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Abstract

Aim: To study the effect of soil incubation with organics on rhizosphere and bulk soil properties, biomass and alkaloid content of Withania somnifera as
well as plant performance in soil of subtropical and intermediate zones of Jammu division.

Methodology : The pot experiment of Withania somnifera consisted of 11 treatments laid in randomized block design in triplicate. Sampling was done at
various days of soil incubation with organics viz. 30, 60, 120 and 180. The plant performance was studied at vegetative and seed maturity stages. In field
experiment, the plant performance was studied in soils of subtropical and intermediate zones of Jammu division.

Results: The soil properties, root and alkaloid content were found to be maximum in PSB + Azospirillum +Azotobacter + F.Y.M 20t ha™' + Vermicompost 5t
ha” treatment. The effect of organics on rhizosphere and bulk soil properties at days of soil incubation yielded superior results with respect to soil
health, biomass and alkaloid contentin Withania somnifera.

Interpretation: The study indicated that soils of Jammu division is well suited for the cultivation of W. somnifera. The study provided framework to
develop integrated plant nutrient management strategies in the subtropical region of this high value crop.
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Introduction

The portion of soil immediately surrounding the plant
roots is termed as rhizosphere (Brink, 2016) and is significantly
different from the adjacent bulk soil due to accumulation or
depletion of nutrients, release of organic compounds and
considerable high microbial density which in alters the physical,
chemical and biological properties of the near root environment
(Fageria and Stone, 2006; Dessaux et al., 2016). Root exudation
plays a pivotal role in determining the rhizosphere microbial
population (Bakker et al, 2013; Erktan et al, 2018). The
magnitude of changes greatly depends on the initial soil
characteristics and genotypes (Barber, 1974; Rovira and Davies,
1974).

Organic application increases nutrient status, microbial
activity and productive potential of soil while the use of only
chemical fertilisers in the cropping system resultin poor microbial
activity and productive potential of soil (Kang et al., 2005; Bargaz
etal., 2018) and improvement of quality in medicinal and aromatic
plants (Khan et al., 2015). Certified medicinal herbs which are
eco-friendly and free off synthetic chemicals are in great demand
(Khan et al., 2015). Withania somnifera (Ashwagandha) is
cultivated specifically for its root which has medicinal and
commercial value due to the presence of steroidal alkaloids and
steroidal lactones in a class of constituents called withanolides.
(Gupta et al.,1996; Krutika et al., 2016). They have anticancer,
anti stress, anti-inflammatory, CNS depressant, hepatoprotective
and immunomodulatory properties (Dar et al., 2016) In worldwide
market, ashwagandha has recently acquired considerable
significance and having tremendous marketing potential owing to
demand of its roots to the tune of 7000 tons and estimated
production of 1500 tonnes (Umadevi et al., 2012). Considering
the economic importance of ashwagandha in national and
international markets and possible environmental benefits,
organic nutrient management is the need of the hour (Chaudhary
et al., 2017). In view of the above, the objective of the present
study was to evaluate the effect of soil incubation with organics on
rhizosphere and bulk soil properties, dry biomass (g plant”), dry
root yield (g plant’) and alkaloid content (%) in Withania
somnifera growing soils and also its performance in soils of
Jammu Division.

Materials and Methods

In 1* set of experiment, one month old seedlings were
transplanted to earthen pots each filled with garden soil, sand and
farmyard manure in ratio of 5:3:2 ratio. The experiment comprised
of eleven treatments as : T,-Control; T,-PSB; T,-Azospirillum; T,-
Azotobacter, T, - PSB + Azospirillum + Azotobacter, T,- F.Y.M-15t
ha'; T, - FYM 20 t ha"; T, - Vermicompost - 3 t ha™; T, -
Vermicompost-5 t ha'; T, -PSB+Azospirillum+Azotobacter+
F.Y.M.20tha™; T,,- PSB+Azospirillum+Azotobacter-F.Y.M 20 tha™
+Vermicompost 5t ha™. The treatment was laid out in randomized

block design with three replicates each having five seedlings.
Inoculation of these organics was done around root zone of each
seedling and plants were irrigated quickly. Cultural operation was
done as and when required. Soil samples were collected after 30,
60, 120 and 180 days of soil incubation (DSI)of organics for
analysis of rhizosphere and bulk soil properties, root and alkaloid
yield following standard procedures (Khajuria et al., 2004; Pareek
and Yadav, 2011). In second set of experiment, the plants were
grown randomly in field conditions in soils of subtropical and
intermediate zones for studying their performance in terms of dry
biomass, dry root yield and alkaloid content.

