Original Research Article
Economic Impact of Custom Hiring Centres on Farm Mechanization, Productivity and Profitability of Paddy Farmers in Mandya District, Karnataka
  
ABSTRACT
Farm mechanization plays a vital role in enhancing agricultural productivity, labour efficiency, and profitability. However, small and marginal farmers in India face significant challenges in adopting mechanization due to limited financial resources and fragmented landholdings. To address these constraints, the Government of Karnataka established Custom Hiring Centres (CHCs) to provide access to modern farm machinery on a rental basis, thereby promoting inclusive mechanization. The present study was undertaken in Mandya district, a major rice-growing area of Karnataka, to assess the impact of CHCs on the economic performance and mechanization level of farmers. Five CHCs located at Basaralu, Athguru, Akkihebbala, Chinnakurli, and Arakere were selected, and data were collected from 150 paddy-growing farmers, comprising 75 beneficiaries and 75 non-beneficiaries, using a pre-tested interview schedule during the Kharif season of 2023–24. The data were analysed using descriptive statistical techniques, cost–benefit comparisons and gap analyses were used. Results revealed that all farmers (100%) had mechanized at least one major paddy operation, while 92% adopted mechanical transplanting. However, 46.67% still depended on manual harvesting due to machinery shortages. Among CHC beneficiaries, the cost of cultivation decreased by 5.56%, productivity increased by 9.61%, and cost of production declined by 15.78% compared with non-beneficiaries. The incremental cost-benefit ratio (ICBR) of 3.62 indicated strong economic viability of CHC services. Nevertheless, significant gaps were observed in the availability of critical equipment, such as paddy transplanters (75% shortage) and combine harvesters (100% shortage). The findings highlight that CHCs are effective in improving access to mechanization and enhancing farm income, but require strengthened operational capacity, digital booking systems, and adequate machinery inventory for sustained impact.
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1 INTRODUCTION:
Indian agriculture is undergoing a gradual transformation from dependence on human and animal power to mechanical power. Farm mechanization has emerged as a promising strategy to address these issues by enabling more timely and accurate agricultural practices, thereby reducing crop losses and improving labour efficiency (Das & Patil, 2024). This transition has been driven primarily by rising costs of animal maintenance, increasing labour scarcity, and the need for timely completion of agricultural operations (Anonymous, 2023). Mechanization enhances the efficiency of field operations, improves input use, and contributes directly to higher crop productivity (Rawal et al., 2024). However, the majority of Indian farmers of about 85 % are small and marginal, owning less than two hectares of land. Their limited financial capacity restricts individual ownership of costly farm machinery, leading to underutilization of available technologies and continued reliance on traditional methods (Kisku et al., 2022). To overcome these limitations and promote inclusive mechanization, the Government of India and various state governments have introduced Custom Hiring Centres (CHCs) or Custom Hire Service Centres (CHSCs). These centres provide access to modern agricultural machinery and equipment to small and marginal farmers on a rental basis, thereby reducing their capital burden and ensuring timely operations (Reddy et al., 2022). In Karnataka, the Department of Agriculture has established CHSCs at the hobli/taluk level to make machinery services available at farmers doorsteps. This initiative aims to enhance mechanization levels, reduce production costs, and improve overall farm productivity (Reddy et al., 2022). Several studies have reported that custom hiring services have led to increased mechanization intensity, improved labour efficiency, and higher farm income among users (Rawal et al., 2024; Kisku et al., 2022). Nonetheless, challenges such as inadequate machinery availability, high rental charges, poor maintenance, and lack of awareness continue to hinder optimal utilization of these services. Against this backdrop, the present study was undertaken in Mandya district of Karnataka to assess the impact of Custom Hiring Centres on farmers. The specific objectives were to:
· Study the socio-economic characteristics of farmers
· Examine the extent of utilization and the gap between the requirement and availability of farm machinery from Custom Hiring Centres
· Analyse the change in farm income due to the use of services from Custom Hiring Centres and
· Identify the major constraints faced by farmers in utilizing these facilities.

2. MATERIALS AND METHODS
2.1 Study area and coverage
The study was conducted in Mandya district of Karnataka, a major rice-producing region characterized by intensive cultivation practices and widespread adoption of farm machinery. Mandya was purposively selected due to its prominence in paddy production and the operational presence of multiple Custom Hiring Centres (CHCs) established under government mechanization initiatives (Anonymous, 2021). Five CHCs located at Basaralu, Athguru, Akkihebbala, Chinnakurli, and Arakere were chosen to represent varying levels of mechanization and accessibility.
2.2 Sampling procedure
The selection of respondents for the study is presented in Table 1. From each of the five selected Custom Hiring Service Centres (CHSCs), 15 beneficiary farmers who had availed machinery and services were chosen. In addition, 15 non-beneficiary farmers who had not utilized CHSC facilities were randomly selected from the corresponding service areas. Thus, the total sample comprised 75 beneficiary farmers and 75 non-beneficiary farmers, resulting in an overall sample size of 150 paddy-growing farmers. This sampling design ensured adequate representation of both user and non-user groups across all selected CHSC locations. This comparative design facilitated the evaluation of differences in resource use efficiency and economic performance attributable to the adoption of custom hiring services (Yadav & Sharma, 2020).
Table 1. Selection of respondents for proposed study
	Sl.
No.
	Name of the village of selected CHSC’s
	Block/ Taluk
	Beneficiary farmers
	Non-beneficiary farmers

