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Introduction 
 

Ashwagandha  (Withania somnifera Dunal.) 

belong to the family (Solanaceae), known as 

“Indian ginseng” is a reputed medicinal herb 

grown for its roots in arid and semi-arid 

regions of many countries. Roots of this plant 

form ingredients of many herbal formulations  

 

 

 

 

 

 

 

 

 

prescribed for musculoskeletal conditions, 

nervous system and as a general health tonic 

for elderly persons and lactating mothers 

(Bone, 1996). It is an erect growing, 

branching shrub with a normal height of 1.50 

m. Ashwagandha is a dryland medicinal crop 

having tremendous marketing potential owing 

to demand of its roots to the tune of 7000 

A field experiment was conduct during Kharif, 2013-14 to study the Impact of different 

manures on Ashwagandha (Withania somnifera Dunal.) production under rainfed 

condition grown on sandy loam soil at Departmental Research Farm, Department of Soil 

Conservation & Water Management/ Forestry, Chandra Shekhar Azad University of 

Agriculture & Technology, Kanpur. The experiment was laid out in factorial randomized 

block design with eighteen treatments replicated thrice. Under fertility levels, treatments 

consist of FYM @ 20 t ha-1, vermicompost @ 5 t ha-1, FYM @ 10 t ha-1 + vermicompost 

@ 2.5 t ha-1, FYM @ 10 t ha-1 + vermicompost @ 2.5 t ha-1 + PSB @ 2 kg ha-1 + 

Azotobacter @ 2 kg ha-1, RDF 20:40 and absolute control. Among while moisture 

conservation practices, three treatments consist hoeing + weeding, organic mulch and 

absolute control have been taken. The results of present investigation revealed that among 

different fertility levels, various traits i.e. highest plant height (39.41 cm), number of 

branches (11.21), leaf fresh weight (47.93g), leaf dry weight (7.72 g), shoot fresh weight 

(30.05 g), shoot dry weight (13.05 g), root length (18.13 cm), root girth (4.72 cm), root 

fresh yield q ha-1 (29.53), root dry yield q ha-1 (9.45) was observed application of FYM 

@ 10 t ha-1 + vermicompost @ 2.5 t ha-1 + PSB @ 2 kg ha-1 + Azotobacter @ 2 kg ha-1 

along with organic mulch as moisture conservation practices, respectively. The highest 

uptake of nutrients N (87.09), P (28.41) and K (91.36) kg ha-1 was also observed after 

application of same level of fertilizers. 
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tonnes and estimated production of 1500 

tonnes (Umadevi et al., 2012). Ashwagandha 

root drug find an important place in Ayurveda 

for the treatment of rheumatic pain, 

inflammation of joints, nervous disorders, 

impotence and immature ageing and is 

considered as „Indian ginseng‟ (Khanna et al., 

2006; Kulkarni and Dhir, 2008). 

 

Ashwagandha is a hardy and drought tolerant 

plant. It grows well in dry and subtropical 

regions. Madhya Pradesh, Gujarat, Haryana, 

Maharashtra, Punjab, Rajasthan and Uttar 

Pradesh are the main producing states of this 

crop in the country. In Madhya Pradesh alone 

it is cultivated in more than 5000 ha. The 

estimated production of its roots in India is 

more than 1500 t, while the annual 

requirement is about 7000 t necessitating 

increase in its cultivation for higher 

production. Steroidal alkaloids and lactones in 

a class of constituents called with anolides are 

the major active principles of W. somnifera 

roots (Grigorescu et al., 1990). It cultivated 

over an area of 10,780 ha with a production of 

8,429 tonnes in India. While the annual 

demand increase from 7,028 tonnes (2001-02) 

to 9,127 tonnes (2004-05) necessitating 

increase in its cultivation for higher 

production.  

 

The application of inorganic nutrients may 

not significantly influenced the various 

economic traits in contradiction due to the 

fact that bio-synthesis of secondary 

metabolites is under genetic control to 

influence plant growth and seed yield in 

various responsive crops including 

Ashwagandha as reported by Umrao et al. 

(2008) but the development of a reliable and 

consistent inoculation technology deter mines 

that the application of Azospirillum, FYM 

and Vermicompost, inter action beneficial 

with regards to a biological model for 

fundamental studies on symbiotic associations 

between them to have a significant impact in 

future agricultural production. Therefore, the 

present experiment was conducted to see and 

evaluate a response of bio-organic nutrition 

through a application of FYM, Vermi-

compost and Azospirillum in Ashwagandha 

(Withania sominifera ). 

 

The application of an integrated plant nutrient 

supply system is becoming popular as it is 

scientifically sound and assures sustainable 

development in agriculture. The use of 

judicious combination of organic and 

inorganic fertilizer source is essential not only 

to maintain soil health but also sustain 

productivity (Malewar et al., 1998). 

 

It is grown as rainfed crop in many parts of 

India under arid and semi-arid regions. It 

grows well in soils having residual moisture 

and single or two supplementary irrigations 

during the entire period of its growing season. 

Despite its drought tolerance capacity, 

prolonged soil moisture deficit inhibits the 

growth and development of the crop and 

adversely affects the crop yield potential and 

plant productivity. 

 

Understanding the effect of long duration 

moisture stress on the active principle content 

and root quality will help to augment 

functional characterization and biochemical 

integration of molecular and genetic data. The 

objectives of this study were to understand the 

response of field grown W. somnifera to soil 

moisture deficit and the changes in root 

secondary metabolites productivity. 

 

Low availability of soil moisture and high 

evapo-transpiration is considered one of the 

principal causes which decrease crop 

productivity worldwide . Soil moisture deficit 

perceived as drought stress results in drop in 

water potential in plants. As this condition 

develops, responses of a wide range of 

physiological and biochemical processes are 

induced. Some of these responses are directly 
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triggered by the changing water status of the 

tissues while others are brought about by 

plant hormones that are signaling changes in 

water status (Chaves et al., 2003). In addition 

to the deleterious effects on primary 

metabolism and energy balance of the plant, 

water stress alters the secondary metabolism 

of plant and its sequestration in different parts 

(Harborne, 1999). The complex nature of 

plant secondary metabolism and diverse array 

of secondary metabolites demands the holistic 

approach to understand the combined 

biochemical, molecular, cellular, and 

physiological perspective to appreciate the 

true nature of the occurrence and their 

significance. Additionally, the importance of 

secondary metabolites is increasing rapidly as 

these compounds are utilized as raw materials 

for various industries and as therapeutic 

agents for animal and human health care 

(Coley and Barone, 1996; Nina and Lerdau, 

2003). Understanding how soil moisture 

influence the growth conditions for higher 

productivity and maximal recovery of phyto-

medicines. Plant nutrient status or plant 

nutrition is one of the important factors which 

controls growth and development of the 

various characters and determines final yield 

potentiality. The pharmacological activity of 

the roots is attributed to the presence of 

several alkaloids and withaniols, which is 

affected due to nutritional status of the soil 

(Maheshwari et al., 2000). Limited efforts 

were made to study the performance of 

Ashwagandha at different doses of nutrition. 

