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AB STRACT : In an ex per i ment con ducted on ashwagandha (Withania somnifera Dunal), to
study the re sponse of dif fer ent or ganic amend ments with or ganic ma nure (FYM) and
bio-fer til iz ers in re la tion to plant growth, root yield and qual ity pa ram e ters it was found that the
seed lings (5-7 leaf stage) in oc u lated with Azospirillum @ 105 or 106 CFU re sulted a sig nif i cant
in crease in plant growth and bio mass yield. How ever, the root and seed yields were ob served
higher in the plants planted in soil amended with vermi-com post and FYM @ 2 or 3 kg / 1.8 m2

/plot. The plant height var ied sig nif i cantly among all the treated plots but re main taller (24.80 cm)
in plots treated @ 2kg FYM hav ing max i mum stem di am e ter (0.48 cm) at 30 DAP (days af ter
plant ing) and high est num bers of leaves per plant (438) af ter reach ing 75 DAP fol lowed by
seed ling treated with Azospirillum @ 106 CFU. How ever, the low est num ber of leaves per plant
(97.4) was ob served in the plants grown in plots amended vermi-com post @ 2kg / plot. Num ber
of branches per plant re mained high est (51.0) with plants treated with Azospirillum @ 106 CFU,
soil amended with vermi-com post @ 2kg and FYM @ 3 kg/ plot fol lowed by plants grown  with
Azospirillum @ 105 CFU (46.0). Whereas, the plants grown in plots amended with out FYM
pro duced least num ber of branches (21.2) even at 75 DAP. Fresh root weight per plant was
ob served max i mum (24.0 g) in the plants amended with vermi-com post @ 2kg and FYM @
3kg/plot and in oc u lated with Azospirillum @ 106 CFU. How ever, the dry weight of the roots 
re mained high est ( 7.6g /plant) in the plants treated with FYM @ 3kg , vermi-com post @ 2 kg /

plot  and in oc u lated with Azospirillum @ 105 CFU.
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In dia is known as a trea sure house of
me dic i nal and ar o matic plants for ages. Me dic i nal
plants have been clas si fied as trees, shrubs, woody
perennials, an nu als and bi en ni als, and climb ers.
Their dis tri bu tion spreads all over In dia,
Baluchistan, and Punjab and in Sind in the In dian
sub-con ti nents. Sev eral of these grow abun dantly in 
the drier parts of In dia ascentily to 5500 ft in
Hi ma la yas. Among the perennials, Ashwagandha is 
very well adapted to grow un der sub trop i cal and
dry cli mate in well drained, sandy loam or light red
soils hav ing ph of 7.5 to 8.0 with an av er age rain fall 
of 600-750 mm. Ashwagandha is be ing cul ti vated
on large scale as me dic i nal plant, es pe cially on
mar ginal lands in sev eral dis tricts of Madhya
Pradesh, cov er ing an area of more than 4000
hect ares (Nigam, 8). In the re cent years, cul ti va tion
of Ashwagandha has been ex tended to the ar eas of
Kota in Rajasthan, foot-hills of Punjab and

Himachal Pradesh and Tarai re gions of Uttarakhand 
and Uttar Pradesh. Com mer cial cul ti va tion, be ing
on pri or ity for high re turns needs a sus tained and
ag ro nomic pack age for pro duc tion of eco nom i cally
safe raw ma te rial for phar ma ceu ti cal in dus try on
large scale. Ow ing to the in creased de mand for
or ganic and safe prod ucts in the mar ket as
ashwagandha roots, leaves and seeds are used in
for mu la tion of var i ous Ayurvedic and Unani
med i cines, there is pru dent to cul ti vate this crop
with an ap pli ca tion of Vermi-com post and FYM 
along with a ben e fi cial free-liv ing soil bac te ria
usu ally ap plied as plant growth pro mot ing
Rhizobacteria or PGPR in the for mu la tion as
strains of Azospirillum, which  lives in close
as so ci a tion of plant roots and en hance plant growth
by its abil ity to fix at mo spheric ni tro gen,
pro duc tion of indole ace tic acid, siderophore,
ni trate and sin gle mol e cules  re sult ing in an
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in creased min eral up take  in the plant roots (Bashan 

and Holguin, 4). 

