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Abstract:

The Konkan region’s specific challenges, such as high rainfall and poor water retention in soil, farm ponds with durable and efficient linings are indispensable for maximizing the benefits of rainwater harvesting. The effectiveness of farm ponds depends significantly on the choice of lining material. Lining ensures that water stored during the rainy season remains available for agricultural use throughout the year. With climate change causing erratic rainfall patterns, lined ponds provide a more reliable water storage solution, supporting sustainable agriculture and improving farmers' resilience against water scarcity. The study evaluate the economic viability of different materials, helping farmers choose the best options based on durability, cost, and maintenance requirements. This study is necessary for selecting durable and eco-friendly materials. The study contributes to study the economics of lining material. The field experiment is conducted during rabi season of 2017-18, at the Instructional Farm, Department of Soil and Water Conservation Engineering, College of Agricultural Engineering and Technology, Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli. The benefit cost (B.C.) ratio was worked out by dividing gross returns with to total expenditure incurred for production. Standard procedure adopted to calculate per hector cost of cultivation for Amaranths by following the recommended package of practices. The B:C ration was highest in Treatment 3.
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1. Introduction:
Rainwater harvesting is a vital strategy for addressing water scarcity, particularly in the Konkan where rainfall pattern is not erratic (Ertop et al., 2023; Huang et al., 2021). Therefore, lined farm ponds have become a critical water management tool, particularly in the Konkan region. Lined farm ponds have emerged as an efficient solution for harnessing rainwater, offering multiple benefits like water storage and sustainability (Teston et al., 2022). The Konkan region’s specific challenges, such as high rainfall and poor water retention in soil, farm ponds with durable and efficient linings are indispensable for maximizing the benefits of rainwater harvesting. The effectiveness of farm ponds depends significantly on the choice of lining material (García-Ávila et al., 2023). Lining ensures that water stored during the rainy season remains available for agricultural use throughout the year (Mfitumukiza et al., 2022; Obieluem et al., 2023). With climate change causing erratic rainfall patterns, lined ponds provide a more reliable water storage solution, supporting sustainable agriculture and improving farmers' resilience against water scarcity (Mahale et al., 2011).
Farmers in the Konkan region can optimize rainwater harvesting, improve water conservation, and enhance agricultural productivity by lining farm ponds, addressing both immediate and long-term water management needs (Shelar et al., 2023). The lining materials for farm ponds are a crucial investment in agricultural water management. Their costs, durability, and handling requirements vary widely, influencing the economics of farm pond construction and maintenance (Gawai et al., 2024).  
By ensuring reliable irrigation water, the project can improve crop yields, reduce dependency on erratic monsoons, and boost farmer incomes. Using eco-friendly and durable linings reduce soil erosion, preserve natural water bodies, and promote sustainable farming practices. The study evaluate the economic viability of different materials, helping farmers choose the best options based on durability, cost, and maintenance requirements. This study is necessary for selecting durable and eco-friendly materials. The study contributes to study the economics of lining material. 

2. MATERIALS AND METHODS 
The experimental site is situated at 17° 45” 13.1” N latitude and 73° 10‟ 47.4” E longitude with altitude of 250 m. Experimental layout of Farm ponds shown in Fig.1. The location is in coastal belt of Konkan region of Maharashtra state. The field experiment is conducted during 2017-18, at the Instructional Farm, Department of Soil and Water Conservation Engineering, College of Agricultural Engineering and Technology, Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli. Climatic condition are humid with average annual rainfall at Dapoli is 3635 mm (Mandale, 2016) and average minimum to maximum atmospheric temperatures varies from 8 °C to 36.0 °C. The topography of the experimental layout is level. The slope of land is less than 1%. The soil type of the experimental field is lateritic. 

2.1 Farm pond layout and constuction
15 farm ponds of same shape, size and capacity were constructed in same soil type. Out of 15 ponds, five ponds were lined with black lining material, five ponds were lined with blue lining material and remaining five pond were lined with HDPE material. The fifteen farm ponds were constructed of size 4 m x 2 m x 2 m. The space between two farm pond is 2 m. The volume of water stored in each pond is 16 m3. Layout the experiment is given in the Fig. .1 
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T1 - Black lining 
T2 - Blue lining 
T3 - HDPE lining 

Fig. 1 Experimental layout of Farm ponds.