Collection and preparation of soil sample : Samples were
collected from rhizosphere and bulk soils at 0-15 cm depth around
root zone in respective treatment. Representative soil samples of
about % kg were prepared and placed in polythene bags. A
portion of each soil sample was air dried, ground in a wooden
pestle with mortar and passed through a 2 mm stainless steel
sieve for determining various physico-chemical soil properties as
per the standard procedures.

Collection and preparation of plant sample : Plant samples
were collected and data was recorded on four randomly selected
plants from three replicates, weighed as a whole as dry biomass
(g plant”), dry root yield (g plant”) and total alkaloids for each
respective parameter at vegetative and at seed maturity stage in
first set of experiment whereas the data was recorded on six
randomly selected plants in 2™ set of experiment. The alkaloid
content was estimated at vegetative phase and crop harvest
through HPLC technique using standard markers.

Estimation of alkaloid: Withanolides were estimated following
HPLC technique. One gram of finely powdered material was
estimated three times with 3.0 ml of methanol by sonication for 10
min. After centrifugation (5min at 3000 rev min™), the extracts
were combined in 10 mlin a volumetric flask and adjusted to final
volume with methanol. The samples were diluted 3:2 ratio of
methanol : water. All samples were passed through a 0.45 mm
Nylaflo membrane filter from Gelman (Ann Arbor, M I, USA). All
sample was injected in triplicate. Each standard compound was
calibrated and detector response was linear. HPLC analysis was
performed on a Shimadzu class-VP.V-6.14.HPLC system
equipped with a photodiode array detector (off line). For all
separations, a Synergi MAX-RP 18 E Column 4.6mm x 100 mm
chromalith size -5 ym was used. The separation temperature
was kept constant at 30 °C flow rate and sample volume was set
to 0.5 ml min" and 10 pl, respectively. All separations were
monitored at 237 nm. The withanolides were identified as
withanolide-A, withanone and withaferin-A. Peaks were
assigned by spiking the samples with standard markers available
for these withanolides and comparison of UV-spectra and
retention times.
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Results and Discussion

The perusal of data reveals that pH and EC of soil
decreased with application of organic source alone or in
combination with different treatments both in rhizosphere and
bulk soil, no doubt the change in pH was prominent in rhizosphere
soil than bulk soil. The application of organic source reduced pH
to the level of 6.85 and 6.87 in T,, treatment at 180 days of soil
incubation in contrast to the control which exhibited 7.07 and
7.13, respectively, in rhizosphere and bulk soil. Among various
organic sources applied, different combinations of organics
depicted greater effect rather than sole application of organic
sources. The change in pH of soil was more pronounced at 180
days of soil incubation, followed by 120, 60 and 30 days of soil
incubation (Table 1). The data pertaining to the effect of different
organic sources on soil reaction (pH) revealed that the decrease
in soil pH ranged from 7.09 t0 6.85 and 7.14 to 6.87 in rhizosphere
and bulk soil, irrespective of treatment and days of soil incubation.
There was slight decrease in pH with organic application and that
may be ascribed to the release of organic acids (Kumar et al.,
2008). This may be due to acid equivalent which might have a
direct effect on increase in soil acidity as reported by Pathak et al.
(2005).

