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Economic and Technological Impacts of UAS-Bengaluru Crop Varieties on Karnataka Agriculture
ABSTRACT
The review article synthesizes evidence from multiple studies assessing the economic and technological impacts of improved crop varieties released by the University of Agricultural Sciences, Bengaluru (UAS-B), over the past few decades. UAS-B has played a pivotal role in enhancing agricultural productivity in Karnataka through sustained research and varietal development in crops such as finger millet, red gram, sugarcane, and sunflower. The review highlights significant yield improvements, increased net returns, and enhanced Total Factor Productivity (TFP) associated with varieties like GPU-28, KMR-204, BRG-2, and VCF-0517. Resource use efficiency analyses reveal underutilization of key inputs such as land and capital, indicating potential for further optimization. Additionally, economic surplus studies affirm the broader societal benefits of varietal adoption, with strong consumer and producer gains. Farmers' positive perceptions of these technologies suggest high relevance, cultural compatibility, and potential for wide-scale diffusion. The review underscores the critical importance of sustained public investment in agricultural research and the need for dynamic policy support to accelerate the development and dissemination of location-specific, climate-resilient technologies for sustainable agricultural growth.
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INTRODUCTION
Indian agriculture has made significant strides in the last 50 years, demonstrating unique resilience in becoming a significant contributor to the Indian economy through scientific breakthroughs in technology development. The standout contribution of agriculture sector in the economy during the COVID-19 pandemic, when every other sector of the economy stood still seemed like an illuminating star in the blue sky and this underpins the fact that “everything can stop but not the agriculture”.
Any discovery in agriculture sector would be the next big stride towards sustaining a civilized life. The success of the agricultural sector, however, depends on not only how effectively the research system generates, acquires and utilises knowledge, but also how efficiently it disseminates that knowledge and addresses real-world problems (Nettle et al., 2022). One of the most notable achievements of Indian agriculture over the last few decades has been the expansion of food grain output from nearly 51 million Tonnes (MT) in 1950–51 to over 316 MT in 2021–22 (Anonymous, 2016), a begging mouth turning into a helping hand, due to sustained support for agricultural research by the national planners. The research in agriculture, horticulture, veterinary, fishery, animal husbandry and allied fields is largely carried out by the researchers of State Agricultural Universities (numbering 65) and the research institutes of the Indian Council of Agricultural Research (ICAR). The SAUs have the mandates of teaching, research and extension, while the ICAR institutes are largely research oriented (Kumar & Ghosh, 2021). The extension component is concentrated in the Krishi Vigyan Kendra’s (KVKs), where funding comes from ‘plan’ and ‘non plan’ components. 
The University of Agricultural Sciences, Bangalore (UAS-B) located in Bengaluru, Karnataka was established in 1964. University of Agricultural Sciences, Bangalore, has been carrying out the research on major crops like Rice (Oryza sativa L.)., Finger millet (Eleusine coracana)., Sugarcane (Saccharum officinarum)., Maize (Zea mays L.), and others., considering the agro-climatic conditions, location-specific needs, and farmer demands since its inception. Many good agricultural practices were developed and transferred to farmer’s field through intensive efforts made by scientists and extension personnel. Many Studies were carried out to know the impact of various technologies released through UAS-B. 
Technological innovations have become an indispensable component of development, progressing in tandem across various sectors. The impact assessment of agricultural technologies is crucial for evaluating their effectiveness in enhancing farm productivity and profitability (Méndez-Zambrano et al., 2023; Khan et al., 2021). This study aims to review the extent to which agricultural technologies developed by UAS (B) have achieved broader social impacts. Additionally, the study highlights future directions for research and the policy implications necessary to refine research strategies, ultimately contributing to sustainable agricultural growth. 