	1
	Basaralu
	Mandya
	15
	15

	2
	Athguru
	Maddur
	15
	15

	3
	Akkihebbala
	K.R. Pete
	15
	15

	4
	Chinnakuruli
	Pandavapura
	15
	15

	5
	Arakere
	Srirangapatna
	15
	15

	Total
	5
	5
	75
	75



2.3 Data collection
Primary data were collected using a pre-tested interview schedule through personal interviews conducted during the Kharif season of 2023–24. The primary data include information regarding farmers socio-economic characteristics (age, gender, income, education etc.,) cropping pattern, cost of cultivation of paddy, critical stages of paddy production at which machineries are used and requirement and availability of the machineries, cost and income incurred in paddy cultivation and the constraints faced by the farmer in use of the facilities provided by custom hiring centers. The required secondary data were also collected from unpublished records of selected custom hiring centers. They are mainly related to availability of different machineries, demand of machineries during different stages of paddy growing, charges for hiring, fixed and variable cost of machinery, problems and suggestion for enhancing efficiency of CHSC’s.
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Plate 1: Data collection at CHSCs, Mandya district

2.4 Analytical tools and techniques
The data were analysed using descriptive statistical techniques, including measures of central tendency, frequency distribution, and percentage analysis to summarize socio-economic profiles and machinery utilization patterns. Comparative assessment between beneficiary and non-beneficiary groups was performed to determine the economic impact of CHC services on farm income, productivity, and mechanization levels. Where appropriate, cost–benefit comparisons and gap analyses were used to evaluate the difference between machinery requirements and availability through CHCs. Simple frequency distribution was used for identifying the constraints in utilization of the service.
Followings tools are applied for analysis of data.
2.4.1 Measure of central tendency
a.  									(1)

Where, X= Integer 
N = Total number of samples

b.  * 100    							(2)
Where, X = Frequency of respondents
N = Total number of respondents

2.4.2 Cost of cultivation (Rs/ha)
Both fixed and variable costs were worked out to estimate the cost of cultivation of paddy.
2.4.2.1	Total fixed cost
Total fixed cost = Depreciation + Interest on investment + Insurance and taxes + shelter/housing cost.
2.4.2.1.1 Depreciation
The depreciation is the value of the machinery because of the age and technological obsolescence. It is estimated using the straight-line method.
  								(6)
Where, Depreciation (Rs/year)
P = Purchase value of the machinery
S = Salvage value i.e., 10 % of the purchase value
			L= Life of the machine in years
2.4.2.1.2 Interest on investment
According to Hunt (2001), Interest on investment is calculated per year using following formula.
  								(7) 
Where, P = Purchase value of the machinery
S = Salvage value i.e., 10 % of the purchase value and 
i = interest rate (12.50 %)
2.4.2.1.3 Insurance and taxes and Shelter/housing cost
According to Parshunath et al. (2015) insurance and taxes charges are taken @ 2 % of the purchase price. This is not calculated for the tractor drawn implement. Shelter cost has been calculated @ 1 % of the purchase price.
2.4.2.2 Total variable cost (Rs/h) = Repair and maintenance + Fuel cost + Lubrication cost + Driver charges
2.4.2.2.1 Repair and maintenance
According to Kepner et al. (2005) repair and maintenance estimated by taking a percentage of purchase value of the machine. It was a product of machine’s cost price and repair and maintenance percentage factor (2.50 % or 0.025) and divided by the annual usage of the implement.
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Where, P = Purchase value of the machinery in rupees

H = Number of working hours of the machinery in a year
2.4.2.2.2 Fuel cost (Rs/h) = Requirement of fuel per hour × price of one litre fuel.
2.4.2.2.3 Lubrication cost: 1.50 % of the fuel cost (Rs/h)
2.4.2.2.4 Driver charges
It was calculated on the basis of driver charges paid (Rs/day) at the prevailing rate in the study area and the number of working hours in a day i.e., 8 hours.

2.4.3 Cost of production
After working out the cost of cultivation per hectare, the cost of production is worked out as follows:
	Cost of production =
	  Cost of cultivation (Rs/ha) – Value of byproduct (Rs/ha)            (3)

	
	Yield (q/ha)

	
	


2.4.4 Incremental benefit cost analysis
It is used to compare extent of extra cost incurred and benefit earned by the beneficiary farmers. 
(4)

Where, ΣB1 = Total benefit earned by the beneficiary farmers 
ΣC1 = Total costs incurred in cultivation of the paddy who hired the machineries from the CHSC
ΣB2 = Total benefits earned by the non- beneficiary farmer and 
ΣC2 = Total costs incurred for the cultivation of the paddy who do not avail the facilities of CHSC
2.4.5 Break-even analysis 