It is obvious to find out a suitable dosage of 

nutrition as the nutrient levels tend to modify 

the microclimate which in turn influence 

metabolic activities of the plant, thereby 

growth and development. 

 

Keeping the above point in view and fulfill 

the increasing demand of roots of this 

important crop, present investigation was 

carried out to study the “Impact of different 

manures and moisture conservation practices 

on Ashwagandha (Withania somnifera Dunal) 

Production under rainfed condition” with the 

following objectives includes, assess the 

impact of manures and fertilizers on growth 

and development of shoot and root of 

Ashwagandha. And to screen out the most 

suitable combination of organic manures for 

shoots and root growth of Ashwagandha. Also 

study the effect of moisture conservation 

practices on Ashwagandha. Finally analyze 

the economics of the various treatment. 

 

Materials and Methods 

 

Location of the experiment 
 

The field experiment entitled “Impact of 

different manures and moisture conservation 

practices on Ashwagandha (Withania 

somnifera Duanal) Production under rainfed 

condition” was carried out from August 2013 

to April 2014 at sandy loam soil at field No. 

A-4 of Herbal Research Farm, Department of 

Soil Conservation & Water Management 

/Forestry, Chandra Sekhar Azad University of 

Agriculture & Technology, Kanpur. The 

experiment site is situated at an altitute of 

125.9 m above mean sea level with a 

geographical bearing of 25
o 

28‟ North latitute 

and 79
o 
1‟ East longitute. 

 

Soil 
 

The soil of experiment field constituting a 

part of Central Gangetic alluvium a pH
 
is 

reported to be 7.49, deep, sandy loam soil 

with kankar granules exposed to soil erosion. 

The topography is not gently sloping.  

 

The water table in fairly deep. Before 

plantation of Ashwagandha crop, surface and 

subsurface of soil samples up to one meter 

depth were drawn randomly from different 

places and a composite representative sample 

was prepared for mechanical and chemical 

analysis.  
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The data for initial soil characteristics of 

experimental site and method used and 

constituents analyzed are given in Table 3.2. 

 

Cropping history of the field 
 

The details about cropping of the 

experimental field (A-4) at soil conservation 

farm of C.S.A. University for the last five 

years are given in Table 3.3. 

 

Experimental details 

 

Variety 
 

The variety selected for the present 

experiment was Poshita, which is developed 

by CIMAP, Lucknow and popularize under 

cultivayion in Northen India as well as in 

Uttar Pradesh because of its higher root yield 

and improved alkaloid content. 

Spacing 
 

A spacing 30 cm between the rows and 15 cm 

within the rows was adopted for all the 

treatments. 

 

Cultivation details 

 

Sowing 
 

The seeds were sown in line with a spacing of 

30 cm between rows on 27 Aug, 2013. The 

rows were thinned out at 30 DAS, so as to 

maintain an inter plant distance of 15 cm. 

 

Manures and fertilizers 
 

All the organic manures, vermicompost, PSB 

(Phosphorus Solubilising Bacteria), 

Azotobacter, phosphatic fertilizers plus 50% 

of nitrogenous fertilizers were applied as 

basal dose as per treatments. Remaining 50% 

of nitrogenous fertilizers were applied as top 

dressing after 30 days of sowing away from 

plants along the row by opening a small 

furrow to a depth of 5 cm in bands and 

covered immediately. Nitrogen and 

phosphorus were applied in the form of urea, 

single super phosphate respectively. 

 

Harvesting 
 

The crop was harvested at 180 days after 

sowing when the roots attained maximum 

size. Light irrigation was given before 

harvesting for easy lifting up of roots. 

Harvesting was done manually by digging 

and uprooting the individual plants. The roots 

were separated and washed to remive the soil 

particles. 

 

Sampling procedure 
 

Five plants were selected at random from the 

net plot of each treatment and tagged for 

recording biometric observation such as plant 

height. For the estimation of number of 

branches, root development, fresh weight of 

root and shoot, dry weight of root and shoot 

sampling was done at 60, 90, 120, 150, days 

after sowing and at harvest. Five plants were 

utilized from each sampling plot leaving 

border rows. 

 

Observations 
 

The observations recorded and the methods 

followed during the course of investigation 

are furnished below. 

 

Plant height (cm) 
 

Plant height from base of the plant to the tip 

of the longest leaf was measured from 5 

randomly tagged plants in each treatment at 

60, 90, 120, 150 days after sowing (DAS) and 

at final harvest and their mean values were 

computed and presented. 
 

No. of branches per plant 
 

No. of branches was count from 5 randomly 

tagged plants in each treatment at 60, 90, 120, 
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150 days after sowing (DAS) and at final 

harvest and their mean values were computed 

and presented. 

 

Fresh weight of shoots (g plant
-1

) 
 

Five randomly selected plants from each plot 

were pulled out 60, 90, 120, 150 days after 

sowing (DAS) and at final harvest. After 

separation of leaves and roots, the shoots 

were weighed and there mean values were 

computed and expressed in grams per plants. 

 

Dry weight of shoots (g plant
-1

) 
 

Five randomly selected plants from each plot 

were pulled out 60, 90, 120, 150 days after 

sowing (DAS) and at final harvest. After 

separation of leaves and root, the shoots were 

dried in hot air oven at 60
0
C temperature till 

the constant dry weights were obtained. There 

mean values were computed and expressed in 

grams per plants. 

 

Fresh weight of roots (t ha
-1

) 
 

Five randomly selected plants from each plot 

were pulled out 60, 90, 120, 150 days after 

sowing (DAS) and at final harvest. After 

separation of leaves and roots, the roots were 

weighed and there mean values were 

computed and presented in t ha
-1

. 

 

Dry weight of roots (t ha
-1

) 
 

After recording the fresh weight, the roots 

were made in to small pices of 2 to 3 inches 

thick and shade-dried for 10 to 15 days until 

the constant weights were obtained. After 

uniform drying, the mean values of dry 

weight of roots were computed and expressed 

in t ha
-1

. 

