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Abstract  

Agriculture is the single largest private sector occupation in Bihar and can be considered the riskiest business. Hence, 

the goal of the agricultural production system should be to maximize income of land owning and landless rural 

populace to improve their livelihoods. The vulnerability to income and consumption shocks makes it imperative to 

develop formal agricultural insurance mechanisms to cope with such risks. The traditional yield insurance schemes 

have failed in managing the risks of the poor farmers as evident from their historically high payouts and poor 

penetration rates. There is a need to develop effective risk management strategies to cover potential losses in yield 

and hence incomes. 
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1. INTRODUCTION 

The State of Bihar with a geographical area of 94.2 thousand 

square km is divided by river Ganges into two parts, the north 
Bihar with an area of 53.3 thousand square km, and the south 
Bihar having an area of 40.9 thousand square kilometer. 
Based on soil characterization, rainfall, temperature and 
terrain, three main agro-climatic zones in Bihar have been 
identified. These are: Zone – I (North West Alluvial Plain), 
Zone – II (North East Alluvial Plain), and Zone-III (South 
Bihar Alluvial Plain), each with its own potential and 

prospects. All these zones have Chaur, Maund, Tal and Diara 
lands, which are submerged during the rainy season [1, 2, 3, 
18]. 

The percentage of population employed in agricultural 

production system in Bihar is estimated to be 81%, which is 
much higher than the national average. Nearly 42 per cent of 
GDP of the state (2004-05) has been from agriculture sector 
(including forestry and fishing). High concentration of 
population, largely dependent on agriculture coupled with low 
yields of the major cereal crops, is main reason for high 
poverty ratio in the state. Consequently, about 42 % of the 
State population is below poverty line as against national 

average of 26%. As urbanization in the state is still very poor, 
nearly 90 per cent of the population lives in rural areas. The 
State of Bihar is also lagging behind the national average On 
all socio-economic indicators like per capita income, average 

size of operational holding, per capita cultivated land,  

 
 
percentage of villages electrified, road length per thousand sq 
km, per capita deposit, per capita bank credit, credit deposit 

ratio, male-female literacy , and life expectancy etc. Bihar is 
considered to be at the bottom . 
The gross and net sown area in the State is estimated at 80.26 
lakh ha and 56.38 lakh ha., respectively. The intensity of 

cropping is 1.42%. The principal crops are paddy, wheat, 
pulses, maize, potato, sugarcane, oil seeds, tobacco, and jute. 
Rice, wheat and maize are the major crops. 

As a major sector, agriculture continues to be the life line for 

the farmers in Bihar, India. Change in the production and 
productivity in the field of agriculture is possible in India due 
to a massive diversion from the traditional agriculture to new 
commercial agriculture. In the post-green revolution era, the 

agricultural production was targeted through change in area 
under cultivation, increasing cropping intensity and increasing 
productivity per unit area.  

Technology and machinery enhanced the ability, quality, 
accuracy and efficiency of the human being. By using 
technology in any field the rate production and quality 
automatically increases.  The state witnessed unprecedented 
growth in agriculture which has helped Bihar to graduate from 

hunger to near about self sufficiency in food grains by 
increasing the food grain production from 51 million tonnes to 
208 million tonnes [ 15], with surplus for export. [ 11, 14, 21]  
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The traditional fabricators of agricultural equipment in India 

had done by blacksmiths and carpenters. The early 

agricultural mechanization in India was greatly influenced by 

the technological development in England. In 1889, Watts and 

Kaisar introduced ploughs, corn grinders and chaff cutters 

Cawnpore (now Kanpur) Experimental Farm in Uttar Pradesh. 

Sardar Joginder Singh (1897-1946), who was the Agriculture 

Minister in the Punjab Government (1926-37), introduced the 

steam tractors in India in 1914 for reclamation of waste land 

and eradication of ‘Kans’. Horse drawn and steam tractor 

operated implements were imported during the latter part of 

the 19th century. The horse drawn equipment imported from 

England were not suitable for bullocks and he-buffaloes used 

in India and thus, were suitably modified by small scale 

manufacturers to suit Indian draught animals. With the 

establishment of Allahabad Agricultural Institute, Allahabad 

in 1942, the development activities in agricultural machinery 

accelerated and as a result bullock drawn Meston, Shabash 

and Wah-Wah ploughs were introduced in Uttar Pradesh, 

manufactured by the Agricultural Development Society, Naini 

in early forties. 