Break-even point (BEP) is the point at which the total revenue is exactly equal to the total costs. No profit and no losses are incurred at this point. Breakeven point analysis was worked out using the following formula.
   				(5) 
Where, Total fixed cost is the annual ownership cost 
Hiring rate of machinery is the rent per hour and 
Variable cost is the operational cost per hour
2.4.6 Correlation coefficient 
Correlation coefficients were work out to examine the association between the expenditure of farm machinery and income generated from the sale of paddy produced in the Khairf season (2023-24). Given the sample of n points (xi, yi) the correlation coefficient is calculated from the formula:
 
Where, x and y is the mean values of xi and yi , respectively
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3. RESULTS AND DISCUSSION
3.1 Socio-economic characteristics of sample farmers
The socio-economic profile of both beneficiary and non-beneficiary farmers is presented in Table 2. The majority of respondents belonged to the middle-age group (41-50 years), constituting 40% of beneficiaries and 33.33% of non-beneficiaries, while about one-third were above 50 years. These findings align with previous studies reporting that middle-aged farmers form the core of the active farming population (Nagaraja et al., 2025) and are more open to mechanised operations (Barman et al., 2019; Sarkar, 2020). Educational attainment varied from primary to graduate levels, with most farmers educated up to secondary or graduate level, supporting earlier observations that higher education correlates with technology adoption, including hiring of mechanised services (Kisku and Singh, 2022). The nuclear family system predominated among both groups (65.33% beneficiaries and 69.33% non-beneficiaries), consistent with rural demographic trends reported in Karnataka. Land ownership patterns showed that most respondents were owner cultivators, with a small proportion engaged in land leasing. Only about 4% of farmers in both groups had supplementary off-farm occupations, indicating high dependence on agriculture as the primary livelihood source. Nearly all farmers used tractor-operated machinery, though a few non-beneficiaries (6.6%) continued to rely on traditional bullock-drawn systems, reflecting the transitional stage of mechanization among smallholders (Srikanthnaik, 2024). In terms of income, most beneficiary farmers (33.33%) earned between ₹2-3 lakh/year, while 28% of non-beneficiaries fell in the same range. A small percentage of both groups reported incomes above ₹4 lakh/year, suggesting moderate economic status. Farming experience was notably high, with 64% of beneficiaries and 70.6% of non-beneficiaries having more than 20 years of agricultural experience, an attribute positively correlated with the adoption of mechanized practices when access barriers are removed (Jeena and Tanti, 2023). Overall, the analysis indicates that beneficiary and non-beneficiary farmers were socio-economically similar, differing primarily in their access to and utilization of Custom Hiring Centre (CHC) services rather than in demographic or resource characteristics. 
Table 2. Distribution of farmers according to their socio-economic characteristics
	Socio-econometrics
	Beneficiary farmers
	Non-beneficiary farmers

	
	Frequency
	Percentage
	Frequency
	Percentage

	Age (Year)
	
	
	
	

	Up to 40
	18.00
	24.00
	17.00
	22.67

	41-50
	30.00
	40.00
	25.00
	33.33

	Above 50
	27.00
	36.00
	33.00
	44.00

	Education
	
	
	
	

	Illiterate
	00.00
	00.00
	01.00
	01.33

	Primary school
	15.00
	20.00
	19.00
	25.33

	Middle school
	14.00
	18.67
	13.00
	17.33

	High school
	07.00
	09.33
	07.00
	09.33

	Secondary school
	20.00
	26.67
	10.00
	13.33

	Graduate/PG
	19.00
	25.33
	25.00
	33.33

	Family
	
	
	
	

	Nuclear
	49.00
	65.33
	52.00
	69.33

	Joint
	26.00
	34.67
	23.00
	30.67

	Family size
	
	
	
	

	1-4
	36.00
	48.00
	29.00
	38.67

	4-8
	30.00
	40.00
	41.00
	54.67

	> 8
	09.00
	12.00
	05.00
	06.67

	Land holding
	
	
	
	

	Owned land
	75.00
	100.00
	75.00
	100.00

	Leased in land
	09.00
	12.00
	10.00
	13.33

	Leased out land
	05.00
	06.67
	05.00
	06.67

	Garden
	01.00
	01.33
	00.00
	00.00

	Other occupation
	
	
	
	

	Business
	00.00
	00.00
	01.00
	01.33

	Service
	03.00
	04.00
	02.00
	02.67

	Farm operation status 
	
	
	
	

	Tractor operated 
Bullock operated
	75.00
00.00
	100.00
00.00
	70.00
05.00
	93.33
06.67

	Annual farm income (Rs.)
	
