


Effect of sowing time, seed rate and harvesting duration on flowering and fruiting of ashwagandha (Withania somnifera)




Abstract
Ashwagandha is one of the important medicinal plants belonging to the Solanaceae. It possesses rejuvenating, adaptogenic, anti-inflammatory, anti-stress, immunomodulatory and aphrodisiac properties. Ashwagandha is a late-sown kharif crop and harvested between 150-170days after sowing. The experiment was carried out at the Herbal Garden, Rajendra Nagar, Hyderabad, during the year 2009-10. The experiment was laid out in a Completely Randomised Block Design with factorial concept comprising a total of 18 treatments replicated thrice with two sowing dates (August 15th and August 30th), three seed rates (10 kg/ha, 12 kg/ha and 14 kg/ha) and three harvesting durations (150 DAS, 180 DAS and 210 DAS). Early flowering (72.22 days) and 50 per cent flowering (92.15 days) were recorded in the August 15th sown crop when compared to the August 30th crop. Among the seed rates, S2 (12kg/ha) recorded early flowering (73.17 days) and 50 per cent flowering (93.06days).   Early fruit set (105.48 days) and 50 per cent fruit set (118.29 days) were recorded in the August 15th sown crop when compared to the August 30th crop. Among the seed rates, S3 (14 kg/ha) recorded early fruit set (106.67 days) and 50 per cent fruit set (119.56 days). The present study clearly demonstrated that sowing time plays a dominant role in regulating the flowering and fruiting behaviour of Ashwagandha. From the present investigation, sowing ashwagandha during mid-August with a seed rate of around 12 kg/ha can be recommended for achieving timely flowering and fruiting under the agro-climatic conditions of South India. 
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Introduction
        Ashwagandha is an important cash crop for greening the arid and dry zone, having medicinal properties belonging to the Solanaceae. Ashwagandha is one of the important medicinal plants used extensively in the traditional systems of medicine such as Ayurveda, Sidda and Unani (Mikulska et al., 2023; Sprengel et al., 2025). It is commonly referred to as winter cherry and Indian ginseng and is valued primarily for its roots. Which possess rejuvenating, adaptogenic, anti-inflammatory, anti-stress, immunomodulatory and aphrodisiac properties (Bashir et al., 2023; Kumar et al., 2024). Ashwagandha is known for its ability to reduce stress by lowering cortisol levels. It may help improve sleep quality, making it a popular remedy for insomnia. It may also support cognitive health by reducing oxidative stress and inflammation in the brain (Prajapati et al., 2025).  Ashwagandha is a late-sown kharif crop and harvested between 150-170days after sowing. India is the largest producer of ashwagandha. It is mainly cultivated in drier parts of Madhya Pradesh, Punjab, Rajasthan and South India. In Madhya Pradesh, it is cultivated in about 4000 hectares area1. Ashwagandha is an important drug used in Ayurvedic medicines. The livelihood of small and marginal importance, the productivity of ashwagandha remains relatively low, primarily due tonon-standardized agronomic practices. The pharmacological activity of the roots is attributed to the presence of alkaloids withanine and somniferine, with therapeutic effects such as antioxidant, antidiabetic, antimicrobial, anticancer, and more (Majeed et al., 2023; Salve et al., 2025). The roots also contain starch, reducing sugars and glycosides. Ashwagandha roots contain diverse phytochemicals like amino acids, alkaloids, ergostane steroids, terpenes, and flavonoids, offering disease-mitigating potential (Premkumar et al., 2023). The growing global demand for herbal medicines and plant-based therapeutics has led to a renewed interest in the commercial cultivation of Ashwagandha in India and other parts of the world.
Among the various agronomic factors influencing crop growth and productivity, sowing time and seed rate play a crucial role in determining plant population, growth pattern, flowering behavior and fruiting dynamics. Sowing time determines the environmental conditions, such as temperature, rainfall and photoperiod to which the crop is exposed during its critical growth stages. Any deviation from the optimum sowing window may result in poor germination, excessive vegetative growth or delayed flowering and fruiting. Similarly, seed rate influences plant density, inter-plant competition for light, nutrients and moisture and ultimately affects phenological development and yield.
		The plant is a rich source of crude protein, calcium and phosphorous2. The leaf paste and decoction are used both externally and internally for many ailments like sore eyes, boils, hand and foot swellings, wounds, etc. An infusion of bark is used for the control of asthma. The fruits and seeds are used in chest complaints. Leaves are rich in crude protein, calcium and phosphorus, while fruits and seeds are used in respiratory disorders. Given the wide therapeutic application of ashwagandha, optimising its cultivation practices is of paramount importance.
Therefore, the present investigation was undertaken to study the effect of different sowing times and seed rates on flowering and fruiting characters of ashwagandha. The findings of this study are expected to provide valuable insights for optimising agronomic practices and improving the productivity and profitability of ashwagandha.
		Ashwagandha is commercially grown for its roots. In recent years, the use of ayurvedic medicines has increased due to fewer side effects. The drug derived from Ashwagandha is mainly used in Ayurvedic and Unani preparations. The alkaloid withaferine-A, which is present in roots having antibiotic and anti-tumour prorerties2.Plant extract of ashwagandha showed 100 per cent mortality of callosobruchus pest on stored pulses and products3 and 90-100 per cent inhibition of Tobacco Mosaic Virus in chillies 4     
