


Impact of Cluster Frontline Demonstrations on Sesame (Sesamum indicum L.) Productivity and Profitability in Akola District, Maharashtra, India
Abstract
[bookmark: _GoBack]Cluster frontline demonstration (CFLD)) is a unique approach by the Indian Council of Agricultural Research on Oilseed crops to provide a direct interface between scientists and farmers where farmers are guided by the Krishi Vigyan Kendra (KVK) scientists during demonstrations in implementation of improved technologies like seed treatment, IPM, INM, land preparation etc. The present study was conducted to evaluate the impact of Cluster Frontline Demonstrations on the productivity and profitability of sesame (Sesamum indicum L.) in the Akola district of Maharashtra. Over five years (2020-2024), 200 demonstrations were laid out across 80 hectares of farmers' fields. The demonstrated technologies primarily included the use of improved, high-yielding varieties (AKT-101 and NT-11) alongside recommended scientific crop management practices. Results revealed that demonstration plots consistently outperformed local farmers' practices. The mean seed yield under CFLDs ranged from 7.72 q/ha to 12.13 q/ha, registering a yield advantage of 17.43% to 26.54% over local checks. Economic analysis demonstrated higher profitability in CFLD plots, with net returns peaking at ₹36,850/ha in 2021. The demonstrations successfully bridged an average extension gap of 1.94 q/ha, providing farmers with a mean additional net return of ₹14,623/ha. Furthermore, the Incremental Benefit-Cost Ratio (IBCR) was exceptionally high, confirming the marginal efficiency of the capital invested in improved technologies. The study concludes that CFLDs are a highly effective and economically viable extension methodology for enhancing sesame production in rainfed agro-ecosystems.
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1. Introduction
A    cluster-based    approach    has multiple advantages of improving beneficiaries’ involvement in selecting technologies that  fulfil their   preference   for   sustainable   technology diffusion,  and  it  enables  beneficiaries  to  share experience,    work    together,    use    resources efficiently,  and  access  inputs  which  provide  an opportunity  to  maximise  yield. Key technologies demonstrated in the    CFLD    were    seed    variety,   balanced fertilisation    dose,    timely    weed    and    pest management,     and     recommended     planting density.   Additionally, farmers   were   informed about  better  post-harvest  techniques  such  as proper    drying    and    storage,    which    help maintain  seed  quality  over  long-term  storage and   secure   premium   market   prices.   These interventions not only increase farm income but also contribute to improved nutritional outcomes for  consumers  because  many  farmers  cultivate sesame  not  only  for  selling  but  also  for  their own use (Yadav et al., 2025). Sesame (Sesamum indicum L.) is one of the oldest indigenous oilseed crops cultivated in India. Widely prized for its high-quality oil and nutritional benefits, it is often referred to as the "Queen of Oilseed Crops". The seeds possess a remarkably high oil content ranging from 46% to 64%, alongside approximately 25% protein and 15% carbohydrates. Sesame seeds may be eaten fried, mixed with sugar or in the form of sweet meals and oil is used as a cooking oil in southern India. About 70% of world’s sesame seeds are used to produce oil and meal. Sesame cake is a rich source of protein, carbohydrates and minerals such as calcium and phosphorus. The use of improved varieties and new production technologies are required to improve the soil health and offers a great scope for increasing productivity and profitability (Jyothi et al., 2023; Singh et al., 2025). Furthermore, unlike many other fats, sesame oil is highly stable, does not develop rancidity, and provides high dietary energy (6355 kcal/kg) (FAO, 2019). These robust nutritional profiles and the presence of beneficial antioxidants make it highly valuable for baking, confectionery, bio-medicine, and culinary industries. (Ranjita bezbaruah, et. al., 2024)
India ranks as the world's leading producer of sesame. However, despite its immense economic importance and adaptability to varied agro-climatic conditions, the national average productivity remains alarmingly low. India's average yield is estimated between 391 kg/ha and 413 kg/ha, which is significantly lower than the global average of 535 kg/ha. Consequently, the average productivity of sesame in Maharashtra remains substantially lower than its genetic potential yield. This severe yield gap is primarily attributed to the crop's widespread cultivation on marginal and sub-marginal soils under rainfed conditions, coupled with poor management and input-starved environments. Additional limiting factors include the continued use of older, low-yielding varieties, imbalanced nutrient application, and a critical lack of awareness regarding integrated pest and disease management practices among farmers (Bamboriya and Singh , 2020)
Despite these production constraints, the systematic adoption of improved, high-yielding varieties and scientific agro-production technologies offers substantial scope for productivity enhancement. Under optimal scientific management, sesame crops can achieve potential yields of 800 to 1000 kg/ha in rainfed situations and up to 1200 to 1500 kg/ha under fully irrigated conditions. To accelerate the adoption of these improved agricultural technologies and bridge the existing yield gap, Cluster Frontline Demonstrations (CFLDs) are strategically conducted on farmers' fields. These demonstrations provide a direct interface between researchers, extension workers, and farmers, proving the tangible efficacy of new varieties and scientific management practices under real farming conditions. Therefore, this study was undertaken to comprehensively assess the performance, yield advantages, extension gaps, and incremental economic feasibility of improved sesame production technologies demonstrated through CFLDs in the Akola district (Singh et.al., 2024)
2. Materials and Methods
2.1 Experimental Site and Implementation The study was carried out during five consecutive Kharif seasons from 2020 through 2024 in the Akola district of Maharashtra. To assess the production potential and economic feasibility of improved sesame (Sesamum indicum L.) varieties, a total of 200 Cluster Frontline Demonstrations (CFLDs) were systematically implemented across 80 hectares of selected farmers' fields.
2.2 Varietal Selection and Technological Interventions The Krishi Vigyan Kendra (KVK) provided certified seeds and essential critical inputs to ensure the proper adoption of the demonstrated technologies.
· Varietal Selection: During the 2020 Kharif season, the improved variety AKT-101 (released in 2009) was demonstrated over 20 hectares. For the subsequent years (2021–2024), the high-yielding variety NT-11 (also released in 2009) was utilized across the remaining demonstration plots (60 hectares).
· Technological Interventions: The recommended package of practices was strictly ensured in the CFLD plots. These scientific interventions primarily included timely sowing, line sowing (to maintain optimum plant population), balanced fertiliser application, and integrated weed and pest management (IPM).
· Local Checks: Adjacent fields cultivated by farmers using their existing local varieties and traditional farming practices served as the local checks for comparative evaluation.
2.3 Data Collection and Statistical Analysis Crop yield data were recorded at harvest and converted to quintals per hectare (q/ha) for both the demonstration and check plots. To thoroughly evaluate the efficacy of the demonstrated technologies, the data were analysed using standard statistical parameters as described by Samui et al. (2000). The specific formulas utilised include:
· Extension Gap (q/ha) = Demonstration Yield – Check Yield
· Technology Gap (q/ha) = Potential Yield – Demonstration Yield
· Technology Index (%) = [ (Potential Yield – Demonstration Yield) / Potential Yield] × 100
2.4 Economic Analysis To determine the commercial viability of the interventions, economic parameters, including the cost of cultivation, gross returns, and net returns, were calculated per hectare based on the prevailing local market prices.
The baseline profitability was assessed using the standard Benefit-Cost ratio:
· Benefit-Cost (B:C) Ratio = Gross Returns / Cost of Cultivation
To further evaluate the economic efficiency and the marginal return on the capital invested in the new technologies, two additional metrics were computed:
· Additional Net Returns (₹/ha) = Net Return of Demonstration – Net Return of Check
· Incremental Benefit-Cost Ratio (IBCR) = Additional Gross Return / Additional Cost of Cultivation
3. Results and Discussion
3.1 Yield Performance
The comparative yield data reveal a highly significant advantage of the demonstrated scientific interventions over traditional farming practices across all five consecutive years of the study (Table 1). The improved cultivar NT-11 exhibited remarkable yield stability and consistent outperformance. The maximum absolute yield was recorded during the 2022 Kharif season, where the CFLD plots attained an average of 12.13 q/ha. This constituted a substantial 26.54% increase over the local check yield (9.59 q/ha). Such steady yield enhancement underscores the synergistic effect of integrating high-yielding genetic material with optimal agronomic management specifically, timely sowing, precise line geometry, and integrated pest management (IPM). The significant enhancement in sesame seed yield observed in the demonstration plots corroborates the earlier findings of Sagar et al. (2004), Deshmukh et al. (2014), and Patel et al. (2014). To further assess these productivity constraints, the yield from the frontline demonstrations was compared with the crop's potential yield to estimate the overall yield gap, which was subsequently subdivided into technology and extension gaps (Hiremath and Nagaraju, 2009).
Table 1: Yield performance of Sesame under CFLDs compared with farmers' practice
	Year
	No. of Demos
	Area (ha)
	Variety
	Demo Yield (q/ha)
	Check Yield (q/ha)
	Increase over Check (%)

