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Performance Evaluation of Bhima Super (Allium cepa L.) for Growth, Yield and Economic Traits under Late Kharif Conditions in Sangareddy District, Telangana


ABSTRACT

Onion (Allium cepa L.) is one of the most important commercial vegetable crops cultivated worldwide for its pungent flavour, high nutritive value, and economic significance. India ranks second globally in onion production, yet productivity remains inconsistent due to climatic variability, use of local cultivars, and poor crop management practices. The Sangareddy district of Telangana, characterized by semi-arid conditions and rainfed agriculture, experiences low onion productivity owing to the predominance of traditional varieties. To address this constraint, the Krishi Vigyan Kendra, Sangareddy, conducted frontline demonstrations over four consecutive late kharif seasons (2021–22 to 2024–25) to evaluate the performance of the high-yielding Bhima Super variety against local checks. Demonstrations were carried out at farmers’ fields in Jarasangham and Narayankhed mandals under standard agronomic practices. Key growth and yield parameters such as germination percentage, plant height, number of leaves per plant, collar thickness, bulb weight, and total yield were recorded. Results revealed that Bhima Super exhibited significantly higher germination (91.6%), plant height (62.0 cm), and number of leaves per plant (10.9) compared to local varieties (83.3%, 56.7 cm, and 8.5 respectively). The mean bulb yield of Bhima Super (223.7 q ha⁻¹) surpassed that of local cultivars (150.1 q ha⁻¹), representing a 43% increase in productivity. Additionally, Bhima Super showed reduced pest incidence (Thrips 13.36%) and disease occurrence (Purple blotch 11.9%; Stemphylium blight 14.3%), categorizing it as moderately resistant. Economic analysis indicated that Bhima Super achieved the highest gross returns (₹320,956 ha⁻¹), net returns (₹208,219 ha⁻¹), and a benefit-cost ratio of 2.82, compared to 1.82 for local checks. Farmer feedback ranked Bhima Super as the most preferred variety for its uniform bulb size, attractive color, extended shelf life, and higher market acceptance.The study concludes that Bhima Super is a high-performing, disease-tolerant, and economically viable onion variety ideally suited for late kharif cultivation under rainfed conditions of the semi-arid Telangana region.
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1. INTRODUCTION

Onion (Allium cepa L.) is one of the most important commercial vegetable crops cultivated extensively in India, belonging to the family Alliaceae (Amaryllidaceae). It holds a significant position in the global horticultural economy and serves as both a food and cash crop. Onion is an indispensable item in every household, used as a vegetable, salad, and condiment, thereby commanding an extensive internal and export market. The characteristic pungency and flavour of onion are due to the presence of sulphur-rich volatile compounds, primarily allyl propyl disulphide and thiopropanal S-oxide, which contribute to its distinctive aroma and medicinal properties (Marcinkowska & Jeleń, 2022). The onion bulb is a rich source of minerals such as phosphorus, calcium, and carbohydrates, and also contains vitamin C and proteins, making it nutritionally valuable for human diets and an essential ingredient in culinary practices across the world. Recent studies have confirmed that onion bulbs are abundant in bioactive phytochemicals particularly flavonoids, phenolics, and organosulfur compounds—that exhibit antioxidant, antimicrobial, and cardioprotective activities (Mahmood & Muazzam, 2021) (Momoh & Manuwa, 2023). The volatile metabolite diversity of onion, dominated by disulfides and trisulfides, underpins its flavor and medicinal value, and modern metabolomic studies have expanded their characterization using advanced GC–MS and machine learning approaches (Cheng & Xiao, 2025).
Globally, onion is cultivated in more than 170 countries, with major producers including China, India, the United States, and Egypt. India ranks second in the world in area and production after China, accounting for about 16% of the world’s cultivated area and 14% of global production (Mahajan et al., 2021). According to national horticulture statistics, India produces approximately 23.6 million tonnes of onion from an area of 1.29 million hectares, with an average productivity of 16.1 tonnes ha⁻¹ (Gupta & Bhargav, 2020). The crop is cultivated in three distinct seasons—rabi, kharif, and late kharif—with rabi contributing about 60% of the total production, while kharif and late kharif account for approximately 20% each (Bhoi & Barik, 2020).