Materials and Methods
The experiment was done between August 2009 and March 2010 in the Herbal Garden, Rajendra Nagar, Hyderabad, Telangana. The experimental site is characterised by a semi-arid tropical climate with hot summers and mild winters. The soil of the experimental field was sandy loam in texture, moderately fertile, suitable for the cultivation of medicinal crops such as ashwagandha.   It was laid out with two sowing dates (August 15th and August 30th), three seed rates (10 kg/ha, 12 kg/ha and 14 kg/ha) and three harvesting durations (150 DAS, 180 DAS and 210 DAS) in a Completely Randomised Block Design with factorial concept comprising a total of 18 treatments replicated thrice. The land was brought to fine tilth by ploughing and harrowing. The experimental area was divided into plots of 2m x 3m. Seeds mixed with sand at a ratio of 1:1 and sown directly in the field by the broadcasting method. Standard cultural practices such as weeding and irrigation were followed uniformly for all treatments as and when required. No major incidence of pests or diseases was observed during the crop growth period. 
Uniformly growing five plants were randomly selected in each treatment and replication for the purpose of recording the biometric observations. The data recorded on flowering and fruiting were subjected to statistical analysis. The data were analysed using computer software programmed by the method of variance5.
Results
Effect of sowing time on flowering and fruiting characters of Ashwagandha:
 The results of the present investigation revealed that sowing time had a significant influence on the flowering behaviour of ashwagandha.  The data pertaining to the time for initiation of flowering of Ashwagandha as influenced by sowing time are presented in Table 1. There was a significant difference in time for initiation of flowering due to the dates of sowing. Significantly minimum time taken for initiation of flowering (72.22 days) was recorded in D1 (August 15th), followed by D2 (August 30th), recording (74.59 days). The advancement of flowering in early sowing may be attributed to favourable temperature and favourable moisture conditions, which might have postponed the transition from vegetative to reproductive phase.
         The time taken for 50% flowering of Ashwagandha as influenced by sowing time is presented in Table 2. There was a significant difference in the time taken for 50% flowering due to the dates of sowing. Significantly minimum time for 50% flowering (92.15 days) was recorded in D1 (August 15th), followed by D2 (August 30th), recording (94.22 days).
           The data pertaining to the time for first fruit set of Ashwagandha as influenced by sowing time are presented in Table.3. There was a significant difference in time for first fruit set due to dates of sowing. Significantly minimum time for first fruit set (105.48 days) was recorded in D1 (August 15th), followed by D2 (August 30th), recording (108.59 days).
           The data pertaining to days for 50% fruit set of Ashwagandha as influenced by sowing time are presented in Table 4. There was a significant difference in days for 50% fruit set due to the dates of sowing. Significantly minimum days for 50% fruit set (118.29 days) were recorded in D1 (August 15th), followed by D2 (August 30th) recording (121.85 days.
These results clearly demonstrate that ashwagandha is sensitive to sowing time, seed rate, and even a delay of 15 days can significantly influence its phenological development. Early flowering is advantageous as it ensures timely completion of the reproductive phase, particularly under rainfed conditions where terminal moisture stress is a common constraint.
Effect of seed rate on flowering and fruiting characters of Ashwagandha:   Different seed rates did not show any significant difference in time for initiation of flowering (Table 1). The minimum number of days for initiation of flowering (73.17 days) was recorded with S2 (12 kg/ha). The maximum number of days for initiation of flowering (73.78 days) was recorded with S1 (10 kg/ha), which was on par with S3 (14 kg/ha) recording (73.28 days).
           The data pertaining to different seed rates not showed significant difference in time for 50% flowering (Table 2). The minimum number of days for 50% flowering (93.06 days) was recorded with  S2 (12kg/ha). The maximum number of days for 50% flowering (93.28 days) was recorded with S3 (14 kg/ha), which was on par with S1 (10 kg/ha) recording (93.22 days). 
             There was no significant difference in recording time for first fruit set with different seed rates (Table.3). The minimum number of days for first fruit set (106.67 days) was recorded with S3 (14 kg/ha). The maximum number of days for first fruit set (107.28 days) was recorded with S1 (10 kg/ha), which was on par with S2 (12 kg/ha) recording (107.17 days).
              Different seed rates did not show any significant difference in days for 50% fruit set (Table 4). The minimum number of days for 50% fruit set (119.56 days) was recorded with S3 (14 kg/ha). The maximum number of days for 50% fruit set (120.39 days) was recorded with S1 (10 kg/ha), which was on par with S2 (12 kg/ha) recording (120.28 days).
The delayed fruiting observed at lower seed rates may be attributed to prolonged vegetative growth due to reduced inter-plant competition. Efficient interception of solar radiation and optimum utilisation of nutrients and moisture depend largely on plant density. Maintaining an optimum plant population ensures balanced vegetative and reproductive growth, leading to timely flowering and fruiting.


