


Economic impact of adopting improved soybean technology: Evidence from Telangana, India


Abstract
Soybean (Glycine max) is an important oilseed crop and a key source of protein, widely cultivated in rainfed regions of India. In Telangana, soybean plays a vital role in the farming systems of the northern districts, particularly under dry land conditions. Regional Agricultural Research Station (RARS), Adilabad, under Professor Jayashankar Telangana State Agricultural University (PJTSAU), developed an improved agro-technology i.e., foliar application of nutrients, 2% NPK (19-19-19) at the pod initiation stage, applied twice at one-week intervals along with the basal dose of fertilizers can increase the crop yields. Knowing the impact of technological adoption in terms of increased yields and social gains is important to further intensify the research in vital domains. Hence, the current study aimed at evaluating the economic impact of adopting PJTSAU improved technology by comparing adopters and non-adopters in Adilabad district using data from 120 sample farmers, selected purposively comprising of 60 adopters (15 from each village) and 60 non-adopters (15 from same village each for comparision). The results indicated that adopters achieved higher yields, increased gross returns and net returns per hectare and a higher return per rupee spent (1.21) compared to non-adopters (1.20). Using the economic surplus approach, the total economic surplus generated by the technology was estimated at Rs. 52.74 lakh, of which consumers and producers received 54.13 and 45.87 per cent, respectively. The technology demonstrated high research profitability, with a Net Present Value of Rs. 17.11 lakh, an Internal Rate of Return of 32 per cent, and a Benefit-Cost ratio of 3.09.
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Introduction
Soybean (Glycine max) is one of India’s most important oilseed and pulse crops, serving as a major source of edible oil and plant-based protein. It occupies a significant position in the country’s rainfed agriculture, particularly in the central and southern regions. The crop is well-suited to semi-arid conditions and possesses the unique ability to fix atmospheric nitrogen, thereby improving soil fertility and reducing the dependence on synthetic fertilizers. The leading soybean producing states in India are Madhya Pradesh, Maharashtra, Rajasthan, Karnataka, and Telangana together account for more than 90 percent of the nation’s total production. In Telangana, soybean is predominantly cultivated in the northern districts such as Adilabad, Nirmal, and Nizamabad, where it forms an integral part of kharif cropping systems under rainfed conditions (Telangana Socio-Economic Outlook, 2024).
Despite its growing importance, soybean productivity in Telangana remains relatively low due to factors such as nutrient deficiencies, imbalanced fertilizer application, and limited adoption of improved agronomic practices. To address these challenges, the Professor Jayashankar Telangana State Agricultural University (PJTSAU) has prioritized the development and dissemination of cost-effective, yield-enhancing technologies suited to the region’s agro-climatic conditions. Among these innovations, the foliar application of nutrients specifically, 2% NPK (19-19-19) at pod initiation stage along with the recommended basal dose of fertilizers has been emerging as a promising practice for enhancing soybean yield and profitability. This technology, developed at the Regional Agricultural Research Station (RARS), Adilabad, was released in 2019 following multi-year trials (2015–2018) that demonstrated its effectiveness in improving productivity. Subsequent studies at RARS, Adilabad, revealed that applying a 2% NPK (19-19-19) foliar spray twice at one-week intervals, in addition to the basal application of the recommended dose of fertilizers, was more economical and effective in achieving higher yields compared to a single application. This foliar nutrient management practice represents one of the key agro-technologies developed by PJTSAU for soybean farmers in the state.
Given its potential to enhance productivity and profitability, assessing the economic impact of this technology is essential. However, empirical evidence on its on-farm economic benefits remains limited. Therefore, the present study was undertaken to evaluate the economic impact of the foliar nutrient application technology by comparing adopters and non-adopters in the study area. The analysis focuses on differences in production costs, yield and returns and further estimates the potential social gains to farming households in Telangana using the economic surplus method.
Study area and Sampling
The study was conducted in Adilabad district, Telangana State, India. The district was purposively selected due to its extensive area under soybean cultivation and the rapid adoption of the agro-technology, foliar application of nutrients as observed by agricultural scientists.
From Adilabad district, two mandals- Jainath and Gudihatnoor were selected, and two villages from each mandal were chosen randomly namely Laxmipur, Makoda, Mannur and Guruj making a total of four villages. A total of 120 sample farmers were purposively selected, comprising 60 adopters (15 from each village) and 60 non-adopters (15 from same village each for comparison) of foliar application of nutrients, 2% NPK (19-19-19). Data were collected during 2021–22 through personal interviews using a pre-tested and well-structured interview schedule.
Data collection and analytical framework
Data pertaining to costs, returns, and socio-economic characteristics of adopters and non-adopters were collected to compare the cost of cultivation and farm business income in the study area. To estimate the aggregate economic gains and returns on investment in research due to the adoption of foliar application of nutrients, the economic surplus model was employed using an MS Excel spreadsheet. The model incorporated both primary data from farmers and secondary data on soybean area, production, productivity, and farm harvest prices obtained from the Directorate of Economics and Statistics (DES), Telangana.
Data on research and extension costs related to the development and dissemination of foliar application of nutrients technology were gathered from crop scientists involved in technological development and outreach activities (Joshi, 2003) at the Regional Agricultural Research Station (RARS), Adilabad, under PJTSAU. To estimate the social benefits associated with technology adoption, data on market prices, quantities produced, and changes in soybean supply attributable to technological adoption were collected. Key economic parameters, including price elasticities of supply (0.59) and demand (0.50) for soybean, were adopted from the literature (Gulati and Kelly, 1999). 
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 technology adopters were compared with those of non-adopters in the study region. The yield difference was utilized in calculating the aggregate social gains. The economic surplus approach was employed to determine the potential aggregate benefits, encompassing both producer and consumer benefits, using an Excel spreadsheet. The results obtained from the economic surplus, together with the research and extension costs, were used to calculate the Net Present Value, Internal Rate of Return, and Benefit-Cost ratio.
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 (ES) approach is widely used to assess the economic welfare of households resulting from technological advancements, as indicated by research conducted by Wander et al. (2004) and 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. Later, the economic surplus is utilized together with the research and extension costs to calculate the Net Present Value (NPV), Internal Rate of Return (IRR) and Benefit-Cost ratio (BCR) (Maredia et al., 2000). This model can be applied to various types of economies, including small, large, open, or closed, within the production environment and offers a relatively simple and flexible approach to assess the economic impact.
In economics, the term surplus refers to different related quantities. The consumer surplus represents the benefits consumers receive when purchasing a product at a price lower than their willingness to pay. On the other hand, the producer surplus represents the benefits producers enjoy when selling a product at a market price higher than their minimum selling price.To evaluate the impact of foliar application of nutrients technology in soybean, the study compares adopters and non-adopters of technology based on the adoption rate and the extent of their adoption. Instead of using a before and after technology approach for impact assessment, the study adopts a more effective method of analysis involving with and without improved technology approach (Masters et al., 1996). 
Measurement of social gains
For the present study, the ex-post impact assessment of foliar application of nutrients is considered. In this situation, the observed price and quantity already included the effects of technological adoption that result in a shift in supply. In Fig. 1, social gain is measured as area R minus area T. Area R shows the social gain due to the decrease in production costs at the observed level of production (Q0), while area T represents correction for change in quantity caused by the research. The height of area R is measured as money per unit of output. Specifically, the effects of adoption of technology were observed in terms of 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 foliar application of nutrients, 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.
[image: ]
Fig 1. Ex-post impact assessment
Source: Alston et al. (1995) and Masters et al., (1996), 

