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Abstract

Indian agriculture is undergoing a structural transformation marked by rising labour scarcity, increasing
wage rates, and growing dependence on migratory labour. These changes have intensified the need for
farm mechanization, particularly in labour-intensive crops such as sugarcane. Sugarcane cultivation
involves multiple operations extending over a long crop cycle and accounts for a major share of the
cost of sugar production. Despite the availability of mechanization technologies, their adoption remains
uneven and largely confined to land preparation. This review paper synthesizes existing knowledge on
labour dynamics, the need and scope of farm mechanization, and the current status of mechanization in
sugarcane cultivation in India, with special emphasis on productivity, cost efficiency, and
sustainability. The paper also identifies major constraints limiting mechanization adoption and outlines
future research and policy directions to strengthen mechanized sugarcane production systems.

Keywords: Farm mechanization, sugarcane cultivation, labour scarcity, agricultural productivity, cost
of cultivation, India

1. Introduction

Indian agriculture has historically been characterized by an abundant supply of labour, low
wage rates, fragmented and skewed landholdings, and limited livelihood opportunities
outside the farm sector. For decades, agriculture functioned as a labour-absorbing sector,
particularly for landless labourers and small and marginal farmers who depended heavily on
seasonal employment to supplement their meagre farm incomes. However, this traditional
equilibrium between labour supply and demand has undergone significant transformation in
recent years (Ghosh, 2020) %1, Accelerated rural-to-urban migration, coupled with the
implementation of large-scale public employment programmes such as the Viksit Bharat -
Guarantee for Rozgar and Ajeevika Mission (Gramin) Scheme (VB-G RAM G), has
substantially altered rural labour markets. While these interventions have improved rural
income security, they have simultaneously contributed to rising agricultural wage rates and
an acute shortage of farm labour, particularly during peak agricultural operations (Balishter
etal., 2021; Rahman et al., 2021) 14381,

Agriculture in India remains predominantly seasonal, with labour demand concentrated
during critical stages such as land preparation, planting, intercultural operations, harvesting,
and post-harvest handling. Traditionally, the rural labour force was mobilized from landless
households and small and marginal farmers who offered family labour during lean periods
(Clarke, 2020; Pauline, 2022) 2 34, In the current scenario, many agriculturally intensive
regions experience severe labour shortages, forcing farmers to depend increasingly on
migratory labour from labour-surplus states. This dependence not only raises production
costs but also introduces uncertainties related to labour availability, wage volatility, and
operational delays (Ghosh, 2020; Anandaraja, 2019) % 61 The consequences of labour
scarcity are manifested in delayed farm operations, reduced crop productivity, increased cost
of cultivation, leasing-out of agricultural land, changes in input use patterns such as compost
application, and a growing reliance on family labour (Balishter et al., 2021; Karuntha
Dankanni, 2022) 1431, These challenges are particularly pronounced during peak agricultural
seasons, when timely execution of operations is critical for ensuring yield and quality
(Clarke, 2020; Ghosh, 2020) [20- 261,
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To cope with labour shortages, farmers have adopted several
adaptive strategies, including sourcing labour from outside
villages, engaging labour on a contract basis, adopting
shared farming arrangements, and increasingly turning
towards farm mechanization. Among these, mechanization
has emerged as a structurally significant response with long-
term implications for agricultural productivity, cost
efficiency, and sustainability (Clarke, 2020; Balishter et al.,
2021) [0 14 Farm mechanization is no longer viewed
merely as a labour-substituting process, but rather as an
integral component of a broader agricultural development
strategy aimed at enhancing both land and labour
productivity while reducing production risks and drudgery
(Rahman et al., 2021; Venkatta Kumar and Sripal, 2021) [3%
54]

Farm power forms the backbone of agricultural
mechanization and encompasses human labour, draught
animals, tractors, engines, agricultural tools, implements,
and machinery. In most agricultural production systems,
expenditure on farm power, including labour wages, animal
power maintenance, fuel consumption, and machinery
depreciation, constitutes a substantial share of total
production costs, often exceeding the expenditure on other
inputs such as seeds and agrochemicals. In many developing
countries, including India, insufficient access to appropriate
farm power, coupled with low labour productivity and
emerging labour scarcity, has constrained agricultural
growth and food security (Pauline, 2022; Persis, 2017) B4
%1, Consequently, improving labour productivity through
mechanization has gained increasing recognition as a
priority for sustainable agricultural development.