Gradually demand for other farm machinery such as reaper 

and combine harvester also increased. Demand of tractors in 

the country was met through importation until 1961 when 

Eicher Tractors Ltd. and Tractors and Farm Equipment Ltd 

started manufacturing tractors with foreign collaborations. To 

meet the additional demand, importation continued up to 

1977. Meanwhile many other industries started manufacturing 

tractors with foreign know how such as Gujarat Tractors Ltd 

(1963), Escorts Ltd (1966), International Tractors (India) Ltd. 

(1966), and Hindustan Machine Tools Ltd (1977). Punjab 

Tractors Ltd. started their production with indigenous 

technology in 1974.  

Farm mechanization helps in effective utilization of inputs to 

increase the productivity of land and labour. Besides it helps 

in reducing the drudgery in farm operations. The early 

agricultural mechanization in India was greatly influenced by 

the technological development in England. Irrigation pumps, 

tillage equipment, chaff cutters, tractors and threshers were 

gradually introduced for farm mechanization. The high 

yielding varieties with assured irrigation and higher rate of 

application of fertilizers gave higher returns that enabled 

farmers to adopt mechanization inputs, especially after Green 

revolution in 1960s. 

But the present status of the Bihar state is still poor  One of 
the main factors responsible for ‘poor response of farmers 
towards mechanization’ may be mechanization of small and 

contiguous group of lands is found to be against economics of 
scale,’ especially for activities like: (i) land preparation and 
(ii) harvesting thereby making individual ownership of 
agricultural machinery uneconomical. In order to make farm 
equipments and machines available to farmers at affordable 
cost, ‘Farm Machinery Banks’ are being established in 
different parts of some of the states facilitating the farmers to 

custom hire the machines and equipments. Besides increasing 
the power availability, this will help removing the disparity in 
regard to availability of farm power among various states and 

reduce the drudgery associated with various farm operations.  

In this paper we are going to research on the present status of 

the farm mechanization in states of Bihar.   

2. FARM MECHANIZATION 
 

Farm mechanization has been defined as the process of 

development and introduction of mechanized assistance of all 

forms and at any level of technological sophistication in 

agricultural production in order to reduce human drudgery, 

improve timeliness and efficiency of various farm operations, 

bring more land under cultivation, preserve the quality of 

produce, improve living condition and markedly advance the 

economic growth of the rural sector. 

Farm mechanization is an important element of modernization 

of agriculture. Farm Productivity is positively correlated with 

the availability of farm power coupled with efficient farm 

implements and their judicious utilization. Agricultural 

mechanization not only enables efficient utilization of various 

inputs such as seeds, fertilizers, plant protection chemicals 

and water for irrigation but also it helps in poverty alleviation 

by making farming an attractive enterprise. 

Traditionally humans and animals were used for field 

operations and processing activities. As a result of 

introduction of mechanical powers, the process of farm 

mechanization began. Adoption of agricultural 

tools/machinery and other implements provide technology to 

facilitate agriculture by efficient utilization of inputs, besides 

reducing drudgery. Traditionally, Indian farmers relied on 

equipments, which were simple and could be easily fabricated 

by village craftsmen. Since introduction of mechanical power, 

agricultural engineering started gaining importance and thus 

organized professional activities started. It is generally 

believed that the benefits of modern farm technology have 

been availed by large farms only. Even farmers with small 

holdings utilize selected improved farm equipments on 

custom hiring basis to improve productivity and thus, ultimate 

increase in quantum of production. Such use of improved 
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farm implements and equipments is preferred with a view to 

reduce cost of production also. 

3. FARM MECHANIZATION TOOLS USED IN 

BIHAR STATES 

(i) Tillage and planting machinery 

The traditional animal drawn country plough has low output 

(30-40 h/ha). Tractor drawn MB plough, harrows, cultivators 

and rotavator are better machinery used by the farmers. There 

is need for high capacity machines for custom hire services. 

