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Mechanization Trends and Labour Cost Dynamics in Indian Wheat Farming: A Comparative Study

ABSTRACT
This study was conducted with the objective of comparing the status of farm mechanization in the major wheat producing states of India. The states considered in the study included Uttar Pradesh, Madhya Pradesh, Haryana and Punjab. For the study secondary data on cost of human, animal and machine labour was collected from the official website of directorate of economics and farm management for the period from 2011-12 to 2020-21. The study revealed that in Madhya Pradesh, the share of machine labour declined from 43.36 percent in the base year to 39.40 percent in the current period, indicating a relatively slower pace of mechanization adoption. The share of animal labour showed a consistent decrease in Haryana, Uttar Pradesh, and Punjab, reflecting the near phase-out of draught animal use in wheat cultivation. In contrast, machine labour costs exhibited a positive and statistically significant increase across all four states, highlighting the rising role of mechanized operations. Similarly, total labour costs recorded significant and positive growth in every state during the study period, driven by both higher wage rates and increased use of machines. These patterns underline the ongoing structural transformation in labour use, with mechanization emerging as a key driver of productivity changes in wheat farming.
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1. INTRODUCTION
         Agriculture in India accounts for nearly 15 per cent of India’s GDP but it employs more than 40 per cent of workers. A major proportion of the rural community is still reliant on agriculture for their livelihood. Rapid agricultural growth is thus required not only to fulfil an overall GDP objective and meet increasing demands for food, but also to boost incomes of those dependent on agriculture and hence ensure inclusivity in our society [8]. Among the various agricultural crops, in India Rice and Wheat are the major staple crops which are widely produced and consumed. India is the second largest producer of Wheat globally during the year 2024-25 after China [11]. During the FY 2024-25 total area under Wheat crop in India was 6840.80 thousand ha with production of 356.73 million MT [1]. Some of the major Wheat producing states in India include Uttar Pradesh (35.34 million tons), the largest Wheat-producing state in India, followed by Madhya Pradesh (22.58 million tons), Punjab (17.74 million tons), Haryana (11.19 million tons) and Rajasthan (9.70 million tons) [11].
         In this era of growing urbanization, industrialization, and population growth, agricultural goods are in high demand not only for food but also as raw materials for the operation of numerous enterprises. In order to fulfill this growing demand, there is need for mechanization in agriculture so that the productivity and efficiency of agricultural processes can be increased. Farm mechanization can be defined as a set of technologies that ensures prompt field operations, increased productivity, decreased yield damages, and increased grain or product quality [18]. Agricultural mechanization contributes to increased production, productivity, and profitability in agriculture by achieving timeliness in farm operations, improving input use efficiency, and lowering unit cost of production while increasing competitiveness [9]. Mechanization can help compensate for the lack of available manpower, increase productivity, and reduce dependence on manual labor. It allows for timely operations such as sowing, planting, harvesting, and post-harvest processing, contributing to increased agricultural output. Mechanization can save time and reduce production costs. Machines can complete tasks more quickly and precisely, resulting in lower labour requirements and overall costs. Farmers will benefit from increased profitability and economic viability as a result of this. As agricultural practices evolve and new challenges arise, mechanization helps farmers adapt to changing circumstances. It facilitates the adoption of modern farming techniques, including conservation agriculture, integrated pest management, and organic farming. It is important to note that while mechanization offers various benefits, its implementation should be mindful of the specific needs, scale, and socio-economic conditions of Indian farmers. Access to appropriate machinery, training and capacity building, and supportive policies are critical for the successful adoption and equitable distribution of agricultural mechanization benefits.
      Due to low productivity and widespread disguised unemployment in the agricultural sector, agricultural wages have historically been low. Although in the recent times due to government policies such as Mahatma Gandhi National Rural Employment Guarantee Act (MGNREGA), minimum wages act and due to rapid economic growth, the wages in agriculture sectors have increased, but it is still much less than the industrial wages. This reinforces the need for agricultural mechanization that is inclusive and appropriate for Indian conditions [8].
In light of changing patterns in wheat farming across India, this study seeks to explore how increasing mechanization is influencing labour cost components. Although the adoption of agricultural machinery has accelerated in several states, particularly Punjab, Haryana, Uttar Pradesh, and Madhya Pradesh, manual labour continues to account for a notable portion of cultivation expenses, particularly in less mechanized regions [6]. While mechanized practices have demonstrated the ability to reduce human labour requirements and improve efficiency, the benefits are not uniformly experienced across all states or farm sizes [7]. These regional variations emphasize the need for detailed research into how mechanization affects cost structures and employment patterns in wheat farming. Accordingly, this study focuses on assessing the changes and growth rates in the use of animal, human, and machine labour, along with total labour and cultivation costs, to highlight evolving patterns and regional disparities in wheat farming practices.
2. LITERATURE REVIEW
The evolution and promotion of mechanization in Indian agriculture have been extensively examined across various dimensions such as productivity, policy interventions, and socio-economic impacts. [19] provided a comprehensive overview of mechanization trends in India, highlighting a steady increase in farm power availability over the decades. Their analysis emphasized the role of government initiatives and policy frameworks, including subsidies and custom hiring centres, in enhancing the adoption of agricultural machinery across different farm sizes. [5] conducted a national-level household survey-based study investigating how the use of farm machinery influences rural livelihoods. The findings indicated that mechanized farming practices are associated with notable increases in household income, agricultural earnings, and food consumption. The study highlighted that factors such as credit availability, access to irrigation, and cooperative membership significantly influence machinery adoption rates among Indian farmers. [3] examined the adoption of mechanized harvesting and threshing in chickpea cultivation in parts of Maharashtra and Madhya Pradesh. Their field-level analysis revealed measurable economic benefits from mechanization, including improved profitability and reduced labor dependency. The study also identified challenges related to equipment cost, operator skill gaps, and small landholdings that hinder widespread adoption.

