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Abstract 

Forty diverse genotypes of Ashwagandha [ Withania somnifera (L.)Dunal]  were e v a l u a t e d  fo r  1 2  

q u a n t i t a t i v e  c h a r a c t e r s .  H i g h e r  ma g n i t u d e  o f  g e n o t yp i c  and phenotypic  coefficient  of  variat ion 

was recorded for leaf width, number of p r i m a r y  b r a n c h e s  p e r  p l a n t ,  n u m b e r  o f  s e c o n d a r y  

b r a n c h e s  p e r  p l a n t ,  r o o t  l e n g t h ,  d r y  w e i g h t  o f  r o o t ,  w i t h a n o l o i d e  c o n t e n t  a n d  s t a r c h  c o n t e n t .  

H i g h  h e r i t a b i l i t y  i n  c o n j u c t i o n  w i t h  h i g h  g e n e t i c  a d v a n c e  w e r e  o b s e r v e d  fo r  d r y  we i g h t  o f  

r o o t ,  r o o t  l e n g t h ,  d i a me t e r  o f  r o o t  a t  c o l l a r  r e g i o n ,  wi t h a n o lo i d e  conten t  an d  s t a rch  con ten t  

wh ich  ind ica t ed  th a t  se l ec t io n  co uld  b e  e f fec t ive  fo r  th ese  t r a i t s .  Th e  e s t i m a t e s  o f  c o r r e l a t i o n  

c o e f f i c i e n t  r e v e a l e d  t h a t  t h e  g e n o t y p i c  c o r r e l a t i o n s  w e r e  h i g h e r  t h a n  t h e i r  c o r r e s p o n d in g  

p h e n o t yp i c  c o r r e l a t i o n  fo r  a l l  c h a r a c t e r s .  I t  wa s  o b s e r v e d  that  root  length, diameter o f root  at  

collar  region,  plant  height ,  leaf length,  leaf width, days to flower initiation and days to maturity 

showed significant positive as so c i at io n  wi th  d ry we ig h t  o f  roo t  a t  gen otyp ic  as  we l l  a s  p h eno typ ic  

l eve l s .  P ath  an a lys i s  r evea l ed  th a t  p l an t  h eigh t ,  d ays  to  matu r i t y ,  d i amete r  o f  ro o t  a t  co l lar  

region  and  leaf wid th  were  major  characters  h aving posi t ive  d i rect  effect  and  s ign i fican t  

associat ion  wi th  dry roo t  yie ld  per  p lan t .   Hence sel ect ion  for  th ese  t ra i t  would  be qu i te  e f fect ive  

to  impro ve d ry roo t  yie ld  i n  Ashwagandha. 

 

K eyw ords:  

Ash wagan d h a ,  gen et i c  va r i ab i l i t y ,  co rre l a t io n ,  path  analys is .  

 

Ashwagandha ( Withania somnifera 

(L.)Dunal. )  (2n=48),  a lso known as  

Indian ginseng,  (poison) gooseberry or 

winter cherry is a plant of the 

solanaceaefamily (Mir et al., 2013). I t  is 

native of North-Western and Central India 

as well as Mediterranean region of North 

Africa. It  grows in dry and sub-tropical 

regions. In India, two species of genus 

Withania viz., Withania sornnifera (L.)Dunal 

(Ashwagandh) and Withania coagulants 

(L.)Dunal (Panir) a r e  f o u n d .  

