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ABSTRACT 

Conventional method of agriculture is being challenged by various factors due to amplifying population and 
environmental stress. There is necessity for developing alternate methods for cultivation of crops as the globe is facing 
major planetary crisis leading to climate change and water scarcity. Soilless cultivation provides opportunity for better 
cultivation of crops with elite produce and less consumption. Hydroponics can be proficiently used for the cultivation of 
medicinal and aromatic plants which plays very integral role in the healthcare system. Ashwagandha is one of the 
important medicinal plants which has immense health benefits and vastly used in ayurveda. A study was undertaken to 
check the feasibility of Withania somnifera in Dutch bucket system and to compare its morphological and biochemical 
properties with that of soil grown plants. Three different ratios of growing media (cocopeat, perlite, lecaballs and 
vermiculite) were used in Dutch bucket system to compare the growth of plant with soil. The plant showed significant 
growth in soilless medium when compare to plants grown under soil. Pigments, protein, soluble sugar and amino acid 
observed higher in soilless cultivation, on the other hand total phenol content and starch obtained higher in the soil. 
Hence it is recommended to use hydroponics as a viable alternative for tackling the problems related to conventional 
method of agriculture in urban and semi urban areas. 
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INTRODUCTION 
Traditional agriculture is facing major challenges due to various factors such as poor soil fertility, disease-
causing organisms, pest incidence, poor drainage, soil reaction, unfavorable soil compaction, poor 
drainage in soil, degradation by soil erosion, unfavorable soil compaction and use of synthetic fertilizers, 
pesticides and insecticides. Other problem arising due to climatic change is water scarcity in developing 
countries specially India, and agriculture consumes surplus amount of water, and thus traditional 
agriculture is facing a serious threat due to water scarcity because of enormous demand of water in 
different sectors [1,2].  
Soilless cultivation illustrates a credible opportunity in certain areas marked by severe soil erosion, 
degradation and restricted water supply. The massive potential offered by this cultivation approach is 
invincible and not only this approach is highly productive but also provides qualitative advantages being 
environmentally friendly because of its higher water and nutrients use efficiency [3]. The most important 
advantage of hydroponic system is water conservation because in particular water loss through 
evapotranspiration is low in a closed greenhouse [4]. Also, soilless cultivation has become important due 
to its promising approach for growing variety of crops. Through this approach many short-lived herbs 
and crops can be easily cultivated throughout the whole year by utilizing fewer land and labor [5]. 
Medicinal plants play an indispensable role in the human health care.Expansion of the use of herbal 
medicines and phytonutrients or nutraceuticals continues briskly across the world with a lot of 
population now resorting to herbal products for treatment of various health issues in different healthcare 
settings [6]. The cultivation of medicinal herbs and root crops in controlled environment bestows 
opportunities for enhancing and improving the bioactivity, quality, purity, biomass production and 
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consistency of the raw material [7]. Hydroponic systems can be efficiently used for the production of 
high-quality elite herbs along with root material free from any adulteration due to various external 
factors such as weeds, soil, environmental toxins including heavy metals in soils. Also, hydroponic 
cultivation can prove to be more conducive in controlling pests as beneficial organisms can be used in 
place of synthetic pesticides, thereby making it organic. This technique can be proficiently used for 
optimization of secondary metabolites and, for obtaining higher yields of target parts such as roots, 
leaves, or rhizomes [8]. Hydroponic technology can be efficiently applied for production of high-standard 
elite plant material all year round considering the possibility of controlling growing conditions along with 
stimulation of secondary metabolites by pertinent manipulation of mineral nutrients, pH and electrical 
conductivity [9].Keeping in consideration the above-mentioned points, the aim of the study is to analyze 
the suitability of the Dutch-bucket hydroponic system for the commercial cultivation of Withania 
somnifera. 
 
