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Abstract
Rice holds a crucial position in Telangana state, India, occupying more than one-third of the cultivated area. The state has widely adopted improved rice cultivars, with active participation from both the public and private sectors. A study conducted in the Jagtial district assessed the economic benefits of adopting the JGL 24423 rice variety by comparing adopters and non-adopters. The research analyzed data from 120 sample farmers and found significant advantages, including increased net returns per hectare, high yields and reduced pesticide usage. Economic surplus method was used to estimate the economic impact and the study found a total surplus of Rs. 82.41 crore, mainly benefiting producers (70.89%) and consumers (29.41%). The research investment on JGL 24423 revealed a promising 72 per cent internal rate of return, a net present value of Rs. 27.51 crore, and a favorable BC ratio of 132.
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Introduction
Rice (Oryza sativa L.) is a highly consumed cereal crop worldwide, particularly in Asian countries like India, where it serves as the main staple food (FAO 2018). India ranks as the second-largest producer and exporter of rice, following China. In 2020, the global production of rice reached 756.7 million metric tons, with China and India accounting for 52 per cent of the total. Over the years, India's rice production has steadily increased from 53.6 million tons in FY 1980 to 130 million tons in FY 2021–22 (The Indian Express, September 22, 2021). Total rice production during 2023-24 is estimated at record 1378.25 LMT. It is higher by 20.70 LMT than previous year’s rice production of 1357.55 LMT. Rice is predominantly grown as a Kharif crop during the monsoon season from June to September, providing sustenance to over half of the Indian population. It constitutes a significant portion of the calorie intake for more than 3 billion Asians and contributes 27 per cent of dietary energy, 20 per cent of dietary protein, and 3 per cent of dietary fat globally (Pathak et al 2018).
India ranks second in terms of rice consumption, having consumed 108.5 million metric tons during the period of 2022–23, with China leading at 155 million metric tons (Minhas, Rice Market in India: Statistics and Facts 2023). However, if rice production does not increase at a faster rate, the growing demand for rice will surpass the available supply. To tackle this issue, it is crucial to develop rice varieties with higher yield potential and implement improved crop management techniques (IRRI report 2016). Since the introduction of the IR-8 rice variety by IRRI, national institutes and agricultural universities have been dedicated to develop enhanced rice cultivars that are resistant to pests, diseases and the impacts of climate change. Breeding programs have been essential in the past and will play an even more critical role in addressing future challenges like climate change, dwindling natural resources, and a rising population (Evenson and Gollin 2003; Lenaerts et al. 2018). The development and release of improved rice varieties are of utmost importance in ensuring a reliable rice supply for approximately 3.5 billion people worldwide. Given tighter budgets, more cost-efficient breeding operations are necessary (Lenaerts et al., 2018). It is the responsibility of researchers to ensure the success of the crop varieties developed for the benefit of the farming community. The adoption of these improved crop varieties in a sustainable manner can significantly enhance the livelihoods of rural farmers (Asfaw et al., 2012).
The study was conducted in Telangana, a relatively new agrarian state in India, where rice is the primary crop, covering more than one-third of the cultivated area. Telangana became the largest rice producing state in India with 168.75 lakh metric tonnes (LMT). The total rice production in India was 1378.25 LMT of which Telangana’s share was 168.75 LMT, a whopping 12.5 per cent of total rice produced in India. (Ministry of Agriculture, Advance Estimates, 2023-24). Of the total rice produced in Telangana during 2023-24, 93.44 LMT was produced in the kharif season and 75.3 LMT in the rabi season. The yield was calculated at 36.02 quintal per hectare. Recognizing the crucial importance of rice cultivation, Professor Jayashankar Telangana State Agricultural University (PJTSAU) has been dedicated to developing improved rice varieties since its establishment in 2014 after the division of the former Andhra Pradesh state. The primary focus of the efforts has been on enhancing yield, reducing production costs, and incorporating resistance to biotic and abiotic stresses, along with desired agronomic traits (Deb 2016). The aim is to develop cost-effective and improved varieties and technologies while quantifying the potential benefits of the already developed varieties and technologies. Such research is essential to meet the region-specific needs of society effectively.
