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A B S T R A C T   

In the agricultural sector, labour shortage, and increase in wages resulting from out-migration, and the necessity 
to employ sustainable intensification practices to minimise the use of inputs such as water, fertilizer, and energy, 
calls for investment in the mechanisation of small-scale farms in South Asia (SA). Therefore, this study in-
vestigates the mechanisation process undertaken in SA with a special reference to India, Nepal, and Bangladesh, 
where agriculture, an important source of rural livelihoods, is adversely affected by out-migration and the 
depletion of natural resources. This study finds that tractors (74%), pumps (72%), threshers (65%), harvesters 
(23%), and power tillers (16%) are the predominantly used farm machinery in SA. Farm mechanisation is most 
widespread in India, followed by Nepal and Bangladesh, though the types of machinery used vary across them. 
Multivariate probit model shows that male headship, access to credit and extension services, economic status, 
and training positively influence farm mechanisation. Hence, along with enhanced provision for credit and 
training, an agricultural policy that aims to improve access to farm machinery should target marginalised and 
poor farmers to sustain agricultural production and ensure food security.   

1. Introduction 

Amidst the increasing shortage of farm labour, rise in wages in the 
agricultural sector due to out-migration of labour, and the growing 
importance of sustainable intensification practices to increase food 
production, and the input use efficiency in agriculture, it is crucial to 
augment farm mechanisation in developing countries. Studies have 
documented several positive impacts of farm mechanisation,2 including 

improved labour and agricultural productivity, reduced the cost of 
production, increased commercialisation of agriculture, and in some 
cases, enhanced climate change mitigation through reduced greenhouse 
gas emissions from agriculture3 and climate change adaptation by 
reducing the impact of climate extremes on crop yield4 [1–9]. Hence, 
farm mechanisation has the potential to increase the income of agri-
cultural households, improve food security, and reduce poverty, thereby 
contributing to the fulfillment of the Sustainable Development Goals 

* Corresponding author. Asian Development Bank Institute (ADBI) Kasumigaseki Building, Level 8, 3 Chome-2-5 Kasumigaseki, Chiyoda City, 100-6008, Tokyo, 
Japan. 

E-mail addresses: dilbhutan1@gmail.com, drahut@adbi.org (D.B. Rahut).   
1 Deceased.  
2 Farm mechanisation, mechanisation and agricultural mechanisation have been used interchangeably.  
3 Some types of mechanisation for example, wheat production using zero tillage (ZT) drill machine can reduce greenhouse gas (GHG) emission from agriculture. 

Conventional tillage based production system includes repeated ploughing, cultivating, planking and pulverizing while the ZT system refers to direct drilling of wheat 
seeds with minimal disturbance of soil to open slits and place seed and fertilizer. A shift from conventional tillage to zero tillage based wheat production reduces GHG 
emission by 1.5 Mg CO2-eq ha− 1 season− 1. Hence, ZT has both climate change mitigation and economic benefits (see Aryal et al., 2015).  

4 Conservation agriculture-based wheat production (CAW), that uses the machine called Turbo Happy Seeder, can cope better with the climatic extremes, mainly 
the untimely excess rainfall, compared to conventional tillage-based wheat production (CTW). Absolute yield of the CAW and CTW was 10% and 16% lower in the 
bad year compared to the normal year, respectively (see Aryal et al., 2016). 
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(SDGs). Further, mechanisation solves the problem of labour scarcity 
during the peak-season and helps reduce the drudgery of the farm 
households - reduction in the peak-season stress improves the health 
status of agricultural workers [10,11]. Nevertheless, the effects of 
mechanisation on agricultural labour demand can be variable, and are 
not easily predictable due to its association with the alternative oppor-
tunities available in the other sectors of the economy rather than in the 
agriculture sector alone [12,13]. Agricultural mechanisation has boos-
ted agricultural production by reducing the power bottlenecks in agri-
cultural operations, and enhancing land-use intensification [6,7]. In 
fact, mechanisation can be a boon for small and inefficient farmers in 
developing countries and helps them cope with the shortage of labour 
and improve farm efficiency [9,14]. 

Another crucial issue in south Asia is the declining per capita arable 
land. For instance, the per capita arable land in Bangladesh decreased 
from 0.17 ha to 0.05 ha between 1961 and 2016 [15], which is expected 
to further decline as the country’s population is projected to reach 193.7 
million by 2031 – almost 56% increase from 2001 [16]. Similarly, per 
capita arable land in India declined from 0.34 ha to 0.12 ha between 
1961 and 2016 [15]. Further, the population of India is projected to be 
1.75 billion5 by 2050, and its food demand is expected to double by the 
same period [17], while the per capita arable land will decline drasti-
cally. A similar situation is observed in Nepal as its per capita arable land 
dropped from 0.18 ha to 0.08 ha between 1961 and 2016 [15]. Conse-
quently, there is no possibility of increasing food production by 
expanding agricultural land. Hence, agricultural intensification with the 
advancement of farm mechanisation remains as one of the viable al-
ternatives to increase agricultural production and ensure food security. 

Despite the positive association between farm size and level of 
mechanisation [18–21], farm mechanisation has been widespread 
among small farmers in South Asia (SA). Indeed, it is also observed in 
East Asia, primarily in China [22]. Such a development can be attributed 
to the local manufacturing and adaptation of farm machinery to local 
suitability, especially for small and fragmented lands [23,24], and 
increasing custom hiring services of farm machinery, which facilitates 
farm machinery use without purchasing expensive agricultural ma-
chines and equipment [10,22,25,26]. Laser-land leveller, four-wheel 
tractors (4WT) drawn zero-till seed drills, thresher, mini-tillers, and 
several farm equipment are rented to farmers across SA [25–27]. Small 
and medium farmers who own the machines often provide services to 
other farmers for additional income [28,29]. All these factors have led to 
increased mechanisation in agriculture [30–36]. Overall, mechanisation 
has been identified as a core dimension to modernise and transform 
agriculture in SA. 

The literature on the adoption of farm machinery in the context of 
smallholders is burgeoning. Yet, there is a paucity of studies that 
examine the factors that constrain the adoption of farm machinery by 
marginal and small farmers at the regional level. Considering the 
dominance of smallholders in South Asian agriculture, and their pivotal 
role in national food security, this study uses data collected from three 
South Asian countries to examine the factors that influence the use of 
farm machinery by farmers in South Asia. 

This study makes four significant contributions to the existing liter-
atures. First, unlike the previous studies (for example [34,37], which 
largely undermined the role of expanding custom hiring services in farm 
mechanisation, we considered adoption as the use of machines rather 
than only ownership of machines. Second, providing a comparison be-
tween the share of households that have used agricultural machinery 
and households that own them, we assessed if ownership crucially 
matters for the adoption of farm machinery. Third, accounting for the 
possible interdependency across the decisions to adopt farm technolo-
gies, we jointly analysed them. Fourth, as it is the first paper that ex-
amines farm mechanisation behaviour in Bangladesh, India, and Nepal 

by using primary data, its findings are expected to help policymakers to 
understand and scale up the farm mechanisation process in the south 
Asian region. 

The remaining sections of the paper are structured as follows: the 
second section presents the background of the agricultural sector and 
the mechanisation process in SA with special reference to Bangladesh, 
India, and Nepal. The third section provides a brief note on the major 
theories of farm mechanisation. The fourth section deliberates on data 
and empirical methods. The fifth section deals with the results and 
discussion, while the sixth section summarises the findings and provides 
policy recommendations. 

2. Background: agricultural sector and mechanisation in South 
Asia 

2.1. Importance of agricultural sector in South Asia 

Macroeconomic statistics confirm that agriculture is still the back-
bone of the South Asian economies (Table 1). Although the contribution 
of the agricultural sector to the GDP in South Asian countries is declining 
over the period of time, it still forms significant shares of the GDP. In 
Afghanistan, the contribution of the agricultural sector to GDP is 25.8%, 
followed by Nepal 24.3%, Pakistan (22%), India (16%), Bhutan (15.8%), 
Bangladesh (12.7%), Sri Lanka (7.4%), and Maldives (5.2%). In absolute 
terms, the current value-added from agricultural sectors is highest for 
India, which is about US$ 459,461 million, followed by Pakistan (US$ 
61,324 million), Bangladesh (US$38,367 million), and Nepal (US$7432 
million). In SA, the agriculture sector also contributes to foreign ex-
change earnings through exports. 