The electrical conductivity (dSm”) of soil increased with
application of organics alone and in combination with different
treatment both in rhizosphere and bulk soil. The change in
electrical conductivity was dominantin rhizophere soil than in bulk
soil. The application of organics increased E.C. to the level of 0.60
and 0.55 E.C dSm™ and was contrary to the control that exhibited
0.41 and 0.37 dSm’ respectively in the rhizosphere and bulk soil
in T,, at 180 days of soil incubation. Among organic sources, the
combined application of organics increased the soil electrical
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conductivity remarkably rather than sole application of organic
sources. The increased electrical conductivity of soil was more
pronounced at 180 days of soil incubation followed by 120 , 60
and 30 days of soil incubation as depicted in Table 2. The water
soluble salts expressed as electrical conductivity increased from
0.43 t0 0.60 and 0.40 to 0.55 dSm both in rhizosphere and bulk
soils, irrespective of treatment and days of soil incubation (Table
2) with the application of organics which might be due to
decomposition of organic matter in soil as (Atiyeh et al., 2001).
Application of bio-fertilizer may have resulted in increase of
microbial population in rhizosphere of organic matter, leading to
increase in electrical conductivity as reported by Babu et al.
(2007). The data indicated that change in pH and EC due to
different treatments was significant when compared with control,
although many of the treatments were significant when compared
toeach other.

The organic carbon, available nitrogen, available
phosphorous and available potassium of soil increased with
application of organic source alone and in combination with
different treatments both in rhizosphere and bulk soil. The
concentration of organic carbon was dominant in rhizosphere soil
than in bulk soil. Among organic sources applied different
combinations of organics showed pronounced effect as
compared to sole application alone in increasing the organic
carbon, available nitrogen, available phosphorous and available
potassium content. The increase in organic carbon, available
nitrogen, available phosphorous and available potassium due to
different organic treatments was significant when compared with
control and among other treatments in most of treatments.

The soil organic carbon increased with application of
organics. In case of different organics, organic carbon increased to

Table 1 : Effect of organics on pH in rhizosphere and bulk soil of Withania somnifera

Rhizosphere soil Bulk soil
30DSI* 60DSI* 120 DSI* 180 DSI* 30DSI* 60 DSI* 120DSI* 180 DSI*

Treatments  Mean** Mean** Mean** Mean** Mean** Mean** Mean** Mean**
T, 7.09 7.08 7.07 7.07 7.14 7.14 713 713

T, 7.07 7.06 7.04 7.03 7.09 7.08 7.05 7.04

T, 7.06 7.04 7.01 6.98 7.09 7.05 7.03 6.99

T, 7.07 7.05 7.04 7.01 7.08 7.06 7.05 7.02

T, 7.03 7.01 6.98 6.97 7.05 7.03 7.00 6.98

T, 6.97 6.97 6.95 6.88 7.02 6.99 6.96 6.96

T, 6.94 6.94 6.90 6.87 6.99 6.96 6.93 6.89

T, 6.96 6.93 6.89 6.86 6.97 6.95 6.92 6.88

T, 7.04 7.03 6.98 6.95 7.06 7.04 7.01 6.99

T, 6.98 6.94 6.93 6.89 7.00 6.98 6.94 6.93
Ty 6.95 6.93 6.88 6.85 6.96 6.95 6.91 6.87
Mean*** 7.01 6.99 6.97 6.94 7.04 7.02 6.99 6.97
C.D(0.05) 0.052 0.046 0.034 0.029 0.056 0.048 0.038 0.032

*Days after soilincubation; **Mean indicates average value of three replicates; ***Mean indicates average value of treatments (S)
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the level of 0.71 and 0.69in T,,in contrast to control which exhibited
0.53 and 0.52 in rhizosphere and bulk soil at 120 days of soil
incubation. The results go in line with other workers (Mekki et al.,
2017) who also reported similar kinds of results. The increase in
organic carbon was more pronounced 120 days of soil incubation
as followed by 60 and 30 days of soil incubation (Table 3). The
value indicated a slight decline 180 of after soil incubation but was
remarkably higher 30 days of soil incubation.