Among the varieties developed and released by the University, JGL 24423 (Jagtial Rice 1) is gaining popularity due to its suitability for both the kharif and rabi seasons and recommended for irrigated areas of Telangana state. It was developed and released from the Regional Agricultural Research Station (RARS), Jagtial, located in the Southern Telangana Zone, between 2007 and 2018, and was officially released in 2019. The JGL 24423 is a short-duration variety, which takes 120–125 days in Kharif and 135–140 days in Rabi to mature. It is a coarse-grain, high-yielding variety with an amylase content of 22.96 per cent and a protein content of 9.87 per cent. Additionally, it shows better resistance to gall midge and tolerance to BPH, blast, and brown spot. Moreover, it has gained popularity for its non-shattering and non-lodging nature. This paper presents a comparative cost analysis of JGL 24423 and another rice variety (MTU 1010) grown in the study region, along with the potential benefits of JGL 24423 in Telangana state. The economic surplus method has been applied to assess these benefits accurately.
Study area
The study was conducted in Jagtial district, Telangana state, India. The district was purposefully selected based on the extent of area under rice cultivation and the rapid spread of the new rice variety, JGL-24423 (Jagtial Rice 1), as estimated by the scientists. For the study, two mandals (Jagtial rural and Korutla) were selected from the Jagtial district, and two villages from each mandal were chosen, making a total of four villages (Veldurti, Gullapeta, Ailapur, and Dharmaram). A total of 120 sample farmers, comprising 60 adopters (15 from each village) and 60 non-adopters (15 from each village) of JGL-24423 variety, were purposively selected from the chosen villages. 
Data sources
The data related to costs, returns, and socio-economic characteristics of the JGL 24423 along with other rice variety (MTU 1010), were collected from a selected sample of 120 respondents. This sample consisted of 60 adopters and 60 non-adopters, and data was gathered through personal interviews using a well-structured, pre-tested interview schedule prepared during the year 2021-22. A comparison was made between the cost of cultivation and farm business income for the adopters and non-adopters of the JGL 24423 rice variety in the study area. 
The secondary data regarding the area, production, and productivity of crops, as well as farm harvest prices were obtained from DES, Telangana. The data on yield difference and the cost of adopting the improved variety were obtained from the sample farmers, i.e., both adopters and non-adopters of the improved rice variety. Data on the research and extension costs incurred by PJTSAU for developing the new variety, JGL 24423 were collected from the concerned crop scientists at the Regional Agricultural Research Station (RARS), Jagtial. Additionally, data on price elasticities of supply and demand for rice crop were taken from the literature, with an elasticity of supply as 0.10 (Kostandini et al., 2009) and an elasticity of demand as -0.24 (Kumar et al., 2011).
Tools and Techniques
The costs and returns were estimated using cost concepts, which comprised various cost components (Cost A1, A2, B1, B2, C1, C2, and C3). A comparative cost analysis between adopters and non-adopters was conducted and the net returns of JGL 24423 were compared with those of other rice variety (MTU 1010) grown in the study region. The yield difference between adopters and non-adopters of the JGL 24423 variety was utilized in calculating the aggregate social gains. 
Cost and returns
The concept of cost encompasses various components, namely cost A1, cost A2, cost B1, cost B2, cost C1, cost C2, and cost C3.
Cost A1 is determined by aggregating the following costs:
1. Value of owned and purchased seed
2. Value of owned and purchased manures and fertilizers
3. Value of plant protection chemicals
4. Value of owned and hired machine labour
5. Value of hired human labour
6. Value of owned and hired bullock labour
7. Irrigation charges
8. Depreciation on farm implements and machinery
9. Interest on working capital
10. Land revenue
11. Miscellaneous expenses
Cost A2 = Cost A1 + rent paid for leased-in land
Cost B1 = Cost A1 + imputed value of interest on owned capital assets (excluding land)
Cost B2 = Cost B1 + imputed rental value of owned land + rent paid for leased-in land
Cost C1 = Cost B1 + imputed value of family labour
Cost C2 = Cost B2 + imputed value of family labour
Cost C3 = Cost C2 + 10 % of Cost C2
Gross and net returns: Gross returns included the combined value of both the primary crop and any accompanying by-products. Net returns on a per-hectare basis are calculated by subtracting all expenses from the gross returns.
Gross income = Value of total output (main + by-product)
Farm business analysis
Farm business income = Gross income – Cost A1 or Cost A2
Family labour income = Gross income – Cost B2
Net income = Gross income – Cost C3