It has been proven that var i ous strains of
Azospirillum are ca pa ble of pro mot ing the yield of
eco nom i cally im por tant me dic i nal and ar o matic
crops in dif fer ent soils and cli ma tic re gions, us ing
var i ous strains of A. brasilense and A. lipoferum
and cultivars of dif fer ent spe cies of plants (Bashan
and Levanony, 3). Sev eral field ex per i ments have
re vealed a sig nif i cant in crease in dif fer ent plant
growth pa ram e ters in clud ing grain yield re corded
un der all lev els of treat ments of ni tro gen due to
Azospirillum in oc u la tions over those un-in oc u lated 
and proved the im por tance of use of bio-fer til izer
(Okon and Labandera-Gon za lez, 10). In
Azospirillum ap pli ca tion has also in creased the
ni tro gen avail abil ity in soil through bi o log i cal
ni tro gen fix a tion re sult ing in the pro mo tion of cell
di vi sion and syn the sis of or ganic com pounds in
leaves, ul ti mately in creas ing the bio mass and root
yield (Arul, 2) and con se quent in crease in to tal
al ka loid con tent in var i ous plant parts in clud ing

roots (Srivastava et al. 15). 

The ap pli ca tion of in or ganic nu tri ents may not 
sig nif i cantly in flu ence the var i ous eco nomic traits
in con tra dic tion due to the fact that biosynthesis of
sec ond ary me tab o lites is un der ge netic con trol to
in flu ence plant growth and seed yield in var i ous
re spon sive crops  in clud ing Ashwagandha as
re ported by Umrao et al. (16) but the de vel op ment
of a re li able and con sis tent in oc u la tion tech nol ogy
de ter mines that the ap pli ca tion of Azospirillum,
FYM and Vermi-com post, in ter ac tion   ben e fi cial
with re gards to  a bi o log i cal model for fun da men tal
stud ies on sym bi otic as so ci a tions be tween them to
have a sig nif i cant im pact in fu ture ag ri cul tural
pro duc tion. There fore, the pres ent ex per i ment was
con ducted to see and eval u ate a re sponse of
bio-or ganic nu tri tion through a ap pli ca tion of
FYM, Vermi-com post and Azospirillum in

Ashwagandha (Withania sominifera Dunal.). 

MA TE RI ALS AND METH ODS 

The pres ent ex per i ment was car ried out at the

ex per i men tal fields of Ch. Shivnath Singh
Shandilya (P.G.) Col lege, Machhra, Meerut (U.P)
dur ing the two con sec u tive years viz. 2005-06 and
2006-07 on Ashwagandha (Withania somnifera) cv. 
Jawahar-20 un der the field con di tions us ing of
FYM (Farm Yard Ma nure), Vermi-com post and
Azospirillum. The ex per i ment was laid out in the
fac to rial RBD un der three rep li ca tions. The
in gre di ents of ex per i men tal field were kept in the
com bi na tions com pris ing of FYM, (0 kg/plot (F0),
2 kg/plot (F1) or 3 kg/plot (F3), Vermi-com post 0
kg/plot (V0), 2 kg/plot (V1) or 3 kg/plot (V2) and
Azospirillum 0 CFU/plot (AZ0), 105 CFU/plot

(AZ1) or 106 CFU/plot (AZ2). 

Extraction of total alkaloid and withanaloid
content was done employing the ‘Gravimetric
method taking a sample of 10 g of fine powdered
roots in methanol immersed in ‘Soxhlet Apparatus’
for 6 h. After removal of the methanol from the
flask a residue was then filtered with N/2 H2SO4

consequently, five times and brought to 7 pH by
adding 20% KOH solution @ 11.5 pH. The
resultant residue was washed out to diluted
chloroform to purify available alkaloid content and
finally the left over chloroform layer was
water-distilled by rejecting the aqueous solution.
Alkaloid and withanaloid (%) were pre-weighed
and dried to a constant weight; and finally recorded
as total withanaloid content. The package and
practices of cultivation under experimental field
were followed as per standard recommendations.
The data on plant growth, yield and quality
parameters were analyzed for least errors by the

methods as suggested by Panse and Sukhatme (11).