For precise application of seed and fertilizer, mechanically 

metered seed drill and seed-cum- fertilizer drill operated by 

animal and tractor have been developed and are being 

manufactured to suit specific crops and regions. Zero till drill 

and strip till drill have also been developed to reduce energy 

inputs in crop Production. CIAE has developed farm 

equipment like inclined plate planter and pneumatic planter 

for precision sowing. Following tools are used for the tillage 

and plantings of crops 

� Ploughs 
� Rotavator 
� Land levelers  
� Cultivators 

� Disc harrows  
� Scrapers 
� Tractor-mounted inclined plate planter 
� Furrower 

� Twin auger digger sugarcane planter 
� Three-row rotary weeder 

(ii) Interculture and plant protection equipment 

Use of long handle wheel hoe and peg type weeders are being 

accepted as they reduce drudgery and weeding time to 25-110 

hours from 300-700 hours in conventional practice. Animal 

drawn weeder and cultivator are also used for control of 

weeds. Self propelled and power operated weeders are being 

increasingly accepted on limited scale. Different designs of 

low cost hand operated sprayers and dusters are available for 

application of plant protection chemicals. Low volume and 

ultra-low volume (ULV) sprayers, which require 

comparatively smaller quantity of water, are also in use. 

(iii) Irrigation and drainage equipment 

Diesel and electric pump sets are common. The shift from 

conventional flood irrigation to sprinkler, micro sprinkler or 

drip irrigation systems is apparently visible indicating the 

importance of water use efficiency for covering more area 

under irrigation. The Government support in the form of 

subsidy is serving as a catalyst to compensate for the high 

initial cost of the system. 

Importance of drainage for achieveing improved productivity 

is being realized by the farmers and progressive farmers are 

going for subsurface drainage, which is high initial cost 

technology. The low-cost mole drainage technology and 

equipment has been developed for vertisols. The mole drain 

laying cost is about 70 US$ /ha (4200 INR) and the same is 

recovered in one crop season. The farmers are getting 

attracted in favour of this technology. However, it is just a 

beginning of adoption of the technology. In years to come, it 

is expected to be common feature among the farmers. Efforts 

are on to popularize this technology through demonstrations 

and awareness programs. 

(iv) Harvesting and threshing 

Sickle is the major low cost traditional tool for harvesting. 

Self-sharpening serrated sickle is finding adoption. CIAE 

walk behind and self-propelled reaper harvesters, which 

facilitate quick harvesting, is getting acceptance. Traditional 

threshing by animal treading has been almost fully replaced 

by power threshers operated by 5-15 hp engine or electric 

motor. Pedal operated paddy threshers reduce drudgery and 

have become popular in India. Whole paddy straw is obtained 

by using rasp bar type axial flow thresher. Combine harvesters 

are being used for harvesting wheat, paddy, soybean and gram 

in few states. 

4. MECHANIZATION PROGRAMMES AND 

TRENDS OF IN THE BIHAR STATE 

 In Bihar, the agricultural sector is faced with mainly four key 

challenges: (i) Nanosize of land holdings, (ii) low yields and 

high risks, (iii) biotic and abiotic constraints in raising crop 

yields, (iv) weak institutions, and; poor infrastructure. With a 

view to bring Second Green Revolution in the eastern region 

of the country (particularly in Bihar) the agricultural activities 

being undertaken based on ‘Rain God,’ will have to be linked 

with science. There is need to move towards farming system 

from cropping system. Institutional assistance, technological 

transfer and innovation are the pre-requisites for the success 

of second green revolution. Blinking away the constraints and 

removing challenges before the agricultural sector of Bihar 

will not be possible, unless agricultural mechanization is 

emphasized. 

As far as efforts of the Government to promote and strengthen 

mechanization in agricultural sector are concerned, since the 

year 2014-15 of the 12th Five Year Plan (i.e., 2012-13 to 

2016-17) the following six schemes/programmes were 

undertaken: 

i. Macro-mod Management of Agriculture (MMA) 
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ii. ISOPOM (Integrated Scheme on Oilseeds, Pulses, Oil palm 

and Maize), 

iii. Jute Technology Mini Mission – II, 

iv. National Food Security Mission (NFSM), 

v. Rashtriya Krishi Vikas Yojana (RKVY), and; 

vi. State Plan on Power Tiller Promotion Scheme (SPPTPS). 

Under the above schemes, agricultural machines, tools and 

equipments are made available to farmers on subsidized 

prices. Bihar is known for its (i) good cultivable land, (ii) 

adequate soft water resources, (iii) human resources, and; (iv) 

climatic diversity. No doubt, the state has achieved a good 

position in regard to agricultural production and productivity; 

however, we couldn’t have fully exploited our existing and 

actual potential. Agricultural Mechanization has significant 

role to play in enhancing the productivity of agricultural 

sector. 

In view of the uses and importance of machines and tools in 

agriculture operations, the Government of India had launched 

Agricultural Mechanization Schemes since the year 2001-02. 

