Economic Evaluation of a Self-Propelled Planter Equipped with an Electronic Seed Metering System for Blackgram Cultivation.
Abstract
The cost economics of a self-propelled planter with an electronic seed metering system generally show promising benefits in terms of precision, operational efficiency, and economic viability. Such planters reduce seed wastage by providing precise seed metering, improve sowing efficiency, and reduce labor costs. The cost of the developed planter was assessed to be ₹ 32314.00 and the operational cost was observed to be ₹ 192.65 per hour. The saving over traditional planting was of 49.83% and payback period, break-even point and benefit-cost ratio were obtained to be 2-year, 50 h. yr-1 and 5.70. The self-propelled planter was precise in operation, ergonomically comfortable and cost effective. The initial investment cost of such planters is higher compared to conventional models, but savings on seeds, labor, and operational efficiency typically compensate over time. The purpose of this study is to conduct a comprehensive cost-benefit and investment analysis of the self-propelled planter with an electronic seed metering system, comparing it to traditional broadcasting method, in order to determine its economic viability and provide a practical decision-making framework for farmers and agribusinesses. By modeling the total cost of ownership—encompassing capital expenditure, operational costs, input savings, yield gains from improved accuracy, and the value of timeliness—the study aims to quantify key financial metrics such as payback period, break-even point and benefit cost ratio.
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1. Introduction
The planting operation, which is the most important stage in determining crop yield potential, has become a focus for innovation (Krienke et al., 2017). The transition from mechanical drills to precision planters, and now to advanced self-propelled planters with electronic seed metering systems, marks a fundamental leap in seeding technology. However, this technical leap requires a significant financial commitment, making a detailed understanding of its cost economics critical for progressive farmers and agricultural enterprises looking to preserve a competitive advantage.
Planters are the advanced version of the seed drills in which single seed or group of seeds are placed at a predetermined depth and the space interval. Thus, in case of planters, row to row and seed to seed distances are maintained, allowing for adequate space for individual plant growth (Aware and Aware, 2014).
In mechanical seed metering mechanisms, the seed, coming in direct contact of mechanism, may be damaged and lose their viability and germination percentage. In addition, conventional drills, using mechanical mechanisms, are incapable of operating at high operating speeds (Kumar and Durairaj, 2000). Therefore, for higher productivity a seed planter's metering mechanism should be accurate enough to plant seeds at pre-determined seed spacings without causing doubling and missing, as doubling decreases yield and dry matter while missing reduces crop yield.(Baral, et al. 2019).
Seed plates, powered by electric or hydraulic motors, can effectively prevent the seed irregularities caused by wheel slippage on the ground and vibrations, thereby increasing the working speed and improving seeding accuracy (Li et al.2015). Electronic planters work with a sensor-based electronic tracking system that increases the accuracy of the work. The machine's sensor system helps to properly sow the seed and thus further reduce losses. With the help of speed controller, the seed quantity is easily controlled, and can be used for different seeds by changing the seed metering plate. Thus, electronically controlled planter can eliminate many of the inefficiencies that occur in a mechanical planter and can significantly increase productivity and yield. The cost economics of this machine are a complex interplay between significant fixed costs and transformative variable cost savings and revenue enhancements.


2. Materials and Methods
The total cost of planting was determined based on fixed cost and variable cost. Standard methodology was used for estimation of cost of operation payback period, benefit cost ratio and break-even point. Detailed methodology is given below.
Total cost of operation of the planter involves two costs namely
1. Fixed cost 
2. Variable cost or operating cost
1. Fixed cost – This cost relates to machine ownership. This cost can occur regardless of whether the machine is used or not. Fixed cost is inversely proportional to the annual use. It includes depreciation, interest on investment, taxes, insurance and housing costs (Ajay and Ramireddy, 2024).
2. Variable cost or operating cost – Those costs which are directly related to the amount of use is called variable costs. These costs are incurred only when the machine is used. Variable costs include repair and maintenance, fuel and lubricants, servicing and labour charges (Ajay and Ramireddy, 2024).
Table 1: Cost of fabrication of self-propelled planter
	Sl. No.
	Name of component
	Material used for fabrication
	Size
	Quantity
	Cost (Rs.)