Farm investment income = Farm business income – Imputed value of family labour
Return per rupee spent = Present worth of gross return / Present worth of gross cost
Economic surplus method
The economic surplus approach was employed to determine the aggregate social benefits, encompassing both producer and consumer benefits, using an Excel spreadsheet. To assess the social benefits of the improved rice variety, data on market prices and quantities, as well as supply changes that can be attributed to adoption of new variety are required. Additionally, economic parameters such as elasticities of supply and demand for rice need to be considered (Masters et al., 1996). To estimate the net social gains, research and extension expenditures involved in developing and transferring JGL 24423 are needed which was done by consulting the scientists involved in the research and extension activities of the concerned variety (Joshi 2003). The results obtained from the economic surplus, together with the research and extension costs, were used to calculate the net present value (NPV), internal rate of return (IRR), and benefit-cost ratio (BCR) (Maredia et al., 2000).
The Economic Surplus (ES) approach is widely used to assess the economic welfare resulting from technological advancements, as indicated by research conducted by Wander et al. 2004; Maredia et al. 2000. This method measures the overall social benefits of research institutions and policy interventions in a specific project. By examining the changes in consumer and producer surplus, the ES method allows us to estimate the returns on investments. This model can be applied to various types of economies, including small, large, open, or closed, within the production environment.
To evaluate the impact of the improved rice variety, the study compares adopters and non-adopters based on the adoption rate and the extent of their adoption of the JGL 24423 rice variety. Instead of using a “before and after” varietal approach for impact assessment, the study adopts a more effective method of analysis involving “with and without” an improved varietal approach (Masters et al., 1996). 
Theoretical framework
Fig. 1 illustrates the impact of the adoption of the JGL 24423 rice variety on the supply curve, the equilibrium price, quantity, and the economic surplus. The adoption of JGL 24423 shifts the original supply curve S0 down to the right to S1. This shift in supply moves the equilibrium price from P0 to P1, and quantity from Q0 to Q1. For farmers, the impact of JGL 24423 is a reduction in the cost of production. This, in terms of producer surplus, is given by an increase in the area between the (S0) and (S1) supply curves plus the area under the new price line P1 given by ERBF. Further, the JGL 24423 reduces the price received by farmers, and this reduces producer surplus by the extent of the area between two price lines above S0 given by P1BNP0. For consumers, the effect of JGL 24423 is that they are always gainers. They receive whatever was lost by producers due to lower prices plus the economic surplus from the increased quantity. Consumers gain because they are able to consume a larger amount (Q1) at a lower price (P1). The area P0NRP1 (Fig. 1) gives the change in consumer surplus (ΔCS). The change in producer surplus (ΔPS) is given by the area ERBF. The impact of JGL 24423 is a gain for the area ERBF and area P0NRP1 as far as the whole economy is concerned (Masters et al., 1996). The social gain from JGL 24423 is the sum of additional producer surplus and additional consumer surplus.
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Fig 1. Impact of JGL 24423 using economic surplus approach
Source: Alston et al., 1995.
Measurement of social gains
For the present study, the ex-post impact assessment of JGL 24423 is considered. In this situation, the observed price and quantity already included the effects of JGL 24423 that result in a shift in supply as the variety is adopted. In Fig. 2, social gain is measured as area R minus area T. Area R shows the social gain due to the reduction in production costs at the observed level of production (Q0), while area T represents a correction for the change in quantity caused by the research. The height of area R is measured in terms of money per unit of output. Specifically, the effects of JGL 24423 were observed in terms of the quantity of output per unit of input, such as an increased crop yield per hectare. For a given cost of inputs, increased quantities represent a horizontal shift in the supply curve. To adopt JGL 24423, it requires additional costs in new inputs. For a given level of output, this increased cost represents a vertical shift (Masters et al., 1996). Therefore, it is necessary to combine data on increased quantities ΔQ = Q1 - Q0 (horizontal shift) and increased input costs (a vertical shift, k) to obtain a net shift in terms of costs per unit of output.
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Fig 2. Ex-post impact assessment
Source: Masters et al., 1996.