Response of farmers towards these schemes/programmes has, 

no doubt, remained encouraging. 

4.1 Land Utilization Pattern 

About 61.18 % of the newly organized State is under 

cultivation as per the figures available for the year 2002-03. 

The percentage of fallow land in the same year is 6.75 %. The 

corresponding figure for undivided Bihar prior to bifurcation 

was 42.77 and 16.02 % respectively. Consequent upon 

bifurcation of the State, forest area has dwindled to a meager 

6.65 % from 17.01 %. The forest coverage thus compares very 

unfavourably with the national average which stands at 

around 26 %. The Gross and net sown area in the State is 

80.26 lakh ha and 56.38 lakh ha. respectively. The intensity of 

cropping is 142%. 

As 77 percent of the states’ main workforce is employed in 

the agricultural sector, the average size of operational 

holdings in Bihar is only 0.75 hectare as against the national 

average of 1.41 hectare (Govt. of India, 2005).  

Table 1: Distribution of Operational Holdings by Size Class 

(Source: Govt. of Bihar, Economic Survey, 20012-13, 

March 2013, p.13) 

Sr No. Size Category % of total no of 

holdings 

% share in total 

operated area 

1 Less than 1 

ha. 

82.9 40.8 

2 1-2 ha. 9.6 19.0 

3 2-4 ha. 5.7 23.1 

4 4-10 ha. 1.7 14.3 

5 Above 10 ha. 0.1 2.8 

6 Total 100.0 100.0 

 

The share of marginal holdings having less than 1 hectare 

each are as much as 82.9 percent. Also marginal and small 

holdings account for about 59.8 percent of the total operated 

area. 

4.2 Present Status of Mechanization 

A strong argument depicting comparative backwardness of the 

state in regard to Agricultural Mechanization can be its low 

KW/hectare use of machinery. The same for Bihar was 1.75 

Kilo Watt/hectare. It was much lower than Punjab (5.25 

KW/ha i.e., the highest in India and even lower than the 

national average (2.5 KW/ha). The level of agricultural 

mechanization was meant for the period 2015-16. 

As per the execution guidelines of the Agricultural 

Mechanization Programme/Scheme 2014-15; it was to be 

launched in all the districts of Bihar. The programme of Farm 

Mechanization included:  

(i) MMA,  

(ii) ISOPOM,  

(iii) Jute Technology Mini Mission – II,  

(iv) NFSM,  

(v) RKVY, and;  

(vi) State Plan for Promotion of Power Tiller (SPPPT).  

Under these six schemes, farmers are provided with the 

implements, machines and/tools like the following: 

(i)Tractor, (ii) Power Tiller, (iii) Zero till Seed-Cum-

Fertilizer-Drill, (iv) Raised-bed Planter, (v) Sugarcane-Cutter 

Planter, (vi) Potato planter, (vii) Potato digger, (viii) Tractor 

driven reaper, (ix) Seed cleaner-cum-grader, (x) Mobile foot 

harvester, (xi) Power weeder, (xii) Power thresher, (xiii) 

Winnower, (xiv) Conoweeder (xv) Irrigation pipe, (xvi) 

Sprinkler, (xvii) Pump set (diesel/electric driven), (xviii) 

Rotavator, (xix) Combine harvester, (xx) wheel-ho, (xxi) 

Multi row seed drill, (xxii) Sprayer duster, and; (xxiii) Other 

power driven/human driven agricultural implements, 

machines, etc.  

4.3 Production and productivity of the crops  

The major agricultural products of Bihar are cereals, pulses, 

oilseeds and cash crops. However, cereals dominate the 

cropping pattern. The rice wheat cropping system occupies 

more than 70% of the gross cropped area but productivity has 

remained low despite favourable soil, water and climatic 

conditions. The yield per hectare of rice is around 1600 kg/ha 

against the national average of 2100 kg/ha. Rice and Wheat 

are the staple food of the people of the state. 

Production of rice has increased from 53.14 Lakh MT to 79.6 

Lakh MT between the period 2005-06 and 2014. During the 

same period productivity has also increased from 1.6 MT/ha 

to 2.68 MT/ha. This increment in the productivity is basically 
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due to replacement of conventional farming by mechanized 

farming. By this replacement, we can estimate a target for the 

rice production and productivity of rice for the year 2017 and 

2022 is 93.73 lakh MT and 126 lakh MT respectively and 3.0 

and 3.5 MT/ha respectively.  

