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ABSTRACT

A field experiment was conducted at Annigeri (Karnataka) during rabi 2004-05 and 2005-06 to study the ef-
fect of 4 spacings (15 cm x 5 cm, 15 cm x 10 ¢cm, 30 cm x 10 cm and 45 cm x 10 cm) and 4 N-P fertilizer levels
(control, 12-10.6, 18-15.9 and 24-21.2 kg/ha) on performance of ashwagandha (Withania somnifera Dunal). The
resuits indicated that dry root yield, nutrient uptake and total withanolide content were significantly higher at a
spacing of 15 cm x 10 cm when compared with other spacings. At 15 cm x 10 cm spacing, the increase in dry
root yield was 10.2, 54.9 and 107.4% over 15 cm x 5 cm, 30 cm x 10 cm and 45 cm x 10 cm respectively. Signifi-
cant increase in dry root yield, nutrient uptake and total withanolide content was noticed with increase in fertilizer
levels from control to 24-21.2 kg N-P/ha. Application of 24-21.2 and 18-15.9 kg N-P/ha, being comparable re-
corded significantly higher dry root yield, N and P uptake and total withanolide content than control and 12-10.6
kg N-P/ha. At 24-21.2 kg N-P/ha, the increase in dry root yield, N, P uptake and total withanolide content was
22.1, 51.5, 43,6 and 13.5% over control respectively. Further, there was remarkable improvement in root length,
root diameter and dry root weight of ashwagandha which resulted in increase in dry root yield. Maximum dry root
yield (1.55 t/ha), net returns (Rs 50,141/ha) and total withanolide content (0.62%) accrued when the crop was
sown at 15 cm x 10 cm spacing along with fertilizer doze of 24-21.2 kg N-P/ha. Consequently, a spacing of 15
cm x 10 cm spacing along with fertilizer application of 24-21.2 kg N-P/ha was found optimum for ashwagandha
in vertisols of Northern dry zone of Karnataka.
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Ashwagandha (Withania somnifera Dunal) is one of the
important medicinal plants and used in the traditional In-
dian medicine since ancient times. The roots of
ashwagandha are the economic part of the plant and are
used in the preparation of Ayurvedic and Unani medicines.
In US market, ashwagandha has recently acquired consid-
erable significance on account of its large demand due to
its reported male sex stimulating properties (Joshi et al.,
1981). The medicinal properties are mainly ascribed to
total withanolides content (0.4-1.2%) that are present in
roots of ashwagandha (Gupta et al., 1996). It is culti-
vated over an area of 10,780 ha with a production of 8,429
tonnes (t) in India. While the annual demand increased
from 7,028 t (2001-02) to 9,127 t (2004-05) necessitating
the increase in its cultivation for higher production
(Tripathi et al., 1996). In rainfed areas, the productivity
of traditional crops is at stake due to vagaries of weather
and mono cropping. Cultivation of medicinal crops either
in sequence / intercropping or as sole crops may help in
sustaining the productivity and profitability of the farmers.
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Ashwagandha being drought hardy plant, there exists
good scope for its extensive cultivation in India under
rainfed situation. The spacing and fertilizer are the impor-
tant factors for maximization of yield and quality in any
crop. A diversified response of ashwagandha to spacings
(Maheshwari et al., 2000) and fertilizer levels (Ajay et al.,
2005) were reported by different workers. In Karnataka,
recently ashwagandha is being cultivated in medium to
deep black soils of rainfed areas by conventional methods
and the farmers are harvesting about 0.5 to 0.6 t/ha of dry
root yield. The area is spreading every year due to its
higher market price (about Rs.60,000/t) and the dry root
yield could be increased with adoption of suitable produc-
tion technologies. Considering the medicinal value of the
crop, its increasing demand and meager scientific infor-
mation on the cultivation of ashwagandha, the present in-
vestigation was undertaken to optimize the spacing and
fertilizer level for Northern dry zone of Karnataka.