2. METHODOLOGY
This review article adopts a qualitative as well as data-driven approach to assess the economic impact of crop varieties developed by the University of Agricultural Sciences (UAS), Bengaluru. The methodology includes selection criteria, data sources, and analytical procedures as described below.
2.1 Study area
The study focuses on the jurisdiction of UAS-Bengaluru, which primarily covers South Karnataka, including key agro-climatic zones such as the Eastern Dry Zone, Southern Dry Zone, and Southern Transition Zone. This region was selected because it is the core area where UAS-Bengaluru conducts its crop research and varietal development. The crop varieties released by the university are specifically adapted to the agro-ecological conditions of this region, making it ideal for assessing their economic impact and field-level adoption.
2.2 Data Source
The information and data on crop varieties developed and released have been compiled from multiple sources, including annual reports and varietal release documentation from UAS-Bengaluru, as well as relevant project reports and extension bulletins. Secondary sources include peer-reviewed journal articles and government publications, such as those from the Karnataka Department of Agriculture.
2.3 Analytical Tools and Techniques
Basic descriptive statistics and statistical measures such as mean and percentage analysis were used to summarize and interpret the data on the number and types of varieties released over time. 
3. RESULTS AND DISCUSSION
3.1 Crop varieties released by UAS (B) since its inception 
Table 1 highlights the number of varietal technologies released by the UAS Bangalore across various categories, including cereals, pulses, oilseeds, commercial crops, plantation crops, spices, and vegetables. 
Table 1: Number of Crop Varieties Developed by UAS Bangalore Since its inception (Till 2022-23)
	Sl. No.
	Crops
	Number of Varieties

	I
	Cereals

	01
	Paddy
	58

	02
	Ragi
	27

	03
	Maize
	06

	II
	Pulses	

	04
	Soyabean
	07

	05
	Cowpea  
	14

	06
	Red gram
	07

	07
	Horse gram
	02

	08
	Chickpea
	03

	III
	Oilseeds

	09
	Sunflower
	07

	10
	Groundnut
	06

	11
	Caster
	05

	12
	Niger
	01

	13
	Sesame
	03

	III
	Commercial Crops

	14
	Sugarcane
	11

	15
	Tobacco
	02

	IV
	Plantation Crops

	16
	Cashew
	07

	V
	Spices

	17
	Cardamom
	03

	18
	Chilly
	02

	VI
	Vegetables

	19
	Amaranthus
	02

	20
	Tomato
	04

	21
	Dolichos
	03



3.2 Comparative economics on improved varieties released by UAS (B)
Table 2 highlights the economic performance of UAS Bangalore released crop varieties over check varieties in the study area.  
Finger millet is the third most important food and fodder crop after rice and sorghum in Karnataka. It is cultivated largely in Southern parts of Karnataka and Karnataka is the largest grower of finger millet in the country accounting for nearly 60% of the total area and 65% of the total production. 
The UASB developed GPU-28 with continuous research efforts of 11 years using Indaf-5 as the parental variety. The GPU-28 was released during 1997. The gross return realized by the GPU-28 farmers was Rs. 18,235.79 whereas it was Rs. 14,389.21 by check variety (Indaf-5) farmers. The net return realized by GPU-28 farmers and check variety farmers were Rs. 6,667.94 and Rs. 3,351.03 respectively (Suresh, 2013).
Table 2: Performance Evaluation of UAS(B)-Released Crop Varieties 
	Sl. No.
	Crop
	Particulars
	UASB Variety
	Check Variety
	Difference

	01
	Finger Millet
	 
	GPU-28
	Indaf-5
	

	
	
	Gross Return (₹)
	18235.79
	14389.21
	3846.58

	
	
	Net Returns (₹)
	6667.94
	3351.03
	3316.91

	02
	Finger Millet
	
	KMR-204
	Indaf-9
	

	
	
	Grain Yield (q)
	7.8
	6.36
	1.44

	
	
	Net Returns (₹)
	24394
	16785
	7609

	03
	Redgram
	 
	BRG 2
	TTB-7
	

	
	
	Gross Return (₹)
	18513
	16082
	2430.36

	
	
	Net Returns (₹)
	5629
	3936
	1693

	04
	Sugarcane
	 
	VCF-0517
	Co-86032
	

	
	
	Gross Return (₹)
	472500
	382500
	90000

	
	