A s h w a g a n d h a  i s  c u l t i v a t e d  m a i n l y  

i n  M a d h y a  P r a d e s h ,  R a j a s t h a n ,  

G u j a r a t ,  M a h a r a s h t r a ,  P u n j a b  a n d  

U t t a r  P r a d e s h ,  w h e r e a s ,  Withania 

coagulants (L.) found in wild. It  is late 

kharif  crop and grows under dry climate or 

requires less irrigation for plant growth and 

rainfed cultivation. Most ly i t  is  grown on 

marginal  lands of Neemuch and Mandsaur  

distr icts  of M a d h ya  P ra d e s h  a n d  K o ta ,  

J h a l a wa r ,  P r a t ap g a r h ,  C h i t t o r g a r h  a n d  

B a r a n districts of Rajasthan. Among the 

various medicinal plants, Ashwagandha is 

cult ivated over  an area of 15,000 ha (wi th  

a  p ro d uc t io n  o f  6 0 ,0 0 0  q /ha  and  

p ro d uc t iv i t y  o f  4 .0 0  q /ha  (P a t id a r ,  

2 0 1 2) .   I n  Madhya Pradesh, it  is 

cultivated over an area of 8,000 ha with a 

production of 32,000 q and productivi ty  

of 4 .00 q/ha.  I n  A y u r v e d a ,  t h e  r o o t s  

o f  A s h w a g a n d h a  k n o w n  t o  p o s s e s s  

h e a l t h  maintenance  and  res tora t ion 

proper t ies,  which are  simi lar  to  ginseng  

roo ts ;  hence  i t  i s  ca l led  as  Ind ian 

ginseng.  I t  i s  an adoptogenic  herb  and 

i t s  roo ts ,  seeds and leaves  are used  in 

Ayurvedic and Unani medic ines.  The roo t  

drug f ind s  an  i mp o r tan t  p l ace  i n  

t r ea t me nt  o f  r h eu ma t i c  p a in ,  

i n f l a mma t io n  o f  joints,  nervous 

disorders,  female disorders, hiccup, cold, 

cough, as a sedative, ulcers and leprosy 

etc .  Ashwagandha and its extracts are used 

in the preparat ion of herbal  tea,  powders,  

tablets and syrups.  The main active 

consti tuents are alkaloids and steroidal 

lactones.  The leaves contain the s t e r o i d a l  

l a c t o n e s ,  w i t h a n o l o i d e .  A s h w a g a n d h a  

r o o t  c o n t a i n s  0 . 4  -  1 . 2 %  a l k a l o i d s ,  

4 0 - 6 5 %  s t a r c h ,  4 0 - 6 5 %  f i b r e s  a n d  

m i n o r  q u a n t i t y  o f  o i l .  T h e  i mp o r tan t  

che mica l  co n s t i t uen t s  a r e  a lka lo id s  

( wi t ha no lo id e )  tha t  a r e  p r e sen t  i n  

r o o t s ,  l e a f  a n d  b e r r i e s .  L i mi t e d  
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b r e ed i n g  wo r k  h a s  b e e n  d o n e  i n  t h i s  

i mp o r t a n t  me d i c i n a l  c r o p  fo r  

d evelop ing  h igh  yie ld ing  var ie t ie s .  

T he re  a r e  s t ro ng  p o ss ib i l i t ie s  to  d evelop  

genotypes having high dry root  yield  and 

withanoloide content .  Assessment o f 

v a r i a b i l i t y  p r e s e n t  i n  A s h w a g a n d h a  

a c c e s s i o n s  i s  a n  i mp o r t a n t  a s p e c t  f o r  

i mp ro ve ment  o f  th i s  c ro p .  

Cha ra c te r i s t i c  q uan t i f i ca t io n  o f  ge ne t i c  

va r i ab i l i t y  ha s  l o n g  b e en  a  ma j o r  go a l  

i n  b r eed i n g .  T he r e fo re ,  t h e  p r e se n t  

i n ve s t i g a t io n  was  car r i ed  out  to  access  

the  genet ic  var iab i l i t y ,  cor re la t io n  and  

pa th ana lys i s  in Ashwagandha.  

 

The experimental material consist of 40 genotypes 

of Ashwagandha were so wn in  randomized 

b lock des ign compr is ing  three 

rep lica t ions  wi th  two rows p lo t  ea c h  o f  

3 .0  m l e n g t h ,  ma i n t a i n i n g  c r o p  

ge o me t r y  o f  4 5  x  1 0  c m a t  t h e  research 

fa rm of  Medic ina l  and  Aro ma t ic  P lants 

P rojec t ,  Anand  Agr icul tura l  U n i v e r s i t y ,  

A n a n d d u r i n g  K h a r i f  2 0 1 2 -1 3 .  T h e  

r e c o mme n d e d  a g r o n o mi c a l  practices 

were adopted to  raise a  healthy crop.  The 

experimental  mater ial  was eva lua ted  for  

12  charac ters v iz . ,  plant  he ight  (cm) ,  

leaf  length (cm) ,  leaf  wi d t h  ( c m) ,  d a ys  

to  f lo we r  i n i t i a t io n ,  d a ys  to  ma t ur i t y ,  

n u mb er  o f  p r i ma r y  branches per  plant ,  

number  of secondary branches per  plant ,  

root  length (cm),  d i a me t e r  o f  r o o t  a t  

c o l l a r  r e g i o n  ( c m) ,  d r y  we i g h t  o f  r o o t  

( g / p l a n t ) ,  t o t a l  withanoloide content (%) 