The Social gain is obtained by the formula
Social gain (SG) = kPQ - ½ kPΔQ ………………………… (1)
To compute k, Q, I, J and K parameter
The steps involved in the estimation of welfare gain according to (Masters et al., 1996) are as follows:
Step 1: Data on total production (in quintals) of rice and farm harvest price per quintal (in rupees) for years 2007–08 to 2022–23 were obtained from DES, Telangana.
Step 2: The data on rice yield was collected from sample farmers for the years 2021–22. The shift in yield (Q) represents the difference between the yield of farmers who adopted JGL 24423 (Ym) and those who did not adopt (Yc).
Step 3: Estimation of J parameter
The J parameter is the total increase in production that is due to the adoption of the variety. J is obtained by the change in quantity of output as a share of total output given by
j = J/Q ………………..(2)
This expression gives the estimate of the supply shift in parameter (j) in terms of the increase in yield, rate of adoption (t), extent of adoption (e) and the overall average yield (Y)
Rate of adoption (t) is the ratio of total rice area sown in Jagtial district for each year and area covered under JGL 24423 rice variety for each year.
j = (ΔY*t*e) / Y. Here, Y is the overall average yield, i.e., total production divided by total area under crop for each year.
Step 4: Computation of adoption costs
The parameter I is increase in per-unit input cost required to obtain the increase in total production or total output J.
Given by I = [ΔC * t/Y] …………………….(3)
Here, ΔC = Cost per ha incurred to adopt the JGL 24423. This is obtained by calculating the additional cost involved in adopting the improved rice variety.
The proportional cost increase parameter (c) is given by,
c = I/P= [(ΔC * t)/Y]*1/P ………………….(4)
Step 5: K parameter, or shift in the supply curve, to be estimated. The K-parameter is the net reduction in production costs induced by the variety and can be obtained by combining the effects of increased productivity (J) and adoption costs (I). Given J and I, it can be computed using the slope of the supply curve (bs) as
K = (J * bs) – I           …………………………(5)
Step 6: The slope of the supply curve (bs) is associated with units of measurement. Therefore, supply elasticity (€), which is independent of units of measurement, is computed as follows:
€ = % ΔQ / %ΔP
= (ΔQ/Q) / (ΔP/P)
= (ΔQ/ΔP) * (P/Q)
= (1/bs) * (P/Q)
bs = € * Q / P
K = J / (€ * Q/P) – I ; K = [JP/ €Q] –I
Again, K is used in proportional terms, i.e., the net reduction in production cost as a proportion of the production price. The formula used is
k = K/P = [JP/€QP] - I/P = (j/€) - c  …………………………(6)
Where,
€ = price elasticity of supply
To estimate social gains, data on price elasticities of supply and demand for rice crops were taken from the literature, with an elasticity of supply as 0.10 (Kostandini et al., 2009) and an elasticity of demand as -0.24 (Kumar et al., 2011).
Step 7: Estimate equilibrium output quantity change, ΔQ
The equilibrium situation without JGL 24423 would be price and quantity, which satisfy both demand and supply.
Qd = Qs
P = (as - ad) / (bd - bs)
Similarly
P1 = (as - ad + bs K) / (bd - bs)
ΔP = bsK / (bd+bs)
The change in quantity is given by
ΔQ = bdΔP           …………………………(7)
= bdbs K / (bd +bs)
To substitute elasticities for slopes, assume the elasticity of demand as e,