	Net Return (₹)
	199580
	135540
	64040



KMR-204 is a finger millet variety released from UAS (B) during 2011. In Mandya district during 2016-17 the grain yield obtained from the KMR-204 was 7.80q/ac and 6.36 q/ac from the Indaf-9 variety under rainfed conditions. The straw yield from the KMR-204 was 1.47t/ac and 1.19t/ac from the Indaf-9 variety. The net-income obtained from KMR-204 under rainfed conditions was Rs. 24,394/ac and in case of Indaf-9 was Rs. 16,785/ac. The reason for better genetic yield potential of KMR-204 variety is its tolerance to blast disease and management practices adopted by the respondents 
The grain yield obtained from the KMR-204 was 12.54 q/ac and 11.5q/ac from the Indaf-9 variety under rainfed conditions. The straw yield from the KMR-204 was 1.82t/ac and 1.63t/ac from the Indaf-9 variety. The net-income obtained from KMR-204 under rainfed conditions was Rs. 32,497/ac and in case of Indaf-9 was Rs. 36,808/ac. The additional income obtained by the respondents was Rs. 4311(Raghupathi et.al., 2017).
Redgram in Karnataka is largely grown in Northern parts of Karnataka which accounts for about nearly 90 percent of total red gram area in the state. Red gram is popularly taken as an intercrop in rainfed areas in Southern Karnataka, while cultivating as a pure crop in Northern Karnataka. UAS (B) has released BRG 2 (Bangalore Red Gram Variety 2) suitable for Southern Agro-climatic zones in Karnataka in 2006 after a prolonged research effort of 11 years. The BRG 2 farmers obtained higher yield in both main product (5.02 quintals/acre) and by-product (3.65 quintals of stubbles) as compared to check variety farmers (TTB-7) where they obtained 4.50 quintals of main product and 3.24 quintals of stubbles. The gross return was Rs.18,513 and Rs.16,082 in BRG 2 farms and check variety farms respectively with a difference of Rs. 2430.36 per acre. The net return was highest in BRG2 with Rs. 5,629 as against TTB-2 with Rs. 3936 (Suresh,2013).
Zonal Agricultural Research Station, Mandya, UAS (B), developed a new sugarcane variety VCF-0517, which is popularly called as “Bahubali” because of its high cane yielding and drought tolerant characters. VCF-0517 sugarcane variety was released in 2017 and it has covered more than 75 per cent of area under sugarcane in South Karnataka.The higher gross returns realized from VCF-0517 variety (Rs. 4,72,500/ha) than check variety of CO-86032  (Rs. 3,82,500/ha) has subsumed the effect of higher cost of cultivation in case farms growing VCF-0517 (Rs.272920/ha) than farms growing check variety (Rs.246960/ha). The returns per rupee of expenditure for VCF-0517 farms and check variety farms were Rs.1.74 and Rs.1.55, respectively. This indicated that, every rupee spent in sugarcane cultivation would fetch a net return of Rs.0.74 and Rs.0.55, respectively for farms growing VCF-0517 and Co-86032 sugarcane varieties, indicating profitability of VCF-0517 sugarcane (Sagar and Gaddi, 2021).
2.2 Total Factor Productivity
The Mean TFP scores of different crops in the UAS Bangalore research jurisdiction is depicted in Table 3. The study conducted by Suresh and Chandrakanath (2015) revealed that TFP grew at the rate of 4.75 per cent per annum. During the same period, output index by 1.05 per cent per annum and input index decreased by 3.52 per cent per annum. In sub periods also the results are more revealing. The input index declined at the rate of 4.31 per cent per annum during period I, while output index increased at the rate of 1.81 per cent per annum. The TFP index increased at the rate of 5.72 per cent during period I. During, period II, the input index continued to decline at the rate of 5.34 per cent per annum, whereas output index increased marginally at the rate of 0.59 per cent per annum. The TFP index witnessed an impressive growth of 6.17 per cent per annum during period II. The improvement in total factor productivity is due to non-inputs such as rainfall, road length, markets, better management practices, research and extension efforts etc. The UAS, Bangalore has released a number of new improved varieties to increase productivity which were tolerant to drought. Hence, agricultural universities played a crucial role in growth of total factor productivity of ragi crop. The results are corroborated the findings of Ananth (2004), Kumar Praduman et.al (2004) and Thorat et al., (2006).
	The TFP index of redgram crop increased from 0.67 in 1991-92 to 1.24 in 2009-10 with usual fluctuations in growth. The steady increase in the contribution of technology in redgram production began in 2001, from which point, the TFP was more than unity, but still below 1.42. Thus, the contribution of non inputs in redgram became apparent and visible since 2001. It reached the pinnacle of 1.42 in 2008. This almost coincides with the release of BRG2 variety of redgram which was released in 2006. Considering the fluctuations in TFP for red gram in Karnataka, the coefficient of variation in TFP was 28.5 per cent with a mean TFP of 1.03, while for Ragi the coefficient of variation in TFP was 37.7 per cent with a mean TFP of 1.87.
Table 3: Mean TFP and TFP Growth Rate of Crops in Karnataka
	Sl. No.
	Crop
	Mean TFP Index