Interactions: 
[bookmark: _Hlk220273852]The data on the interaction between dates of sowing and seed rates (DXS) were found to be significant. Where a combination of August 15th and 12 kg/ha (D1S2) recorded early initiation of flowering (70.56), followed by D1S3 (72.56) and D1S1 (73.56). 
The data on interaction between dates of sowing and seed rates (DXS) were found to be non- significant pertaining to time taken for 50% flowering, time taken for first fruit set and days for 50% fruit set of Ashwagandha. Although interaction effects were non-significant for other parameters, the same treatment combination consistently recorded earlier flowering and fruiting.
The superiority of the D1S2 treatment combination may be attributed to favourable environmental conditions coupled with optimum plant density, which together created an ideal microclimate for early reproductive development.
Discussion
Effect of sowing time on flowering and fruiting characters of Ashwagandha: The crop sown on August 15th took lowest number of days (72.22 days) for first flower initiation and consequently for 50 per cent flowering (92.15 days), lowest number of days (105.48 days) for first fruit set and consequently for 50 per cent fruit set (118.29 days) when compared to August 30th sown crop. Since August 15th crop has experienced an initial average minimum temperature, which might have restricted the vegetative growth. Early cessation of the vegetative phase converted to the reproductive phase. Further, the weekly initial average minimum temperature encountered by August 30th sowing made the crop put forth maximum vegetative growth. This extended vegetative growth might have delayed flower initiation and consequently 50 per cent flowering in the August 30th sowing.
Effect of seed rate on flowering and fruiting characters of Ashwagandha: Seed rate of 12 kg/ha (S2) resulted in minimum time taken for initiation of flowering (73.17 days) and 50 per cent flowering (93.06 days) when compared to 10 kg/ha (S1) and 14 kg/ha (S3). Time taken for fruit set (106.67 days) and days taken for 50 per cent fruit set (119.56 days) were early in S3 (14 kg/ha) when compared to S1 (10 kg/ha) and S2 (12 kg/ha). Efficient interception of radiant energy incident to crop surface can be achieved by manipulating the spacing and seed rate. Planting at an optimum density with an appropriate spacing is an important consideration to improve the productivity of the crop. Maintaining optimum plant density at proper spacing is of prime importance, as it estimates the required leaf area, leading to optimum flowering and fruiting. The photosynthates thus formed will be accumulated in the production of a higher dry root yield 6   
The response of ashwagandha to different sowing times observed in the present investigation clearly indicates the strong influence of environmental factors on crop phenology. Temperature and moisture availability during the early stages of crop growth play a decisive role in regulating vegetative development and the subsequent transition to reproductive phases. Early sowing on August 15th under relatively favourable soil moisture conditions, coupled with gradually declining temperatures, which are known to promote early floral induction in many medicinal crops. This environmental synchronisation may have facilitated early completion of the vegetative phase and hastened flowering and fruiting processes.
Delayed sowing on 30th   August, on the other hand, exposed the crop to comparatively higher temperatures during the initial growth period, resulting in extended vegetative growth. Excessive vegetative growth often leads to delayed reproductive initiation due to greater allocation of assimilates towards leaf and stem development rather than floral organs. Such a delay in flowering and fruiting can adversely affect overall crop performance, particularly under rainfed conditions where terminal moisture stress is common. These findings underline the importance of selecting an optimum sowing window to ensure that critical growth favorable climatic conditions.
Although seed rate did not exert a statistically significant influence on flowering and fruiting parameters, the trends observed are agronomically meaningful. The seed rate of 12 kg/ha consistently resulted in earlier flowering, suggesting that an optimum plant population facilitates efficient utilisation of growth resources. At very low seed rates, reduced inter-plant competition may promote luxuriant vegetative growth, thereby delaying flowering. Conversely, higher seed rates may induce mild competitive stress, which can accelerate reproductive development as a survival mechanism.
  Interactions:
A treatment combination of August 15th sowing and 12 kg/ha seed rate (D1S2) recorded 70.56 days taken for initiation of flowering. Though interaction treatments were not significant, a combination of August 15th sowing and 12 kg/ha seed rate (D1S2) recorded early 50 per cent flowering (90.89 days). A combination of August 15th sowing and 12 kg/ha seed rate (D1S2) recorded early first fruit set (104.78 days) and 50 per cent fruit set (117.67 days).
The interaction between sowing time and seed rate further highlights the importance of integrated agronomic management. The superior performance of the combination involving early sowing and optimum seed rate suggests that neither factor alone is sufficient to maximise reproductive efficiency. Instead, a synergistic approach involving appropriate sowing time and plant density is essential for achieving uniform flowering and fruiting in ashwagandha.