Contrary to common misconceptions, agricultural
mechanization does not inherently aim at replacing labour
but seeks to enhance the efficiency and productivity of both
land and labour. An effective mechanization strategy must
therefore be embedded within a comprehensive agricultural
technology framework, which in turn aligns with national
agricultural development objectives. The principal purposes
of mechanization include increasing labour productivity,
enhancing land productivity, and reducing the cost of
production. Mechanization facilitates the substitution of
human and animal labour with machines, thereby enabling
farmers either to cultivate larger areas with the same labour
force or to release labour for employment in non-
agricultural sectors (Mande and Thombre, 2019; Kanavi,
2020) 3331, Simultaneously, mechanization supports higher
land productivity by enabling timely operations, improving
input-use efficiency, and facilitating practices such as
multiple cropping through reduced turnaround time between
successive crops.

Another important dimension of mechanization lies in its
potential to reduce the cost of cultivation, particularly under
conditions of rising wage rates and declining availability of
draught animals. Although the direct economic benefits of
mechanization can be quantified through cost savings,
additional advantages such as reduced drudgery, improved
occupational health, enhanced operational precision, and
reduced production risk are equally significant, albeit
difficult to express in monetary terms (Kanavi, 2020;
Sailaja, 2021) L 491 Furthermore, mechanization plays a
crucial role in minimizing post-harvest losses and
supporting on-farm processing, thereby contributing to
value addition and income enhancement (Clarke 2020;
Sharma et al., 2017) [20.38],
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2. Farm Mechanization in India

The scope has expanded considerably, driven by the need
for timeliness, precision, and efficiency in agricultural
operations. Timely execution of farm activities has become
a decisive factor in achieving optimal yields, particularly
under conditions of climatic variability and intensified
cropping systems. Operations such as land levelling,
sowing, fertilizer application, irrigation, plant protection,
harvesting, and threshing demand a high degree of precision
to maximize input-use efficiency and minimize losses
(Abraham, 1974) M. Mechanized equipment enables
uniform seed placement, precise fertilizer application, and
efficient harvesting, which are difficult to achieve
consistently through traditional manual methods. Moreover,
mechanization reduces the number of operations required
and increases output capacity, thereby enhancing cropping
intensity and overall farm productivity.

Although concerns have been raised regarding labour
displacement due to mechanization, empirical evidence
suggests that mechanization primarily leads to a reallocation
of labour rather than outright displacement (Gupta, 2016)
1281 Labour released from manual farm operations is often
absorbed in allied sectors such as machinery manufacturing,
repair and maintenance services, custom hiring centres, and
agri-service enterprises. In this manner, mechanization
contributes to the diversification of rural livelihoods and
supports the commercialization of agriculture.

The evolution of farm mechanization in India has been
influenced by both indigenous innovations and
technological developments from advanced agricultural
systems. Early mechanization efforts focused on irrigation
pumps, tillage implements, chaff cutters, tractors, and
threshers. The advent of high-yielding crop varieties during
the Green Revolution, combined with assured irrigation and
increased fertilizer use, generated higher farm incomes and
accelerated the adoption of mechanized inputs, particularly
threshers and tractors. Over time, the demand for advanced
machinery such as reapers and combine harvesters has
increased, reflecting a gradual transition towards more
comprehensive mechanization.

In recent years, mechanization has extended beyond large
landholders, with small and marginal farmers increasingly
adopting selected farm equipment through institutional
mechanisms such as custom hiring and machinery rental
services. Mechanized operations covering tillage, sowing,
irrigation, plant protection, harvesting, and threshing have
become more common, contributing to improved farm
management efficiency across different farm sizes.

Within this broader context, mechanization assumes
particular significance in sugarcane cultivation, one of the
most important commercial crops in India. Sugarcane plays
a pivotal role in the national economy by supporting the
sugar industry and allied sectors such as jaggery, ethanol,
and khandsari production. India is among the world’s
leading sugar producers, competing closely with Brazil for
the top position, and contributes a substantial share to global
and Asian sugar production. Sugarcane cultivation spans
millions of hectares across the country, with states such as
Uttar Pradesh, Maharashtra, Andhra Pradesh, and Karnataka
occupying prominent positions in terms of area and
production.