The Social gain is obtained by the formula
Social gain (SG) = kPQ- ½kPΔQ ………………………… (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 soybean and farm harvest price per quintal (in rupees) for years 2014-15 to 2022–23 were obtained from DES, Telangana.
Step 2: The data on soybean yield was collected from sample farmers for the year 2021–22. The shift in yield (Q) represents the difference between the yield of farmers who adopted the improved technology (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 technology. 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 soybean area sown in Adilabad district for each year and area covered under technology adoption 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 foliar nutrient application technology. This is obtained by calculating the additional cost involved in adopting the technology.
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 means net reduction in production costs induced by technology adoption and can get by combining the effects of increased productivity (J) and adoption costs (I). Given J and I, it can be computed using the slope of 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 soybean crop were obtained from literature - elasticity of supply (0.59) and an elasticity of demand (0.50) (Gulati and Kelly, 1999).
Step 7: Estimate the equilibrium output quantity change, ΔQ
The equilibrium situation without technology 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 research and extension costs of technology (foliar application of nutrients) to obtain social gains for each year. The net social gains were computed by subtracting research and extension costs from 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 conducted a comparative cost analysis between adopters and non-adopters of improved foliar application of nutrients technology in the study area. The total cost of cultivation comprised both variable and fixed costs (Table 1). Among adopters, variable costs accounted for 74.63 per cent and fixed costs for 25.37 per cent of total costs. For non-adopters, the respective shares were 73.70 per cent and 26.30 per cent. Major variable cost components were seed, human labour, and machine labour, together constituting over half of total cultivation costs for adopters (52.84%) and non-adopters (53.75%). Adopters spent an additional Rs. 1,502.58/ha on foliar nutrients, absent in the case of non-adopters. 
The t-test indicated a significant difference in the cost of foliar nutrients and interest on working capital between the two groups. Among fixed costs, the rental value of owned land had the highest share for adopters (22.62%) and non-adopters (23.25%). The results are consistent with the results of Krishnaveni et al. (2021). The other variable with a significant difference was interest on working capital. This might be due to the additional cost required to purchase foliar nutrients by adopters, which enhanced variable costs. 