RE SULTS AND DIS CUS SION 

The re sults ob tained from the in ves ti ga tions
car ried out on ashwagandha cv Jawahar-20 to study 
the re sponse of bio-or ganic nu tri tion em ploy ing an
ad mix ture of Vermi-com post and FYM @ 2, 3
kg/plot, re spec tively and plants in oc u lated with
Azospirillum @ 105 and 106 CFU be fore
trans plant ing re vealed that all the plant growth, root 
yield and qual ity pa ram e ters dif fered sig nif i cantly
among plots amended with bio-or ganic
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amend ments. The plant height was re corded
max i mum (84.4 cm) in the plants treated with
Vermi-com post @ 3 kg/plots, FYM @ 2 kg/plot
and in oc u lated with Azospirillum @ 106 CFU and
min i mum (58.9 cm) in the plants ap plied with
Vermi-com post @ 3 kg and FYM @ 2 kg per plot
with out in oc u la tion of Azospirillum (Ta ble 1). Stem 
di am e ter was max i mum (0.815 cm)in the plants
treated with Vermi-com post @ 3 kg per plot and
FYM @ 3 kg/plot and in oc u lated with Azospirillum
@ 105 CFU whereas, min i mum (0.54 cm) ap plied
with Vermi-com post @ 2 kg/plot with out FYM
ap plied and in oc u la tion of Azospirillum. Num ber of 
leaves/plant was re corded max i mum (384.4) in the
plants treated with Vermi-com post @ 3 kg/plot,
FYM @ 2 kg/plot and an in oc u la tion of plant with
Azospirillum @ 106 and min i mum (160.1) in the
plants in oc u lated with Azospirillum @ 105.
How ever, un treated plants re corded (124.2 leaves),
sig nif i cantly higher than the lower value. Num ber
of branches re corded was max i mum (45.6) in the
plants treated with Vermi-com post @ 3 kg/plot,
FYM @ 2 kg per plot and Azospirillum @ 105

in oc u la tion and min i mum (21.1) in the plant
ap plied with Vermi-com post @ 3 kg/plot and an
in oc u la tion of Azospirillum @ 106 CFU with out
FYM ap pli ca tion. Plant can opy (cm2) was re corded
max i mum (4.165 cm2) in the plants grown af ter
in oc u la tion with Azospirillum @ 106 CFU alone
and min i mum (2.075 cm2) in the plants raised in the 
plots amended with FYM @ 3 kg/plot and an
in oc u la tion of plants with Azospirillum @ 105. Leaf 
area (cm2) re corded was max i mum (67.43 cm2) in
the plants treated with Vermi-com post @ 3 kg,
FYM @ 3 kg each per plot and in oc u lated with
Azospirillum @ 105 and min i mum (33.36 cm2) in
plants grown with plots amended with
Vermi-com post @ 3 kg/plot and in oc u lated with
Azospirillum @ 106 CFU with out FYM ap pli ca tion. 
Num ber of ber ries/plant was re corded max i mum
(115.4) in the plants grown in the plots amended
with Vermi-com post @ 3 kg/plot, FYM @ 2 kg/plot 
and in oc u lated with Azospirillum @ 105 CFU
whereas, min i mum (19.5) was re corded in
un treated plants which re mained at par (21.2) with

those in oc u lated with Azospirillum @ 105 alone.
Num ber of seeds/berry was re corded max i mum
(46.8) in plants treated with Azospirillum @ 105