Application of organics increased the organic carbon
contentfrom 0.54 10 0.71 and 0.53 to 0.69 both in rhizosphere and
bulk, irrespective of treatment and days of soil incubation (Table

1635

3) as also reported by Pareek and Yadav (2011). With the
application of organics, there was a build up of organic carbon in
soil which could be due to enhanced root growth, resulting more
organic residues in soil, which after decomposition might have
increased the soil organic carbon content. These findings are in
conformity with the findings of Kumpawat and Jat, (2005); Balyan
etal.(2006) and Pareek and Yadav (2011).

Every enhanced application of organic source increased
available nitrogen content in soil. Available nitrogen in soil
increased to the level of 145.1 mg kg™ and 143.4 mg kg™ in T, as
compared to control (123.6 mg kg" and 123.2 mg kg") in the

Table 2: Effect of organics on electrical conductivity (dS m™) in rhizosphere and bulk soil of Withania somnifera

Rhizosphere soil Bulk soil

30DSI¥ 60DSI* 120 DSI* 180 DSI* 30DSI¥ 60DSI* 120 DSI* 180DSI*
Treatments  Mean** Mean** Mean** Mean** Mean** Mean* Mean** Mean**
T, 043 0.43 0.42 0.41 0.40 0.38 0.38 0.37
T, 0.44 0.45 0.46 0.48 0.41 043 0.45 0.47
T, 0.44 0.46 0.47 0.48 0.41 0.44 0.44 0.44
T, 0.44 0.44 0.44 0.45 0.41 043 0.43 0.44
T, 0.46 0.47 0.49 0.51 0.45 0.46 0.48 0.49
Ts 047 0.49 0.51 0.52 0.46 0.50 0.50 0.51
Ts 0.44 0.47 0.49 0.51 0.43 0.46 0.48 0.50
T, 0.44 0.45 0.48 0.48 0.42 0.44 0.45 047
Te 047 0.47 0.50 0.52 0.46 0.45 0.49 0.50
T, 0.48 0.48 0.50 0.53 0.43 0.46 0.49 0.49
To 0.50 0.54 0.56 0.60 0.47 0.52 0.53 0.55
Mean*** 0.45 0.46 0.48 0.49 0.43 0.45 0.46 0.47
C.D(0.05) 0.041 0.042 0.044 0.046 0.041 0.043 0.044 0.045
*Days after soilincubation; **Mean indicates average value of three replicates; ***Mean indicates average value of treatments (S)
Table 3 : Effect of organics on organic carbon (%) in rhizosphere and bulk soil of Withania somnifera

Rhizosphere soil Bulk soil

30DSI* 60DSI* 120DSI* 180 DSI* 30DSI* 60DSI* 120DSI* 180 DSI*
Treatments  Mean™* Mean** Mean** Mean** Mean** Mean** Mean** Mean**
T, 0.54 0.54 0.53 0.53 0.53 0.52 0.52 0.51
T, 0.55 0.57 0.60 0.57 0.54 0.56 0.59 0.56
T, 0.56 0.60 0.62 0.58 0.55 0.57 0.58 0.57
T, 0.56 0.59 0.62 0.57 0.55 0.58 0.59 0.55
Ts 0.60 0.64 0.65 0.61 0.59 0.62 0.64 0.60
Ts 0.61 0.65 0.66 0.64 0.59 0.64 0.65 0.62
T, 0.63 0.66 0.69 0.64 0.60 0.64 0.66 0.62
T, 0.64 0.68 0.70 0.67 0.62 0.66 0.68 0.65
T, 0.59 0.62 0.64 0.59 0.57 0.60 0.63 0.58
To 0.62 0.65 0.68 0.64 0.61 0.64 0.67 0.63
Ty 0.66 0.71 0.71 0.68 0.63 0.67 0.69 0.67
Mean*** 0.59 0.62 0.64 0.61 0.58 0.60 0.62 0.59
C.D(0.05) 0.017 0.017 0.020 0.017 0.016 0.015 0.018 0.016

*Days after soil incubation; **Mean indicates average value of three replicates; ***Mean indicates average value of treatments (S)
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rhizosphere and bulk soil at 120 days of soil incubation. The
available nitrogen content was maximum at 120 days of soil
incubation, followed by 60 and 30 days of soil incubation (Table
4). The value showed a slight decline at 180 days of soil
incubation butwas higher than those at 30 days of soil incubation.