2.2 Experimental details and layout
The experiment involves three different treatments (T1, T2, T3) with 10 beds per treatment. Each plot measures 3 m x 2 m, total 30 plots (10 beds per treatment). Including all replications there were 30 treatment combinations and arranged on an area of 36.5 m × 7 m. 

2.3   Cost analysis
Cost analysis of amaranthus was consisted of cost of production, gross monetary returns, net income and benefit cost ratio of amaranthus cultivation for three years and average of three years. 
2.4   Cost of production
The cost of production was worked out for each treatment. The variable cost includes paid out cost on hired human labour, seeds, fertilizers, water charges, supervision charges, interest on working capital and interest on fixed capital, depreciation, repair and maintenance for installation of drip irrigation system.
2.5 Gross monetary returns
The gross monetary return per hectare was worked out by considering the amaranthus yield from different treatments and prevailing market prices of amaranthus.
2.6 Net income
The net income is worked out by subtracting the cost of production from gross monetary returns in each treatment.
2.7 Benefit Cost ratio
The benefit cost (B.C.) ratio was worked out by dividing gross returns with to total expenditure incurred for production. Standard procedure adopted to calculate per hector cost of cultivation for Amaranths by following recommended package of practices. 
3 RESULTS AND DISCUSSIOON
Among ten replications of each treatment in rabi season for crop yield having a plot size of 6 sq. meters, the data presented in Table 1. Treatment 1 (T1) produced the highest yield of 15.45 kg in Replication 1, with its lowest yield being 10.10 kg in Replication 6. The average yield for T1 across all replications was 12.82 kg, equating to 2.14 kg per square meter. Treatment 2 (T2) exhibited a range of yields, with the highest yield of 14.77 kg in Replication 1 and the lowest yield of 11.36 kg in Replication 4. The average yield for T2 was 13.37 kg or equal to 2.23 kg per square meter. Treatment 3 (T3) showed more consistency, with the highest yield of 15.84 kg in Replication 3 and the lowest yield of 10.67 kg in Replication 7. The average yield for T3 was 13.98 kg, translating to 2.33 kg per square meter.
The average yield per treatment bed of amaranthus in 2017-18 (rabi season) was analyzed statistically. This indicates that the variation among the treatment is not statistically significant.

Table 1: Yield of amaranthus in rabi season for year 2017-18
	Sr. No
 
 
	Plot size 
3m x 2m
	Total yield of crop in Kg

	
	
	Treatment

	
	Replication
	T1
	T2
	T3

	1
	1
	15.45
	14.77
	14.37

	2
	2
	14.54
	13.15
	15.10

	3
	3
	13.90
	12.99
	15.84

	4
	4
	11.19
	11.36
	14.95

	5
	5
	13.54
	12.86
	14.78

	6
	6
	10.10
	12.42
	13.80

	7
	7
	10.71
	14.34
	10.67

	8
	8
	12.57
	13.67
	12.42

	9
	9
	13.98
	14.13
	13.13

	10
	10
	12.25
	13.98
	14.78

	
	Total
	128.23
	133.67
	139.84

	 
	Mean
	12.82
	13.37
	13.98



Table 2: Per hectare cost of Cultivation of Amaranthus Treatment 1 for 2017-2018 (Rabi season)                                                                                                                                                                                                                                                                       
	Sr. No
	Particulars
	Unit
	Quantity
	Rate (Rs)
	Amount (Rs)

	1
	Labour  -  Male / Female
	Days
	170
	201
	34170

	2
	Machine (Tractor)
	Hours
	10
	600
	6000

	3
	Seed material
	Kg.
	2.5
	1000
	2500

	4
	F.Y.M.
	Tonne
	10
	4000
	40000

	5
	Fertilizers
	
	
	
	 