and starch content (%).Analysis of variance to 

test the significant difference among accessions for 

each character was carried out as per methodology 

advocated by (Panse and Sukhatme, 1967a). PCV 

and GCV were calculated by the formula given by 

(Panse and Sukhatme, 1967b), heritability in broad 

sense (h
2
) was worked out by using the formula 

suggested by (Burtan and Devane, 1953) and 

genetic advance were calculated by using the 

procedure given by (Johnsonet al., 1955). The 

genotypic and phenotypic correlation were 

calculated following the method of Singh and 

Chaudhary (1985) whereas the path coefficient 

analysis as per the method given by Dewey and Lu 

(1959).   

 

The analysis of variance revealed that  

significant differences among genotypes 

for all  t h e  c ha rac te r s  u nd e r  s t ud y ,  

wh i c h  i nd i ca ted  t h a t  e xp e r i me n ta l  

ma t e r i a l   had  sufficient genetic variability 

for different traits (Table 1).  High degree 

of var iabil i ty in the experimental  

mater ial  existed for  charac ter s  l i ke   

number  o f  seco nd ary b ranches  pe r  p l an t ,  

d ry we igh t  o f  ro o t ,  wi thano lo id e  content  

and  s ta rch co nten t  a s  revea led  b y high 

PCV and  GCV est imates ;  whi le  re s t  o f  

characters were having low to moderate 

GCV per cent.  All cha rac te r s  s h o w e d  

h i g h  m a g n i t u d e  o f  h e r i t a b i l i t y  w h i c h  

i n d i c a t e d  t h e  l e s s  i n f l u e n c e  o f  

e n v i r o n m e n t  o n  t h e s e  t r a i t s .  The 

estimates of genetic advance as per  cent  

of  mean were  high coupled wi th high 

her i tabi l i ty recorded  for  al l  t ra i t s  excep t  

days to  matur i ty  ( T a b l e  2 ) .  T h e  s i m i l a r  

r e s u l t s  h a v e  a l s o  b e e n  repor ted  ear l ie r  

b y Dubey (2010)  and  Sangwan e t  a l .  

(2013)  in  Ash wagandha .   

 

In the present investigation, the genotypic 

correlation coefficient was higher in 

magnitude than the i r  corresponding 

phenotypic corre lat ion coeff ic ient  fo r  

most  o f  t h e  c h a r a c t e r s  i n d i c a t i n g  t h e  

d e p r e s s i o n  o f  p h e n o t y p i c  e x p r e s s i o n  

b y  environmental influences (Table 3). 

Dry weight of root showed posit ive and 

signficant high association with root 

l e n g t h ,  d i a m e t e r  o f  r o o t  a t  c o l l a r  

r e g i o n ,  dry weight  of root  were plant 

height ,  leaf length,  leaf width,  d a ys  to  

f lo we r  i n i t i a t io n  a nd  d a ys  to  ma t ur i t y  

a t  b o t h  t h e  g e n o t y p i c  a n d  p h e n o t yp i c  

l e v e l s .  S t a r c h  co n te n t ,  no .  o f  p r i ma r y  

an d  se co nd a r y b r a n c he s  s ho wed  no  

association with dry weight of root. Hence 

these traits may be considered as selection 

indices for the improvement of dry weight 

of root (Table 3). The withanoloid had 

significant and negative association with 

leaf length both at genotypic and 

phenotypic level.  Leaf width and dry 

weight of root had significant and negative 

association at phenotypic level only and it 

may be due to environment influence.  

Hence improvement of dry root weight 

through its selection indices except leaf 

length will not affect alkaloid level.  Such 

correlations were also obtained by 

Kandalkar et al., (1993), Kubsad et al., 

(2009), Dubey (2010), Rameshk u mar  et 

al., (2011) and Sangwan et al. (2013) in 

Ashwagandha.  

 

The estimates of correlation coefficient 

mostly indicate inter -relationship of 

d i ffe rent  charac ters  but  i t  does no t  

furnish informat ion on cause  and  effec t .  

