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Abstract 

This study explores the temporal and spatial trends in tractor density across Indian states from 2015 to 2022. 

Tractor density, a critical indicator of mechanization, varies significantly between regions, reflecting differences 

in terrain, irrigation availability, cropping patterns, and policy interventions. Using a dataset of 500 entries 

analysed through pivot tables in Excel, we identify both consistent and emerging trends in tractor utilization. 

Our results highlight that Punjab, Haryana, and Uttar Pradesh consistently top the list with the highest tractor 

densities, while eastern and northeastern states lag behind. The findings reveal significant regional disparities 

and underscore the need for targeted policy frameworks to promote inclusive mechanization strategies. This 

paper offers a detailed comparative study, supported by pivot tables and visual charts, and proposes policy 

recommendations for improving mechanization in lagging regions. 
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1. Introduction 

Agricultural mechanization has long been recognized as a key driver of productivity and sustainability in the 

farming sector. Mechanization helps in reducing labor dependency, improving efficiency, and enhancing 

cropping intensity by ensuring timely field operations. Tractors, in particular, serve as the backbone of modern 

agricultural machinery, facilitating land preparation, sowing, harvesting, and transport. The metric of tractor 

density defined as the number of tractors per 1000 hectares of net sown area is widely used as a proxy for the 

level of mechanization in any region. 

In India, the pattern of tractor adoption has been highly uneven across different states. States like Punjab and 

Haryana, due to their high irrigation coverage and policy support, have witnessed dense tractorization, whereas 

states in the east and northeast have remained relatively under-mechanized due to small landholdings, 

fragmented fields, hilly terrains, and lack of awareness or credit facilities. This disparity hampers productivity 

growth and exacerbates regional inequality. 

The government of India has implemented various schemes such as the Sub-Mission on Agricultural 

Mechanization (SMAM), Custom Hiring Centers (CHCs), and direct subsidy programs to enhance access to 
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farm machinery. However, despite these interventions, gaps remain. Thus, analyzing long-term data can shed 

light on underlying patterns and help devise more customized policy responses. 

Previous studies such as those by Singh et al. (2018) and Mehta et al. (2020) have emphasized the importance 

of localized mechanization strategies. A deeper spatio-temporal analysis can help understand how regional 

characteristics interact with technological adoption. This study contributes to this gap by using extensive pivot-

based data analysis on tractor density trends across Indian states. 

Review of Literature 

Rathore et al. (2017) explored the impact of tractorization on the income levels of farmers in Madhya Pradesh 

and found a direct correlation between tractor availability and cropping intensity. Similarly, Kumar and Chand 

(2019) analyzed regional tractor distribution in India and argued for the need to focus on eastern and hilly states 

for balanced mechanization. 

Takeshima et al. (2015) emphasized the need for custom hiring centers (CHCs) in smallholder-dominated 

regions to increase machinery access. The study found that institutional innovations like CHCs can mitigate the 

effects of small farm sizes on mechanization. 

Pandey et al. (2020) investigated the link between farm power availability and cropping intensity, concluding 

that higher tractor density positively affects land productivity and rural employment. Additionally, Sharma and 

Sharma (2021) pointed out socio-cultural constraints in adopting mechanization in tribal regions of Jharkhand 

and Chhattisgarh. 

The Food and Agriculture Organization (FAO, 2022) provided global benchmarks on tractor density, indicating 

that India's average is still lower than many mechanized economies, emphasizing the need for state-specific 

policies to address this lag. 

More recent studies by Singh and Singh (2023) leveraged GIS-based mapping to visualize regional tractor 

density gaps and identified the Indo-Gangetic Plains as over-mechanized compared to resource-poor regions 

like Odisha and Assam. They argued for a re-allocation of subsidies and targeted mechanization support. 

Materials and Methodology 

• Data Source 

The primary data for this study was compiled from publicly available:  

Ministry of Agriculture & Farmers Welfare, Government of India: State-wise tractor population and net 

sown area statistics (2015–2022). 

• Data Cleaning and Validation Data was cleaned to remove inconsistencies, duplicate entries, and 

incomplete records. Wherever discrepancies were found between sources, data from the Ministry of 
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Agriculture was prioritized. All values were normalized using a uniform unit system for accurate 

comparison across states and years. 

• Analytical Tools 

Microsoft Excel Pivot Tables were used for data sorting, filtering, and multi-dimensional comparisons 

across years and regions. 

 

• Pivot Table Creation Process 

Pivot tables are a powerful analytical tool commonly used in research to summarize and explore 

multidimensional data efficiently (Ho, 2018). In this study, pivot tables were essential for analysing 

tractor density trends across Indian states over the period 2015–2022. 

A. Purpose and Rationale 

o Designed to transform 500 observations of state-level data into clear, comparative summaries. 

• Enables filtering, grouping, and aggregation to explore cross-tabulations such as state vs. year, 

density values, and support infrastructure metrics (e.g., CHCs, irrigation). 

• Supports dynamic analysis: changing filters auto-updates summaries without altering raw data. 

B. Data Preparation 

• Data organized in Excel with clear headers: State, Year, Tractor Population, Net Sown Area, 

Tractor Density, CHC Count, Irrigation Coverage (%). 

