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ABSTRACT
[bookmark: _Hlk203380011]The study evaluates the cost economics of cultivating basil using a hydroponic system within a naturally ventilated polyhouse at Dr. NTR College of Agricultural Engineering, Bapatla. The aim of this study was to analyze the economic-financial viability of basil cultivation under hydroponic system of Nutrient Film Technique (NFT). The analysis considers both fixed and variable costs. Yields and costs were extrapolated to an infrastructure of 250 m². The results further revealed that the average yield of basil crop was about 238 kg under hydroponics. For a polyhouse area of 250 m², the total cost incurred for basil production was Rs. 2,21,280, with a gross return of Rs. 2,38,000 and a net return of Rs. 16,720. The benefit-cost (B:C) ratio was calculated at 1.08 with a payback period of approximately 3.19 years. Further optimization by increasing the number of A-frames and net cups could significantly enhance yield and economic returns, with projections indicating a possible B:C ratio of over 3.0 and a net return of Rs. 4,21,970 for 600 kg of basil.
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1. INTRODUCTION
By 2050, the world's population is expected to have grown from its current 7.7 billion to 9.7 billion. Food production needs to double in order to meet the rising population's demand for food. Throughout the world, 50% of the arable land is unsuitable for farming activities (United Nation, 2017) and per capita surface water availability declined from 5260 cubic meter per year in 1951 to around 1000 cubic meter in 2016. India's population is estimated as 1.37 billion (18% of the world population) having only 2.4% of the world's geographical area and 4% of world's fresh water out of which 80% is used for agricultural operations. Now a days many countries are facing food problem. Despite our efforts, 1.0 billion people suffer from hunger today, and 1.2 billion live in water-scarce areas (Bellona Foundation, 2009).
In India, where conventional agriculture faces challenges like land degradation, water scarcity, and fluctuating climatic conditions, hydroponic farming presents a promising alternative, especially for high-value crops like basil (Ocimum basilicum). Despite its potential, the initial capital investment and operational costs often discourage farmers from adopting this technology. Therefore, evaluating the cost economics of hydroponic farming is essential to understand its financial viability and long-term sustainability.
The increasing demand for sustainable and high-yielding agricultural practices has led to the emergence of innovative farming systems such as hydroponics. Hydroponic cultivation, which involves growing crops in nutrient-rich water solutions without soil, offers numerous advantages including higher yield, resource efficiency, and the ability to cultivate crops in controlled environments. When integrated within polyhouse structures-semi-controlled environments with protective coverings-hydroponic systems can significantly enhance crop productivity and profitability by mitigating the adverse effects of unpredictable weather conditions.
The present study aims to analyze the economic feasibility of growing basil under a hydroponic system within a naturally ventilated polyhouse. By estimating fixed and variable costs, calculating gross and net returns, and determining indicators such as Benefit-Cost (B:C) ratio and payback period, this research provides valuable insights into the commercial prospects of hydroponic cultivation in Indian agro-climatic conditions.

2.MATERIALS AND METHODS
The current study was conducted in a naturally ventilated polyhouse that was constructed at the Dr. NTR College of Agricultural Engineering in Bapatla. Its dimensions were 20 m x 12 m (Rani, R.S. et al., 2022). The ideal locations for a naturally ventilated polyhouse are those that are neither too hot nor too cold. Here, the sides have holes that can be opened or closed to let cold air in and warm air out. The plan of experiment for entire four seasons.
The experiment design was organized as a split-plot design where four concentrations of nutrient solutions in terms of total dissolved solids (TDS) levels (T1: 900 ppm, T2 :1000 ppm, T3 :1100 ppm, T4 :1200 ppm) as treatments of whole plots and four medias (M1: Rockwool, M2: Clay balls (Hydrotons), M3: Perlite, M4: vermiculite) were the subplots and each treatment replicated three times. 
The Basil (Ocimum basilicum) is selected crop for the experiment, which is an herb of the mint family (Lamiaceae).  The duration of the selected crop is 60 days. Four seasons were selected as season1 (April and May), Season2 (August and September), Season3 (October and November) and Season4 (January and February). The basil plants were grown on A-frame structure of nutrient film technique. The economic viability of growing basil in a naturally ventilated polyhouse using a hydroponic system.
Costs economics can be divided into two categories viz., fixed costs (annual ownership costs) which occur regardless of polyhouse and hydroponics structure and operating costs those vary directly with the usage of the hydroponics. By using straight line method, the economics of hydroponics has been done by undertaking certain assumptions when necessary.
(a) Fixed costs included various items, viz., the rental value of owned land, land revenue, depreciation, and interest on fixed capital. 
(b) Variable costs included the expenditure on labour and material input cost and interest on working capital.
 (c) Total costs included total fixed costs as well as total variable costs. 
Total costs = Total fixed costs + Total variable costs
2.1 Fixed Cost
Fixed costs usually include depreciation cost, interest and maintenance cost. The sum of all these costs usually denotes fixed cost of the hydroponics set up.
	Fixed costs included various items, viz., the depreciation and interest on fixed capital. Total Fixed Cost which included the cost for total for poly house setup cost, hydroponics set up and other internal setups of farm which include PVC pipes, water reservoir, planting net cups, electronic meters such as pH meter and EC meter, pumping motors and growing systems.
2.1.1 Depreciation 
 Depreciation is a term that defined as loss of value of an asset with use and time. Cost of depreciation of a hydroponic can be estimated by using the following equation given below 
                           