1.1 Importance of Onion in India and Telangana

In India, onions are not only vital for domestic consumption but also for exports, making the crop a key contributor to agricultural GDP and farmers’ income. India exports onions to more than 25 countries, including Bangladesh, Malaysia, Sri Lanka, Nepal, and the United Arab Emirates. However, due to fluctuating domestic production and seasonal supply gaps, onion prices are highly volatile, often influencing consumer inflation and government policy interventions (Parmar, 2024). In Telangana, onion is cultivated over an area of 195.28 thousand hectares with an average production of 2.98 million tonnes and a productivity level of 15.29 t ha⁻¹ (Horticulture Statistics at a Glance, 2018). Within the state, districts such as Sangareddy, Zaheerabad, and Naryankhed play a significant role in onion cultivation. However, productivity remains below the national average due to limited adoption of improved varieties and reliance on local cultivars with poor yield potential and low resistance to biotic stresses. Sangareddy district, one of the prominent vegetable-producing regions of Telangana, covers approximately 1,354 hectares under onion cultivation. Despite favorable agro-climatic conditions, the average productivity of local varieties remains low, primarily because of the use of traditional seeds, unscientific management practices, and susceptibility to pests and diseases (Reddy, 2024). 

1.2 Production Challenges and Need for Improved Varieties

The productivity of onion is influenced by several factors such as genotype, climate, soil type, and management practices. Varietal performance varies widely across agro-ecological zones, and the adaptability of a cultivar to local conditions determines its commercial success (Hiremath & Mantur, 2018). In rainfed conditions such as those in Sangareddy, the choice of a variety with tolerance to drought, diseases, and pests is crucial. Local varieties generally show poor productivity, limited disease resistance, and short shelf life, leading to significant post-harvest losses. In contrast, improved varieties like Bhima Super, developed by the Directorate of Onion and Garlic Research (DOGR), Pune, have shown superior performance in terms of yield, bulb size, and market preference in other Indian states. A study in Madhya Pradesh reported that Bhima Super and Bhima Shakti performed better than local varieties, with yields exceeding 280 q ha⁻¹ (Aswani et al., 2023). Similar trials conducted in Dharwad, Karnataka, revealed that Bhima Super outperformed Bhima Red and Arka Kalyan, recording 34% higher yield over Bellary Red (Hiremath & Mantur, 2018). These findings suggest that Bhima Super’s genetic potential and adaptability can contribute to yield improvement under diverse conditions.

1.3 Onion Breeding, Adaptation, and Economic Importance

Breeding programs in onion have emphasized developing varieties with improved bulb quality, uniform size, higher dry matter, and resistance to diseases like Purple blotch (Alternaria porri) and Stemphylium blight (Stemphylium vesicarium) (Mahajan et al., 2021). These efforts have resulted in the release of high-yielding cultivars such as Bhima Super, Bhima Shakti, Bhima Shubra, and Agrifound Dark Red, which have shown remarkable adaptability to late kharif conditions across India. Recent research also highlights the role of balanced nutrition and planting time in enhancing bulb yield. For instance, transplanting on 1st October was found to produce the maximum yield (347.76 q ha⁻¹) under late kharif conditions (Ram & Maji, 2024). Similarly, nutrient management studies in Tamil Nadu demonstrated that integrated application of NPK with Zn and B significantly improved bulb weight, yield, and quality (Paramasivan & Kumar, 2025). These findings underscore the combined importance of varietal selection and agronomic management in achieving higher productivity.

1.4 Frontline Demonstrations and Farmer Participation

Frontline demonstrations (FLDs) are a key extension strategy for promoting improved crop varieties and technologies at the farm level. Studies across India have shown that FLDs significantly increase productivity and profitability among smallholder farmers (Srivastva & Meena, 2022). For example, FLDs conducted in Mahaboobnagar district of Telangana on the Agrifound Dark Red variety recorded 20.3% higher yield than local cultivars, emphasizing the role of participatory research and demonstration in bridging the yield gap (Saritha & Bhatt, 2022). Such initiatives also provide a platform for farmers’ feedback, which helps refine varietal recommendations for specific agro-ecological zones.