3. METHODOLOGY 
The study was based on secondary data. The data on cost of human labour, animal labour and machine labour in wheat production for major wheat producing states i.e., Uttar Pradesh, Madhya Pradesh, Haryana and Punjab were collected from the official website of Directorate of Economics and Statistics, (2022)(https://eands.dacnet.nic.in/)[4]. The study was conducted for a period of 10 years from 2011-12 to 2020-21. The analysis was limited to this period due to the unavailability of consistent data beyond 2020–21. The various analytical tools employed in the study are listed below:
Analytical techniques
a) Net change: Net change is one of the approaches for studying time/region/crop variation by assessing absolute change [2][17]. In the study net change in human, animal and machine labour was estimated by taking triennium average from 2011-12 to 2013-14 as base year and triennium average of 2017-18 to 2020-21 as current year.  It is estimated by the difference between current year and base year values. Mathematically it can be given as:

Net change = Cn- Co
Where,  
Cn= Current year human/animal/machine labour cost
Co= Base year human/animal/machine labour cost

b) Percentage change: This measure was developed to assess comparative change among the variables included for the study [2] [17]. It is worked out as:
Percentage change =    × 100
Where,
Cn and Co have the same interpretations as given above in absolute change. 
(c) Simple Growth rate (SGR): Simple Growth rate of human, animal and machine labour of major wheat producing states of India was calculated by using the following formula [2]:
SGR= *100
Where,
b=regression coefficient
The trend coefficient b used in the SGR was obtained by fitting a linear time-trend model via ordinary least square,
Yt=a+ bt
 Where,
 Yt​ is the variable of interest and t is time
(d) Marginal Rate of Substitution (MRSx1x2)- The marginal rate of substitution between two inputs represents the rate at which one input can be reduced and the other increased while keeping the overall output or utility constant. It can be calculated by using the following formula:
MRSX1X2 = -  = 
Where,
X1=Machine labour hours
X2=Human labour hours
MPX1 = Marginal productivity of machine labour
MPX2= Marginal productivity of human labour

4. RESULTS AND DISCUSSION
The collected data was analysed by using the appropriate tools to get a clear picture of changes in the cost in the major wheat producing states over the year. Data in table 1 shows the hours of human, animal and machine labours in wheat production in major wheat producing states. The findings showed that human labour hours declined in all states except for Madhya Pradesh where it remained nearly constant over the period. The reason for nearly constant human labour hours in Madhya Pradesh can be that irrigation is majorly done manually while in other states sprinklers and canals are used for irrigation. Similarly, the animal labour hours also observed decline during the study period in all the states considered and for machine labours increase was observed in all states with Punjab showing highest increase from 5.40 in base year to 8.87 hrs/ha in current year.