Available soil nitrogen increased from 125.6 to 145.1 mg
kg™ and 125.0 to 143.4 mg kg™ both in rhizosphere and bulk soil,
irrespective of treatment and days of soil incubation (Table 4).
Similar results were also reported by Tolanur and Badanur, (2003)
and Balyan et al. (2006).The increase in available nitrogen in soil
may be due to application of combined organics which could be

R. Gupta et al.: Effect of organics on soil properties as well as .overall performance of Withania somnifera

attributed to multiplication of microbes in and conversion of
organically bound nitrogen to inorganic form (Sharma et al., 2009;
Tolanur and Badanur, 2003; and Balyan et al., 2006). Besides
fixation by heterotrophic bacteria in soil is markedly stimulated by
favourable soil conditions under treatment receiving organic
manure that might have helped in better nodulation and root
growth leading to build up of available soil nitrogen content after
transplanting. Bajpai et al. (2006); Subashchand and Ram
(2007). Asignificant increase in soil available nitrogen by organic
manure amendment has been reported earlier (Bajpai et al.,
2006; Subaschand and Ram, 2007). The nitrogen content
increased from 30 to 120 days of soil incubation but slightly

Table 4 : Effect of organics on available nitrogen (mg kg”) in rhizosphere and bulk soil of Withania somnifera

Rhizosphere soil Bulk soil

30DSI* 60DSI* 120 DSI* 180 DSI* 30DSI* 60DSI* 120 DSI* 180 DSI*
Treatments  Mean** Mean** Mean** Mean** Mean** Mean** Mean** Mean**
T, 125.6 124.8 123.6 121.2 125.0 124.6 123.2 120.3
T, 126.2 132.9 136.7 133.3 125.7 131.9 136.1 132.7
T, 126.2 134.0 136.6 134.01 124.0 133.1 135.5 133.9
T, 130.2 133.7 137.8 133.1 129.9 133.1 1371 132.8
T, 129.3 135.3 138.7 134.8 128.0 134.8 138.0 134.0
T, 131.7 136.8 139.8 133.6 1291 136.2 139.2 133.0
T, 1334 137.5 140.7 1354 1325 136.8 140.3 134.9
T, 134.0 137.8 141.9 137.3 132.7 1374 1411 136.0
T, 129.1 133.8 1371 132.0 127.7 1334 136.1 131.8
To 1325 137.0 140.0 135.5 129.2 136.7 139.8 134.7
T, 135.5 139.5 145.1 138.5 1341 138.9 1434 137.8
Mean*** 130.3 134.8 137.9 1335 128.9 134.3 137.3 132.9
C.D(0.05) 1.387 1.231 1.343 1.184 1.418 1.272 1.376 1.272
*Days after soilincubation; **Mean indicates average value of three replicates; ***Mean indicates average value of treatments (S)
Table 5: Effectof organics on available phosphorus (mgkg™) inrhizosphere and bulk soil of Withania somnifera

Rhizosphere soil Bulk soil

30DSI* 60DSI* 120DSI* 180 DSI* 30DSI* 60DSI* 120DSI* 180 DSI*
Treatments  Mean** Mean** Mean** Mean** Mean** Mean** Mean** Mean**
T, 6.32 6.30 6.26 6.26 6.31 6.28 6.22 6.21
T, 7.39 8.95 9.10 7.35 7.20 8.5 9.01 8.19
T, 7.14 8.04 8.14 7.37 7.07 7.95 8.11 7.29
T, 7.35 8.25 8.54 7.97 7.1 8.05 8.21 7.86
T, 7.27 8.56 8.93 7.70 7.22 8.30 8.86 7.65
T, 7.95 9.27 9.62 8.21 7.16 9.20 9.23 8.19
T, 8.06 9.4 9.49 8.66 7.78 9.35 9.22 8.34
T, 8.13 9.67 10.13 9.46 7.89 9.66 10.04 9.02
T, 7.20 7.86 8.98 8.71 7.01 7.97 8.11 7.61
T, 7.95 9.77 9.94 9.09 8.04 9.53 9.45 8.63
To 9.29 11.25 12.05 10.59 8.23 9.90 11.12 9.86
Mean*** 7.64 8.84 9.24 8.30 7.36 8.60 8.87 8.06
C.D(0.05) 0.471 0.412 0.390 0.374 0.319 0.503 0.411 0.415

