Integrated Nutrient Management through Biofertilizers, Farmyard Manure, and Nitrogen Doses for Enhancing Growth and Physiological Development of Withania somnifera (L.) Dunal

ABSTRACT
The Ayurvedic and Unani systems of medicine use the roots of ashwagandha, as well as occasionally its leaves and seeds. It has hypotensive, diuretic, and laxative effects. Less work has been conducted to enhance the root and biological productivity of crops using inorganic fertilisers, and there is inadequate work reported so far on the use of biofertilisers to enhance productivity and active ingredients of crops. Therefore, the present study was planned to find out the effect of the combined applications of biofertilizers, farmyard manure and nitrogen doses combination on the physiological efficiency and growth dynamics of Ashwagandha. The investigation was conducted at the Herbal Garden, Department of Plant Physiology, College of Agriculture, JNKVV Jabalpur (M.P.) during the Rabi season 2022-23. The experiment was laid out in a Completely Randomised Block Design with three replications and eight treatments, viz., control (T1), (T2), (T3), (T4), (T5), (T6), (T7), and (T8). The results revealed that the maximum plant height, number of primary branches, number of secondary branches, and number of tertiary branches were. number of leaves, root diameter, and root length were found with the combined application of Azotobacter @ 5 kg + PSB @ 5 Kg + FYM @ 10,000 Kg ha-1. The maximum RWC (%), proline content and chlorophyll content were recorded under the application of Azotobacter @ 5 kg + PSB @ 5 Kg + FYM @ 10,000 Kg ha-1. The maximum WSD (%) was found in Withania grown without biofertilizer, FYM or nitrogen, i.e. control. The application of Nano urea @ 2L ha-1 was most effective in increasing membrane stability (MSI). The study revealed that the growth parameters and physiological efficiency were favourably increased by the combined application of biofertilizers, FYM and nitrogen.
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1. INTRODUCTION:
The herb ashwagandha, Withania somnifera (L.) Dunal. is a member of the Solanaceae family and is also known as "Indian ginseng." It is a crucial medicinal herb that is listed in numerous literature of the traditional system of medicine. Depending on the location of the raw material, it exhibits a diverse composition of chemical compounds. Its active substances that play a crucial role in pharmacological action are witanolides and alkaloids. Witanolides are compounds whose essential structure is that of ergostane, which has a six-membered lactone ring at the C-8 or C-9 position (Mikulska et al., 2023). Leprosy, nervous disorders, as well as other diseases and conditions, are treated with the powdered leaves and tap roots (Atal et al., 1975). The Ayurvedic and Unani systems of medicine use the roots of ashwagandha, as well as occasionally its leaves and seeds (Goud et al.,2024). Hiccough, gynaecological disorders, cough, rheumatism, and dropsy are all treated with Ashwagandha roots. Roots are said to have sedative properties (Mali et al., 2024). It has hypotensive, diuretic, and laxative effects (Goud et al., 2025 and Tiwari et al., 2025). It helps the body adapt to stress and promotes a sense of calm. A    study on Ashwagandha has shown similar anti-stress activity in rats (Prajapati et al., 2025). Botanically, it is a tiny woody shrub or plant that typically reaches a height of 30 to 100 cm. It is a long-tapered dicotyledonous plant that grows in an upright position. Simple, ovate, pedicellate, and alternating leaves can be up to 10 cm long. The plant produces tiny (1 cm long), greenish or yellow blooms that are borne in close-knit axillary clusters. The berries or fruits have a 6 mm diameter, are crimson in colour and are smooth. The main active ingredients in Withania somnifera roots are steroidal alkaloids and lactones, which belong to a class of substances known as withanoilides (Baraiya BR et al., 2005 and Namdeo P et al., 2023). In many arid and semi-arid regions of India, it is grown as a rainfed crop. Extensive research has been conducted on the diverse physiological effects of Withania somnifera, with a particular focus on its potential use to treat brain disorders. The effects of the root and leaf on the nervous system have been investigated in both preclinical and clinical studies (Guo & Rezaei, 2024). Since ashwagandha will be