alone with out the ap pli ca tion of ad mix ture of
Vermi-com post and FYM and min i mum (27.6) in
the plants raised in the plots amended with
Vermi-com post @ 3 kg/plot, FYM @ 2 kg/plot and
in oc u la tion with Azospirillum @ 105. Main root
length per (Ta ble 2) plant was noted max i mum
(20.9 cm) in the plots  treated with FYM @ 3
kg/plot and plants in oc u lated with Azospirillum @
106 CFU with out an amend ment of the soil plots
with Vermi-com post and min i mum (12.6 cm) in the
plant treated with FYM @ 3 kg/plot and
in oc u la tion of plants with Azospirillum @ 105.
Num ber of pri mary roots/plant was re corded
max i mum (5.3) in the plants grown in the beds
ad mixed with Vermi-com post @ 3 kg/plot, FYM @ 
2 kg/plot and in oc u lated with Azospirillum @ 105

whereas, min i mum (1.55) in the plants treated with
FYM @ 2 kg/plot and in oc u lated with Azospirillum
@ 106. Num ber of sec ond ary roots was noted
max i mum (6.6) in the plants treated with
Vermi-com post ap plied @ 2 kg/plot and in oc u lated
with Azospirillum @ 106 with out the ap pli ca tion of
FYM. How ever, a min i mum sec ond ary roots (3.7)
were noted for the plants grown in the beds
amended with Vermi-com post @ 2 kg/plot  and
FYM @ 2 kg/plot. Sec ond ary root length was
re corded max i mum (7.07 cm) in the plants treated
with Vermi-com post @ 3 kg/plot and FYM 2
kg/plot and in oc u lated with Azospirillum @ 105 and 
min i mum (3.41 cm) in the plants treated with

Vermi-com post @ 2 kg/plot and FYM @ 2 kg/plot.

Fresh root weight/plant (Ta ble 2) was ob tained 
max i mum (28 g) in the plants treated with
Vermi-com post @ 3 kg/plot and FYM @ 3 kg/plot
and an in oc u la tion of Azospirillum @ 105 and
min i mum (11.75 g) with plants ad min is tered soil
beds with  Vermi-com post @ 2 kg/plot alone. Dry
root weight/plant was ob tained max i mum (7.47 g)
from the plants grown in beds ap plied with
Vermi-com post @ 3 kg/plot and FYM 2 kg/plot and 
in oc u la tion of Azospirillum @ 105 CFU. Whereas,
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Table 1: Plant growth, flowering and seed yield parameters of Ashwagandha (Withania somnifera Dunal.) as influenced 

by different bio-organic treatments.

Treatment

Plant
height
(cm)

Stem
diameter 

(cm)

Number
of

leaves/

plant

Number  
of

branches
/plant

Plant
canopy

(WxL,

cm2)

Leaf
area

(cm2)