MATERIALS AND METHODS

A field experiment was conducted during rabi 2004-05
and 2005-06 at Agricultural Research Station, Annigeri
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(Karnataka) under rainfed conditions. The soil of the ex-
perimental site was vertisols with pH 8.1, low in available
N (231.6 kg/ha), medium in available P (22.7 kg/ha) and
high in K (468.1 kg/ha). The experiment was laid out in
factorial randomized block design with 3 replications.
There were 16 treatment combinations comprised of-4
spacings (15 cm x 5 cm, 15 cm x 10 ¢cm, 30 cm x 10 cm
and 45 cm x 10 c¢cm) and 4 fertilizer levels (0, 12-10.6, 18-
15.9 and 24-21.2 kg N-P/ha). The gross and net plot sizes
were 5.4 m x 4.0 m and 2.7 m x 3.5 m respectively. The
FYM @ 2 t/ha was applied and mixed well in soil 15 days
prior to sowing. The seeds of ashwagandha ‘Jawahar
Asgandh 20’ were treated with Bavistin @ 2 g/kg seeds
against damping off (Pythium aphanidermatum Fitz) dis-
ease. The seed rate of 10.0, 5.0, 2.5 and 1.5 kg/ha were
used at 15 cm x 5 ¢m, 15 cm % 10 cm, 30 cm x 10 cm
and 45 cm x 10 cm spacing respectively. The crop was
sown on 15 September during both years at different
spacings and fertilized as per the treatment at sowing. The
crop was thinned at 30 DAS to retain one seedling per hill.
The total rains received during cropping period were
352.8 mm and 515.4 mm in 2004 and 2005 respectively.
A heavy rainfall of 107.6 mm in 1 day was received dur-
ing November 2005 which was a run off and did not af-
fect the crop. However, the higher rainfall received during
2005-06 reflected in higher yield components and dry
root yield compared to 2004-05. The crop was sprayed
with monocrotophos @ 1 ml/l against aphids. The crop
was harvested on 15 March (180 DAS) during both years.
At harvest, 5 plants were randomly selected in each treat-
ment for recording growth and yield parameters. These
samples were oven dried at 70°C temperature, powdered
and analysed for N and P concentrations following stan-
dard procedures and the total uptake was calculated. The
total withanolide content (%) in roots were estimated by
modified spectrophotometer method (Mishra, 1994). The
plants from each net plot were uprooted and the roots and
shoots were separated and sun dried for a week. The root
yield was recorded and expressed in kg/ha. For working
out the economics, prevailed market prices for
ashwagandha seeds (Rs 50/kg), dry roots (Rs 40,000/t),
urea (Rs 10.50/kg N), DAP (Rs 36.52/kg P) and cost of
labour (Rs 40/day) were considered. The data were sta-
tistically analysed and the results of individual years and
pooled analysis were presented.

RESULTS AND DISCUSSION

Dry root yield and yield attributes

The outcome of the investigation revealed that the dry
root yield was higher at a closer spacing of 15 cm x 10
cm than 15 ¢cm x 5 ¢cm, 30 cm x 10 cm and 45 ¢cm x 10
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cm (Table 1). The magnitude of increase in dry root yield
was up to the tune of 10.4, 56.8 and 105.9% as well as
9.9, 54.8 and 108.7% over 15 cm x 5 cm, 30 cm x 10
cm and 45 cm x 10 cm spacings in 2004-05 and 2005-
06 respectively. The yield increment at closer spacing is
attributed to improvement in root length and higher plant
‘Population per unit area compared to wider spacings.
Saudan Singh et al. (2003) also reported 53.8 % higher
root yield of ashwagandha at higher plant density when
compared with lower plant density. Significantly the low-
est dry root yield was recorded at wider spacing of 45 cm
x 10 cm. The dry root yield was reduced by 0.71 and
0.75 t/ha in 45 cm x 10 cm over 15 ¢m x 10 cm during
first and second year respectively (Table 1). While the per-
formance of root diameter, fresh root weight and dry root
weight per plant was superior under wider spaings which
was mainly due to better resource availability and reduced
interplant competition in the community.