Andhra Pradesh occupies a notable position in sugarcane
cultivation, ranking among the leading states in terms of
area and output. Sugarcane is an important commercial crop
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in the state, contributing significantly to national sugar
production. The crop is cultivated under both planted and
ratoon systems and exhibits relatively high productivity
levels. Sugarcane farming involves a complex sequence of
operations, including land preparation, planting,
interculture, earthing up, plant protection, harvesting,
transportation, and ratoon management. While land
preparation is largely mechanized using conventional tillage
implements, several other operations such as planting,
interculture, earthing up, and transportation remain only
partially mechanized, resulting in high labour dependence.
In the context of globalization and increasing competition,
there is a pressing need to enhance sugar productivity per
unit area, time, and input while conserving soil and water
resources. Mechanization offers viable solutions for
achieving these objectives by ensuring timeliness, reducing
human drudgery, and improving operational efficiency.
Given that sugarcane occupies the field for nearly a year and
accounts for a substantial proportion of sugar production
costs, improving mechanization levels across the crop cycle
is critical for the economic viability of the sugar industry.
Despite the development of several specialized implements
for sugarcane cultivation by research institutions, their
adoption has remained limited, with mechanization largely
confined to traction and basic land preparation operations.
Bridging this gap between technological development and
field-level adoption is essential for sustaining sugarcane
productivity and profitability. Against this backdrop,
strengthening farm mechanization, particularly in labour-
intensive crops such as sugarcane, emerges as a strategic
imperative for Indian agriculture. A systematic assessment
of mechanization needs, adoption barriers, and potential
interventions is crucial for designing policies and
technologies that address labour scarcity, reduce production
costs, and enhance overall agricultural sustainability .

3. Concept and Need for Farm Mechanization

Farm mechanization encompasses the use of human labour,
draught animals, tractors, engines, agricultural implements,
and machinery to perform farm operations efficiently and in
a timely manner. Expenditure on farm power, including
labour wages, fuel, and machinery depreciation, constitutes
a major share of total production costs, often exceeding the
cost of seeds and agrochemicals. In developing countries,
inadequate access to appropriate farm power and low labour
productivity have constrained agricultural growth and food
security, thereby underscoring the importance of
mechanization (Venkatesan, 2020) 5],

A common misconception is that mechanization displaces
labour; however, its primary objective is to enhance
productivity and efficiency. An effective mechanization
strategy must be aligned with broader agricultural
technology and development strategies. The major purposes
of farm mechanization include increasing labour
productivity, enhancing land productivity, and reducing the
cost of cultivation. Mechanization enables farmers to
cultivate larger areas with the same labour force or release
labour for employment in non-agricultural sectors, while
also facilitating timely operations that are critical for higher
cropping intensity and yields (Vilas, 2025) 571,

4. Scope and Benefits of Farm Mechanization
The scope of farm mechanization in India has expanded
significantly due to the growing importance of timeliness,
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precision, and efficiency in agricultural operations. Timely
execution of operations such as land levelling, sowing,
fertilizer application, irrigation, plant protection, harvesting,
and threshing is crucial for achieving optimal vyields
(Ramulu, 2023) %¢1. Mechanized equipment ensures uniform
seed placement, precise input application, and reduced post-
harvest losses, which are difficult to achieve consistently
through manual methods (Trivedi, 1923) [,

Mechanization also contributes to reducing the cost of
cultivation by offsetting rising labour wages and declining
availability of draught animals. Additional benefits include
reduced drudgery, improved occupational health, enhanced
operational safety, and reduced production risk. Although
concerns about labour displacement persist, mechanization
often results in labour reallocation rather than displacement,
with labour absorbed into allied sectors such as machinery
manufacturing, repair services, custom hiring centres, and
agri-service enterprises (Thurstone and Chave, 2019) 191,

5. Status of Farm Mechanization in India

Farm mechanization in India has evolved gradually,
influenced by both indigenous innovations and
technological developments from advanced agricultural
systems. Early mechanization efforts focused on irrigation
pumps, tillage equipment, tractors, and threshers
Thiyagarajan, 2021) M8, The Green Revolution of the
1960s, characterized by high-yielding varieties, assured
irrigation, and increased fertilizer use, significantly
accelerated mechanization adoption by enhancing farm
incomes.