Table 1.Comparative economic analysis of foliar nutrient application technology adopters and non-adopters in soybean (Rs./ha)
	Particulars
	Adopters
	Non-adopters
	t value

	Variable cost

	Seed
	10011.60 (14.61)
	10174.05 (15.24)
	-1.15

	Fertilizers
	4680.75 (6.83)
	4696.71 (7.03)
	-0.17

	Manures
	1403.78 (2.05)
	1399.67 (2.10)
	0.02

	Foliar nutrients
	1502.58 (2.19)
	0 (0.00)
	65.24**

	Pesticides
	3454.49 (5.04)
	3505.97 (5.25)
	-0.67

	Human labour
	16595.19 (24.22)
	16577.08 (24.83)
	0.16

	Bullock labour
	2467.11 (3.60)
	2344.23 (3.51)
	0.75

	Machine labour
	9600.08 (14.01)
	9132.83 (13.68)
	1.74

	Interest on working capital
	1428.70 (2.08)
	1377.05 (2.06)
	3.92**

	Total variable cost
	51144.26 (74.63)
	49207.59 (73.70)
	3.92**

	Fixed cost

	Land revenue
	0 (0.00)
	0 (0.00)
	0.00

	Rental value of owned land
	15499.25 (22.62)
	15519.83 (23.25)
	-0.11

	Depreciation
	304.85 (0.44)
	442.03 (0.66)
	-2.19**

	Interest on fixed capital
	1580.40 (2.31)
	1596.16 (2.39)
	-0.80

	Total fixed cost
	17384.50 (25.37)
	17558.02 (26.30)
	-0.80

	Total cost of cultivation
	68528.77
	66765.61
	3.33**

	Returns

	Yield (q/ha)
	17.04
	16.61
	

	Gross returns (Rs./ha)
	82885.46
	80364.66
	

	Net returns (Rs./ha)
	14356.69
	13599.05
	


    Note: ** indicate significance at 5% level
          Figures in parentheses indicate per cent to total cost

All cost concepts were slightly higher for adopters (Table 2). The Cost A1 was Rs. 44,049.31/ha for adopters and Rs. 42,271.65/ha for non-adopters, higher for adopters due to foliar spray costs at the pod initiation stage.
Table 2. Cost concepts of foliar nutrient application technology adopters and non-adopters (Rs./ha)
	Particulars
	Adopters
	Non-adopters

	Cost A1
	44049.31
	42271.65

	Cost B1
	45629.72
	43867.82

	Cost B2
	61128.97
	59387.64

	Cost C1
	53029.52
	51245.78

	Cost C2
	68528.77
	66765.61

	Cost C3
	75381.64
	73442.17


On observing the results of the farm business analysis of technology adopters and non-adopters from Table 3, it was found that even though total cultivation costs were higher by 2.64 per cent among adopters, their net returns were 5.57 per cent higher (Rs. 14,356.69/ha) than those of non-adopters (Rs. 13,599.05/ha), owing to a yield advantage of 0.43 q/ha. The return per rupee invested was 1.21 for adopters and 1.20 for non-adopters, demonstrating the profitability of the technology adoption. These results are consistent with findings of Kumar et al. (2020) and Ramesh et al. (2020).
Table 3. Farm business analysis of foliar nutrient application technology adopters and non-adopters in soybean 
	Particulars
	Adopters
	Non-adopters