There was linear and significant increase in dry root
yield with increase in fertilizer levels from control to 24-
21.2 kg N-P/ha. The increase in root yield was 23.9, -
14.0, 0.9 and 20.4, 19.3, 1.7% higher over control, 12-
10.6 and 18-15.9 kg N-P/ha during 2004-05 and 2005-06
respectively. Puttanna et al. (2005) also recommended 50-
60-60 kg N-P-K/ha along with 10 t FYM/ha for the maxi-
mum root yield of ashwagandha. The higher dry root
yield was mainly due to higher values of yield attributes
like root length, root diameter and dry root weight com-
pared to other fertilizer levels. The better performance of
yield and yield attributes can be related to better growth of
the plant brought about by adequate supply of nutrients
when compared with lower fertilizer levels. However, the
yield attributes and dry root yield were at par with 18-15.9
kg N-P/ha. In the absence of the fertilizer, the root yield
and yield parameters were significantly reduced.

The crop responded to higher fertilizer levels with
closer spacing of 15 ¢cm x 10 cm when compared with
others. The fertilizer level of 24-21.2 kg N-P/ha with a
spacing of 15 cm x 10 ¢m resulted in the maximum dry
root yield which was statistically at par with 18-15.9 kg
N-P/ha with the same spacing (Table 3). The maximum
root yield was mainly attributed to more number of plants/
ha and more availability of N and P to the plants through
fertilizers. Compared with no fertilizer treatment, the fer-
tilizer level of 24-21.2 kg N-P/ha with spacings of 15 cm
x5 cm, 15 cm x 10 cm, 30 em % 10 cm and 45 cm x 10
cm increased the dry root yield by 17.7, 19.6, 21.9 and
8.7% respectively. The fertilizer levels of 12-10.6, 18-15.9
and 24-21.2 kg N-P/ha with 15 cm x 10 cm spacing in-
creased dry root yield by 8.0, 18.8 and 19.6% respec-
tively over control plots.
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Nutrient uptake

Maximum uptake of N and P by the crop was noticed
at a spacing of 15 cm x 10 cm which was significantly
higher than other spacings (Table 1). The highest dry root
yield could be obtained when the crop removed maximum
N and P at the spacing of 15 cm x 10 cm. The higher
uptake of N and P can be related to higher dry root yield
and higher total dry matter. The uptake of N and P in-
creased with application of every additional unit of fertil-
izer from control to 24-21.2 kg N-P/ha. The increase in N
uptake at 24-21.2 kg N-P/ha was to the extent of 51.5,
29.6, 1.3 and that of P uptake was 43.5, 23.9, 5.1 % over
control, 12-10.6 and 18-15.9 kg N-P/ha respectively. The
higher dry root yield was associated with maximum up-
take through the application of 24-21.2 kg N-P/ha and
was statistically at par with 18-15.9 kg N-P/ha. The in-
crease in nutrient uptake may be related to higher N and P
content, higher total dry matter production and higher dry
root yield/ha which was due to availability of higher N and
P to plants through fertilizers. Patel (2001) observed sig-
nificantly higher uptake of N, P and K by ashwagandha at
75 kg N/ha compared to control. Further, it was observed
that the P uptake by the crop was less than its application
in all the treatments. This was due to higher content of
CaCO0,(170.5 g/kg) and exchangeable Ca+Mg (53.17
cmol/kg) in vertisols of experimental site which led to
fixation of major quantity of applied P in the soil. Similar
findings have been reported by Goroji (2000). Poor root
growth and low dry matter production in control plot re-
sulted in less uptake of nutrients. Similar trend was also
observed with interaction effects.
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Residual soil fertility

The availability of N was significantly lower at closer
spacing of 15 ¢cm x 5 cm when compared with wider
spacing of 45 cm x 10 cm. This was mainly attributed to
higher uptake of N by the crop which was due to more
number of plants/ha at closer spacings. There was no sig-
nificant treatment effects on available P due to different
spacings (Table 1). The available N and P in soil increased
with increase in N and P fertilizer levels from 12-10.6 to
24-21.2 kg N-P/ha. This was due to addition of N and P
through fertilizers. However, the availability of N and Pin
soil in all the treatments was low at harvest when com-
pared with initial nutrient status. This was mainly attrib-
uted to uptake of the nutrients by ashwagandha.