Conclusion:
The present study clearly demonstrated that sowing time plays a dominant role in regulating the flowering and fruiting behaviour of Ashwagandha. It is concluded that among sowing dates, early flowering (72.22 days) and 50 per cent flowering (92.15 days) were recorded in the August 15th sown crop when compared to the August 30th crop. Among the seed rates, S2 (12kg/ha) recorded early flowering (73.17 days) and 50 per cent flowering (93.06days).   Early fruit set (105.48 days) and 50 per cent fruit set (118.29 days) were recorded in the August 15th sown crop when compared to the August 30th crop. Among the seed rates, S3 (14 kg/ha) recorded early fruit set (106.67 days) and 50 per cent fruit set (119.56 days). 
The interaction between early sowing and optimum seed rate proved beneficial for early reproductive development. Based on the results of the present investigation, sowing ashwagandha during mid-August with a seed rate of around 12 kg/ha can be recommended for achieving timely flowering and fruiting under the agro-climatic conditions of South India. The findings of this study provide a scientific basis for refining agronomic practices for ashwagandha cultivation and can contribute to improved productivity and sustainability of medicinal crop production systems.
 Overall, the results of the present study are in close agreement with earlier reports on medicinal crops, which emphasise that optimisation of basic agronomic practices can significantly enhance crop phenology, productivity and quality. The findings provide a strong scientific basis for recommending mid- August sowing with an optimum seed rate for ashwagandha cultivation under South Indian conditions.
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Table 1: Effect of sowing time and seed rate on time taken for initiation of flowering (days) in Ashwagandha.
	
	Seed  rate(S)

	Sowing date(D)
	S1(10kg/ha)
	S2 (12 kg/ha)
	 S3 (14 kg/ha)
	     Mean

	  D1 (August 15th )
	73.56
	70.56
	72.56
	     72.22

	  D2 (August 30th )
	74.00
	75.78
	74.00
	     74.59

	Mean
	     73.78
	73.17
	73.28
	



Factors: 	Sowing date (D)		Seed rate (S)                Interaction (DXS) 
 S.E m ±         	     0.46                                   0.57                                0.80                                                                       
CD (5%)             1.34                                     NS                                  2.32  


Table 2: Effect of sowing time and seed rate on time taken for 50% flowering  (days) in Ashwagandha.
	
	Seed  rate(S)

	Sowing date(D)
	S1(10kg/ha)
	S2 (12 kg/ha)
	 S3 (14 kg/ha)
	           Mean

	  D1 (August 15th )
	92.44
	90.89
	93.11
	92.15

	  D2 (August 30th )
	94.00
	95.22
	93.44
	94.22

	Mean
	93.22
	93.06
	93.28
	


 
Factors      Sowing date (D)           Seed rate (S)                Interaction (DXS) 
S.E m ±         	     0.52                                0.64                                0.91                                                                       
CD (5%)              1.51                                NS                                   NS   

Table 3: Effect of sowing time and seed rate on time taken for first fruit set (days)  in Ashwagandha.
	
	Seed  rate(S)

	Sowing date(D)
	S1(10kg/ha)
	S2 (12 kg/ha)
	 S3 (14 kg/ha)
	           Mean

	  D1 (August 15th )
	106.11
	104.78
	105.56
	105.48

	  D2 (August 30th )
	108.44
	109.56
	107.78
	108.59

	Mean
	107.28
	107.17
	106.67
	



Factors      Sowing date (D)           Seed rate (S)                Interaction (DXS) 
S.E m ±              0.46                                0.57                                0.80                                                                       
CD (5%)            1.33                                 NS                                   NS   


Table 4: Effect of sowing time and seed rate on days taken for 50% fruit set in Ashwagandha.                                                                                                                                                 
	
	Seed  rate(S)

	Sowing date(D)
	S1(10kg/ha)
	S2 (12 kg/ha)
	 S3 (14 kg/ha)
	           Mean

	  D1 (August 15th )
	119.00
	117.67
	118.22
	118.29

	  D2 (August 30th )
	121.78
	122.89
	120.89
	121.85

	Mean
	120.39
	120.28
	119.56
	



Factors      Sowing date (D)           Seed rate (S)                Interaction (DXS) 
S.E m ±              0.51                                0.63                                0.89                                                                      
CD (5%)            1.48                                NS                                   NS   