The contribution of characters towards the 

yield can be detected by direct and indirect 

effects. Path analysis helps in estimating 

both the effects of a specified charac ter  on  
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roo t  yie ld .  The  re sul t s  revea led  tha t  

p lant  he igh t  and  days  to  matur i ty,  

fol lowed by diameter  of root  at collar 

region and leaf wid th  were  ma j o r  

cha rac te r s  ha v i ng  p o s i t ive  d i r ec t  e f fec t  

and  s i g n i f i can t  associat ion with dry root 

yield per plant.  The direct effect of root 

length and  number of pr imary branches 

per  plant  was moderate but its association 

with dry root yield was positive because of 

positive and high indirect effect through 

plant height and leaf width.  Negative direct 

effect of leaf length, days to flower 

initiation, no. of ssecondary branches, 

withanoloid and starch content  on dry root 

yield (Table 4).  Similar results were also 

obtained by Kandalkar et al., (1993), 

Kubsad et al., (2009), Dub ey (2010 ) ,  

Rameshk u mar  e t  a l . ,  (20 11)  and  

Sang wan e t  a l .  (2 013 )  in  Ashwagandha. 

Thus, plant height,  days to maturity, 

diameter of root at collar region and leaf 

width may be used as selection indices fo r  

i mp ro ve ment  o f  d r y  ro o t  yi e ld  i n  

Ashwagandha.  
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Table 1. Analysis of variance for different characters in Ashwagandha  

Characters 
Mean sum of squares 

Replications Genotypes Error 

d.f. 2 39 78 

Plant height (cm) 1.266 115.61** 12.01 

Leaf length (cm) 0.305 3.89** 0.17 

Leaf width (cm) 0.059 1.363** 0.018 

Days to flower initiation 2.34 196.43** 14.11 

Days to maturity 21.81 170.75** 33.32 

Number of primary branches per plant 0.216 2.32** 0.357 

Number of secondary branches per plant 0.104 1.125** 0.121 

Root length (cm) 0.006 20.32** 0.407 

Diameter of root at collar region (cm) 0.001 0.048** 0.002 

Dry weight of root (g/plant) 0.002 1.203** 0.019 

Withanoloide content (%) 0.0005 0.0148** 0.0002 

Starch content (%) 1.086 138.59** 2.76 

 

Note: *, ** Significant at 5% and 1 % levels, respectively 

 

 

 

 

 

 

 

 

 

Table 2. The estimates of variability parameters for different characters in Ashwagandha 

 

Characters 
h

2 
bs 

(%) 

GCV 

(%) 

PCV 

(%) 

GA 

(% mean) 

Plant height (cm) 74.19 12.31 14.29 21.85 

Leaf length (cm) 87.84 13.22 14.10 25.52 

Leaf width (cm) 96.02 16.17 16.50 32.62 

Days to flower initiation 81.38 11.56 12.81 21.44 

Days to maturity 57.89 5.13 6.74 8.04 

No. of primary branches per 

plant 
64.72 16.55 20.57 27.51 

No. of secondary branches per 

plant 
73.36 20.45 23.87 36.06 

Root length (cm) 94.22 15.36 15.83 30.70 

Diameter of root at collar region 

(cm) 
87.59 11.03 11.78 21.45 

Dry weight of root (g/plant) 95.39 31.78 32.54 63.74 

Withanoloide content (%) 95.21 24.40 25.01 48.97 

Starch content (%) 94.24 25.44 26.21 50.90 
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Table 3. Genotypic (rg) and phenotypic (rp) correlations among different characters in Ashwagandha 

Character  Plant 

height 

(cm) 

Leaf 

length 

(cm) 

Leaf 

width 

(cm) 

Days to 

flower 

initiation 

Days to 

maturity 

No. of 

Primary 

branches 

per plant 

No. of 

Secondary 

branches 

per plant 

Root 

length 

(cm) 

Diameter 

of root at 

collar 

region 

(cm) 

Withanoloide 

content (%) 

Starch 

content 

(%) 

Dry weight of root 

(g/plant) 

rg 0.730** 0.765** 0.737** 0.346* 0.448** -0.080 -0.188 0.672** 0.614** -0.305 -0.092 

rp 0.613** 0.693** 0.703** 0.302** 0.312** -0.088 -0.136 0.640** 0.552** -0.297** -0.082 

Plant height (cm) rg 1.000 0.703** 0.496** 0.273 0.333* -0.059 0.065 0.541** 0.581** -0.207 0.384* 

rp 1.000 0.539** 0.413** 0.189 0.220* -0.042 0.069 0.463** 0.474** -0.164 0.332** 