No. of
berries/

plant

No. of
seeds/
berry

V0 F0 AZ0 59.50 0.635 124.20 37.00 3.465 51.53 19.50 29.90

V0 F0 AZ1 61.50 0.675 160.10 27.80 2.550 59.04 21.20 46.80

V0 F0 AZ2 64.00 0.740 189.70 36.10 4.165 59.30 43.60 37.30

V0 F1 AZ0 67.20 0.660 201.00 38.50 3.875 52.43 62.70 33.90

V0 F1 AZ1
66.80 0.700 239.20 22.70 3.190 50.84 45.70 28.80

V0 F1 AZ2
67.00 0.675 257.20 41.60 2.980 56.30 32.50 37.20

V0 F2 AZ0
60.00 0.660 227.60 36.30 3.080 54.22 35.65 33.20

V0 F2 AZ1
64.40 0.670 236.40 27.80 2.075 40.57 62.00 34.50

V0 F2 AZ2 65.80 0.615 262.40 26.40 2.955 56.46 80.80 35.80

V1 F0 AZ0 59.00 0.540 266.30 24.00 2.620 44.93 72.60 28.90

V1 F0 AZ1 63.50 0.640 267.80 29.00 2.590 51.45 21.30 28.10

V1 F0 AZ2 69.00 0.690 276.80 30.10 3.806 47.10 35.80 42.10

V1 F1 AZ0
74.70 0.615 290.20 41.10 2.380 62.28 49.00 28.10

V1 F1 AZ1
79.10 0.675 315.10 30.40 3.175 54.34 41.50 30.50

V1 F1 AZ2
80.00 0.730 370.90 30.80 3.455 50.23 37.30 34.20

V1 F2 AZ0
72.00 0.705 280.20 34.90 3.660 57.73 40.40 37.20

V1 F2 AZ1
77.50 0.730 365.60 25.70 3.505 52.30 65.60 28.60

V1 F2 AZ2
72.00 0.685 383.10 21.20 3.560 42.31 46.50 31.60

V2 F0 AZ0
72.40 0.685 299.30 29.80 3.410 54.52 107.40 29.80

V2 F0 AZ1
69.90 0.590 302.80 29.00 2.415 40.22 45.00 31.30

V2 F0 AZ2
71.00 0.635 311.70 21.10 2.085 33.36 88.90 31.50

V2 F1 AZ0
58.90 0.620 321.90 22.20 2.885 56.22 52.30 35.10

V2 F1 AZ1
81.00 0.730 378.10 45.60 2.670 62.82 115.40 27.60

V2 F1 AZ2
84.40 0.780 384.40 40.90 2.755 51.33 90.70 33.50

V2 F2 AZ0
72.60 0.740 335.00 39.90 4.155 50.86 97.60 32.00

V2 F2 AZ1
80.20 0.815 365.70 35.40 3.720 67.43 98.50 35.80

V2 F2 AZ2
79.20 0.740 341.70 36.50 3.150 44.57 75.40 32.00

Mean

LSD (5%)

P (0.001)

70.096

4.899

**

0.680

0.055

**

287.200

40.174

**

31.918

5.342

**

3.123

0.641

**

52.025

6.331

**

58.698

6.821

**

33.159

4.430

**

V0 = Vermi-com post (Con trol)             F0 = FYM (Con trol)       Az0 = Azospirillum (Con trol)

V1 = Vermi-com post (2 kg/plot)      F1 = FYM (2 kg/plot)     Az1 = Azospirillum (105 CFU)

V2 = Vermi-compost (3 kg/plot)     F2 = FYM (3 kg/plot)     Az2 = Azospirllium (106 CFU)



min i mum (2.9 g) in the plants treated with
Vermi-com post @ 3 kg/plot and in oc u la tion of
Azospirillum @ 106, with out FYM ap pli ca tion.
Fresh root yield/plot (kg) was re corded max i mum
(0.534 kg) in the plants treated with ap pli ca tion of
Vermi-com post 3 kg/plot, alone and min i mum
(0.344 kg) in the plants ap plied with FYM @ 2
kg/plot and Azospirillum @ 106 CFU. How ever,
un treated plant re corded (0.268 kg) which was
sig nif i cantly higher than the low est value ob tained
in the pres ent in ves ti ga tion. Dry root yield/plot was
re corded high est and max i mum (0.12 kg) in the
plants raised in the soil plots amended with
Vermi-com post @ 2 kg/plot along with an
in oc u la tion of roots with Azospirillum @ 106.
How ever, a min i mum (0.05 kg) was ob tained in the
plants treated with Vermi-com post @ 3 kg/plot and
in oc u lated with Azospirillum @ 105 CFU, with out
ap ply ing FYM. Fresh root yield (kg/ha) was
ob tained max i mum (2150 kg/ha) in plants grown in
plots treated with FYM @ 2 kg/plot alone and
min i mum (1075 kg/ha) in the plants in the soil beds
amended with Vermi-com post @ 2 kg/plot, alone.
Dry root yield/plot (kg/ha) was ob tained max i mum
(690 kg/ha) in the plants grown in the treat ments
com posed of Vermi-com post @ 3 kg/plot and FYM 
2 kg/ plot in oc u lated with Azospirillum @ 106.
Whereas, a min i mum (283 kg/ha) in the plants
treated with FYM @ 2 kg/plot and in oc u lated with
Azospirillum @ 105. Fresh and dry root ra tio was
re corded high est and max i mum (5.95) in the plants
grown in the plots amended with Vermi-com post @ 
3 kg/plot and plant roots in oc u lated with
Azospirillum @ 106 and min i mum (2.5) in the
plants raised with ad mix ing the Vermi-com post @
2 kg/plot, alone. These find ings are in close
agree ment with those ob tained by and Nigam et al.
(9) and Patidar et al. (13) in ashwagandha. It is
ev i dent from the find ings that the higher
ap pli ca tion of bio-or ganic nu tri ents might have led
to the im proved pro duc tion po ten tial of crops
de ter min ing the plant growth and de vel op ment
(Marschner, 5). The el e men tal re sponse of
avail able nu tri ents lead ing to the com ple men tary
ef fect, might have in creased the plant growth