	1
	Main Frame
	MS square pipe
	950 40 40  3 mm
	5.5 kg
	400

	2
	Engine
	-
	2.1 HP
	1
	17000

	3
	Gear box
	Cast iron
	130  60  120 mm (50:1 speed reduction ratio)
	1
	3000

	4
	Seed Hopper
	Plastic
	200  200  185 mm
	2
	1400

	5
	Seed metering plate
	3D printer filament
	1.75 Ø mm
	1 kg
	1500

	6
	Seed metering plate shaft
	Aluminium
	10 Ø  320 mm
	1
	200

	7
	Furrow opener
	MS flat
MS sheet
MS pipe
	310 40  5 mm
240  100 mm
25 Ø  250 mm
	2
1
1
	180
120
80

	8
	Drive wheel
	MS flat
	200 Ø  120  4 mm
	2
	230

	9
	Support wheel
	MS flat
	200 Ø  40  3 mm
	1
	110

	10
	Drive wheel shaft
	MS rod
	20 Ø  700 mm
	1
	180

	11
	Sprockets
	High grade cast iron
	One 30 teeth and one 15 teeth
	2
	260

	12
	Chain
	Steel
	670 mm
	1
	430

	13
	Seed delivery tube
	Plastic tube
	700 mm
	1
	200

	14
	Handle
	GI pipe
	2100 2  25 Ø mm
	1
	380

	15
	Bearing
	Cast iron
	20 Ø mm
	2
	580

	16
	Nuts, bolts and washers
	Steel alloy
	-
	40
	160

	17
	Arduino Uno
	-
	RKI-1630
	1
	650

	18
	Stepper motor
	-
	NEMA 17, 7 kg-cm
	1
	830

	19
	Stepper motor driver
	-
	4.0 A, 42 V, RMCS-3758
	1
	540

	20
	Rotary encoder
	-
	360 PPR, RMCS-1354
	1
	1250

	21
	Battery
	-
	12 V, 7Ah
	1
	1000

	22
	Battery charger
	-
	12 V, 7 Ah
	1
	400

	23
	Wires
	-
	Jumper wire
	-
	130

	24
	On-off switch
	-
	
	1
	49

	25
	Voltage regulator
	-
	LM 7812
	1
	55

	26
	Miscellaneous
	
	
	
	1000

	Total
	32314/-




2.1 Calculations of cost of operation of self-propelled planter
1. Assumptions
A. Fixed cost
a) Average annual use, h = 170
b) Life of machine, years = 10 years (Ajay and Ramireddy, 2024).
c) Salvage value @ 10% of initial cost
d) Rate of interest @ 10% of capital cost
e) Housing, taxes and insurance cost @ 3% of the initial investment per year
f) Initial investment on self-propelled planter = 32314/-
B. Variable cost
a) Fuel cost, l-1 = 100 ((Ajay and Ramireddy, 2024).
b) Lubrication cost @ 30% of fuel cost
c) Labour cost per day = 400((Ajay and Ramireddy, 2024).
d) Repair and maintenance cost @ 10% of initial investment per year



Fixed Cost
Depreciation
Depreciation is the reduction in value of a machine with passage of the time (Kepner et al. 1987). There are four methods of determining depreciation cost and all the methods have their own merits and demerits. However, straight line method is the most preferred method of determining the depreciation cost of the machinery. In straight line method, the amount of depreciation cost is constant throughout the useful life of the machine (Singh 2017). Depreciation was calculated by the using equation 1.
Depreciation, ₹ h-1 = 			…. (1)
 = 17.10
Where,
	C= Initial cost of machine, Rs/-
	S= Salvage value of the machine, Rs/- (It is considered as 10% of initial cost of machine)
	L= Life of machine, years
	H= Average annual use planter, h
Interest
It is also referred as opportunity cost and is proportional to the remaining value of the machinery. The interest rate varies from, but usually will be in the range of 9 to 12%. The following equation is used for computing the interest amount on hours basis (Ajay and Ramireddy, 2024). Interest was calculated by the using equation 2.
Interest, ₹ h-1 = 				… (2)		
 = 8.55
Where,
	I= Annual rate of interest, %