	Total cost of cultivation (Rs./ha)
	68528.77
	66765.61

	Yield (q/ha)
	17.04
	16.61

	Market price (Rs./q)
	4864.17
	4838.33

	Gross returns (Rs./ha)
	82885.46
	80364.66

	Farm business income (Rs./ha)
	38836.14
	38093.01

	Family labour income (Rs./ha)
	21756.49
	20977.02

	Net returns (Rs./ha)
	14356.69
	13599.05

	Difference in net return of both varieties (%)
	5.57

	Farm investment income (Rs./ha)
	35840.27
	35105.98

	Return per rupee spent
	1.21
	1.20



Economic benefits of foliar nutrient application technology in soybeanin Telangana
Research conducted at the Agricultural Research Station, Adilabad (2015–2018) demonstrated that split or foliar application of nutrients, particularly during the pod initiation stage, significantly enhances soybean yield compared to single application at sowing. The improved technology, involving boron (B), iron (Fe), and zinc (Zn) based foliar sprays, was released in 2019 and has since gained adoption among soybean farmers in Telangana.
To evaluate the aggregate social benefits of this technology, a primary survey was conducted in Adilabad district during 2021-22.By employing the ex-post economic surplus method, the total economic surplus was estimated at Rs. 52.74 lakhs, assuming a 1 per cent adoption rate. Using demand and supply elasticities of 0.50 and 0.59, respectively (Gulati and Kelly, 1999), the producer surplus accounted for 45.87 per cent, while the consumer surplus contributed 54.13 per cent of the total benefits. This indicates that consumers gained relatively higher benefits than producers. These findings were consistent with Bantilan and Joshi (1996) and Kostandiniet al. (2011).
Returns on research investment
From Table 4, Net Present Value from foliar nutrient application technology in soybean over the period 2014-15 to 2022-23 was estimated at Rs. 17.11 lakhs at an 8 per cent discount rate. The Internal Rate of Return was 32 per cent, and the Benefit-Cost ratio was 3.09, indicating strong economic viability and high returns to research investment. These findings are consistent with Shiferaw et al. (2007) and Suresh K (2013).
Table 4.Results of economic analysis of foliar nutrient application technology in soybean employing economic surplus method
	S. No.
	Particulars
	Total benefits from foliar nutrient application in soybean (Rs.)

	1
	Change in Consumer surplus (∆CS)
	28,54,940 (54.13)

	2
	Change in Producer surplus (∆PS)
	24,19,441(45.87)

	3
	Change in Total surplus (∆TS)
	52,74,382

	4
	NPV at 8% discount rate
	17,11,175

	5
	IRR
	32

	6
	B:C ratio
	3.09


Note: Figures in parentheses represent the percentage to the total
Note: The change in economic surplus (total surplus) due to technology adoption was decomposed into change in consumer and producer surplus.



