Growth, Yield, and Economic Performance of Wheat Variety Phule Samadhan (NIAW 1994) under Late-Sown Irrigated Conditions

ABSTRACT
Late sowing often exposes wheat to terminal tress, reducing productivity in semi arid regions of Maharashtra. To identify a suitable variety for such conditions, on farm trials were conducted during the rabi seasons of 2020-2021 and 2021-2022 across 60 farmers fields in Solapur district to evaluate the performance of Phule Samadhan (NIAW1994) under late sown conditions. These aspects of on-farm trial technology are one of the most powerful tools for assessment and transfer of technology. The present on-farm trials (OFTs) were conducted on farmers' fields during the rabi season of 2020 and 2021 in Solapur district of Maharashtra to evaluate the field performance of wheat variety Phule Samadhan (NIAW 1994) under late sown irrigated conditions and to compare it with farmers’ existing varieties. The 30 on-farm trials were laid out on farmers’ fields across 6 villages using a randomized paired plot design. Growth parameters, grain and straw yield, and economic returns were recorded. The results indicated that Phule Samadhan (NIAW 1994) recorded mean grain yield of 30.53 q ha⁻¹, which was (28.30 %) higher than the farmers’ check under late sowing. Adoption of improved varieties and a package of practices under on-farm trials in wheat cultivation resulted in higher net returns of ₹36683 ha⁻¹ and a benefit–cost ratio of 2.09. The study confirmed the Phule Samadhan is suitable for late-sown irrigated conditions in semi-arid regions of Maharashtra.  
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INTRODUCTION
Wheat (Triticum aestivum L.) is one of the most important winter cereal crops globally and provides staple food to more than one-third of the world’s population, and has emerged as the backbone of India’s food security. It plays a vital role in food and nutritional security due to its high carbohydrate content and moderate levels of protein, vitamins and minerals (Shewry and Hey, 2015). Wheat is widely cultivated under diverse agro-climatic conditions because of its broad adaptability and high yield potential. The performance of the wheat crop is greatly influenced by varietal characteristics, sowing time, temperature regimes and soil fertility status. Among these factors, time of sowing is considered one of the most critical determinants of wheat yield (Tripathi et al., 2011). Delayed sowing exposes the crop to terminal heat stress during grain filling, which adversely affects tillering, grain weight and overall productivity (Lobell et al., 2012). Therefore, the selection of suitable varieties with better tolerance to heat and short growing duration becomes essential under late sown conditions. Wheat is an important Rabi crop in Maharashtra and plays a vital role in food and livelihood security. Also in Solapur district, a large proportion of wheat area is sown late due to delayed harvest of preceding crops, limited irrigation scheduling and climatic uncertainties. Solapur district has a large area under sugarcane crop, so after the harvest of the ratoon sugarcane crop, farmers are going for late wheat sowing. Late sowing exposes wheat to terminal heat stress, leading to reduced tillering, shortened grain filling period and ultimately lower grain yield.
On-farm trials (OFTs) serve as a critical bridge between research and extension by validating newly released varieties and production technologies under farmers’ field conditions before large-scale dissemination. Phule Samadhan (NIAW 1994) is a recommended wheat variety for Maharashtra with good yield potential and adaptability. However, limited information is available on its performance under late sown conditions in Solapur district. Therefore, the present investigation was undertaken to assess the agronomic and economic performance of Phule Samadhan (NIAW 1994) through on-farm trials (OFT) under late sowing. 

MATERIALS AND METHODS
Study area and season
The on-farm trials of improved technology were conducted on farmers' fields during two consecutive years, Rabi 2020-2021 and 2021-2022, by Krishi Vigyan Kendra Mohol Ta. Mohol Dist.Solapur. In order to study the site-specific performance, production potential and profitability of the newly released wheat variety Phule Samadhan (NIAW 1994) in comparison to conventional varieties grown by the farmers in Solapur district of Maharashtra. The thirty on-farm trials (OFT) were conducted during the rabi season of 2020 and 2021 in selected villages of Solapur district, Maharashtra. The district experiences a semi‑arid climate with an average annual rainfall of about 584.7 mm. The soils are predominantly medium to deep black with good moisture-holding capacity.
Selection of farmers and layout of trials
The trials were conducted on the fields of (30) representative farmers selected from (6) villages during 2020-2021 and 2021-2022. Each OFT consisted of two treatments laid side‑by‑side in the same farmer’s field. T₁: Improved variety (OFT) – Wheat variety Phule Samadhan (NIAW 1994) with recommended package of practices under late sowing and T₂: Farmers’ variety (Check) – Locally grown wheat variety with farmers’ usual management practices. Each treatment covered a plot size of approximately (8000 m²). The trials were regularly monitored by scientists and subject‑matter specialists.

