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Abstract 
Rice remains a cornerstone of food security in India, particularly in irrigated ecosystems such as the 
Krishna-Godavari delta of Andhra Pradesh. This review synthesizes recent literature (2016-2025) on 
the role of farm mechanization in enhancing rice productivity, reducing labor dependency, and 
improving energy efficiency. The study critically evaluates constraints in traditional systems and 
highlights the transition toward mechanized agriculture. Evidence suggests that mechanization 
significantly improves timeliness, input-use efficiency, and yield levels, though challenges related to 
cost, accessibility, and sustainability persist. The review integrates economic, technological, and 
energy perspectives to provide a holistic understanding of mechanization-driven productivity gains 
Production of rice in India is expected to drop this year (2022-23) from 104.3 million tonnes to 103.0 
million tonnes due to lower kharif output pegged at almost 90.69 million MT. 
 
Keywords: Rice, cultivation, farming, production, productivity, management, food 
 
1. Introduction 
Rice (Oryza sativa) is a staple crop feeding more than half of the global population, with 
Asia contributing over 90% of total production (FAO, 2021; IRRI, 2020) [8, 10]. In India, rice 
accounts for a substantial share of caloric intake and agricultural GDP, making it central to 
food and livelihood security (Bhatt et al., 2019) [2]. Despite steady production growth, yield 
stagnation has emerged as a major concern in recent decades, particularly in intensively 
cultivated regions (Ray et al., 2019; Kumar et al., 2021) [26]. 
The Krishna-Godavari delta represents one of India’s most productive rice-growing zones, 
supported by extensive irrigation infrastructure. However, labor shortages, rising wages, and 
climate variability have necessitated a shift toward mechanized farming systems (Reddy & 
Bantilan, 2020; Birthal et al., 2022) [27, 3]. Because of its importance in providing national 
food security and generating employment and incomes for the low-income sectors of society, 
most Asian governments regard rice as a strategic commodity.  
Asia has done remarkably well in terms of meeting the food needs of its growing population 
over the last three decades. Since the mid-1960s, rice production has increased at a rate of 
2.6 per cent per year, keeping pace with population growth and the income-growth- induced 
changes in per capita food consumption. Over four-fifths of the growth in production was 
due to the increase in yields, made possible through gradual replacement of traditional 
varieties with modern implements developed in rice research stations, supported by public 
investment for expansion of irrigation infrastructure, extension system and supply of credit 
facilities.  
In India, production of food grains is the pro-active, which addresses rural income generation 
and food shortage to a large section of the population. Among the food grain crops, rice is 
most important in terms of area coverage and supply of calories in the diet. Rice contributes 
roughly 30% of the total caloric intake in the Indian diet. Considering that nearly 37% of the 
population still lives below the poverty line (Government of India, 2009), improving rice 
productivity remains essential for supporting the livelihoods and food security of millions of 
both consumers and farmers. Further the Indian rice production accounts for 21 per cent of 
global rice production thus contributing largely to global food security. 

https://www.geojournal.net/
https://www.doi.org/10.22271/27067483.2026.v8.i5b.758


International Journal of Geography, Geology and Environment  https://www.geojournal.net 

~ 104 ~ 

 
 

Fig 1: Global Rice Production Trend 
 
Rising population levels and improving economic 
conditions are the primary factors driving the growing 
demand for rice in India. The National Commission on 
Population projected that the country’s population would 
reach around 1,340 million by 2021. Correspondingly, rice 
demand has been estimated at about 113.3 million tonnes 
for 2021-22. Meeting this requirement would necessitate 
increasing rice productivity from the current level of about 
2.2 tonnes per hectare to approximately 2.7 tonnes per 
hectare. However, the existing rate of production growth is 
lagging behind the population growth rate of 1.63%, which 
raises serious concerns. This slowdown in yield and 
production trends needs to be addressed and reversed to 
ensure future food security. 
Indian share in global rice production has been hovering in 
the range of 22.50 to 24.85 per cent as shown in Fig. 1. 
Indian share dipped below 23 per cent only in 2016-17.  
Projected Rice crop in India occupying one third of area 
under cultivation and contributing about 44 per cent of 
calorie requirement to more than 70 per cent Indians. Rice 
production in India has transformed from 30 million tons in 
1965 to a sustainable strong surplus level of 104.32 million 
tons in 2021-22. Though there has been marked increase in 
productivity of rice from 1.10 to 3.03 MT/ha through 1965-
2021, it is still much below the yields ranging from 3.21-
9.43 MT per hectare achieved by some of the countries like 
Egypt (9.43 MT per hectare), China (6.23 MT per hectare), 
Indonesia (4.43 MT per hectare), Vietnam (4.25 MT per 
hectare), Bangladesh (3.35 MT per hectare), Myanmar (3.24 
MT per hectare) and Philippines (3.08 MT per hectare). 
Currently India is ranked last in terms of productivity of rice 
when compared with several countries of the world and the 
average productivity of rice in India is 3.01 Metric tonnes 
per hectare against the world average of 3.89 Metric tonnes 
per hectare. Further to sustain the present level keeping pace 
with the present level of population growth, yield 
improvement of not less than 2.5 to 3.5 per cent annual 