Production of wheat, maize, pulses, food grains, oil seeds, 

fruits and vegetables have also increased in the period of 

2005-06 to 2014. During the same period productivity has 

also increased. The increased value of the production and 

productivity of the different crops are shown in the table3 and 

4. This increment in the productivity is basically due to 

replacement of conventional farming by mechanized farming.  

   

Table 3: Mechanization Effect on the production of main 

crops (Source:  Government  of  Bihar) 

Crops Food production (Lakh MT) 

2005-06 2014 2017 2022 

Rice  53 79.6 93.73 126 

Wheat 33 58.7 65.75 72 

Maize 15 55.6 63.46 90.65 

Pulses 5.14 22.3 29.20 36 

Food grains 129.81 225.7 252.01 324.34 

Oil seeds 1.5 2.98 3.15 4.5 

Fruits 38.5 53.1 60.37 80 

Vegetables 136.27 162.8 186.11 225 

 

Table 3: Mechanization Effect on the productivity of main 

crops (Source:  Government  of  Bihar) 

Crops Food production (MT/ha) 

2005-06 2014 2017 2022 

Rice  1.6 2.68 3.0 3.5 

Wheat 2.3 2.72 3.1 3.6 

Maize 2.8 3.80 4.2 5.2 

Pulses 0.80 0.92 1.0 1.2 

Oil seeds 1.10 1.16 1.2 1.5 

Fruits 13.50 16.45 18.6 20.5 

Vegetables 23.62 25.87 28.6 30.0 

 

4.4 Main limitations 

4.4.1 Floods and Droughts 

Every year, Bihar faces the vagaries of flood and water 

logging. Total flood prone area of the State is 68.80 lakh 

hectares which is 73.06 percent of its total geographical area 

and 17.2 per cent of the total flood prone area in the country. 

A substantial proportion of the total cropped area (nearly 41 

per cent) gets frequently affected by floods. Flood situation is 

most severe in the northern plains of Bihar.  

Table 2: Extent of Flood affected area in different districts. 

(Source:  Government  of  Bihar) 

District Flood  Affected  Area 

Area 

(‘000  ha) 

Percentage  of cropped 

area  affected 

Araria 255 100.00 

Muzafferpur 308 100.00 

Sheohar 47 100.00 

Katihar 194 70.00 

Khagaria 97 74.90 

Sitamarhi 123 57.50 

Begusarai 99 53.20 

Darbhanga 80 40.60 

Purnia 119 40.60 

Sahrsa 96 44.80 

Saran 80 34.00 

Sheikhpura 34 56.20 

Bhagalpur 51 26.80 

Champaran  East 100 28.50 

Champaran  West 105 25.10 

Gopalganj 51 20.70 

Kishanganj 39 22.80 

Lakhisarai 33 38.20 

Madhepura 24 10.60 

Madhubani 32 11.00 

Samastipur 43 17.00 

Supaul 38 15.30 

Vaishali 32 16.40 

Munger 9 13.10 

Banka 2 1.00 

Total 2199 41.40 

This is because almost all the major rivers in the State enter 

into Bihar from Nepal in this region. Bed slope of these rivers 

is very sharp in Nepal and they usually enter the State on plain 

lands. Because of sudden drop in bed slope, silt brought by the 

flow of these rivers gets deposited at their base and causes 

recurring floods. 

It is a sad story that almost 100 per cent of the gross cropped 

area in the districts of Araria, Muzaffarpur, Sheohar and 50 to 

75 per cent area in Begusarai, Katihar, Sheikhpura and 

Sitamarhi is flood prone. It has been estimated that during the 

kharif season, about 23 per cent of paddy area remains 

waterlogged where the adoption of modern technology is 

either nil or low and consequently the crop yields are low. 

Similarly, there are frequent occurrences of drought in the 

districts of Munger, Nawada, Rohtas, Bhojpur, Aurangabad 

and Gaya. The extent of irrigated area in these 6 Districts 

shows that but for district Munger where irrigated area is 26.4 

per cent, all the other districts have high percentage of 

irrigated area. Zone III where these Districts are located has 

an average of 1104 mm of annual rainfall. With such rainfall 

in the region and most of the districts having irrigated area 

higher than the State average, it is a pity that they are still 

being identified as drought prone. 
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The Planning Commission has already sanctioned water shed 

development projects for 8 Districts of Southern Bihar – 

Banka, Jamui, Gaya, Munger, Aurangabad, Rohtas, Bhabua 

and Nawada. Once implemented there should be no problem 

of drought in the Southern Zone. It is true that rainfall may be 

erratic. Bihar can certainly follow the example of Rajasthan 

where with less than 400 mm rainfall, the State is in a position 

of having horticulture by rainwater harvesting like Kund 

Horticulture Project of Rajasthan. 