 

Plant analysis 
 

The plant samples collected and at final 

harvest for computing dry matter production 

were utilized for the purpose for analysis of 

nitrogen, phosphorus and potassium.  

 

The leaves and shoot of the plant samples 

were dried at 60
0
C till constant weights were 

obtained and powdered with the help of 

Electronic Grinder.  

 

The procedure for the analysis of nutrients are 

furnished below. 

 

Nitrogen (%) 
 

The nitrogen content(%) in the dried plant 

samples was determined by Micro kjeldhal 

distillation method after digesting the organic 

matter by H2O2 (AOAC,1960) and expressed 

as percent nitrogen on dry weight basis. 

Phosphorus (%) 
 

The plant samples were digested with a triacid 

mixture consisting of HNO3: H2SO4: HCLO4 

(9:4:1). The volume of digest was made up to 

100ml. Phosphorus content in triacid digest 

was determined by the development of yellow 

colour with Barton‟s reagent. The intensity of 

yellow colour was determined by using UV 

visible spectrophotometer at 640 nm (AOAC, 

1960). 

 

Potassium (%) 
 

The „K‟ content in triacid digest was 

determined by using ELICO Model 22 A 

Flame Photometer (AOAC, 1960). 

 
Uptake of nutrients 
 

The uptake of nutrients like N, P and K at 

different stages was compiled using data on 

nutrients contents and dry matter yields. 

 

 
100

  )ha (kg yieldmatter Dry content x Nutrient  %
)ha (kg uptakeNutrient 

-1
1- 
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Experimental Finding 
 

A field experiment carried out from August 

2013 to April 2014 with sandy loam soil at 

field No. A-4 of Research Farm, Department 

of Soil Conservation & Water Management 

/Forestry, Chandra Sekhar Azad University of 

Agriculture & Technology, Kanpur to study 

the “Impact of different manures and moisture 

conservation practices on Ashwagandha 

(Withania somnifera Dunal.) Production 

under rainfed condition ” The data recorded 

on various parameters were statistically 

analyzed and the results are presented here 

under various headings: 

 

Plant height (cm) 
 

The plant height of Ashwagandha was 

significantly influenced by fertility levels and 

moisture conservation practices at different 

stages of crop growth (Table 4.1 and Fig.3). 

 

At 60, 90, 120, 150 DAS and harvest stage, 

the plant height significantly influenced by 

fertility levels and moisture conservation 

practices. The application of FYM @10 t ha
-1

 

+ vermicompost @ 2.5 t ha
-1

 + PSB @ 2 kg 

ha
-1

 + Azotobacter @ 2 kg ha
-1

recorded 

treatment of F5 the highest plant height (39.41 

cm) at harvest stage followed treatment of F4 

application of FYM @ 10 t ha
-1

 + 

vermicompost @ 2.5 t ha
-1

(38.10 cm) while 

minimum plant height was recorded of 

treatment F1 control (30.06 cm) under fertility 

levels. Among the moisture conservation 

practices the highest plant height was 

recorded treatment of M2 with hoeing and 

weeding (36.63 cm) followed treatment of M3 

organic mulch (35.38 cm) while lowest plant 

height was recorded with treatment of M1 

control (34.92 cm) at harvest stage. 

 

Number of Branches 
 

The number of branches plant
-1

 in 

Ashwagandha was significantly influenced by 

fertility levels and moisture conservation 

practices levels at different stages of crop 

growth (Table 4.2 and Fig.4). 

 

At 60, 90, 120, 150 DAS and harvest stage, 

the number of branches plant
-1

 significantly 

influenced by fertility levels and moisture 

conservation practices. The application of 

FYM @ 10 t ha
-1

 + vermicompost @ 2.5 t ha
-1

 

+ PSB @ 2 kg ha
-1

 + Azotobacter @ 2 kg ha
-1

 

recorded of treatment F4 the highest number 

of branches (11.21) at harvest stage followed 

by FYM @ 10 t ha
-1

 + vermicompost @ 2.5 t 

ha
-1

 of treatment F5 (10.81) while minimum 

number of branches 
-
was recorded with 

treatment F1 (5.51) under control. 

 

Among the moisture conservation practices 

the highest number of branches was recorded 

with treatment of M3 organic mulch (10.52) 

treatment M2 of hoeing and weeding (10.00) 

and lowest number of branches was recorded 

with treatment M1 of control (8.62) at harvest 

stage. 

 

Shoot fresh weight (g plant
-1

) 
 

The shoot fresh weight of Ashwagandha was 

remarkably varied with fertility levels and 

moisture conservation practices at different 

stages of crop growth (Table 4.5 and Fig.7). 

 

The shoot fresh weight significantly 

influenced by fertility levels and moisture 

conservation practices at the stages. While the 

shoot fresh weight registered a progressive 

increase from 60 to 120 DAS afterward there 

was a steep decrease in shoot fresh weight at 

harvest under different fertility levels. 

 

Finally, the shoot fresh weight was 

significantly affected by fertility levels and 

moisture conservation practices. In F5 when 

we apply FYM @ 10 t ha
-1

 + vermicompost 

@ 2.5 t ha
-1

 + PSB @ 2 kg ha
-1

 + Azotobacter 
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@ 2 kg ha
-1

 recorded the highest shoot fresh 

weight (30.05g) at harvest stage followed by 

F4 of FYM @ 10 t ha
-1

 + vermicompost @ 2.5 

t ha
-1

 (24.13 g) while minimum shoot fresh 

weight was recorded in F1 of control (20.02 

g). 

 

In context to moisture conservation practices 

the highest shoot fresh weight was recorded in 

M3 with organic mulch (24.38 g) followed by 

M2 of hoeing and weeding (23.70g). The 

lowest shoot fresh weight was recorded in M1 

of control (22.04 g) at harvest stage. 

 

Shoot dry weight (g plant
-1

) 
 

The shoot dry weight of Ashwagandha was 

significantly influenced by different fertility 

levels and moisture conservation practices at 

different stages of crop growth (Table 4.6 and 

Fig.8). The shoot dry weight registered a 

progressive increase from 60 to 120 DAS 

thereafter drastically decrease in shoot dry 

weight at harvest under different fertility 

levels. In F5 treatment the application of FYM 

@ 10 t ha
-1

 + vermicompost @ 2.5 t ha
-1

 + 

PSB @ 2 kg ha
-1

 + Azotobacter @ 2 kg ha
-1

 

recorded the highest shoot dry weight (13.05 

g) at harvest stage followed treatment F4 in 

FYM @ 10 t ha
-1

 + vermicompost @ 2.5 t ha
-1

 

(9.50 g) while minimum shoot dry weight was 

recorded in F1with control (8.26 g) among all 

fertility levels. 