In SA, except for the Maldives, the agricultural sector employs a large 
segment of the population, making it a major source of livelihood for the 
rural population. In Nepal, agricultural sectors employ 65% of the 
population, followed by Bhutan (55%), Afghanistan and India (43% 
each), Bangladesh (39%), Pakistan (37%), Sri Lanka (25%), and 
Maldives (8.5%) (see Table 1). Across each country, the statistics show 
that agriculture constitutes a major source of livelihood for females 
compared to males (Table 1). These statistics provide evidence that 
agricultural development is a viable way to generate employment, sta-
bilize agriculture prices, reduce the trade deficit, alleviate poverty, and 
improve food security in SA. Furthermore, it has the potential to 
contribute meaningfully in realising the United Nations Sustainable 
Development Goals (SDGs), particularly SDG1 (no poverty) and SDG2 
(zero hunger). However, agriculture performance is unsatisfactory in the 
region, particularly in Afghanistan, Nepal, Bhutan, and Sri Lanka, which 
have low cereal productivity compared to its South Asian peers. Agri-
culture is dominated by subsistence farming with small landholding, and 
the investment in the agricultural sector is low. Rapid increase in out- 
migration, especially from the male population, has resulted in femini-
zation and labour scarcity in the region. As a result, rural wage rates 
have increased, leading to high production costs and making farming 
less attractive. 

2.2. Overview of the mechanisation in South Asia 

Though farm mechanisation may be defined in various ways, it 
generally refers to a process of enhancing farm labour productivity or 
land productivity by applying improved machinery for agricultural op-
erations [7,38]. Application of improved machinery rather than manual 
labour requires a transformation process, which is associated with 
multiple internal and external factors and could have heterogeneous 
impacts on the agricultural sector [22,36]. Agricultural mechanisation is 
an uneven process, and the pathways that it follows can substantially 
vary across the countries and also across the states or regions of the same 
country, depending on the context under which it takes place [13,39, 
40]. 

Among the south Asian countries including Afghanistan, India, 5 (http://www.populstat.info/Asia/indiac.htm). 

J.P. Aryal et al.                                                                                                                                                                                                                                 

http://www.populstat.info/Asia/indiac.htm


Technology in Society 65 (2021) 101591

3

Nepal, Bangladesh, Pakistan, Sri Lanka, and Bhutan, the level of farm 
mechanisation is the highest in India when compared on the basis of 
machinery used in multiple farm operations and farm machinery pro-
duction in the country [41–44]. In Bangladesh, farm machinery is 
mostly used for land preparation (80%) and threshing (>80%), while 
the other farm operations such as planting and harvesting are usually 

performed manually [44]. In Nepal, land preparation, mostly in the 
Terai region, is carried out using tractors, while the use of machinery for 
other agricultural operations is very low [44,45]. Despite high growth in 
farm mechanisation in the last decade, the level of farm mechanisation 
in India (45%) is still lower compared to the United States of America 
(95%), Brazil (75%), and China (57%) [46]. Additionally, although 

Table 1 
Macro agricultural statistics.   

Afgh 
-nistan 

Bhutan Bangla 
-desh 

Nepal Pakis 
-tan 

India Mald 
-ives 

Sri Lanka 

Agriculture, forestry, and fishing, value added (% of GDP) 25.77 15.82 12.68 24.26 22.04 16.00 5.23 7.42 
Agriculture, forestry, and fishing, value added (current in mil US$) 4972 400 38,367 7432 61,324 459,461 295 6231 
Agricultural raw materials exports (% of merchandise exports) 16.69(3) .. 0.75(1) 3.80(3) 1.02 1.15(4) 0.01(4) 2.62(3) 

Agricultural raw materials imports (% of merchandise imports) 1.821 .. 6.41(1) 1.38(3) 4.16 1.86(4) 2.55(4) 1.82(3) 

Employment in agriculture (% of total employment) 42.84 55.31 38.58 65.00 36.66 42.38 8.47 24.52 
Employment in agriculture, female (% of female employment) 65.23 63.62 57.49 74.77 65.26 54.54 1.94 27.43 
Employment in agriculture, male (% of male employment) 36.98 49.69 30.53 52.66 29.47 39.33 10.13 23.03 
Cereal yield (kg per hectare) 2,025(3) 3,371(3) 4,411(3) 2,796(3) 3,171(3) 3,021(3) 2,556(3) 2,147(3) 

Cereal production (million metric tons) 4.90(3) 0.19(3) 53.33(3) 9.76(3) 44.10(3) 297.85(3) - 1.82(3) 

Land under cereal production (million hectares) 2.42(3) 0.06(3) 12.09(3) 3.49(3) 13.91(3) 98.59 (3) - 0.85(3) 

Agricultural land (% of land area) 58.07(2) 13.61(2) 70.63(2) 28.75(2) 47.79(2) 60.45(2) - 43.69(2) 

Agricultural land (million sq. km) 0.38(2) 0.01(2) 0.09(2) 0.04(2) 0.37(2) 1.80(2) - 0.03(2) 

GDP growth (annual %) 3.91 5.46 8.15 6.99 0.99 4.18 6.99 2.28 
GDP per capita (current US$) 507 4.26 1856 1071 1285 2100 10,626 3853 

Source: World Bank Development Indicators. 
Note: The figures are for 2019, except those marked (1), (2), (3), (4) are for 2015, 2016, 2017, and 2018. 

Fig. 1. India’s import of agricultural machinery. 
Source: Connect2India 
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about 45% of the agriculture in India is mechanised, the penetration of 
farm machinery to small and marginal farmers are still very low [46]. 
Further, farm mechanisation depends on land size and topography – 
penetration of tractors is higher in northern India, especially in Punjab, 
Uttar Pradesh, and Haryana, whereas penetration of power tillers is 
higher in southern and eastern India, a region with a majority of small 
and marginal farmers [46]. 

Farm mechanisation in SA also evolved over time and, in some cases, 
in a sequential manner. SA initiated farm mechanisation with high 
power-intensive farm operations that require low-skilled labour such as 
mechanical threshers and tractors for ploughing land rather than using 
human or bullock power (see Fig. 1) and electric pumps for pumping 
water for irrigation [6]. It is followed by medium power-intensive farm 
operations that require medium-skilled labour, such as the use of seed 
sowing machines and harvester. The evolution process continued with 
farmers’ adoption of low power-intensive farm operations that require 
high skilled-labor such as paddy transplantation, grinding, and har-
vesting of multiple crops [6,47]. 

Table 2 shows that there has been a gradual increase in tractor use 
across all countries during the last six decades. A substantial growth in 
the imports of farm machinery such as tractors, harvester & threshers, 
and soil working equipment is observed in SA. The tractor use, which 
was very low in the 1960s and 1970s, increased substantially in the 
2000s, indicating a massive transformation in the agricultural sector. 
Such tractor use changes have been driven by labour scarcity, large scale 
farming, and intention to reduce drudgery. Though there is a surge in 
demand for farm machinery in all countries in SA, India particularly 
stands out, followed by Pakistan and Bangladesh. In the next decades, 
the farm machinery is anticipated to revolutionise agriculture in SA. 

The following sub-section provides details on the background of 

agricultural mechanisation in Bangladesh, India, and Nepal. 

2.2.1. Agricultural mechanisation in Bangladesh 
Bangladesh initiated its farm mechanisation process through the use 

of Deep Tube Wells even before emerging as an independent nation in 
1971 [6,10]. After its independence, its agricultural policy emphasized 
the use of groundwater for irrigation and thus prioritised shallow tube 
wells (STWs) and low-lift pumps. In 1972, the Bangladesh Agriculture 
Development Corporation (BADC) initiated custom hiring services of 
STWs to farmers’ organisations [32,48]. This spurred the custom hiring 
services of farm machinery, thereby increasing its use by small and 
resource-poor farmers. The BADC rented the equipment by providing a 
75% subsidy scheme to farmers. Due to such incentives by the govern-
ment, the total number of low-lift pumps reached 35,000 units in 
Bangladesh by the mid-1970s [49]. Although the four-wheel tractor 
(4WT) had been extensively promoted during the 1960s, it was not 
widely adopted in the country due to its unsuitability for small and 
fragmented landholdings [48]. 