Quality of dry roots

The spacing of 15 cm x 10 and 30 ¢cm % 10 ¢m, being
comparable recorded significantly higher total withanolide
content than 15 ¢cm x 5 ¢cm and 45 cm x 10 cm during
both the seasons (Table 2). While significantly higher to-
tal withanolide content was noticed at a spacing of 15 cm
x 10 cm compared to others. The magnitude of increase -
in total withanolide content was to the extent of 20.8,
58.8, 125.0 and 11.6, 60.4, 129.7% higher over 15 cm x
5 and 30 cm x 10 and 45 cm x 10 cm respectively during
2004-05 and 2005-06 (Table 2). A linear and significant
increase was noticed in both the total withanolide content
and total withanolide yield with increase in fertilizer levels
from control to 24-21.2 kg N-P/ha during both the sea-
sons. The total withanolide content was maximum at 24-
21.2 kg N-P/ha which was 11.5 and 13.4% higher than -

Table 1. Yield components, dry root yield, nutrient uptake of ashwagandha and residual soil fertility as influenced by spacing and fertilizer

levels
Treatment Root length Root diameter ~ Dry root weight Dry root yield = Nutrient uptake* Residual soil
(cm) {cm) (g/plant) (kg/ha) (kg/ha) fertility* (t/ha)
2004-05 2005-06 2004-05 2005-06 2004-05 2005-06 2004-05 2005-06 N P N P
Spacing (cm)
15x5 464 46.0 0.99 0.97 2.40 2.26 1.25 1.31 76.4 12.5 1862 17.1
15 x 10 485 48.6 0.93 0.89 3.04 2.46 1.38 144 1159 19.5 1808 175
30x 10 45.3 459 1.00 0.99 3.33 3.36 0.88 0.93 76.5 10.0 191.1 165
45x 10 46.7 46.8 1.03 1.01 3.28 3.38 0.67 0.69 514 8.2 196.1 17.3
SEm+ 0.7 1.1 0.01 0.02 0.04 0.11 0.01 0.03 1.2 0.2 1.1 0.4
CD (P=0.05) 1.9 NS 0.03 0.05 0.12 0.31 0.03 0.08 35 0.6 34 NS
Fertilizer level (N-P\ kg/ha) - ‘
Control 38.5 385 0.90 0.85 2.34 227 0.92 0.98 58.6 10.1 1845 177
12-10.6 435 427 0.95 092 2.97 2.94 1.00 1.06 68.5 11.7 186.7 16.1
18-15.9 51.6 522 1.04 1.03 3.32 3.11 1.13 1.16 87.7 13.8 191.6 172
24-21.2 534 53.9 1.07 1.05 3.42 3.16 1.14 1.18 88.8 145 1914 174
SEm+ 0.8 1.2 0.01 0.02 0.05 012 002 0.04 13 0.2 1.1 0.4
CD (P=0.05) 23 3.1 0.03 0.06 0.14 0.34 0.05 011 . 37 0.6 33 1.1

*Mean of 2 years
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control in 2004-05 and 2005-06 respectively. Thus indi-
cated the direct and positive relationship between N and P
nutrients and total withanolide content. Similar trend was
observed with total withanolide yield (Table 2). The total
withanolides content in roots of ashwagandha was signifi-
cantly higher with spacing of 15 cm x10 cm supplied-
with 24-21.2 kg N-P/ha over others except 15 cm x 10
cm with 18-15.9 kg N-P/ha, 30 cm x 10 cm with. 18-
15.9 kg N-P/ha and 30 cm x 10 cm with 24-21.2 kg N-P/
ha with which it was on par (Table 3). The total
withanolides being the products of nitrogen metabolism,
the production of total withanolides is directly related to
nitrogen supply to the plants. Thus higher N levels might
have resulted in higher total withanolides content in the
roots of ashwagandha. Ashwagandha sown at 15 cm x 10
cm spacing supplied with 24-21.2 kg N-P/ha recorded
significantly higher total withanolides yield compared to
others except 15 cm x 10 cm with 18-15.9 kg N-P/ha
with which it was on par. The higher total withanolides
yield was attributed to higher total withanolides content in
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roots and higher root yield of ashwagandha.