15.00
10.00
25.00
22.00
03.00
	
20.00
13.33
33.33
29.33
04.00
	
08.00
17.00
21.00
15.00
14.00
	
10.67
22.67
28.00
20.00
18.67

	< 1 lakh
	
	
	
	

	1-2 lakh
	
	
	
	

	2-3 lakh
	
	
	
	

	3-4 lakh
	
	
	
	

	> 4 lakh
	
	
	
	

	Farming experience
	
	
	
	

	Up to 20 years
	27.00
	36.00
	22.00
	29.33

	Above 20 years
	48.00
	64.00
	53.00
	70.67



3.2 Utilization pattern of farm machineries in paddy cultivation
The utilization of farm machinery among beneficiary farmers is presented in Table 3. The results revealed that all beneficiary farmers (100%) used mechanization for key operations such as land preparation, puddling, threshing, and transportation. Rotavators and cultivators were universally employed for puddling. Although 92% of farmers adopted the transplanting method of sowing, the use of paddy transplanters remained limited, with most farmers still relying on manual labour for transplanting due to inadequate machine availability and high hiring costs. This finding is consistent with Hossen et al. (2022) who reported that the adoption rate of mechanical transplanters is low due to high primary investment, lack of knowledge in growing mat type nursery, lack of repair and maintenance facility to the end-users, and unavailability of spare parts. For irrigation, the majority of farmers used electric motor pump sets, while 33.33% owned sprayers, and the remaining farmers borrowed them from Custom Hiring Centres or adopted broadcasting methods for agrochemical application. During harvesting, 46.67% of farmers depended on manual labour, whereas 29.33% used reapers and 24% utilized combine harvesters for harvesting and threshing operations. Threshing was predominantly mechanized, with 62.67% of farmers using tractors (either owned or hired), and 37.33% using threshers. Winnowing was largely manual, performed using simple fans by more than half of the respondents, while 20% used motorized fans. Overall, the findings indicate that farm mechanization was extensively adopted for primary and post-harvest operations, whereas activities such as transplanting and winnowing still relied heavily on manual labour. The partial mechanization pattern reflects both machinery availability constraints and the labour–machine substitution gap common in smallholder-dominated farming systems (Singh and Kaur, 2022).
    Table 3: Extent of utilization of farm machinery by sample beneficiary farmers in paddy cultivation
	Sl.
No.
	Particulars
	Equipment used
	Frequency
	Percentage

	1
	Land preparation
	Tractor + Plough
	75.00
	100.00

	2
	Puddling
	Cultivator/Rotavator
	75.00
	100.00

	3
	Transplanting
	By labour
	67.00
	89.33

	
	
	Transplanter
	08.00
	10.67

	4
	Plant	protection measures
	Board casting
	50.00
	66.67

	
	
	Sprayer
	25.00
	33.33

	5
	Harvesting
	Labour
	35.00
	46.67

	
	
	Combine harvester
	18.00
	24.00

	
	
	Reaper
	22.00
	29.33

	6
	Threshing
	By tractor
	47.00
	62.67

	
	
	Thresher
	28.00
	37.33

	
	
	By bullock cart
	00.00
	00.00

	7
	Winnowing
	Simple fan
	42.00
	56.00

	
	
	Motorized winnowing fan
	15.00
	20.00

	8
	Transportation
	Tractor
	75.00
	100.00



3.3 Gap between requirement and availability of farm machinery
The data in Table 4 highlights a substantial gap between the availability and requirement of farm machinery for paddy cultivation among beneficiary farmers. Although tractors are the most demanded equipment for land preparation and transportation, their availability was limited to 33 units (including nearby villages) against the requirement for 75 farmers, indicating a 56% deficit. Similar shortages were observed for ploughs (66.67%), cultivators (61.76%), and rotavators (58%). A particularly acute shortage was found for paddy transplanters, with only two units available against a requirement of eight, reflecting a 75% gap. The combine harvester showed the highest deficit (100%), as none were available in the study area. These deficits underscore the heavy dependence of farmers on Custom Hiring Centres (CHCs) to access essential machinery, particularly during peak operations such as land preparation and harvesting (Deshmukh and Bethi, 2023). Overall, the findings indicate that the limited ownership and accessibility of farm machinery constrain the timely agricultural operations (Das and Patil, 2024). Strengthening CHCs could effectively bridge the machinery gap, enhance operational efficiency, and promote mechanization-led productivity growth in the region (Dhila et al., 2025).

Table 4. Gap between the requirement and availability of farm machinery in the study area for sample beneficiary farmers
	Sl.
No.
	Name of the equipment
	Month in which it is required
	Owned by sample beneficiary farmers (number)
	Availability in sample villages (number)
	Total availability in the sample area (number)
	Actual requirement by sample beneficiary farmers (number)
	Gap between availability and requirement (number)

	1
	Tractor
	June/July
	14.00
	19.00
	33.00
	75.00
	42.00(56.00)

	2
	MB Plough
	June/July
	10.00
	15.00
	25.00
	75.00
	50.00(66.67)

	3
	Cultivator
	June/July
	04.00
	09.00
	13.00
	34.00
	21.00(61.76)

	4
	Rotavator
	June/July
	06.00
	11.00
	17.00
	41.00
	24.00(58.00)

	5
	Disc harrow
	June/July
	00.00
	05.00
	05.00
	14.00
	09.00(64.28)

	6
	Transplanter
	June/July
	01.00
	01.00
	02.00
	08.00
	06.00(75.00)

	7
	Power tiller
	June/July
	00.00
	01.00
	01.00
	02.00
	01.00(50.00)

	8
	Sprayer
	August
	07.00
	12.00
	19.00
	25.00
	06.00(24.00)

	9
	Thresher
	October/ November
	04.00
	09.00
	13.00
	28.00
	15.00(53.57)

	10
	Reaper
	October/ November
	04.00
	09.00
	13.00
	22.00
	09.00(40.91)

	11
	Combine harvester
	October/ November
	00.00
	00.00
	00.00
	18.00
	18.00(100.00)


(Figures in parentheses indicates percentage gap)