 

Among the moisture conservation practices 

the highest shoot dry weight was recorded in 

M3 treatment of organic mulch (10.18 g) 

followed by M2 of hoeing and weeding (9.84 

g). The lowest shoot dry weight was recorded 

with treatment M1 of control (9.27 g) at 

harvest stage. 
 

Root yield (q ha
-1

) 
 

Fresh root yield (q ha
-1

) 
 

The fresh root yield of Ashwagandha was 

significantly influenced by fertility levels and 

moisture conservation practices levels at 

different stages of crop growth (Table 4.9 and 

Fig.11). 

 

The application of FYM @ 10 t ha
-1

 + 

vermicompost @ 2.5 t ha
-1

 + PSB @ 2 kg ha
-1

 

+ Azotobacter @ 2 kg ha
-1

 recorded F5 the 

highest fresh root yield (29.53 q ha
-1

) at 

harvest stage followed by F4 application of 

FYM @ 10 t ha
-1

 + vermicompost @ 2.5 t ha
-1

 

(22.28 q ha
-1

) while minimum fresh root yield 

was recorded with F1 of control (9.66 q ha
-1

) 

under fertility levels. 

 

Among the moisture conservation practices 

the highest fresh root yield was recorded in 

M3 treatment of organic mulch (20.63 q ha
-1

) 

followed by M2 of hoeing and weeding (19.14 

q ha
-1

). The lowest fresh root yield was 

recorded M1 of control (17.55 q ha
-1

) at 

harvest stage. The mean fresh root yield was 

significantly differed under fertility levels and 

moisture conservation practices.  
 

The maximum and significantly higher fresh 

root yield were obtained in association of 

application of FYM @ 10 t ha
-1

 + 

vermicompost @ 2.5 t ha
-1

 + PSB @ 2 kg ha
-1

 

+ Azotobacter@ 2 kg ha
-1

 along with organic 

mulch (F5 M3) (35.28 q ha
-1

) followed by 

application of FYM @ 10 t ha
-1

 + 

vermicompost @ 2.5 t ha
-1

 + PSB @ 2 kg ha
-1

 

+ Azotobacter @ 2 kg ha
-1

 along with hoeing 

and weeding (F5 M2) (30.35q ha
-1

) while 

minimum fresh root yield was recorded under 

over all control (F1 M1) (7.84 q ha
-1

). 
 

Dry root yield (q ha
-1

) 
 

The dry root yield of Ashwagandha was 

significantly differed by fertility levels and 

moisture conservation practices at different 

stages of crop growth (Table 4.9 and Fig.11). 

The application of FYM @ 10 t ha
-1

 + 

vermicompost @ 2.5 t ha
-1

 + PSB @ 2 kg ha
-1

 

+ Azotobacter @ 2 kg ha
-1

 recorded treatment 
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of F5 the highest dry root yield (9.45 q ha
-1

) at 

harvest stage followed by treatment F4 

application of FYM @ 10 t ha
-1

 + 

vermicompost @ 2.5 t ha
-1

 (7.24 q ha
-1

) while 

minimum dry root yield was recorded with F1 

treatment control (3.10 q ha
-1

) under fertility 

levels. 

 

Among the moisture conservation practices 

the highest dry root yield was recorded in M3 

of organic mulch (7.36 q ha
-1

) followed by M2 

of hoeing and weeding (6.23 q ha
-1

). The 

lowest dry root yield was recorded with M1 of 

control (5.02 q ha
-1

) at harvest stage. 

 

Interaction effect of fertility levels and 

moisture conservation practices on dry 

weight of roots (q ha
-1

) 
 

The mean dry root yield (q ha
-1

) was 

significantly differences under fertility levels 

and moisture conservation practices. The 

maximum and significantly higher dry root 

yield were recorded under association of 

application of FYM @ 10 t ha
-1

 + 

vermicompost @ 2.5 t ha
-1

 + PSB @ 2 kg ha
-1

 

+ Azotobacter @ 2 kg ha
-1

 with organic mulch 

(F5 M3) (11.38 q ha
-1

)followed by application 

of FYM @ 10 t ha
-1

 + vermicompost @ 2.5 t 

ha
-1

 + PSB @ 2 kg ha
-1

 + Azotobacter @ 2 kg 

ha
-1

 along with hoeing and weeding (F5 M2) 

(9.79 q ha
-1

) however minimum dry root yield 

was obtained under over all control (F1 M1) 

(2.53 q ha
-1

). 
 

Nutrient uptake 
 

Nitrogen uptake (kg ha
-1

) 
 

It is evident from (Table 4.10 and Fig.12) that 

the nitrogen uptakeat harvest of the crop was 

significantly influenced by fertility levels and 

moisture conservation practices. 
 

The highest nitrogen uptake at harvest was 

recorded by application of FYM @ 10 t ha
-1

 + 

vermicompost @ 2.5 t ha
-1

 + PSB @ 2 kg ha
-1

 

+ Azotobacter @ 2 kg ha
-1

 treatment of F5 

(87.09 kg) followed by FYM @ 10 t ha
-1

 + 

vermicompost @ 2.5 t ha
-1

 treatment of F4 

(71.48 kg) while lowest nitrogen uptake was 

recorded treatment of F1 control (33.18 kg) 

under fertility levels. 

 

At harvest, under moisture conservation 

practices, the highest nitrogen uptake was 

recorded by application of treatment of M3 

organic mulch (63.04 kg ha
-1

) followed by 

M2of hoeing and weeding (61.83 kg ha
-1

) and 

treatment M1of control (60.09 kg ha
-1

). 

 

Phosphorus uptake (kg ha
-1

) 
 

It is evident from (Table 4.10 and Fig.12) that 

the Phosphorus uptake at harvest of the crop 

was significantly influenced by fertility levels 

and moisture conservation practices levels. 