Economics :

The closer spacing of 15 cm x 10 cm realized the high-
est net returns and net benefit : cost ratio due to maximum
dry root yield followed by 15 em x 5 cm during both the
years (Table 2). The highest level of fertilizer (24-21.2 kg
N-P/ha) realized the maximum net returns, which was
significantly higher than other fertilizer levels and it was on
par with 18-15.9 kg N-P/ha during both the years. The net
returns at 24-21.2 kg N-P/ha were 26.3 and 15.0% higher
during 2004 and 18.8 and 13.0% higher during 2005 over
control and 12-10.6 kg N-P/ha respectively. While, the
net benefit: cost ratio was maximum at 18-15.9 kg N-P/ha
when compared with other fertility levels during both the
years (Table 2). The net returns were the lowest from the
crop sown without fertilizers. Due to maximum dry root
yield of ashwagandha, application of 24-21.2 kg N-P/ha
with a spacing of 15 cm x 10 cm resulted in at par net
returns with 18-15.9 kg N-P/ha at same spacing and sig-

A

Table 2. Quality of roots and economics of ashwagandha as influenced by spacing and fertilizer levels

Treatment Total withanolides Total withanolides Net return Net B:C Cost of
content (%) yield (kg/ha) (x 10° Rs/ha) ratio cultivation*
2004-05 2005-06 2004-05 2005-06 2004-05 2005-06 2004-05 2005-06 (x 10° Rs/ha)
Spacing(cm)
15x5 0.53 0.55 6.7 7.3 39.89 41.29 3.66 3.78 10.91
15 x 10 0.59 0.59 8.1 8.5 4476 47.12 4.21 4.42 10.66
30 x 10 0.58 0.57 5.1 5.3 24.82 26.91 2.36 2.55 10.54
45 x 10 0.53 0.53 3.6 3.7 16.54 17.38 1.58 1.65 10.49
SEm+ 0.01 0.02 0.2 0.3 0.66 0.33 0.05 0.09
CD (P=0.05) 0.03 0.05 0.5 0.8 1.99 1.02 0.13 0.29
Fertilizer level (N-P kg/ha) ‘
Control 0.52 0.52 4.8 5.1 27.84 30.06 2.93 3.17 943
12-10.6 0.55 0.56 5.5 5.9 30.58 31.60 2.85 2.99 10.55
18-15.9 0.57 0.58 6.5 6.7 34.88 35.34 3.09 3.19 11.06
24-21.2 0.58 0.59 6.7 6.9 35.17 35.72 2.96 3.08 11.56
SEmz+ 0.01 0.02 0.2 0.3 0.66 0.47 0.05 0.09
CD (P=0.05) 0.03 0.06 0.5 0.9 1.99 1.42 0.13 NS

*Mean of 2 years

Table 3. Dry root yield, net return and total withanolide content of ashwagandha as influenced by interaction effects of spacing and fertilizer

Spacing (cm) Dry root yield (t/ha) Net returns (x 10° Rs/ha) Total withanolide content (%)
FO , Fl FZ F3 FU 1 F2 F3 FO Fl FZ F3

15x5 1.15 1.24 1.37 1.40° 36.43 38.75 43.42 43.79 0.51 0.53 0.55 0.58
15%x 10 1.24 1.35 1.53 1.55 40.19 4338 50.03 50.14 0.53 0.58 0.61 0.62
30 x 10 0.78 0.87 0.99 1.00 2192 24.31 28.52 28.67 0.52 0.58 0.59 0.59
45 x 10 0.66 0.68 0.70 0.72 16.80 16.93 16.98 17.15 0.50 0.51 0.55 0.55

SEm=+ 0.06 0.78 0.02

CD (P=0.05) 0.17 2.28 0.05

F,: Control,  F,: 12-10.6 kg N-P/ha,

F,: 18-15.9 kg N-P/ha,

F, :24-21.2 kg N-P/ha
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nificantly higher over rest of treatment combinations. It
was 24.7 and 15.6% higher over control and 12-10.6 kg
N-P/ha at same spacing respectively (Table 3). These re-
sults confirm the findings of Saudan Singh et al. (2003)
in ashwagandha. i

Thus, it can be concluded that a spacing of 15 cm x 10
cm with a fertilizer application of 24-21.2 kg N-P/ha was
found optimum for ashwagandha crop for getting higher
dry root yield, total withanolides content and net returns in
vertisols of Northern dry zone of Karnataka.
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