3.4 Availability of farm machinery at custom hiring centres
Table 5 presents the availability and utilization of farm machinery at Custom Hiring Service Centers (CHSCs). Out of 75 farmers requiring tractors, only 27 farmers could avail them from CHSCs, which had a total of five tractors. Similarly, 43 of 75 farmers' requirements for ploughs and 22 of 34 for cultivators were met. For rotavators, 25 of 41 farmers were served, while disc harrow requirements were completely met. Among 25 farmers needing sprayers, 15 were served, and out of 28 requiring threshers, 17 availed them from CHSCs. For reapers, 15 of 22 requirements were fulfilled. Overall, CHSCs partially met the demand for farm machinery in paddy cultivation, indicating their positive role in reducing the mechanization gap and improving timely access to farm machinery. However, a considerable shortfall still exists during peak season (Dhila et al., 2025), emphasizing the need for establishing additional CHSCs to meet farmers requirements effectively.
Table 5. Availability of machinery in the sample CHSC for cultivation of paddy
	Sl. No.
	Name of the equipment/ machine
	Number of the machineries available in the
sample CHC
	Total number of the farmers hiring from the sample CHC
	Month

	1
	Tractor
	5
	27(36.00)
	June/July

	2
	MB Plough
	5
	43(57.34)
	June/July

	3
	Cultivator
	5
	22(29.34)
	June/July

	4
	Rotavator
	5
	25(33.34)
	June/July

	5
	Disc harrow
	5
	14(18.67)
	June/July

	6
	Sprayer
	5
	15(20.00)
	June/July

	7
	Thresher
	5
	17(22.67)
	October/Nov

	8
	Reaper
	5
	15(20.00)
	October/Nov


(Figures in parentheses indicates percentage of the beneficiary farmers)
3.5 Average custom hiring rates of farm machinery
Fig. 1 present the average custom hiring rates of farm machinery in the study area. The hiring rate for tractors (ploughing, sowing, etc.) was uniform across private lenders and CHSCs at ₹500 h⁻¹. Similarly, tractor–plough/cultivator attachments were charged at ₹700 h⁻¹ under both systems. Rates for rotavators were slightly higher at CHSCs (₹1100 h⁻¹) compared to private lenders (₹1000 h⁻¹). Drum seeders were cheaper at CHSCs (₹100 day⁻¹) than private sources (₹200 day⁻¹). Charges for MB ploughs, cultivators, disc harrows, power tillers, and reapers were comparable across both systems, while threshers were slightly cheaper at CHSCs (₹850 h⁻¹) than with private operators (₹900 h⁻¹). Combine harvesters, operated on a custom basis during harvest, charged ₹2500 acre⁻¹, matching CHSC rates. Tractor use for produce transportation was uniformly priced at ₹1000 day⁻¹. Overall, hiring rates between private operators and CHSCs were largely similar, indicating competitive pricing and minimal conflict between the two systems.

Fig. 1: Average custom hiring rates of farm machineries prevailing in the study area
3.6 Comparison of Cost of Paddy Cultivation Between Beneficiary and Non-Beneficiary Farmers
Table 6 presents the comparative cost of paddy cultivation between beneficiary and non-beneficiary farmers of Custom Hiring Service Centres (CHSCs). The average cost of cultivation for beneficiary farmers was ₹53,918.06 ha⁻¹, which was about 5% lower than that of non-beneficiaries (₹57,093.63 ha⁻¹). Among beneficiaries, operational costs accounted for 60.44% and fixed costs for 39.56% of the total cost, while for non-beneficiaries, these were 61.93% and 38.07%, respectively. The operational cost was reduced by 7.83% among beneficiaries due to increased mechanization. Labour costs constituted 19.22% of the total cost for beneficiary farmers, compared to 26.95% for non-beneficiaries, indicating that access to CHSC machinery substantially reduced labour dependence. The total fixed cost per hectare was ₹21,329.90 for beneficiaries and ₹21,736.11 for non-beneficiaries. Use of inputs such as seeds and fertilizers was similar across both groups, except for lower consumption of plant protection chemicals among beneficiaries—likely due to improved land preparation and pest control achieved through timely mechanized operations (Rambabu and Krishna, 2024).
Table 6. Cost of paddy cultivation on beneficiary and non-beneficiary farmers of CHSC (Rs/ha)
	Sl.
No.
	Particulars
	Beneficiary farmers
	Non-beneficiary farmers
	Difference in cost (%)

	Material cost (Rs/ha)