Following the Japanese model, the ‘Comilla Cooperative Karkhana’, 
a farmer cooperative in Bangladesh, developed a pedal thresher in 1960 
[49]. This lead to the increased use of mechanical threshers as it was 
cost-effective and locally available. At present, most of the districts in 
Bangladesh have thresher manufacturing companies, and in some dis-
tricts such as Jessore and Khulna, more than 100 thresher manufacturers 
can be found [49]. 

The introduction of the deregulation and trade liberalisation policy 
in 1988 was considered a big shift in mechanisation in Bangladesh. This 
policy facilitated the import of small-scale machinery from China, which 
led to a reduction in the cost of power tillers and minor irrigation pumps 
by 50% [5,6,34,50]. Prior to the approval of this policy, farm equipment 

Table 2 
Trend on machinery use and imports in South Asia.   

Numbers of tractors in use (1000) 

1962 1972 1982 1992 2003 2006 2008 

Afghanistan 0.15 0.60 0.30 0.11 0.10 0.71 – 
Bangladesh 0.80 2.47 3.20 1.93 0.70 3.00 – 
Bhutan – – – 0.07 0.12 0.13 – 
India 35.00 170.00 461.57 1136.16 2532.90 – – 
Nepal 0.19 0.90 2.59 7.80 28.97 28.97 – 
Pakistan 6.00 30.51 122.00 283.30 363.46 439.74 – 
Sri Lanka 5.75 15.00 13.98 – – – –  

Imports: Agricultural tractors, total (US$1000) 
Afghanistan – – 340 1200 2882 11,964 8270 
Bangladesh 690 600 2625 499 4960 2098 60,969 
Bhutan – – – 60 160 149 463 
India 5990 14,088 887 637 1373 7355 5883 
Maldives – – – – 396 86 102 
Nepal – 180 1313 350 7047 235 26,789 
Pakistan 9234 8026 159,665 46,112 19,676 95,396 94,492 
Sri Lanka 1600 1400 3016 9827 20,120 41,869 54,357  

Imports: Harvester and threshers (trade) 
Afghanistan – – 45 45 – – – 
Bangladesh  30 390 2800 524 1463 4717 
Bhutan – – – 33 82 59 50 
India  1236 1639 4374 11,742 36,966 77,774 
Maldives – – – – 34 26 10 
Nepal – – – – 615 601 2179 
Pakistan  62 1396 2976 3475 12,862 6618 
Sri Lanka  55 127 476 2374 12,527 16,124  

Imports: Soil working equipment (trade) 
Afghanistan – 7 110 110 – – – 
Bangladesh – 485 359 6832 30,369 44,691 3866 
Bhutan – – – 60 942 880 4971 
India – 5196 938 3420 3882 15,438 37,113 
Maldives – – – – 149 – 17 
Nepal – – – – 344 – 878 
Pakistan – 444 1750 2527 1510 3448 5030 
Sri Lanka – 282 1025 1454 1822 2758 3205 

Source: FAO Stat 
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could only be imported selectively, and was strictly regulated by the 
‘Standardised Committee of Bangladesh’. Trade liberalisation increased 
the sale of diesel engines and power tillers by 400% and 1000%, 
respectively, compared to sales from three years before [50]. The spread 
of small-scale machinery through low-priced imports accompanied by 
the government policy to support local manufacturings transformed 
agriculture in Bangladesh into one of the highly mechanised sectors [28, 
51]. 

2.2.2. Agricultural mechanisation in India 
Although India imported farm equipment such as steam threshers 

(Punjab province) in 1912, and tractors around 1914, the speed of 
mechanisation did not take place until the Green Revolutions [38]. 
Irrigation pumps were imported in the 1940s. To facilitate the process of 
importing tractors and other machinery such as bulldozers, India 
established a Central Tractor Organisation and a State Tractor Organi-
sation in the mid-1940s [52]. This resulted in an increase in the number 
of tractors from 8000 units in 1950 to 37,000 units in 1960 [53]. Similar 
increment was observed in the use of irrigation pumps from 430,000 
units in 1960 to 1,950,000 units in 1961 [53]. Tractor use intensity in 
India increased massively after the establishment of five tractor 
manufacturing units in 1960 in the country [53]. This brought a surge in 
the intensity of tractor use per unit of land. For instance, tractor use 
intensity increased from 0.19 units per 1000 ha in 1961 to 9 units per 
1000 ha by 2000 [53]. 

The farm mechanisation, however, is not evenly distributed across 
all the Indian states. This is more observed in those states (i.e., Punjab 
and Haryana) where the Green Revolution was more successful. Punjab 
and Haryana were the first states which adopted most of the farm ma-
chinery, including threshers, tractors, harvesters, etc. Still, a consider-
able variation is observed in the level of farm mechanisation across the 
states in India – higher in Haryana and Punjab, while it is lower in Bihar, 
West Bengal, and Orissa [11]. Successful adoption of Green Revolution 
technologies spurred the use of farm machinery in the early 1970s. For 
instance, the adoption of short-duration and high-yield variety of wheat 
and rice created a new prospect for farmers to grow wheat after har-
vesting rice in the same piece of land. For this, they needed tractors and 
other machinery to speed up harvesting operations as well as land 
preparation, which further unlocked an enormous scope for farm 
mechanisation. Thus, farmers started using tractors for tilling land and 
harvester for harvesting the crop since human and animal labour could 
not perform these farm operations within time. 

Several initiatives by the Indian government provided an impetus to 
farm mechanisations. In the 1970s, the government initiated better 
credit programs for farmers under which farm loans to purchase farm 
machinery are provided with a lower interest rate. Massive investment 
in public infrastructure and rapid development of local farm machinery 
manufacturers further expanded the use of machinery in the 1990s [54]. 
Economic liberalisation in 1992 contributed immensely to the process of 
farm mechanisation in India. With the introduction of economic liber-
alisation, India exempted the excise duty in the farm machinery with an 
engine displacement of less than 1800 cc and also promoted local 
manufacturing by facilitating the permits system. All these efforts 
contributed to make India a country with one of the largest tractor in-
dustries, with the selling of almost 700,000 tractors per annum [33,54]. 

The agricultural machinery market is projected to increase from INR 
498.04 billion in 2018 to INR 901.41 billion in 2024 [55]. In 2019–20, 
India exported agricultural machinery worth 67.55 USD million to over 
146 countries – export to the United States, Nepal, and Sri Lanka form a 
significant share [56]. In 2019–20, India imported agricultural ma-
chinery worth US$ 69.11 from 50 countries. Fig. 1 shows India’s imports 
by country and year. India imports over 31.6% of agricultural machinery 
from China. China alone contributes to 45.7% of the overall agricultural 
machinery imports of US$ 69.11 million. During the last ten years, 
import per year has consistently remained above US$ 40 million. 

Fig. 1 vividly demonstrates the increasing importance of India in 

farm mechanisation. India is a leading player in SA and at the global 
level in terms of manufacturing, international trade, and agricultural 
machinery usage; hence, it can play a crucial role in farm mechanisation 
in the region. 

2.2.3. Agricultural mechanisation in Nepal 
Agricultural mechanisation in Nepal commenced on a very small 

scale after the initiation of the 4WT in the early 1970s [8,57–59]. With 
the import of two-wheeled tractors from Japan, Korea, and China in the 
1980s [10,59], the small scale mechanisation gradually spread in the 
country. As Nepal is characterised by fragmented land, terrace farming, 
and rugged topography, the introduction of two-wheel tractor (power 
tiller) was considered to be remarkable in the small-scale mechanisation 
process in the country [10,11]. Following the success of two-wheel 
tractors and the decline in farm labour, and increase in the agricul-
tural wage labour, the threshers and harvesters were gradually intro-
duced in the 1990s and 2000s [11,59]. Given the country’s topography, 
farm mechanisation is mostly concentrated in the Terai (plain) region. 
Though the use of pump sets and small-scale thresher were already 
prevalent in the hilly regions [8,33], the introduction of mini-tillers 
(Chinese small horsepower tractors) in 2010 proved to be revolution-
ary in the process of mechanisation in the hills of Nepal. 