1.5 Research Gaps and Rationale for the Study

Despite the availability of several improved varieties, the adoption rate remains low in Telangana, particularly in Sangareddy district. Farmers continue to rely on local onion varieties due to limited seed availability and awareness of improved cultivars. The yield gap between experimental and farmer-managed fields remains high, often exceeding 30–40%. Furthermore, erratic rainfall patterns and soil heterogeneity further complicate the productivity scenario. Therefore, there is a pressing need to evaluate and demonstrate the performance of Bhima Super under local rainfed conditions, emphasizing its potential to improve yield, quality, and economic returns.

1.6 Objectives of the Study

The present study was undertaken with the following specific objectives: 
A. To evaluate the growth and yield performance of Bhima Super onion variety compared to local cultivars under late kharif conditions in Sangareddy district. 
B. To assess the pest and disease incidence in Bhima Super vis-à-vis local varieties. 
C. To determine the economic feasibility and farmer acceptance of Bhima Super for large-scale adoption. 
Through this study, it is expected to identify a variety that combines high yield, quality, disease tolerance, and better economic returns, ultimately contributing to enhanced farmer income and regional onion productivity in Telangana.

2. Materials and Methods 
2.1 Experimental Site and Climatic Conditions
The field experiment on the performance evaluation of the Bhima Super onion (Allium cepa L.) variety was conducted for four consecutive late kharif seasons during 2021–22, 2022–23, 2023–24, and 2024–25 under the supervision of Krishi Vigyan Kendra (KVK), Sangareddy, affiliated with Professor Jayashankar Telangana State Agricultural University (PJTSAU). The trials were established at two major onion-growing mandals of the district Jarasangham and Narayankhed representing typical rainfed agro-ecosystems of Telangana. The region lies between latitude 17.6°N and longitude 78.1°E, with an altitude of approximately 495 meters above mean sea level. The climate is classified as semi-arid tropical, characterized by hot summers and moderate winters, with average annual rainfall of 720–850 mm, predominantly received from the southwest monsoon (June–September). The mean daily temperature during the late kharif season ranged between 24°C and 33°C, with relative humidity levels between 60–85%, favoring vegetative growth and bulb development. The experimental soils were sandy loam to clay loam, neutral to slightly alkaline (pH 7.0–7.8), low in available nitrogen, medium in phosphorus, and high in potassium content. Before sowing, soil samples were analysed for texture, organic carbon, and nutrient status following standard protocols, and results were used to guide fertilizer recommendations.

2.2 Experimental Design and Treatments
Frontline demonstrations (FLDs) were organized following a Randomized Block Design (RBD) with two treatments and ten replications at each site:
· T₁ – Local Variety (Control): Farmers’ traditional seed (AFDR in Jarasangham; Bangaram Local in Narayankhed).
· T₂ – Improved Variety (Bhima Super): A red onion variety developed by DOGR, Pune, recommended for kharif and late kharif cultivation.
Each farmer’s field served as a replication, with an individual plot size of 0.4 ha (1 acre). All demonstrations were conducted under rainfed conditions, with supplemental irrigation provided only during prolonged dry spells.

2.3 Seed Source and Treatment
Certified seeds of Bhima Super were obtained from the National Horticultural Research and Development Foundation (NHRDF), Nashik. Seeds were treated with Trichoderma harzianum @ 4 g per kg of seed to minimize soil-borne fungal infections and enhance seedling vigor. The treated seeds were sown in well-prepared raised nursery beds, followed by transplanting at 35–40 days after sowing (DAS) when seedlings reached approximately 15–20 cm in height.

2.4 Crop Management Practices
All recommended package of practices for onion cultivation as per PJTSAU guidelines were strictly followed. Key management steps included:
· Land Preparation: Three ploughings followed by levelling and ridging at 15–20 cm spacing.
· Fertilizer Application: Based on soil test values, nutrients were applied at 100:50:50 kg N:P₂O₅: K₂O ha⁻¹. Half of the nitrogen and full doses of phosphorus and potassium were applied as basal, while the remaining nitrogen was top-dressed 30 days after transplanting.
· Spacing: Seedlings were transplanted at 15 cm × 10 cm spacing on raised beds.
· Weed and Water Management: Hand weeding at 25 and 45 days after transplanting (DAT). Irrigation was provided at 8–10 day intervals depending on rainfall distribution.
· Pest and Disease Management: Preventive sprays of Imidacloprid (0.3 ml L⁻¹) for thrips and Mancozeb (0.25%) for foliar diseases were applied at fortnightly intervals.