growth rate is required to add at least 2.0 - 2.50 million 
Tonnes of additional rice per annum. The global trend in 
area and production of rice given in Table 1 revealed that 
the trend in India’s rice production has not been 
encouraging. While the area increased from 43.91 million 
hectares in 2007-08 to 44.60 million hectares in 2021-22, 
the production has marginally increased from 96.69 million 
tonnes to 104.32 million tonnes for the same period. 
 
2. Rice Production in India 
Rice productivity in the country rose from 2.21 tonnes per 
hectare in 2001-02 to 3.01 tonnes per hectare in 2021-22, 
reflecting an overall growth rate of about 2.77% during this 
period. This improvement has largely been attributed to a 
steady increase in contributions from different regions 
across the country, especially from eastern India. 
However, the compound growth rate in the northern belt 
(including Punjab, Haryana, and western Uttar Pradesh), 
which had been relatively high at 6.46% and 4.24% in the 
two decades prior to 2001, declined to 2.57% between 2001-
02 and 2021-22. In contrast, productivity growth in the 
southern region has remained almost unchanged over the 
same period. Eastern India, which accounts for more than 60 
per cent of the country's rice area, registered an impressive 
rate of 2.82 per cent in the period 2001-02 to 2021-22, 
compared with 0.83 per cent during the preceding decade. 
Detailed assessments of rice productivity across states, 
districts, and growing seasons in high-yield regions reveal 
patterns of decline, stagnation, and slowdown in yields. 
Among the seven major intensive and high-performing rice-
producing states, Andhra Pradesh, Tamil Nadu, and 
Karnataka are characterized by irrigated rice-rice cropping 
systems. In contrast, Punjab and Haryana primarily follow a 
rice-wheat rotation, while Odisha and West Bengal cultivate 
rainfed rice during the kharif season, followed by a second 
crop in the dry season. 
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Table 1: India’s Rice Production in Global Context 
 

Year World Production (Million MT) Indian Production (Million MT) India’s Share (%) 
2010-11 399.00 93.34 23.39 
2011-12 380.00 71.82 18.90 
2012-13 390.00 88.53 22.70 
2013-14 405.00 83.13 20.53 
2014-15 423.00 91.79 21.70 
2015-16 427.00 93.35 21.86 
2016-17 438.00 96.69 22.08 
2017-18 459.00 99.18 21.61 
2018-19 457.00 89.09 19.49 
2010-11 449.00 95.98 21.38 
2011-12 456.00 104.32 22.88 
2012-13 463.00 103.00 22.25 

 
During the past decade, rice productivity showed 
improvement in Andhra Pradesh, Karnataka, Tamil Nadu, 
Punjab, and Haryana, with growth rates of 2.51%, 3.65%, 
4.01%, 0.94%, and 1.17%, respectively. However, when 
compared to the previous decade, the pace of growth slowed 
slightly in Andhra Pradesh and declined sharply in Punjab 
and Haryana. In contrast, the adoption of improved 
technologies in Odisha and West Bengal has led to a 
consistent rise in yields since 2001. 
The observed slowdown and reduction in productivity 
within irrigated rice ecosystems is a significant concern. 
Although these areas account for about 45% of the total 
rice-growing area, they contribute nearly 61% of the 
country’s overall rice production. Ensuring sustainability at 
current levels and achieving the targeted production of 113 
million tonnes of paddy requires focused efforts to identify 
suitable technologies and optimize ecosystem-specific 
strategies. 
 