at trib utes in di rectly by tak ing part in the
chlo ro phyll bio-syn the sis pro cess af ter its
as so ci a tion into chlo ro phyll pre cur sor’s glycine as
glutamine (Mishra and Srivastava, 6) pro duc tion in

the treated plants as re ported by Singh et al. (14). 

The vary ing data re corded on root growth and
qual ity pa ram e ters were noted sig nif i cant in our
find ings. The ac cu mu la tion of to tal al ka loid con tent 
and withananoid in the roots were sig nif i cant with
an ap pli ca tion of vermi-com post, FYM and
Azospirillum in oc u la tion, ex pressed re mark able
com pli men tary ef fects on the traits, which might be
due to slower re lease of nu tri ents and a long
du ra tion of crop. Al though a tran si tional change in
the chem i cal con stit u ents is re ported at dif fer ent
har vest ing dates (Patel et al. 12) but in our re sults it
is har vested once and only on full ma tu rity of the
crop ow ing to the re corded higher val ues that might 
be due to an ox i da tion of starch and its con ver sion
into al ka loids and pro duc tion of more pre cur sory
com pound to ac cu mu late more withanaloids in the
thicker plants and heavy roots un der the dif fer ent
treat ments com posed of Vermi-com post and FYM
@ 3 kg each per plot and growth an in oc u la tion of
Azospirillum @ 105 CFU in the cur rent
in ves ti ga tion. Con trary to these find ings, the
ni tro gen amend ments through in or ganic source of
fer til iz ers are known to re sponds poorly as re ported 
by Muthumanickam and Balakrishnamurthy (7). It
is how ever, ex pressed (Agarwal et al., 1), that a
sig nif i cant in flu ence on in creased root length and
yield were due to fa vour able en vi ron men tal
con di tions, pre vail ing dur ing the ini tial growth,
flow er ing and fruit ing stage ex tend ing the lon ger

grow ing pe riod of the crop.

The to tal al ka loid con tent (%) in the plant
roots was re corded max i mum (0.759%) in the plots
treated with a mix ture of Vermi-com post @ 3
kg/plot  and FYM @ 2 kg per plot along with an
in oc u la tion with Azospirillum @ 106. How ever, the
min i mum al ka loid con tent (0.39 %) was noted in
the plant roots raised with Vermi-com post @ 2
kg/plot, ap plied alone. How ever, the un treated
plant re corded a con tent (0.387 %) that re mained
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Table 2: Root yield and quality parameters of Ashwagandha (Withania somnifera Dunal.) as influenced by different

bio-organic treatments. 

Treatment

Main
root

length 
(cm)

No of
Pri-

mary
roots/

plant

No of
secon-
dary

roots

Secon-

dary 

root

 length

(cm)

Fresh
root

weight 
/plant

(g)

Dry
root

weight

/plant

(g)

Fresh
root
yield

/plot

(kg)

Dry
root
yield

/plot

(kg)

Alkal-
oid

content 

(%)

With-

naloid
content

(%)