e = %ΔQ / %ΔP
= (ΔQ/Q) / (ΔP/P)
= (ΔQ/ΔP) (P/Q)
= bd (P/Q)
bd = e (Q/P)
Thus ΔQ = (e* Q/P) x (€*Q/P) K / [(e* Q/P) + [€* Q/P]
Here, we use ΔQ in proportional terms, and it is given by the formula
ΔQ = Qe €k / (e+€)     …………………………(8)
Step 8: Estimation of social gains. It is computed using the formula
SG = (kPQ) ± ½ (kPΔQ)    …………………...(9)
Step 9: Incorporate the research and extension costs of JGL 24423 to obtain social benefits for each year. The net social benefits were computed by subtracting research and extension costs from the total social gains obtained.
Step 10: Net social gain = Social gain – Research and extension costs
The producer surplus and consumer surplus were computed by decomposing the social gains (SG) and total surplus given by the equation as follows:
ΔTS = ΔCS+ ΔPS = P0Q0k (1+0.5Ze)    …………………..(10)
ΔCS = P0Q0Z (1+0.5Ze)       ……………………………….(11)
ΔPS = P0Q0 (k-Z) (1+0.5Ze)     ……………………………..(12)
Where,
Z = k* € / e+€                        ……………………………….(13)
The net social gains obtained from deducting total research and extension costs are used to estimate the NPV (Net Present Value).
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Where,
Yn = Net social gains
r = Discount rate, taken as 8 %
i = year 1 to n.
n = total number of years
Results and discussion
The study presented a comparative analysis of the costs associated with cultivating two rice varieties, JGL 24423 and MTU 1010, in the study region. The findings were summarized in Table 1. The total cost of cultivation for each variety included both variable and fixed costs. For JGL 24423, variable costs accounted for 77.66 per cent of the total, while fixed costs constituted 22.34 per cent. For the other rice variety (MTU 1010), variable costs represented 77.58 per cent of the total, with fixed costs making up 22.42 per cent. Looking at the variable costs, it is observed that human labour, machine labour and fertilizer costs comprised 62.35 per cent in the total cost of cultivation for JGL 24423. Similarly, for the MTU 1010 variety, these same cost components accounted for 62.68 per cent of its total cost of cultivation showing that in both the varieties these are the major cost components. These results are consistent with the findings from previous comparative economic analysis conducted by Devi and Ponnarasi 2009; Tamilazhaki et al. 2021. Among the fixed costs, the rental value of owned land constituted a high share of 19.87 per cent for JGL 24423 and 19.85 per cent for the MTU 1010 variety, with their respective total fixed costs of 22.34 per cent and 22.42 per cent respectively.
After analyzing the t-values, the costs of chemical fertilizers and pesticides showed a significant difference among variable costs between the varieties. This may be due to farmers believed in the extension trainings conducted to them through demonstrations, that the JGL 24423 variety requires less fertilizer. High pesticide cost incurred by the JGL 24423 adopters was because of the attack of neck blast in the study area during the year 2021 and the farmers expressed that JGL 24423 is more susceptible to neck blast disease.
Table 1. Comparative economics of cultivation of JGL 24423 (Jagtial Rice 1) and other rice variety grown in the study area (Rs./ha)
	Particulars
	Jagtial Rice 1 (JGL 24423)
	Cotton Dora Sannalu (MTU 1010)
	t value