4.4.2 Unawareness of farmers towards farm machineries 

The literacy rate of the Supaul district was measured only 
58.9% in the census 2011. So mostly farmers are illiterate and 
due to this they were unaware towards the farm machineries. 
They have used only old tradition and unaware toward new 

methods of farming.Matching equipment for tractors, power 
tillers and other prime movers are either not available or 
farmers make inappropriate selection in the absence of proper 
guidance, resulting in fuel wastage and high cost of 
production.So unawareness of the farmers towards farm 
machineries is also a major factor which is retarded the farm 
mechanization growth.    

4.4.3 Repair and Maintenance of farm machineries 

In the Supaul district very few farmers have advanced farm 
machines but the unawareness of the maintenance workshops 
and the operation of the repair and maintenance they could not 
maintain their machines. Hence the life and performance of 

the farm machines would be reduced and it affects on the 
productivity of the crops. 

4.4.4 Poor Economic status of the farmers 

The economic status of the farmers of the Supaul district is 
very poor because almost 46.8% of rural population of the 
Supaul district was living in below poverty line. So they 
cannot afford the expensive farm machines and also they have 
not much agriculture fields that’s why they only hire the farm 
machines when it needed. So farm mechanization is also 
affected by poor economic condition of the farmers.   
 

5. CONCLUSIONS 
 

Bihar agriculture has the potential to grow rapidly so as to 

meet the existing shortages and assume primacy in the 

national agricultural economy. The State has immense 

agricultural resources, to facilitate a Second Green Revolution 

in the Country. Bihar must aim at an annual agricultural rate 

of 5-6%. However, despite the strength of the agriculture 

sector, it is a paradox that this sector is growing at a snail’s 

pace. The rate of growth has been below its potential.There 

has been a conspicuous failure to exploit those resources to 

the desired level. This study has endeavored to identify the 

factors behind the dismal performance of the sector. 

Agriculture is the single largest private sector occupation in 

the State and can be considered the riskiest business. 

Increasing income of the land owning and landless rural 

population through increased production by enhancing 

productivity14 and intensity of farming, and by generating 

more employment in agriculture and other rural based 

production activities alone is not the solution and there is a 

need to integrate these endeavors with effective risk 

management strategies to cover potential losses in yield and 

hence incomes. 

If proper thrust is placed on technologies, institutional 
direction, farm level support services, and all delivery 

mechanisms, following improved farm infrastructure 
including rural connectivity, Bihar can definitely emerge as 
the ‘Granary’for India. It can also provide the major hubs on 
fruits, vegetables, and fisheries for both national and global 

markets. The entire economic growth processes in Bihar 
depends on the dynamics of agriculture. 

 

REFERENCES 

 

[1]. Verma Mrinal, Dr. Ashok Tripathi, ‘Perspective of 
Agricultural Mechanization in Supaul District of North 
Bihar- A Research’; IOSR Journal of Agriculture and 
Veterinary Science (IOSR-JAVS) e-ISSN: 2319-2380, p-
ISSN: 2319-2372. Volume 8, Issue 8 Ver. II (Aug. 2015), 

PP 04-12 www.iosrjournals.org 
[2]. Adisa A F, Braide F. G, “Design And Development of 

Template Row Planter”, Transnational Journal of Science 
and Technology August 2012 edition vol. 2, No.7 

[3]. Anonymous, 2013. State of Indian Agriculture 2012-13.  
[4]. Directorate of Economics and Statistics, Department of 

Agriculture and Cooperation, Ministry of Agriculture, 
New Delhi, http://164.100.47.132/paperlaidfiles/ 
AGRICULTURE/State%20of%20Indian%20Agriculture
%20 2012-13%20 (English)%20 with%20cover.pdf, 221 
p. 

[5]. Alam A and G Singh. 2004. Status and Future needs of 

farm mechanization agro-processing in India. Central 
Institute of Agricultural Engineering, Bhopal. 

[6]. Ali Nawab. 2005. Technology for an Effective Water 
Management in Agriculture and Diet. Paper presented in 

the Theme Session of the 39th Annual Convention of 
ISAE held at ANGRAU, Rajendranagar, Hyderabad -500 
030, March 9-11, 2005. 