MATERIAL AND METHODS 
The hydroponic system was installed in the glasshouse of High-Altitude Plant physiology research centre, 
HNBGU, Srinagar Garhwal, during 2021-2022. The setup consisted of Dutch buckets, tank (200l), water 
pump and aerator. 30 Dutch buckets were used and attached with the help of PVC pipes having 140mm 
diameter and 2 m length to frame a hydroponic system. Both the ends of the pipes were closed with end 
caps. The Dutch buckets were covered with filter paper on the base and sides of the bucket for filling 
different ratios of growing substrate.The schematic diagram representing the hydroponic system is 
presented on the Fig 1. The experiment was done using RBD (randomized block design) with three 
treatments and ten replications. 
Uniform-sized 30-day old seedlings of W. somnifera were planted in Dutch bucket system as well as soil. 
Hoagland’s nutrient solution was used and supplied to the Dutch bucket using drip irrigation system with 
regulatory valves attached to the PVC pipes. The nutrients and water were supplied through the PVC 
pipes to the system at a uniform flow rate. Different parameters checked were pH, EC, TDC and salinity 
level of the nutrient solution. The pH was maintained between 5.5 and 6.5 at all stages of development. 
The requirement of nutrients and water was fulfilled by preparation and supplying the nutrient prepared 
in accordance to the different plant’s developmental phase. Different ratios of the substrates were used 
for preparing 3 treatments in hydroponic system as depicted in the table 1. 
 

 
Fig.1  A schematic diagram of a hydroponic setup 

Factors Treatment 
Growing media Cocopeat:Perlite:Lecaballs (1:1:1) 
 Vermiculite:Perlite:Lecaballs (1:1:1) 
 Cocopeat:Lecaballs (2:1) 
Control Soil grown plants of Withania 

Table 1. Treatments combinations used for hydroponics. 
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Plant and supporting media analysis 
Crop biometric observations such as root length (cm), shoot length (cm), leaf number(cm), leaf area and 
specific leaf area (cm2) were measured both at vegetative and reproductive phase in plants grown in 
hydroponics and compared with the plants grown in soil. The biochemical parameters of the third young 
leaf namely chlorophyll a, chlorophyll b, carotenoids[10], total protein content [11], amino acid[12],Total 
phenolic content [13]starch and total soluble sugars[14], were measured and compared with the soil 
grown plants. Regular and continuous monitoring of the media was done daily for seeing the changes in 
pH, EC and TDS at morning and evening. 
Statistical analysis 
The experimental data were compiled by using ANOVA (analysis of variance) with Turkey HSD. Data were 
analysed using SPSS 22.0. P values < 0.05 were considered as statistically significant. 
 