Table 1. Changes in human, animal and machine labour hours in major wheat producing states of India (2011-12 to 2020-21)
 Unit- Hrs/ha
	Labour
	Period
	Madhya Pradesh
	Haryana
	Uttar Pradesh
	Punjab

	Human labour
	Base year
	281.15
	297.68
	417.10
	143.85

	
	Current year
	281.43
	156.12
	378.90
	101.94

	Animal labour

	Base year
	7.86
	1.84
	7.17
	0.84

	
	Current year
	4.48
	0.06
	0.22
	0.18

	Machine Labour
	Base year
	3.69

	5.44

	4.28

	5.40


	
	Current year
	6.75
	9.14
	7.03
	8.87


Base year=Triennium average between 2011-12 to 2013-14
Current year= Triennium average between 2018-19 to 2020-21



Fig. 1. Change in machine and animal labour hours (2011-12 to 2020-21)


Fig. 2. Change in human labour hours (2011-12 to 2020-21)

The results of changes in human, animal, machine labour, total labour and total cost in production of wheat in major wheat producing states of India are presented in Table 2. The findings of the study showed that in Madhya Pradesh, the actual cost of human labour nearly doubled, rising from Rs.6,240.57/ha to Rs.13,197.11/ha. A similar trend was observed in Uttar Pradesh, where the costs increased from Rs.8,616.91/ha to Rs.14,222.61/ha. This rise could be attributed to increased rural wage rates and continued reliance on manual labour due to relatively slower mechanization adoption in these states. Whereas, in Punjab and Haryana, the absolute cost remained almost the same. When it comes to animal labour, the data show that its contribution to total labour cost remains minimal and is declining in most states. However, Madhya Pradesh recorded a slight increase in the absolute cost of animal labour, rising from Rs.405.09/ha to Rs.1,085.24/ha. In contrast, Haryana experienced a sharp decline in animal labour costs, dropping from Rs.202.54/ha to just Rs.15.12/ha, indicating a near elimination of draught animal use, possibly due to improved access to mechanization. Machine labour displayed mixed trends across states. In Madhya Pradesh, the cost of machine labour increased significantly from Rs.5,086.88/ha to Rs.9,284.90/ha, which may be attributed to higher fuel prices, increased rental charges, or more intensive machine use per hectare. Similar trends were observed in Punjab and Haryana, where machine labour costs increased notably from Rs.7,488.50/ha to Rs.12,567.66/ha in Haryana and from Rs.7,431.26/ha to Rs.12,199.46/ha in Punjab. Uttar Pradesh also experienced a significant rise in machine labour cost from Rs.5,887.16/ha to Rs.9,662.08/ha. As a result of these increases in various components, the total labour cost rose substantially in all states. Madhya Pradesh recorded its total labour cost increase from Rs.11,732.54/ha to Rs.23,567.25/ha, Haryana from Rs.19,342.22/ha to Rs.26,062.10/ha, Uttar Pradesh from Rs.12,764.79/ha to Rs.17,520.28/ha, and Punjab from Rs.15,045.92/ha to Rs.23,935.58/ha. Overall, total production costs also witnessed a marked increase during the period. In Madhya Pradesh, total cost increased from Rs.36,006.94/ha to Rs.54,915.36/ha. Haryana recorded an increase from Rs.55,079.54/ha to Rs.82,825.49/ha, Uttar Pradesh from Rs.43,875.39/ha to Rs.66,389.47/ha, and Punjab from Rs.51,071.73/ha to Rs.71,863.38/ha. These changes reflect broader trends in agricultural wage growth, input inflation, and mechanization adoption. [10] also found that labour costs in cereal crop production have risen significantly in recent years, particularly in states where mechanization has not fully replaced manual tasks. 