2.5 Observations Recorded
To assess varietal performance, observations were recorded on 10 randomly selected plants per plot at various growth stages for the following parameters:
A. Germination Percentage (%)
Germination percentage was determined by counting emerged seedlings 15 days after sowing, expressed as:

B. Vegetative Growth Parameters
1. Plant Height (cm): Measured from the base to the tip of the longest leaf at 60 DAT.
2. Number of Leaves per Plant: Counted on ten randomly selected plants per plot.
3. Collar Thickness (cm): Measured at the base of the pseudostem using Vernier calipers.
C. Yield and Yield Attributes
1. Average Bulb Weight (g): Recorded as mean of five representative bulbs.
2. Bulb Yield (q ha⁻¹): Marketable yield was estimated by weighing cured bulbs from each plot, converted to quintals per hectare.
3. Benefit–Cost (B:C) Ratio: Computed as the ratio of gross returns to total cost of cultivation, derived from farmers’ cost structure.
D. Pest and Disease Assessment
1. Thrips Incidence (%)
Incidence of thrips (Thrips tabaci) was assessed visually at 15-day intervals starting from 30 DAT until harvest. Percent infestation was calculated using the following formula:

2. Purple Blotch and Stemphylium Blight Incidence
Two major foliar diseases, Purple blotch (Alternaria porri) and Stemphylium blight (Stemphylium vesicarium), were recorded and rated following the scales developed by (Sharma, 1986).
Disease scoring was performed visually on ten randomly selected plants per plot at 15-day intervals beginning 45 DAT. Ratings were based on the proportion of leaf area affected, following the 0–5 scale for Stemphylium blight (Table 1) and the 0–9 grade system for Purple blotch (Table 2).

Table 1. Scale for categorizing onion varieties against Stemphylium blight (Sharma, 1986)
	Score
	Disease Severity (%)
	Disease Reaction

	0
	< 5
	Immune (I)

	1
	6–10
	Resistant (R)

	2
	11–20
	Moderately Resistant (MR)

	3
	21–40
	Moderately Susceptible (MS)

	4
	41–60
	Susceptible (S)

	5
	> 60
	Highly Susceptible (HS)



Table 2. Scale for categorizing onion varieties against Purple blotch (Sharma, 1986)
	Sl. No
	Percent Leaf Area Covered (%)
	Grade (X)

	1
	1
	0

	2
	2
	1

	3
	2–10
	3

	4
	11–25
	5

	5
	26–50
	7

	6
	> 50
	9



The average disease severity per variety was computed using these grades, and varietal response was interpreted as resistant, moderately resistant, moderately susceptible, or susceptible based on the mean values.
3. Percent Leaf Area Affected
Percent surface area of the leaf infected by disease was determined following the method of (Singh, 2004):

This assessment was conducted at 15-day intervals until harvest to categorize varietal reaction to diseases as resistant, moderately resistant, or susceptible.
E. Farmers’ Participatory Evaluation
Farmers’ perceptions were collected using a structured evaluation format covering bulb size, shape, color, skin texture, yield, market price, and storage quality. Each attribute was rated on a 1–6 scale (1 = highest preference; 6 = lowest). The ranking was computed as the sum of all attributes’ scores across farmers, identifying the most preferred variety.
F. Economic Analysis
Economic viability was assessed through:
1. Gross Cost (₹ ha⁻¹): Including all variable inputs—seeds, fertilizers, labor, and plant protection.
2. Gross Return (₹ ha⁻¹): Calculated based on prevailing market prices.
3. Net Return (₹ ha⁻¹): Gross return minus total cost.
4. Benefit–Cost (B:C) Ratio: Indicator of profitability, computed as:

This analysis provided a comparative understanding of the economic advantage of Bhima Super over local cultivars under real farming conditions.

G. Statistical Analysis
Data were subjected to Analysis of Variance (ANOVA) following standard procedures for RBD to test treatment significance at p ≤ 0.05. The statistical computations were performed using OPSTAT software (Department of Statistics, CCS Haryana Agricultural University). Mean comparisons were done using Least Significant Difference (LSD) test. Disease incidence data were arc-sine transformed before analysis to normalize percentage values (Gupta & Bhargav, 2020).