Crop management practices
The wheat crop was established under late sowing conditions during 15 November to 15 December. The improved variety Phule Samadhan (NIAW 1994) was evaluated under On-Farm Trial (OFT) conditions, while the local farmers’ variety was maintained as a farmers’ practice (FP) check. A seed rate of 100 kg ha⁻¹ was used in OFT plots, whereas farmers followed their customary seed rate in FP plots. Sowing was performed by line sowing at a row spacing of 22.5 cm to achieve a uniform plant stand. Well-decomposed farmyard manure (FYM) @ 10 t ha⁻¹ was incorporated into the soil prior to sowing, as per recommended practices. The crop was fertilized with a recommended dose of 80:40:40 kg N:P₂O₅:K₂O ha⁻¹. The entire dose of phosphorus and potassium, along with 50% of nitrogen, was applied as basal at sowing, while the remaining nitrogen was top-dressed in two equal splits at crown root initiation (CRI) and tillering stages. Integrated weed management practices were adopted, involving timely manual weeding and/or application of recommended herbicides to effectively control grassy and broad-leaved weeds. The crop received 4–5 irrigations at critical growth stages, namely CRI, tillering, jointing, flowering, and grain filling, to ensure adequate soil moisture throughout the crop growth period. Plant protection measures were implemented on a need-based basis using recommended control practices against major insect pests and diseases to maintain crop health and productivity. Farmers’ practice generally involved the use of lower fertilizer doses, delayed weed control and non‑systematic irrigation schedules. Data were recorded on Plant height (cm),Number of effective tillers (m⁻²), Grain yield (q ha⁻¹) and  Straw yield (q ha⁻¹).
Statistical analysis
The data recorded from different farmers’ fields were pooled and analyzed using standard statistical procedures. Mean yield and economics were compared between treatments to assess performance. The average yield of each demonstrations and farmers practice, cost of cultivation, gross return, net return and benefit cost (B: C) ratio was taken for interpretation of the results. Economic parameters such as cost of cultivation, gross returns, net returns and benefit–cost ratio were computed using prevailing market prices. The extension gap, technology gap and technology index were calculated using the following formula as suggested by Samui et al. (2000). 

                                Demonstration yield – farmers practice yield
Percent increase in yield  =   --------------------------------------------------   X  100
              	                       farmers practice yield


Technology gap = Potential yield - Demonstration yield

Extension gap = Demonstration yield – farmers practice plot yield


                                                Technology gap 
Technology index (%)   =    ---------------------   X  100
              	                       potential yield


RESULTS AND DISCUSSION
Growth and yield attributes
Data presented in table 1 revealed that wheat variety Phule Samadhan (NIAW 1994) recorded higher plant height and a greater number of effective tillers compared to the farmers’ variety under late‑sown conditions. The average plant height under the on-farm trial (OFT) was 76.6 cm compared to 78.75 cm under farmers’ practice. The higher tiller count in on-farm trial (OFT) plots was likely due to the improved varietal potential and balanced nutrient application. Similar results were observed by Negi et al. (2003) and Chopde et al. (2015). This might be due to more genetic potential to enhance the growth during the growth period in the Phule Samadhan (NIAW 1994) variety of wheat than the farmers' practice. The increased growth and yield attributes are genetically governed phenomena, hormonal balance, nutrient absorption capacity and conversion of radiant energy to chemical energy in the presence of chlorophyll. These results confirm the findings reported by A Y Mahajan et al.(2018).

Table 1: Growth and yield attributes of Wheat var. Phule Samadhan trials demonstrated during 2020-21 and 2021-22. 
	Year
	Grain yield (qha⁻¹)
	Straw yield 
(qha⁻¹)
	No. of tillers (m⁻²)
	Plant height (cm)

	
	Demo
	Farmers Practice
	Demo
	Farmers Practice
	Demo
	Farmers Practice
	Demo
	Farmers Practice

	2020-2021
	28.35
	22.50
	47.57
	40.40
	98.82
	77.48
	76.20
	78.48

	2021-2022
	32.71
	25.00
	52.50
	45.28
	110.25
	87.61
	77.20
	79.00

	Mean
	30.53
	23.75
	55.4
	42.7
	104.28
	82.45
	76.6
	78.75

	SEM
	0.66
	-
	0.76
	-
	2.27
	-
	-
	-

	CD 5%
	2.59
	-
	3.02
	-
	8.92
	-
	-
	-




Grain and straw yield
The data presented in Table 2 revealed that the average grain yield under on-farm trials (OFT) with Phule Samadhan (NIAW 1994) ranged from (28.35 to 32.71 q ha⁻¹) with a mean yield of (30.53 q ha⁻¹), whereas the farmers’ practice recorded a mean yield of (23.75 q ha⁻¹). The technology of On-farm trials recorded 28.30% higher yield over farmers' practice. The results are in close conformity with the results of Sharma et al.(2016).Demonstration plot recorded more biomass as compared to farmers practice.  Improved biomass per plant at successive growth stages and increase in various morphological parameters like plant height, number of tillers etc could be probable reason for higher straw yield (Gupta et al., 2019). The superior performance of wheat variety Phule Samadhan (NIAW 1994) may be attributed to its better adaptability to late-sown irrigated conditions and efficient utilization of available moisture and nutrients.