	 
	                       i) Urea
	Kg.
	130
	7.00
	910

	 
	                       ii) Single Super Phosphate
	Kg.
	188
	9.00
	1692

	 
	                       iii) Muriate of potash
	Kg.
	50
	20.00
	1000

	6
	Plant protection
	
	
	
	2000

	7
	Irrigation material
	
	
	
	70000

	8
	Cost of Lining material and excavation 
	
	
	
	13159

	 
	                                              Input Cost
	
	
	
	171431

	9
	Depreciation on implements and Machinery
	
	
	
	400

	10
	Land revenue and other cesses
	
	
	
	50

	11
	Interest on working capital (@ 6% for 6 Months)
	
	
	
	5058

	12
	Interest on fixed capital
	
	
	
	600

	13
	Rental value of land (1/6th of the gross value - Land revenue)
	
	
	
	86575

	14
	Electricity cost for pump operation
	
	
	
	1500

	15
	[bookmark: _GoBack]Supervision charges (@10% input cost)
	
	
	
	17143

	 
	                                             Total Cost
	
	
	
	285384

	16
	Yield and Gross returns
	t/ha
	21.40
	
	 

	 
	       i) Main Product (1 bundle = 0.4 kg)
	bundle
	53500
	10
	535000

	 
	                                  Gross returns
	
	
	
	535000

	17
	Net returns at:
	 
	 
	 
	 

	 
	                   i) Input cost
	 
	 
	
	363569

	 
	                   ii) Total cost 
	 
	 
	
	249616

	19
	B:C Ratio at Input Cost
	 
	 
	
	3.12

	20
	B:C Ratio at Total Cost
	 
	 
	
	1.87




Table 3: Per hectare cost of Cultivation of Amaranthus Treatment 2 for 2017-2018 (Rabi season)  
	Sr. No.
	Particulars
	Unit
	Qty.
	Rate (Rs)
	Amount (Rs)

	1
	Labour  -  Male / Female
	Days
	170
	201
	34170

	2
	Machine (Tractor)
	 Hours
	10
	600
	6000

	3
	Seed material
	Kg.
	2.5
	1000
	2500

	4
	F.Y.M.
	 Tone
	10
	4000
	40000

	5
	Fertilizers
	 
	 
	 
	 

	 
	                       i) Urea
	Kg.
	130
	7.00
	910

	 
	                       ii) Single Super Phosphate
	Kg.
	188
	9.00
	1692

	 
	                       iii) Muriate of potash
	Kg.
	50
	20.00
	1000

	6
	Plant protection
	 
	 
	 
	2000

	7
	Irrigation material
	 
	 
	 
	70000

	8
	Cost of Lining material and excavation 
	 
	 
	 
	14933

	 
	                                               Input Cost
	 
	 
	 
	173205

	9
	Depreciation on implements and Machinery
	 
	 
	 
	400

	10
	Land revenue and Other cesses
	 
	 
	 
	50

	11
	Interest on working capital (@ 6% for 6 Months)
	 
	 
	 
	5196

	12
	Interest on fixed capital
	 
	 
	 
	600

	13
	Rental value of land (1/6th of the gross value - Land revenue)
	 
	 
	 
	93283

	14
	Electricity cost for pump operation
	 
	 
	 
	1500

	15
	Supervision charges (@10% input cost)
	 
	 
	 
	17321

	
	                                               Total Cost
	 
	 
	 
	291555

	16
	Yield and Gross returns
	t/ha 
	22.40 
	 
	 

	
	i) Main Product (1 bundle = 0.4 kg)
	bundle
	56000
	10
	560000

	
	                                          Gross returns
	 
	 
	 
	560000

	17
	Net returns at:
	 
	 
	 
	 

	 
	                   i) Input cost
	 
	 
	
	386795

	 
	                   ii) Total cost 
	 
	 
	
	268445

	19
	B:C Ratio at Input Cost
	 
	 
	
	3.23

	20
	B:C Ratio at Total Cost
	 
	 
	
	1.92



Table 4: Per hectare cost of Cultivation of Amaranthus Treatment 3 for 2017-2018 (Rabi season)  
	Sr. No
	Particulars
	Unit
	Qty.
	Rate (Rs)
	Amount (Rs)

