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Comparative Evaluation of Wheat Varieties across Different Locations for Growth, Productivity and Economic Viability in Eastern Uttar Pradesh, India


Abstract 
Wheat (Triticum aestivum L.) is a vital cereal crop that plays a key role in ensuring food and nutritional security in India, particularly across the Indo-Gangetic Plains. Despite its importance, wheat productivity in eastern Uttar Pradesh remains below potential due to diverse agro-climatic constraints and limited adoption of advanced cultivation practices. To address this, a field experiment was conducted during the Rabi season of 2024-25 across three locations in Siddharth Nagar district, Uttar Pradesh- Bansi (L1), Barhni (L2) and Itwa (L3) to assess the performance of four wheat varieties: DBW-303 (V1), DW-187 (V2), HD-2967 (V3) and Shri Ram-303 (V4). The experiment followed a two factorial Randomized Block Design (RBD) with three replications under zero-tillage conditions. Results indicated both location and variety had significant effects on growth parameters, yield attributes and grain yield. Among the locations, Itwa (L3) exhibited superior performance with the highest number of effective tillers per m2 (393.92), grains per plant (51.50), test weight (41.72 g) and grain yield (45.89 q ha-1). Conversely, Barhni (L2) produced the tallest plants (93.58 cm). among the tested varieties, Shri Ram 303 (V4) recorded the highest number of effective tillers (402.56 m-2), grains per plant (53.11) and grain yield (45.91 q ha-1), followed closely by DBW-187 (V2) with 45.55 q ha-1. Economic evaluation revealed that Itwa (L3) achieved the highest net return (Rs. 70,750 ha-1) and benefit cost ratio (2.75), while varietal performance highlighted maximum profitability with DBW-187 (V2; B:C ratio 2.73) and Shri Ram-303 (V4; B:C ratio 2.72). The interaction effect between location and variety (L × V) was found to be non-significant for all studied parameters, suggesting consistent varietal performance across different environments. Overall, the findings suggest that the Itwa block, along with the varieties Shri Ram-303 and DBW-187, are most suitable for achieving higher wheat productivity and profitability under the agro-climatic conditions of eastern Uttar Pradesh.
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1. Introduction 
[bookmark: _GoBack]Wheat (Triticum aestivum L.) also known as ‘golden grain’ is one of the most important cereal crops worldwide and serves as a staple food for more than 35% of the global population. It is cultivated across diverse agro-climatic zones due to its remarkable adaptability, nutritional value and economic significance (Filip et al., 2023; Sharma & Sharma, 2025). Wheat is a major global staple crop, providing more than half of the world’s dietary carbohydrates and a significant share of daily calories along with essential minerals and vitamins. Its grains have unique biochemical properties suitable for diverse food products, though wheat protein is limited by low levels of essential amino acids like lysine and threonine (Garg et al., 2021; Khalid et al., 2023). Besides its role in food security, wheat straw is a valuable by-product used for livestock feeding and as a raw material for small-scale rural enterprises, making the crop integral to farming systems and rural livelihoods (Gatkal et al., 2024; Shah et al., 2025). Wheat is cultivated globally on about 219 million hectares, producing 760.92 million tonnes with an average productivity of 3474 kg/ha. China and India are the top producers, contributing 134.25 and 107.59 million tonnes, respectively. In India, wheat is primarily grown in northern states, with Uttar Pradesh holding the largest share of the total wheat area (30.19% of 31.45 million ha), followed by Madhya Pradesh, Punjab, Haryana and Rajasthan. These major states together contribute over 99% of the country’s wheat production (Karada et al., 2023a; Panday et al., 2024). Although, Uttar Pradesh is highest contributor of wheat production, however, productivity in the eastern region of the state, including Siddharth Nagar district, remains relatively low. The major constraints include small and fragmented landholdings, limited adoption of improved technologies, declining soil fertility, late sowing due to rice–wheat cropping sequence, inadequate crop management practices and increasing climatic variability (Singh et al., 2020; Karada et al., 2025a; Karada et al., 2025b).
In recent years, Zero Tillage (ZT) technology has emerged as a promising resource-conserving practice to enhance wheat productivity in such regions. Zero tillage facilitates timely sowing, improves soil structure, enhances moisture conservation, reduces production costs and promotes better root growth, ultimately leading to improved yield performance (Kumari et al., 2023; Verma et al., 2024). It also minimizes residue burning and enhances sustainability by reducing greenhouse gas emissions. The adoption of zero tillage is therefore gaining importance under climate-smart agriculture strategies, particularly in eastern Uttar Pradesh (Karada et al. 2023b; Jat et al., 2025; Chaudhary et al., 2025).