 

The highest Phosphorus uptakeat harvest was 

recorded by application of FYM @ 10 t ha
-1

 + 

vermicompost @ 2.5 t ha
-1

 + PSB @ 2 kg ha
-1

 

+ Azotobacter @ 2 kg ha
-1

 treatment of F5 

(28.41 kg ha
-1

) followed by FYM @ 10 t ha
-1

 

+ vermicompost @ 2.5 t ha
-1

 treatment of F4 

(23.26 kg ha
-1

) however lowest Phosphorus 

uptake was recorded treatment F1of control 

(8.65 kg ha
-1

) under fertility levels. At 

harvest, under moisture conservation 

practices, the highest Phosphorus uptake was 

recorded treatment of M3 application of 

organic mulch (20.25 kg ha
-1

) followed by 

treatment M2 of hoeing and weeding (18.99 

kg ha
-1

) and control (M1) (17.32 kg ha
-1

). 
 

Potassium uptake (kg ha
-1

) 
 

It is clear from (Table 4.10 and Fig.12) that 

the potassium uptake at harvest of the crop 

was remarkably varied by fertility levels and 

moisture conservation practices. The highest 

potassium uptake at harvest was recorded 

treatment of F5 application of FYM @ 10 t ha
-

1
 + vermicompost @ 2.5 t ha

-1
 + PSB @ 2 kg 

ha
-1

 + Azotobacter @ 2 kg ha
-1

 (91.36 kg ha
-1

) 
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followed by treatment of F4 FYM @ 10 t ha
-1

 

+ vermicompost @ 2.5 t ha
-1

 (68.03 kg ha
-1

) 

however lowest potassium uptake was 

recorded treatment F1of control (22.70 kg ha
-

1
) under fertility levels. 

 

Under moisture conservation practices, the 

highest potassium uptake was recorded in 

M3by application of organic mulch (59.07 kg 

ha
-1

) followed by M2 of hoeing and weeding 

(57.35 kg ha
-1

) and M1 of control (55.02 kg 

ha
-1

) at harvest. 

 

Economics 
 

The data pertaining to cost of cultivation, total 

income, net returns and benefit cost ratio are 

presented in (Table 4.12 and fig.14). 

 

Total Income (Rs. ha
-1

) 
 

The highest total income (Rs.113400, ha
-1

) 

were obtained F5 with application of FYM @ 

10 t ha
-1

 + vermicompost @ 2.5 t ha
-1

 + PSB 

@ 2 kg ha
-1

 + Azotobacter @ 2 kg ha
-1

 (F4) 

followed by FYM @ 10 t ha
-1

 + 

vermicompost @ 2.5 t ha
-1

 (F3) (Rs. 86880 ha
-

1
) however, the total lowest income was 

recorded by control (F1) (Rs 37,200 ha
-1

) 

under fertility levels. Under moisture 

conservation practices, highest income was 

obtained in M3 treatment with organic mulch 

(Rs. 88320 ha
-1

) followed by M2 of hoeing 

and weeding (Rs.74760 ha
-1

) and lowest 

income was recorded with M1 of control 

(Rs.60240 ha
-1

). 
 

Net Returns (Rs. ha
-1

) 
 

The highest net returns (Rs,80611 ha
-1

) were 

obtained with application of FYM @ 10 t ha
-1

 

+ vermicompost @ 2.5 t ha
-1

 + PSB @ 2 kg 

ha
-1

 + Azotobacter @ 2 kg ha
-1

 (F5) followed 

F4 by FYM @ 10 t ha
-1

 + vermicompost @ 

2.5 t ha
-1

 (Rs.54244 ha
-1

) while total lowest 

net returns was obtained in F1 with control 

(Rs.15484 ha
-1

) among all fertility levels. 

Under moisture conservation practices, 

highest net returns was obtained with M3 

organic mulch (Rs.57083 ha
-1

) followed by 

M2 hoeing and weeding of (Rs.44843 ha
-1

) 

and lowest net returns was M1 control 

obtained in (Rs.33363 ha
-1

). 

 

Benefit Cost Ratio 
 

Application of FYM @ 10 t ha
-1

 + 

vermicompost @ 2.5 t ha
-1

 + PSB @ 2 kg ha
-1

 

+ Azotobacter @ 2 kg ha
-1

 F5 gave highest 

benefit cost ratio (2.45) followed by FYM @ 

10 t ha
-1

 + vermicompost @ 2.5 t ha
-1

 F4 of 

(1.66) while lowest benefit cost ratio was 

received under F1 of control (0.71) under 

fertility levels. 

 

Among moisture conservation practices, 

highest benefit cost ratio was obtained with 

organic mulch M3 of (1.82) followed by M2 of 

hoeing and weeding (1.49) and lowest benefit 

cost ratio was received in control M1 of 

(1.24). 

 

Results and Discussion 
 

Since independence abundant inorganic 

fertilizers are used to achieve the maximum 

yield of agriculture crops in India. The 

continuous use of inorganic fertilizers 

deteriorates not only the soil health but 

environment also.  
 

To cope up with the situation and to achieve 

the goal of sustainable agriculture it is 

mandatory to check the deterioration of the 

soil fertility by way of balancing the nutrient 

loss from the soil by making addition through 

organic and green manures and bio fertilizers 

that can help in maintaining optimum crop 

yield and long term sustainable productivity. 

The use of organic manures would be 

encouraged as they maintain the soil fertility, 

improve the physical condition of the soil and 

cover the risk of differences and deficiency of 

nutrients. 
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Table.1 Initial soil characteristics of the experimental field before Ashwagandha sowing 

(August, 2013) 

 
S. No. Constituents Soil depth (cm) Values Methods used 

1. Mechanical Composition 

1.1 Sand (%) 0-25 55.3 International Pipette Method 

(Piper, 1966) 1.2 Silt (%) 0-25 22.4 

1.3 Clay (%) 0-25 20.7 

2. Physical properties 

2.1 Bulk density (Mg m
-3

) 0-25 

1.43 

0-75 

75-100 

1.43 

1.52 

1.50 

1.55 

Richards et al., (1954) (Hand 

Book-60) 

2.2 Particle density (Mg m
-3

) 0-25 2.53 USDA Handbook – 60 K. R. 