	2020
	50
	20
	AKT-101
	7.72
	6.42
	20.19

	2021
	50
	20
	NT-11
	11.69
	9.56
	22.22

	2022
	25
	10
	NT-11
	12.13
	9.59
	26.54

	2023
	25
	10
	NT-11
	11.98
	10.21
	17.43

	2024
	50
	20
	NT-11
	12.06
	10.09
	19.55



3.2 Economic Analysis
For any agricultural innovation to achieve widespread horizontal adoption, it must demonstrate robust economic viability. The economic indicators (Table 2) illustrate that while the demonstration plots incurred a marginally higher cost of cultivation, primarily attributable to the procurement of certified quality seeds, seed treatment chemicals, and balanced synthetic fertilisers—the commensurate financial returns were disproportionately higher.
The net returns from the CFLD plots exhibited consistent superiority, peaking at ₹36,850.00/ha in 2021. Furthermore, the standard Benefit-Cost (B:C) ratio remained highly favourable for the demonstrated practices, fluctuating between 2.07 and 2.57, compared to a modest 1.43 to 1.84 observed in local practices. This establishes that the supplemental investment in improved technologies yields a highly positive and secure baseline economic return for the farming community (Thakare et al., 2025)
Table 2: Economic viability and profitability of Sesame under CFLDs
	Year
	Cost Demo (₹/ha)
	Cost Check (₹/ha)
	Gross Return Demo (₹/ha)
	Gross Return Check (₹/ha)
	Net Return Demo (₹/ha)
	Net Return Check (₹/ha)
	B:C Ratio Demo
	B:C Ratio Check

