


Yield Gap Analysis of Toria under Cluster Front Line Demonstration in Plain Belt of West Garo Hills, Meghalaya, India

ABSTRACT
Background and Aims: Toria being a major oilseed crop cultivated extensively in the plain belt of West Garo Hills (WGH) district during rabi season yield less due to use of local variety and traditional cultivation practices. Hence, the study was undertaken to bridge the yield gap and promote improved cultivation practices using high yielding variety TS-36.
Study design: Randomised Block Design
Place and duration of the study: The study was carried out for two years (2023-25) in three adopted villages of WGH district namely Haripur, Garodubi and Namabila. 
Methodology: Cluster Front Line Demonstrations (CFLDs) on rapeseed(toria) was conducted during rabi season in three adopted villages covering an area of 168 ha with participation of 111 farmers in the year of 2023-25. The improved variety TS-36 (sourced from AAU, Jorhat,Assam) was demonstrated under scientific management with technical support from KVK scientists at farmers field and compared with local variety cultivated under traditional cultivation practices (Farmer’s practice). Additionally, statistical analysis like physical parameters of the crops, technology gap, extension gap, technology index and economics were computed to assess the performance and adoption of the demonstrated technology.
Results: The productivity and economic returns under improved technologies were assessed and compared with farmers' traditional practices. The average yield from the demonstrated plots was 9.95 q/ha and local variety was 7.40 q/ha, reflecting a 34.45% increase in toria productivity. Technology gap and technology index of 2.05 q/ha and 17.08%, respectively, indicates the scope for further improvements in achieving the full potential of the adopted variety. Additionally, the extension gap of 2.55 q/ha highlights the need for enhanced awareness and training programs to encourage the adoption of improved technologies among farmers.
Conclusion: Significant increase in yield over local variety clearly established its good adaptability and agronomic superiority in the plain belt of WGH as well as suitability for large scale adoption. Additionally, strategic promotion of this variety can facilitate its horizontal expansion and commercialization, thereby enhancing oilseed productivity in this region and improving farm income as well.
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1. INTRODUCTION
Rapeseed–mustard (Brassica juncea) is the third most significant oilseed crop globally, following soybean (Glycine max) and oil palm (Elaeis guineensis). Within India, among the seven principal edible oilseeds cultivated, rapeseed–mustard accounts for 28.6 % of total oilseed production, ranking second in the national oilseed economy after groundnut, which contributes 27.8 %. This highlights its critical role in India’s edible oil sector and overall agricultural economy (Borah et al., 2023).  During 2021–22, the domestic production of edible oils in India amounted to 11.65 million tonnes, while imports contributed 14.94 million tonnes, resulting in a total availability of 25.84 million tonnes to meet national consumption demands (Anonymous, 2023). The selection of appropriate crop varieties, coupled with optimal agronomic practices, is pivotal in enhancing productivity. In terms of cultivation area, oilseeds cover 14.1 % of the total cropped area in India, with rapeseed–mustard alone accounting for 3 %, underscoring its substantial contribution to the national agricultural landscape (Shekhawat et al., 2012). Even relatively simple interventions, such as optimising planting patterns, have demonstrated considerable potential to enhance crop productivity, representing a notable example of non-material strategies to improve yield. India, endowed with diverse agro-ecological conditions, is well-suited to cultivate all nine annual oilseeds. These include seven edible oilseeds—groundnut, rapeseed–mustard, sunflower, sesame, niger, safflower, and soybean—as well as two non-edible oilseeds, castor and linseed, highlighting the country’s extensive capacity for oilseed production (Thapa et al., 2019). Meghalaya, a Northeastern state of India, is characterized by diverse soils, hilly topography, high rainfall and a humid monsoon climate. The soils of the state are predominantly loamy to skeletal in nature, acidic, rich in organic matter and generally well to excessively drained but are prone to moderate to severe erosion due to steep slopes and heavy rainfall. Topographically, Meghalaya forms a tableland plateau with rolling hills, steep escarpments, deep valleys, and gorges, with elevations ranging from about 50 to 1,961 m above mean sea level. The state experiences a tropical monsoon climate, with mild summers and cool winters and temperatures vary with altitude such as lower regions remain warmer while higher regions enjoy a temperate climate. Rainfall in Meghalaya is exceptionally high, mainly received from the south-west monsoon during May to September, with an average annual rainfall of 2,500 to 4,000 mm. This unique combination of soil, terrain and climate supports rich biodiversity and agriculture, though it also poses challenges such as soil erosion and land degradation. 