Due to wide variation on the topography such as mountains, hills, 
and terai (plain), a high spatial variation in the type of farm machinery 
usage is observed in Nepal. Nearly 46% of the farms in the Terai region 
use mechanised tillage against only 8% in the hills and mountains [45]. 
Similar to many developing countries, the ownership and the use of farm 
machinery has increased over time. National data in Nepal revealed that 
between 2001 and 2011, the share of households using threshers, power 
tiller, tractors, and pump set increased from 7.4% to 21.0%, 0.5% to 2%, 
8.1% to 22.0%, and 4.3% to 14.3%, respectively [60,61]. 

Out-migration of male labour has resulted in the feminization of 
farming, and labour scarcity [62], leading to an increase in the rural 
wage rates [63,64] and a decline in agriculture production and food 
security [62,65–67]. Acknowledging the crucial role of farm mecha-
nisation in addressing labour scarcity and fostering agricultural growth, 
the Government of Nepal implemented several subsidy schemes (such as 
interest subsidy, capital subsidy, and price subsidy) to promote farm 
mechanisation. Furthermore, Nepal promulgated the Agricultural 
Mechanisation Promotion Policy in 2014 and Agricultural Development 
Strategy for a 20 years period (2015 to 235), which exhibited the 
long-term vision of the government to scale up agricultural 
mechanisation. 

2.2.4. Issues/challenges for mechanisation in South Asia 
Majority of farmers in SA are small and marginal and mainly engaged 

in subsistence farming. Although shifting from subsistence to commer-
cial farming is vital to augment farm income, financial barrier accom-
panied by lack of timely access to farm machinery often hinders the 
required shift from occurring [41,42,44,46]. In this context, scaling up 
farm mechanisation in SA requires in-depth understanding of the chal-
lenges faced by the multiple stakeholders, including farmers, machinery 
producers and traders (importers, distributors, wholesalers), and also 
agricultural universities and research institutions that develop and 
adapt farm machinery to local conditions [24]. Major challenges to farm 
mechanisation are summarized below:  

- Lack of transparency on government subsidy distribution process 
results in the elite farmers benefiting most from the program rather 
than the small and marginal farmers.  

- Farmers lack knowledge on farm machinery types, quality, and 
multipurpose uses. 

- Lack of workshop for repair and maintenance services of farm ma-
chinery, including power tillers, mini-tillers, and laser land levelers.  

- Spare parts of farm machinery are expensive and not readily 
available. 
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- Limited knowledge of grassroots extension workers in agricultural 
engineering and mechanisation at the farm level.  

- Although farm machinery are available on rent, its number is 
limited, and the owner charges exorbitant fees during the peak 
season.  

- Irregular and unstable energy supply.  
- Weak domestic farm machinery manufacturers, particularly in 

Bhutan, Nepal, Bangladesh, Sri Lanka, and Afghanistan:  
✓ Due to the small scale of production and high custom charge on 

the spare parts and raw materials, the domestic manufacturer 
cannot compete with foreign suppliers.  

✓ Domestic manufacturers have a limited distribution network with 
uncertain sales and marketing.  

✓ Polices to support the local manufacturer are lacking, resulting in 
an uneven playing field between importers and domestic 
manufacturers. 

- Traders (importers, distributors, wholesalers) face high market dis-
tortions due to frequent changes in policies such as farmers’ purchase 
of machinery under government subsidy or with grants from devel-
opment organisations.  

- Low priority to farm mechanisation in the national agricultural 
research system resulting in a lack of adequate qualified scientists 
and modernised physical facilities for fabrication of agriculture 
machinery and equipment design, testing, and validation.  

- Less developed road facilities to transport farm machinery to the 
farm. 

3. Theories of agricultural mechanisation 

Agriculture has remained at the central place of the economic 
development agenda in the south Asian countries [41,44]. Thus, the 
process of agricultural mechanisation continued with the advancement 
in the agriculture sector, and this process spread along the entire agri-
cultural value chains. There exist multiple theories that explain the 
process of mechanisation over time and in the course of economic 
development. Theory of induced innovation and the theory of farming 
system evolution are among the most widely used theories to explain the 
process and causes behind farm mechanisation. 

3.1. Theory of induced innovation 

Hayami and Ruttan first used the theory of induced innovation to 
explain farm mechanisation [68–71]. However, the concept of induced 
innovation was first proposed by John Hicks as a microeconomic hy-
pothesis in his book ‘The Theory of Wages’ [72]. According to Hicks 
(1932), “a change in the relative prices of the factors of production is 
itself a spur to invention, and to the invention of a particular kind - 
directed to economising the use of a factor which has become relatively 
expensive.” 

The core concept of the theory of induced innovation is that technical 
change is an essential component in the growth of agricultural pro-
duction and productivity and thus is not exogenous to the development 
process [68]. According to Hayami and Ruttan (1971), ‘the process of 
technical change in agriculture can best be understood as a dynamic 
response to the resource endowments and economic environment in 
which a country finds itself at the beginning of the modernisation pro-
cess (page 1)’. Hence, the changes in the relative scarcity of factors of 
production impel the development of new technologies, thereby facili-
tating the substitution of relatively abundant and hence, cheaper factors 
for relative scarce and hence expensive factors of production [68,69]. As 
a result, increasing scarcity of labour (i.e., rise in wages or labour is now 
a relatively expensive factor) will induce labour-saving technologies in 
agriculture such as the use of tractors for land preparation, use of har-
vesters for crop harvest, etc. Similarly, increasing land scarcity (i.e., land 
is a relatively more expensive production factor in agriculture) will 
induce land-saving technologies such as high-yielding crops, 

short-duration varieties, etc. Historical evidence from land-scarce 
countries such as Japan and land-abundant but labour-scarce econo-
mies such as USA, Canada, and Australia are in line with the concept of 
this theory [68,73]. 

3.2. Theory of farming systems evolution 

Theory of farming systems evolution considers the growth of the 
human population as a critical factor leading to the intensification of 
agriculture and to bring substantial changes in economic and sociolog-
ical aspects of farming [74]. According to this theory, primitive com-
munities with sustained population growth are more likely to get into a 
process of economic development compared to those with stagnant or 
declining populations [74]. This theory is more relevant in explaining 
the agricultural mechanisation process during the 1980s in Africa [47]. 
Based on Pingali et al. (1987) mechanisation process in Africa occurred 
only when the population density reached a certain level, and that 
spurred a transition from fallow cropping to permanent cultivation 
systems. Such a transition from fallow cropping to permanent cropping 
systems led to an increase in weed pressure in farming, which necessi-
tated the frequent soil tillage for reducing weed pressure, and this paved 
the way to the use of ploughing for land tillage rather than using human 
labour. The theory of farming system evolution considers primitive 
agricultural communities as dynamic. Therefore, they continue chang-
ing agricultural technology, largely induced by population pressure. 
However, these technological changes in primitive societies may not be 
as spectacular as observed in the agricultural sectors of industrially 
advanced countries [74–76]. 

Overall, farm mechanisation is one of the several components of 
agricultural growth, and hence, it is also influenced by several other 
factors rather than only land-labour ratio. Therefore, theories of agri-
cultural development and the historical evidence from both developed 
and developing countries exhibit that besides the evolution of farming 
systems, there are other institutional, environmental, and social factors 
that explain the process of farm mechanisation [13,73,77]. Institutional 
factors such as the emergence of custom hire services (rental markets for 
farm machinery) and cooperative exchange have played a major role in 
small-scale farm mechanisation in SA [27,33]. Additionally, commer-
cialisation of agriculture in some states of India, such as Punjab and 
Haryana, also induced the demand for labour-saving technology, 
contributing to farm mechanisation [44]. Another important issue is the 
participation in non-agricultural activities as it increases the opportu-
nity cost of labour, thereby inducing labour-saving technology. Hence, 
farm mechanisation may follow different paths depending upon the 
location-specific factors, and thus, these theories of farm mechanisation 
need to be carefully assessed. 

4. Data and empirical methodology 

4.1. Data and sampling 

This study used a primary dataset collected from a survey of 2528 
farm households residing along the Indo-Gangetic plains (IGP) of 
Bangladesh, India, and Nepal in 2013. The data was collected through 
multi-stage sampling. In the first stage, three countries in SA were 
purposively selected, and in the second stage, three districts of 
Bangladesh (Bagerhat, Jhalokhati, and Satkhira), one district in Nepal 
(Rupandehi), one district in Bihar, India (Vaishali), and one district in 
Haryana (Karnal), India were selected (see Fig. 2). These districts were 
selected based on the project sites, which aim to promote climate-smart 
agriculture. A total of 51 villages were selected for the study: 14 from 
Bangladesh, 12 from Bihar and 13 from Haryana in India, and 12 from 
Nepal (Table 3). The data were collected through a field survey using a 
comprehensive questionnaire that included information on household 
socioeconomic and farm-level characteristics. Detailed questions 
regarding the adoption of farm machinery by the farmers were also 
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included in the questionnaire. 