RESULTS  
1. Morphological changes- 
Root length- The root length of the plant ranged between 2.03±0.98 to 1.46±0.67cm (Table 2) during the 
vegetative phase and 1.58±1.78 to 2.93±3.65 (Table 2) during the reproductive phase. The minimum root 
length observed in plants grown under geoponics however, maximum obtained in T3 which was 
statistically significant (p<0.05) in both of the seasons. On the other hand, no significant difference 
obtained between T1 and T2 during reproductive phase.  
Shoot length- The shoot length of the plant ranged between 18.46±0.94 to 15±2.24 cm (Table 2) during 
the vegetative phase and 41.2±0.34 to 85.6±1.98 cm (Table 2) during the reproductive phase. The 
maximum shoot length procured by T3 which was statistically significant (p<0.05) and minimum 
observed in plants grown under geoponics in both of the seasons. 
Leaf number- The number leaves ranged between 6±1.18 to 15±2.24 (Table 2)  during the vegetative 
phase and 14±2.21 to 33±2.73 (Table 2)during the reproductive phase. The maximum number of leaves 
procured in T3 which was statistically significant (p<0.05) and minimum observed in plants grown under 
geoponics. No significant difference observed between T2 and plants grown under soil during vegetative 
phase. On the other hand, no significant difference procured between T1 and T2 under soilless condition. 
Leaf area-The leaf area of the plant ranged between 8.93±0.34 to 15.56±0.34 cm2 (Table 2) during the 
vegetative phase and 14±2.21 to 33±2.73 cm2 (Table 3) during the reproductive phase. The maximum leaf 
area observed in T3 which was statistically significant (p<0.05) for vegetative phase while the minimum 
leaf area observed in plants grown under geoponic condition. On the other hand, no significant difference 
obtained between the treatments plant grown under soilless condition during the reproductive phase 
however, it was statistically significant (p<0.05) with plants grown under soil. 
2. Biochemical analysis- 
Chlorophyll a- The chla content ranged between 1.17±0.25 to 1.01±0.54 mg/g FW (Table 2) during the 
vegetative phase and 0.5±1.36 to 0.9±1.58 mg/g FW (Table 2) during the reproductive phase. Maximum 
chla analysed in T3 which was statistically significant (p<0.05) while minimum value observed in soil 
during vegetative phase. No significant difference observed between T1 and T3.  On the other hand, 
maximum chla observed in T2 and minimum observed in T1 during reproductive phase. 
Chlorophyll b- The chlb content ranged between 0.6±0.86 to 0.83±0.54 (Table 1)  mg/g FW during the 
vegetative phase and 0.53±0.45 to 0.9±0.4 mg/g FW (Table 2) during the reproductive phase. The 
maximum chl b content observed in T1 and minimum obtained in T2 during the vegetative which was 
statistically significant (p<0.05). On the other hand, maximum chlb content observed in T1 while 
minimum observed in T3. The content was statistically significant (p<0.05).  
Carotenoid content- The carotenoid content ranged between 0.07±0.45 to 0.09±0.25 mg/g FW (Table 2) 
during the vegetative phase and 00.14±1.56 to 0.16±0.45 mg/g FW (Table 2) during the reproductive 
phase. The carotenoid content observed maximum in T1 and minimum in soil during the vegetative phase 
which was statistically significant (p<0.05). No significant difference obtained between treatments of 
soilless cultivation. During reproductive phase, minimum carotenoid content observed in T3 and 
maximum in T1 which was statistically significant (p<0.05). 
Protein content- The Protein content ranged between 54.04±0.98 to 60.70±0.46 mg BSAE/g (Table 2) of 
FW during the vegetative phase and 58.15±0.86 to 69.12±0.79 mg BSAE/g FW (Table 2) during the 
reproductive phase. The minimum protein content observed in T3 and maximum observed in T2 during 
vegetative phase which was statistically significant (p<0.05). However, no significant difference observed 
between T1 and soil. On the other hand, the protein content observed maximum in T3 and minimum in 
T1 during reproductive phase which was statistically significant (p<0.05). A rapid decrease in protein 
content of T1 has observed from vegetative to reproductive phase. 
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Total phenolic content- The total phenol content (TPC) ranged between 43.24±1.25 (Table 2) to 
70.02±0.85 mg/g of FW during the vegetative phase and 73.90±0.78 to 81.25±0.76 mg/g FW (Table 2) 
during the reproductive phase. The maximum TPC observed in soil and minimum in T1 during vegetative 
phase which was statistically significant (p<0.05). On the other hand, maximum TPC observed in soil and 
minimum in T3 during the reproductive phase which was statistically significant (p<0.05). No significant 
difference observed between the treatments of hydroponic cultivation. 
Amino acid- The amino acid ranged between 12.07±1.87 to 26.09±1.60 mg/g (Table 2) during the 
vegetative phase and 26.09±0.99 to 37.45±1.76 mg/g FW (Table 2) during the reproductive phase. The 
maximum amino acid observed in soil and minimum in T3 during vegetative phase. It was statistically 
significant (p<0.05). However, the maximum amino acid observed in T1 and minimum in T3 during the 
reproductive phase which was also significant (p<0.05). No significant difference observed between the 
treatments during both of the seasons. 
Starch content- The starch content ranged between 101.25±2.56 to 202.25±0.54 mg/g of FW (Table 1) 
during the vegetative phase and 616.78±1.26 to 842.78±0.54 mg/g FW (Table 3) during the reproductive 
phase. The minimum starch content observed in soil while, maximum obtained in T2 during the 
vegetative phase which was statistically significant (p<0.05). No significant difference obtained in T1 and 
T3. On the other hand, minimum starch content observed in T1 and maximum in T3 during the 
reproductive phase which was statistically significant (p<0.05).  
Total soluble sugar- The total soluble sugar (TSS) ranged between 485.25±0.46 to 661.65±1.26 mg/g 
FW (Table 1) during the vegetative phase and 306.5±2.36 to 564.6±1.25 mg/g FW (Table 3) during the 
reproductive phase. The maximum TSS observed in T2 and minimum in soil during vegetative phase 
which was statistically significant (p<0.05). No significant difference observed between T1 and T3. On the 
other hand, maximum TSS observed in T3 and minimum in T1 during the reproductive phase which was 
statistically significant (p<0.05). 