*Days after soil incubation; **Mean indicates average value of three replicates; ***Mean indicates average value of treatments (S)
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decreased at 180 days of soil incubation. This might be due to the
increased absorption of nitrogen by plants during their growth
(Ramakrishnaiah and Vijaya, 2013).

[twas observed that phosphorus content in soil increased
with application of organic source either alone or in combination
with different organics both in rhizosphere and bulk soil, no doubt
that the available phosphorus was more in rhizosphere soil higher
than in bulk soil. Every enhanced application of organic source
increased the available phosphorus in soil. In case of different
organic sources, phosphorous level increased to the level of
12.05 and 11.12 mg kg" at 120 days of soil incubation in T,

1637

treatment on the contrary to the control which exhibited 6.26 and
6.22 mg kg, respectively, in both rhizosphere and bulk soil 120
days of soil incubation. The available phosphorus content (mg
kg') was maximum at 120 followed by 60 and 30 days of soil
incubation. The available phosphorus content slightly decreased
at 180 days of soil incubation but was remarkably higher than 30
days of soilincubation (Table 5)

Incorporation of different organics increased available
soil phosphorus from 6.32 to 12.05 mg kg™ and 6.31 to 11.12 mg
kg both in rhizosphere and bulk soil irrespective of treatment and
days of soil incubation (Table 5). However, different combinations

Table 6 : Effect of organics on available potassium (mg kg™ in rhizosphere and bulk soil of Withania somnifera

Rhizosphere soil Bulk soil
30DsI* 60 DSI* 120 DSI* 180DSI* 30DsI* 60 DSI* 120 DSI* 180 DSI*

Treatments Mean Mean Mean Mean Mean Mean Mean Mean
T, 95.6 95.3 94.1 93.6 94.7 93.1 92.2 92.0
T, 96.9 105.6 109.1 102.5 95.3 105.2 108.2 100.9
T, 95.7 105.5 108.5 102.7 95.2 105.1 107.4 102.1
T, 98.8 106.3 110.5 103.3 95.1 104.6 109.3 103.0
T, 97.8 106.4 109.8 103.2 97.2 105.4 109.3 101.9
T, 98.7 108.2 110.5 103.2 98.2 107.5 110.2 102.5
T, 100.1 110.2 12.3 105.5 99.4 109.8 111.6 104.1
T, 100.4 11.2 114.5 107.5 99.7 110.6 113.5 104.0
T, 99.1 105.8 109.6 103.4 97.0 104.7 109.2 102.6
To 99.8 108.7 1141 106.2 99.2 108.1 110.3 103.9
T, 102.0 112.5 116.6 109.8 101.7 112.0 115.2 108.2
Mean*** 98.6 106.8 109.9 103.7 97.5 106.0 108.8 102.2
C.D(0.05) 1.168 1.355 1.460 1.355 1.209 1.418 1422 1.501
*Days after soilincubation; **Mean indicates average value of three replicates; ***Mean indicates average value of treatments (S)
Table 7 : Effect of organicson dry biomass, rootyield and alkaloid content (%) of Withania somnifera

Dry biomass (g plant”) (aboveground) Dryroot yield (g plant”) Alkaloid content(%)
Treatments Vegetative Maturity Vegetative Seed Maturity Vegetative Seed Maturity