Box‟s Method 2.3 Water holding capacity (%) 0-25 

25-50 

50-75 

75-100 

31. 16 

29.16 

28.44 

27.94 

2.4 Field capacity (%) 0-25 18.56 (Piper, 1966) 

3. Physico-chemical properties    

3.1 Soil pH 0-25 7.49 Beckman pH meter 

3.2 Electrical conductivity (dSm
-1

) 0-25 0.35 Phillips conductivity meter 

4. Chemical properties 

4.1 Organic carbon (%) 0-25 0.34 Walkley and Black‟s rapid 

titration method (Piper, 1966) 

4.2 Total nitrogen (%) .0-25 0.037 Kjeldahl method (Piper, 1966) 

Alkaline per magnate method 

(Subbiah & Asija, 1956) 
4.3 Available Nitrogen (kg ha

-1
) 0-25 191 

4.4 Available Phosphorus (kg ha
-1

) 0-25 17.94 Olsen‟s method (Olsen et al.,) 

4.5 Available Potash (kg ha
-1

) 0-25 164.95 Muhr et al., (1963) 

 

Table.2 Cropping history of the experimental field 

 

S.No. Years Kharif Rabi 

1. 2008-09 Safed Musli Japanese Mint 

2. 2009-10 French Bsil Japanese Mint 

3. 2010-11 Kalmegh Isabgol 

4. 2011-12 Kalmegh Isabgol 

6. 2012-13 Ashwagandha Ashwagandha 

7. 2013-14 Ashwagandha Ashwagandha 

 

 

 

 

 

The details of the treatments are furnished below 

 

F1M1   :  Absolute control (No manures, biofertilizers and inorganic fertilizers) 

F1 M2  :  Hoeing + Weeding 
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F1 M3  :  Organic mulch 

F2 M1  :  FYM @ 20 t ha
-1

 

F2 M2  :  FYM @ 20 t ha
-1

 + Hoeing + Weeding  

F2 M3  : FYM @ 20 t ha
-1

 + Organic mulch  

F3 M1  : Vermicomposting @ 5 t ha
-1

 

F3 M2  : Vermicomposting @ 5 t ha
-1

 + Hoeing + Weeding 

F3 M3  : Vermicomposting @ 5 t ha
-1

 + Organic mulch 

F4 M1  : FYM @ 10 t ha
-1

 + Vermicomposting @ 2.5 t ha
-1

 

F4 M2  : FYM @ 10 t ha
-1

 + Vermicomposting @ 2.5 t ha
-1

 + Hoeing + Weeding  

F4 M3  : FYM @ 10 t ha
-1

 + Vermicomposting @ 2.5 t ha
-1

 + Organic mulch 

F5 M1  : FYM @ 10 t ha
-1

 + Vermicomposting @ 2.5 t ha
-1

 + PSB (2 kg ha
-1

) + Azotobacter 

(2 kg ha
-1

) 

F5 M2  : FYM @ 10 t ha
-1

 + Vermicomposting @ 2.5 t ha
-1

 + PSB (2 kg ha
-1

) + Azotobacter 

(2 kg ha
-1

) + Hoeing + Weeding 

F5 M3  : FYM @10 t ha
-1

 + Vermicomposting @2.5 t ha
-1

 + PSB (2 kg ha
-1

) + Azotobacter 

(2 kg ha
-1

) + Organic mulch  

F6 M1  : Recommended dose of fertilizers N and P @ 20 : 40 kg ha
-1

 

F6 M2  : Recommended dose of fertilizers N and P @ 20 : 40 kg ha
-1

 + Hoeing + Weeding 

F6 M3  : Recommended dose of fertilizers N and P @ 20 : 40 kg ha
-1

 + Organic mulch 

 

Interaction effect of fertility levels and moisture conservation practices on fresh weight of 

roots (q ha
-1

) 

 

 

Fertility levels Moisture conservation practices  Mean 

M1 M2 M3 

F1 7.80 9.42 11.75 9.65 

F2 15.40 18.60 22.05 18.68 

F3 18.00 21.25 24.65 21.30 

F4 18.40 23.50 26.15 22.68 

F5 22.15 30.60 35.70 29.48 

F6 11.00 13.80 17.90 14.23 

Mean 15.45 19.52 23.03  

S.E± (D) 0.30  

C.D(P= 0.05) 0.61  
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Interaction Effect – Effect of fertility levels and moisture conservation practices on dry 

weight of roots (q ha
-1

) 

 

Fertility levels Moisture conservation practices  Mean 

M1 M2 M3 

F1 2.53 3.03 3.75 3.10 

F2 5.00 5.98 7.08 6.02 

F3 5.85 6.77 7.87 6.83 

F4 5.97 7.42 8.33 7.24 

F5 7.18 9.79 11.38 9.45 

F6 3.57 4.41 5.73 4.57 

Mean 5.02 6.23 7.36  

S.E± (D) 0.431  

C.D(P=0.05) 0.875  

 

Keeping the above facts in view, the present 

investigation was conduct to study the 

“Impact of different manures on 

Ashwagandha (Withania somnifera Dunal.) 

production under rainfed condition ”to 

promote the use of organic inputs for better 

yield and quality produce in response poor 

area. The result obtained from the experiment 

are discussed here under. 

 

Effect of organic manures, inorganic 

fertilizers and biofertilizers on growth 

attributes 
 

Plant growth is a dynamic process and is 

affected by the complex interaction between 

environmental factors and physiological 

process. Besides these factors, nutrition and 

moisture plays a very important role. In the 

present experiment, application of organic 

manures and biofertilizers exerted significant 

influences on growth characters such as plant 

height, number of branches, fresh and dry leaf 

weight, fresh and dry shoot weight over 

inorganic fertilizers. 

 

At maturity, the plant height range from 30.06 

cm to 39.41 cm. The plant height was found 

to increase with the age of the crop period 

from 60 DAS till the harvest. A steady 

increase in plant height was observed between 

60-90 DAS (3.79cm) while a maximum 

increase in plant height was observed between 

90 to 120 DAS (11.39 cm). Further the plant 

heights gradually increase from 120-150 DAS 

(8.64 cm) while the marginal increase in plant 

height was observed between 150 DAS up to 

the harvest (0.76 cm), irrespective of the 

treatments. The highest plant height recorded 

in F5 treatment by application of FYM @10 t 

ha
-1

 + vermicompost @ 2.5t ha
-1

 + PSB @ 2 

kg ha
-1

 + Azotobacter @ 2 kg ha
-1

 (39.41 cm) 

followed by F4 of i.e. application of FYM 

@10 t ha
-1

 + vermicompost @ 2.5t ha
-1

 (38.10 

cm) while minimum plant height was 

recorded with treatment of F1 of control 

(30.06cm) among the fertility levels due to 

readily availability of N and other fertilizers. 

This might have resulted in increase in ABA 

content and minimal production of Auxin and 

cytokinin essential for plant growth. Krauss 

(1978) reported that under condition of 

reduced nitrogen availability. ABA content 

increase in both roots and shoots in potato. 