Table 2: Morphological and biochemical variations in W. somnifera grown under hydroponics & 
geoponics condition during vegetative phase 

Parameters VT1 VT2 VT3 V Soil 
Root length 1.95±0.87b 1.67±2.34bc 2.03±0.98a 1.58±0.67c 

Shoot length 22.2±1.13bc 28±1.50b 30±1.14a 18.46±0.94c 
Leaf number 10±2.81b 7±1.16c 15±2.24a 6±1.18c 

Leaf area (cm) 13.98±0.87b 9.67±0.65c 15.56±0.34a 8.93±0.34c 
Specific leaf area 49.75±1.33c 99.69±1.34b 51.69±1.22bc 139±0.32a 

Chlorophyll a 1.14±0.15ab 1.01±0.54b 1.14±1.25ab 1.17±0.25a 
Chlorophyll b 0.83±0.54a 0.6±0.86c 0.75±0.1b 0.68±0.26bc 

Carotenoid 0.07±0.45a 0.07±0.65b 0.07±1.25b 0.09±0.25a 
Protein content 59.24±1.25b 60.70±0.46a 54.04±0.98c 58.01±1.56b 

TPC 43.24±1.25c 52.25±0.25bc 61.25±0.85b 70.02±0.85a 
Amino acid 17.04±2.00b 16.04±0.97b 12.07±1.87b 26.09±1.60a 

Starch 171.2±0.25b 202.25±0.54a 166.45±2.35b 101.25±2.56c 
Total soluble sugar 570.3±1.25b 661.65±1.26a 571.54±0.64b 485.25±0.46c 

TPC- Total phenolic content, FW- Fresh weight. 
Alphabets (a, b, c) represent statistically significant values (p < 0.05) as determined by Tukey’s HSD test. 

Table 3. Morphological and biochemical variations in W. somnifera grown under hydroponics & 
geoponics condition during reproductive phase 

Parameters RT1 RT2 RT3 R Soil 
Root length 2.91±0.93a 2.76±1.98b 2.71±3.65b 1.46±1.79c 

Shoot length 71±1.5b 59.4±1.76bc 85.6±1.98a 41.2±0.34c 
Leaf number 23±2.52b 20±1.48b 33±2.73a 14±2.21c 

Leaf area (cm) 19.45±0.45a 18.67±1.9a 20.12±1.23a 15.45±1.54b 
Specific leaf area 54.48±0.98c 100.37±1.23b 45.52±3.6c 152.97±0.99a 

Chlorophyll a 0.5±1.36c 0.9±1.58a 0.82±0.65ab 0.77±0.42b 
Chlorophyll b 0.9±0.4a 0.59±1.58c 0.53±0.45c 0.76±0.94b 