V0 F0 AZ0 14.30 2.60 6.10 4.18 19.50 4.960 0.268 0.080 0.387 0.308

V0 F0 AZ1 15.00 2.55 5.20 5.09 20.50 5.195 0.405 0.115 0.457 0.330

V0 F0 AZ2 16.70 3.90 5.70 6.05 21.50 5.165 0.329 0.095 0.450 0.342

V0 F1 AZ0 16.30 4.30 6.40 5.43 23.00 5.050 0.470 0.085 0.554 0.368

V0 F1 AZ1 16.90 4.80 5.35 6.24 17.70 3.250 0.347 0.055 0.584 0.378

V0 F1 AZ2 16.70 1.55 5.90 4.18 16.50 5.090 0.344 0.085 0.571 0.392

V0 F2 AZ0 17.20 2.70 5.45 5.12 21.00 5.115 0.397 0.085 0.595 0.418

V0 F2 AZ1 12.60 2.20 4.90 4.27 14.50 4.725 0.359 0.075 0.621 0.452

V0 F2 AZ2 20.90 2.90 4.45 6.30 17.00 5.250 0.460 0.095 0.648 0.468

V1 F0 AZ0 15.60 2.35 4.60 3.53 11.75 4.905 0.430 0.095 0.390 0.322

V1 F0 AZ1 14.60 3.30 5.15 5.06 18.50 6.090 0.351 0.095 0.433 0.348

V1 F0 AZ2 17.70 2.65 6.60 6.49 21.50 6.390 0.425 0.120 0.533 0.397

V1 F1 AZ0 14.80 2.95 3.70 3.41 21.50 5.015 0.424 0.105 0.571 0.404

V1 F1 AZ1 16.30 2.15 6.30 5.83 20.50 5.285 0.439 0.095 0.624 0.440

V1 F1 AZ2 14.80 2.30 5.05 4.39 17.50 4.780 0.410 0.085 0.642 0.453

V1 F2 AZ0 14.70 2.44 4.30 4.25 20.50 4.515 0.456 0.095 0.583 0.470

V1 F2 AZ1 14.50 4.20 5.05 6.04 15.75 4.670 0.431 0.115 0.645 0.481

V1 F2 AZ2 15.40 2.10 5.40 4.52 18.50 4.540 0.441 0.075 0.647 0.519

V2 F0 AZ0 16.50 5.10 4.35 5.91 20.00 5.075 0.534 0.095 0.531 0.330

V2 F0 AZ1 17.30 2.50 5.25 4.26 19.75 5.125 0.365 0.050 0.585 0.362

V2 F0 AZ2 14.10 1.75 4.85 6.06 14.75 2.900 0.449 0.085 0.601 0.387

V2 F1 AZ0 17.30 2.30 4.50 5.30 17.50 4.755 0.472 0.095 0.552 0.449

V2 F1 AZ1 14.00 5.30 5.70 7.07 17.75 7.470 0.450 0.075 0.725 0.475

V2 F1 AZ2 15.50 1.70 6.55 5.02 20.50 4.145 0.450 0.085 0.759 0.579

V2 F2 AZ0 14.56 1.70 5.45 3.62 22.50 5.320 0.507 0.075 0.640 0.469

V2 F2 AZ1 18.80 2.70 4.80 5.81 28.00 6.130 0.501 0.095 0.688 0.505

V2 F2 AZ2 15.70 2.30 4.80 3.85 19.50 5.190 0.446 0.075 0.657 0.478

Mean

LSD (5%)

P(0.001)

15.880

2.523

**

2.862

0.765

**

5.253

1.156

**

5.087

0.822

**

19.164

3.517

**

5.040

0.732

**

0.421

0.041

**

0.088

0.018

**

0.580

0.118

**

0.419

0.095

**

V0 = Vermi-com post (Con trol)             F0 = FYM (Con trol)       Az0 = Azospirillum (Con trol)

V1 = Vermi-com post (2 kg/plot)      F1 = FYM (2 kg/plot)     Az1 = Azospirillum (105 CFU)

V2 = Vermi-compost (3 kg/plot)     F2 = FYM (3 kg/plot)     Az2 = Azospirllium (106 CFU)



sig nif i cantly higher than the low est value among all 
the treat ments in the ex per i ment. The max i mum
withanaloid con tent (0.579 %) was ob served in the
plants grown in the plots amended with an
ad mix ture of Vermi-com post @ 3 kg/plot, FYM @
2 kg per plot and an in oc u la tion of plant roots with
Azospirillum @ 106 CFU. Whereas, the low est
con tents (0.308 %) of withanolid was ob tained
from the un treated plants. The quan ti ta tive
de ter mi na tion of to tal al ka loid and withanolid

con tent in the roots have also been worked out.
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