	Variable cost

	Seed
	2058.99 (2.23)
	2068.21 (2.21)
	0.31

	Fertilizers
	10701.28 (11.58)
	11718.62 (12.50)
	-4.28**

	Manures
	3388.02 (3.69)
	3470.35 (3.72)
	1.59

	Pesticides
	5227.95 (5.66)
	4806.41 (5.13)
	3.63**

	Human labour
	29618.88 (32.06)
	29811.42 (31.81)
	0.55

	Bullock labour
	1241.18 (1.34)
	1227.59 (1.31)
	0.53

	Machine labour
	17282.90 (18.71)
	17219.91 (18.37)
	0.13

	Interest on working capital
	2230.19 (2.41)
	2263.36 (2.42)
	-1.88

	Total variable cost
	71749.38 (77.66)
	72709.38 (77.58)
	-1.65

	Fixed cost

	Land revenue
	0.00
	0.00
	0

	Rental value of owned land
	18360.33 (19.87)
	18607.33 (19.85)
	-0.31

	Depreciation
	406.14 (0.44)
	493.89 (0.53)
	-0.35

	Interest on fixed capital
	1876.65 (2.03)
	1910.12 (2.04)
	-0.40

	Total fixed cost
	20643.12 (22.34)
	21011.35 (22.42)
	-0.40

	Total cost of cultivation
	92392.50
	93720.73
	-1.19

	Returns

	Yield (q/ha)
	66.62
	66.10
	

	Gross returns (Rs./ha)
	133828.25
	133180.48
	

	Net returns (Rs./ha)
	41435.76
	39459.76
	


   Note: Figures in parenthesis represent the percentage to the total
   ** denotes significance at 5 per cent level
Based on the data presented in Table 2, it is evident that the JGL 24423 variety shows significantly lower cost of cultivation, specifically amounting to Rs. 92392.50/ha, in comparison to the other variety (MTU 1010) that was grown in the study area, which recorded a higher cost of Rs. 93720.73/ha. Notably, when examining the individual cost components (A1, A2, B1, B2, C1, C2, C3), JGL 24423 outperformed MTU 1010 as it exhibited lower values across each of these cost categories. This data clearly highlighted the cost-effectiveness and financial advantage of cultivating the JGL 24423 variety over MTU 1010 in the study region.
Table 2. Cost of cultivation of JGL 24423 (Jagtial Rice 1) and other rice varieties as per cost concepts (Rs./ha)
	Particulars
	JGL 24423 (Jagtial Rice 1)
	Other rice variety (MTU 1010)

	Cost A1
	61700.54
	62778.18

	Cost B1
	81937.52
	83295.64

	Cost B2
	74032.16
	75113.39

	Cost C1
	92392.50
	93720.73

	Cost C2
	101631.70
	103092.80

	Cost C3
	61700.54
	62778.18


Table 3, the comparative farm business analysis between JGL 24423 (Jagtial Rice 1) and MTU 1010 revealed some notable findings. The total cost of cultivating JGL 24423 was 1.42 per cent less compared to MTU 1010, while enjoying an yield advantage of 0.52 q/ha. Furthermore, the net returns of farmers cultivating JGL 24423 were Rs. 41435.76/ha, which was 5.01 per cent higher than the farmers cultivating MTU 1010, who earned Rs. 39459.76/ha. Moreover, JGL 24423 exhibited higher farm business income, farm labour income, and farm investment income by 2.45 per cent, 4.02 per cent, and 2.59 per cent, respectively, compared to the other rice variety (MTU 1010). Notably, the returns per rupee spent were higher for JGL 24423 (1.45) compared to the other rice variety (1.42), indicating its superior performance in the study region.  The results were in accordance with Nasurudeen and Mahesh, 2004.
Table 3. Farm business analysis of JGL 24423 (Jagtial Rice 1) and other rice variety (MTU 1010) grown in the study area
	Particulars
	Jagtial Rice 1     (JGL 24423)
	Cotton Dora Sannalu (MTU 1010)