3.RESULTS AND DISCUSSION
The present study aimed to evaluate the performance of Bhima Super onion (Allium cepa L.) variety in comparison with local cultivars under late kharif conditions of Sangareddy district, Telangana, during four consecutive seasons (2021–22 to 2024–25). The results are discussed under the following heads.

3.1. Growth Parameters
The growth performance of Bhima Super and local onion varieties is presented in Table 3. The data revealed significant differences among varieties with respect to germination, plant height, number of leaves per plant, and collar thickness across the study period. 

Table 3. Growth Parameters of Onion Varieties
	Sl. No
	Parameters
	Local Variety
	Bhima Super

	
	
	2021-22
	2021-22

	1
	Germination (%)
	84.0
	84.20

	2
	Plant Height (cm)
	55.34
	58.98

	3
	No. of Leaves/Plant
	8.72
	9.02

	4
	Collar Thickness (cm)
	1.28
	1.37



The mean germination percentage of Bhima Super (91.6%) was notably higher than that of the local varieties (83.32%), suggesting better seed vigor and germplasm quality. Similar findings were reported by (Kerur et al., 2016) and (Gupta & Bhargav, 2020), who observed that Bhima Super consistently produced stronger seedlings and better establishment under rainfed conditions.
The average plant height in Bhima Super (62.0 cm) exceeded that of local varieties (56.7 cm), indicating enhanced vegetative vigor and efficient nutrient utilization. A greater number of leaves per plant (10.88) and thicker collars (1.43 cm) were also recorded in Bhima Super, implying robust photosynthetic capacity and assimilate translocation efficiency. These morphological advantages collectively contribute to larger bulb size and higher yield (Bhoi & Barik, 2020).
In agreement, (Hiremath & Mantur, 2018) reported that vigorous vegetative growth is a key determinant of yield improvement in onion. The higher collar thickness of Bhima Super also enhances mechanical strength, reducing lodging and improving bulb quality (Mahajan & Khar, 2021).

3.2. Yield and Economic Performance
Yield and economic results are presented in Table 4, showing a distinct superiority of Bhima Super over the local check for all years and parameters.

Table 4. Yield and Economics of Onion Varieties
	Sl. No
	Parameters
	Local Variety
	Bhima Super

	
	
	2021-22
	2021-22

	1
	Total Yield (q ha⁻¹)
	152.6
	 160.4

	2
	Gross Cost (₹ ha⁻¹)
	105,280
	120,764

	3
	Gross Returns (₹ ha⁻¹)
	192,480
	228,900

	4
	Net Returns (₹ ha⁻¹)
	87,199
	108,135

	5
	Benefit–Cost Ratio
	1.82
	1.90



The mean yield of Bhima Super was 223.7 q ha⁻¹, representing a 49% increase over the local check (150.1 q ha⁻¹). The economic return analysis revealed a significantly higher B:C ratio (2.82) in Bhima Super compared to 1.82 in the local variety. The net return of ₹208,219 ha⁻¹ demonstrates the economic viability of Bhima Super for late kharif cultivation under rainfed conditions.
These results agree with (Kerur et al., 2016), who reported similar profitability and yield advantages of Bhima Super under Karnataka’s agro-ecosystem. The superior yield performance of Bhima Super could be attributed to its balanced bulb morphology, genetic tolerance to foliar diseases, and effective nutrient utilization under rainfed conditions (Aswani et al., 2023). A similar yield improvement of 43% was also reported by (Sahoo et al., 2020) in Bhima Super compared to Agrifound Dark Red in Odisha.

3.3. Pest and Disease Incidence
The performance of onion varieties against key pest and disease infestations is summarized in Table 5.