	01
	Ragi
	1.87

	02
	Redgram
	1.03

	03
	Sugarcane
	1.608

	04
	Sunflower
	1.15


	Even though the variation in TFP was higher for Ragi compared to Red gram, Ragi’s performance was remarkable. The TFP of ragi was not only high but also showed considerable variation, whereas that of red gram was low and less variable, as the crop is more susceptible to pest and disease attacks. The pests like pod borer cause substantial damage to red gram. The area under red gram (8,91,535 ha) has surpassed that of Ragi (7,87,894 in 2010) by 13 per cent. Even though the area under red gram is above that of ragi, it is precisely because of the technological contributions in ragi, reflected in its higher productivity; the area under ragi fell at a rate of - 1.73% per annum. The area under red gram increased at the compound growth rate of 2.95%. However, the productivity of Ragi in Karnataka was shown positive growth rate of 1.03 %, while that of red gram was raised at 2.78 % (Suresh, 2013).
	The TFP for sugarcane has increased over the years from 0.93 in 2001 to 2.03 in 2018 indicates that technological and infrastructural factors contributed for about more than 100 per cent in the sugarcane output growth. The highest TFP index was observed in 2017-18 (3.106) which was due to the release of VCF-0517 sugarcane variety in 2017 and was popular among sugarcane growing farmers. The mean TFP score of 1.608 which indicated positive TFP growth. It is evident that with the assumption of price elasticity of supply of 0.121 and price elasticity of demand 0.161 (Praduman et. al., 2010), the total economic surplus due to VCF-0517 sugarcane variety is 5477.02 crores from 2006 to 2020. (Sagar, 2022)
The sunflower technologies released by AICRP were considered for studying TFP in sunflower. The year 1990-91 was considered as the base year. In the year 1992, the first hybrid variety KBSH-1 was released for commercial cultivation. In 2001, 2002 and 2008 a number of hybrids were released by AICRP in Karnataka. During the reference period, TFP growth was positive within a few years of inception of AICRP indicating the positive impact of technologies developed by the centre on sunflower production in the state. The average TFP growth from 1991 to 2010 was 1.15 indicating positive TFP growth in sunflower production over a period of time. A large proportion of area under sunflower in Karnataka state is under rainfed cultivation masking often positive impact of sunflower technologies. The contribution of technologies (mainly varieties / hybrids and package of practices) was positive on the productivity of sunflower. As a result, the total production of sunflower in Karnataka increased steadily over the years (Prakash et. al., 2017).
2.3 Economic Surplus due to technology adoption
This section presents the economic surplus generated as a result of varietal and technological interventions. The results of economic surplus are depicted in Table 4.
Table 4: Economic Surplus and Impact of Crop Technologies
	Crop and Technology 
	Period
	Total Economic Surplus (₹ Crores)
	Producer Surplus (%)
	Consumer Surplus (%)
	NPV (₹ Crores)
	IRR 
(%)