utilised medicinally, it is necessary to create an integrated nutrient management plan to guarantee the best possible crop growth and high-quality produce (Baraiya BR et al., 2012). With the processes of biological nitrogen fixation, phosphorus solubilization from applied and native soil sources, and micronutrient mobilisation for plant uptake, biofertilizers contribute to increased soil fertility. Azotobacter sp. aids in crops to enhance the ability to fix nitrogen. Bacteria that dissolve phosphorus aid in the solubilization of phosphate found in native soil and rock. Ashwagandha is cultivated in resource-poor soil as a rainfed crop and is less responsive to inorganic nitrogen and other fertilisers. There is less work has been conducted to enhance the root and biological productivity of crops using inorganic fertilisers, and there is inadequate work reported so far on the use of biofertilisers to enhance productivity and active ingredients of crops. Therefore, the present study was planned to find out the effect of the combined applications of biofertilizers, FYM and nitrogen doses combination on the physiological efficiency and growth dynamics of Ashwagandha.
2. MATERIALS AND METHODS:
The present pot/polybags experiment was conducted at the Herbal Garden, Department of Plant Physiology, College of Agriculture, Jawaharlal Nehru Krishi Vishwa Vidyalaya (JNKVV), Jabalpur (Madhya Pradesh), during the Rabi season of 2022-23. Jabalpur is geographically situated at 23˚90' N latitude and 79˚58' E longitude, with a semi-humid and subtropical climate characterised by distinct severe winters and summers. The region experiences an average annual temperature of approximately 24.6°C. Annual rainfall averages around 1107.1 mm, predominantly received during the monsoon season spanning from mid-June to the end of October, with occasional showers throughout other seasons. The climate is generally mild, warm, and temperate.
The experiment was laid out in a Completely Randomised Design (CRD) comprising eight treatments replicated thrice. Treatments included: Control (T1), Phosphate Solubilizing Bacteria (PSB) @ 5 kg ha⁻¹ (T2), Farmyard Manure (FYM) @ 10,000 kg ha⁻¹ (T3), PSB @ 5 kg ha⁻¹ + FYM @ 10,000 kg ha⁻¹ (T4), Azotobacter @ 5 kg ha⁻¹ + PSB @ 5 kg ha⁻¹ + FYM @ 10,000 kg ha⁻¹ (T5), Urea @ 130 kg ha⁻¹ (T6), Nano urea @ 2 L ha⁻¹ (T7), and Azotobacter @ 5 kg ha⁻¹ (T8). Four polybags were used per treatment within each replication, totalling 96 polybags. Each polybag had an area of 0.05 m² and a diameter of 0.25 m, filled with a homogeneous mixture of soil and FYM in a ratio of 2:1. Polybags were systematically arranged in the experimental site according to the pre-planned layout, and treatments were randomised within each replication using a random number table.
Biofertilizers and FYM were accurately weighed and thoroughly mixed according to each specific treatment combination. Different blends of biofertilizers and organic amendments were prepared, including treatments of PSB alone, FYM alone, PSB combined with FYM, Azotobacter combined with PSB and FYM, conventional Urea, and Nano Urea. All fertilisers and amendments were uniformly applied to the soil surface of each pot as per the recommended doses. Additionally, Nano urea was applied through foliar spray according to the prescribed concentration and method.
Certified seeds of the variety 'Jawahar Ashwagandha-20' were manually sown at a rate equivalent to 8 kg ha⁻¹ at a depth of 4-5 cm on 17th October 2022. Standard agronomic practices recommended for ashwagandha cultivation were followed throughout the experiment. Immediately after sowing, a life-saving irrigation was provided to facilitate germination and establishment of seedlings.
Data collection involved recording various growth parameters and physiological traits of ashwagandha at specified intervals. Chlorophyll content was measured non-destructively using a portable chlorophyll meter (Model CCM 200, Opti-Sciences, USA). Relative Water Content (RWC %) was estimated using the methodology described by Barrs and Weatherley (1962). Water Saturation Deficit (WSD) was computed by subtracting RWC from 100. Membrane Stability Index (MSI) was assessed by measuring the electrical conductivity of leaf leakage in double-distilled water at temperatures of 40°C and 100°C, respectively.
3. RESULTS AND DISCUSSION:
Significant differences in growth dynamics and physiological efficiency of ashwagandha due to combinations of biofertilizers, FYM and nitrogen doses were observed at harvest. The results indicated that application of Azotobacter @ 5 kg + PSB @ 5 Kg + FYM @ 10,000 Kg ha-1 resulted in the maximum plant height (40.74 cm), which was at par with Azotobacter @ 5 kg ha-1 (39.33 cm). This may be due to the application of FYM, PSB, and Azotobacter, coupled with inorganic fertilisers may have helped in improved cell division, cell expansion, and enlargement, resulting in a greater plant height for Ashwagandha. This may be attributable to balanced nutrition. Kurian et al. (2000) and Singh et al. (2004) supported our findings showing an increase in growth and plant height with the application of biofertilizers and fertilisers in different crop plants.
            The maximum number of primary branches (8.33), secondary branches (6.45) and tertiary branches (3.30) per plant were recorded with the application of Azotobacter @ 5 kg + PSB @ 5 Kg + FYM @ 10,000 Kg ha-1. This may be due to when FYM was added to the soil along with biofertilizers, the availability of nitrogen in particular was increased during the vegetative and reproductive phases. This raised the maximum number of branches per plant in the Ashwagandha crop by increasing nitrogen metabolism in the plant (Yadav 2010 and Patidar et al. 2014). Application of FYM @ 10,000 Kg ha-1 recorded the maximum number of leaves per plant (24.78), which was at par with PSB @ 5 Kg ha-1 (23.58). The highest values of the number of leaves per plant demonstrated the advantages of combining organic and inorganic fertilisers with FYM and biofertilizers in the soil, which increased the availability of nutrients due to an improvement in the physical and biological properties of the soil and led to the development of the highest number of leaves per plant in the Ashwagandha crop. 
Application of Azotobacter @ 5 kg + PSB @ 5 Kg + FYM @ 10,000 Kg ha-1 produced the longest root (20.06 cm) and widest diameter (4.55 mm) and maximum number of secondary roots per plant (14.43). The increase in root length, diameter and maximum number of secondary roots per plant might be due to the improvement of soil physical characteristics with the application of biofertilizers, FYM and nitrogen, which in turn helped in better absorption of nutrients. Awad et. al. (2000) reported similar results in grapes. The higher values of growth dynamics of ashwagandha were mainly due to better growth of the plant, which can be related to higher values of growth parameters observed at harvesting. The results are in very close agreement with the findings of Jayalakshmi (2003) in Coleus. 
The physiological parameters of ashwagandha were significantly influenced by the combined application of biofertilizers, FYM and nitrogen dose. The study indicated that maximum relative water content (68.08%) was recorded with the application of Azotobacter @ 5 kg + PSB @ 5 Kg + FYM @ 10,000 Kg ha-1, significantly followed by Azotobacter @ 5 kg ha-1 (64.59%). It may be due to the reason that biofertilizers and FYM application can improve the cell water potential by increasing the accumulation of more osmolytes. The maximum water saturation deficit (45.56%) was recorded in the control. The application of Nano urea @ 2L ha-1 resulted in the maximum membrane stability index (51.48%), which was statistically at par with Azotobacter @ 5 kg + PSB @ 5 Kg + FYM @ 10,000 Kg ha-1 (49.14%). This may be because the use of Nano urea improves the nitrogen level in plants, which is used for the synthesis and promotion of cell membrane stability.  
The application of Azotobacter @ 5 kg + PSB @ 5 Kg + FYM @ 10,000 Kg ha-1 recorded in maximum proline content (78.60 µmol g-1 fw), significantly followed by urea @ 130 kg ha-1 (74.41 µmol g-1fw). The application of Azotobacter @ 5 kg + PSB @ 5 Kg + FYM @ 10,000 Kg ha-1 recorded the maximum chlorophyll content index (49.19), which was at par with PSB @ 5 Kg + FYM @ 10,000 Kg ha-1 (48.50). Kumar et al. (2004) supported our findings of chlorophyll content, that the application of organic manure along with the recommended dose of fertiliser (RDF) increased the leaf chlorophyll content and leaf area duration (LAD) significantly over the control. Further, the combined application of RDF + poultry manure (PM) @ 1 t ha-1 with foliar spray of iron sulphate (FeSO4) @ 0.5% recorded significantly higher leaf chlorophyll content and LAD.