	1
	Seed
	989.42(1.83)
	988.98(1.73)
	0.04

	2
	Manures & fertilizers
	3470.49(6.44)
	3995.9(6.99)
	-0.13

	3
	Plant protection
	1501.89(2.79)
	1997.95(3.50)
	-24.83

	4
	Irrigation charges
	1001.26(1.86)
	998.97(1.75)
	0.22

	Total input cost (Rs/ha)
	6963.06(12.90)
	7981.81(13.98)
	-13.55

	5
	Total hired labour cost
	7292.34(13.53)
	11036.31(19.33)
	-33.92

	6
	Family labour cost
	3072.87(5.67)
	4353.04(7.62)
	-29.41

	Total labour cost (Rs/ha)
	10365.21(19.22)
	15389.35(26.95)
	-32.65

	7
	Machinery cost (Rs/ha)
	14209.07(26.35)
	10988.73(19.24)
	5.67

	8
	Interest on working capital (12 % for half of the crop season)
	1050.82(1.95)
	997.63(1.75)
	5.33

	Total operational cost (Rs/ha)
	32588.16(60.44)
	35357.52(61.93)
	-7.83

	9
	Land revenue and taxes
	25.00(0.05)
	25.00(0.04)
	0.00

	10
	Rental value of land (1/6 of gross income)
	16902.48(31.35)
	15185.71(26.56)
	11.30

	11
	Depreciation
	2883.97(5.35)
	3784.34(6.62)
	-23.80

	12
	Interest on fixed capital (10 % for crop period)
	1518.45(2.82)
	2766.06(4.84)
	-45.09

	Total fixed cost (Rs/ha)
	21329.90(39.56)
	21736.11(38.07)
	-1.87

	Total cost (Rs/ha)
	53918.06(100)
	57093.63(100)
	-5.56


(Figures in parentheses indicates percentage to total cost)
3.7 Comparative productivity and profitability
Table 7. presents the comparative analysis of productivity and profitability between beneficiary and non-beneficiary farmers of Custom Hiring Service Centres (CHSCs). The average productivity on beneficiary farms was 49.27 q ha⁻¹, which was 9.61% higher than that of non-beneficiaries (44.95 q ha⁻¹), indicating the positive impact of mechanization through CHSC services. The higher yield translated into increased gross income among beneficiaries. The similar study revealed by Chinnappa et al. (2018) states that the maize farmers have an additional profit and saved the cost of cultivation by availing services from CHC when compared to private individual farmers. The cost of production was ₹891.13 q⁻¹ for beneficiary farmers, about 15% lower than that of non-beneficiaries (₹1058.15 q⁻¹), highlighting the efficiency gains from mechanized operations. The average net income of beneficiary farmers was ₹45,518.99 ha⁻¹ compared to ₹34,020.62 ha⁻¹ for non-beneficiaries. The incremental cost–benefit ratio (ICBR) of 3.62 further demonstrates that adoption of CHSC services is economically viable and enhances farm profitability (Bharathi et al., 2022).
Table 7. Productivity and profitability from paddy cultivation on beneficiary and non-beneficiary farms of CHC
	Sl.
No.
	Particulars
	Beneficiary farmers
	Non-beneficiary farmers
	Difference

	1
	Yield grain (q/ha)
	49.27
	44.95
	4.32(9.61)

	2
	Price of paddy (Rs/q)
	1815.00
	1815.00
	0.00

	3
	Value of main product (Rs/ha)
	89425.05
	81584.25
	7840.80(9.61)

	4
	Average byproduct (q/ha)
	50.06
	47.65
	2.41(5.06)

	5
	Price of	byproduct (Rs/q)
	200.00
	200.00
	0.00(0.00)

	6
	Value of byproduct
	10012.00
	9530.00
	482.00(5.06)

	7
	Gross income
	99437.05
	91114.25
	8322.80(9.14)

	8
	Cost of cultivation
	53918.06
	57093.63
	3175.57(-5.56)

	9
	Cost of production at total cost (Rs/q)
	891.13
	1058.15
	167.02(-15.78)

	10
	Net income (Rs/ha)
	45518.99
	34020.62
	11498.37(3.36)

	11
	Incremental cost benefit ratio
	3.62


(Figures in parentheses indicates percentage difference)
3.8 Break-even analysis of farm machineries used in paddy cultivation
Tables 8 and 9 present the fixed and variable costs of major farm machineries used in paddy cultivation, which were utilized to estimate their break-even points. Among the cultivation implements, tractors recorded the highest fixed cost (₹103,813 year⁻¹), while the cage wheel puddler had the lowest (₹10,531.25 year⁻¹). The annual fixed costs of other tractor-drawn implements were ₹16,438 for the MB plough, ₹27,125 for the rotavator, and ₹11,375 for the cultivator. The variable cost was highest for the rotavator (₹431.12 h⁻¹), followed by the cage wheel puddler (₹380.35 h⁻¹), MB plough (₹357.00 h⁻¹), cultivator (₹322.00 h⁻¹), and tractor (₹245.91 h⁻¹). For post-harvest machinery, the combine harvester exhibited the highest fixed (₹430,500 year⁻¹) and variable (₹830.75 h⁻¹) costs, while the manual sprayer incurred the lowest (₹422 year⁻¹ and ₹36.05 h⁻¹, respectively). The fixed costs of the reaper and thresher were ₹17,438 and ₹39,688 year⁻¹, with corresponding variable costs of ₹397.49 h⁻¹ and ₹243.76 h⁻¹. The analysis indicates that high fixed-cost machinery such as tractors and combine harvesters require higher annual utilization to achieve economic viability, while low-cost implements attain break-even at lower use levels. Efficient utilization through CHSCs can thus optimize machinery economics and reduce the cost burden on individual farmers (Bhatt et al., 2023).
Table 8. Total costs of cultivation machinery at custom hiring centre
	Sl.
No.
	Cost component/ Implement
	Tractor
	MB plough
	Rotavator
	Cultivator
	Cage wheel puddler