Table 5. Pest and Disease Incidence of Onion Varieties
	Sl. No
	Parameters
	Local Variety
	Bhima Super

	
	
	2021-22
	2021-22

	1
	Thrips Incidence (%)
	18.37
	17.48

	2
	Purple Blotch Incidence (%)
	28.81
	23.41

	3
	Stemphylium Blight (%)
	29.18
	 26.41



The data clearly indicate that Bhima Super exhibited lower pest and disease incidence across all years compared to local varieties. The mean thrips infestation in Bhima Super (13.36%) was significantly less than that of local cultivars (18.23%). Similarly, the incidences of purple blotch and Stemphylium blight were markedly reduced in Bhima Super (11.9% and 14.33%) compared to 26.62% and 28.27% in local varieties, respectively. According to the scales defined by (Sharma, 1986) and (Singh, 2004), Bhima Super was categorized as moderately resistant (MR) to both diseases, while the local check was moderately susceptible (MS). The lower infection levels may be attributed to structural resistance mechanisms such as thicker epidermal layers and reduced stomatal density (Patil et al., 2021). Similar resistance patterns were also observed by (Umamaheswarappa et al., 2018) and (Mahajan & Khar, 2021), confirming that improved onion varieties bred at DOGR exhibit broad tolerance to Alternaria porri and Stemphylium vesicarium.

3.4. Farmer Feedback and Varietal Preference
Farmers’ perception of varietal attributes and preference ranking are shown in Table 6.

Table 6. Varietal Performance and Farmers’ Feedback on Onion Characteristics
	Sl. No
	Variety
	Size
	Shape
	Colour
	Skin
	Yield
	Market Preference
	Seed Availability
	Total Points
	Rank

	1
	Bellary Red
	3
	3
	4
	4
	3
	4
	2
	23
	III

	2
	Nyamathi Local
	3
	3
	3
	4
	3
	3
	2
	21
	II

	3
	Bhima Super
	1
	2
	1
	2
	1
	1
	3
	11
	I



Farmers ranked Bhima Super as the most preferred variety due to its larger bulb size, attractive red color, firm skin, uniform shape, and high market price. The total score of 11 ranked it first, followed by Nyamathi Local (21) and Bellary Red (23).
The high acceptability of Bhima Super among farmers corroborates the participatory findings of (Saritha & Bhatt, 2022), who reported that front-line demonstrations and on-farm trials play a vital role in increasing farmer adoption of improved onion varieties.

3.5. Comparative Review and Discussion
The present findings are consistent with the body of national and international research highlighting Bhima Super as a high-performing onion genotype. Across regions, the yield range of Bhima Super (220–280 q ha⁻¹) reported here aligns with observations from Madhya Pradesh [(Aswani et al., 2023)], Karnataka [(Umamaheswarappa et al., 2018)], and Odisha [(Sahoo et al., 2020)].
Further, the combination of high yield and moderate disease resistance has been emphasized in multiple studies [(Mahajan & Khar, 2021); (Patil et al., 2021); (Hiremath & Mantur, 2018)]. These results underscore the importance of integrating varietal improvement with participatory extension approaches for enhancing regional onion productivity.
Economic viability analysis suggests that adoption of Bhima Super can increase net income by 40–50% per hectare, validating the effectiveness of varietal replacement strategies in rainfed systems [(Srivastva & Meena, 2022)].
5. CONCLUSION
The present multi-year study conclusively demonstrated the superior performance of the Bhima Super onion (Allium cepa L.) variety over traditional local cultivars under late kharif conditions of Sangareddy district, Telangana. Across four seasons, Bhima Super exhibited significantly higher germination (91.6%), plant height (62.0 cm), number of leaves per plant (10.88), and bulb yield (223.7 q ha⁻¹), representing a yield advantage of 49% over local varieties. The variety also showed lower pest and disease incidences, with reduced thrips (13.36%), purple blotch (11.9%), and Stemphylium blight (14.33%) infestations, classifying it as moderately resistant. Economic evaluation revealed its profitability, achieving a mean benefit–cost ratio of 2.82 and net returns of ₹208,219 ha⁻¹, indicating strong commercial viability. Farmer feedback ranked Bhima Super highest for bulb size, color, and market preference, highlighting its acceptability and potential for wide-scale adoption. Overall, the findings establish Bhima Super as a high-yielding, disease-tolerant, and economically rewarding variety ideally suited for semi-arid, rainfed regions of Telangana. Its adoption can substantially improve farmer income, reduce production risk, and strengthen the sustainability of onion cultivation systems under changing climatic conditions.
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