Taxes, insurance and housing
In order to determine the cost towards insurance, taxes, and housing an amount equivalent to 3% of the cost of the planter would be enough for meeting out the expenses annually (Ajay and Ramireddy, 2024). Taxes, insurance and housing was calculated by the using equation 3.
Housing, taxes and insurance cost @ 3% of the initial investment per year, ₹ h-1
= 
=  = 5.70
Fixed cost of self-propelled planter, ₹ h-1 = 17.10 + 8.55 + 5.70 = 31.35
Variable cost (operating cost)
Fuel cost
Average fuel consumption of the planter = 0.71 lit. h-1
The fuel cost is calculated based on the planter’ actual fuel consumption. Fuel cost per hour = Fuel consumption for the operation × Cost of fuel per liter ((Ajay and Ramireddy, 2024).
Fuel cost, ₹ h-1 = 0.71 × 100 = 71
Lubrication cost
Lubricants and engine oils cost was calculated at 30 to 35 % of fuel consumption cost.
Lubrication @ 30% of fuel cost, ₹ h-1 = 71  .30 = 21.3
Repair and maintenance costs
Farm machinery repair expenses arise from routine maintenance, parts wear and tear, and the potential for accidents. The amount allocated for maintenance varies significantly based on factors such as farm location, soil type, presence of rocks, weather conditions, and machinery operation practices. Repair costs may also differ among neighbouring farms, contingent upon their maintenance practices and the proficiency of machine operators. Monitoring and recording previous repair bills provide an effective means to gauge a machine's maintenance history and anticipate potential major overhauls. This data aids in assessing the effectiveness of the maintenance program and the operator's skill in addressing issues. In the absence of such records, estimating repair costs based on average experiences is still possible, although results may be less precise for individual circumstances. Repair and maintenance expenditures, constituting an integral facet of machinery ownership, are calculated at 10% of the machine's purchase price annually (Rathod et al. 2024). Repair and maintenance costs of the planter was calculated by the using equation 4.
Repair and maintenance cost @ 10% of initial investment per year, ₹ h-1 =
					 				… (4)
           = 19
Labour wages
Labour charge of farm machinery refers to the hourly cost incurred for the operator's wage while utilizing the machinery in agricultural operations. It is a key aspect of the variable operating costs of agricultural machinery and comprises the payment paid to the operator for the actual hours spent in executing field operations. The number of operators hired and the number of hours worked are multiplied by the current wage rates to determine this cost.
It was assumed that labor cost was Rs 400 for labor a day ((Ajay and Ramireddy, 2024). Total working hours should be considered as 8 hrs in a day. 
Wages of labour @ Rs. 400 per day for 8 hours Wages, ₹ h-1 = 400/8 = 50
Variable cost of self-propelled planter, ₹ h-1 = 71  21.3  50  19 = 161.3
2.2 Cost involved in self-propelled planter
		Operation cost of black gram planter, ₹ h-1 = 31.35  161.3 = 192.65
		Field capacity of planter, ha. h-1 = 0.03
		The cost of operation of blackgramplanter,₹ ha-1 = 192.65/ 0.032 = 6020.3
2.3 Cost involved in manual (broadcasting) planting
		Man, hour required to plant one hectare of crop = 240
		Wage rate of 400 per man per day for 8 hours.
		The cost of manual planting ₹ ha. =  = 12000
		Saving over manual planting, % =  = 49.83 %
2.4 Payback period
The payback period for the machine is calculated by dividing the total initial investment cost by the annual net cash inflows generated by its use, providing a simple metric for how quickly the capital outlay will be recovered. The payback period was calculated by the using equation 5. Generally, it is given in years for farm machinery (Venkat et al. 2021).
				                                 … (5)
Where,
	P= Payback period, year
	I= Amount of investment = 32314/-
	E = E, yr-1 = Expected annual net revenue = (CH-C) × AU
	CH= Custom hiring charges, h-1
	C= Cost of the operation, h-1 = 192.65
	A= Annual use of the planter, h, 170
CH =(1.25 C)  (0.25  1.25  C)
	 = (1.25  192.65)  (0.25 1.25  192.65)
	= 301
E, yr-1 = Expected annual net revenue = (CH-C)  AU
	 = (301 – 192.65)  170
	= 18419.5
	 = 1.75 = 2
2.5 Break-Even Point
Breakeven analysis, often known as the point of no profit-loss, is used to determine the amount of work at a specific price required to cover all expenses. The intersection of the lines representing total costs and total income is known as the breakeven point. More work than this would result in profit, and vice versa (Alam et al. 2024). The breakeven point was calculated by the using equation 6. 
                                                                          … (6)
Where,
	BEP= Break-Even Point, h. yr-1
	AFC= Annual fixed cost, yr-1= Annual use of the planter, h × Fixed cost, h-1
				           = 170 ×31.35 = 5329.5
                                                           