 

At harvest, the number of branchesplant
-1

 

ranged from 5.51 to 11.21 among different 

treatments. The highest number of branches 

plant
-1

 recorded with the treatment of F4 with 

application FYM @ 10 t ha
-1

 + 

Vermicomposting @ 2.5 t ha
-1

(11.21) and 

minimum number of branches was recorded 
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with treatment of F1 of control (5.51) under 

fertility levels. 

 

Goel and Duhan (2011) reported the similar 

trends after application of FYM @ 12.5 and 

25 t/ ha increases the average number of 

primary branches significantly from 2.0 to 2.3 

and 2.6 over control. 

 

The shoot fresh and dry weight increase from 

60 to 120 DAS and thereafter decrease until 

harvest. At harvest, the highest shoot fresh 

and dry weight was recorded in treatment of 

F5 with application of FYM @ 10 t ha
-1

 + 

vermicompost @ 2.5t ha
-1

 + PSB @ 2 kg ha
-1

 

+ Azotobacter @ 2 kg ha
-1

 (30.05 g and 13.05 

g, respectively.) while the lowest shoot fresh 

and dry weight was recorded in treatment of 

F1 control (20.02 g and 8.26 g, respectively.) 

under fertility levels. 

 

Meshran and Shender (1990) confirmed the 

response of Azotobacter on height of shoot 

and total yield of dry shoots (40.47 cm and 

145 g per plot, respectively) over control 

(31.8 cm and 103.25 per plot, respectively). 

 

Effect of organic manures, inorganic 

fertilizers and biofertilizers on yield 

attributes and yield 
 

The root characters like root yield and dry 

root yield were significantly influenced by 

fertility levels and moisture conservation 

practices. At harvest, the fresh root yield 

range from 9.66 q ha
-1

 to 29.53 q ha
-1

.The 

highest fresh root yield were recorded in 

treatment of F5 by application of FYM @10 t 

ha
-1

 + vermicompost @ 2.5t ha
-1

 + PSB @ 2 

kg ha
-1

 + Azotobacter @ 2 kg ha
-1

 (29.53 q ha
-

1
) while the lowest fresh root yield was 

recorded in treatment of F1 control (9.66 q ha
-

1
) under fertilizer levels. 

 

Finally, the dry root yield range from 3.10 q 

ha
-1

to 9.45q ha
-1

.The highest dry root yield 

were recorded in treatment of F5 by 

application of FYM @10 t ha
-1

 + 

vermicompost @ 2.5t ha
-1

 + PSB @ 2 kg ha
-1

 

+ Azotobacter @ 2 kg ha
-1

 (9.45 q ha
-1

) while 

the lowest dry root yield was recorded in 

treatment of F1 control (3.10 q ha
-1

) under 

fertility levels. 

 

Nutrient uptake (kg ha
-1

) 

 

Nitrogen (kg ha
-1

) 
 

At harvest, the nitrogen uptake was range 

from 33.18 to 87.09 kg ha
-1

. The highest 

nitrogen uptake at harvest was recorded in 

treatment of F5 with application of FYM @ 

10 t ha
-1

 + vermicompost @ 2.5t ha
-1

 + PSB 

@ 2 kg ha
-1 

+ Azotobacter @ 2 kg ha
-1

 (87.09 

kg ha
-1

) while minimum nitrogen uptake 

recorded in treatment of F1 with control 

(33.18 kg ha
-1

) under fertility levels. 

 

Phosphorus (kg ha
-1

) 
 

At harvest, the phosphorus uptake was range 

from 8.65 to 28.41 kg ha
-1

. The highest 

phosphorus uptake at harvest was recorded in 

treatment of F5 with application of FYM @ 

10 t ha
-1

 + vermicompost @ 2.5t ha
-1

 + PSB 

@ 2 kg ha
-1

 + Azotobacter @ 2 kg ha
-1

 (28.41 

kg ha
-1

) while minimum phosphorus uptake 

recorded in treatment of F1 with control (8.65 

kg ha
-1

) under fertility levels. 

 

Prakash Rao et al., (1985) also confirm the 

results as increase nitrogen application up to 

100 kg ha
-1 

with the phosphorus uptake in 

lemon grass. 

 

Potassium (kg ha
-1

) 
 

At harvest, the potassium uptake was range 

from 22.70 to 91.36 kg ha
-1

. The highest 

potassium uptake at harvest was recorded in 

treatment of F5 with application of FYM @ 

10 t ha
-1

 + vermicompost @ 2.5t ha
-1

 + PSB 
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@ 2 kg ha
-1

 + Azotobacter @ 2 kg ha
-1

(91.36 

kg ha
-1

) while minimum potassium uptake 

recorded in treatment of F1 with control 

(22.70 kg ha
-1

) under all fertility levels. 

 

Under moisture conservation practices, the 

potassium uptake ranged from 55.02 to 59.07 

kg ha
-1

. The highest potassium uptake was 

recorded in treatment of M3 with organic 

mulch (59.07 kg ha
-1

) and lowest potassium 

uptake was recorded in treatment of M1 with 

control (55.02 kg ha
-1

). 

 

Prakash Rao et al., (1985) also reported that 

increase nitrogen application up to 100 kg ha
-1

 

increased the potassium uptake in lemon 

grass. 

 

Economics 
 

The net returns were obtained highest in 

treatment of F5 with application of FYM @ 

10 t ha
-1

 + vermicompost @ 2.5t ha
-1

 + PSB 

@ 2 kg ha
-1

 + Azotobacter @ 2 kg ha
-1 

(Rs.80611) while lowest net returns were 

recorded in treatment of F1 control (Rs. 

15484) and highest Benefit Cost Ratio were 

recorded in treatment of F5 with application of 

FYM @ 10 t ha
-1

 + vermicompost @ 2.5t ha
-1

 

+ PSB @ 2 kg ha
-1

 + Azotobacter @ 2 kg ha
-

1
(2.45) while lowest Benefit Cost Ratio were 

recorded in treatment of F1 control (0.71) 

under fertility levels. 

 

Ashwagandha (Withania somnifera Dunal.) 

belongs to the family Solanaceae and is one 

of the most potential medicinal crops of the 

future. Ashwagandha is grown primarily for 

its roots which contain number of alkaloids 

including Withanine and Somniferine having 

medicinal properties along with a reducing 

sugar phytosterol, ipuranal and mixture of 

saturated and unsaturated fatty acids which 

are present in different parts of the plants. The 

root is a tonic, stimulant, alliterative, 

aphrodisiac, narcotic, diuretic and 

abortifacient. Powdered leaf suspensions can 

increase total serum protein synthesis by two 

fold. 