	Ragi – 
GPU-28
	1986 - 2010
	1540.38
	43.87%
	56.13%
	557
	79

	Sugarcane – VCF-0517
	2006 - 2020
	5477.02
	57.24%
	42.76%
	2115.15
	101.10

	Paddy – 
KRH-4
	2003 - 2020
	65.45
	9.30%
	90.70%
	25.97
	59



The area under the crop has been continuously decreasing but the productivity of finger millet increased at 1.04 per cent per annum from 1990-91 to 2010-11 which indicates the contribution of other factors than conventional inputs for productivity growth. It was evident that with the assumption of price elasticity of supply 0.528 and price elasticity of demand 0.450 (Rosegrant et al., 2012), the total economic surplus due to GPU-28 variety is 1540.38 crores from 1986 to 2010. The consumer’s surplus formed 56.13 per cent while the producer’s surplus formed 43.87 per cent. Thus, consumers relatively benefited more than producers. The increase in economic surplus was mainly due to increased productivity of grain and fodder yield in ragi. The GPU-28 variety not only contributed to productivity of grain but also to productivity of straw. These findings are similar to Bantilan and Joshi (1996). The net present value due to GPU-28 ragi is Rs.557 crores at 5 per cent discount rate. The IRR was 79 per cent indicating economic worthiness of investment on ragi research for developing the variety GPU-28 (Suresh and Chandrakanath 2015).
The study on economic benefits of the Bhoochetana programme on yield and income of groundnut in Tumakuru district was conducted by Hamsa et al., (2018). It is evident from results that, with the assumption of price elasticity of supply of 0.35 and price elasticity of demand of 1.02 ((Pratap et al., 2012)., the total economic surplus due to adoption of the Bhoochetana programme was Rs.2643 million from 2009-10 to 2015-16. With in total economic surplus, the consumers’ surplus formed 27.43%, while producer’s surplus formed 72.56%. 
The economic surplus (Total social gain) due to VCF-0517 sugarcane variety was estimated at Rs. 5477.02 crores for the period from 2006 to 2020 of which the producer surplus formed relatively higher proportion (57.24%) than consumer’s surplus (42.76%). The economic surplus (Social gain) due to KRH-4 paddy variety was Rs. 65.45 crores for the period from 2003 to 2020 which was further apportioned into producer surplus of 9.30 per cent and the consumer’s surplus of 90.70 per cent. Thus, the new production technology in paddy benefitted much to the consumers than producer (Sagar, 2022)
2.4 Resource use efficiency 
	The study conducted by Suresh in the year 2013 revealed that the MVP to MFC ratios in both the BRG 2 and TTB 7 farms indicated that the resources labour and capital are used in the rational zone of the production. The MVP to MFC ratios for these resources were less than one but higher than zero. The MVP to MFC ratio of land area in both varieties was higher than unity indicating that land is underutilized and there was scope to increase area for red gram crop of both the varieties. The MVP to MFC ratio for capital resource was higher than one in 28.57 % of TTB 7 farms and 2.86 per cent in BRG 2 farms which indicated the capital input was underutilized by TTB 7 Farmers than BRG 2 farmers. The MVP to MFC ratio for labour input was less than unity in both the farms indicating that almost all farms were over used the labour input in the production of red gram crop.
The MVP to MFC ratio for the labour was less than one in both the GPU-28 and Indaf-5 farms indicating over used of resource and scope for reduce the labour input cost. The MVP to MFC ratio for the capital and land input were higher than 1 in the case of GPU-28 ragi (finger millet) farms indicating under use of these resources and there was scope for increase in use of capital and area under GPU-28 ragi (finger millet) farms. In the case of Indaf-5 (check variety) farms the MVP to MFC ratios for capital was less than one indicating over use of the input. Majority of the farms in both the farms were under used the land input in the production of ragi (finger millet) crop. All most all the farmers in both the farms were over used the labour input in the production of ragi (finger millet). The use of capital resource is concerned, about 91.43 % of the GPU-28 farmers were underutilized the capital resource and 40 % of Indaf-5 farmers were underutilized and higher scope was there to these farmers to higher use of capital input (Suresh, 2013).
The analysis of resource use efficiency on VCF-0517 variety cultivating farm revealed that the MVP to MFC ratio was less than one for bullock labour (0.750) indicating that bullock labour was over used in sugarcane production and hence use of this input need to be reduced to attain optimum sugarcane production. The MVP to MFC ratio was almost unity for human labour (1.050) and seed material (1.084) indicating the most optimal usage of these inputs on sample farms, while the ratio for machine labour (1.373), fertilizer (1.762), FYM (2.829), PPC (4.859) which indicated scope to increase the utilization of these resources to optimize returns from sugarcane cultivation. Thus, results indicated scope for reallocation of expenditure among these resources to optimize sugarcane production. Similarly, the analysis in respect of check variety growing farms, the MVP to MFC ratio analysis revealed that human labour (0.296), bullock labour (0.776), fertilizer (-1.248) and FYM (0.786) resources were found to be over used in sugarcane cultivation, as the ratio of MVP: MFC was less than unity. Hence, there is needs reduce the use of these resource from their present level to attain optimum sugarcane production. The MVP to MFC ratio was more than one for machine labour (1.749), seed material (2.941) and PPC (1.275) indicating underutilization of these resources and there exist scope for higher use of these resources from their existing level to reach optimum production of sugarcane (Sagar, 2013). 


CONCLUSION 
The evidence of significant gains in yield, net returns, and Total Factor Productivity (TFP) from improved varieties such as GPU-28, KMR-204, BRG-2, and VCF-0517 underscores the importance of sustained public investment in location-specific crop breeding. Policymakers should prioritize funding for regionally adapted, climate-resilient varietal development—particularly for dryland and rainfed areas—through State Agricultural Universities (SAUs) like UAS-B. There is a need for focus on strengthening decentralized extension networks (like KVKs) and public-private seed partnerships to ensure timely, affordable access to quality seeds. Furthermore, integrating farmers’ feedback mechanisms into research planning can improve adoption, relevance, and long-term impact of new varieties. There is also significant scope for scientists to invest their time and resources in research and development focused on agricultural crop improvement and related technologies, with the goal of enhancing the productivity of small and marginal farms and improving the social status of these farming families.
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