showed significant variation 18 186 17.25 2.37
for seed quantitative characters, i.e. days to seed
! 19

harvest, 1000-seed weight (TSW) and yield/plant. a0 17.55 2.40
There was no variation in seed colour and seed 20 180 24.70 2.16
shape. Mature seeds registered reniform shape |
and yellow colour. Data showed that days to seed Mean  181.65 19.61 2.14
1( st r¢ & o) 5
;;rvses r”m.ggd between 180 and 186 days (Table CD 1.879 1.544
3). Seed yield /plant correspond to the number
of branches/plant and plant height. It is the mean Whiee, P SH: Days to seed harvesting from seed sowing,
value from four replicates of five plants in each rz/;iﬁcr;:/ealuefromfOurreplicatesoffiveplants et
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Table 6. Inter cluster and intra cluster distances among
ashwagandha genotypes

Cluster 1 1l 11 v A

1 2.429

11 13.225  0.000

111 3176 13387 . 2.142

Y 3385 11,268 - 3.898. . - 2.558

v 3.790 12.267 4.282 4.214 2.678

clusters. The largest cluster, ie. cluster I
comprised 6 genotypes, whereas cluster II, III,
IV and V had 1, 3, 5 and 5 accessions,
respectively (Table 4). The genotypes within a
cluster have smaller D” values. The genotypes
falling in highly divergent groups may help in
identifying contrasting parents needed for
carrying out the breeding programme and
generating the variability.

The mean value of cluster showed the
average performance for various characters
studied. The genotypes tended be to grouped
together in separate clusters on the basis of low,
moderate or high mean values for different
morphological characters (Table 5). Cluster means
registered considerable differences among the
clusters. Cluster I exhibited highest expression for
the berry fresh and dry weight (0.80 g) and no.
of seeds/berry, whereas traits, viz. leaf area, leaf
width, berry diameter, days to flower initiation,
days to early berry formation, days to seed
harvesting and no. of secondary branches in roots
had minimum expression (Table 5). The genotypes
of Cluster II exhibited maximum plant height,
number of branches/plant, leaf area, leaf length,

leaf width, number of berries/plant, days to
flower initiation, days to berry formation, seed
~ yield/plant, root length, root diameter, fresh
~ weight of root/plant and dry weight of root/

T howed minimum expression for

berry fresh weight and berry dry
However, the remaining traits
ression. Cluster 111 recorded

ht, leaf width, leaf length,
days to berry formation,

berry dry weight, days to seed harvesting, seeq
yield /plant, root length, root diameter, fresh and
dry weight of root/plant, whereas the remaining
traits had moderate expression. Cluster [y
showed minimum number of branches/plant, leaf
area and days to berry formation, whereas
remaining traits had moderate expression. The
genotypes of Cluster V exhibited minimum
number of berries/plant and maximum days to
seed harvest (Table 5), whereas rest of the
characters showed moderate expression.

It was observed that average intra cluster
distance ranged from 0.00 to 2.678, whereas inter
cluster distance ranged between 3.176 and 13.387
(Table 6). Cluster II, which comprised of variety
Poshita only, had no intra cluster distance,
whereas cluster V had the maximum intra cluster
distance (D=2.678). The highest inter cluster
distance was between II and III (13.387), thus,
indicating wide diversity among genotypes of
these two clusters. The least inter cluster distance
was between I and III (3.176). Therefore, the
genotypes from cluster II and III may prove better
in crop improvement for different traits by
producing desirable hybrid combination. These
genotypes may further be utilized in selection of
ashwagandha varieties or hybrids for desirable
economic characters. The clustering pattern
indicated that the genotypes did not cluster as
per geographical distribution (Table 4).

The present study showed extensive variation
among the genotypes and varieties. Depending
upon the aim of crop improvement, potential
lines can be selected from different clusters as
parents in hybridization programme. The
contrasting parents from different clusters can be
used in breeding programme and desirable traits
can be incorporated in the improved cultivars.
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