Mean** Mean** Mean** Mean** Mean** Mean**
To 22.80 24.20 3.26 548 0.0794 0.0915
T, 26.82 28.90 5.02 7.02 0.0875 0.0989
T, 24.42 26.57 5.10 712 0.0854 0.0912
T, 24.24 26.43 482 6.92 0.1031 0.1188
T, 2712 29.36 5.13 7.23 0.0971 0.0990
Ts 24.02 25.25 4.89 6.98 0.1045 0.1095
T, 27.32 29.48 412 6.29 0.1013 0.1038
T, 2512 26.29 4.08 6.12 0.1024 0.1048
T, 24.24 25.66 4.02 6.06 0.0862 0.0924
T, 2412 2543 5.21 7.28 0.0965 0.0980
To 27.58 29.62 6.28 8.32 0.1087 0.1218
Mean*** 25.25 27.01 472 6.80 0.0956 0.1775
C.D(0.05) NS 3.652 NS 2.821 NS 0.0792

**Mean indicates average value of three replicates ***Mean indicates average value of treatments (S)
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of organics recorded significantly higher available phosphorous
than sole application as also reported by Vasant et al., (2012). A
significant increase in available phosphorous status of the soil
might be due to release of soluble inorganic phosphates into sil
through decomposition of phosphate rich organic compounds
and secretion of organic acids which may form chelates with the
Al resulting effective solubilization of phosphates (Shinde and
Patil, 1985).The available phosphorus slightly decreased at 180
days of soil incubation, which might be due to greater uptake by
crops. The result of present investigation corroborates with those
of Das etal. (2008)

The perusal of data revealed that available potassium in
soil increased with application of organic sources alone and also
in combination with different treatments both in rhizosphere and
bulk soil, no doubt the available potassium was higher in
rhizosphere soil than that of bulk soil. Every enhanced application
of organic source significantly increased the available potassium
in sail. In case of different organic source application, available
potassium increased to the level of 116.6 and 115.2 mg kg 120
days of soil incubation in T,, as compared to the control. The
available potassium content was maximum at 120 days of soil
incubation, followed by 60 and 30 days of soil incubation. At 180
days of soil incubation potassium content decreased slightly but
was higher than 30 days of soil incubation (Table 6).

Different combinations of organics increased available
soil potassium from 95.6 to 116.6 mg kg 'and 94.7 to 115.2 mg kg

Sample ID: OT
Injection Volume: 10

Shimadzn CLASS-VP V 6.14 SP1 External Standard Report
Method Name: C:AHPLCMETHOD!rajesh.met

* Sample description: Methanol:Water (60:40 ), Column RP-18¢ (Chromolith,5um , 4.6 x 100mm), Column temp. 30 degree C,
Flow rate 0.5 mlmin .
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Fig. 1 : Alkaloid content (withanolide%) at T,(1a) and T,, (1b).
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both in rhizosphere and bulk soil irrespective of treatment and
days of soil incubation. Available K was also higher in combined
application of organics because organic acids and inorganic
acids produced during decomposition of organic manures help in
releasing mineral bound insoluble potassium and also reduce
potassium fixation (Vasant et al., 2012), The available potassium
slightly decreased at 180 days of soil incubation due to higher
uptake by crops (Das et al., 2008).

The seedlings grown with different organics showed
increased plant biomass and root yield as compared to control.
Among various organic sources, the combined application of T,
yielded maximum dry plant biomass and dry root yield at
vegetative stage and at seed maturity stage, respectively, as
compared to control.

Similarly, alkaloid content showed 0.1088% increase at
vegetative stage and 0.1218% increase at seed maturity stage in
T, treatment.

Higher yield may be due to application of organics which
attributed to favourable effect in improving the physical condition
of soil, beside supplying adequate nutrients which may have
enhanced the absorption, translocation and assimilation of
nutrients resulting in higher biomass.