Improving wheat productivity additionally requires the identification of high-yielding, climate-resilient varieties suitable for local conditions. Genotype × environment interactions significantly influence varietal performance; hence, on-farm evaluation across multiple locations helps to identify stable and adaptable varieties (Karada et al. 2023c; Karada et al., 2023d; Mishra et al., 2024a; Mishra et al., 2024b). Yield performance in wheat is primarily influenced by key growth and yield determining traits such as plant height, number of effective tillers per square meter, grains per spike, test weight and grain filling efficiency. In addition to biological productivity, economic viability and profitability are essential factors, particularly for small and marginal farmers (Karada et al., 2023e; Mishra et al., 2025a; Mishra et al., 2025b). Hence, the present investigation was conducted to assess the growth, yield and economic performance of selected wheat varieties cultivated under zero tillage conditions across different locations in the Siddharth Nagar district.
2. Materials and Methods
2.1 Experimental site 
The field experiment was conducted during the Rabi season of 2024-25 across three blocks of Siddharth Nagar district, Uttar Pradesh, India, located between 27°00′-27°28′ N latitude and 82°45′-83°10′ E longitude. The study area falls under the North-Eastern Plain Zone (Agro-Climatic Zone VII) and is characterized by a subtropical climate with distinct seasonal variations. The region experiences hot and dry summers, with maximum temperatures rising up to 43 °C during May-June, and cold winters, when minimum temperatures fall to around 4 °C during December-January. The mean annual rainfall is approximately 1300 mm, the majority of which is received during the south-west monsoon period (July to September). The soils of the experimental locations are predominantly alluvial, moderately fertile and suitable for cultivation of major cereals including wheat.
2.2 Experimental details
This investigation was carried out under the SARAL Project, which is operational across 150 Gram Panchayats of Siddharth Nagar district, Uttar Pradesh, benefiting approximately 30,000 small and marginal farmers. The project is funded by The Hans Foundation and implemented by People’s Action for National Integration (PANI), Ayodhya. The field experiment was laid out in a two-factorial Randomized Block Design (RBD) comprising three locations—L1: Bansi, L2: Barhni and L3: Itwa, and four wheat varieties, viz. V1: DBW-303, V2: DBW-187, V3: HD-2967 and V4: Shri Ram-303. Each treatment combination was replicated three times, and varietal performance was assessed across ten farmers’ fields within each block to capture on-farm variability under real field conditions. Wheat sowing was carried out using a zero-tillage seed drill, promoting conservation agriculture practices. As per the recommendation, fertilizer doses of 120:60:40 kg N: P: K ha-1 were supplied using urea, single super phosphate (SSP) and muriate of potash (MOP), respectively. The full doses of phosphorus and potassium, along with 50% of the nitrogen, were incorporated as a basal application at the time of sowing, while the remaining 50% nitrogen was top-dressed in two equal splits at critical growth stages to promote efficient nutrient uptake and utilization. Weed control was carried out using selective herbicides applied at 30 days after sowing (DAS). The crop was irrigated twice during the growing season, depending on soil moisture conditions and crop water requirements, to prevent moisture stress. Observations on growth characteristics, yield attributes and grain yield were recorded following standard agronomic protocols. The experimental data were analysed using analysis of variance (ANOVA) according to the statistical procedures outlined by Gomez and Gomez (1984) to assess the significance of treatment effects.
3. Results and Discussion 
The results presented in Table 1 illustrate that both location and varietal differences significantly influenced the growth attributes, yield components and grain yield of wheat. Among the three locations, the highest plant height (93.58 cm) was recorded at Barhni block (L2), which was statistically comparable with Bansi (L1) and Itwa (L3). The maximum number of effective tillers per m² (393.92), number of grains per plant (51.50) and test weight (41.72 g) were observed in Itwa block (L3), which ultimately resulted in the highest grain yield of 45.89 q ha⁻¹. This suggests that the environmental conditions prevailing at Itwa were more favorable for wheat growth and productivity compared to other locations. The differences among locations might be attributed to variations in soil health, fertility status and microclimatic conditions during the crop growth period (Kumar et al., 2020; Nishad et al., 2020; Bajac et al., 2022). Significant variations were also observed among the wheat varieties. Variety V2 (DBW-187) recorded the tallest plants (97.44 cm) followed by V3 (HD-2967), whereas V1 (DBW-303) had the shortest plants (89.67 cm). The highest number of effective tillers per m² (402.56) and maximum number of grains per plant (53.11) were produced by V4 (Shri Ram-303), which also resulted in the highest grain yield (45.91 q ha⁻¹). This indicates that V4 exhibited better tillering ability and sink strength compared to other varieties. V2 also performed competitively in terms of yield (45.55 q ha⁻¹) owing to its higher test weight (42.15 g), indicating superior grain quality. The interaction effects of location and varieties (L × V) were found to be non-significant for all traits, revealing that varietal performance remained stable across different locations.
Table 1: Effect of Location and Varieties on Growth Attributes, Yield Components and Grain Yield of Wheat
	Treatments
	Plant Height (cm)
	Number of Effective Tillers per m2
	Number of Grains per Plant
	Test Weight (Gram) 
	Yield (Quintal per Hectare)