						        =  49.19 = 50  
2.6 Benefit cost ratio
The benefit-cost ratio (BCR) is an important financial indicator for analyzing farm machinery investments since it compares the present value of predicted benefits to total expenditures incurred. To be considered economically viable, a machinery purchase typically requires a BCR greater than 1.0, indicating that the benefits—such as increased productivity, labor savings, operational timeliness, and improved crop yields—outweigh the initial capital outlay, fuel, maintenance, repair, and depreciation costs. However, determining an accurate BCR necessitates careful consideration of realistic consumption rates, the machine's operational lifespan, and fluctuating input and output costs. Finally, a favorable BCR enables farmers to justify capital expenditures, obtain finance, and make educated, profitable decisions about machinery updates or replacements. Benefit cost ratio of the planter was calculated by the using equation 7.
			… (7)
Where,
	Bt = Benefit-cost ratio
	Tb = Total benefit, ₹
	Ti = Total cost of investment, ₹
Total benefit = Expected annual net revenue (₹) (E) × Life of machine (L) in year
	         = 18419.5 × 10
	         = 184195
     B:C ratio = 184195/32314
			= 5.70
3. Results and Discussions
3.1Cost economics of the developed planter and its comparison with traditional practices
3.1.1Cost economics of the developed planter
The total cost of planting was calculated taking into account the component of fixed cost and variable cost. The net savings in comparison to broadcasting planting method was calculated. Payback period, Break-Even Point and Benefit cost ratio was also calculated. Data related to cost economics of the planter are summarized in Table 2.
[image: ]
Fig.1 Front view of developed planter
Table 2: Important parameters related to cost economics of the developed planter
	S. No.
	Parameters
	Values

	1
	Fixed cost of blackgram planter, ₹ h-1
	31.35

	2
	Variable cost of blackgram planter, ₹ h-1
	161.3

	3
	Operating cost of blackgram planter, ₹ h-1
	192.65

	4
	Cost of operation blackgram planter, ₹ ha-1
	6020.30

	5
	Cost involved in broadcasting, ₹ ha-1
	12000

	6
	Cost saving, ₹ ha-1
	5979.7

	7
	Cost saving, %
	49.83%

	8
	Payback period, yr.
	2

	9
	Break-even point, h. yr-1
	50

	19
	Benefit cost ratio
	5.70





3.1.2 Comparison of planting of blackgram using developed planter with traditional broadcasting
In order to compare the physiological costs of the operator while using the developed planter and while sowing of the crop by following traditional broadcasting method, various parameters related physiological cost and field capacity were compared and relevant data is summarized in Table 3.
Table 3: Comparison of physiological cost and performance data of blackgram planting using developed planter and by traditional broadcasting method
	S No.
	Particulars
	Planting using developed planter (A)
	Traditional broadcasting (B)
	%Difference


	1
	Resting, HR
	86.47
	85.75
	0.84

	2
	Working, HR
	108
	97.25
	9.95

	3
	ΔHR
	21.53
	11.5
	46.58

	4
	Resting, OCR
	305.75
	297.55
	2.68

	5
	Working, OCR
	550
	425.1
	22.70

	6
	Resting, EER
	8.52
	8.22
	3.52

	7
	Working, EER
	17.50
	13.03
	25.55

	8
	ODR
	2
	2.5
	20

	9
	BPDR
	30
	24.75
	17.50

	10
	GF
	5.32
	3.43
	35.52



It is evident from Table 3 that values of ΔHR (heart rate, beats min-1), OCR (oxygen consumption rate, mlmin-1) and EER (energy expenditure rate, kjmin-1) for broadcasting were 46.58%, 22.70 and 25.55% lower than the values for the labors while working with the developed planter. Further, the values of GF (grip fatigue), ODR (overall discomfort rating) and BPDR (body part discomfort rating) for broadcasting were 35.52, 20.0 and 17.50% lower than those for the labors while operating the developed planter. This is mainly to the fact that for operation of the planter labors had to perform extra physical tasks compared to that during broadcasting. The extra effort had helped the farmers to save the cost of the planting by 49.83% and saving in seed rate up to 50%. The missing, multiple and quality of feed index were 15.3%, 7.7% and 77% for mechanical planter (Singh et al. 2012) as compared to 5%, 3.34% and 91.67% in case of the developed planter. In addition, precision seed placement could be helped to reduce seed rate and to get higher yield.
Therefore, it may be concluded from the study that developed planter work satisfactorily in terraces and the use of the developed planter has potential to save cost, and duration of planting of blackgram. Further, the human effort required by the labors was well within the “moderate” category.
4. Conclusions
The values of cost of the developed machine, operating cost of the developed planter, and cost of blackgram using developed planter were estimated as ₹32314.00, ₹ 192.65 per hour and ₹ 6020 ha-1 respectively. The saving over traditional planting was of 49.83% and payback period, break-even point and benefit-cost ratio were found to be 2-year, 50 h. yr-1 and 5.70. HR, OCR, EER, GF, ODR and BPDR for broadcasting were 46.58, 22.70, 22.55, 35.52, 20.0 and 17.50% lower than that for labors while using the planter. The extra effort had helped the farmers to save the cost of the planting by 49.83%. In addition, precision seed placement helped to reduce seed rate. The self-propelled planter was found to be precise in operation, ergonomically comfortable and cost effective.
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