West Garo Hills district, an important agricultural region in Meghalaya with predominantly agrarian economy, contributes significantly to state oilseed production, particularly through crops such as rapeseed-mustard, which form the bulk of oilseed area and output in the broader Garo Hills region. In Meghalaya, the Garo Hills account for up to 96 to 97% of the area and production of oilseed crops like rapeseed-mustard, with other oilseeds such as groundnut, sesamum, castor, linseed and soybean also cultivated to a lesser extent. In the district’s farming systems, oilseeds are integrated alongside cereals, pulses and other crops, though productivity is constrained by traditional cultivation practices, limited availability of quality seeds, and other agronomic challenges. Efforts are being made through agricultural extension and training to improve oilseed production and promote adoption of improved varieties and practices to enhance yield and farmers’ income. Among the oilseed crops, rapeseed-mustard is the major crop grown in Meghalaya during rabi season. Due to its low water requirement (80-240 mm), rapeseed-mustard fit well in the rainfed cropping system (Jatav et al., 2020). Krishi Vigyan Kendra (KVK), a pioneering science-based institution, plays a crucial role in facilitating direct engagement between research scientists and farmers. KVKs operate at the grassroots level, focusing on the application of agricultural technologies through the assessment, refinement, and demonstration of proven innovations across diverse micro-farming environments at the district level. Among its key initiatives, the Cluster Front Line Demonstration (CFLD) programme serves to evaluate and showcase the production potential of newly released crop cultivars directly in farmers’ fields. This effort has been further strengthened by the CFLD on oilseeds, implemented by the Ministry of Agriculture, Government of India, and conducted under the close supervision of agricultural scientists, thereby ensuring the effective transfer of technology and best practices to the farming community (Devi et al., 2023). The primary objective of the CFLD programme is to enhance the production and productivity of oilseed crops across diverse agro-ecological zones by demonstrating and popularising improved crop varieties and advanced agricultural technologies directly in farmers’ fields under varied farming conditions. In addition, the programme aims to build farmers’ confidence in adopting the latest innovations while providing valuable feedback to inform and refine ongoing research initiatives based on field experiences and the observed performance of these technologies. Such interventions facilitate the effective transfer of developed technologies and help bridge the gap between modern scientific practices and traditional farming methods, thereby promoting sustainable agricultural development (Devi et al., 2025). It was found that farmers were using old varieties without following any scientific production technology that led to obtaining a large yield gap between the high yielding varieties and the local variety. This yield gap can be minimized, and the productivity can be increased up to the potential yield of 12q/ha through the intervention and adoption of improved technologies (Pujari et al.,2024). With this view, this study under CFLD on toria var. TS-36 was undertaken with scientific crop management practices.
2. METHODOLOGY
Cluster Front Line Demonstration (CFLD) on toria in the farmers’ fields were carried out during rabi season in the year 2023-24 & 2024-25 in three adopted villages of West Garo Hills district namely Haripur, Garodubi and Namabila under Selsella block of West Garo Hills district of Meghalaya. An area of 168 ha was covered with active participation of 111 farmers selected from adopted villages under CFLDs. A randomized block design was used to statistically analyze the data. The F test, as outlined by Gomez and Gomez (1984), was used to determine significant differences between the treatments. The improved variety TS-36 was used as seed material and procured from Assam Agriculture University, Jorhat, Assam for demonstration purpose. The selected farmers were facilitated by KVK scientists in performing field operations like seeds, fertilizers and technical knowhow. The yield data were collected from the demonstrations plot as well as farmer fields and analyzed using statistical tools. The technology gap, extension gap and technological index (Samui et al., 2000) were calculated by using following equations
A technology gap is the difference between the potential performance of a recommended technology and the actual performance achieved by farmers in the field.