3. Food Production in Indian Deltas 
Indian agriculture is required to achieve food production of 
293.60 million tonnes by 2020 with the available land mass 
remaining at about 142 million hectares; it has to come 
through essentially a vertical expansion, gains through 
productivity in commodities. There is going to be demand 
for farm machineries that are ergonomically sound, 
economically affordable, economy in input use and quantum 
jumps in productivity. Unlike industry, where men, 
machines and materials are brought under one roof, 
agriculture requires these three being moved and various 
operations performed timely that gives the desired 
productivity. In this context, availability of appropriate farm 
power source is imperative. However, for the current level 
of intensity of farming and the required level of 
productivity, electro mechanical sources of farm power have 
to replace the human and animate sources of power. Farm 
mechanization is widely regarded as a key driver of 
agricultural advancement. In contemporary farming 
systems, the adoption of machinery has become essential for 
enhancing profitability. Farmers in both developed and 
developing countries tend to shift toward mechanized 
operations when traditional energy sources—such as human 
and animal labor—become more expensive than mechanical 
alternatives. Over time, there has been a consistent trend in 
which biological energy sources grow costlier relative to 
machines. This shift is partly due to the increasing ease of 
substituting capital for labor in agriculture, as well as the 
rising costs associated with human and animal work 
compared to fuel and machinery. 

Moreover, in the context of globalization and economic 
liberalization, farm mechanization has become increasingly 
important for maintaining a competitive cost advantage in 
agricultural production. The use of modern machinery can 
significantly lower cultivation expenses while opening up 
new avenues for agricultural development. Mechanization 
enhances the marginal productivity of labor and leads to 
higher returns per unit of land and workforce. 
However, the adoption of mechanized farming requires 
substantial initial investment, technical expertise, and 
reliable support services. Limited access to these resources 
can restrict farmers from embracing mechanization. This 
study, based on primary field survey data, examines the 
efficiency of mechanized farms with a focus on rice 
productivity. Farm output is closely linked to the availability 
and effective use of mechanical power. Agricultural 
machinery improves both land and labor productivity by 
ensuring timely operations and increasing work efficiency. 
It also supports better utilization of key inputs such as seeds, 
fertilizers, and irrigation water. Notably, farm power 
availability has increased from approximately 0.31 kW per 
hectare in 1961 to around 1.35 kW per hectare in 2021.  
During the last 50 years, the average farm power availability 
in India hper cent farm power was coming from animate 
sources, the contribution of animate sources of power 
reduced to about 10.40 per cent in 2021 and that of 
mechanical and electrical sources of power increased from 
5.10 per cent to 89.30 per cent during the same period. 
 

Table 2: Area wise Irrigated Sources (2020-2021) 
 

Source Number Area (ha) 
Tube wells 10,461 18,418 
Bore wells 4,912 12,730 

Dug cum Bore wells 843 2,410 
Filter points 1,754 3,430 
Open wells 2,137 4,865 
Total wells 20,107 41,853 

a. Electric Motor 16,478 — 
b. Diesel engine 2,155 — 

Canals 13 (612 Km) 1,06,863 
Gross irrigated area — 1,48,716 

Percentage to gross cropped area — 75.64 
 
The power productivity relationship shows that those states 
having higher farm power availability per hectare have 
higher productivity. The state of Punjab which is highly 
mechanized had about 98 per cent diesel engine power. The 
availability of farm power in India and the contribution of 
different power sources are presented in Table 2. The 
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relative contribution of various power sources to total farm 
power has shifted over time. The share of human labor in 
agriculture has steadily decreased since 1981, reaching just 
5.09% by 2021-22. Similarly, the contribution of draught 
animal power declined significantly, dropping from 27.23% 
to 6.37% during the same period. But the farm power from 
mechanical sources has increased from 7.5 per cent in 1971 
to 51.08 per cent in 2021-22. 
 