Table 2: Yield performance of On-farm trial Wheat var. Phule Samadhan trials demonstrated during 2020-21 and 2021-22. 

	Year
	Potential Yield (qha⁻¹)
	Average grain yield (qha⁻¹)
	Percent increase

	
	
	Demo
	Farmers Practice
	

	2020-2021
	44.23
	28.35
	22.50
	25.77

	2021-2022
	44.23
	32.71
	25.00
	30.84

	Mean
	44.23
	30.53
	23.75
	28.30




Fig: 1 Grain yield and percent increase in yield of Demonstration plots and Farmers practice
Technology gap, extension gap and technology index
The data pertaining to the technology gap, extension gap and technology index of improved variety in comparison to farmers' practice is given in Table 3. The technology gap under on-farm trials (OFT) was found to be (13.70 q ha⁻¹), indicating the difference between the potential yield of the variety and the yield realized under farmers’ fields. The extension gap was (6.78 q ha⁻¹), revealing the productivity gap between improved and existing practices. The technology index of (30.97 %) reflected the feasibility and adoptability of the demonstrated technology under local conditions.

Table 3: Technology gap, extension gap and technology index in Wheat var. Phule Samadhan trials demonstrated during 2020-21 and 2021-22. 
	Year
	Technology gap (qha⁻¹)
	Extension gap (qha⁻¹)
	Technology index (%)

	
	
	
	

	2020-2021
	15.88
	5.85
	35.90

	2021-2022
	11.52
	7.71
	26.04

	Mean
	13.70
	6.78
	30.97



Economics
Economic analysis presented in Table 4 showed that the cost of cultivation under on-farm trials (OFT) was ₹ 32200 ha⁻¹, slightly less than that of farmers’ practice ₹ 33600 ha⁻¹. Reduced cost of cultivation in trial plots might be due to judicious application of inputs and timely management practices. The economic analysis revealed that the on-farm trials(OFT) of improved variety and technology achieved the maximum gross return ₹ 68883 ha⁻¹, net return ₹36683 ha⁻¹ and the highest benefit-cost ratio (2.09), indicating its economic superiority over farmers' practice. The gross and net returns were substantially higher under on-farm trials (OFT) due to increased grain yield. Similar results were obtained by Mahajan et al. (2018). Higher benefit–cost ratio under on-farm trials (OFT)clearly established the economic viability of improved wheat variety Phule Samadhan (NIAW 1994) even under late‑sown situations. 
Table 4: Economic impact of On-farm trial Wheat var. Phule Samadhan cultivated under late sown condition during 2020-21 and 2021-22. 
	Year
	No. of Demo
	Area
(ha)
	
Cost of cultivation 
(₹ ha⁻¹)
	Gross income 
(₹ ha⁻¹)
	Net income
 (₹ ha⁻¹)
	B: C Ratio

	
	
	
	Demo
	Farmers Practice
	Demo
	Farmers Practice
	Demo
	Farmers Practice
	Demo
	Farmers Practice

	2020-2021
	15
	12.0
	28400
	29700
	55991
	44437
	27591
	14737
	1.91
	1.49

	2021-2022
	15
	12.0
	36000
	37500
	81775
	62500
	45775
	25000
	2.27
	1.66

	Mean
	30
	12.0
	32200
	33600
	68883
	53468
	36683
	19868
	2.09
	1.57




Farmers’ perception
Participating farmers expressed positive feedback regarding uniform crop stand, grain boldness, and better market price of Phule Samadhan (NIAW 1994). The variety was also appreciated for its relatively stable performance under delayed sowing.

CONCLUSION
The On-Farm Trials conducted in Solapur district clearly demonstrated that wheat variety Phule Samadhan (NIAW 1994) performed better than the farmers’ existing varieties under late‑sown irrigated conditions. The variety resulted in higher grain yield, improved economic returns and better farmer satisfaction. The observed extension and technology gaps highlight the need for systematic extension efforts to promote this variety in late‑sown wheat areas. Based on the results, Phule Samadhan (NIAW 1994) is suitable for wide‑scale adoption under late‑sown conditions in Solapur district.
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