• Ensured each column contained homogeneous data and all cells had consistent unit formats 

(1000 ha for area, integer counts for tractors). 

• Data cleaning included: 

o Removing duplicates and merged cells 

o Resolving missing values via interpolation or flagging for review 

o Standardizing all variables to a uniform scale 

Such tabular data setup aligns with best practices in research methodology for pivot-based analysis  

C. Pivot Table Creation Steps 

1. Insert PivotTable: 

o Excel: Insert → PivotTable → Select entire dataset → Place on new worksheet. 

o Google Sheets offers analogous functionality for versatile access. 

2. Configure Fields: 

o Rows: State or Year 

o Columns: Optional fields like Region or Year 

o Values: Tractor Density (set to “Average” aggregation); other metrics like CHC Count 

or Irrigation Coverage (%) can be added 

o Filters: e.g. select a specific year, state, or region to dynamically change view. 
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D. Refinement and Visualization 

• Conditional Formatting: Highlights high- and low-density levels for quick visual 

interpretation. 

• Sorting & Ranking: States ranked descending by density to identify leading and lagging 

regions. 

• Pivot Charts: 

o Bar Charts: Visualize density by state in a selected year. 

o Line Charts: Display annual trends for selected states or regions. 

E. Advanced Features 

• Report Filter Pages: Automatically generate separate worksheets for each value in a filter (e.g. 

individual states) for parallel analysis. 

• Drill-down Capability: Double-clicking any pivot cell reveals underlying data records. 

• Calculation Options: Functions like Sum, Average, Min, Max, Std Dev can be applied 

dynamically to the dataset. 

F. Documentation in Research 

• Pivot tables offer a multidimensional data analysis technique that aligns with research standards 

in data reporting (Ho, 2018)  

• They ensure transparency, reproducibility, and flexibility in data analysis, making them ideal for 

inclusion in peer-reviewed academic studies. 

Results and discussion 

1. Average Tractor Density by State 
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States like Punjab and Haryana have achieved near-saturation due to early mechanization and 

government support. 

The bottom five states include: 

 

These regions are often characterized by hilly terrain, rainfed agriculture, and limited credit access—

factors that constrain mechanization. 

 

2. Year-wise National Trend (2015–2022) 

• Tractor density showed a consistent upward trend, growing from a national average of 26.7 in 

2015 to 35.1 in 2022. 

• The period 2016–2019 marked the highest growth, linked to rural credit expansion and make in 

India programs. 

• A dip in 2020 due to COVID-19 and disrupted supply chains was followed by strong recovery 

in 2021 and 2022. 

3. Growth Rate Comparison 

States with the highest CAGR (Compound Annual Growth Rate) in tractor density: 

0

2

4

6

8

10

12

14

16

Total

Total

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                         Volume: 09 Issue: 08 | Aug - 2025                                  SJIF Rating: 8.586                                        ISSN: 2582-3930                                                                                                                          

  

© 2025, IJSREM      | www.ijsrem.com                                                                                                                        |        Page 6 
 

 

 

This indicates catch-up growth in under-mechanized states, largely driven by state subsidies and custom 

hiring models. 

4. Variability Analysis (Standard Deviation) 

 

 

• High variability suggests unstable adoption, perhaps due to rainfall dependence, policy 

changes, or socio-political factors. 

• Low variability in Kerala and Assam may imply stagnation or consistently low adoption. 

Policy Recommendations 

a. Custom Hiring Centres (CHCs) 
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• Promote mobile CHCs in tribal and remote regions 

b. Subsidy Rationalization 

• Targeted subsidies for underperforming states (e.g., Assam, Jharkhand) 

• Encourage shared ownership models in low-income areas 

c. Credit Accessibility 

• Link tractor purchase to Kisan Credit Card (KCC) 

• Strengthen tie-ups with rural banks and NBFCs 

d. R&D for Small/Mini Tractors 

• Design low-cost, narrow-width tractors for hill agriculture 

• Promote solar-electric tractors for smallholder use 

 

 

Conclusion: 

          The analysis of tractor density and its growth across various Indian states from 2015 to 2022 highlights 

a clear regional disparity in mechanization levels. While states like Punjab and Haryana have maintained 

consistently high tractor densities due to early adoption, favourable policies, and flat terrain, several eastern 

and central states such as Odisha, Bihar, Rajasthan, and Madhya Pradesh have recently shown significant 

growth in tractor density, as reflected in their high Compound Annual Growth Rates (CAGR). 

         The highest CAGR of 7.4% in Odisha and 6.9% in Bihar suggests a positive trajectory in farm 

mechanization, enabled by increasing access to credit, government subsidies, and Custom Hiring Centres 

(CHCs). Meanwhile, states with lower average density and variability such as Assam, Himachal Pradesh, and 

Kerala show stagnant or slow growth, largely due to topographical constraints, limited landholding size, and 

socio-economic barriers. 

         Importantly, the results indicate a "catch-up growth" trend in historically under-mechanized states, 

implying that India’s mechanization push is becoming more inclusive. However, the high standard deviation 

in some states reflects instability and uneven adoption, warranting more targeted policy support. 
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