Where, D = Depreciation cost per year, Rs.
         	 P = Purchase price of the hydroponics system, Rs. 
        	 S = Salvage value of the hydroponics system, Rs.
        	 L = Useful life of the hydroponics system, years 
         	Salvage value of hydroponics may be taken as 10 percent of the purchase price. 
2.1.2 Interest 
An annual charge of interest was calculated taking 10 percent of interest rate as basis. Cost for interest was calculated using the formula given below. 

Where, I = Interest cost per year, Rs.
            P = Purchase price of the hydroponics system, Rs.
            S = Salvage value of the hydroponics, Rs.
           	 i = Interest rate, % 


2.2 Variable Costs
	Total Variable Cost which included variable inputs such as seeds cost, electricity cost, nutrient solution cost, maintenance cost, labor cost, cost of pesticides and fungicides and miscellaneous.
Total Costs: Total costs included total fixed costs as well as total variable costs.
Total costs = Total fixed costs + Total variable costs                                
2.2.1 Gross Return
Gross Return for basil crop was the value of the main product at the selling price of the main product. 
G.R. = Qm× Pm
Where, G.R. = Gross return, 
             Qm = Quantity of main product 
              Pm= Price of main product.
2.2.2 Net Return
Net return was calculated by deducting the total costs from the gross returns. 
Net return = Gross return – Total cost (Jain et al., 2021)
2.2.3 Benefit-Cost Ratio
 The benefit-cost ratio was calculated by using formula as in (Paudel and Adhikari, 2018). 
                                 BC Ratio =                                                           
	The value of the return from hydroponics farming was calculated based on the total production of the basil crop from hydroponics farming.
Or
Return per Rupee (RPR)
Return per Rupee was calculated by using the formula (Jain et al., 2021).
			RPR = Gross return / Total cost 
2.2.4 Payback Period
Payback period (PBP) = 
Where,
PBP = Payback period, year,
IC = Initial cost of hydroponics system, Rs
ANP = Average net annual profit, Rs/year.
3. RESULTS AND DISCUSSIONS 
The present study evaluated the cost economics of basil cultivation under a hydroponic system using a naturally ventilated polyhouse of 250 m². The economic variables considered included gross income, net income, Benefit-Cost (B:C) ratio, and payback period, with the B:C ratio taken as the prime indicator of the project’s profitability since it measures the net worth of investment.
Table.1 Cost of cultivation for the basil crop in hydroponics unit of 250m2/year for four seasons
	S.No
	Particulars 
	Number
	Quantity
	Amounts 

	
	Initial cost of hydroponics setup
	1
	
	1350000

	A
	Fixed cost 
	
	
	

	
	Depreciation
	
	
	48600

	
	Interest
	
	
	74250

	
	Total fixed cost
	
	
	122850

	B
	Variable cost
	
	
	

	
	Seeds
	3 packets
	3*700
	2100

	
	Electricity
	
	12*500
	6000

	
	Nutrient solution (A+B)
	20A+20B
	20*300+20*300
	12000

	
	Labour Cost
	1
	288days*250/day
	72000

	
	Rock wool 
	240
	240*2 Rs=480
6*480=2880
	2880

	
	Clay balls
	3.5 kg
	1kg=140
3.5*140
	490

	
	Perlite 
	5 kg
	5*140
	700

	
	Vermiculite
	9 kg
	9*140
	1260

	
	Total variable cost
	
	
	97430

	C
	Repair and maintenance 
	
	
	

