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ABSTARCT: 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 which ex hib ited a pos i tive as so ci a tion among them in
con trib ut ing the root yield and qual ity traits. The max i mum and pos i tive cor re la tion (0.884) was
ob served be tween the to tal al ka loid and withanaloid con tent fol lowed by fresh root weight per
plant (g) and fresh root yield per ha (0.831) and be tween plant height and num ber of leaves per
plant (0.777). The as so ci a tion of the plant height also ex hib ited a highly sig nif i cant cor re la tion
with stem di am e ter (0.659), al ka loid (0.777) and withanaloid (0.668) con tent in the roots. The
num ber of leaves per plant had highly sig nif i cant and pos i tive cor re la tion (1.99) with plant can opy 
fol lowed by al ka loid (0.755) and withanaloid (0.774) con tents. The fresh root weight per plant
ex erted the pos i tive and sig nif i cant ef fect of high mag ni tude (0.831) and fresh root yield (kg) per
plot. Dry root weight per plant could es tab lished a sig nif i cant and pos i tive as so ci a tion (0.514)
with dry root yield (kg) per ha. The to tal al ka loid con tent in the roots wit nessed a highly sig nif i cant  
and pos i tive cor re la tion with plant height (0.777), num ber of leaves per plant (0.755)  fol lowed by  
pos i tive and sig nif i cant as so ci a tion with stem di am e ter (0.573), num ber of ber ries per plant
(0.554) and fresh root yield (kg) per plot (0.485). Withanaloid con tent (%) wit nessed a highly
sig nif i cant and pos i tive cor re la tion with plant height (0.668), num ber of leaves per plant (0.754)
and al ka loid con tent (0.884). Whereas a sig nif i cant and pos i tive cor re la tion ex hib ited with stem
di am e ter (0.581).
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Ashwagandha is a pe ren nial shrub and grows
nat u rally un der sub trop i cal 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.
It is been grown on large scale in dry part of the
coun try as a 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, 4) and its cul ti va tion has ex tended in
re cent years, to 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

of ashwagandha roots, leaves and seeds used in
for mu la tion of var i ous Ayurvedic and Unani
med i cines, there is pru dent need to cul ti vate this
crop by safe ap pli ca tion of bio-or ganic  nu tri tion
from 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 in creased min eral up take  in the plant roots  as

sug gested by Bashan and Holguin (1). 

There fore, the de vel op ment of a re li able tool
to es tab lish an as so ci a tion re sult ing through a
sym bi otic as so ci a tion  as ben e fi cial bi o log i cal
model be tween them and de pend ent plant growth
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char ac ters on root and root qual ity traits in fu ture
ag ri cul tural pro duc tion as stud ied by Misra et al.
(3). 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 somnifera Dunal.) and an
as so ci a tion of plant growth, seed, root yield and
qual ity pa ram e ters was worked out to es tab lish a
re la tion ship as a re sponse and fea si bil ity of safe and 
bio-or ganic ap pli ca tion in cul ti va tion of this

me dic i nal plant for com merce. 

MA TE RI ALS AND METH ODS 

The present experiment was carried out at the
experimental fields of Ch. Shivnath Singh
Shandilya P.G. College, Machhra, Meerut (U.P)
during the two consecutive years viz. 2005-06 and
2006-07 on perennial crop of Ashwagandha
(Withania somnifera) cv. Jawahar-20 under the
field conditions using of FYM (Farm Yard
Manure), Vermi-compost and Azospirillum. The
experiment was laid out in the factorial RBD
replicated thrice. Bio-organic nutrition was applied
to beds in experimental field in combinations,
comprising of FYM, viz. 0 kg/plot (F0), 2 kg/plot
(F1) or 3 kg/plot (F3) and Vermi-compost 0 kg/plot
(V0), 2 kg/plot (V1) or 3 kg/plot (V2) and
Azospirillum 0 CFU/plot (AZ0). The chemical
analysis was done in the laboratory of Medicinal
and Plants under Council of Scientific and
Industrial Research (CSIR), New Delhi. The
average data for I year, II year were pooled and
analyzed for ANOVA and interactions among the
treatments as per the methods suggested by Panse
and Sukhatme (5). Further, genotypic association of 
all the yield contributing characters with root yield
and quality was worked out as path coefficient

analysis suggested by Dewey and Lu (2). 

RE SULTS AND DIS CUS SION 

The cor re la tions ex isted be tween the plant
growth, root yield and qual ity com po nents (Ta ble
1) were ana lysed to study the as so ci a tion among
them re vealed that a strong as so ci a tion was