 

The field experiment entitled “Impact of 

different manures on Ashwagandha (Withania 

somnifera Dunal.) production under rainfed 

condition ” was carried out from August 2013 

to April 2014 at sandy loam soil at field No. 

A-4 of Research Farm, Department of Soil 

Conservation & Water Management 

/Forestry, Chandra Sekhar Azad University of 

Agriculture & Technology, Kanpur.  

 

The experiment was laid out in Randomized 

block design (RBD) with three replications. 

The results of the present investigation are 

summarized below. 

 

At harvest, the application of FYM @ 10 t ha
-

1 
+ vermicompost @ 2.5 t ha

-1 
+ PSB @ 2 kg 

ha
-1

 + Azotobacter @ 2 kg ha
-1

 of treatment F5 

(39.41 cm) recorded the highest plant height 

and lowest plant height was recorded with 

treatment of F1 control (30.06 cm) under 

fertility levels.  

 

Under moisture conservation practices, the 

highest plant height was recorded with 

treatment of M2 hoeing and weeding (36.63 

cm) and lowest plant height was recorded 

under treatment of M1 control (34.92 cm). 

 

The number of branches plant
-1

 was highest 

with application of FYM @ 10 t ha
-1 

+ 

vermicompost @ 2.5 t ha
-1 

+ PSB @ 2 kg ha
-1

 

+ Azotobacter @ 2 kg ha
-1

 of treatment F4 

(11.21) and lowest number of branches were 

recorded in treatment F1 of control (5.51) 

under fertility levels while in case of moisture 

conservation practices, highest number of 

branches was recorded with treatment M3 

consisting organic mulch (10.52) and lowest 

were recorded in treatment M1 of control 

(8.62) at maturity stage. 
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The highest shoot fresh and dry weight g 

plant
-1

 was recorded with application of FYM 

@ 10 t ha
-1 

+ vermicompost @ 2.5 t ha
-1 

+ 

PSB @ 2 kg ha
-1

 + Azotobacter @ 2 kg ha
-1

 of 

treatment F5 (30.05 and 13.05 g plant
-1

), 

respectively. The lowest shoot fresh and dry 

weight g plant
-1

 was recorded with treatment 

F1 of control (20.02 and 8.26 g plant
-1

), 

respectively under fertility levels at maturity. 

Under moisture conservation practices, 

highest shoot fresh and dry weight g plant
-1

 

was recorded with treatments M3 organic 

mulch (24.38 and 10.18 g plant
-1

) 

respectively, the lowest shoot fresh and dry 

weight was recorded with treatment of M1 

control (22.04 and 9.27 g plant
-1

), 

respectively. 

 

At maturity, the highest fresh and dry root 

yield q ha
-1

 was recorded with application of 

FYM @ 10 t ha
-1 

+ vermicompost @ 2.5 t ha
-1 

+ PSB @ 2 kg ha
-1

 + Azotobacter @ 2 kg ha
-1

 

of treatment F5 (29.53 q ha
-1 

and 9.45 q ha
-1

) 

followed by treatment F4 of FYM @ 20 t ha
-1 

+ vermicompost @ 5 t ha
-1

, respectively. 

However, the lowest fresh and dry root yield 

q ha
-1 

was recorded with treatment F1 of 

control (9.66 q ha
-1

 and 3.10 q ha
-1

), 

respectively under all fertility levels.  

 

Under moisture conservation practices, the 

maximum fresh and dry root yield q ha
-1

 was 

recorded with treatments M3 of organic mulch 

(20.63 and 7.36 q ha
-1

), respectively, while 

the minimum fresh and dry root yield was 

recorded with treatment M1 of control (17.55 

and 5.02 q ha
-1

), respectively. 

 

The highest N, P and K uptake kg ha
-1

 was 

recorded with application of FYM @ 10 t ha
-1 

+ vermicompost @ 2.5 t ha
-1 

+ PSB @ 2 kg 

ha
-1

 + Azotobacter @ 2 kg ha
-1

 of treatment F5 

(87.09, 28.41 and 91.36 kg ha
-1

) respectively. 

The lowest N, P and K uptake was recorded 

with treatment of F1 control (33.18, 8.65 and 

22.70 kg ha
-1

) respectively under fertility 

level at the time of harvesting of 

ashwagandha crop. Under moisture 

conservation practices, the maximum N, P 

and K uptake was observed in treatment M3 

of organic mulch (63.04, 20.25 and 59.07 kg 

ha
-1

), respectively. The minimum N, P and K 

uptake was recorded with treatment M1 of 

control (60.09, 17.32 and 55.02 kg ha
-1

), 

respectively. 

 

Among all fertility levels, the highest total 

water used by application of FYM @ 10 t ha
-1

 

+ vermicompost @ 2.5 t ha
-1

 + PSB @ 2 kg 

ha
-1

 + Azotobacter 2 kg ha
-1

 treatment in F5 of 

(316.1 mm) followed by treatment of F4 FYM 

@ 10 t ha
-1

 + vermicompost @ 2.5 t ha
-1

 

(310.9 mm) and lowest total water used in 

treatment F1 of control (304.4 mm). In case of 

moisture conservation practices, the highest 

water use in treatment M3 of organic mulch 

(314.2 mm) followed by treatment M2 of 

hoeing and weeding (312.1 mm) while lowest 

total water used in treatment M1 of control 

(310.6 mm), In context to moisture 

conservation practices. 

 

Economics 
 

The highest Net Returns was recorded with 

application of FYM @ 10 t ha
-1 

+ 

vermicompost @ 2.5 t ha
-1 

+ PSB @ 2 kg ha
-1

 

+ Azotobacter @ 2 kg ha
-1

 of treatment F5 

(Rs. 80611) and lowest net returns was 

recorded with treatment F1 of control (Rs. 

15484) under fertility levels. Under moisture 

conservation practices, the highest net returns 

was recorded with treatment M3 of organic 

mulch (Rs. 57083) and lowest net returns was 

recorded with treatment M1 of control (Rs. 

33363).  

 

The experimental results revealed that 

application of FYM @ 10 t ha
-1 

+ 

vermicompost @ 2.5 t ha
-1 

+ PSB @ 2 kg ha
-1

 

+ Azotobacter @ 2 kg ha
-1

 of treatment F5 

recorded highest root yield and gave more 
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Total Income, Net Returns and B: C Ratio 

while lowest Total Income, Net Returns and 

B: C Ratio were recorded with treatment of F1 

control under fertility level. 
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