Leaf length (cm) rg 
 

1.000 0.916** 0.305 0.438** -0.239 -0.096 0.627** 0.544** -0.323* 0.132 

rp 
 

1.000 0.854** 0.287** 0.288** -0.128 -0.090 0.563** 0.483** -0.293** 0.125 

Leaf width (cm) rg 
  

1.000 0.188 0.401* -0.250 -0.286 0.631** 0.458** -0.235 -0.015 

rp 
  

1.000 0.151 0.291** -0.207* -0.226* 0.594** 0.431** -0.220* -0.011 

Days to flower 

initiation 

rg 
   

1.000 1.008** -0.177 0.049 0.232 0.140 -0.169 -0.294 

rp 
   

1.000 0.642** -0.066 0.062 0.196* 0.124 -0.160 -0.245* 

Days to maturity rg 
    

1.000 -0.299 -0.157 0.451** 0.093 -0.186 -0.327* 

rp 
    

1.000 -0.112 -0.052 0.333** 0.048 -0.163 -0.239* 

No. of Primary 

branches per plant 

rg 
     

1.000 0.527** -0.130 -0.090 0.132 -0.116 

rp 
     

1.000 0.370** -0.088 -0.094 0.082 -0.118 

No. of Secondary 

branches per plant 

rg 
      

1.000 -0.230 0.077 -0.187 0.223 

rp 
      

1.000 -0.185 0.041 -0.169 0.203* 

Root length (cm) rg 
       

1.000 0.208 -0.169 -0.014 

rp 
       

1.000 0.189 -0.163 -0.017 

Diameter of root at 

collar region (cm) 

rg 
        

1.000 -0.114 0.100 

rp 
        

1.000 -0.095 0.107 

Withanoloide 

content (%) 

rg 
         

1.000 0.052 

rp 
         

1.000 0.047 

Note : *,** significant at 5% and 1% levels, respectively 
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Table 4. Genotypic path coefficient analysis showing direct (diagonal and bold) and indirect effects of different characters on dry root yield in Ashwagandha  

Characters Plant 

height 

(cm) 

Leaf 

length 

(cm) 

Leaf 

width 

(cm) 

Days to 

flower 

initiation 

Days to 

maturity 

No. of 

Primary 

branches 

per plant 

No. of 

Secondary 

branches 

per plant 

Root 

length 

(cm) 

Diameter 

of root at 

collar 

region 

(cm) 

Withanoloide 

content (%) 

Starch 

content 

(%) 

Genotypic 

correlation 

Dry root yield 

per plant  

Plant height (cm) 0.428 -0.078 0.136 -0.058 0.105 -0.010 -0.011 0.075 0.174 0.032 -0.061 0.730** 

Leaf length (cm) 0.301 -0.111 0.252 -0.065 0.138 -0.042 0.016 0.087 0.163 0.050 -0.021 0.765** 

Leaf width (cm) 0.212 -0.102 0.275 -0.040 0.126 -0.044 0.047 0.087 0.137 0.036 0.002 0.737** 

Days to flower 

initiation 
0.117 -0.034 0.052 -0.213 0.317 -0.031 -0.008 0.032 0.042 0.026 0.047 0.346* 

Days to maturity 0.142 -0.049 0.110 -0.215 0.315 -0.053 0.026 0.062 0.028 0.029 0.052 0.448** 

No. of primary 

branches per plant 
-0.025 0.027 -0.069 0.038 -0.094 0.178 -0.087 -0.018 -0.027 -0.020 0.018 -0.080 

No. of secondary 

branches per plant 
0.028 0.011 -0.079 -0.010 -0.049 0.094 -0.166 -0.032 0.023 0.029 -0.036 -0.188 

Root length (cm) 0.232 -0.070 0.173 -0.049 0.142 -0.023 0.038 0.138 0.062 0.026 0.002 0.672** 

Diameter of root at 

collar region (cm) 
0.249 -0.061 0.126 -0.030 0.029 -0.016 -0.013 0.029 0.299 0.018 -0.016 0.614** 

Withanoloide 

content (%) 
-0.089 0.036 -0.065 0.036 -0.058 0.023 0.031 -0.023 -0.034 -0.154 -0.008 -0.305 

Starch content (%) 0.164 -0.015 -0.004 0.063 -0.103 -0.021 -0.037 -0.002 0.030 -0.008 -0.160 -0.092 

 

Note: *,** significant at 5% and 1% levels, respectively 

Residual effect: 0.148 

 

 

 