[7]. Ali Nawab. 2004. Food Processing Industry in India 
Status and the Future Tend. Lecture Note. Technical 
Session, Food and Bioprocess Engineering (FBPE) of the 
International Conference on Emerging Technologies in 
Agriculture and Food Engineering, 14-17 December, 

2004 at IIT, Kahragpur- 721 302, West Bengal, India. 
[8]. Anon. 2008. AICRP on Ergonomics and Safety in 

Agriculture (Leaflet), CIAE, Bhopal, India. 
[9]. Binswanger, H. P. 1986. Agricultural mechanisation: a 

comparative historical perspective. World Bank Research 
Observer, 1(1): 27-56. 



International Journal of Emerging Technology & Research 

Volume 3, Issue 3, May - June, 2016 (www.ijetr.org) ISSN (E): 2347-5900 ISSN (P): 2347-6079 

 

© Copyright reserved by IJETR                                      (Impact Factor: 0.997)                                                                             16 

 

[10]. Bishop, C. 1997. A Guide to Preparing an 
Agricultural Mechanization Strategy, AGSE. FAO, 
Rome, Italy. 

[11]. Bureau of Indian Standards. 1995. 
[12]. Clarke, L. J. 2000. Strategies for Agricultural 

Mechanization Development: The Roles of the Private 
Sector and the Government. Agricultural Support 

Systems Division, FAO Publication, Rome, Italy. 
[13]. FAO. 2014. Asia Pacific Food Price and Policy 

Monitor. FAO Regional Office for Asia and the Pacific, 

Economic, Social and Policy Assistance Group (ESP), 11, 
June 2014. 

[14]. Giles, G. W. 1975. The reorientation of agricultural 
mechanization for the developing countries. FAO Report 
on Effect of Farm Mechanization on Production and 
Employment. Food and Agricultural Organisation (FAO), 
Rome, Italy. 

[15]. Gite LP and Kot LS. 2003. accidents in Indian 
Agriculture. Technical Bulletin No. CIAE/2003/103 

[16]. Government of India. 1972, 77, 82 and 87. Indian 
Livestock Census, Directorate of Economics and 
Statistics, Department of Agriculture & Cooperation, 

Ministry of Agriculture. 
[17]. Government of India. 1992. Indian Agriculture in 

Brief, 24th Edition, Directorate of Economics and 
Statistics Department of Agriculture & Cooperation, 
Government of India. 

[18]. Government of India. 1994 &1995. Agricultural 
Statistics at a Glance, Directorate of Economics and 
Statistics, Department of Agriculture & Cooperation, 
Government of India. 

[19]. Input Survey 1981-82 and 1986-87, Ministry of 
Agriculture, Government of India. 

[20]. Kulkarni SD. 2005. Country Report – India: 

Agricultural Mechanization – Present Scenario and 
Perspective. . Presented in Fourth Session of the 
Technical Committee of APCAEM held at New Delhi, 
India during November 21-24, 2005. 

[21]. Mehta, C. R. and R. K. Pajnoo. 2013. Role of Japan 
in promotion of agricultural mechanization in India. 
Agricultural Mechanisation in Asia, America and Latin 
America, 44(4): 15-17. 

[22]. NCAER. 1981. Implication of tractorisation for farm 
employment, productivity and income. National Council 
of Applied Economic Research, Parisila Bhawan, New 
Delhi. 

[23]. Pandey MM 2009. Country Report India -Indian 
Agriculture an Introduction. Central Institute of 

Agricultural Engineering Bhopal, India . Presented in 
Fourth Session of the Technical Committee of APCAEM 

10-12 February 2009, Chiang Rai, Thailand 

[24]. Rasouli, F., H. Sadighi, and S. Minaei. 2009. Factors 
affecting agricultural mechanization: A case study on 
sunflower seed farms in Iran. J. Agric. Sci. Technol., 11, 
39-48. 

[25]. Renpu B. 2014. Analysis of the Trends of 
Agricultural Mechanization Development in China (2000 
-2020). ESCAP/CSAM Policy Brief, Issue No.1, 9 p. 

[26]. Rijk, A. G. 1989. Agricultural mechanisation policy 
and strategy the case of Thailand. Asian Productivity 
Organisation, Tokyo, Japan. 

[27]. Singh, G. 2006. Estimation of a mechanisation index 

and its impact on production and economic factors ―a 
case study in India. Biosystems Engineering, 93(1): 99-
106. 