	
	Pumping motors
	
	
	1000

	D
	Total cost (A+B+C)
	
	122850+97430+1000
	221280

	
	Total cost 
	
	
	221280/-


	The total initial cost for establishing the hydroponic system, including the polyhouse structure, nutrient film technique (NFT) setup, and accessories, was ₹13,50,000. Annual fixed costs were calculated as ₹1,22,850, comprising depreciation (₹48,600) and interest on fixed capital (₹74,250). The variable costs, which included seeds, electricity, nutrient solution, labor, and growing media (rock wool, clay balls, perlite, vermiculite), amounted to ₹97,430 per year. An additional ₹1,000 was incurred for repair and maintenance of pumping motors. Thus, the total cost of production per year was ₹2,21,280.
Table.2 Economics analysis of the Basil (Ocimum basilicum)/Benefit cost ratio of hydroponic farming
	S. No
	Particular 
	Unit
	Amount 

	1
	Fixed cost 
	Rs
	122850

	2
	Variable cost 
	Rs
	97430

	
	Total cost 
	
	221280

	3
	Yield
	Kg
	42+41+39+36+40+40=238

	4
	Sale price 
	Rs/kg
	1000

	5
	Gross return 
	Rs
	238000

	6
	Net return 
	Rs
	16720

	7
	BCR
	
	1.08

	8
	Pay Back Period
	Years
	3.19 



	The above Table.2 delineated a comparative statement of the returns fetched from the cultivation of basil crop grown under hydroponics. The results were in consonance with the results reported by (Thakur et al., 2014).
	Over four seasons, the hydroponic system produced a total of 238 kg of basil, averaging yields of 36-42 kg per harvest cycle. At a market price of ₹1,000 per kg, the gross return was ₹2,38,000. After deducting the total cost, the net return was ₹16,720. This resulted in a B:C ratio of 1.08, indicating marginal profitability under the current level of resource utilization. The payback period was estimated at 3.19 years, showing that while the system is financially viable, the returns are modest with the existing setup. Similar findings were reported by (Thakur et al., 2014) B:C from the data reveals that an application of 100% recommended dose of NPK fertilizers (T8) fetched maximum B:C of 3.46. The results were reported on net monetary returns from the data reveals that an application of 100% recommended dose of NPK fertilizers (T8) fetched maximum net income of 36160/ha. (Murthy et al., 2009) highlighted that polyhouse cultivation of capsicum is highly viable (BCR 1.80; IRR 53.7%), while tomato was not feasible unless production costs dropped significantly. These studies reinforce that crop choice, resource utilization, and cost efficiency play a critical role in hydroponic economics. The results are also comparable with (Lazo and Gonzabay, 2020), who studied lettuce hydroponics under a floating root system. They reported a BCR of 1.26, IRR of 40%, and positive NPV, confirming that hydroponics can be profitable under optimized resource use and market conditions.
	One major finding of the study was the underutilization of available polyhouse capacity. The experimental setup employed only 960 net cups across 8 A-frames, though the polyhouse could accommodate 1,600 net cups in the same structure. Further expansion with an additional 4 A-frames (total 12) would allow for 2,400 net cups, potentially increasing basil yield to 600 kg per year. At this scale, the gross return would rise significantly, with an estimated net return of ₹4,21,970 and a B:C ratio exceeding 3.0, reducing the payback period to about 3 years. This highlights the critical role of full infrastructure utilization in achieving higher profitability.


4. CONCLUSION
The economic evaluation of the hydroponic system for basil cultivation revealed a net return of Rs. 16,720 and a Benefit-Cost (B:C) ratio of 1.08 under the current setup using 960 net cups in 8 A-frames. However, the study identified that the polyhouse has a greater capacity-up to 1600 net cups with 8 A-frames, and it could be further expanded by installing 4 additional A-frames. This expansion would enable the use of 12 A-frames with 2400 net cups, potentially increasing the basil yield to 600 kg and the net return to Rs. 4,21,970, with an improved B:C ratio exceeding 3.0. The estimated payback period for the expanded setup would be approximately 3 years, indicating significant economic viability and efficiency if the polyhouse space is fully utilized.
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