	1
	Labour  -  Male / Female
	Days
	170
	201
	34170

	2
	Machine (Tractor)
	Hours
	10
	600
	6000

	3
	Seed material
	Kg.
	2.5
	1000
	2500

	4
	F.Y.M.
	Tone
	10
	4000
	40000

	5
	Fertilizers
	
	
	
	 

	 
	                       i) Urea
	Kg.
	130
	7.00
	910

	 
	                       ii) Single Super Phosphate
	Kg.
	188
	9.00
	1692

	 
	                       iii) Muriate of potash
	Kg.
	50
	20.00
	1000

	6
	Plant protection
	
	
	
	2000

	7
	Irrigation material
	
	
	
	70000

	8
	Cost of Lining material and excavation 
	
	
	
	6154

	 
	                                                 Input Cost
	
	
	
	164426

	9
	Depreciation on implements and Machinery
	
	
	
	400

	10
	Land revenue & Other cesses
	
	
	
	50

	11
	Interest on working capital (@ 6% for 6 Months)
	
	
	
	4933

	12
	Interest on fixed capital
	
	
	
	600

	13
	Rental value of land (1/6th of the gross value - Land revenue)
	
	
	
	97033

	14
	Electricity cost for pump operation
	
	
	
	1500

	15
	Supervision charges (@10% input cost)
	
	
	
	16443

	 
	                                                  Total Cost
	
	
	
	285385

	16
	Yield & Gross returns
	t/ha
	23.30
	
	 

	 
	                   i) Main Product (1 bundle = 0.4 kg)
	bundal
	58250
	10
	582500

	 
	                                            Gross returns
	 
	 
	 
	582500

	17
	Net returns at:
	 
	 
	 
	 

	 
	                   i) Input cost
	 
	 
	
	418074

	 
	                   ii) Total cost 
	 
	 
	
	297115

	19
	B:C Ratio at Input Cost
	 
	 
	
	3.54

	20
	B:C Ratio at Total Cost
	 
	 
	
	2.04



Benefit Cost ratio for three Treatment over the rabi  season of 2017-2018
During the rabi season of 2017–2018, three different treatments were evaluated for the cultivation of Amaranthus, each demonstrating varying levels of profitability and resource efficiency. The analysis considered input costs, total costs, gross and net returns, and benefit-cost ratios to assess economic viability.
Treatment 1 involved an input cost of Rs. 1,71,431 per hectare, covering labour, machinery, seed material, fertilizers, plant protection, irrigation, and lining materials. When depreciation, interest, land rental, and supervision charges were added, the total cost rose to Rs. 2,85,384. The gross returns from the yield were Rs. 5,35,000, resulting in net returns of Rs. 3,63,569 at input cost and Rs. 2,49,616 at total cost. The benefit-cost ratios stood at 3.12 (input cost) and 1.87 (total cost), indicating a profitable outcome.
Treatment 2 incurred a slightly higher input cost of Rs. 1,73,205 per hectare, with a total cost of Rs. 2,91,555. The gross returns were Rs. 5,60,000, leading to net returns of Rs. 3,86,795 at input cost and Rs. 2,68,445 at total cost. The benefit-cost ratios were 3.23 (input cost) and 1.92 (total cost) respectively, showing improved profitability and efficiency compared to Treatment 1.
Treatment 3 demonstrated the most favorable results, with the lowest input cost of Rs. 1,64,226 and a total cost of Rs. 2,85,385. The gross returns reached Rs. 5,82,500, yielding net returns of ₹4,18,274 at input cost and Rs. 2,97,115 at total cost. The benefit-cost ratios were highest among the three treatments, at 3.54 (input cost) and 2.04 (total cost) respectively.



CONCLUSION
The B:C ration was highest in Treatment 3. Adaptable linings contribute to efficient water management, reduced maintenance costs, and enhanced agricultural productivity, making them an essential component of sustainable farming practices. By preventing seepage and contamination, lined ponds help in creating sustainable and environmental friendly agricultural systems.
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