	Block Name  

	L1 (Bansi Block)
	93.00
	390.08
	50.33
	41.31
	44.92

	L2 (Barhni Block) 
	93.58
	384.33
	48.92
	41.15
	44.67

	L3 (Itwa Block)
	93.42
	393.92
	51.50
	41.72
	45.89

	SEM ±
	0.86
	2.30
	0.42
	0.27
	0.34

	CD (P=0.05)
	2.52
	6.73
	1.22
	0.80
	1.01

	Varieties

	V1 (DBW-303)
	89.67
	380.11
	48.00
	40.92
	44.34

	V2 (DBW-187)
	97.44
	389.67
	51.11
	42.15
	45.55

	V3 (HD-2967) 
	95.89
	385.44
	48.78
	41.00
	44.84

	V4 (Shri Ram-303)
	90.33
	402.56
	53.11
	41.50
	45.91

	SEM ±
	0.99
	2.65
	0.48
	0.32
	0.40

	CD (P=0.05)
	2.91
	7.77
	1.41
	0.92
	1.16

	L*V Interaction 
	NS
	NS
	NS
	NS
	NS


The economic analysis presented in Table 2 indicated that cost of cultivation did not vary significantly across locations or varieties as similar agronomic practices were followed. However, gross returns, net returns and benefit-cost (B:C) ratios were influenced by both location and varietal performance. Among locations, the highest gross return (₹1,11,287 ha⁻¹), net return (₹70,750 ha⁻¹) and B:C ratio (2.75) were recorded in Itwa block (L3), which corresponds with its superior grain yield. This indicates that L3 provided a more economically viable environment for wheat cultivation. Among the wheat varieties, the highest gross return (₹1,11,327 ha⁻¹) and net return (₹70,452 ha⁻¹) were recorded by V4 (Shri Ram-303), followed closely by V2 (DBW-187), which achieved the highest B:C ratio (2.73). The lowest profitability was obtained with V1 (DBW-303), which recorded the minimum net return (₹66,705 ha⁻¹) and B:C ratio (2.63). Similar to yield attributes, the interaction between location and varieties was non-significant for economic parameters, suggesting consistent economic performance of varieties across locations.
Table 2: Influence of Location and Varietal Variation on the Economics and Profitability of Wheat Production
	Treatments
	Cost of Cultivation (Rs)
	Gross Return (Rs)
	Net Return (Rs)
	B:C