	
	Fixed cost
	
	
	
	
	

	a.
	Deprecation
	41500.00
	4500.00
	11250.00
	1800.00
	1350.00

	b.
	Interest
	37813.00
	3438.00
	6875.00
	1375.00
	1031.25

	c.
	Insurance and Taxes
	11000.00
	0.00
	0.00
	0.00
	0.00

	d.
	Shelter
	5500.00
	500.00
	1000.00
	200.00
	150.00

	e.
	Office charges
	8000.00
	8000.00
	8000.00
	8000.00
	8000.00

	Total (Rs/year)
	103813.00
	16438.00
	27125.00
	11375.00
	10531.25

	
a.
	Variable cost
Repair	and maintenance
	
13.89
	
2.08
	
3.86
	
0.39
	
1.39

	b.
	Fuel
	210.12
	315.18
	385.68
	281.60
	338.10

	c.
	Lubricant
	3.15
	4.73
	5.79
	4.22
	5.07

	d.
	Driver chargers
	18.75
	0.00
	0.00
	0.00
	0.00

	e.
	Tractor charges
	0.00
	35.79
	35.79
	35.79
	35.79

	Total (Rs/h)
	245.91
	357.78
	431.12
	322.00
	380.35


Table 9. Total costs of post cultivation machinery at custom hiring centre
	Sl.
No.
	Cost component/ Implement
	Sprayer (manual)
	Reaper
	Thresher
	Combine harvester

	1.
	Fixed cost
	
	
	
	

	a.
	Deprecation
	225.00
	5500.00
	16875.00
	225000.00

	b.
	Interest
	172.00
	3438.00
	10313.00
	137500.00

	c.
	Insurance and taxes
	00.00
	00.00
	3000.00
	40000.00

	d.
	Shelter
	25.00
	500.00
	1500.00
	20000.00

	e.
	Office charges
	0.00
	8000.00
	8000.00
	8000.00

	Total (Rs/year)
	442.00
	17438.00
	39688.00
	430500.00

	2.
	Variable cost
	
	
	
	

	a.
	Repair and
	1.00
	6.25
	12.50
	342.00

	
	maintenance
	
	
	
	