Shimadzu CLASS-VP V 6.14 SP1 External Standard Report

Sample ID: S10
Method Name: C:\HPLC\METHOD'rajesh.met

Injection Volume: 10

Sample description: Methanol:Water (60:40 ), Column RP-18¢ (Chromolith,Sum , 4.6 x 100mm), Column temp. 30 degree C,
Flow rate 0.5 ml/min .
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Table 8: Drybiomass, rootyield and alkaloid content (%) of Withania somnifera in soils of subtropical and intermediate zones of Jammu district

Sub-tropical zone

Intermediate zone

Jammu Chatha Kathua Rajouri
Latitude 32°44'N 32°29'N 32°36'N 33°23'N
Longitude 14°55'E T4°48'E 75°36'E T4°20'E
Average temperature 30.4°C 29°C 24°C 20°C
MSL 400 mabove msl 360 mabove msl 317 mabove msl 1152 m above msl
pH 78 7.2 7.10 6.90
EC (dsm™) 0.48 0.45 0.42 0.46
0C (%) 0.58 0.57 0.56 0.58
Plantdry biomass*
(aboveground, g plant™)
Vegetative stage 232 23.0 22.8 22.6
Seed maturity 39.2 38.2 37.8 374
Dry rootyield *(g plant™)
Vegetative stage 3.45 3.42 3.40 3.38
Seed maturity stage 495 4.80 4.70 4.68
Alkaloid content (%)*
Vegetative stage 0.0962 0.0956 0.0872 0.0698
Seed maturity stage 0.1827 0.1775 0.0899 0.0818

*Indicates mean value

Accumulation of alkaloid content (withanolides) in roots
significantly enhanced on application of vermicompost, farm yard
manure and biofertilizer inoculation due to slow release and long
duration of crop. High values at maturity stage of crop may be due
to oxidation of starch and its conversion into alkaloids and
production of more precursory compounds which accumulated in
thicker plants and heavy roots Kumar et al. (2009). Further,
bacterial inoculation through various organics might have
increased Ca and Mg in plants. This increase could be due to
production of organic acids by bacteria and plants in the
rhizosphere which decreased soil pH and stimulated the
availability of various nutrients, which in turn improved plant and
root biomass and alkaloid content.

The dry plant biomass (23. 2 g plant” and 39.2 g plant”)
was higher in Jammu soil, followed by Chatha (23.0 and 38.2g
plant”) and Kathua (22.8 g plant” and 37.8 g plant” ) soil in sub
tropical zone and least was recorded at Rajouri (22.6 g plant” and
374 g plant”) in intermediate zone at vegetative and seed
maturity stages, respectively. The dry root yield followed same
pattern in Jammu (3.45g plant " and 4.95 g plant”) followed by
Chatha (3.42 g plant” and 4.80 and g plant ") and Kathua (3.40 g
plant” and 4.70 g plant ") soils in subtropical zone and least was
observed in Rajouri (3.38 g plant'and 4.68 g plant ) soils in
intermediate zone at vegetative and seed maturity stage,
respectively (Table 8). The dry root biomass varied to a certain
extent in different soils which may be attributed to favourable soil
conditions, high organic matter of the soil, climate and topography
in respective areas (Siribel etal., 2004).

The alkaloid content of Withania somnifera was higher
(0.0962 and 0.1827%) in Jammu soils followed by (0.0956 and

0.1775 %) Chatha and (0.0872 and 0.0899 %) Kathua in sub
tropical zone and least was recorded in Rajouri (0.0698 and
0.0818 %) in intermediate zone at vegetative and seed maturity
stages (Table 8). Further, the root alkaloids increased with
increase in age i.e., at seed maturity stage. This result may be
attributed in part to the increase in dry root and plant biomass
which resulted from thickening of cell walls. Also, it may be due to
plant senescence, which resulted in decrease in number of young
and fall of older leaves.

The study revealed that the change in soil properties, root
and alkaloid yield was found maximum at T ;- treatment and was
more prominent in rhizosphere soil in all treatments. Application
of organics improved soil health, biomass and percent alkaloid
content (%) in Withania somnifera. Through this study it is
recommended that subtropical zone is highly suitable for the
cultivation of this high value medicinal crop.
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