Carotenoid 0.16±0.45a 0.16±0.42a 0.14±1.56ab 0.15±0.48b 
Protein content 58.15±0.86b 62.56±0.99ab 69.12±0.79a 68.24±0.98a 

TPC 74.92±1.25b 74.31±0.98b 73.90±0.78b 81.25±0.76a 
Amino acid 37.45±1.76a 29.76±1.87b 26.09±0.99b 34.33±2.3ab 

Starch 616.78±1.26c 714.56±0.89b 745.25±0.55ab 842.78±0.54a 
Total soluble sugar 306.5±2.36c 424.54±0.78bc 564.6±1.25a 494.36±2.65b 

TPC- Total phenolic content, FW- Fresh weight. 
Alphabets (a, b, c) represent statistically significant values (p < 0.05) as determined by Tukey’s HSD test. 
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DISCUSSION 
The substrates in soilless cultivation have an impact on morphological, biochemical, physiological as well 
as anatomical traits of the plant. The growing medium facilitates plant growth, which may be ascribed 
towards the nutrients that are present in the medium. In this experiment, the, number of leaves, leaf and 
root length and leaf area were mostly highest in T3 (cocopeat and lecaballs). This may be because 
cocopeat has a high water-holding capacity, lecaball aeration, and both have a significant nutrient input 
with an acceptance rate for electric conductivity throughout the growing season. These findings are 
corroborated by earlier research [15]. 
The accumulation in primary and secondary biochemicals in leaves grown under soilless system may be 
due to the physical properties of inert media that stimulates the process of photosynthesis by enhancing 
chla and chlb. The amount of chla, chlb as well as carotenoids in plants varies relying on the growing 
factors [15]. In this study, the pigments obtained maximum in soilless culture. The development of leaf 
pigments depends on the nitrogen that accumulates in plants growing on inert media to promote 
aeration, water retention capacity, and biostability. Inert media specially lecaballs, perlite and 
vermiculite, which have better aeration as well as water retention capability in coco peat, and bio-
stability of these substrates lead to absorption of nitrogen for the chlorophyll development. Previous 
studies found cocopeat as a potential substrate in soilless culture, which providing high concentration of 
pigments and affecting the plant growth and development [16]. 
In this study, plants grown in soil had a higher TPC than plants cultivated in soilless system. It might 
result from the plant's defense to physical injury, abiotic stress and biotic stress etc. in the soil [17] as 
phenolic chemicals are typically connected to plant defense mechanisms [18]. The amino acid also 
observed higher in soil during vegetative phase which may be due to amino acids entailed in coping up 
with stress [19]. 
This study showed that, there was a loss of proteins in T1 (Cocopeat, Perlite and Lecaballs) during 
reproductive phase. It has been shown in earlier study in Hemerocallis by Shahri who concluded that, 
plant start to transfer protein bi-products from sink to source as reproductive phase started [20]. The 
role of ethylene during reproductive stage has been already reported in previous report [21]. There has 
been evidence of a general drop in cell protein levels in leaves in both ethylene-sensitive as well as 
insensitive plants [22]. An apparent reduction in the concentration of amino acids during reproductive 
phase as observed in plants grown under soilless conditionsmaybe as a result of the accelerated transport 
of amino acids towards the growing pistil.  
During the reproductive phase, the plants grown under T1 (Cocopeat, Perlite and Lecaballs) showed the 
minimum total soluble sugar in leaf of W. somnifera which may be due to early reproductive phase of the 
plant has been observed in soilless media. These results are supported by earlier studies which 
demonstrated that, in Hemerocallis [23] and Helleborus orientalis[20], maturation as well as reproductive 
phase are followed by a drop in total soluble sugar. Starch content observed higher in soil may be due to 
late reproductive phase as well as starch aids in plant defence by participating in pathogen-specific 
immune response [20, 24]. 
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