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Abstract
Cotton is a major commercial crop in India, yet its productivity remains below global standards, particularly in Telangana. This study evaluates the economic impact of HDPS adoption in Nagarkurnool district of Telangana using data from 120 farmers (60 adopters and 60 non-adopters) collected during 2021–22. Comparative cost analysis revealed that although adopters incurred 5.31 per cent higher cultivation costs due to increased seed rate, labour usage, and nutrient application, they achieved a yield advantage of 0.75 q/ha, resulting in 6.02 per cent higher net returns compared to non-adopters. Farm business income, family labour income, and farm investment income were also higher for adopters. An ex-post economic surplus model, incorporating supply and demand elasticities, indicated total social gains of Rs. 2.35 crore, with consumers receiving 66.40 per cent of the benefits. The technology demonstrated strong economic viability with a Net Present Value of Rs. 1.22 crore, an Internal Rate of Return of 76 per cent, and a Benefit–Cost Ratio of 15.61. Overall, HDPS significantly enhances profitability, productivity, and welfare in cotton cultivation. 
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Introduction
Cotton holds significant importance as a crop and commodity in the Indian subcontinent, playing a pivotal role in both the agricultural and industrial sectors of the country. India is the world’s largest cotton producing nation and maintains a vast area under cultivation across diverse agro-ecological zones. However, in recent years, India has faced a downward trend in cotton productivity and production. According to the Cotton Association of India (CAI), cotton output in the 2023–24 season dropped to 29.5 million bales (1 bale = 170 kg), the lowest in 15 years, largely due to reduced area under cultivation and yield declines (The Economic Times, 2023). In the subsequent 2024–25 season, production fell further to 30.2 million bales, reflecting concerns over excessive rainfall and shrinking sown area.
Telangana emerged as the third leading cotton producing state, with production reaching 57.97 lakh bales in 2020–21 and 48.78 lakh bales in 2021–22. The State, experienced a production fall in 2023–24, with 50.8 lakh bales, down from 57.45 lakh bales in 2022–23. Cotton is the second most important crop in the state after rice, and the cultivated area rose to 50 lakh acres in 2022–23, compared to 47 lakh acres in 2021–22. The state contributed 19.44 per cent of the country’s total cotton production, and its average yield improved from 537 kg/ha in 2021–22 to 611 kg/ha in 2022–23, representing a 13.78 per cent increase (Telangana Socio-economic outlook, 2024).
Despite its economic significance and expanding area, cotton productivity in India particularly in Telangana remains below global standards. Several factors contribute to this gap, including low plant populations, suboptimal agronomic practices, erratic monsoon patterns, soil fertility constraints, and pest pressures. In recent years, High Density Planting System (HDPS) technology has gained prominence as a potential solution to overcome these challenges. HDPS involves sowing cotton at substantially higher plant populations, using early-maturing compact varieties or Bt hybrids, adopting precise spacing, and integrating timely nutrient and moisture management. Research conducted by Professor Jayashankar Telangana State Agricultural University (PJTSAU), has demonstrated that HDPS can enhance light interception, reduce boll drop, improve resource-use efficiency, and ultimately increase yields per unit area.
In Telangana, HDPS has been promoted particularly in rainfed tracts, where farmers traditionally maintain low plant densities. Multi-year evaluations by PJTSAU have shown that HDPS, when combined with improved nutrient and pest management practices, can significantly improve both productivity and profitability compared to conventional planting systems. Given its potential to elevate cotton production in the state, understanding its economic impact under farmers’ field conditions becomes crucial.
Although HDPS has been widely recommended, empirical evidence on its on-farm economic benefits across diverse production environments remains limited. Therefore, the present study was undertaken to evaluate the economic impact of the High Density Planting System, by comparing adopters and non-adopters in the study area. The analysis focuses on differences in production costs, yields, gross and net returns, and overall profitability, and further estimates the potential welfare gains to cotton-growing households in Telangana using the economic surplus method. This evidence is expected to guide policymakers, extension agencies, and researchers in promoting appropriate technologies for enhancing cotton productivity and farm incomes.
Study area and Sampling
The study was conducted in Nagarkurnool district, Telangana State, India. The district was purposively selected due to its extensive area under cotton cultivation and the rapid adoption of the High density planting system (HDPS). From Nagarkurnool district, two mandals viz., Nagarkurnool and Tadur were selected, and two villages from each mandal were chosen, namely Manthati, Yendabetla, Thummalasugur and Yathmatapur 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 each village) of HDPS technology. 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 research investment due to the adoption of HDPS technology, the economic surplus model was employed using an MS Excel spreadsheet. The model incorporated both primary data from farmers and secondary data on cotton 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 HDPS technology were gathered from crop scientists involved in technological outreach activities (Joshi, 2003) at the Agricultural Research Station (ARS), Warangal, under PJTSAU. To estimate the social benefits associated with technology adoption, data on market prices, quantities produced, and changes in cotton supply attributable to technological adoption were collected. Key economic parameters, including price elasticities of supply (0.44) and demand (0.33) for cotton, were adopted from the literature Qaim, 2003 and Li, 2003 respectively. 
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 (NPV), Internal Rate of Return (IRR), and Benefit-Cost ratio (BCR).
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). 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.
Measurement of social gains
For the present study, the ex-post impact assessment of adoption of HDPS technology 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 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 technology 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 HDPS technology, 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 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 - 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 cotton and farm harvest price per quintal (in rupees) for years 2015-16 to 2022-23 were obtained from DES, Telangana.
Step 2: The data on cotton 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 (Yc).
Step 3: Estimation of J parameter
The J parameter is the total increase in production that is due to 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 cotton area sown in 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 HDPS 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 is the net reduction in production costs induced by the technology adoption 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 cotton crop were taken from literature, with an elasticity of supply as 0.44 (Qaim, 2003) and an elasticity of demand as 0.33 (Li, 2003).
Step 7: Estimate 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 the research and extension costs of HDPS technology 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 cost comparison between HDPS adopters and non-adopters (Table 1) shows that variable costs constituted a major share of the total cost of cultivation, accounting for 80.34 per cent in the case of adopters and 77.85 per cent for non-adopters. Among variable costs, human labour represented the highest share for both groups 36.40 per cent for adopters and 34.63 per cent for non-adopters. For adopters, other major variable costs were fertilizers (8.63%) and seeds (8.02%), while non-adopters spent more on pesticides (8.62%), bullock labour (7.59%) and fertilizers (7.41%). The predominance of labour cost aligns with cotton’s labour-intensive nature and similar findings were observed by Reddy et al. (2020) and Loganathan et al. (2009). Among fixed costs, the rental value of owned land constituted the highest share for both adopters (17.50%) and non-adopters (19.77%).
The t-test results revealed statistically significant differences between adopters and non-adopters in several variable cost components viz., seed, fertilizers, pesticides, growth regulators, human labour, and interest on working capital as well as in fixed costs such as rental value of owned land and interest on fixed capital. Higher seed cost among adopters is attributed to the higher seed rate required under HDPS due to closer plant spacing (45 × 15 cm). Lower pesticide cost for adopters resulted from cultivating short-duration Bt hybrids, which are comparatively resistant to major pests, particularly pink bollworm. HDPS adopters used significantly more growth regulators (Mepiquat chloride) to enhance yield potential.
Table 1. Comparative economic analysis of High Density Planting System (HDPS) technology adopters and non-adopters in cotton (Rs./ha) 
	Particulars
	Adopters
	Non-adopters
	t value