Table 2. Change in human, animal, machine labour, total labour and total cost in production of wheat in major wheat producing states of India (2011-12 to 2020-21)
 Unit- (Rs/ha)
	Labour
	Period
	Madhya Pradesh
	Haryana
	Uttar Pradesh
	Punjab

	Human labour
	Base year
	6240.57
	11651.19
	8616.91
	5260.65

	
	Current year
	13197.11
	13479.32
	14222.61
	5294.21

	Animal labour

	Base year
	405.09
	202.54
	541.85
	72.88

	
	Current year
	1085.24
	15.12
	50.89
	26.61

	Machine Labour

	Base year
	5086.88
	7488.50
	5887.16
	7431.26

	
	Current year
	9284.90
	12567.66
	9662.08
	12199.46

	Total labour cost
	Base year
	11732.54
	19342.22
	12764.79
	15045.92

	
	Current year
	23567.25
	26062.10
	17520.28
	23935.58

	Total
cost
	Base year
	36006.94
	55079.54
	43875.39
	51071.73

	
	Current year
	54915.36
	82825.49
	66389.47
	71863.38


Base year=Triennium average between 2011-12 to 2013-14
Current year= Triennium average between 2018-19 to 2020-21

The data in table 3 presents changes in the composition of labour cost in total labour costs across major wheat-producing states in India over the study period. Human labour maintained a dominant share in total labour costs across all states, with considerable variations. In Madhya Pradesh, the share of human labour increased from 17.33 percent in the base year to 24.03 percent in the current period, indicating continued dependence on manual operations. A similar upward trend was observed in Uttar Pradesh, where the share increased from 19.64 percent to 21.42 percent. However, in Punjab and Haryana, the share of human labour declined significantly. In Punjab, it dropped from 10.30 percent to 7.37 percent, while in Haryana, it decreased from 21.15 percent to 16.27 percent. This decline suggests a growing shift toward mechanized farming practices in these two states, particularly for labour-intensive tasks such as sowing and harvesting. These findings are corroborated by several earlier studies ([13], [15], [16]). On the other hand, animal labour continued to play a minimal role in total labour costs and showed a general declining trend across states. Only Madhya Pradesh recorded a marginal increase in the share of animal labour, from 1.13 percent to 1.98 percent, while Haryana, Uttar Pradesh, and Punjab all experienced further reductions, nearing the phase-out of draught animal use. While Machine labour demonstrated a rising trend in most states, reflecting increased adoption of farm mechanization. In Punjab, the share of machine labour increased from 14.55 percent to 16.98 percent, and in Haryana, it rose from 13.60 percent to 15.17 percent. Uttar Pradesh also showed a modest increase from 13.42 percent to 14.55 percent. Interestingly, Madhya Pradesh showed a more pronounced increase in machine labour share, from 14.13 percent to 16.91 percent. The overall share of total labour cost in total production cost increased in Madhya Pradesh (from 32.59 percent to 42.92 percent) and Uttar Pradesh (from 34.29 percent to 36.05 percent), indicating a growing burden of labour costs in these states. In contrast, Punjab and Haryana experienced a slight decline in this share, with Punjab’s labour cost share falling marginally from 24.99 percent to 24.39 percent, and Haryana’s dropping from 35.12 percent to 31.45 percent. These changes show how farming activities are shifting, mainly due to more use of machines, rising rural wages, and changing farming methods in different areas.