Table 1: Effect of biofertilizers, FYM and nitrogen dose combination on Growth dynamics of Ashwagandha at harvest.

	Treatment
	Plant height (cm)
	[bookmark: _Hlk142507696]Number of primary branches plant-1
	Number of secondary branches of plant-1
	Number of leaves plant-1

	T1
	33.48
	6.40
	3.74
	20.47

	T2
	35.51
	6.85
	4.38
	23.58

	T3
	36.29
	7.51
	5.46
	24.78

	T4
	38.76
	6.83
	5.30
	23.52

	T5
	40.74
	8.33
	6.45
	22.43

	T6
	38.52
	7.54
	5.15
	22.86

	T7
	37.47
	7.75
	4.03
	21.74

	T8
	39.33
	7.54
	5.25
	23.41

	SEm ±
	0.230
	0.219
	0.135
	0.170

	CD at 5%
	0.690
	0.656
	0.405
	0.509



[bookmark: _GoBack]Table 1: Effect of biofertilizers, FYM and nitrogen dose combination on Growth dynamics of Ashwagandha at harvest. (CONTD.)

	Treatment
	Number of secondary roots
	Root length (cm)
	Root diameter (mm)
	No. of fruits plant-1

	T1
	8.74
	16.78
	2.67
	60.50

	T2
	10.33
	19.45
	3.23
	65.63

	T3
	13.53
	18.80
	3.22
	64.82

	T4
	13.37
	17.44
	3.52
	63.17

	T5
	14.43
	20.06
	4.55
	70.83

	T6
	12.67
	17.71
	3.92
	63.51

	T7
	11.56
	19.76
	3.69
	61.59

	T8
	12.37
	17.55
	4.02
	61.64

	SEm ±
	0.190
	0.198
	0.133
	0.233

	CD at 5%
	0.571
	0.593
	0.400
	0.697



Table 3: Effect of biofertilizers, FYM and nitrogen dose combination on Relative water content (%), Water saturation deficit (%), Membrane stability index (%), Proline content and chlorophyll content of Ashwagandha

	Treatment
	Relative water content (%)
	Water saturation deficit (%)
	Membrane stability index (%)
	Proline content 
(µmol g-1fw)
	Chlorophyll content index

	T1
	54.44
	45.56
	40.48
	56.41
	40.41

	T2
	56.50
	43.50
	45.24
	62.49
	46.6

	T3
	60.63
	39.37
	48.41
	57.48
	45.48

	T4
	59.34
	40.66
	43.41
	63.41
	48.5

	T5
	68.08
	31.92
	49.14
	78.60
	49.19

	T6
	61.51
	38.49
	43.59
	74.41
	46.56

	T7
	59.47
	40.53
	51.48
	61.45
	47.12

	T8
	64.59
	35.41
	42.89
	72.49
	47.68

	SEm ±
	0.224
	0.224
	0.218
	0.203
	0.166

	CD at 5%
	0.673
	0.673
	0.654
	0.608
	0.497



4. CONCLUSION:
The results demonstrated that applying biofertilisers is a low-cost method with surprisingly superior effects over chemical fertiliser application. Given the high cost of fertilisers and growing concern for environmental preservation, biofertilizers are expected to become more important as a complement to or supplement to chemical fertilisers in order to improve nutrient supply to crop production systems.
Therefore, to ensure agricultural productivity, it is important to explore long-term sustainability strategies. One such strategy is to implement the concept of biofertilization. The current findings provide new opportunities for the application of biofertilizers in Withania somnifera.
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