Conclusion and policy implications
The study clearly demonstrates that foliar application of nutrients (2% NPK, 19-19-19) at the pod initiation stage significantly enhances soybean productivity and profitability in Telangana. Technology adopters experienced higher yields and net returns compared to non-adopters, validating the effectiveness of this agronomic innovation. The results also highlight those simple, low-cost interventions like foliar nutrient application can substantially improve crop performance under rainfed conditions, where nutrient deficiencies often constrain yield potential. Wider adoption of this technology can therefore contribute to enhancing farmers’ incomes and improving the sustainability of soybean-based farming systems in Telangana. To promote wider adoption of foliar nutrient application efforts should focus on farmer training, demonstration plots, and input supply chain improvements particularly the availability of balanced fertilizers and sprayers at the village level. Public-private partnerships involving agricultural universities, Krishi Vigyan Kendras (KVKs), and input suppliers can play a key role in scaling up adoption. Additionally, promoting awareness of integrated nutrient management practices and establishing community-level custom hiring centers for spraying equipment can further accelerate technology diffusion. Overall, the adoption of foliar nutrient application in soybean represents a scalable, cost-effective, and environmentally sustainable strategy to enhance productivity, profitability, and livelihood security among rainfed farmers in Telangana and similar agro-ecological regions across India.
Disclaimer (Artificial intelligence)
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 
[bookmark: _GoBack]
References
Alston, J.M., Norton, G.W and Pardey, P.G. 1995. Science under scarcity: Principles and practice for agricultural research evaluation and priority setting. Cornell University Press, Ithaca.
Bantilan, M.C.S., & Joshi, P.K. (1996). Returns to research and diffusion investments on improved chickpea technologies in India. Agricultural Economics, 14(1), 65–82.
Gulati, A., & Kelly, V. (1999). Trade liberalization and Indian agriculture. Oxford University Press, New Delhi.
Joshi, P. K. 2003. Impact Assessment of Agricultural Research - Concepts and Measurement. Task force on prioritization, monitoring and evaluation. National Centre for Agricultural Economics and Policy Research. New Delhi. https://niap.icar.gov.in/pdf/other-publication/Impact%20Assessment%20of%20Agricultural%20Research%20Concept%20and%20Measurement.%20PME%20Note%20No.12.pdf.
Kostandini, G., et al. (2011). Ex Ante evaluation of drought tolerant varieties in Eastern and Central Africa. Journal of Agricultural Economics, 62(1), 172-206. https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1477-9552.2010.00281.x?systemMessage=Wiley+Online+Library+will+be+disrupted+on+8+December+from+10%3A00-12%3A00+GMT+%2805%3A00-07%3A00+EST%29+for+essential+maintenance
Krishnaveni, S.A., Supriya, C and Sridhar, S.M. 2021. Impact of foliar nutrition on the yield and economics of green gram (Vigna radiate). International Journal of Chemical Studies. 9(2): 11-13.https://www.researchgate.net/publication/363845465_Impact_of_foliar_nutrition_on_the_yield_and_economics_of_greengram_Vigna_radiata
Kumar, A.S., Sakthivel, N., Subramanian, E and Rajesh, P. 2020. Productivity of field crops as influenced by foliar spray of nutrients: A review. Agricultural Reviews. 41(2): 146-152. https://www.researchgate.net/publication/342350204_Productivity_of_Field_Crops_as_Influenced_by_Foliar_Spray_of_Nutrients_A_Review
Maredia, M., Byerlee, D and Anderson, J.R. 2000. Ex-post evaluation of economic impacts of agricultural research programs: A tour of good practice. Paper presented at the workshop on The Future of Impact Assessment in CGIAR: Needs, constraints and options, Standing Panel on Impact Assessment (SPIA) of the Technical Advisory Committee, Rome.
Masters, W. A. 1996. The economic impact of agricultural research: A practical guide. Department of Agricultural Economics, Purdue University, West Lafayette. https://doczz.net/doc/8804822/the-economic-impact-of-agricultural-research--a-practical.
Ramesh, T., Rathika, S., Sangeetha, S., Satheesh, S., Ponpradeepa, M and Pavithra, A.M. 2020. Enhancement of black gram productivity through foliar spray of nutrients and growth hormones - A review. International Journal of Current Microbiology and Applied Sciences. 9(12): 1-10. https://www.researchgate.net/publication/349907550_Enhancement_of_Black_Gram_Productivity_through_Foliar_Spray_of_Nutrients_and_Growth_Hormones_-_A_Review
Shiferaw, B., Salim, S., Murincho, G., Audi, P., Mligo, J., Lyimo, S., You, L and Christiansen, J. L. 2007. Assessment of the adoption and impact of improved pigeonpea varieties in Tanzania. SAT e Journal. 5(1): 1-27. https://www.researchgate.net/publication/26522823_Assessment_of_the_adoption_and_impact_of_improved_pigeonpea_varieties_in_Tanzania
Suresh, K. 2013. Economic impact of public sector agricultural research in ragi and red gram in Karnataka. Ph.D. Thesis. University of Agricultural Sciences, Bangalore.
Telangana Socio-economic outlook, 2024. https://www.telangana.gov.in/reports/
Wander., Elenor, A., Magalhaes., Castelo, M., Vedovoto., Luzia, G., Martins and Cezario, E. 2004. Using the economic surplus method to assess economic impacts of new technologies - case studies of Embrapa. Paper Presented in: Conference on International Agricultural Research for Development, DeutscherTropentag, Berlin. https://www.researchgate.net/publication/222100008_Using_the_Economic_Surplus_Method_to_Assess_Economic_Impacts_of_New_Technologies_Case_Studies_of_Embrapa.






image1.png
Price

So(Estimated)

S, (Observed)

‘Quantity of output




image2.png
NPV = 3V, 4607 —1
=1