Table 3. Changes in share of human, animal and machine labour in total labour cost in major wheat producing states of Madhya Pradesh (2011-12 to 2020-21)
Unit- Percent
	Labour
	Period
	Madhya Pradesh
	Haryana
	Uttar Pradesh
	Punjab

	Human labour
	Base year
	17.33
	21.15
	19.64
	10.30

	
	Current year
	24.03
	16.27
	21.42
	7.37

	Animal labour

	Base year
	1.13
	0.37
	1.23
	0.14

	
	Current year
	1.98
	0.018
	0.08
	0.04

	Machine Labour
	Base year
	14.13
	13.60
	13.42
	14.55

	
	Current year
	16.91
	15.17
	14.55
	16.98

	Share in Total
cost (%)
	Base year
	32.59
	35.12
	34.29
	24.99

	
	Current year
	42.92
	31.45
	36.05
	24.39


Base year=Triennium average between 2011-12 to 2013-14
Current year= Triennium average between 2018-19 to 2020-21


Data in table 4 presents the share of human, animal and labour cost in total cost during the study period. The findings of the study showed that in Madhya Pradesh, the share of human labour increased from 53.19 percent to 56.00 percent, and in Uttar Pradesh, it increased from 57.27 percent to 59.42 percent, showing continued dependence on manual work. While, Haryana recorded a decline from 60.24 percent to 51.72 percent, and Punjab had an even sharper decline from 41.21 percent to 30.22 percent, suggesting more use of machines in these states. Animal labour has become almost negligible. In Punjab, it declined from 0.57 percent to 0.15 percent, and in Haryana, from 1.05 percent to just 0.05 percent. Uttar Pradesh also recorded a sharp fall from 3.60 percent to 0.21 percent. Only Madhya Pradesh observed a small increase, from 3.45 percent to 4.60 percent. The share of machine labour increased in most states. In Punjab, it increased from 58.22 percent to 69.63 percent, and in Haryana, from 38.72 percent to 48.22 percent. In Uttar Pradesh, it increased slightly from 39.13 percent to 40.37 percent. However, in Madhya Pradesh, it decreased from 43.36 percent to 39.40 percent, even though machine use is still significant. Hence, Punjab and Haryana are clearly shifting more toward machine-based farming, while Madhya Pradesh and Uttar Pradesh continue to depend more on human labour.

Table 4. Changes in share of human, animal and machine labour in total cost in major wheat producing states of Madhya Pradesh (2011-12 to 2020-21).
Unit- Per cent
	Labour
	Period
	Madhya Pradesh
	Haryana
	Uttar Pradesh
	Punjab

	Human labour
	Base year
	
53.19
	
60.24
	
57.27
	
41.21

	
	Current year
	
56.00
	
51.72
	
59.42
	
30.22

	Animal labour

	Base year
	
3.45
	
1.05
	
3.60
	
0.57

	
	Current year
	
4.60
	
0.05
	
0.21
	
0.15

	Machine Labour
	Base year
	
43.36
	
38.72
	
39.13
	
58.22

	
	Current year
	
39.40

	
48.22

	
40.37

	
69.63


Base year=Triennium average between 2011-12 to 2013-14
Current year= Triennium average between 2018-19 to 2020-21