4.2. Empirical methodology 

As farmers in the aforementioned study adopted more than one 

machinery for farming, a multivariate probit model (MVPM) is appro-
priate for assessing the determinants for the choice of small-scale farm 
machinery. One may argue for the use of univariate logit and probit 
models for each type of machinery, but that could lead to biased and 
inefficient estimates, primarily due to the possibility of interdependence 

Fig. 2. Map showing the study area and sample distribution. Note: Purpose of this map is to exclusively show the location of the study area, namely Bagerhat, 
Jhalokhati, and Satkhira in Bangladesh, Rupandehi in Nepal, and Vaishali in Bihar, and Karnal in Haryana, India and do not indicate the boundaries. 

Table 3 
Study villages and sample size (n).  

Bangladesh Bihar (India) Haryana (India) Nepal 

Villages N Villages N Villages n Villages n 
Boro Galua 32 Bhatha Dari 63 Anjanthali 67 Aahirauli 50 
Burigoalini 45 Bilandpur 68 Bir Narayana 49 Bairiyan 50 
Chandipur 66 Dedhpore 46 Pakhana 80 Bhaglapur 32 
Dumuria 64 Dhabhaich 46 Sandhir 64 Dewapar 59 
durgapur 8 laxmi narayan pore 44 Barthal 41 Dhakdahi 92 
Gabgasia 66 Mirpur 55 Churni Jagir 20 Haraiya 47 
Gopalpur 32 Mukundpore 69 Darar 25 Hati Bangai 33 
Hatsala 28 Panapur Camp 56 Garghi Jattan 46 Mahuwari 71 
horinagor 45 Raja Pakar 70 Hathlana 46 Parasi Thuga 66 
Jagannathpur 64 rampur ratnagar 45 Mohri Jagir 40 Razadh 36 
Joka 40 Rasalpore 48 Nanhara 43 Rehara 48 
Sreefal Kathi 45 Varishpore 31 Sanwat 45 Samrahana 47 
Tarabunia 45   Sounkra 60   
Teligati 50       
Total sample 630  641  626  631  
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and simultaneity of adoption decisions [78]. Farmers are more likely to 
adopt one or more machinery; therefore, the choice of one machinery 
may complement or substitute the use of other machinery. The MVPM 
acknowledges the joint decision to use these machines by accounting for 
the potential correlations of the unobserved random error term between 
the equations. Therefore, the model helps to predict more efficient es-
timates with the correct standard errors, thereby leading to more ac-
curate inferences than those derived from the univariate logit and probit 
models. Further, the MVPM helps us to understand whether one farm 
machinery complements or substitutes the use of other machinery. 

Our data showed that farmers generally used six main types of farm 
machinery, i.e., tractors (Y1), water pumps (Y2), threshers (Y3), har-
vesters (Y4), power tillers (Y5), and other machinery (Y6). Considering 
that ith farm household (i = 1, 2, …, N) faces a choice to adopt jth 
machinery (j = 1, 2, …, 6), we use the following form of the MVPM for 
the empirical analysis: 

Yij =X ′

ijβj + εij (1) 

In equation (1), X′

ij is a 1 × k vector of explanatory variables, βj is a k 
× 1vector of unknown parameters to be appraised, and εij is the unob-
served error term. In the current model, the error terms conjointly follow 
a multivariate normal distribution (MVN) with zero conditional mean 

and variance normalised to one, i.e.u1, u2, u3, u4, u5,u6 ̅→
MVN

(0, ω). The 
resulting variance-covariance matrix (ω) is given by Equation (2): 

ω=

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎣

1 ρ12 ρ13 ρ14 ρ15 ρ16
ρ21 1 ρ23 ρ24 ρ25 ρ26
ρ31 ρ32 1 ρ34 ρ35 ρ36
ρ41 ρ42 ρ43 1 ρ45 ρ46
ρ51 ρ52 ρ53 ρ54 1 ρ56
ρ61 ρ62 ρ63 ρ64 ρ65 1

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎦

(2)  

where ρ represents the correlation coefficient of the error terms for any 
two farm machinery adopted. If these correlations in the off-diagonal 
items in the covariance matrix turn out to be non-zero, it rationalises 
the use of the MVPMrather than a univariate probit used separately for 
specific farm machinery employed. 

5. Result and discussion 

5.1. Descriptive statistics 

Table 4 presents the descriptive statistics of the variables used in the 
empirical analysis. SA has witnessed rapid farm mechanisationin recent 
decades. The results illustrate that many smallholder farmers in SA use 
farm machinery such as tractors, water pumps, threshers, harvesters, 
power tillers, and generators. 

Tractors are used for multiple purposes, including land preparation 
and transportation. Results show that 74% of the sampled households 
use tractors. The distribution of the use of tractors across countries re-
veals that 96% of farm households use tractors in Haryana, Bihar, and 

Table 4 
Descriptive statistics of variables used in the analysis.  

Variables Haryana Bihar Bangladesh Nepal Overall Variable Description 

Mean S.D Mean S.D Mean S.D. Mean S.D. Mean S.D. 

Dependent Variables 
Use Tractor (D: Dummy) 0.96 0.2 0.96 0.2 0.05 0.22 0.96 0.18 0.74 0.44 1 if used tractor and 0 otherwise 
Use Pump (D) 0.91 0.29 0.96 0.19 0.26 0.44 0.76 0.43 0.72 0.45 1 if used pump and 0 otherwise 
Use Thresher (D) 0.41 0.49 0.94 0.24 0.53 0.5 0.72 0.44 0.65 0.48 1 if used thresher and 0 otherwise 
Use Harvester (D) 0.68 0.47 0.01 0.12 0.006 0.079 0.24 0.43 0.23 0.42 1 if used harvester and 0 otherwise 
Use Power tiller 0.02 0.13 0.009 0.096 0.6 0.49 0.006 0.08 0.16 0.37 1 if power tiller is used and 0 otherwise 
Use other Machinery (D) 0.67 0.47 0.02 0.15 0.69 0.46 0.04 0.18 0.35 0.48 1 if used generator/others and 0 otherwise 
Independent Variables 
Demographic variables 
Male headed HH (D) 0.97 0.17 0.91 0.29 0.9 0.3 0.78 0.41 0.89 0.31 1 if male headed house and 0 if female 
Age of HH (C: 

Continuous) 
49 13 51 14 47 13 50 14 49 13.45 Age of household in years 

Education of HH (D) 0.67 0.47 0.62 0.49 0.71 0.45 0.51 0.5 0.63 0.48 1 if HH went to school and 0 otherwise 
Education of Spouse (D) 0.51 0.5 0.3 0.46 0.63 0.48 0.22 0.41 0.42 0.49 1 if HH’s spouse went to school and 0 otherwise 
AEC (C) 4.46 1.79 0.89 0.17 3.27 1.27 4.57 2.19 3.28 2.15 Adult equivalent member in house 
Family Size (C) 6.03 2.47 6.05 2.65 4.67 1.68 6.39 3.08 5.78 2.61 Total members in family 
Food Security status (D) 1 0.07 0.69 0.46 0.72 0.45 0.89 0.3 0.82 0.37 1 if HH is food secure and 0 otherwise 
Migration (D) 0.11 0.31 0.28 0.45 0.23 0.42 0.38 0.48 0.25 0.43 1 if HH has migrant member and 0 otherwise 
Training (D) 0.22 0.41 0.52 0.5 0.04 0.18 0.02 0.15 0.2 0.4 1 if HH has received training on improved seeds, soil & 

water management, crop rotation, minimum tillage, 
0 otherwise 

Economic And Social Capital 
Land operated (C) 3.33 3.81 0.39 0.41 0.44 0.48 0.67 0.85 1.2 2.32 Total land operated in ha 
TLU (C) 3.81 5.7 0.58 0.74 0.92 1.19 1.25 1.54 1.63 3.27 Livestock owned in tropical livestock unit 
Loan Taken (D) 0.4 0.49 0.34 0.48 0.69 0.46 0.44 0.49 0.47 0.5 1 if taken loan in last 24 months and 0 otherwise 
Non-Agricultural income 