	Block Name 

	L1 (Bansi Block)
	40738
	108923
	68186
	2.67

	L2 (Barhni Block) 
	40638
	108329
	67692
	2.66

	L3 (Itwa Block)
	40538
	111287
	70750
	2.75

	SEM ±
	---
	831
	831
	0.02

	CD (P=0.05)
	---
	2438
	2438
	0.06

	Varieties

	V1 (DBW-303)
	40825
	107530
	66705
	2.63

	V2 (DBW-187)
	40525
	110459
	69934
	2.73

	V3 (HD-2967) 
	40325
	108737
	68412
	2.70

	V4 (Shri Ram-303)
	40875
	111327
	70452
	2.72

	SEM ±
	---
	960
	960
	0.02

	CD (P=0.05)
	---
	2815
	2815
	0.07

	L*V Interaction 
	NS
	NS
	NS
	NS


Similar studies have been reported by Patel et al. (2018), Dawood et al. (2021), Karada et al. (2023c) and Symanczik et al. (2025).  Singh et al. evaluated the effect of sowing dates and wheat varieties on growth and yield. Wheat sown in November (18th and 28th) showed superior growth, yield attributes and final grain yield compared to delayed sowing in December due to more favourable temperature conditions during crop development. Among the varieties, DBW-187 and HD-2967 outperformed NW-5054 and NW-1014 in both growth and yield performance owing to better genetic potential (Singh et al., 2021). Satish et al.  evaluated ten wheat varieties under sandy loam soil conditions. Among all varieties, DBW-187 recorded the highest growth and yield attributes, including greater plant height, effective tillers, grain number and grain yield, indicating its superior productivity and suitability for cultivation in the region (Satish et al., 2022). Singh et al. assessed four biofortified wheat varieties and one non-biofortified check in farmers’ fields. Among them, DBW-187 performed best, showing the highest yield (65.50 q/ha), maximum net return, and highest benefit–cost ratio. Biofortified varieties demonstrated a yield advantage of 18–47% over farmers’ traditional practices, indicating their strong potential for adoption in rice–wheat cropping systems (Singh et al., 2023). Overall, Itwa block (L3) proved to be the best location for wheat cultivation in terms of productivity and profitability, while V4 (Shri Ram-303) and V2 (DBW-187) emerged as the most promising varieties due to their superior yield performance and economic returns. These varieties can be recommended for cultivation across similar agro-ecological zones due to their stable performance and higher profitability.
Conclusion 
The present study demonstrated that both location and varietal selection significantly influence the growth, yield and economic performance of wheat in eastern Uttar Pradesh. Among the three locations, Itwa block (L3) consistently outperformed others in terms of effective tillers, grains per plant, test weight, grain yield and profitability, indicating its favorable agro-climatic conditions for wheat cultivation. Among the tested varieties, Shri Ram-303 (V4) and DBW-187 (V2) exhibited superior performance with higher tillering capacity, grain number, yield and economic returns. The non-significant interaction between location and varieties suggests that these varieties maintain stable performance across different sites, making them widely adaptable. Overall, Shri Ram-303 and DBW-187 are recommended for cultivation in the eastern Indo-Gangetic Plains, particularly in Itwa block, to achieve enhanced wheat productivity and profitability. These findings provide valuable guidance for farmers and agronomists aiming to optimize varietal choice and location-specific wheat management for sustainable production.
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