Table 5 presents the changes in human, animal, and machine labour costs, as well as the total and total labour costs associated with wheat production across four major wheat-producing states, Madhya Pradesh, Haryana, Uttar Pradesh, and Punjab over the period 2011–12 to 2020–21. The results highlight significant inter-state variations in both the magnitude and growth rate of different cost components. In absolute terms, the human labour cost witnessed the highest increase in Madhya Pradesh (Rs.6,956.54/ha), followed by Uttar Pradesh (Rs.5,605.70/ha) and Haryana (Rs.1,828.13/ha). Punjab registered a marginal increase of only Rs.33.56/ha.  The percentage change was modest, ranging from 0.01 percent in Punjab to 1.11 percent in Madhya Pradesh. However, the simple growth rate (SGR) revealed a more nuanced picture. Madhya Pradesh recorded a significant annual growth rate of 10.76 percent, while Uttar Pradesh followed with 6.62 percent. This suggests a rising reliance on human labour in these states, possibly due to labour scarcity or increased wage rates.  For Animal labour costs there was a declining trend in three of the four states. Haryana, Uttar Pradesh, and Punjab experienced reductions of Rs.187.42/ha, Rs.490.96/ha, and Rs.46.27/ha, respectively. The only exception was Madhya Pradesh, which showed a modest increase of Rs.680.16/ha. The percentage decrease in animal labour cost was most prominent in Haryana (-0.93%) and Uttar Pradesh (-0.91%). The growth rates confirmed this downward trend, with a statistically significant decline of -31.26 percent, -23.56 percent, and -14.12 percent per annum in Haryana, Uttar Pradesh, and Punjab, respectively. These findings indicate that animal labour is becoming less important in wheat cultivation, while the use of machines is steadily increasing. Machine labour has shown a consistent increase across all states, both in absolute and relative terms. The net change was highest in Haryana (Rs.5,079.16/ha), followed by Punjab (Rs.4,768.21/ha), Madhya Pradesh (Rs.4,198.02/ha), and Uttar Pradesh (Rs.3,774.92/ha). The growth rate of machine labour costs was statistically significant in all four states, with the highest in Madhya Pradesh (8.22%), followed by Uttar Pradesh (7.55%), Punjab (7.09%), and Haryana (6.40%). This clearly points toward increasing mechanisation in wheat farming, consistent with policy efforts aimed at labour-saving technologies. This upward trajectory in machine labour utilization across states such as Madhya Pradesh, Uttar Pradesh, Punjab, and Haryana is strongly corroborated by research.[14] found that the share of machine labour in wheat cultivation costs increased considerably from 3 percent in the mid‑1970s to 13 percent in recent years, highlighting the sustained mechanisation of wheat farming.  The total labour cost also showed a statistically significant upward trend in all states. Madhya Pradesh experienced the highest net increase of Rs.11,834.72/ha and a growth rate of 9.86 percent, followed by Uttar Pradesh (6.48%) and Haryana (4.67%). Punjab had the lowest increase, both in absolute (Rs.4,755.49/ha) and relative terms and a growth rate of 4.45 percent. This overall rise in labour costs reflects both increased reliance on mechanisation and inflationary trends in rural wages. In terms of total cost of cultivation, all states witnessed a significant rise. Haryana registered the highest increase (Rs.27,745.95/ha), while Madhya Pradesh had the lowest among the four (Rs.18,908.42/ha). The growth rates, though modest, were statistically significant and ranged from 4.94 percent in Punjab to 6.04 percent in Haryana.




Table 5. Growth rate in human, animal, machine labour and total cost of wheat production in major wheat producing states of India during the period 2011-12 to 2020-21
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	Madhya Pradesh
	Haryana
	Uttar Pradesh
	Punjab

	Human labour
	Net change
	6956.54
	1828.13
	5605.70
	33.56

	
	% change
	1.11
	0.16
	0.65
	0.01

	
	b
 (SE)
	1032.77
(177.2)
	419.15
(456.24)
	763.24
(54.89)
	1.42
(48.77)

	
	SGR
	10.76***
	3.42
	6.62***
	0.026

	Animal labour

	Net change
	680.16
	-187.42
	-490.96
	-46.27

	
	% change
	1.68
	-0.93
	-0.91
	-0.63

	
	b (SE)
	99.18
(45.97)
	-24.69
(5.79)
	-75.14
(17.33)
	-6.67
(0.92)

	
	SGR
	14.50
	-31.26***
	-23.56***
	-14.12***

	Machine Labour

	Net change
	4198.02
	5079.16
	3774.92
	4768.21

	
	% change
	0.83
	0.68
	0.64
	0.64

	
	b (SE)
	587.81
(24.84)
	625.45
(231.74)
	570.59
(60.52)
	673.34
(54.96)

	
	SGR
	8.22***
	6.40**
	7.55***
	7.09***

	Total labour cost
	Net change
	11834.72
	6719.87
	8889.65
	4755.49

	
	% change
	1.01
	0.35
	0.59
	0.37

	
	b (SE)
	1719.78
(235)
	1019.91
(270.09)
	1258.7
(78.98)
	668.10
(57.45)

	
	SGR
	9.86***
	4.67***
	6.48***
	4.45***

	Total cost
	Net change
	18908.42
	27745.95
	22514.08
	20791.64

	
	% change
	0.53
	0.50
	0.51
	0.41

	
	b (SE)
	2690.58
(207.29)
	4132.37
(520.80)
	3216.81
(289.48)
	2989.74
(249.20)