	Total cost of cultivation (Rs./ha)
	92392.50
	93720.73

	Yield (q/ha)
	66.62
	66.10

	Market price (Rs./q)
	2008.83
	2014.83

	Gross returns (Rs./ha)
	133828.25
	133180.48

	Farm business income (Rs./ha)
	72127.71
	70402.30

	Family labour income (Rs./ha)
	51890.73
	49884.84

	Net returns (Rs./ha)
	41435.76
	39459.76

	Difference in net return of both varieties (%)
	5.01

	Farm investment income (Rs./ha)
	67894.93
	66181.62

	Return per rupee spent
	1.45
	1.42




Economic benefits due to improved variety in Telangana using economic surplus approach
The economic surplus model provided insights into the changes in consumer and producer surplus, which together constitute the economic surplus. The model considered the price elasticities of supply and demand for rice, since these elasticities greatly influence the measures of consumer and producer surplus. A field survey conducted in Jagtial district indicated a yield difference of 0.52 quintals of JGL 24423 per acre compared to other rice variety (MTU 1010), which was taken for comparison.
The economic benefits attributable to the adoption of JGL 24423 in Telangana during the period 2019–2023 are presented in Table 4. By taking into account a demand elasticity of -0.24 (Kumar et al., 2011) and a supply elasticity of 0.10 (Kostandini et al., 2009), the economic surplus resulting from the adoption of the JGL 24423 variety amounted to Rs. 82.41 crore. Out of this total surplus, the producer surplus constituted 70.89 per cent, while the consumer surplus constituted 29.41 per cent. Therefore, producers reaped relatively greater benefits compared to consumers in the context of the JGL 24423 rice variety.
The overall impact of JGL 24423 was assessed in terms of net present value (NPV), internal rate of return (IRR) and benefit-cost ratio (BCR). To account for the time value of money, the stream of net social gains generated by the JGL 24423 rice variety over the years was discounted at an 8 per cent discount rate. The net present value was calculated to be Rs. 27.51 crore, indicating the overall benefit to society. Additionally, the research investment on the improved JGL 24423 rice variety showed an impressive internal rate of return (IRR) of 72 per cent, BCR of 132, further emphasizing the substantial value and desirability of the investment made in JGL 24423 rice variety. The results were in accordance with Hurley et al. 2016; Dikitanan et al. 2022; Brennam and Malayabayabs 2011; Mruthyunjaya et al. 2004.
Table 4 Results of economic analysis of JGL 24423 employing economic surplus method
	S. No.
	Particulars
	Total benefits due to JGL 24423 rice variety (Rs.)

	1
	Change in Consumer surplus (∆CS)
	24,23,91,206   (29.41)                  

	2
	Change in Producer surplus (∆PS)
	58,17,38,895   (70.89)                     

	3
	Change in Total surplus (∆TS)
	82,41,30,101

	4
	NPV at 8% discount rate
	27,51,07,752

	5
	IRR
	72%

	6
	B:C ratio
	132


Note: Figures in parentheses represent the percentage to the total
Note: The change in economic surplus (total surplus) due to improved rice variety was decomposed into change in consumer and producer surplus.
Conclusion and implications
The study had unequivocally demonstrated the positive impact of the improved rice variety, JGL 24423 emphasized the need for future investments in research and extension activities to further develop and promote such beneficial rice varieties and technologies. The economic surplus method employed in this study has provided a comprehensive assessment of the impact of JGL 24423 variety, taking into account the gains to both the producers and consumers. This method has proven to be effective and is recommended as a suitable approach for evaluating similar agricultural programs in the future. The adoption of JGL 24423 has yielded significant positive results, surpassing other rice variety (MTU 1010) in various crucial aspects such as cost of cultivation, net returns, and overall income. As a result, farmers in the region have shown a strong preference for this variety. To sustain and enhance such positive outcomes, it is crucial for policymakers to prioritize agricultural research and extension efforts. This prioritization should focus on the creation of high-yielding, pest and disease resistant, water use efficient rice varieties and agro-technologies. To ensure the widespread adoption of improved varieties and technologies among farmers, efficient extension activities must be put into action. Creating awareness about the benefits of these advancements is essential in encouraging farmers to adopt them willingly. Another critical aspect highlighted by the study is the importance of both public and private enterprises engaging in research and development of seeds with improved traits. Such collaboration will accelerate the progress of agricultural innovation and ensure timely availability of better seeds to farmers, benefiting the entire agricultural sector.
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