	2020
	24,712.00
	22,864.00
	51,070.00
	32,612.00
	26,358.00
	9,748.00
	2.07
	1.43

	2021
	23,450.00
	22,560.00
	60,300.00
	39,560.00
	36,850.00
	17,000.00
	2.57
	1.75

	2022
	24,938.68
	24,569.00
	61,723.44
	40,628.12
	36,784.76
	16,059.12
	2.47
	1.65

	2023
	25,573.04
	25,054.43
	54,152.21
	46,113.12
	28,579.17
	21,058.69
	2.12
	1.84

	2024
	25,573.04
	25,054.43
	54,485.00
	45,553.00
	28,912.00
	20,499.00
	2.13
	1.82



3.3 Extension Gap and Additional Profitability
Beyond baseline profitability, an analysis of the absolute yield differences provides profound insight into the functional value of the agricultural interventions. The extension gap which quantifies the untapped yield potential currently lost under traditional local farming conditions, ranged from a minimum of 1.30 q/ha in 2020 to a maximum of 2.54 q/ha in 2022 (Amit et. al., 2020)
Successfully bridging this yield deficit through targeted CFLD interventions translated into substantial financial dividends for the participating farmers. The systematic adoption of the NT-11 and AKT-101 technology packages generated a mean additional net income of ₹14,623.82/ha over traditional practices. This tangible financial dividend acts as a powerful catalyst, motivating the horizontal dissemination of these demonstrated technologies to neighbouring non-beneficiary farmers. The above findings are similar to the findings of Dubey et al., (2010) and Yadav et al., (2004)
Table 3: Extension gap and additional economic benefits of CFLDs in Sesame
	Year
	Extension Gap (q/ha)
	Additional Cost of Demo (₹/ha)
	Additional Net Return over Check (₹/ha)

	2020
	1.30
	1,848.00
	16,610.00

	2021
	2.13
	890.00
	19,850.00

	2022
	2.54
	369.68
	20,725.64

	2023
	1.77
	518.61
	7,520.48

	2024
	1.97
	518.61
	8,413.00

	Mean
	1.94
	828.98
	14,623.82



3.4 Incremental Return on Investment (IBCR)
To strictly evaluate the marginal efficiency of the additional capital invested in the improved technologies, the Incremental Benefit-Cost Ratio (IBCR) was computed. The IBCR metrics were exceptionally high throughout the study duration, conclusively demonstrating that the slight escalation in cultivation costs (averaging an additional ₹828.98/ha for quality seeds, seed treatment, and balanced fertilisers) was overwhelmingly justified.
For instance, during the 2022 season, the IBCR peaked at an extraordinary 57.06. In 2021, for every single additional rupee invested in the demonstrated technology package over the local practice, farmers realised an incremental gross return of ₹23.30. These elevated IBCR values unequivocally confirm that the recommended technology package is not only highly productive but also economically resilient and risk-averse, making it exceptionally well-suited for resource-constrained small and marginal farmers.
Table 4: Incremental Benefit-Cost Ratio (IBCR) of demonstrated technologies
	Year
	Additional Cost (₹/ha)
	Additional Gross Return (₹/ha)
	Incremental B:C Ratio (IBCR)

	2020
	1,848.00
	18,458.00
	9.98

	2021
	890.00
	20,740.00
	23.30

	2022
	369.68
	21,095.32
	57.06

	2023
	518.61
	8,039.09
	15.50

	2024
	518.61
	8,932.00
	17.22



4. Conclusion
The findings of the present study conclusively demonstrate that the implementation of Cluster Frontline Demonstrations (CFLDs) on sesame significantly enhances both productivity and profitability under rainfed conditions. The adoption of improved varieties (NT-11 and AKT-101) in combination with recommended scientific crop management practices resulted in consistent yield advantages ranging from 17% to 26% over existing farmer practices, along with a mean extension gap of 1.94 q ha⁻¹, indicating substantial scope for yield improvement through technology dissemination.
Despite a marginal increase in the cost of cultivation, the improved practices generated considerably higher net returns, as reflected by the favorable Incremental Benefit-Cost Ratios (IBCR), thereby establishing the economic feasibility and risk resilience of the interventions. Furthermore, the CFLDs proved effective in enhancing farmers’ awareness, skills, and confidence, leading to increased adoption and horizontal spread of improved production technologies.
The study underscores the importance of cluster-based demonstration approaches as a viable extension strategy for bridging yield gaps and promoting sustainable sesame production. Strengthening input supply systems, ensuring the timely availability of quality seeds and agro-inputs, and continuous technical support through extension agencies such as Krishi Vigyan Kendras (KVKs) are critical for scaling up these interventions. Overall, the widespread adoption of such technologies holds significant potential for improving the livelihood of sesame growers and contributing to regional edible oil security.
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