	
	SGR
	5.89***
	6.04***
	5.75***
	4.94***


Unit: Rs per hectare
***significant at 1 per cent level of significance
**significant at 5 per cent level of significance
#Figure in parentheses shows standard error

Net and percentage change in human and animal labour hours was observed to be negative for all states except for Madhya Pradesh which showed positive net and percentage change in human labour hours. Machine labour hours showed positive net and percentage change in all the states. The MRSX₁X₂ values of 0.09 for Madhya Pradesh, 38.32 for Haryana, 13.91 for Uttar Pradesh, and 12.08 for Punjab indicate the rate at which machine labour can substitute for human labour while maintaining output levels. Higher MRS in Haryana suggests a greater degree of substitution between human and machine labour compared to other states, while Madhya Pradesh’s low MRS reflects relatively limited substitution. This overall pattern reinforces the trend towards replacing both human and animal labour with mechanized operations in wheat production, particularly in Haryana and Punjab.

Table 6. Change in human, animal and machine labour hours and marginal rate of technical substitution between machine and human labour hours

	Labour
	Period
	Madhya Pradesh
	Haryana
	Uttar Pradesh
	Punjab

	Human labour
	Net change
	0.27
	-141.57
	-38.20
	-41.91

	
	% change
	0.10
	-47.56
	-9.16
	-29.13

	Animal labour

	Net change
	-3.38
	-1.78
	-6.96
	-0.65

	
	% change
	-42.96
	-96.56
	-96.98
	-78.09

	Machine Labour
	Net change
	3.05
	3.69
	2.75
	3.47

	
	% change
	82.53
	67.83
	64.12
	64.16

	
	MRSX1X2
	0.09
	38.32

	13.91

	12.08



X1=Machine labour hours
X2=Human labour hours


5. [bookmark: _Hlk142923094]CONCLUSION
 
This study aimed to compare the status of farm mechanization in major wheat-producing states of India during 2011–12 to 2020–21. The findings revealed a gradual shift from traditional to mechanized farming, with notable inter-state variations. In Madhya Pradesh, the share of human and animal labour costs in total labour cost increased over time, while the share of machine labour declined, reflecting slower mechanization adoption. In contrast, Punjab and Haryana experienced a decline in human and animal labour shares alongside an increase in machine labour share, indicating advanced mechanization. Uttar Pradesh also showed rising human labour costs, linked to higher rural wages. Animal labour costs declined sharply in all states except Madhya Pradesh, where a marginal increase was recorded. Machine labour costs increased positively and significantly in all states, with Haryana and Punjab showing higher substitution rates of machines for human labour. Overall, rising total labour and cultivation costs reflected both mechanization expansion and inflationary pressures, highlighting mechanization’s role in improving efficiency and reducing dependence on manual labour.
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Base year	Madhya Pradesh	Haryana	Punjab	Uttar Pradesh	Madhya Pradesh	Haryana	Punjab	Uttar Pradesh	Machine labour	Animal labour	3.6995515151515153	5.4461818181818185	5.4045503030303017	4.2815709090909086	7.8599999999999994	1.8433333333333335	0.83666666666666656	7.1733333333333329	Current year	Madhya Pradesh	Haryana	Punjab	Uttar Pradesh	Madhya Pradesh	Haryana	Punjab	Uttar Pradesh	Machine labour	Animal labour	6.7526545454545452	9.1401139393939399	8.8723369696969687	7.0269672727272727	4.4833333333333334	6.3333333333333325E-2	0.18333333333333335	0.21666666666666665	



Base year	Madhya Pradesh	Haryana	Punjab	Uttar Pradesh	Human labour	281.15333333333331	297.68333333333334	143.85000000000002	417.09666666666664	Current year	Madhya Pradesh	Haryana	Punjab	Uttar Pradesh	Human labour	281.42666666666668	156.11666666666667	101.94333333333333	378.90000000000003	