(D) 
0.15 0.36 0.47 0.5 0.16 0.36 0.38 0.49 0.29 0.45 1 if HH has income from non-agriculture source, 

0 otherwise 
Farm labor participation 

income (D) 
0.01 0.09 0.04 0.19 0.13 0.34 0.04 0.18 0.05 0.22 1 if works as on farm labor, 0 otherwise 

Non-Farm labor income 
(D) 

0.03 0.18 0.25 0.43 0.19 0.38 0.15 0.34 0.15 0.36 1 if works as non-farm labor, 0 otherwise 

Membership (D) 0.35 0.48 0.09 0.28 0.39 0.49 0.45 0.52 0.32 0.47 1 if any family member is member in any institution in 
village and 0 otherwise 

Access to market and agriculture extension service 
Distance to main Market 

(C) 
6.43 3.07 4.69 4.67 3.54 4.02 4.39 5.81 6.07 5.21 Distance to nearest main market from house (in km) 

Distance to agriculture 
extension office (C) 

5.25 2.84 5.04 3.66 9.16 8.79 3.72 3.56 6.78 6.8 Distance to agriculture extension service from house (in 
km) 

Notes. 
D = Dummy variable and C= Cotinuous variable. 
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Nepal, while only 5% of farm households use tractors in Bangladesh. The 
low usage of tractors in Bangladesh could be due to small landholdings. 

Approximately 72% of the sampled farm households in the IGP of 
Haryana, Bihar, Bangladesh, and Nepal use water pumps for irrigation. 
The use of water pumps is predominant in Bihar (96%), followed by 
Haryana (91%) and Nepal (76%). Only 26% of the farm households in 
the IGP of Bangladesh use water pumps, which may be due to the 
abundance of water bodies in the coastal areas of Bangladesh. Threshers 
are generally used for separating the seed from the stalk. The result 
shows that 94% of the farm households in the IGP region of Bihar use 
threshers, followed by Nepal (72%), Bangladesh (53%), and Haryana 
(41%). 

Overall, a small number of farm households in the region use har-
vesters (23%). About 68% of the farmers in Haryana use harvesters, 
followed by Nepal (24%), Bihar (1%), and Bangladesh (1%). About 65% 
of the sampled farm households use threshers, 16% use power tillers, 
and 35% use generators and other machinery. Power tillers are used for 
land preparation and transportation, particularly in areas with rugged 
topography. In Nepal and Bihar, less than 1% of the sampled farms use 
power tillers, while 60% of farmers use it in Bangladesh. 

In the study region of the IGP, approximately 89% of farm house-
holds are headed by males, which indicates the existence of a patriarchal 
society. The region is heterogeneous – about 97%, 95%, and 90% of the 
households are male-headed in Haryana, Bihar, and Bangladesh, 
respectively. However, only 78% of the sampled households are male- 
headed in Nepal. The average age of the household head is between 
47 and 51 years in the IGP region, with the average age being 49 years. 
About 63% of the household heads were literate, while only 42% of their 
spouses were literate. 

Around 82% of the households were food secured in the region as a 
whole. Impressively, 100% of the sampled households were food 
secured in Haryana, followed by Nepal (89%), Bangladesh (72%), and 
Bihar (69%). Migration is a common phenomenon in the region and is 
considered as an important strategy for livelihood. About 25% of the 
households in the region have at least one member who is a migrant. 

Agricultural training plays an important role in influencing the 
adoption of modern farm technology. Our data shows that about 20% of 
the sampled households in the region obtained agricultural training. 
India has the highest percentage of households receiving agricultural 
training (52% in Bihar and 22% in Haryana), while only 4% of the 
households in Bangladesh and 2% of the households in Nepal received 
agricultural training. Land is an important asset of farm households that 
defines wealth and status. The average size of the land operated is as 
high as 3.33 ha in Haryana, while it is only 0.67 ha in Nepal, 0.44 ha in 
Bangladesh, and 0.29 ha in Bihar. 

Providing access to credit will help such households ease cash con-
straints and allow them to afford farm machinery. During the last 24 
months, 69% of the households in Bangladesh have obtained credit, 
while less than 50% of the households in Nepal, Bihar, and Haryana 
have obtained credit. With the establishment of the Grameen bank in 
1983, Bangladesh has become well-known for providing microcredit. 
Non-farm income also helps in generating cash income. About 41% and 
38% of the farm households in Bihar and Nepal, respectively, had ob-
tained non-farm income, while only 16% and 15% of the households in 
Bangladesh and Haryana, respectively, had obtained non-farm income. 

Nepal has the highest share, and Bihar has the lowest share of 
households that have a membership in the village institution. The dis-
tance between households and markets signifies the accessibility to in-
puts and other livelihood opportunities. The average distance of a 
sampled household from the market is about 6.17 km in the sampled 
locations, with the longest distance observed for Haryana (6.43 km) and 
the shortest distance observed for Bangladesh (3.54 km). The distance of 
the household from the agriculture extension office implies the acces-
sibility to quick extension services sought by farmers. The average dis-
tance of a household from the agriculture extension office is about 6.78 
km in the sampled locations. 

Table 5 shows the distribution of households by the type of machines 
used and owned. The areas included in this study have a high number of 
farm machinery users despite the low level of ownership of these ma-
chines. This signifies the existence of a high level of service provisions, 
which suggests that small-scale farm mechanisation does not need a 
huge investment. Building simple, workable, and effective service pro-
visions can lead to an increase in the adoption of farm machinery by 
smallholders. 

Among the surveyed locations, Haryana has the highest percentage 
of households (37%), and Bangladesh has the lowest percentage (0.3%) 
of households that own a tractor. This indicates that the farmers in 
Haryana are economically well-off and are able to invest in expensive 
technology, compared to the households in other locations. Despite high 
disparities in the ownership of tractors, about 96% of the households in 
Bihar, Haryana, and Nepal use tractors. Only 5% of the farm households 
in Bangladesh use tractors. Similarly, 86% of the farm households in 
Haryana, 21.8% in Nepal, 8% in Bihar, and 4.4% in Bangladesh own an 
irrigation pump. Even though the ownership of irrigation pumps is low 
in Bihar, Nepal, and Bangladesh, the number of users is high. We found 
3% of farm households in Nepal, 3% in Haryana, 1.9% in Bangladesh, 
and 1% in Bihar own threshers. However, the number of users is pro-
portionately much higher. In Haryana, about 10% of the farm house-
holds own harvesters, while less than 1% of the households own 
harvesters in Bihar, Bangladesh, and Nepal. We also observed that about 
68% of the households in Haryana and 24% in Nepal use harvesters, but 
less than 1% of the households in Bihar and Bangladesh use harvesters. 
In all these countries, less than 1% of the farmers own and use power 
tillers except in Haryana, where 60% of them use power tillers. 

Overall, tractors and water pumps are the most prominent types of 
farm machinery used and owned by the households, followed by 
threshers, harvesters, and power tillers (Table 5). Another important 
conclusion is that in the aforementioned locations in SA, farm machin-
ery usage is high despite the low level of ownership. 

5.2. Econometrics analysis 

We estimated an MVPM to identify the factors affecting the adoption 
of farm machinery by farmers. Based on the extensive literature review 
and in particular [18,27,33,34,37,58,59,82] and contextual issues [83], 
several explanatory variables were included. Farmers use different types 
of farm machinery concurrently to cope with the scarcity of labour, 
especially during the period of a labour shortage. As a result, their 
choices of farm machinery are likely to be correlated. It is important to 
test the pair-wise correlation coefficients since it justifies the use of an 
MVPM. The pair-wise correlation coefficients are tested across the re-
siduals of MVPMs for all three countries. Most of the coefficients are 
statistically significant (Table 6). This supports the hypothesis that the 
error terms of multiple decision equations are significantly correlated, 
thereby justifying the use of an MVPM. Moreover, the likelihood ratio 
tests rejected the null hypothesis that the covariances of the error terms 
across equations are not correlated. This further justifies the use of an 
MVPM, rather than estimating the probit model for each type of farm 
machinery. Table 6 also shows that farmers consider some kinds of 
machinery as complementary and others as substitutions. 