4. Farm Mechanization in India 
Farm mechanization refers to the application of engineering 
and technological tools to improve agricultural efficiency, 
reduce labor drudgery, and enhance productivity (Clarke, 
2019; Singh, 2020). It includes machinery such as tractors, 
transplanters, harvesters, and irrigation pumps. Recent 
literature emphasizes “selective mechanization”, where 
specific operations (e.g., transplanting, harvesting) are 
mechanized for maximum efficiency gains (Mehta et al., 
2018; FAO, 2021) [8]. Mechanization also supports climate-
resilient agriculture by enabling timely operations (Aryal et 
al., 2020) [1]. 
Andhra Pradesh State Planning Commission (1984) 
described farm mechanization as the process of increasing 
farm productivity by investing on efficient tools and 
equipments. Defined mechanization as an art of equipping 
agriculture with mechanical aids for increasing efficiency in 
the farm enterprises. Defined mechanization as the process 
of injecting power and machinery between men and 
materials in a production system. Agricultural 
mechanization implies the use of various power sources and 
improved farm tools and equipment, with a view to reduce 
the drudgery of the human beings and draught animals, 
enhance cropping intensity, precision and timeliness of 
efficiency of utilization of various inputs and reduces the 
losses at different stages of crop production. For the present 
study, mechanization is defined as the use of machines like, 
Tractors, Power tillers, Transplanters, Pumpsets, Sprayers 
and combined harvesters by replacing the human power as 
well as animal power to reduce the drudgery and improve 
timeliness of agricultural operations which lead to increased 
production. There were two categories of farms, namely (i) 
those owning and using machineries and (ii) those not 
owning but using machineries on hire. Only the former 
category was called as mechanized farms, while the latter 
might qualify to be called as user of machine power but not 
mechanized farms. For improving farming efficiency, it was 
enough to use machineries and not necessarily by 
mechanized. For the present study all the farms that have 
used machineries whether owned or hired were treated as 
mechanized farms.  
In this study, the mechanization index is reformulated as the 
ratio of machine and fuel energy to the total energy input, 
which includes machine and fuel energy along with animal 
and human labor energy. 
 
MI = Ed /(Ed + Eh+ Ea), 
 
Where,  MI: Machinery energy, 
• Ed: sum of machinery and fuel energy, 
• Eh: Human Energy and 
• Ea: Animal energy. 

It shows what contribution machine energy has allocated to 
itself in rice cultivation vis-a-vis the total energy consumed. 
A value of this index closer to one indicates that the 
majority of farm operations are carried out using machinery, 
reflecting a higher degree of mechanization. This measure 
helps assess the efficiency of mechanization in terms of 
energy use and also highlights whether the reliance on 
machinery is justified or excessive. 
 
5. Productivity and Production Functions 
Defined productivity as the quantity of output per unit of 
resource or input. Perceived productivity as a concept 
measuring the ratio of total output to a weighted average of 
inputs. Considered productivity as the efficiency with which 
the input is transferred into output. Production function 
could be viewed as an embodiment of the technology which 
would yield increased output from the given set of inputs or 
specify the way in which input would cooperate together to 
produce a given level of output.  
Described a production function as a technical and 
mathematical representation that explains how the output of 
a product is influenced by the quantity of inputs or input 
services applied on a given piece of land, under a specific 
set of technologies and within a defined time period. They 
categorized production functions into four types: 
continuous, discontinuous, short-run, and long-run 
functions. Stated that the cost of production comprises 
expenses incurred on various inputs such as seeds, manures, 
fertilizers, irrigation, plant protection chemicals, human 
labor, and bullock labor. It also includes the rental value of 
land based on prevailing market rates, along with overhead 
costs like interest on working and fixed capital, repairs, and 
depreciation. Variable costs refer to those expenditures that 
change with the use of variable factors of production, the 
levels of which can be adjusted in the short run. In his study 
viewed that the cost of cultivation covered both the paid out 
cost and imputed cost. The price received by farmers and 
net returns calculated by deducting the total costs from gross 
returns. Calculated net income earned from elephant foot 
yam production by estimating gross income from yam 
production, minus cost C3 by considering value o of 
management input of the farmers as 10 per cent value of the 
total cost C2. 
 