Extension gap indicates the gap between the yield obtained under Front Line Demonstrations (FLDs) or improved technology and the yield under farmers’ traditional practice, reflecting the effectiveness of extension efforts.

Significance of extension gap
· Shows the impact of extension interventions
· Highlights the need for wider dissemination of improved technologies
· Helps in planning training, capacity building, and advisory services
· Indicates potential yield increase possible through adoption of recommended practices
Technology index indicates the extent of technology adoption and performance of recommended practices under real farm situations.

Importance of technology index
· Assesses practical applicability of improved technologies
· Helps evaluate effectiveness of Front Line Demonstrations (FLDs)
· Guides refinement of technologies for local conditions
· Lower values indicate better adoption and performance
Benefit Cost ratio (BCR)
The benefit cost ratio was calculated using the following formula


Statistical Analysis
The differences between the performance of toria var. TS-36 and local variety were evaluated using KAU-GRAPES- a web based platform (https://www.kaugrapes.com/) by submitting the different traits to two-way ANOVA (RBD) followed by LSD at 5% level of significance for mean comparison.
3. RESULTS AND DISCUSSION
3.1. Comparison of technological demonstration and farmer’s practice
The data given in table 1 indicates the comparison between practices adopted by the farmers and the demonstration. Sowing was done in mid-October under technological intervention compared to the first week of October in farmer’s practice. Both followed broadcasting, but the demonstrated plots included seed treatment with Trichoderma (6 to 10 g/kg seed), whereas no seed treatment was followed in farmer’s practice. The recommended seed rate (8 to 10 kg/ha) was lower than that of farmers’ practice (10 to 12 kg/ha). While both adopted foliar application of neem urea, the intervention emphasized scientific nutrient management. Plant protection under CFLDs involved neem oil spray at the rate of 2 to 3 ml/L, whereas farmers generally followed no plant protection measures. Furthermore, in case of weed management, two hand weeding at 25 and 40 days after sowing (DAS) was followed in demonstrations as compared to a single weeding in farmer’s practice. However, in both the practices same harvesting criteria were followed.

Table 1. Comparison between technological intervention and existing farmer practices under CFLDs in toria
	Parameters
	Technological intervention
	Existing practice

	Variety 
	TS-36
	Sorsa (local)

	Time of sowing 
	Mid of October 
	First week of October

	Method of sowing 
	Broadcasting 
	Broadcasting

	Seed treatment
	Trichodermma @ 6-10g/Kg of seed
	Without seed treatment

	Seed rate 
	8-10Kg/ha
	10-12Kg/ha

	Fertilizer (NPK)
	Foliar application neem urea
	Foliar application neem urea

	Plant protection measure
	2-3ml of neem oil 1000ppm /liter of water
	Without any pesticides

	Weed management
	Two hand weeding at 25 and 40 DAS 
	One hand weeding

	Harvesting and threshing 

	Harvested as the pods turn yellowish and moisture content of the seed is about 40%. 
	Harvested as the pods turn yellowish and moisture content of the seed is about 40%.



3.2. Yield
Yield performance of toria var. TS-36 and local check is presented in table 2 which depicted a clear comparison between the two and showed an average increase in yield of 34.58% over farmers’ practice.  Furthermore, 2 years pooled data of yield and yield attributing traits as presented in table 3 clearly indicated the superiority of the demonstration package over the existing farmer practice. The experimental plot of few locations is presented in fig. 1. The average plant height recorded under the demonstration package was 131.36 cm, which was significantly higher than the one observed under farmers’ practice (110.38 cm), indicating better crop vigor and growth. The number of main branches per plant was also markedly higher (5.50) in the demonstration plots compared to 3.40 in the existing practice, contributing to increased bearing potential. Similarly, the number of sub-branches per plant showed a substantial improvement under the demonstration package (15) as against 8.20 in farmers’ practice, reflecting improved canopy development. A significant increase in the number of siliques per plant was observed in the demonstration plots (181.31) compared to 112.96 in the existing practice, which directly influenced yield. The number of seeds per silique was also higher in the demonstration package (19.44) than in farmer practice (11.93), indicating better seed setting and nutrient utilization. The yield of toria (9.95 q/ha) was much higher in demonstration plots as compared to farmer’s practices (7.40 q/ha) aligning with that of Jena et al. (2024) and Thakuria et al. (2025), who reported increase in yield of demonstration plots as compared  to farmers’ practice, which may be attributed to the high yielding tendency of the improved variety along with adoption of scientific production technology.  The results demonstrated that the cluster frontline demonstrations (CFLDs) had a positive influence on the farming community of West Garo Hills district, as farmers were encouraged by the adoption of new agricultural technologies showcased in the CFLD plots. Analysis of yield performance and associated economic indicators indicated a substantial positive effect on toria production. 