	b.
	Fuel
	5.00
	350.2
	192.61
	420.00

	c.
	Lubricant
	0.05
	5.25
	2.89
	50.00

	d.
	Driver chargers
	30.00
	00.00
	0.00
	18.75

	e.
	Tractor charges
	00.00
	35.79
	35.79
	00.00

	Total (Rs/h)
	36.05
	397.49
	243.76
	830.75



3.9 Break-even point and profitability of farm machineries
Table 10. presents the break-even points (BEP) and profitability estimates for major farm machineries used in paddy cultivation. The tractor registered the highest BEP (408.57 h year⁻¹), followed by the reaper (374.37 h year⁻¹), cage wheel puddler (332.69 h year⁻¹), MB plough (328.01 h year⁻¹), combine harvester (368.18 h year⁻¹), cultivator (283.57 h year⁻¹), and thresher (223.52 h year⁻¹). The sprayer had the lowest BEP (17.62 h year⁻¹). Annual use of all machines exceeded their respective BEP, confirming their economic feasibility. Gross revenue was highest for tractors (₹4,50,000 year⁻¹) owing to their multipurpose use in land preparation, puddling, threshing, and transportation. Combine harvesters and threshers generated ₹1,30,000 year⁻¹ and ₹2,65,625 year⁻¹, respectively, while the rotavator earned ₹36,000 year⁻¹. Profit levels were highest for the combine harvester (₹8,68,669.25 year⁻¹), followed by the tractor (₹3,45,941.09 year⁻¹), rotavator (₹2,36,630.88 year⁻¹), and thresher (₹1,29,880.21 year⁻¹). Among tractor-drawn implements, the MB plough, cultivator, cage wheel puddler, and reaper yielded profits ranging from ₹1,38,275.65 year⁻¹ to ₹1,72,490 year⁻¹. These findings indicate that Custom Hiring Service Centres (CHSCs) are economically sustainable, as most machines achieve profitability well above their break-even utilization levels (Bharathi et al., 2022), confirming the financial soundness of CHC-based mechanization models. Higher returns are associated with high-demand operations such as land preparation, threshing, and harvesting (Ranjith and Mahadevaiah, 2018). Expansion of CHSCs can further enhance machinery access, reduce idle capacity, and improve overall farm profitability (Bhatt et al., 2023).
3.10 Constraints faced by farmers in utilization of CHSC facilities
The data presented in Table 11 highlight the major constraints encountered by farmers in utilizing Custom Hiring Service Centres (CHSCs) for paddy cultivation. Although most farmers hired machinery for land preparation, harvesting, threshing, and winnowing, limited access and operational barriers constrained optimal utilization. The most frequently reported constraint was the unavailability of essential machineries, such as planters (93.34%), combine harvesters (77.34%), mechanical weeders (53.34%), and large-scale sprayers (40%). Inadequate financial resources for hiring machinery emerged as another key limitation (73.34%), particularly among smallholders. About 56% of respondents cited small and fragmented landholdings as a major deterrent to the economic use of machinery services. Furthermore, limited awareness and technical knowledge regarding modern equipment and mechanization benefits restricted adoption. Around 22.67% of farmers also reported insufficient numbers of CHSCs, resulting in delayed access to machinery during peak operational periods. These findings are consistent with earlier studies that identified inadequate machinery availability, poor financial access, lack of technical knowledge, and limited institutional infrastructure as major barriers to inclusive farm mechanization in India (Kumar et al., 2021; Singh et al., 2013). Strengthening CHSC networks, improving credit access, and conducting capacity-building programs can enhance machinery utilization efficiency and mechanization benefits across smallholder systems.
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5. CONCLUSION
The study clearly demonstrates that Custom Hiring Centres (CHCs) have played a pivotal role in enhancing the extent of mechanization, reducing production costs, and improving farm profitability among paddy farmers in Mandya district. The complete mechanization of key operations such as land preparation, puddling, threshing, and transportation reflects growing awareness and acceptance of modern agricultural technologies among small and marginal farmers. Beneficiary farmers who accessed CHC services achieved a 5.56% reduction in cultivation costs, 9.61% increase in productivity, and 15.78% lower cost of production, underscoring the economic viability of shared machinery models. The computed incremental cost-benefit ratio (3.62) further reinforces that CHC-based mechanization is financially sustainable and beneficial for smallholder agriculture. However, the analysis also revealed a considerable shortage of essential farm machinery, including paddy transplanters, rotavators, and combine harvesters, which constrained the full realization of mechanization benefits. Limited inventory, operational delays, and maintenance challenges were significant barriers affecting the efficiency and reach of CHC services. In conclusion, Custom Hiring Centres serve as an effective institutional model to bridge the mechanization gap in smallholder agriculture and reduce the cost of cultivation. Strengthening their operational capacity, financial assistance, credit facilities and subsidies for establishing and operating CHCs can promote wider adoption of farm mechanization which reduces capital investment burdens on farmers and significantly enhance agricultural productivity, rural employment, and long-term sustainability of the mechanization ecosystem in Karnataka and across India.







Table 10. Break-even point of different agricultural field machinery used in paddy cultivation
	Name of the machinery
	Total fixed cost (Rs/year)
	Total variable cost (Rs/h)
	Hiring charges (Rs/h)
	Break-even point (h/year)
	Annual usage (h/year)
	Net use of implement after BEP
(h/year)
	Total cost (Rs)
	Gross revenue (Rs/year)
	Profit level (Rs/year)

	Tractor
	103813.00
	245.91
	500.00
	408.57
	900.00
	491.43
	104058.91
	450000.00
	345941.09

	MB plough
	112251.00
	357.78
	700.00
	328.01
	400.00
	71.99
	112608.78
	280000.00
	167391.22

	Rotavator
	122938.00
	431.12
	1200.00
	159.89
	300.00
	140.11
	123369.12
	360000.00
	236630.88

	Cultivator
	107188.00
	322.00
	700.00
	283.57
	400.00
	111.43
	107510.00
	280000.00
	172490.00

	Cage wheel
puddler
	106344.00
	380.35
	700.00
	332.69
	350.00
	17.31
	106724.35
	245000.00
	138275.65

	Sprayer
(manual)
	422.00
	36.05
	60.00
	17.62
	50.00
	32.38
	458.05
	3000.00
	2541.95

	Reaper
	113251.00
	397.49
	700.00
	374.37
	400.00
	25.63
	113648.49
	280000.00
	166351.51

	Thresher
	135501.00
	243.79
	850.00
	223.52
	312.50
	88.98
	135744.79
	265625.00
	129880.21

	Combine
harvester
	430500.00
	830.75
	2000.00
	368.18
	650.00
	281.82
	431330.75
	1300000.00
	868669.25






Table 11. Constraints faced by the farmer in utilization of CHSC facility
	Sl. No.
	Constraints
	Frequency
	Percentage
	Rank

	1
	Planters are not available at CHC
	70.00
	93.34
	I

	2
	Unavailability of the machineries like combine harvester in locality
	58.00
	77.34
	II

	3
	Unavailability of funds for hiring the farm machinery
	55.00
	73.34
	III

	4
	Small size of holding
	42.00
	56.00
	IV

	5
	Mechanical	weeders	are	not available at CHSC
	40.00
	53.34
	V

	6
	Lack	of	awareness	among	the farmers about CHSC
	35.00
	46.67
	VI

	7
	Spraying machines for large paddy area is not available at CHSC
	30.00
	40.00
	VII

	8
	Lack of government and private custom hiring center
	17.00
	22.67
	VIII
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