6. Production Constraints 
A constraint is anything that prevents the system from 
achieving more of its goal. Constraints can be internal or 
external to the system. An internal constraint arises from the 
farm itself whereas external constraints arise from out of the 
farm. Reported that the main constraints of the farmers are 
focused in three problems viz. agro-ecological constraints, 
technological constraints and socio-economic constraints for 
understanding the real situation in rice production and 
export of India and Vietnam, which are useful to find out 
the suitable solutions for overcoming the constraints and 
promoting rice production and exports. In the present study, 
the parameter namely higher input cost, timely 
unavailability of machineries, high cost of labours, and lack 
of technical information were identified as constraints as 
shown in Fig. 2.
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Fig 2: Constrains in Mechanization 
 
7. Energy Use Efficiency and Mechanization Index 
The intensification of farming practices leads to a higher 
reliance on various forms of energy in crop production. 
Agriculture functions both as a consumer of energy and as a 
generator of energy through its outputs. Energy inputs are 
applied in different forms, including human labor, animal 
power, and mechanical sources. The adequate supply of 
suitable energy, along with its efficient and effective 
utilization, is crucial for improving agricultural productivity. 
Ensuring food security for India’s vast population demands 
greater energy inputs supported by improved management 
strategies. In this context, the present study seeks to analyze 

the pattern of energy use, the different energy sources, and 
their economic viability in rice farms within the study area. 
The pattern of energy use in rice cultivation under different 
levels of mechanization and under different size of farms 
indicated that fertilizer was found to be dominant source of 
energy contributing an average of 10,651.8 MJ per ha for 
the fully mechanized and partially mechanized small farms 
and 13,550.6 MJ for the large farms. Percentage wise, 45.6 
per cent of the total energy in small farms and 52.5 per cent 
of the total energy in large farms was contributed by 
fertilizer as illustrated in Fig. 3. 

 

 
 

Fig 3: Energy use efficiency in rice cultivation 
 

The other key energy inputs included fuel and electricity 
(5,784.6 MJ ha⁻¹), machinery (2,286.2 MJ ha⁻¹), and human 
labor (1,775.7 MJ ha⁻¹), accounting for 29.6%, 12.5%, and 
8.3% of the total energy use, respectively. Fertilizers 
emerged as the primary source of energy in both levels of 
mechanization on small farms, contributing nearly equal 

proportions to the overall energy consumption. It is 
observed that the share of human energy declined from 
2,209.4 MJ ha⁻¹ to 1,775.7 MJ ha⁻¹ as mechanization levels 
increased. In contrast, machine energy usage rose from 
2,089.6 MJ ha⁻¹ to 2,256.2 MJ ha⁻¹ with greater adoption of 
mechanized practices. 

https://www.geojournal.net/


International Journal of Geography, Geology and Environment  https://www.geojournal.net 

~ 108 ~ 

In percentage terms, the human energy contribution 
declined to 6 per cent from 10.8 per cent and that of 
machine energy had increased from 13.4 per cent from 11.4 
per cent as the level of mechanization increases. From Fig. 

4, the average energy used for rice cultivation was 20,318.8 
MJha-1 for partially mechanized small farms and 22,250.2 
MJha-1 for fully mechanized small farms and 21,284.5 
MJha-1 for mechanized small farms. 

  

 
 

Fig 4: Mechanization index comparison by farm operation 
 
8. Conclusion 
Rice is one of the most widely consumed staple foods in the 
world, with over 90% of its production and consumption 
concentrated in Asia. As a major crop in India, considerable 
attention is directed toward increasing its production and 
productivity. Rice is cultivated on about 43.4 million 
hectares during the kharif and rabi/summer seasons, out of a 
total cultivated area of 142 million hectares. However, the 
extent of land under rice cultivation is expected to decline in 
the future due to government-led diversification policies. 
At present, rice production in the country faces several 
challenges, including stagnating yields, limited water 
availability, shortages of labor, and insufficient institutional 
support systems. Enhancing rice productivity and output 
remains a critical issue, as it affects all stakeholders, 
including researchers, policymakers, farmers, and 
consumers. Growth in population and economic prosperity 
are the two driving forces for increasing rice demand in 
India. According to the National Commission on 
Population, India’s population will be  
1340 million in 2021. It is estimated that demand for rice 
will be 113.3 million tons by the year 2021-22. In order to 
achieve this target, the productivity of rice has to be brought 
to the level of 2.7 tons per ha, which is 2.2 tons presently. 
The present rate of production growth (1.27 per cent) is 
below the population growth of 1.63 per cent. Therefore, the 
present deceleration trend in production and yield is a cause 
of concern and has to be reversed. Currently India is ranked 
last in terms of productivity of rice when compared with 
several countries of the world and the average productivity 
of rice in India is 3.01 Metric tonnes per hectare against the 
world average of 3.89 Metric tonnes per hectare. Farm 
mechanization is considered to be one of the several 
pathways of agricultural development.  
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