In recent years, mechanization has extended beyond large
landholders, with small and marginal farmers increasingly
accessing machinery through hiring services and
cooperative models (Ananthan, 2024) [l Mechanized
operations now cover most stages of crop production,
although the degree of mechanization varies widely across
regions and crops. Despite this progress, mechanization
remains uneven and is often limited to specific operations,
particularly land preparation (Vijayalan, 2021) 81,

6. Importance of Mechanization in
Cultivation

Sugarcane is one of the most important commercial crops in
India and plays a pivotal role in the national economy. India
is among the world’s leading sugar producers, contributing a
substantial share to global and Asian sugar production.
Sugarcane cultivation spans millions of hectares and
supports a wide range of industries, including sugar,
jaggery, ethanol, and khandsari.

Sugarcane cultivation involves a long and complex crop
cycle extending over nearly a year and includes operations
such as land preparation, planting, interculture, earthing up,
plant protection, harvesting, transportation, and ratoon
management. These operations are highly labour-intensive
and demand timely execution to ensure productivity and
quality (Sathyan, 2017) Pl Sugarcane accounts for a major
share of the cost of sugar production, making efficiency in
cultivation practices critical for the economic viability of the
sugar industry (Sangeetha, 2019) 111,

Sugarcane

7. Mechanization Status in Sugarcane Cultivation

Despite the availability of specialized machinery developed
by research institutions, mechanization in sugarcane
cultivation remains largely confined to traction and land
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preparation using implements such as cultivators and
harrows. Operations such as planting, interculture, earthing
up, harvesting, and transportation continue to rely heavily
on manual labour or semi-mechanized practices. The
adoption of improved planting and harvesting equipment
has been limited due to factors such as high initial
investment, small and fragmented landholdings, lack of
awareness, and inadequate access to custom hiring services.
Regional variations exist in mechanization levels, with
states such as Uttar Pradesh, Maharashtra, Andhra Pradesh,
and Karnataka exhibiting differing degrees of adoption. In
Andhra Pradesh, sugarcane is an important commercial crop
with relatively high productivity; however, mechanization
beyond land preparation remains limited, increasing labour
dependence and cost of cultivation (Anuraj, 2023; Saravana,
2025) [8.43],

8. Challenges and Constraints in Mechanization
Adoption

Major constraints limiting mechanization adoption in
sugarcane cultivation include fragmented landholdings, high
capital costs, limited availability of crop-specific machinery,
lack of skilled operators, and inadequate repair and
maintenance infrastructure. Institutional and policy-related
challenges, such as limited access to credit, uneven subsidy
distribution, and weak extension support, further constrain
adoption. Additionally, socio-economic factors, including
risk aversion and traditional farming practices, influence
farmers’ willingness to adopt mechanized technologies
(Jayabalan, 2022; Rosaiahyeluri, 2022) [30 39,

9. Future Directions and Policy Implications

Strengthening mechanization in sugarcane cultivation
requires a holistic approach integrating technological
innovation, institutional support, and policy interventions.
Promotion of custom hiring centres, development of scale-
appropriate machinery for small and marginal farmers, and
capacity building through training and extension services
are critical (Balasubramani et al., 2025) [3. Greater
emphasis on mechanization of planting, interculture, and
harvesting operations can significantly reduce labour
dependence and cost of cultivation (Venkatachalam, 2025)
531, Future research should focus on evaluating the
economic, environmental, and social impacts of
mechanization in sugarcane-based production systems.
Policy frameworks must align mechanization strategies with
sustainability goals, ensuring efficient use of resources
while enhancing farmer income and resilience.

10. Conclusion

Farm mechanization has emerged as a critical response to
labour scarcity and rising production costs in Indian
agriculture. In sugarcane cultivation, where labour demand
is high and operations are time-sensitive, mechanization
offers substantial potential to improve productivity, reduce
drudgery, and enhance cost efficiency. However,
mechanization adoption remains uneven and limited to
select operations. Addressing technological, institutional,
and socio-economic constraints is essential for realizing the
full benefits of mechanization. A focused and inclusive
mechanization strategy tailored to the specific needs of
sugarcane cultivation can contribute significantly to
sustainable agricultural development and the long-term
viability of the sugar industry in India.
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