	Variable cost

	Seed
	7557.83 (8.02)
	4638.04 (5.19)
	23.85**

	Fertilizers
	8127.34 (8.63)
	6624.74 (7.41)
	5.30**

	Manures
	3859.38 (4.10)
	3655.60 (4.09)
	1.22

	Pesticides
	5075.43 (5.39)
	7711.96 (8.62)
	-12.46**

	Growth regulators
	937.88 (1.00)
	405.80 (0.45)
	5.15**

	Human labour
	34288.54 (36.40)
	30977.51 (34.63)
	7.72**

	Bullock labour
	6829.35 (7.25)
	6784.47 (7.59)
	0.06

	Machine labour
	6932.87 (7.36)
	6945.44 (7.77)
	-0.07

	Interest on working capital
	2061.04 (2.19)
	1885.45 (2.11)
	6.48**

	Total variable cost
	75669.66 (80.34)
	69629.00 (77.85)
	6.48**

	Fixed cost

	Land revenue
	0 (0.00)
	0 (0.00)
	0.00

	Rental value of owned land
	16487.25 (17.50)
	17681.08 (19.77)
	-4.67**

	Depreciation
	349.23 (0.37)
	331.23 (0.37)
	0.41

	Interest on fixed capital
	1683.65 (1.79)
	1801.22 (2.01)
	-4.51**

	Total fixed cost
	18520.13 (19.66)
	19813.52 (22.15)
	-4.51**

	Total cost of cultivation
	94189.79
	89442.53
	4.95**

	Returns

	Yield (q/ha)
	16.83
	16.08
	

	Gross returns (Rs./ha)
	137080.40
	129899.50
	

	Net returns (Rs./ha)
	42890.56
	40457.02
	


   Note: ** indicate significance at 5% level
             Figures in parentheses indicate per cent to total cost
The total cost of cultivation was higher for adopters (Rs. 94,189.79/ha) than for non-adopters (Rs. 89,442.53/ha). However, adopters realized higher yields (16.83 q/ha) compared to non-adopters (16.08 q/ha), resulting in higher gross returns (Rs. 1,37,080.40/ha) and net returns (Rs. 42,890.56/ha). Although adopters incurred 5.31 per cent higher total costs, they achieved 6.02 per cent higher net returns than non-adopters, primarily due to a yield advantage of 0.75 q/ha. The return per rupee spent was marginally higher for adopters (1.46) than non-adopters (1.45). This difference, although small, is notable because HDPS adopters reported yield losses due to heavy rains; in normal years, the benefits are likely to be higher.
The cost concepts presented in Table 2 indicate that all cost categories under adopter farms viz., Cost A1, B1, B2, C1, C2, and C3 were higher than those of non-adopters, showing that HDPS adoption requires additional investment. Despite this, the higher yields compensated for the increased cost, making HDPS profitable and economically viable.