Table 2. Yield performance of toria var. TS-36 under CFLD and farmers’ practice
	Years
	Area covered (ha)
	No. of farmers
	No. of demos.
	Potential yield (q/ha)
	Average yield of CFLD (q/ha)
	Yield of local check (q/ha)
	Increase in yield (%)

	2023-24
	50.00
	41.00
	41.00
	12.00
	9.76
	7.10
	37.46

	2024-25
	118.00
	70.00
	70.00
	12.00
	10.14
	7.70
	31.69

	Total
	168.00
	111.00
	111.00
	-
	-
	-
	-

	Mean
	-
	-
	-
	12.00
	9.95
	7.40
	34.58



Table 3. Yield and yield attributing traits of toria variety under demonstration package and farmers’ practice (Pooled data of 2 years)

	Yield parameter
	Demonstration package
	Existing farmers’ practice
	SE(d)
	CD value @ 5% LSD

	Average plant height (cm)
	131.36
	110.38
	0.438
	1.088

	No. of main branches /plant
	5.50
	3.40
	0.042
	0.105

	No. of sub branches (Nos.)
	15.00
	8.20
	0.143
	0.355

	 No. of silique/plant (Nos.)
	181.31
	112.96
	1.432
	3.556

	Nos. of seeds/ silique (Nos.)
	19.44
	11.93
	0.156
	0.387

	Average grain yield (q/ha)
	9.95
	7.40
	0.054
	0.133




Fig. 1: Demonstration plot of TS-36 in different location
3.3. Technology gap
The technology gap, representing the difference between the potential yield and the yield achieved in the demonstration plots, was recorded at 2.05 q/ha during 2023-25. This observed gap can be attributed to factors such as variations in soil fertility status, differences in agricultural practices, and the local climatic conditions of the region. Sarma, (2025) recorded technology gap ranging from 0.1 to 1.5 q/ha reflecting the farmers’ participation in conducting the demonstration. Addressing these factors through targeted interventions, such as soil health management, site-specific nutrient recommendations, and improved agronomic practices will be essential for further minimizing the technology gap and achieving the full yield potential of the crop.
3.4. Extension gap
Extension gap of 2.55 q/ha was observed during 2023-25. The observed extension gap highlights the necessity of educating farmers through diverse extension approaches, such as Cluster Front Line Demonstrations, to promote the adoption of improved production and protection technologies and to address the prevailing disparity in technology dissemination. Increased utilisation of modern production practices and high-yielding varieties is expected to progressively mitigate this concerning trend of a widening extension gap. Sarma et al., (2014) found during his study that extension gap ranged from 3.0 to 4.5. Singh et al., (2020) reported that the increased awareness by the extension functionaries would encourage the farmers to adopt improved technologies and thus reduce the extension gap.
3.5. Technology index
The technology index reflects the practicability of the demonstrated technology under farmers’ field conditions. A lower technology index value corresponds to greater feasibility of the technology. The technology index in the present study was 17.05 per cent (Table 4), aligning to that of Ahmed et al., (2017), who observed technology index between 12.17-19.17 per cent. Similarly, Sharma et al., (2014) conducted a study in Barpeta district of Assam, India and recorded average technology index of 16.07 per cent. Technology index under FLDs programme showed the efficacy of good performance of technical interventions.
Table 4. Technology gap, extension gap and technological index of toria variety TS-36 under CFLDs

	Year
	Technology gap (q/ha)
	Extension gap (q/ha)
	Technology index (%)

	2023-24
	2.24
	2.66
	18.67

	2024-25
	1.86
	2.44
	15.50

	Mean
	2.05
	2.55
	17.08



3.6. Economic return
The input and output prices prevailing during the demonstration period were used to calculate net returns and the benefit–cost (B:C) ratio (Table 5). Cultivation of toria using improved technologies resulted in a higher net return of Rs. 41,675 per hectare in 2023–25, compared with Rs. 27,100 per hectare under conventional farmer practices. The benefit–cost ratio for toria cultivation under improved practices was 2.81, in contrast to 2.29 observed under farmer practices. This improvement can be attributed to the higher yields achieved through the adoption of improved technologies.
[bookmark: _GoBack]Table 5. Economics of toria under Cluster Front Line Demonstrations 
	Parameter
	Return (Rs/ha)

	
	Improved practice
	Farmer practice

	Gross Cost (Rs./ha):
	23000 
	21000

	Gross Return (Rs./ha):
	64675
	48100

	Net Return (Rs./ha): 
	41675
	27100

	B:C Ratio (GR/GC): 
	2.81
	2.29



4. CONCLUSION
Cluster Frontline Demonstrations (CFLDs) on toria var. TS-36 with scientific intervention proved to perform better in terms of the growth and yield parameters studied, as compared to local variety cultivated under farmers’ practice. Therefore, there is need to focus on implementing this technology in the district to cover more areas and bring as many farmers as possible to strengthen and enhance the production of this crop in the district by providing technical support through targeted educational and extension approaches. The farmers should also be encouraged to adopt this improved technology and thereby ensuring sustainable and higher oilseed productivity in the region.
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