Table 7 shows the estimated results derived from the MVPM. Results 
indicate that several significant factors influence the adoption of farm 
machinery in the IGP of India, Bangladesh, and Nepal. The Wald Chi- 
squared test indicates that the model is statistically significant at less 
than 1% level, suggesting that at least one significant variable explains 
the adoption of the individual type of farm machinery. In the following 
sections, we have discussed the significant explanatory variables that 
promote or inhibit the adoption of specific farm machinery types in SA. 

5.2.1. Demographic and human capital 
The demographic characteristics and the level of human capital in 

the household can significantly influence the adoption of farm 
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machinery. Male-headed households are more likely to use irrigation 
pumps and harvesters in comparison with female-headed households. 
Motalleb et al. (2018) found that male-headed households are more 
likely to own, adopt, or operate machinery than households headed by 
women in Bangladesh. This may be because women are less likely to be 
aware of the advantage of mechanisation. While the age of the head of 
the household is positively and significantly correlated with the adop-
tion of an irrigation pump, it is negatively and significantly correlated 
with the adoption of a harvester. With an increase in age, the farmers 
tend to realise the importance of water for irrigation and attach a higher 
value to it. Therefore, it is more likely that they will adopt the use of a 
water pump for irrigation. The elderly farmers are less likely to adopt 
harvesters, as it is used for separating the grains from the stalks, and they 
may not realise its direct impact on the yield and net profit. 

Education is an important driver of agricultural mechanisation. 
Households with a literate head and spouse are more likely to adopt the 
use of water pumps for irrigation. Literate individuals are undoubtedly 
aware of the importance of irrigation in enhancing agricultural pro-
ductivity. Further, households with a literate head are more likely to 
adopt harvesters and other machinery. Households with a bigger family 
size are more likely to adopt water pumps for irrigation. Owombo et al. 
(2012) found an increase in household heads’ education to increase the 
probability of adoption of mechanisation practices. Households with a 
bigger family size are more likely to adopt water pumps for irrigation. 

Table 5 
Distribution of sample households by the type of machine used and owned (in percentage).  

Machine type Bihar Haryana Bangladesh Nepal 

user owner user owner user owner user owner 

Tractor 96 2 96 37 5 0.32 96 6.3 
Irrigation pump 96 8 91 86 26 4.4 76 21.8 
Thresher 94 1 41 3 53 1.9 72 3 
Harvester 1 0 68 10 0.6 0 24 0.4 
Power tiller 0.9 0.16 2 1.3 60 1.1 0.6 0.6 
Other machinery 2 0 67 7 69 14 4 0.2  

Table 6 
Pairwise correlation coefficients across farm machines adoption decisions.  

Farm machinery Coefficient Standard error P-value 

Tractor and irrigation pump 0.351*** 0.049 0.000 
Tractor and thresher 0.251*** 0.044 0.000 
Tractor and harvester 0.052 0.067 0.439 
Tractor and tiller − 0.383*** 0.069 0.000 
Tractor and others − 0.327*** 0.056 0.000 
Irrigation pump and thresher 0.113*** 0.038 0.004 
Irrigation pump and harvester 0.284*** 0.049 0.000 
Irrigation pump and tiller − 0.049 .0592 0.407 
Irrigation pump and others 0.079* 0.047 0.095 
Thresher and harvester − 0.478*** 0.041 0.000 
Thresher and tiller 0.430 0.049 0.000 
Thresher and others 0.142*** 0.043 0.001 
Harvester and tiller − 0.120* 0.070 0.089 
Harvester and others 0.036 0.052 0.497 
Tiller and others 0.641*** 0.036 0.000 

Note. 
Likelihood ratio test of rho21 = rho31 = rho41 = rho51 = rho61 = rho32 =
rho42 = rho52 = rho62 = rho43 = rho53 = rho63 = rho54 = rho64 = rho65 =
0: chi2(15) = 620.184 Prob > chi2 = 0.0000. 

Table 7 
Factors associated with the adoption of farm mechanisation in South Asia (results of MVPM).   

Tractor Pump Thresher Harvester Tiller Others 

Male headed HH − 0.196 (0.240) 0.129** (0.060) 0.068 (0.142) 0.111*** (0.035) 0.079 (0.203) 0.424** (0.179) 
Age of HH head 0.000 (0.004) 0.014*** (0.003) − 0.001 (0.003) − 0.008** (0.004) − 0.001 (0.004) − 0.002 (0.003) 
Literate HH head 0.136 (0.120) 0.138* (0.083) 0.049 (0.073) 0.097 (0.094) − 0.080 (0.114) − 0.201** (0.084) 
Literate spouse 0.079 (0.127) 0.204** (0.086) − 0.072 (0.074) 0.421*** (0.096) 0.099 (0.117) 0.132*** (0.036) 
Family size 0.006 (0.036) 0.059** (0.025) − 0.001 (0.021) − 0.014 (0.024) 0.024 (0.036) − 0.015 (0.023) 
Food secure − 0.050 (0.139) − 0.074 (0.099) 0.113 (0.091) − 0.100 (0.162) 0.131 (0.126) 0.110 (0.111) 
Migration − 0.214* (0.128) − 0.137 (0.091) − 0.127 (0.081) 0.069 (0.110) 0.002 (0.124) 0.276*** (0.098) 
Agricultural training 0.301* (0.160) 0.100 (0.129) − 0.164 (0.102) 0.106** (0.033) 0.390** (0.196) 0.120*** (0.017) 
Land operated − 0.008 (0.030) 0.115*** (0.024) 0.099*** (0.018) 0.109*** (0.020) 0.006 (0.033) 0.213*** (0.017) 
Livestock owned 0.014 (0.036) 0.066*** (0.026) 0.066*** (0.020) − 0.041* (0.022) − 0.057 (0.039) 0.023 (0.021) 
Credit access − 0.085 (0.110) 0.287*** (0.078) 0.017 (0.068) 0.205** (0.087) 0.186* (0.107) 0.213*** (0.078) 
Off-farm income 0.106 (0.152) 0.251** (0.100) 0.290*** (0.088) 0.087 (0.112) 0.639*** (0.162) 0.248** (0.103) 
Work as farm labor − 0.055 (0.228) 0.332** (0.143) 0.216 (0.138) − 0.141 (0.240) 0.289 (0.181) 0.246 (0.164) 
Work as non-farm labor − 0.243 (0.174) − 0.046 (0.109) 0.188* (0.102) 0.371** (0.162) 0.300* (0.158) 0.164 (0.124) 
Membership − 0.110 (0.121) 0.042 (0.080) 0.186** (0.072) − 0.007 (0.095) 0.165 (0.111) 0.113** (0.056) 
Distance to main market 0.006 (0.011) − 0.029*** (0.008) 0.005 (0.007) − 0.005 (0.010) − 0.030** (0.015) − 0.129*** (0.009) 
Distance to extension office − 0.018*** (0.006) − 0.010** (0.005) − 0.014*** (0.005) 0.004 (0.007) − 0.009 (0.008) − 0.015** (0.006) 
Number of farm plots 0.007 (0.026) 0.013 (0.017) 0.099*** (0.017) − 0.043* (0.023) 0.122*** (0.022) 0.126*** (0.021) 
Agricultural wage rate 0.220*** (0.054) 0.065* (0.036) 0.167*** (0.031) 0.314*** (0.035) 0.194*** (0.074) 0.617*** (0.042) 
Haryana (Base category: Nepal) − 0.097 (0.213) 0.985*** (0.166) − 0.273*** (0.104) 0.890*** (0.209) − 0.123 (0.303) 0.781*** (0.186) 
Bihar (Base category: Nepal) − 0.086 (0.213) 0.431*** (0.153) 0.703*** (0.141) − 0.890*** (0.209) − 0.123 (0.303) − 1.081*** (0.186) 
Bangladesh (Base category: Nepal) − 3.426*** (0.210) − 0.610*** (0.140) − 0.684*** (0.126) − 0.731*** (0.227) 2.704*** (0.285) 2.868*** (0.178) 
Constant 2.125*** (0.468) 0.905*** (0.310) 0.844*** (0.274) − 1.490*** (0.372) − 3.221*** (0.540) − 4.343*** (0.370) 
No of obs 2528      
Wald chi-sq (132) 3297.03      
Prob > chi-sq 0.0000      
Log-likelihood − 3742.13      

Source: Authors’ calculations. 
Notes: Robust standard errors in parentheses. 
*** = 1% level of significance, ** = 5% level of significance, * = 10% level of significance. 
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Using household-level data from eleven countries in Africa, Kirui (2019) 
found that male-headed households and households with a larger family 
size are the significant drivers of agricultural mechanisation. 