ex hib ited. The max i mum and pos i tive cor re la tion
(0.884) was ob served be tween the to tal al ka loid
and withanaloid con tent fol lowed by fresh root
weight per plant (g) and fresh root yield per ha
(0.831) and be tween plant height and num ber of
leaves per plant (0.777). The as so ci a tion of the
plant height also ex hib ited a highly sig nif i cant
cor re la tion with stem di am e ter (0.659), al ka loid
(0.777) and withanaloid (0.668) con tent in the
roots. How ever, a sig nif i cant value of co ef fi cients
was also re corded with num ber of ber ries per plant
(0.500) and fresh root yield (kg) per plot. The stem
di am e ter had sig nif i cant and pos i tive cor re la tion
with plant can opy (0.507), fresh root weight per
plant (0.525), al ka loid (0.573) and withanaloid
(0.581) con tent. The num ber of leaves per plant had 
highly sig nif i cant and pos i tive cor re la tion (1.99)
with plant can opy fol lowed by al ka loid (0.755) and
withanaloid (0.774) con tents and sig nif i cant
cor re la tion with num ber of ber ries per plant (0.549) 
and fresh root yield (0.593) per plot. The num ber of 
branches per plant wit nessed pos i tive and
sig nif i cant cor re la tion with leaf area (0.511), dry
root per plant (0.486), dry weight per plant (0.479)
and fresh (0.481) and dry root yield per kg/ha
(0.513). Plant can opy ex hib ited pos i tive and
sig nif i cant cor re la tion (0.542) with a sin gle
char ac ter, namely fresh root weight per plant where
as the other co ef fi cients among them were
mod er ate and of low mag ni tude. The in di vid ual leaf 
area ex hib ited a sig nif i cant and pos i tive cor re la tion
with fresh (0.530) and dry (0.492) weight of roots
per plant. Num ber of ber ries per plant wit nessed
pos i tive and highly sig nif i cant (0.705) cor re la tion
with fresh root yield per kg per plot fol lowed by a
sig nif i cant and pos i tive as so ci a tion with al ka loid

con tent (0.554) in the roots. 

The num ber of pri mary roots per plant
ex hib ited a sig nif i cant and pos i tive as so ci a tion
(0.580) with sec ond ary root length per plant. The
fresh root weight per plant ex erted the pos i tive and
sig nif i cant ef fect of high mag ni tude (0.831) and
fresh root yield (kg) per plot. Dry root weight per
plant could es tab lished a sig nif i cant and pos i tive
as so ci a tion (0.514) with dry root yield (kg) per ha.
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The max i mum and pos i tive cor re la tion (0.884) was
ob served be tween the to tal al ka loid and
withanaloid con tent fol lowed by fresh root weight
per plant (g) and fresh root yield per ha (0.831) and
be tween plant height and num ber of leaves per
plant (0.777). The as so ci a tion of the plant height
also ex hib ited a highly sig nif i cant cor re la tion with
stem di am e ter (0.659), al ka loid (0.777) and
withanaloid (0.668) con tent in the roots. The
num ber of leaves per plant had highly sig nif i cant
and pos i tive cor re la tion (1.99) with plant can opy
fol lowed by al ka loid (0.755) and withanaloid
(0.774) con tents. The fresh root weight per plant
ex erted the pos i tive and sig nif i cant ef fect of high
mag ni tude (0.831) and fresh root yield (kg) per
plot. Dry root weight per plant could es tab lished a
sig nif i cant and pos i tive as so ci a tion (0.514) with
dry root yield (kg) per ha. The to tal al ka loid con tent 
in the roots wit nessed a highly sig nif i cant and
pos i tive cor re la tion with plant height (0.777),
num ber of leaves per plant (0.755)  fol lowed by 
pos i tive and sig nif i cant as so ci a tion with stem
di am e ter (0.573), num ber of ber ries per plant
(0.554) and fresh root yield (kg) per plot (0.485).
Withanaloid con tent (%) wit nessed a highly
sig nif i cant and pos i tive cor re la tion with plant
height (0.668), num ber of leaves per plant (0.754)
and al ka loid con tent (0.884). Whereas a sig nif i cant
and pos i tive cor re la tion ex hib ited with stem
di am e ter (0.581).These find ings are in close

con for mity with by Singh et al. (6).

The as so ci a tion be tween in de pend ent
char ac ters in re spect to the fresh root yield, al ka loid 
and withanolid con tent co-ex isted in a sig nif i cant
and pos i tive as so ci a tion ex cept with a few of them
but ex hib it ing a re la tion ship of a very low
mag ni tude. Num ber of seeds/berry, num ber of
pri mary roots and dry root yield per plot had
neg a tive cor re la tion (-0.025, -0.266 and -0.073
re spec tively) with a very low mag ni tude among
them. How ever the other neg a tive and pos i tive
cor re la tions ob served and re corded be tween
var i ous char ac ters were of very low mag ni tude

in di cated that an ap pli ca tion of bio-fer til iz ers vis a
vis  an in creased dose  has im proved the fresh root
yield and qual ity pa ram e ter in ashwagandha var.
Jawhar-20 em ployed in the pres ent in ves ti ga tion.
The dry root yield and chem i cals es ti mated
wit nessed strong and pos i tive re la tion ship among
them but a neg a tive with bio mass in fresh weight of 
plant and spread of the plant can opy with a lower
mag ni tude. How ever, a pos i tive as so ci a tion with
strong and sig nif i cant mag ni tude was es tab lished
for plant growth com po nents namely; stem
di am e ter (cm), leaf area (cm2) and main root length
per plant. These find ings were in pace with those

re ported by Misra et al. (3).
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