[28]. Singh Gyanendra and Hukum Chandra. 2002. 
Production and economic factors growth in Indian 
Agriculture. Central Institute of Agricultural Engineering. 
Tech. Bull. No. CIAE/200/91.  

[29]. Singh, S. P., R. S. Singh, and S. Singh. 2011. Sale 
trend of tractors and farm power availability in India. 
Agricultural Engineering Today, 35(2): 25-35. 

[30]. Soni, P., O. Y. Ou. 2010. Agricultural Mechanization 
at a Glance Selected Country Studies in Asia on 

Agricultural Machinery Development, Report of United 
Nations Asian and Pacific Centre for Agricultural 
Engineering and Machinery (UNAPCAEM), 2010, http:// 

www.unapcaem.org/publication/ Pub_AM2010.htm. 
[31]. Singh, G. 1997. Agricultural Mechanization and 

Agro- Processing after Independence. Central Institute of 
Agricultural Engineering, Bhopal. 

[32]. Singh, G. and Bharadwaj, K.C. 1985. Directory of 
Agricultural Machinery and Manufacturers, Central 
Institute of Agricultural Engineering, Bhopal. 

[33]. Singh, Gajendra; Singh, Gyanendra and Nachiket 
Kotwaliwale. 1999. Agricultural Production and 

processing technology for women in Indian agriculture. 
International Journal of Gender, Technology and 
Development, Asian Institute of Technology, May-

August, 3(2): 259-278. 
[34]. Singh, Gyanendra. 1998. An analytical approach to 

farm mechanization in India-agricultural machinery 
development and promotion. Journal of Rural 

Development 7(2): 297-319.  
[35]. Singh, Gyanendra. 1994. Weight matrix of Indian 

cattle and their draught power. Indian Journal of 
Agricultural Engineering, 4 (34):100-106. 

[36]. Singh, Gyanendra. 1999. Characteristic and use of 
draught animal power in India. Indian Journal of Animal 
Sciences 69 (8): 621-627. 

[37]. Singh, Gyanendra. 1999. Agricultural Engineering in 

2000. Yojna, November, 43(11): 10-15. 
[38]. Singh, Gyanendra. 2000. Modernization of 

Agricultural in India Part I Farm  mechanization. 
Agricultural Situation in India, January. 

[39]. Singh, Gyanendra. 2000. Modernization of 
Agriculture in India (Part II) Agro-Processing and 
Agribusiness. Agricultural Situation in India, January. 

[40]. Singh, Gyanendra. 2000. Growth pattern and 
performance characteristics of tractors used in India. 

Journal of Institution of Agricultural Engineers (UK), 
Landwards, Spring, pp 17-25. 



International Journal of Emerging Technology & Research 

Volume 3, Issue 3, May - June, 2016 (www.ijetr.org) ISSN (E): 2347-5900 ISSN (P): 2347-6079 

 

© Copyright reserved by IJETR                                      (Impact Factor: 0.997)                                                                             17 

 

[41]. Singh, Gyanendra and Chandra, H. 2001. Growth 
trends in area and productivity affecting total food grains 
production in Madhya Pradesh. Directorate of Economics 
and Statistics, Department of Agriculture and 
Cooperation Ministry of Agriculture, Government of 
India, Agricultural Situation in India, February. 

[42]. Singh, Gyanendra and Chandra, H. 2000. Analytical 

approach to growth dynamics of agricultural inputs and 
their effect in increasing productivity in Madhya Pradesh. 
Directorate of Economics and Statistics, Department of 

Agriculture and Cooperation, Ministry of Agriculture, 
Government of India, Agricultural Situation in India, 
March. 

[43]. Singh, Gyanendra and D. De. 1999. Quantification of 
a mechanization indicator for Indian agriculture. Applied 
Engineering in Agriculture, ASAE. !5(3): 197-204. 

[44]. Singh, Gyanendra and Ojha, T.P. 1993. Agricultural 
Engineering Research Promotion by ICAR during VIII 
Plan. Agricultural Engineering To-day (34): 42-98. 

[45]. Van den Berg, M. M., H. Hengsdijk, J. Wolf, M. K. 
Van Ittersum, W. Guanghuo, and R. P. Roetter. 2007. The 
impact of increasing farm size and mechanization on rural 

income and rice production in Zhejiang province China. 
Agricultural Systems, 94, 841-850. 