5.2.2. Training 
Agricultural training has been found to be one of the significant 

factors that influence the adoption of farm machinery. Training helps to 
influence knowledge, attitude, and perception, which in turn affects the 
farmers’ decision to whether or not to adopt an innovation [81]. The 
results showed that the households receiving agricultural training have 
a higher probability of adopting tractors, harvesters, tillers, and other 
machinery than those that do not receive agricultural training. In fact, 
training sensitises the farmers about the possible ways of reducing the 
cost of production and increasing the agricultural yield. Such training 
can make farmers aware of the potential advantage of using farm ma-
chinery and ways to access such services. Our results suggest that agri-
cultural training can be crucial for scaling mechanisation among 
smallholders in SA. Kumar et al. (2020) found that participation in 
agricultural training to be one of the significant factors influencing the 
adoption of improved technologies in Nepal. 

5.2.3. Wealth and finance 
Wealth is proxied by the size of land operated, livestock owned 

showed that wealth is positively associated with machinery use. For 
example, the adoption of water pumps, threshers, harvesters, and other 
machinery increases with the increase in the size of land cultivated. The 
tropical livestock unit (TLU) is positively associated with the adoption of 
water pumps and threshers but negatively associated with the adoption 
of harvesters. 

The access to credit eases liquidity constraints, and the farmers are 
able to rent farm machinery. Except for tractors and threshers, the co-
efficients of the access to credit are positive and statistically significant 
for the use of water pumps, harvesters, tillers, and other machinery. This 
suggests that credit plays an important role in promoting agricultural 
mechanisation. An insignificant relationship of access to credit and 
tractor use may indicate that smallholder farmers who are the focus of 
the current studies either cannot afford to hire tractors or need to use 
them due to the farm size. 

Non-farm income also helps in easing the liquidity constraints of the 
farm households, thereby enabling the adoption of farm machinery. The 
results show that the non-farm income is positively and significantly 
associated with water pumps for irrigation, threshers, tillers, and other 
machinery. 

5.2.4. Social capital 
Social capital is crucial for technology adoption and wellbeing. We 

used a single indicator of social capital, although rich literature exists on 
the multidimensional concept of social capital (Sabatini 2005; Kaasa 
2009). Membership in a village institution is supposed to improve social 
networks and access to information; hence, it is expected to influence 
the adoption of farm machinery positively. Although Kaasa (2009) 
criticized the use of general social indicators such as membership in the 
village social institution, as it emerges out to be negative social capital, 
our result shows that the membership in a village institution is positively 
and significantly associated with the adoption of threshers and other 
machinery. 

Distance to market and extension services measure the accessibility 
to inputs and knowledge on improved agricultural technology. House-
holds located closer to the market and the extension services are ex-
pected to use farm machinery to a greater extent than households that 
are remotely located. The results show that the increase in the distance 
to market is negatively correlated with the adoption of irrigation pumps, 
tillers, and other machinery. Kumar et al. (2020) found that improved 
access to the market to be an important factor influencing the adoption 
of improved technologies in Nepal. A study from Africa found that dis-
tance to the input and output markets is a significant driver of 

agricultural mechanisation [80]. Similarly, households located farther 
away from the extension services are less likely to use tractors, irrigation 
pumps, threshers, and other machinery. These findings underscore the 
importance of access to markets and agriculture extension services for 
scaling agricultural mechanisation in SA. A study from Nigeria found 
that increasing access to extension services increases the probability of 
adopting mechanisation practices [79]. Extension services help to in-
crease the farmers’ awareness and stimulate them to use the farm 
machinery. 

5.2.5. Agricultural wage 
The increase in agricultural wage rates is associated with a higher 

probability of adopting all kinds of farm machinery in SA. As the in-
crease in agricultural wages leads to a rise in labour costs, farmers will 
find more cost-effective ways of using the machinery, which corrobo-
rates with the theory of Induced Innovation as proposed by Hicks (1932) 
and Hayami and Ruttan (1971). 

6. Conclusion and policy recommendations 

South Asia witnessed rapid growth in agriculture mechanisation 
despite the dominance of smallholders. Ministry of Agriculture of 
different South Asian countries have recognised the importance of 
Agricultural mechanisation as one of the pertinent strategies to cope 
with the labour shortage, enhance agricultural productivity, and cope 
with the adverse impact of climate change in SA. The adoption of farm 
mechanisation has been increasing over time in SA, mainly due to the 
establishment of custom hiring service centres and the government’s 
subsidy policy to support the purchase of expensive farm machinery. 
Mechanisation relaxes the labour constraints during the peak season, 
reduces drudgery, and increases agricultural intensive farming activ-
ities. Therefore, underscoring the importance of agriculture mecha-
nisation, the current study assesses the factors that widely influence 
farm machinery adoption in Nepal, India, and Bangladesh. 

Results show that a large proportion of smallholder farmers in SA use 
farm machinery, such as tractors, water pumps, threshers, harvesters, 
power tillers, and generators. The tractor and the water pump are the 
most prominent farm machinery used and owned by the households, 
followed by threshers, harvesters, and power tillers. Despite the low 
level of ownership, farm machinery usage is high, which underscores the 
importance of custom hiring service centres. 

Econometric analysis reveals that the demographic characteristics 
(gender and age of the household head) and the level of human capital 
(education) influence the adoption of farm machinery. Households 
receiving agricultural training have a higher probability of adopting 
tractors, harvesters, tillers, and other machinery. Such training will help 
enhance awareness and realise the benefits of using agricultural ma-
chinery, enhancing the demand and use of appropriate agricultural 
machinery. Accesses to credit and non-farm income are important fac-
tors for the adoption of different types of farm machinery. The house-
hold’s affiliation with the village institution is likely to increase the 
adoption of farm machinery, thereby underscoring the importance of the 
social network in the diffusion of agricultural technology. The increase 
in the household’s distance to market and extension services is nega-
tively correlated with the adoption of irrigation pumps, tillers, and other 
machinery. Despite the assumption that land consolidation increases 
agricultural mechanisation, we found that households with a higher 
number of farm plots have a higher probability of adopting threshers, 
tillers, and other machinery. The increase in agricultural wage rates is 
associated with a higher probability of adopting farm machinery, 
regardless of the types of machines. 

Our findings provide several policy implications that can help scale 
up the mechanisation of agriculture in SA. As agriculture in South Asia is 
dominated mainly by smallholders and does not have the resources to 
purchase machinery, prioritising and promoting market-led hiring ser-
vice is vital to eliminate distortions and maximize social welfare. Hence, 
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governments should support and promote the establishment of more 
custom hiring centres so that the farmers can easily access their services 
during the period of time that is crucial for agricultural operations. The 
government support and institutional transformation to move away 
from technology supply push to innovation system thinking are crucial 
to enhance the adoption of farm machinery, which improves produc-
tivity and minimises the adverse effect on the environment [84–86]. 

The market failures that may lead to the undersupply of mechanised 
services need to be corrected by fixing the reasonable service charge by 
the government. Since farmers receiving agriculture training are more 
likely to use the farm machinery, the government needs to organise such 
training programs to increase farm machinery demand. The government 
should organise demonstrations on modern machinery in the farmer 
fields to scale the farm machinery. As the adoption of machinery among 
female-headed households is low, government policies that ensure 
gender equity by providing training and access to mechanisation are 
expected to reduce the gender gap in farm machinery use. 

The facilitation of easy access to credits and the increase of house-
hold income diversification are likely to increase the adoption of farm 
machinery in SA. Encouraging farm households to be affiliated with the 
village institution is likely to increase farm machinery use. Any policies 
attempting to provide better access to markets and extension services 
will likely increase selective farm machinery adoption. 

Policies aiming to provide better access to markets and extension 
services will likely increase selective farm machinery adoption. Our 
study focused on extrinsic factors influencing the adoption of agricul-
tural mechanisation. Finally, intrinsic factors such as knowledge, atti-
tude, and perceptions play a crucial role in adoption decisions [81]; 
hence future research should assess the role of intrinsic factors in 
addition to extrinsic factors in influencing the adoption of farm ma-
chinery use in South Asia. 
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