Table 2. Cost concepts of High Density Planting System (HDPS) technology adopters and non-adopters (Rs./ha)

	Particulars
	Adopters
	Non-adopters

	Cost A1
	65688.04
	59473.35

	Cost B1
	67371.7
	61274.57

	Cost B2
	83858.95
	78955.65

	Cost C1
	77702.54
	71761.45

	Cost C2
	94189.79
	89442.53

	Cost C3
	103608.8
	98386.78


Table 3. Farm business analysis of High Density Planting System (HDPS) technology adopters and non-adopters 
	Particulars
	Adopters
	Non-adopters

	Total cost of cultivation (Rs./ha)
	94189.79
	89442.53

	Yield (q/ha)
	16.83
	16.08

	Market price (Rs./q)
	8145
	8078.33

	Gross returns (Rs./ha)
	137080.4
	129899.5

	Farm business income (Rs./ha)
	71392.31
	70426.19

	Family labour income (Rs./ha)
	53221.4
	50943.9

	Net returns (Rs./ha)
	42890.56
	40457.02

	Difference in net return of both varieties (%)
	6.02

	Farm investment income (Rs./ha)
	67209.78
	66180.49

	Return per rupee spent
	1.46
	1.45


Farm business income, family labour income, and farm investment income were 1.37 per cent, 4.47 per cent, and 1.56 per cent higher, respectively, for HDPS adopters, demonstrating the economic advantage of the technology under study area conditions (Table 3).
Economic benefits of High Density Planting System (HDPS) technology in cotton in Telangana
HDPS technology introduced a high plant population approach that provides quicker canopy cover, reduced pest incidence, and suitability for mechanization. Field evidence from Nagarkurnool district during 2021–22 showed a yield advantage of 0.75 q/ha for adopters. Using an assumed 1 per cent adoption rate, and elasticity parameters from Qaim (2003) and Li (2003), an ex-post economic surplus model was applied. The adoption of HDPS generated a total economic surplus of Rs. 2.35 crore, of which consumer surplus was 66.40 per cent (Rs. 1.56 crore) and producer surplus was 33.60 per cent (Rs. 79.08 lakh). These results are consistent with earlier studies by Qaim (2003) and Ashok et al. (2012), which observed higher consumer gains under yield enhancing technologies due to downward pressure on output prices. Given the wide cultivation of cotton in Telangana, scaling up HDPS adoption can enhance regional productivity while facilitating mechanization and reducing pesticide costs.
Returns on research investment
The research investment analysis revealed that HDPS adoption offers highly attractive returns with a Net Present Value (NPV) of Rs. 1.22 crore, an Internal Rate of Return (IRR) of 76 per cent and a Benefit–Cost ratio of 15.61 (Table 4). These indicators highlight the strong economic feasibility and high returns to research investment, consistent with findings from Shiferaw et al. (2007) and Suresh K. (2013).


Table 4. Results of economic analysis of High Density Planting System (HDPS) in cotton employing economic surplus method
	S. No.
	Particulars
	Total benefits from HDPS in cotton (Rs.)

	1
	Change in Consumer surplus (∆CS)
	1,56,25,967 (66.40)

	2
	Change in Producer surplus (∆PS)
	79,08,848 (33.60)

	3
	Change in Total surplus (∆TS)
	2,35,34,815

	4
	NPV at 8% discount rate
	1,22,37,718

	5
	IRR
	76

	6
	B:C ratio
	15.61


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 the High Density Planting System (HDPS) in cotton cultivation offers substantial economic and productivity advantages for farmers in Telangana. Although HDPS requires higher initial investment, particularly in the form of increased seed rate, labour usage, and nutrient inputs, the technology provides a significant yield advantage, improved gross and net returns, and higher farm business and family labour incomes compared to conventional planting systems. Overall, the results confirm that HDPS is a profitable, efficient, and economically viable technology capable of enhancing cotton productivity and farmer welfare in Telangana. Wider promotion of HDPS supported by targeted extension, training on spacing and input management, and access to suitable early-maturing hybrids can play a critical role in improving resource-use efficiency, reducing pest related losses, and enabling mechanization. Strengthening farmer awareness and scaling up adoption across suitable agro-climatic zones will contribute meaningfully to enhancing regional cotton output and supporting the long-term sustainability of the sector.
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